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Classification  of blood 

purification in critical 

care
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Therapeutic Apheresis

Extracorporeal procedure in removing abnormal blood cells 

and plasma constituents.

Plasmaphersis, leukaphersis, erythrocytapheresis and 

thrombocytapheresis. 

Membrane or centrifugation.  



Immune Cells as an Organ

Mass of immune cells = 2 x 1012 cell = about 2 kg

Lined up gives this a distance of  2 x 1012  x 10 µ =

20.000 km !

(Thiele)
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Application of Blood 

Purification in 

Critical Care

 Blood purification treatments, are used
in emergency rooms and ICU because
critically ill patients are treated using
total life support, including
extracorporeal circulation.

 The quick removal of toxic/pathogenic
substances by blood purification can
improve survival rate or at least ensure
that the healing time is shortened
compared to that required for
conventional treatments.

 Because each method has a distinct
technique for the removal of
accumulated substances and improves
homeostasis in critically ill patients to
different extents, the method that is
most appropriate for treatment has to
be chosen and used in a timely manner,
depending on the condition of the
patient.

http://www.karger.com/WebMaterial/ShowProduktePic/253981?imgType=1&file=cover.jpg
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Membranes for Blood Purification

5 kinds of blood purification 

membranes

Ideal blood purification 

membrane
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Selective apheresis
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Possible mechanisms 
Removal of abnormal circulating factors:

- Ab e.g. anti-GBM disease

- monoclonal protein e.g. Waldenstrom macroglobulinemia

- circulating immune complexes e.g. SLE

Replenishment of specific plasma factor:

- TTP

Other effects on immune system:

- improvement in function of RE system

- removal of inflammatory mediators

- shift in Ab-to-antigen ratio, resulting in more soluble forms 
of immune complexes

- stimulation of lymphocyte clones to enhance cytotoxic 
therapy
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Therapeutic Plasma Exchange (TPE)
Therapeutic plasma exchange (TPE) is the automated removal of 

a patient’s plasma and its replacement (exchange) with a 

suitable alternative fluid such as a solution containing albumin 

or fresh frozen plasma. 

Its intended use is not only depletion of pathogenic, large 

molecular weight substances (>30–50,000 daltons) present in 

blood plasma, but also replacement of depleted 

normal/beneficial substances.
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Rationale for TPE

Relatively large molecules (MW>15000) so that it cannot be 

easily removed by less expensive techniques e.g. 

hemofiltration.

 Long T1/2 so that extracorporeal removal is much more rapid 

than endogenous clearance.

Acutely toxic substance so that rapid elimination is indicated. 
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The decision to utilize TPE

 What is the pathophysiological role of the target macromolecule in the 

clinical disorder?  

 Is there an evidence of acute toxicity caused by the substance? 

 Is the patient resistant to the usual medical and/or pharmacologic 

therapy or does the clinical urgency demand more immediate action?

 Can the substance be efficiently removed by TPE? Generally, this 

applies to large molecules with relatively long half-lives (reduced 

synthetic rate).

 Is there evidence that reduction in levels of the offending substance 

is associated  with improved clinical outcomes?
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The Principles

Use of concomitant immunosuppression:

- reduction in plasma factors should be coupled with 

immunosuppressant to reduce the rate of re-synthesis.

Treat early.

Alternative treatment, if available, should be used first.



+
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TPE prescription – the 

theoretical considerations

What is being removed?

- IgG vs IgM

What is the desired endpoint?

- clinical improvement or a reduction in the plasma level of a 

specific measurable pathologic moiety
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Indications for emergency TPE

Anti-GBM disease

Symptomatic hyperviscosity syndrome

TTP/HUS

Pre-op for pts with high factor VIII inhibitor 
levels

Guillain-Barre synd with resp insufficiency

MG with resp compromise

Acute poisoning with certain mushrooms or 
with other strongly protein-bound poisons 
e.g. paraquat
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Anti-GBM disease
For renal indication, only when S.Cr is still low and before the 

onset of oliguria.

 Initial high vol and freq exchanges so as to rapidly decrease 
the Ab titre e.g. 2 PVs daily for 7 days, followed by e.g. 
alternate day schedule.

