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• The ultimate goal of a nephrologist is to maintain renal function and to 

treat kidney diseases,manage associated metabolic changes and 

prolong time till dialysis.  

• Nephrologist perform hemodialysis,PD, and other extracorporeal 

depuration techniques (apheresis).

• Nephrologists manage Acute Renal Failure and provide lifesaving 

Continuous and intermittent Renal Replacement Therapy (CRRT) or 

other extracorporeal therapies.

• Nephrologists are specialists in electrolyte, fluid balance, acid/base, 

anemia associated to renal diseases, metabolic bone disease, 

hypertension management and renal trasplantation.

The nephrologist

J. Stewart Cameron 1982

J. Stewart Cameron, ERA-EDTA Rimini 1998



Vadim Yurevich 

“ On the Question Regarding Washing of Blood Outside of 

the Body and the Vitality of Red Blood Cells".

Russki Vratch (Russian Physician) Journal no. 18 (1914)



1913: A First “Artificial Kidney” 

John J.Abel
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1914: prima plasmaferesi su un 

modello animale (Abel)
per trattare la “toxiemia”, provocata 
sperimentalmente, in cani sottoposti a 
nefrectomia bilaterale. Il trattamento 
consisteva essenzialmente in una 
successione di salassi di sangue in toto, 
da cui il plasma veniva scartato, 
sostituito da una soluzione di Locke e 
successivamente reinfuso 



Apheresis (ἀφαίρεσις (aphairesis, "a taking 

away")) is a medical technology in which 

the blood of a person is passed through an 

apparatus that separates out one particular 

constituent and returns the remainder to the 

circulation. It is thus an extracorporeal therapy.

https://en.wiktionary.org/wiki/%E1%BC%80%CF%86%CE%B1%CE%AF%CF%81%CE%B5%CF%83%CE%B9%CF%82
https://en.wikipedia.org/wiki/Medical_technology
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Extracorporeal


Hemodialysis versus Apheresis

• Diffusion , convection, 
adsorption

• Kidney model

• Salt & water removal and BP 
control

• Retains large mol wt ( e.g. 
proteins, antibodies, protein 
bounds solutes or drugs)

• Mainly meant to remove 
metabolic waste

 Blood component separation 
removal and replacement

No ideal model

No very effective in salt, water 
removal and BP control

 Removes protein and proteins 
boun substances

Mainly remove useful 
substances (clotting factors, 
antibodies )

HEMODIALYSIS APHERESIS







Separation by membrane filtration



Jd = D x A x T x ( )
dc
dx

Dx = Membrane thickness and porosity

T = temperature

A = surface area of membrane

D = diffusivity coefficient of the solute



Factors that influence the efficacy of apheretic 
therap

• Concentration of the substance to be removed and 
severity of the disease

• Distribution of the substance between 
intravascular and extravascular space (eg 80% 
intravascular IgM, only 40% IgG) and speed of 
rebalancing between the two compartments

• Synthesis and degradation of the substance to be 
eliminated (IgM half-life 5 days, IgG 23 days)

• Volume of plasma exchanged and blood mass of the 
patient



Reduction of pathological substances: volume of treatment

Volume of plasma Percentage of removed
substance

1 volume 63%

2 volumes 86%

3 volumes 95%

0%

20%

40%

60%

80%

100%

0,33 0,66 1 1,33 1,66 2 2,33 2,66 3

Volume di plasma trattato
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P.V.(liters)= 0.065 x (peso Kg) x (1-Hct)

Volume of plasma



Operational contrast between centrifuge and membrane apheresis procedure

• Mechanism centrifugal force

• Blood flow ml/min 10-150 ml/min

• Plasma extraction 80%

• Plasma removal Variable

• Anticoagulation citrate

• Separation Specific gravity

• Blood volume in circuit 180 ml

• Molecular weight cutoff N/A

• Fluid replacement alb,fresh frozen plasma      

Capillary membrane forces

150 ml/min

30 %

30 ml/min

Heparin/citrate

Size

120 ml

3 milion daltons

alb, gresh frozen plasma

Centrifuge Membrane 

Membrane plasma filtration requires higher processing volumes (3 blood 
volumes compared to 1.5 volume) to extract the equivalent of 1-1.5 plasma 
volumes.



