O poAoc Twv pebodwv
Oeparevutiknc agaipeonc otn
MEG

ZnKou =Zawvon
NedpoAoyoc-EvtatikoAoyoc
EmtipeAntpia A” MEOG NIMTZ



Adalpeon

Stadlkoolo KaTd TNV omoia To alpa evoc aocBevouc n 60t dLEpyeTol
LECOW MLOC LATPLKIC CUCKEUNC N omtola SLtaywpilel To atpa og
SLoPOPETLKA CUCTATLKA, OTN CUVEXELA aAdaLPEL Eva N MEPLOCOTEPA
OUOTOTLKA KOLL ETILOTPEPEL TA UTIOAOUTA, ME N XWPLC OVTLKATAOTOON TOU
SLaxwpl{OUEVOU CUOTATIKOU

® n
The patient or donor's
whole blood is collected
4 | \

The unused components The cells from the
of the blood are returned blood are separated by
to the patient or donor. an apheresis machine.

Kaplan AA. J Clin Apher. 2013; 28: 3-10 B 5 D
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ASFA guidelines 2019

Table 1. ASFA guidelines

Category

Grades of recommendations

published data

I Apheresis is accepted as first line therapy, either | GRADE 1 GRADE 2
as a primary standalone treatment or in Strong Weak recommendation
conjunction with other treatments recommendation
Il | Apheresis is accepted as second line treatment, | Grade A High- quality evidence based
either standalone or in conjunction with other on randomized clinical trials
treatments without limitations
Il | Apheresis decision should be individualized; the | Grade B Moderate- quality evidence
optimum role of apheresis is not established based on randomized clinical
trials with important
limitations
IV | Apheresis is ineffective or harmful based on the | Grade C Low- or very low- quality

evidence based on
observational studies or
case series




Mnyxaviopot adaipeonc

e 3 TEXVIKEC:

v puyokevipnon

v'd1Bnon péow pepBpavng

v tpoopOdnon ouoLwV Ao OAKO TIEPLDEPLKO QLA 1 oo TTAGO LA TTOU
exeL N6N dtoxwplotel



Mnyxaviwopot Adaipeonc |
bUYOKEVTPNON

» LNXOVLOMOC: €LOLKO BapocC

»edapuoyn: LETAYYLON alpnaToc,
nAaopadalpeon Ko
Kuttadaipeon

» OVETILOUUNTEC EVEPVELEC:

EVEPYOTIOLNON QULUOTIETAALWVY KOl
OLLOAUON

Centrifugal Apheresis

Plasma
(1.025-1.029)

Platelets
(1.040)

Lymphocytes
(1.050-1.061)

Monocytes
(1.065 - 1.069)
Granulocyte
(1.087 - 1.092)

RBC
(1.078-1.114)

Separation by centrifugation

Specific Gravity




Mnyaviopol Agpaipeonc I
OLAYWPLOUOC LECW MEUBPAVNG

l’l Pass through membrane
» LINXQWVLOUOG: LEYEDOG = 1 P Profein
’ ’ pi L L - \ + Planbenh
»ebopuoyn: alpokadbopon, S E): Bechrolyte
nAaopoadaipeon kot | ':’ H) : Homone, Enzyme
Aevkadoalpeor it h
; ; ; Rl Does nol pass Mrough membrane
»VEEG TEXVLKEG BeATiwong O |
BLOGU uBaTéTr '[aq, ":‘H: " *P\OWO ‘IH‘,’”':IOCY?Q
ekAektikotTntoc kat biofouling BN Leukocyte

. |

 Plotelet
¥ Colich blood



Mnyxaviopot Adaipeonc Il
nipoopodnaon

»>Ta LopLa TOU OlLLAToC N Tou

Surface
NMTAAOUOTOC EpYOVTOL O€ enadn Interface
KOlL TTPOOKOAAWVTOL O€ [LOL Adsorbent ¢— Vel v
oTEPEN emupaveLla
(mpoopodnTKO HECO) Adsorbate ¢—

» OTIOLOLKPUVEL HOPLOL LECOLLOU KOl
neydAou MB (100-40.000 Da) Adsorption



Mnyxaviopot Adaipeonc Il
nipoopodnaon

POOPODNTLKO LUECO

, , ., , Blood Flow *\_ & Blood Flow
* UALKO: KOKKLOL EvEpYOU avOpaKa N (Inlet) [ (Outiet
odatpidla cuvBeTIKNC pNTivNC <
, Potting Hollow fiber Bundle
* TIOLPAYOVTOL WC KOKKOL, “XAVTIPEC, LVEC ->.
ﬁ Gd)alpLSLa Blood Flow ﬁff} \— Blood Flow
, , (Inlet) (Outlet)
e oTolBAlOVTOL OE L0 TAQLOTLK _\.j\-p\»\,xl_
¢00WV01 ME GL')psq ELO-CI)SOU/EEOGOU Affinity Adsorptlon S{\ I Flltrate Flux
CXiIJ.CXTOQ Membrane (Heparin Free)

* LEPLOPLOMEVN SLapKeLa {wNG
(kopeopog puaotyyag)



[MpoopodNTIKO LECO

v ueyaAn Spaotikn endaveta 300 to 1200 m?/g
v'ubpodoot kat Lovikoi Seopol kat NAekTpooTatikeC Suvapelc Van der Waals
v uéyeBog mopwv