Duration dictated by clinical status and anti-GBM titres.
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TTP/HUS

Daily TPE until normalization of plt counts.

1.0-1.5 PVs for 1st 3 treatments followed by 1 PV exchange 

thereafter.

Replace with 50-100% FFP.

Relapse may occur within a few days of stopping the 

treatment. 
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Guillain-Barre syndrome

 IVIG equally effective.

1.0-1.5 PVs 2-3 times per week. For mild cases, 2 exchanges 

may suffice. 

5% albumin as replacement.
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Sepsis and MODS
Extremely complex nature of 

inflammatory response in sepsis.

Unlikely a single agent (e.g. 
anticytokine Rx) would work.

Ronco proposed that 
‘…unspecific removal of soluble 
mediators, be they pro or 
antiinflammatory, without 
completely eliminating their 
effect, may be the most logical 
and adequate approach to a 
complex and long-running 
process such as sepsis.’ 



+ Sepsis and MODS
Observational studies showed no effect of 

exchange or plasmafiltration on 
cardiovascular parameters or mortality. 

Ataman K et al Intensive Care Med 2002

Reeves JH et al Crit Care Med 1999

One RCT demonstrated a 20.5% reduction 
in the 28-day all-cause mortality among 
patients with severe sepsis or septic shock 
treated with 1 or 2 daily plasma 
exchanges compared to untreated control.

Busund R et al Intensive Care Med 2002

http://icmjournal.esicm.org/index.html
http://ccforum.com/content/16/6




+ Διαφορετικά στάδια στην εξέλιξη της σήψης
Λοιμώδης 
παράγοντας

Ενεργοποίηση της 
φλεγμονής

Ενεργοποίηση 
μηχανισμών

Προφλεγμονώδεις 
κυτοκίνες

Αντιφλεγμονώδεις 
κυτοκίνες

Χημειοτακτικοί 
παράγοντες

Ανοσοκαταστολή

Ακατάλληλη 
υποαπαντητικότητα των 
μονοκυττάρων

Ενδοθηλιακή βλάβη

Βλάβη της 
μικροκυκλοφορίας

Ιστική - οργανική 
βλάβη

Συστηματική 
ενεργοποίηση 
μονοκυττάρων

Προσέλκυση
ουδετεροφίλων
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TNF
IL-1
IL-8
PAF

προφλεγμονώδεις
κυτοκίνες

IL-10
TGF-β
IL-4

αντιφλεγμονώδεις
κυτοκίνες

προφλεγμονώδεις
κυτοκίνες

TNF
IL-1
IL-8
PAF

Σηπτική 
καταπληξία

Σήψη, SIRS

Κλινική 
εικόνα

Βιολογικές 
συνέπειες 

Ενεργοποίηση  των 
μονοκυττάρων

Αδρανοποίηση
μονοκυττάρων

Προφλεγμονώδης και αντιφλεγμονώδης φάση της σήψης

Claudio Ronco et al, Kidney Int, 2000

IL-10
TGF-β
IL-4

αντιφλεγμονώδεις
κυτοκίνες
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Εφαρμογή θεραπευτικής αφαίρεσης στη σήψη
Μια ιδέα που έφτασε η ώρα της εφαρμογής της

 Καλύτερη κατανόηση της σήψης και γνώση όλο και
περισσότερων μεσολαβητών - παραγόντων που
συμμετέχουν ενεργά στην παθοφυσιολογία του συνδρόμου

Ποικίλλες θεραπευτικές προσεγγίσεις: “Μαγική σφαίρα” 
εναντίον συγκεκριμένου παράγοντα ή “μαγική ασπίδα” που
προστατεύει από πολλαπλές ουσίες που ενέχονται στην
εκδήλωση του συνδρόμου

Η ιδέα της “αποτοξίνωσης” του αίματος σε ασθενείς με
σήψη έχει ήδη συμπληρώσει μια δεκαετία



+ “Καταιγίδα κυτοκινών” στη διαδικασία της
σήψης: “μαγική σφαίρα” ή “μαγική ασπίδα”