Choice of replacement solution

Fresh frozen plasma (FFP)

─ To replace deficient or defective
plasma costituents (example
TTP)

─ To prevent exacerbating active
lung hemorrhage (all or part of 
replacement fluid)

─ Example:  Goodpasture or ANCA 
vasculitis

Albumin or other colloid

─ Used for most applications

─ Either 5% albumin for whole
replacement volume

─ Or ¼  saline and 3/4 albumin

─ Or other colloidal solution

─ If needed for clotting factors
depletion: give 2 units of FFP at
the end of session



Choice of replacement fluid



Ideal target molecule characteristics for therapeutic PE

• Identified etiologic agent or substance

•High molecular mass > 15.000 daltons

•Slow rate of formation

•Low turnover

•Low volume of distribution



Urea= 60 Da

Creatinin = 113 Da

Uric acid = 168 Da

Beta 2 microglobulin = 

11,6 KDa
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IgG= 150 KDa

IgM= 900 KDa

Fibrinogen = 341 Kda

LDL-col. = 2500 KDa

Plasmapheresis - Which molecules do we remove?

With dialysis we remove substances with low / medium molecular weigh

With the therapeutic apheresis we aim to generally remove substances with a high 
molecular weight (lipoproteins, fibrinogen, immunoglobulins, etc.)



Kinetics of plasma constituents

Costituent

IgG (1,2,3)

IgG 3

IgM

IgA

IgD

IgE

Albumin

C3

C4

Fibrinogen

TNF

Cytokines

Half life (days)

22

7

5

6

2.8

2.5

17

2

2

4.2

6-20 minutes

minutes



Dose of plasma exchange

Prescribed volume
of each plasma 
Exchange procedure

Number and frequency 
of procedures

Depends of patient size
(plasma volume)

Depends on
─ Pathogenic molecule
─ Volume of distribution
─ Disease characteristics

Example : 
Patient of 70 Kg
Volume of exchange 
3.5 liters

Example : 
Anti GBM GN
Rx daily x 5
then reassess

X = DOSE



Mechanisms of action of TPE

 Removal of causative molecules : antibody (Ab) , etc.
 Sensitization of Ab-producing cells to medications
 Unblocking of systemic phagocytic clearance
 Removal of cytokines and adesion molecules
 Replacement of missing plasma components
 Alteration in immune cell balance:

─ Increase in regulatory T-cells
─ Increase in suppressor T-cells
─ Decrease B cells
─ Tipping Th1:Th2 ratio in favor of Th1
─ Changes in NK cell numbers and activity

Revees HM, Winters JL. Brit J Hematol 164:342-351; 2014



Examples of pathogenic target molecules for TPE 
in Kidney Disease

• Anti GBM disease

• TTP

• Pauci immune rapidly progressive GN

• Multiple mieloma

• Cryoglobulinemia

• Recurrent FSGS

• Atypical HUS

• Kidney transplantation

• Autoantibody reactive with type IV collagen

• Aquired autoantibody reactive with 
ADAMST13 enzyme

• Autoantibodies reacting against component 
of cytoplasma of neutrophil sequential ANCA

• Removal K and lambda free light chains

• IgM anti IgG antibody, immuno complexes

• Circulating glomerular permeability factor, 
suPAR

• Complement regulatory component

• Alloantibodies reactive with HLA antigens

Kidney disease Target molecules



Retinate Pump

Retinate Bag

Dead-End Procedure

Heater
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PLASMA REGENERATION
The patient’s own plasma is passed trough a purification 
system on- line to remove the pathogenic molecule and then 
reinfused as replacement fluid



Dormandy JA, BMJ, 1973 



They are part of the technology:

1.NOT SOLUBLE MATIRX                    CARRIER

2.LIGANDO (Active Substance) FIXED TO CARRIER BY AFFINITY

Main mechanisms of action of selective adsorption
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1- CHEMICAL-PHYSICAL BOND

2-I MMUNOLOGICAL-BIOLOGICAL BOND



Selective Adsorption: Carrier

Carrier Origin:

Sepharose Semi-sinthetic

Agarose Natural (seaweed)

Polivinil-alcool gel Synthetic

Cellulose microspheres Natural (cotton)

Glass or silica balls Natural

Carrier properties:

Inert bubstance

High biocompatibility

26



 The chemical-physical ligands are represented by different substances such as ion
exchange resins, styrene divinyl benzene and activated carbon on bilirubin, destran
sulfate and polyacrylate for LDL / Lpa cholesterol; pentapeptides for fibrinogen.