* macroporous (> 500 A, (50 nm)),

* mesoporous (20 to 500 A) |
* microporous (< 20 A) |
v emukalun pe BlooupBoatd VALKA (USPOPLALKE oAU pEPN)
v eKAEKTLIKOTNTO

v BepuLkn otabepotnta
v unxavikn duvaun



Adsorption process

Blood flow through the tortuous pathway
(interparticle)

Blood flow on the external surface of the bead

(interphase)

Blood flow on the internal part of the bead

(intraphase)




MeBobdolL Bepamevtikne adaipeonc otn MEG

a) Ernyihrocytapheresis and |
RBC exchange (RBC-E '

b) Leukopharesis
c) Thrombocytapheresis

(e, e s, e o S S S s o S " — S " S " 2~ S < v o, o o o, s " — o S S— S~ 2 —

Plasmapheresis

' @) Therapeutic Plasma
; Exchange (TPE)

plasmapheresis

techniques

e Double Filtration
Plasmapheresis
(DFPP)

: b) Selective

Adsorptive therapies

a) Direct Hemoperfusion

- polymyxin B
e Cytosorb
- Jafron HA (HA, 230, HA330,
HA 380)

e Seraph 100)

b) Combined Adsoption Therapies
e ANG69- based OXiris
membrane
e Couple Plasma Filtration-
Adsorption (CPFA)

Immunpeadsorption (1A)
e Double plasmafiiltration

molecular adsorption system
(DPMAS)

e Molecular Adsorbent
Recirculating System
(MARS)



MeBobdolL Bepamevtikne adaipeonc otn MEG

(e, e s, e o S S S s o S " — S " S " 2~ S < v o, o o o, s " — o S S— S~ 2 —

e Couple Plasma Filtration-

' Adsorption (CPFA)

: - Immupeadsorption (IA)

= Double plasmafiliration
molecular adsorption system
(DPMAS)

e Molecular Adsorbent
Recirculating System
(MARS)

' Cytapheresis § Plasmapheresis P Adsorptive therapies
a) Enythrocytapheresis and | i @) Therapeutic Plasma i | a) Direct Hemoperfusion
RBC exchange (RBC-E | : Exchange (TPE) P e polymyxin B
b) Leukopharesis ; . b) Selective ' P e Jafron HA (HA, 230, HA330,
: : plasmapheresis : ; HA 380)
c) Ihrombocytapheresis P techniques P e Seraph 100)
; ; e Double Filtration : ;
T ' E Plasmapheresis i | b) Combined Adsoption Therapies
: (DFEE) : : : e ANB69- based OXiris
: - QLXQIL[ILQHQD, E E membrane




2PN kat peBodol Beparmeutikne adaipeonc otn MEO

S ——

Cytapheresis 3 Plasmapheresis . Adsorptive therapies
| a) Endthrocytapheresis and | a) Therapeutic Plasma a) Direct Hemgoperfusion
RBC exchange (RBC-E | Exchange (TPE) e polymyxin B
: ) : : ) : - Cytosorb
b)) Leukopharesis 5 . b) Selective ) : - Jafron HA (HA, 230, HA330,
' : 5 plasmapheresis : HA 380)
: ¢) Thrombocytapheresis ; : techniques : e Seraph 100)
; ' e Double Filtration ;
““““““““““““““““““““““ ' Plasmapheresis ; b) Combined Adsoption Therapies
: (DFPP) : e ANB9- based OXxiris.
; - Cryofiliration : membrane
¢ : e Couple Plasma Filtration-
Adsorption (CPFA)
« Immuneoadsorption (I1A)

= Double plasmatfiiliration
molecular adsorption system
(DPMAS)

: e Molecular Adsorbent :

Recirculating System :

(MARS) :



SEPSIS BY-THE-NUMBERS

00 00 " (%)
n n \ )
1IN EVERY S 85% OCCUR IN 2 OUTY OF
DEATHS WORLDWIDE LOW- OR EVERY 5 CASES

ARE ASSOCIATED MIDDLE-INCOME ARE IN CHILDREN
WITH SEPSIS COUNTRIES UNDER 5




10% MORTALITY 40% MORTALITY

INFECTION SEPSIS SEPTIC SHOCK
CONFIRMED OR SEPSIS
SUSPECTED +
Rhsariednaitonds INFECTION PERSISTING
MMUNE SYSTEM T0 + HYPOTENSION SEPTIC SHOCK
ABERRANT OR REQUIRING ¥
T o or e | | DYSREGULATED HOST VASOPRESSORS TO MULTIPLE ORGAN
R TS TOXINS RESPONSE LEADING MAINTAIN MAP DYSFUNCTION
A TO AN ORGAN >65mmHg SYNDROME (MODS)
CRITERIA DYSFUNCTION AND
DEFINED BY SOFA SERUM LACTATE
SCORE 22* LEVEL >2 mmol/L**
. S L J O\ 7

* or an increase of 2 points compared to the initial value of the SOFA
** Despite adequate volume/fluid resuscitation

Mattieu Daniel et al. Int. J. Mol. Sci. 2022, 23 (16),9274



Sepsis pathophysiology

Inflammatory response

Innate immune system Adaptive immune system

Early response Cellular immune response Humoral immune response

= Release of IL-1, IL-6, IL-8, = Activation of B cells, neutrophils, = Production of Immunoglobulins
IL-12, IL-18, TNF-a, IFN-y myeloid-derived supressor cells (i.e. 1gM, 1gG)

=  Activation of complement,
coagulation, phagocytes

Time
= Decrease of HLA-DR expression

= T-cell exhaustion

= Apoptosis of immune cells
(i.e. lymphocytes, monocytes and antigen-
presenting cells)

Recovery

——— —
--——-—-—-—l—__.-__
———
—
—

Anti-inflammatory events

Immunoparalysis .

