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Extracorporeal Blood Purification (EBP) techniques

E¢wowpatikec Oepaneiec KaBapiopou tou Alpatoc




Nomenclature of Extracorporeal Blood

@G 5315124
Blood Purification Therapies for Acute Indications:
Purification The Nomenclature Standardization
Nomenclature of extracorporesl bood Conference ﬂ

purification therapies.
The International Rome consensus
conference

Article Collection: Article Collection: Nomenclature of Extracorporeal Blood Purification

" HOF1

e Therapies: The International Rome Consensus Conference

®

O Subject Area: (5 Nephrology
Marlies Ostermann [=); Ghada Ankawi; Vincenzo Cantaluppi; Rajasekara Madarasu;
Kristin Dolan; Faeq Husain-Syed; Kianoush Kashani; Ravindra Mehta; John Prowle; Thiago Reis;
Thomas Rimmelé; Alexander Zarbock; John A Kellum; Claudio Ronco;

. Karger¢ On behalf of the Nomenclature Standardization Faculty

Blood Purif (2024) 53 (5): 358-372.



“The term EBP encompasses techniques that use an extracorporeal
circuit to remove and/or modulate circulating substances to achieve
physiological homeostasis, including support of the function of specific
organs and/or detoxification”

“O 0poc eCwownATIKEC Beparteiec kaBaplopou Tou aipatog nepthAapPavel OAEC
TLC TEXVLKEC TIOU XPNOLUOTIOLOUV £va EEWOWHATLKO KUKAWMA yLo TNV adaipeon
kal/f tTh puBHLON Twv KUKAOPOpOUVTWV oUCLWV”

The Nomenclature Standardization Conference Ostermann M. Blood Purif 2024;53:358-372



Whole blood therapies

Intermittent hemodialysis

Isolated ultrafiltration

Continuous veno-venous hemofiltration (CVVH) or hemodialysis (CVVHD) or
hemodiafiltration (CVVHDF)

Extracorporeal membrane oxygenation (ECMO)

Hemoadsorption

Molecular adsorbent recirculating system (MARS) (Albumin-based therapies)

Plasmatherapies

Therapeutic plasma exchange

Double filtration plasmapheresis (DFPP)

Plasma adsorption filtration (lA)

Heparin-induced extracorporeal LDL precipitation (HELP)

Ostermann M. Blood Purif 2024;53:358-372



AwpokaBapon vs NMNAaocpadaipeon
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Awpokadapon
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Katataén ovpatpikwy toéivwv Baon poplakol BAapoug
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Creatinine
Vitamin B12
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Leptin
Myoglobin

k-FLC
Prolactin
Interleukin-6
Hepcidin
BoundP-Cresol
Pentraxin-3
A-FLC
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Albumin

MW (Da)
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Class Action/effect

Small General toxicity

Amiloidosis CTS
Middle Malnutrition
Organ damage

Toxicity
Infertility
Inflammation
Large Anemia
CV toxicity
Acute phase protein
CV toxicity
Inflammation

Essential Toxin binding
protein capacity




Ateupupévn Alpokadapon (Expanded Hemodialysis)
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Oepamneutikn adaipeon Kot veppoAoylka vooRuatol

Disease/condition Indication Procedure Category Grade

Catastrophic antiphospholipid TPE 1 2C
sy nndrome

Anti-glomerular basernent membrane Diffuse alveolar hemorrhage TFE I 1
disease Dialysis-independence TPE 1 1B
Dialysis-dependence, no diffuse TPE 111 2B

alveolar hemorrhage

Vasculitis, ANCA associated Microscopic polyvangiitis TFE 111 1B
Granulomatosis with polyvangiitis TFE 111 1B
Eosinophilic granulomatosis with TFE 111 2C
polyvangiitis

Vasculitis, IgA Crescentic rapidly progressive TPE 111 2C

glomerulonephritis
Severs extra-renal manifestations TPFE 111 2
Focal segmental glomerulosclerosis Recurrent in Kidney transplant TPESLA 1 1B
All types LA 11 a2C
Sterodid resistant in native kidoney TFE II1 2
Systemic lupus erythematosus Severe TPE 11 2C
IgA nephropathy Crescentic TPE 111 2B
Chronic progressive TPE 111 2C