Ciro Tetta et al, Ther Apher, 2002
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+ “Κατά σειρά” και “παράλληλη” θεωρία της
σήψης

C. Ronco et al, Artif organs, 2003

SIRS

CARS

SIRS
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Inflammation
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Pro-inflammatory
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Anti-inflammatory
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Time
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+ The Peak Concentration Hypothesis

C. Ronco et al, Artif organs, 2003
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Μοριακά βάρη μεσολαβητών στη σήψη συγκριτικά με
το cut off των μεμβρανών υψηλής διαπερατότητας

β2-microglobulin

IL-6

IL-1β

Creatinine
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+ Πλασμαφαίρεση στη θεραπεία της σήψης

Bjorvatn
Brandtzaeg
Graf
Hauser
Stegmayer
Asanuma
Stegmayer
McClelland
van Deuren
Stegmayer
Stegmayer
Koyklin

1984
1985
1987
1987
1987
1989
1990
1990
1992
1995
1998
1998

4
8
2
4
4
19
13
2
15
27
56
100 (rand.)

100
75
100
0
100
69
69
100
60
81
79
66

Αρ. ασθενών % επιβίωση

kazuyoshi Hanasawa, Ther Apher, 2002



+Η χρήση των προσροφητών στις θεραπείες
εξωσωματικής κάθαρσης

Ronco C et al, Kid Int, 2000

Προβλήματα βιοασυμβατότητας, απελευθέρωση μετάλλων, έκλυση μικροσωματιδίων, χαμηλή 
ομογενοποίηση, πυρετογόνες αντιδράσεις, ηλεκτρολυτικές δχ, αιμόλυση

Προσροφητές

Νεότερες τεχνικές  συνεχούς 
εξωνεφρικής κάθαρσης 
(HF,HDF,CPFA)

Αναγέννηση 
υπερδιηθήματος 

Αιμοδιαδιήθηση 

Ανακύκλωση 
διαλύματος 

Θεραπεία 
δηλητηριάσεων

Αναγέννηση 
πλάσματος

1980s

1990s

“επικαλυμένοι”

“ακάλυπτοι”



+ Αιμοπροσρόφηση με τη χρήση πολυμυξίνης Β
(PL-B)

Πολυκατιονικό αντιβιοτικό που συνδέει την ενδοτοξίνη
και την αδρανοποιεί. Αντεδείκνυται η ενδοφλέβια
χορήγηση λόγω νεφρο- και νευροτοξικότητας

Συνδεδεμένα ινίδια πολυστερένιου και
πολυπροπυλένιου: υλικό - φορέας που συνδέει και
ακινητοποίει την PL-B προσδίδοντας μεγαλύτερη
σταθερότητα

30.000 ασθενείς έχουν υποβληθεί σε αιμοπροσρόφηση
με PL-B από το 1994 στην Ιαπωνία

Χωρίς ιδιαίτερες παρενέργειες εκτός από υποτασικά
επεισόδια και θρομβοπενία



+ Πολυμυξίνη Β συνδεδεμένη ομοιοπολικά με το
πολυστερένιο σε μορφή ινιδίων

Hisataka Shoji, Ther Apher, 2002

CH NHCOCH Cl2 2

CH NHCOCH2 2

CH NHCOCH Cl2 2
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NH 2 NH 2

NH 2

NH 2

NH
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Toramyxin

Είσοδος αίματος

Έξοδος αίματος

PL-B: 
πολυανιονικό 
αντιβιοτικό Διάμετρος σε mm

Μήκος σε mm 225

49

Αποστείρωση με 
ατμό

Priming volume: 135 ml

PL-B

Λιπίδιο Α της 
ενδοτοξίνης

Διάρκεια 2h με ροή αίματος συνήθως 
80-100ml/min

Χαρακτηριστικά των φίλτρων πολυμυξίνης Β
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Plasma diafiltration (PDF) is a blood purification 

therapy in which simple plasma exchange (PE) is 

performed using a selective membrane plasma 

separator while the dialysate flows outside the 

hollow fibers.
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Συνδυασμός πλασμαφαίρεσης, αιμοπροσρόφησης και
αιμοδιαδιήθησης