Nosocomial infections a

Viral reactivation “.
s

Endotoxin tolerance

Dominik Jarczak et al. Front. Med. 2021; 8:628302.



s —-Ebsmme oNmTkoc aaBevic otn MEO
) 0= M— ) TLyvwpillovpue?
=

l Filtrate

Convection |

Continuous Renal
Replacement
Therapy (CRRT)

—

High Volume

Hemofiltration atl)ﬁl’]O'I'] e 560’I’]C Kdeaponq >35 ml-/kg/h

, amopdkpuvon eAsypuovwdwv
(HVHF) n > 45mL/kg/h (VHVHF)

KUTOKLVWV
Xwpic cadec odpelog enBiwong

auénuEvo peyeboc nopwv (20 nm )
High Cut-Off

Membranes \
(HCO) e

anwAela aABoupivng




Plasmapheresis

general term that refers
to broad range of
procedures in which
plasma initially is
separated from the
blood in order to
eliminate some of its
components and then is
reinfused or exchanged



Oeparneutikn avtaAlayr) MAACLOTOC
(Therapeutic plasma exchange, TPE)

Plasma Exchange (PE) treatment diagram

Anticoagulant

@ =

Blood pump

Substitution fluid

-

Plasma
separator

B

1

o)

Plasma pump D

I8}



Therapeutic plasma exchange

Return line
(patient cells +
& replacement fluid)

PATIENT

Access line
(whole blood)

) 4

Plasma
separator
(membrane or
centrifuge)

Replacement fluid
(albumin, colloid,
fresh frozen plasma)

Plasma
(waste)

Fluid replacement

a) Albumin 5%

TILO OUXVN XPNON, LEYOAUTEPN
aoPaleLla, AlyotepeC AAAEPYLKEC
avtdpaoceLg, amoduyn Hetadoong
HLOAUCUOTIKWY a0BeveLWV

b) Albumin 5% + kpuotaAAoeLdn (Ewg
30% yLa amoduyr UTooyKaLULiag)

c) Fresh frozen plasma (FFP)
amokAELOTIKA Xpon otn TTP



Oeparneutikn avtaAlayr) MAACLOTOC
(Therapeutic plasma exchange, TPE)

Plasma Exchange (PE) treatment diar

Anticoagulant




Oeparmevtikn avtaAlayn mAacpatoc (TPE)

a) amopakpuvon maboyovwy ouoLlwVv (oUToavVILIoWHOTA, TOELVEC,
KUTOKLVEC) amto tnv KukAodopla
TT.X. QUTOAVOOQ VOO LOTO | LOAUOUOTLKEG 0LOOEVELEC

Ka/n

a) xopnynon eAAToUC N AVveENMOPKOUC oUOTATIKOU TIAACMOTOC LECW
XopNynonc MAACUATOC UYLWV SOTWV
1.X.0popuBwtikn OpouPomnevikn mopdpupa (TTP) (emiktnTn N KANPOVOULKN
QVETIAPKELO TNC TpwTteaonc ADAMTS13)



Oeparmevtikn avtallayn Aacpatoc (TPE)

VitB12 | B2-microglobulin [K Light Chain[A Light Chain m
25 50 66

0.06 0.113 1.355 118 160 950

cut-off 980KDa

Large Molecules

Small Molecules Middle Molecules

Hemodialysis:

Diffusion Clearance
. . TherapeuticPlasma
Hemofiltration: Convective Clearance Exchange

Williams ME et al., CJASN, 2013; 9(1):181-190



Oeparmevtikn avtallayn Aacpatoc (TPE)

Oykoc mA\dopatoc | 0,065 x 2B (kg) x (1-Hct)

avtaAlayn 1 €wg 1.5 oyko mAaopatog ava cuvedpila KaBe 24 ewc 48 wpeg
(2019 ASFA recommendations)




Oeparmevtikn avtallayn Aacpatoc (TPE)

Synthesis of

Target Molecule ——»

Y

Catabolism

Removal :

Intravascular
Compartment

i Plasma 0
! Exchange

Y :
T
M—
Apheresis
Centrifuge

or

Membrane
N

Diffusion

| Replacement

Extravascular
Compartment

_’

Catabolism

n Bepamneia e€optatal:
a) UTIOKELMEVN VOOOC
b) KAWIKA Katdotoon Tou aoBevouc

C) TOPAUETPOL KIVNTLKNAC TNS OUGCLAC
TOU TTAQLOLOLTOC TIOU TIPOKELTOL VOl
adoatpebet (my. LkavotTnta
OlVOLKOLTOLVO LG OUTTO TOV
£EWAYYVELOKO OTOV EVOOYYELAKO

XwpPo)

Williams ME et al., CJASN, 2013; 9(1):181-190




Oeparmevtikn avtallayn Aacpatoc (TPE)

~—~ 100

&

= 90

o

w 80

'E'

o /0

E

o 60

o

@ 50

5

o 40

(=%

£ 30

@

% 20

g 10
(8]

Represents changes of concentration of substance with small molecular weight and large volume

of distribution (25-30% intravascular) (e.g., IgG immunoglobulins)

Represents changes of concentration of substance with large molecular weight that stays > 90%
intravascular (e.g.. lgM immunoglobulins)