L Connelly-Smith et al. J Clin Apher. 2023;38:77-278



Oepamneutikn adaipeon kat Metapooxevon Nedppou

Disease/condition Indication Procedure Category Grade
Transplantation, kidney, ABO Antibody-mediated rejection TPE/IA I 1B
compatible Desensitization,/prophylaxis, living TPE/IA I 1B
donor
Transplantation, kidney, ABO Desensitization, living donor TPE/IA I 1B
incompatible Antibody mediated rejection TPE/IA 11 1B
Focal segmental glomerulosclerosis Recurrent in kidney transplant TPE/IA I 1B

L Connelly-Smith et al. J Clin Apher. 2023;38:77-278



Oepameutikn adaipeon

@Puyokevipnon (cTPE) HEow MepBpavnc (mTPE)

Eikool tevte xpovia petd tnv mpwtn dtadikacia GuyoKeEVIPLKNC AvTAaAAayn g TTAACHATOC
o€ aocBevr pe TToANATIAO pueAwpa to 1952, n texvikn dlaxwpLlopou pepuBpavng etonxon
T0 1978 W EVAAAKTLIKI OTNV LTIAPXOLOA PUYOKEVTIPN TEXVLIKI




Oepamneutikn adaipecn HECW HEUBPAVNC
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Oepamneutikn adaipeon HECW HEUBPAVNC

Heparin
|
KOkAwpa mAaopadaipeonc: ®
A\eLToupyia mapopoLa UE EVOC Plasma filter
LLNXOVALOTOC OlLLOKAOapong ‘ —P
Replacement Plasma

solution

Sadig Ahmed and Andre Kaplan CJASN 15: 1364-1370, 2020.



Oepamneutikn adaipecn HECW HEUBPAVNC

* KUKAWMPO €CLOOWMPATIKAG KUKAOPOPIAG
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Oepamneutikn adaipeon HEoW HEUBPAVNC

OAIkn NMAaouagpaipeo b , ,
Wnolel;]lood—IJ PAIPEOT AInAn I'Il)\aouacpalpson

 J

Plasma —

——— Plasma filter
separator = Plasma

— Immunoglobulin-
rich fraction

- Crystalloid solutions, albumin,
fresh frozen plasma i

Reinfusion --—— Reinfusion —-=——

Mn €181k Avooonpoapogpnaon E1d1kr) Avoconpoopopnon

Whole blood — Whole blood —

A/B adsorber

Adsorber

Anti-A/B
antibody

™\
\ N
\

- \\
BN RN
Immunoglobulin

Reinfusion -— Reinfusion —-—
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OAwkn NAaocpadaipeon (PE)

1 @iATPO YIa dIAXWPEICHO TOU TTAACHATOC

AvtikaraoTtaon 1-1.5 dykou

YTtrokaraoTaTto didAuua H. Alb 5% , FFP, N/S

AVTITINKTIKO: NTTApPivVN




MiKpr TTOCOTNTA UTTOKATACTATOU £lval avaykaia
Amapaitnta 2 ¢pirtpa

Meploplopevn adpaipeon PHIKPNC HOoPLaKNG palag
|gG Kal oUCLWYV PIKPOTEPWYV ATIO TNV AABoupivn
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Bohmig G et al. Nat Rev. Nephrol. 2015;11(12):732-47




* YUynAn arnoteAeocpatikotnta
 Aevadaipouvtal TapAyovteg tnéng

«  Adaipeon peydAwV OyKwV TTAAoHATog avd cuvedpia Avoconpocpéd)no'n (1A)

« 2 piAtpa
*  YYnAOTEPO KOOTOG Whole blood ——
A/B adsorber
c — Adsorber
Whole blood
Anti-A/B
antibody

Adsorber

\
lobulin

LI X Reinfusion --—
e Ewdkr avocoTmpoopodnon
Mn eIk avooompoopodhnon (Pirtpa Glycosorb)

(PiAtpa Immunosorba, Globaffin, Therasorb)

Genberg H et al. Nephrol Dial Transplant (2011) 26: 2394-2400



AwpokaBapon vs NMNAaocpadaipeon-AyyeLlakn TPoonEAQCH

O puBuoc poNnc aipaToC IOV ATIALTELTOL OTNV
adaipeon pEow pepPpavnc 150-200ml/min ko
oTnv oLpokaBapon>250ml/min

e Amnalteiton Kevtplkog GAeBLKOC
kaBetrpoc N AV fistula/graft

R Sternal head and
clavicudar head of
stemodciedomasiod
\ |; mustie




AwpokaBapon vs NMNAaocpoadaipeon-AvilnmnKTikn Oepaneia

Send

* H avTutnKTIKr aywyr) TIou amaltteitol otnv odaipeon Heow B
LeUBPAvNG eival n nrapivn, to 8t otnv atpokdBapon

o, R
S+ Heparin Injection
. [P5000 1U/mi

_ ., . , , N HEPARIN el
* H nmapivn €xel xapunAo KOOTOC, ULIKPO XPOVo nuicelag wNng N &
(23min-2.5h) kat oxedov mMANPWC AMOUAKPUVETAL KOTA TN _ll|' = |

dlapkela tng Oeparmeiag.