 Immunological ligands are commonly antibodies (of animal or monoclonal origin) anti-
immunoglobulins of IgG, IgM, IgA, IgE, immune complexes or free light chains, or, specific
antibodies to molecular antigens (such as anti-apoB antibodies).

 Biological ligands are substances such as tryptophan, phenylalanine, Staphylococcal 
protein A, or coagulation factors VIII and IX and C1q, that bind immunoglobulins and 
immunocomplexes with hydrophobic type bonds. Among the biological ligands are those 
with biologically active carbohydrates (terminal trisaccharides of the A / B / AB blood 
groups) that selectively remove the anti-A / B / AB isoagglutinins, or the heparin that in 
the acidic environment precipitates the LDL and Lp(a).

The ligands 
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Ligando Molecola adsorbita

Ion exchange resins:

-Polianions (styrene divinylbenzene)

Destran sulfate

Bilirubin

Colesterol-LDL

Heparin Colesterol-LDL

Active charcoal Bilirubin, Drugs, Poisons

Poliacrylate Colesterol-LDL

Selective Adsorption: Chemical-physical Ligand

E.Mancini ,A.Santoro . G Ital Nefrol 2012
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Schematic illustration of bilirubin adsorption to the ionic resin of BR-350(L)

bilirubin (negatively charged)

chloride ion (anion)

ammonium chloride (ligand)

bilirubin-ammonium ionic complex   

formed by ion exchange

Processo adsorbitivo sul plasma della bilirubina
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MG,  HCV cirrhosis

successful OLT

NF,  relapsing chronic hepatitis

In OLT (Wilson disease)

death (septic shock)

LN,  acute viral hepatitis (B+A)

recovery

Santoro A. ASN 2011



Bicarbonate 

dialysate inlet

Low-flux polysulphone 

capillary dialyser 
High-flux polysulphone 

capillary dialyser

Blood

inlet

Ion 

exchange
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Activated 
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MARS CIRCUIT
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Prometheus system: fractionated plasma-separation 
adsorption (FPSA)

Patients treated:  24 

Treatments : 104 

On waiting list for OLT:   10

Received OLTs:  8

2004 2011

Malpighi Nephrology, 

Bologna



Fractionated Plasma Separation Adsorption and Dialysis  : the system

Dialysis circuit

Blood 

Pump

Plasma 

pump
01

Secondary circuit

02



Prometheus – Adsorbers

prometh® 02

Ionic alkaline exchange resin

 Chloride ion charged

 Specific surface: 23 m2/g 

 Grain diameter: 0.3 - 1.0 mm

 Adsorber (bilirubin-unconjugated,  uric acid)

 Priming volume (plasma): 91 ml

 Sterilisation: steam

prometh® 01

Neutral, highly porous resin

 Specific surface: 1,050 m2/g  

 Grain diameter: 0.3 - 1.0 mm

 Adsorber (phenols,    triptophane, biliary acids)

 Priming volume (plasma): 91 ml

 Sterilisation: steam



Reverse phase HPLC  

Pre-resin

Post-cartridge



HELIOS study (Prometheus European Liver 

Disease Outcome Study)

A Kribben, ….. E Mancini, P Caraceni…..K Rifai and the HELIOS Study group Gastroenterology, 2012

Survival benefit for pts with 

Hepatorenal Syndrome type I 

LogRank p=0.04

Survival benefit for pts with MELD 

score >30: 

LogRank p= 0.02
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Special treatments, special devices