2 3
Number of TPE sessions

Bauer PR et al., Intensive Care Med (2022) 48:1382-1396



TPE and Sepsis

LJ oopaKkpuvon enBAaBwv ovolwv
- -BaktnploKkeC EVOOTOEIVEG
d - TPOPAEYLOVWOELC KUTOKIVEC
<: ) -poplaka potifa oxetlopeva pe taboyova (PAMPs)
-poplaka potifa oxetlopeva pe BAaBn totov (DAMPS)

OVOTTANPWON MPOCTATEVTLKWVY TIOLPOYOVIWV TOU
d NMAQGLLOLTOG TTOU £XOUV KaTaVaAwOeL kot

) EUTTAEKOVTOL OTNV OLLOLOOTAON TNG
HUikpokukAodopiac (disintegrin, ADAMTS-13)




[TopAYOVTEC TTIOU UIMOPEL VAL LELWOOULV TNV
QTOTEAEOUATIKOTNTA TWV aVTLBLOTIKWY

Therapeutic plasma exchange

. 9 Nopdyovteg mou oxeTi{ovtat pe TN
Napdyovteg movu oxetilovtal PE TO AVTILBLOTIKA - nEBodO
» J oykoc katavounc (Vd< 0.2L/Kg), j: _____ o gvapén katd tn SLapKeLa xopnynong
*  “Mouyyévela poodeonc pe mpwrieivec (>80%) | —— TOU avTLBLOTLKOU
* ueyadAn duapkela nuiostag wNG '. N e peyalog aplOuoc ouvedplwv TPE
~a— * uydnAn pon aipatog EEWoWUATIKOU
§- KUKAWLOLTOC

Napayovteg ou oxetilovtal pe Tov acOevi
* dlatapaxn vedplkng Asttoupylag

e JSlatapaxn NMATIkAg Aettoupylag

* UTIOOYKOLULO




TPE and Sepsis

Intensive Care Med (2021) 47:352-354
https://doi.org/10.1007/s00134-020-06339-1

LETTER

: : ®
Adjuvant therapeutic plasma exchange e

in septic shock

Sascha David'?'®, Christian Bode®, Christian Putensen?, Tobias Welte*, Klaus Stahl® and The EXCHANGE study
group

A B 15001 == soc < 0.0001
2.01 =3 TPE
= 1000+
—_ E T
E 1.5 g 0.123
- >
S S  400-
=) =
= 1.0 £
g W
'§ E 200+
% 0-5- g '
0.0 (V] T
& < &
Cc D
247 100-
E 20 e —— TPE
=3 i — 80 —_ SOC
< 16— = 1
q —_—
o E " 60
< 12 .
S ] = 40
o 8- = J
s L] @ 204
2 47 0.19 | p=0.44
o T T 0 — T T T 1
SOocC TPE 0 7 14 21 28

Time (davs)

Keith et al. Critical Care (2020) 24:518

https://doi.org/10.1186/513054-020-03241-6 Critical Ca re

The therapeutic efficacy of adjunct ®

therapeutic plasma exchange for septic -
shock with multiple organ failure: a single-
center experience
Philip D. Keith''®, Adam H. Wells’, Jeremy Hodges’, Stephen H. Fast*, Amber Adams” and L. Keith Scott”
1.2

5

T s .

g 02

’ 0 5 10 15 20 25 30

Time (Days)

----- Control Probability of Survival Treated Probability of Survival

Fig. 1 Twenty-eight-day survival in patients with septic shock and multiple organ failure receiving TPE in addition to standard therapy (n=40) or
standard therapy alone (n=40) (p=0043)




TPE and Sepsis

Rimmer et al. Critical Care (2014) 18:699
DOl 10.1186/513054-014-0699-2

‘c: CRITICAL CARE
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The efficacy and safety of plasma exchange in
patients with sepsis and septic shock: a
systematic review and meta-analysis
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TPE and Sepsis
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TPE and Sepsis

emBAABAC N 1N EKAEKTIKA QMONAKPUVON
avilpAeypovwdwyv pecolafntwv
avoooodhaLpLVwWV
npwTteivec cupmAnpwpatog C3, C4

N

- ) )

e€aoBgvnon tn¢ adaptive response tou £gvioTn EvavtL TG AOLUWENC

) )

J Daily TPE sessions for 1-14 days, or until the resolution of symptoms for the
treatment of sepsis with MODS with an exchanged volume of 1-1.5 plasma volume
(ASFA Category/Grade: 111/2B recommendation)

Honore PM at al., Critical Care (2020) 24:226
Padmanabhan A et al., J Clin Apher. 2019;34:171-354.



TPE and Covid-19

* avaloya anoteAeopata o€ acOeveiLg e KaTalylda KUTTApOoKWwWY Aoyw Aoipwéng
arno Covid-19

e pelwon eMUTESWY KUTTAPOKWVWV Kot AAAWV PpAeypovwdwyv rapayoviwy (case
reports, retrospective trials)

e uta RCT bev avedelle peiwon Bvntotntag otig 35 HEPEC (Fagigi et al., Int J Antimicrob
Agents 2021; 57 (5): 106334)

* n adaipeon Twv €EOVOETEPWTLKWY AVILIOWHATWY KATd Tou SARS-CoV-2 kot AAAwV
avVOooooPaLPLVWV UTTOPEL EMLOEWVWOEL TNV AVOOOTIOPAAUCN

* LEYOAAN OLVOUOLYEVELD LETAED TWV HEAETWY 000V apopa ToV apLBLLO Kol TN
oUXVOTNTA TWV CUVESPLWYV KOl TOV AVTIAAAQLCOOUEVO OYKO TTAALCLOTOC



Although no evidence- based guidelines for
hemoperfusion currently exist, indications based on
biological and pathophysiological data have lately
emerged for various clinical entities.