Διαδικασίες ανάλογες μιας κλασσικής
χρωματογραφίας: “κινητή φάση” είναι το πλάσμα του
ασθενή και “σταθερή” η χρησιμοποιούμενη ρητίνη

Στόχος της μεθόδου είναι η συγκράτηση των
διαφόρων μεσολαβητών πάνω στη ρητίνη, η
επαναφορά των φυσιολογικών μορίων και η αποφυγή
χορήγησης πλάσματος εξωγενώς

Η χρησιμοποιούμενη ρητίνη είναι ανάστροφης φάσης
και αλληλεπιδρά μέσω υδρόφοβων περιοχών πάνω
στα ζητούμενα μόρια

Βασικά σημεία της μεθόδου CPFA (coupled 

plasma filtration adsorption)
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+ 



http://journals.lww.com/asaiojournal/pages/currenttoc.aspx
http://journals.lww.com/asaiojournal/pages/currenttoc.aspx
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http://www.google.co.uk/url?sa=i&rct=j&q=exosomes&source=images&cd=&cad=rja&docid=q3c0veEFEEZviM&tbnid=FGePgn8sMA_VxM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.ucdmc.ucdavis.edu%2Fphysiology%2Flabs%2Faft_cell.html&ei=aGI2UYnzD8SPO6vFgNAB&bvm=bv.43148975,d.ZWU&psig=AFQjCNEUrhcSEwJTjb2j1J6-skF3L3XMFw&ust=1362604650989440
http://www.google.co.uk/url?sa=i&rct=j&q=exosomes&source=images&cd=&cad=rja&docid=axp-HG-mI01Y7M&tbnid=L1kQXUg5bWYbWM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.uni-mainz.de%2FFB%2FBiologie%2FMolekulare-Zellbiologie%2F177.php&ei=gmI2UZSGH4rEPPrygaAB&bvm=bv.43148975,d.ZWU&psig=AFQjCNEUrhcSEwJTjb2j1J6-skF3L3XMFw&ust=1362604650989440












+
Hemoperfusion is the passage of blood across material that 

adsorbs various solutes or substances

Consensus of Conference on Biocompatibilty
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Questions

Do the sorbents influence the biocompatibility of 
the system?

A series of beneficial substances are eliminated 
with regeneration through sorbents?

Whether continuous renal replacement therapy 
(CRRT) is better at removing dialyzable toxins than 
classic hemodialysis?

Whether charcoal hemoperfusion is at all useful in 
treating paraquat poisoning?

Is any modality of extracorporeal treatment useful 
in the treatment of amatoxin poisoning? 



+ Immunoadsorption 
Perfusion of plasma (containing antibodies or immunocomplexes) 
over a matrix with an immobilized specific ligand to eliminate 
antibodies and/or immunocomplexes

anticoagulation

whole blood 

cell separation

filtration 

whole blood

plasma

column
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+ Immunoadsorption 

in Lupus 

Myocarditis

Griveas I. 1,  Visvardis G. 1,  Zarifis I. 2, Papadopoulou D. 1, 
Manou E. 1, Kyriklidou P.1,  Nouskas I. 2,  Mitsopoulos E.1,  
Sourgounis A. 2, Meimaridou D. 1 ,  Ginikopoulou E. 1,  
Sakellariou G. 1

Departments of Nephrology1 and Cardiology2, 
Papageorgiou General Hospital, Thessaloniki, Greece
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AKI definitions

http://www.uhb.nhs.uk/
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Extracorporeal Antibody Removal 

Techniques (EART)

Transplantation • Volume 84, Number 12S, December 27, 2007
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Molecular Adsorbents 