For End Stage Liver Failure

Prometheus System

Mars system

Selective 

plasmapheresis

Bilirubin removal

For toxic states, 
poisoning

Hemoperfusion, 

Charcoal resins

For hematological disorders, Light 
Chain removal, Hemolysis

High cut-off superflux 

treatments, membrane 

adsorption, CPFA

For Lipid disorders

For Sepsis

CPFA, Hemo/ 

Plasmadsorbtion

LDL-aferesis

Rheoapheresis

http://www.gambro.at/_rtf-gambro/CMS_fg472a4a4a6f9ad_small_1246.jpg


Coupled Plasma Filtration-Adsorption

Selective 
removal of 
cytokines and 
inflammatory 
mediators 

Plasma

reinfusion in

UF out



• Highly biocompatible, porous polymer beads

• Removal of hydrophobic substances due to 

• physicochemical properties 

• pore size



Size-selective removal



FC/Reopheresis– clinical indications

IgM,crioglobuline, lipidi

• Waldenstrom’s macroglobulinemia

• Crioglobulin

• Poluyneuropathy anti-MAG

• Polyarteritis

• Hyper-triglicerideremia (familiar and acute)

• Hyercolesterolemia

• Hyperlipoproteinemia (a)

• Reduction in viral load

IgG, IgA

• Mieloma IgA or IgG

• Vasculitis (Goodpasture and Wegener)

• GSF

• AB0 transplant incompatible

• Humoral rejection after renal transplantation

• Multiple sclerosis

Fibrinogen, lipids

• Degenerative maculopathy

• Acute hearing loss

• Diabetic food

• Peripheral arteriopathy

43





Category Definition for Therapeutic Apheresis

Category

I

II

III

IV

Description

Disorders for which apheresis is acccepted as first-line therapy, either as 
primary standalone treatment or in conjunction with other modes of 
treatment

Didorders for which apheresis is acccepted as second line therapy either as 
a standalone treatment or in conjunction with other modes of treatment

Optimum role of apheresis therapy is not established. Decision making 
should be individualized

Disorders in which published evidence demonstrates or suggests apheresis 
to be ineffective or harmful







Therapeutic Apheresis in the 21st Century: 

1) Therapeutic plasma exchange or absorption

2) Cythoapheresis 





Role of C-reactive protein in Acute Myocardial 
Infarction

1. CRP: well known and widely recognized as a marker of inflammatory 
reactions (1).

2. CRP concentration increases in AMI (2).

3. Its level predicts the AMI outcome (2).

Growing body of data aimed to show its role as direct mediator of 
inflammatory reactions and the innate immune response (3).

1. Abernethy TJ, Avery OT., J Exp Med (1941) 73:173–82Clinical
2. Ridcker P,  Clinical Chemistry (2009) 55:2 209–215.
3. McFadyen JD, et al, Front. Immunol. (2018)  9:1351. 



Direct Biological Role of C-Reactive Protein and its 
Conformational Changes

McFadyen JD, et al, Front. Immunol. (2018)  9:1351. 



Selective apheresis of C‐reactive protein: A new therapeutic 
option in myocardial infarction?

Limiting Myocardial Damage during Acute Myocardial 
Infarction by inhibiting C-Reactive Protein, Richard 
Kitsis, N Engl J Med 2006; 355:513-515:
1,6-bis(phosphocholine)-hexane inhibits increased 
myocardial damage

Hypothesis

Selective removal of CRP by apheresis:
Mechanism: removal by plasma Phosphocholine derivative in 
agarose beads 

Removal



First clinical results of CRP-apheresis after 
AMI in humans

Ries W. et al, Ther Apher Dial, 2018, 21, 5, 532-533

ST Elevation Myocardial Infarction
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Pentrasorb: CRP-apheresis 

3 m48 h

MRI and LVEF assessment

12 (min)

25 (median)

279 (Max)

9 (median)

Area of infarction 
 -26±8 % (N=5)

LVEF 
 +12±16 % (N=6)

CRP 64% reduction

Apheresis: 2 treatments lasting 4-5 h each 6L plasma treated



Further application of CRP apheresis: severe 
acute pancreatitis

Acute inflammation

Cytokine cascade IL-1 and IL-6 liver stimulus

CRP triggerPancreatic phospholipase A2

lypophosphatidylcolin

Complement C1q binding

Macrophages phagocytosis

CRP binding

> 150 mg/L severe form

Sheriff A et al, Ther Apher Dial, 2018, 21, 5, 532

Hypothesis: 
Reduction of CRP level below 
50 mg/L with CRP apheresis



Further potential application of CRP apheresis: 
post-operative delirium

• Delirium affects 15–53% of older surgical patients

• Associated with several poor outcomes, including: longer hospital stay, 
• greater postoperative complications, 

• higher rates of discharge to nursing homes



Mechanism of PO delirium and related 
biomarkers

CRP key 
factor?