ALlLotpoopodnon
(Hemoperfusion)

Fig. 1
HP
Press. Press. Press. v 0LT[0p.0LKpl'JV8L U6GIO' KOl
R )\moélta)\ureq ouqtsq ’ue l.’)l]JI’]?\I’]
OUYYEVELA TPWTEIVLKNG OECUEVONC
Qb; » Qb, kot MB 100 - 40.000 Da

v’ nrapivn f KITpLka

v SLapkeLla ~ 4 wpeC (KOPEOUOC
npoopoPnTIKov LECOU)

v’ ouyvr) Opopporevia (mapodikn)

v’ 8ev umapyeL urtepbibnon,

Schematic configuration of direct hemoperfusion (HP). Qb; = Blood flow at the inlet of the unit; Q/*¢t = QLMo KO apon, ad)a'lpEO' N UVpd)V
net ultrafiltration

Qb; = 100 - 250 ml/min
QNet (ml/min) = 0 ml/min

Ronco and Bellomo. Critical Care (2022) 26:135



Hemoperfusion combined with
hemodialysis/CRRT

Fig. 2
HP-HD or HP-CRRT

Press. Press. Press.

Dialyzer

Qb, ab,

Dialysate

Qb; = 150 - 250 mi/min _

Qd, Qd;
Qd; = 500 mi/min (in HD); 30-50 ml/min in CRRT
QM (ml/min) = Qd, - Qd; = 0-20 ml/min

Schematic configuration of hemoperfusion combined with hemodialysis (HP-HD) and hemoperfusion
combined with continuous renal replacement therapy (HP — CRRT). Qb; = Blood flow at the inlet of the
unit; @b, = Blood flow at the outlet of the units; Qd; = Dialysate flow at the inlet of the dialyzer; Qd, =
Dialysate flow at the outlet of the dialyzer; Q£ ¢t = net ultrafiltration

Ronco and Bellomo. Critical Care (2022) 26:135



Aworntpoopopnon otn MEO

o e e e o e e e o o e e o o o e e e e g

Plasmapheresis

' Adsorptive therapies .

a) Direct Hemoperfusion
e polvmyxin B

a) Therapeutic Plasma
Exchange (TPE)

a) Envthrocytapheresis and
RBC exchange (RBC-E

b) Leukopharesis b) Selective = Jafron HA (HA, 230, HA330,
c) Thrombocytapheresis techniques = Seraph 100)

= Double Filtration
Plasmapheresis
(DFPP)

b) Combined Adsoption Therapies
= ANGS- based Oxiris.
membrane

plasmapheresis : HA 380)

| e Couple Plasma Filtration- i
i Adsorption (CPFA) i
- Immunpeadsorption (1A) i
! = Double plasmafiiliration i
i molecular adsorption system |
| (DPMAS) !
i = Molecular Adsorbent i
i Recirculating System i
E (MARS) i



Alportpoopodnon UE T xpnon moAvpuéivne B

polymyxin B (PMX)

EKAekTIKN HEBODSOC

fibrous adsorbent conjugated fiber

CH,NHCOCH,Cl CH,NHCOCH, CH;NHCOCH,CI

S

s+t = CH,CH—"+++=— CH;CH=—+++ — CH,CH—""*

polystyrene derivative fiber

v TTOAUKQTLOVLKO aVTLBLOTLKO TTOU OUVOEEL
TNV evbotoéivn kot tnv adpavomoLei

v 0 mpoopodnTrC amoTteAeitaL oo widlo
TIOAUOTEPEVLIOU TIOU cuvbeeL Tnv PMX-B

v Suapkela Bspareiac ~ 2h

v QVTUTNKTIKA 0ywyn: nrapivn

v’ pon aipatog 80-120 ml/h




Randomized Controlled Trial > JAMA. 2009 Jun 17;301(23):2445-52. doi: 10.1001/jama.2009.85€

Early use of polymyxin B hemoperfusion in
abdominal septic shock: the EUPHAS randomized
controlled trial

64 pz with septic shock and gram (-) intrabdomminal infection

1.00
:L . Paolymyxin B hemoperfusion therapy
- 1
|
0.754 L
= S
e e
s |\ T/ .
[oR -
e _ | ey
o 0.501 Conventional therapy '---=----+ j
2
c
=
@
0.251
og-rank P=.03
0 5 10 15 20 25 30
Time, d
Mo. at risk
Polymyxin B hemoperfusion therapy 34 34 32 30 27 22 18
Conventional therapy 30 22 19 15 15 12 11

Randomized Controlled Trial > Intensive Care Med. 2015 Jun;41(6):975-84.
doi: 10.1007/s00134-015-3751-z. Epub 2015 Apr 11.

Early use of polymyxin B hemoperfusion in patients
with septic shock due to peritonitis: a multicenter
randomized control trial

243 pz with septic shock due to peritonitis

— HP—PMX: N = 119 Deaths = 40
7 — — Standard: N = 113 Deaths = 27

*

Cumulative incidence of Deaths
3

0 3 6 9 1215 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90
Days from Randomisation



Randomized Controlled Trial > JAMA. 2018 Oct 9:320(14):1455-1463.
doi: 10.1001/jama.20178.14618.