e YuvnOnc 66on 30-50units/kg bolus otnv apyn kat otn
ouvexeta 10-30units/kg/h



AwpokaBapon vs NMNAaocpoadaipeon-AvilnmnKTikn Oepaneia

e AvtiBeta n xprion KItpltkwv dev ouviotatol otnv adaipeon pEow pepBpavng,
yLotL amopakpuvetalt povo to 20-30% otn SLapKelo tTnG cuvedplac Kal £Tol eival
AUENUEVOC 0 KivOUVOC TOELKOTNTAC ATTO KLTPLKAL

7>
e
e Jtnv mAaocpadalpeon Le GUYOKEVTPO O KlvOuvo(g \,\.&\j& -
TOELKOTNTOC OO KLTPLKA €lval xapunAog ylati to 80% & M7\
QTTOUOKPUVETOLL LLE TO TIAQCLAL TTOU adaLpeital




MAaopadaipecn-uypo UMTOKATACTOCNC

Human Albumin FFP Normal saline

e H emdoyn e€aptatal amno tnv evoeLlén tnc adaipeonc, kKaBwc Kal Tov
Kivbuvo atpoppayiog n Aolpwénc

Cervantes E. Am J Kidney Dis. 2023, 81(4):475-492.



NMAaocpoadaipeon-uypo UNMTOKATACTAONG

H.Albumin 5%

* Ymokataotacon he aABoupivn tpokaAei 50-60% peiwon TwWV AVTITNKTIKWY TIAPAYOVTWV.
To rebound eivat d1dpaciko. H apxikr) avénon Twy tapayoviwy néng yivetat 4 wpeg HeTa
TN ouvedpla adaipeong, evw oxedov TANPNC avaktnon yivetat oe 48wpeg

e Ymokatdaotaon pe aABoupivn tpoKaAei pelwon avoocoohalpvwy

* AuénuEVO KOOTOG

Frozen Plasma

* [lepiexet 7mmol citrate/unit-pmopei va kdvel utoaoBeotiatpio

* [ pa ouvedpia pe Oyko avtarlayng 3 L xpetdovtat 10-15 U tou AdapBavovtal armd moAAoUg dOTEG
* Kivouvog aAAEPYIKWY OVTIOpACEWV-YIVETAL TIPOETOLLACIO UE AVTLLOTAULVIKA

* Kivduvog petddoong LoyevwY AOLHWEEWY



NMAaocpoadaipeon-uypo UNMTOKATACTAONG

Do not routinely use plasma as replacement fluid for therapeutic plasma
exchange (TPE) unless there is a clear indication to replete a plasma component

ASFA Choosing Wisely recommendations
Connelly-Smith L et al. J Clin Apher.2018;33:576-579

Do not routinely monitor coagulation tests during a course of TPE, unless the
procedure is performed daily

Connelly-Smith L et al. J Clin Apher.2018;33:576-579



NMAaocpadaipeon HE HEUPpavn-EMUTAOKEC

e HAekTPOAUTLKEC SlatapaxEC-uTtacPeoTiatpio o onavia yiati dev
XPNOLULOTIOLOUVTOL TO KITPLKA OOV OVTLUTNKTIKO

e MUIKEC KPAUTTEG

* AM\epykec avtidpaoelc ota FFP

e AU&non smumedwv Bpadukivivne pe xpnon oplopevwy diAtpwyv (Stakormn
aMEA touAdxlotov 48 wpec mpLwv)

* OpouPornevia, onavia, Aoyw ntayidbevonc PLT oto ¢iAtpo

* AwoAuon, av avénBel to kAaopa Stnbnonc

Cervantes E. Am J Kidney Dis. 2023, 81(4):475-492.