Recirculating System

http://www.google.co.uk/url?sa=i&rct=j&q=molecular+adsorbents+recirculating+system+(MARS)&source=images&cd=&cad=rja&docid=93ffxNHFQDq4TM&tbnid=lIzid6o1fK-hYM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.hksccm.org%2Findex.php%3Foption%3Dcom_content%26view%3Darticle%26id%3D2492%3Ahksccm-position-statement-role-of-mars-in-the-intensive-care-unit%26catid%3D91%3Aclinical-management%26Itemid%3D69&ei=2XEzUbuEFuqY1AWFzoGwBw&bvm=bv.43148975,d.d2k&psig=AFQjCNE2sb2DOmzz6TRipWUsO_LntY1RtQ&ust=1362412262451468
http://www.google.co.uk/url?sa=i&rct=j&q=molecular+adsorbents+recirculating+system+(MARS)&source=images&cd=&cad=rja&docid=4fqAKl_AsBaPBM&tbnid=GOglPEVlTek0WM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.gambro.com%2Fen%2Fglobal%2FTherapies%2FMolecular-Adsorbent-Recirculating-Systems1%2F&ei=a3IzUdPpLYWM0wXsiYHwBA&bvm=bv.43148975,d.d2k&psig=AFQjCNE2sb2DOmzz6TRipWUsO_LntY1RtQ&ust=1362412262451468
http://www.google.co.uk/url?sa=i&rct=j&q=molecular+adsorbents+recirculating+system+(MARS)&source=images&cd=&cad=rja&docid=Bi0-QGzfgY_UPM&tbnid=2te4PBZPHlpr_M:&ved=0CAUQjRw&url=http%3A%2F%2Fhepatoweb.com%2FPrincipes_Mars.php&ei=yXIzUY6NBMKn0AW2z4CIDQ&bvm=bv.43148975,d.d2k&psig=AFQjCNE2sb2DOmzz6TRipWUsO_LntY1RtQ&ust=1362412262451468
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Bioartificial Liver Devices
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+
Acute Kidney Injury - The future

 Over to you………



+
Selective apheresis



Immune Cells as an Organ

Mass of immune cells = 2 x 1012 cell = about 2 kg

Lined up gives this a distance of  2 x 1012  x 10 µ =

20.000 km !

(Thiele)



Life Time 

➢Granulocytes 8 hours

➢Monocytes days....weeks

➢ Lymphocytes weeks....years

(Memory cells) partly lifelong?



Dichotomy of Immune System

Humoral:

•Immunoglobulins

•Complement system

Cellular:

•Lymphocytes



Pharmacokinetic considerations

70-kg patient with a plasma volume of 2800 ml. 

assume removal from a single compartment.

PV exchanged Volume 
exchanged (ml)

Removal ratio 
(%)

0.5 1400 39

1.0 2800 63

1.5 4200 78

2.0 5600 86

2.5 7000 92

3.0 8400 95



Pharmacokinetic considerations

Reaccumulation 

-From lymphatic 

drainage

-Endogenous 

synthesis

After 4 or 5 TPEs, the 

conc would be 

oscillating between 

10% to 20-25%.
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+
The regimen

Numbers of PV q X days for Y sessions.

Membrane vs centrifugal separator.

Anticoagulation.

Replacement solutions. 



+
Estimation of plasma volume

35-40 ml/kg

Kalpan’s simplified equation :

[0.065 x weight (kg)] x (1 – Hct)



Advantages Disadvantages 

Membrane 
apheresis

-fast and efficient

-no citrate 
requirements

-can be adapted 
for cascade 
filtration

-limited by sieving 
coefficient

-no cytapheresis

-high BFR, central 
access

-requires heparin

Centrifugal 
devices

-cytapheresis

-no heparin 
requirement

-more efficient 
removal of all 
plasma 
components 

-expensive

-requires citrate

-loss of platelets



Solution Adv Disadv 

Albumin -no viral transmission

-room temp

-allergic reactions rare

-no blood gp concern

-depletes 
inflammation 
mediators

-expensive

-no coagulation factors

-no Igs

FFP -coagulation factors

-Igs

-’beneficial’ factors

-complement 

-viral transmission

-allergic reactions

-hemolytic reactions

-must be thawed

-ABO-compatible

-citrate load



+
Replacement solutions

5% albumin, albumin-saline or FFP.

With albumin-saline combination, albumin should not be < 

50% of the total volume. An appropriate combination would 

be 60-80% colloid and 20-40% crystalloid.