Effect of Targeted Polymyxin B Hemoperfusion on
28 —Day Mortality in Patients With Septic Shock and
Elevated Endotoxin Level: The EUPHRATES
Randomized Clinical Trial

450 pz with septic shock and an No survival benefit
endotoxin assay activity of (EAA) > 0.60

Randomized Controlled Trial > Intensive Care Med. 2018 Dec;44(12):2205-2212.

doi: 10.1007/s00134-018-5463-7. Epub 2018 MNowv 23.

Polymyxin B hemoperfusion in endotoxemic septic
shock patients without extreme endotoxemia: a post
hoc analvysis of the EUPHRATES trial

Reduction in 28-days mortality after excluding patients with very high EAA (>0.90)




Hemoperfusion with Cytosorb

Mn ekAektikn pEO0dOC

> v uopla pe péco MB

e (10-55 kDa)

v topwdn moAupepn
odatpidla

v’ LEYAAN POopoPNTIKNA
erupavela (~45,000m?)

Copyright © CytoSorbents Europe GmbH



Cytosorb in sepsis

IL-13  inflamma

T-2 toxin

Chemcokines

suPAR
Other !
FGF-21 inflammat »  Proteins
med
FGF-23 :
M lobi
> T3 ek
Hormones
Ammonia Cortisol
Clindamycin Linezolid Platelets Neutrophils SIS sonean.
Venlafaxin Digoxin
Aminoglycosides Antibiotics = Glycopeptides Cells Phenobarbital  Other Dru, Dabigatran
Piperacilin Meropenem Tacrolimus Rivaroxaban
Monocytes Cyclosporin Valproic Acid

Ticagrelor Carbamazepine

removal rate up to 95%
of pro- and anti-
inflammatory cytokines




CYTOSORB IN HEMOPERFUSION (HP)

CYTOSORB IN CRRT, CYTOSOREB IN CPB

POST-FILTER

= v’ blood flow 150- 500ml/min
x;s;;;tg J v’ LEYLOTN ATTOTEAECUOTLKOTTAL
ot 12h (ewg 24h)

CYTOSORB IN CRRT, CYTOSORB IN ECMO

DooDec cuTeo



First author, year of publication, Population/Sample size Trial design/Intervention

acronym/device

Schadler, 2017 (Cytosorb) Mechanically ventilated septic Parallel group, 1:1 randomized, open
patients, multicenter/n=97

copolymer HP with CytoSorb

Garcia, 2021 (Cytosorb) Prospective cohort and compara-
tive historic cohort, 1:1 matched/3
sessions of 24 h of CRRT plus

copolymer HP with CytoSorb

Refractory septic shock patients with
interleukin 6> 1000 ng/L, single-
center/n=48 (prospective)n =48
(historical)

WM
Supady, 2021, CYCOV (Cytosorb) COVID-19 pneumonia patients requir- P .\‘\ ‘\3
. e XX
ing ECMO, single-center/n=34 be(\ ed
'\1
N\ St
O
Stockmann, 2022 (Cytosorb) COVID-19» X g\\o 6 2 andomized, open
sho (\O 3(\ @ssions of 24 h of CRRT
(" \Z opolymer HP with CytoSorb
W 8
A\
° (O
Diab, 2022, REMOVE 6‘.‘\ 0(\“ ective Parallel group, 1:1 randomized, open
\13 6 C €r/n=282 label/1 session of copolymer HP
60((\ c\\e with CytoSorb during cardiopulmo-
(\ 3‘, nary bypass
Sup \)( ! \a((\ ardiac arrest patients undergo-  Parallel group, 1:1 randomized, open
‘O o es ing extracorporeal cardiopulmonary  label/3 sessions of 24 h/day of
06\ resuscitation with ECMO/n=26 copolymer HP with CytoSorb inte-
5‘. grated to the ECMO circuit

label/up to 7 sessions of 6 h/day of

Primary end point/Time of assess- Results
ment
Normalized interleukin 6 concentra-  Neutrg {nterleukin
tion atday 7 . tin HP
c‘\“e % Cl for
SQe formed),
O
Change in interle (o) Q “3(«\ ich
sor require” 6‘® o 3\ ely of HP,
at 30 3‘\ (\‘\
o ‘\‘ ‘,e srVasopressor requirement,
\\ Q©° i ively of
‘\,3 36 ghsggcrease irrespectively of HP,
o . p"—' i
‘ (0 s(x\b Increased mortality in HP group. HP vs
o 6@ historic control group, 67% vs 42%,

respectively (competing risks hazard
ratio 1.82, 95% Cl 1.03-3.2), p=0.038

Neutral. Interleukin 6 concentra-
tion in HP group 98.6 pg/mL (IQR
71-192.8 pg/ mL) vs control group
112 pg/mL (IQR 48.7-198.5 pg/mL),
p=0.54

6 concentration at 72 h

Neutral. Time until resolution of vaso-
plegic shock in HP group vs control
group, 5 days (IQR 4-5 days) vs 4 days
(IQR 3-5 days), respectively, HR 1.23
(95% C10.56-2.71), p=063

Neutral. SOFA score variation in HP
group vs control group, 1.7943.75 vs
1.93 4 3.53, respectively (95% Cl -1.30
to 0.83), p=0.666

Neutral. Median interleukin 6 reduction
in HP group from 408 pg/mL (IQR
93.4-906.5) to 324 pg/mL (IQR 134.3-
4617.3) vs increment in control group
from 133 pg/mL (IQR 56.2-528.5) to
241 pg/mL (IQR 132.8-718), p=0.48