Dapupaka tov adatpouvvtoal pe mAaocpadaipeon

Table 6. Characteristics of Common Drugs Removed by TPE

, , , Protein Volume of
e [evIKQ OoUOTNVETAL N Xopnynon tTwv Drug Binding, %  Distribution, L/kg
e ' / / ’ Acetaminophen <3 0.1
KAoNUepvwyv ¢ap|~1aKwV vVa yWetal Heta Acetylsalicylic acid® 80-90 0.1-0.2
T 0UV€6 (.a Ql ai_ €0 Azathioprine 30 0.6
4 P d) P NS Cefazolin® 80 0.13-0.22
Ceftriaxone® 90 0.12-0.18
c M )\ ' e ’ ’ Cyclosporine 90-98 13
EYAAUTEPN TILOAVOTNHTA ad)al-peo-nq Cyclophosphamide 23 0.8
£XOUV T PAPUAKA LE TIOAU LKPO OYKO Digoin_ 2530 o5
culizuma -
katovounc (0.2L/Kg) ko upnAn ocuvdeon Glyburide* 99 0.16-0.3
e Heparin® >90 0.06-0.1
HE TIPWTELVEG lbuprofen® 99 0.15-0.17
Levothyroxine® 90 0.1-0.2
Prednisone-prednisolone 90-95 0.6-0.7
Rituximab: ” most of the effect occurs in12-24 hours, so Rituximab NA 3.1-45
a dose can be administered after a TPE session with 1‘”_'3::';"”:’"3 acick ?g g-;z'ﬂ-m
. ” obramycin :
delay of the next session for 24-48 hours Vancomycin 75 0.9
Verapamil® 90 NA
Warfarin® 97-99 0.11-0.15

E'I:h"ugs that are particularly amenable to removal by TPE.

Core Curriculum 2023. Am J Kidney Dis. 2023, 81(4):475-492



dDapupaka ov adatpouvtol oTnV atpokadopon

Removed
* MeyaAUtepn riiBavotnta adaipeons e  Lithium
£XOUV OL OUGLEC UE LLKPO popLako Bapoc, S T
MLKPO OYKO KOTOVOING KoL XAUUNAN e Ethylene glycol
oUvOEDN LE TIPWTELVEC e Salicylates
e Barbiturates
e Metformin
® Aminoglycosides, metronidazole

carbapenems, cephalosporins and most
penicillins




Adaipeon vs AlpokaBapon

Therapeutic Plasma Exchange

Characteristic Centrifugation Membrane Filtration Hemodialysis

Mechanism Centrifugal force Convection Diffusion and/or convection

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

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 Heparin

Sterilization

y-Irradiation; ethylene
oxide

y-Irradiation; ethylene
oxide

Ethylene oxide; steam;
electron beam; y-irradiation

Abbreviations: NA, not applicable; Vd, volume of distribution.

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



Oepamnevtikn adaipecn HECw HEUBPAVNC-TTAEOVEKTAATA

e [paypoatomnoleitol eUkoAa otn Movada Texvntou
Nedbpou, amno 1o Ndn vurmapyov €EELOLKEVLEVO LATPLKO K(
VOONAEUTLKO TIPOOWTILKO

e Aev xpnolpornoletl meplotpodn uPnAng TaxLTNTAC KoL
elval oxetika aBopufn kat xwpic mpoPARpaTa

e Aev amatteitol N xpnon KIrptkol we oVTLTNKTLKO

* Mrnopel eukoAa va cuvdeBel pe eva Sevtepo PiAtpo ko
VOl TIPOLYLLOLTOTIOLN OEL TLC VEEC TEXVIKEC, OTtw¢ DFPP 1 IA

e To kOoTOoC TNC adpaipeonc HEow HLepBpavng ival
XOLLNAOTEPO O OXEON UE TN GUYOKEVTPNON . -




NedpoAoyia kat eEwocwpatikn KukKAodopla

* H m\aopadaipeon peow PeUPBPAVNG €XEL TTOAAEC OLLOLOTNTEC UE TNV
aLpokaBapaon.

* H bdwaxeiplon kat twv dUo Bepamelwv nepthapBavovtal otn Baoctkn
eknaitdevon Tng edLkoTNTOC TNS VEDpPOAoylog

* Tooo n awpokaBapon, 0oo Kal N mAaopadaipeon ivat Beparmeleg
IOV yivovtal o€ pua povado texvntou veppou

* AYVELQKEC TIPOOTIEAACELC, XOPNYNON OQVTLITNKTIKWY, SLaXElpLon
OYKOU Kal cuvtayoypadnon kaboponc ovolwy, eivol BEpata
KaBnuepLvNec xprnong evoc veppoloyou



20l EUXOLPLOTW
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