Androsova G, 2015, Front. Aging Neurosci. 7:112



CRP postoperative level 

• POCD patients have elevated levels of CRP following
• coronary artery by pass grafting (Hudetz etal., 2011), 

• liver transplantation (Li etal., 2013b) 

• lumbar discectomy (Zhang et al., 2014a)



Therapeutic Apheresis in the 21st Century: 
Therapeutic plasma exchange plus or absorption

 Atopic (neuro) dermatitis (atopic eczema) recalcitrant
 Cardiac neonatal lupus
 Complex regional pain syndrome
 Erythropoietic porphyria, liver disease
 Hashimoto’s encephalopathy
 HELLP syndrome
 Hemophagocitic lynphohistiocytosis
 N-methyl D-aspartate receptor antibody encephalitis
 Prevention of RhD alloimmunization after RBC exposure
 Progressive multifocal leukoencephalopathy associated with 

nataluziamab
 Dementia, Alzheimer’s disease







Amyloid in Brain

People who have Alzheimer's disease have higher concentrations of plaques in areas of the 

brain responsible for memory, like the hippocampus.









Autoantibodies to Adrenergic Receptors in 
Dementia

• agAAB directed against G protein-coupled receptors (GPCR) seems to modulate 
several cardio- and cerebrovascular diseases as dilated cardiomyopathy and 
dementia. 

• The pathogenic effect of agAAB has been demonstrated in rat models for the a1-
adrenergic receptor in the context of cerebrovascular impairment.

P. Karczewski et al, Scandinavian Journal of Immunology, 2012, 75, 524–5



Immunosadsorption in Alzheimer disease

• Elimination of IgG by immunoadsorption is highly effective in 
removing agAAB

• Immunoadsorption period of 2 - 4 consecutive days with 
Protein-A  Immunosorba, for 2.0 – 2.5 plasma volume 
treatment

α1-agAAB reduction
96 ±12%

α1-agAAB reduction
78 ±10%

4 days (N=4) 2 days (N=4)

Hampel P et al, Ther Apher Dial, Vol. 20, No. 5, 2016



Mini Mentale State Examination and Alzheimer’s Disease 
Assessment Scale

Hampel P et al, Ther Apher Dial, Vol. 20, No. 5, 2016

4 days

2 days

2.00 ±1.73 (Group 1) 
1.88 ±5.18 (Group 2

2.17 ±2.89 (Group 1)
2.00 ±1.58 (Group 2)



Therapeutic Apheresis in the 21st Century: 
Cytoapheresis with mononuclear cells collection

MNC

STEM
CELL

Dentritic
cell

Lymphocytes 
Tcells, B cells, 
NK

Cancer Rx
HIV Rx, Vaccine
Genetic Eng
Autoimmune DIS

Cancer 
Therapy

Hematolog Dis
Autoimmune Dis
Neurol Ds

Regenerative Medicine

Orthopedics
Nephrology
Cardiology

Dermatology





Opportunities in Apheresis
Stem cell and cancer vaccines 

New Technology Cell reinfusion

Very expensive
Time consuming
Inefficient
Infections
Travel
Cell viability



Immuno-Adsorption
Dextran sulfate Adsorption

Polymer beads
Cascade Filtration

Cryo-Filtration
Heparin PrecipitationTPE



Conclusion
 Apheresis is a useful treatment modality used in a variety of life-

threatining conditions

 Usually a temporary measure until definitive therapy

 Evidence in many conditions is lacking

 Must be used carefully also for possible complications

 The future in many new diseases is a combination of plasma 
absorption and cytoapheresis