Time until resolution of vasoplegic
shock (i.e.,, more than 8 h without
Vasopressors

Change in SOFA score assessed 24 h
after the surgery up to the 9"
postoperative day

Interleukin 6 concentration at 72 h

Rizzi Z et al., Intensive Care Med (2022) 48:1397-1408



Cytosorb and Covid-19

* n 1tLo Kowvn pEBodoc alponpoopodnong otnv navénuia (eykplon
XPNONG EKTAKTNG avaykng aro tov FDA armo tov AnpiAio tou 2020)

* aMopakpuvon GAsypovwdwyv mapoyoviwy
* N ToocoUAllovpaumn 6ev amopokpuvetal (148KDa)
* WOTOO0O, dev oxetiletal pe opeloc emiBiwonc

e otav cuvduvaotnke pe ECMO bev peilwoe ta emnimeda tn¢ IL-6 otov

0pO KOl ELXE apvNTLKN eTdpocn O0TNV EMLBLWON (Supady A et al., Lancet Respir
Med 2021 Jul:9(7):755-762)



Jafron series for hemoperfusion

duoLyya awponpoopodnonc HA 330/380

e topwdn noAvpepn odatpidla peyeboug
500Da- 60kDa

* o&eieg pAeypovwdeLg kataoTaoeLs (onyn,
gykaupata, maykpeatitda, covid-19)

* IPOOoPOPNON KUTOKWVWV Kol evooToéLvwy

* autovoun Bepamneia A o cuvbUOOUO UE
HD, CRRT, ECMO

* blood flow: 150-250ml/min

* 6edopeva amo pikpeg RCTs, PE pElwpEVA
EMINMESA KITOKWVWY, LELWUEVN VOOnAEia
oe MEO, xwplg oacbeq odeAog emPBilwong




Seraph 100 Microbind Affinity Blood Filter

* newly licensed (European Union,
2019

* arnopakpuvon naboyovwy (Baktrpia,
Lol, LUKNTEC) ato To aipa

* odatpidia moAvatBuAeviou , :
ETUKAAUUUEVOL LE QAKLVNTOTIOLNHEVN | y
nrapivn omou cuvdEovTal T g =gy o L
BaKTr']pLa heparan sulfate i .:\ f Heparin |
0 ; , , / ' @ € e
* LELWON CUYKEVTPWONCG BaKTNPLWV EWC o L R\
Kot 85% (in vitro studyc) Wi
* aqutovoun Beparmela n o€ cuvbuAOUO Vascular endotheliun ||| et
ue CRRT e

®
¥ Virus Seraph® 100

* Slapkela Bepareioc Ewcg 24h
* blood flow: 150-250ml/min



Safety and efficacy of the Seraph® 100 Microbind®
Affinity Blood Filter to remove bacteria from the
blood stream: results of the first in human study

Gabriele Eden, Julius J. Schmidt &, Stefan Biittner, Philipp Kiimpers, Carsten Hafer, Alexandros Rovas,

Benjamin Florian Koch, Bernhard M. W. Schmidt & Jan T. Kielstein

Critical Care 26, Article number: 181 (2022) ‘ Cite this article

15 hemodialysis patients with blood culture positive bloodstream infection

v well tolerated and safe method
v’ early use in combination with antibiotic treatment




Hemoftiltration with the Seraph 100 Microbind
Affinity filter decreases SARS-CoV-2 nucleocapsid
protein in critically ill COVID-19 patients

Jan T. Kielstein IE], Dan-Nicolae Borchina, Thomas Fuhner, Soyoon Hwang, Dawn Mattoon & Andrew J.

Ball

Critical Care 25, Article number: 190 (2021) | Cite this article

Fig. 1
Samples taken 60 min after start of treatment
150000 w=——
— o ’ 1
100000 — s Seraph 100 amopakpuveL tTn VOuKAgokaPLOKN
- e ot 1
£ 50000 - NMPWTELvN tou Sars-CoV-2 otoug Bapewg
g 1200 - NAoYoVTeC 0loBeve(c
=5 1000 —f o
; %, 800 =i &_ e ®
(o] e: — ——— .
Q 600 = ®
2 30
= 20 - :
w
.
10 ®

. T T
pre Seraph post Seraph



2uvbuaopueveg Bepareiec mpoopodpnong otn MEG

O S S S
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techniques

« Double Filtration
Plasmapheresis
(DFPP)

c) Thrombocytapheresis = Seraph 100)

| Cytapheresis i Plasmapheresis § Adsorptive therapies |
| a) Enghrocytapheresis and | a) Therapeutic Plasma | a) Direct Hemoperfusion. 5
| RBC exchange (RBC-E | Exchange (TPE) i - polymyxin B i
i ) ! i 5 « Cytosorb i
. b) Leukopharesis ; b) Selective | - Jafron HA (HA, 230, HA330, |
| i ; HA 380) |

b) Combined Adsoption Therapies
« ANBG9- based Oxiris.
membrane
= Couple Plasma Filtration-
Adsorption (CPFA)
« Immuneadsorption (1A)
= Double pasmainiraunon.
molecular adsorption system
(DPMAS)

= Molecular Adsorbent i

i
i
]
]
i
i
i
]
]
i
i
i
i
]
]
i
i
i
| i i
asmapheresis .
p p .
i
i
]
]
i
i
i
i
]
]
i
i
i
]
]
i
i
i
]

Recirculating System
(MARS)



Coupled Plasma Filtration Adsorption (CPFA)

Mn ekAekTiK HEBOSOC

Qp;,
Plasma
Reinfusion
- - Sorbent prss. v' 5€V OUOTHVETOL OF
Plasmafilter Dialyzer acegvgiq LLE O'nn'_'[u((') OOK

Qb,

- v’ 2 RCTs Sev avédelfav
odelog erBiwonc Kal

Dialysate

Plasmafiltrate
Qb; = 100-250 ml/min ’ ’ ’
Qp; = 10— 30 mi/min ap, ntav riBava eruPAapng os
Qp, = 10-30mi/min Qd, Qd, ! ! !
Qd; = 500 ml/min ULIJn)\Ec SOGEC KUplwq o€
O i) =i, aoBeveic xwpic ONA
Fig. 4 Schematic configuration of plasmafiltration-adsorption combined with hemodialysis (PFAD-HD) or continuous plasmafiltration-adsorption
combined with continuous renal replacement therapy (CPFA-CRRT). Qb,=Blood flow at the inlet of the units; Qb, =Blood flow at the outlet of the (CO m pa Ct-z RCT)

units; Qps= Plasmafiltrate flow; Qp, = Plasma Reinfusion flow; Qd, = Dialysate flow at the inlet of the dialyzer; Qd, = Dialysate flow at the outlet of
the dialyzer; Q' = net ultrafiltration




ANG69- based Oxiris membrane

opodndnon pe vPnAn
npoopoPnTKN Lkavotnta

N2

' eod | e QTIOMAKPUVON KUTOKIVWV KOLL
. UTLOKOTAOTAON VEPPLKNG
2nd layer Multiple layers of PEI legsnmeatibiNy AE LTO U pv i_aq

Adsorb endotoxins

Adsorb cytokines

stlayer  ANSS copalymere  emove solutes vi npoopodnon evéotofvwyv

hydrogel structure convection through
membrane pores
(cut-off 40 kDa) +

AVTIOPOUPWTIKEC LOLOTNTEC

- PEI molecules, positively charged

— Adsorption due to polarity ionic charges

® Acrylonitrile molecules Polyacrylonitrile
. Methallylsulfonate molecules, negatively charged copolymere

E_‘L:ii‘i Hydrogel structure




Malard et ‘af. Intensive Care Medicine Experimental (2018) 6:12 INntensive Care M ed icine
https://doi.org/10.1186/s40635-018-0177-2 E . t I
Xperimenta

In vitro comparison of the adsorption of () e

inflammatory mediators by blood
purification devices

Benjamin Malard' @, Corine Lambert' and John A. Kellum?

Oxiris was the only device that showed both endotoxin and cytokine removal
Oxiris showed similar endotoxin adsorption to Tobramyxin and similar cytokine
adsorption to Cytosorb




ANG69- based Oxiris membrane

* pelwon emutedwV evOoToé VWV KOl KUTOKLVWV UE TIapAAANAn
BeAtiwon KAWVLKWV TIOPOUETPWYV (YAAAKTLKO, atpoduvapikn aotabela,
SOFA score) kot KAWIKNG ekBaong, o acBevelg e onPn Kol GNTITLKO
00K, woTtooo Ogv untapyouv 6edopeva amo RCTs

* pHelwon emESWV KUTOKWVWY, alpoduvaptkn otabepotnta, Ko
BeAtiwon SOFA kat APACHE scores, xwpic ocadec odpeloc emiflwong
o€ Bapewc naoyoviec acBeveic pe Covid-19 Aolpwén (bedbopeva amo
case reports Kol case series)

Zhou Y et al., Front Public Health. 2022; 10:1012998

Broman ME et al., PLoS ONE. 2019; 14:e0220444
Schwindenhammer V et al., Blood Purif. 2019; 47 (Suppl. 3):1-7
Turani F et al., Blood Purif. 2019; 47 (Suppl. 3):1-5



Avooornpoopodnon
(Immunoadsorption)

EkAekTikn) nEB0dOC

TO TTAQOLOL LLETA ATTO SLOXWPLOUO
OLEp)ETAL O €LOLKN TTPOOPOPNTLKA
OTAAN IOV €XEL TNV LKAVOTNTA VO
QTMOUOKPUVEL avoooodatpivec (++1gG),
OVOCOGCU LTIAEYLLOLTAL 1] AVTLOWOTOL
LLECW TNG ouvOEDoNC LE Eva ELOLKO LOPLO
(opyaviko 1) CUVOETLKO)

b
Plasma

separator

Immusorba
column



OTNAEG IPOGPOPNONG

1) BloAoyLka evepyelg
vdatavOpakeg (i.e.

Glycosorb ABO tuqua
Tou avtlyovou ABO oe

oedapoln )

2) udpodoPBa apwotea
(tpunttodavn N
doawvuladavivn) oe yeAn
TIOAU BLVUA-aAKOOANG
(Immusorba PH350, TR)

v’ Metapdoxevon vedpot (ofeia kat xpovia andppun)
v/ Goodpasture cuv8popo (anti-GBM)

v'Nedpitda ZEN avoococupnAéypata kot anti-dsDNA
v ANCA associated vasculitis

v MoAAarAf} okAfjpuvon

v'Muaoc0éveia Gravis

v TopaveOMAQOUOTIKH VEUPOAOYLKT) CUVSPOMN
v'Guillain-Barre

v Autodvoon sykedalitida

3) akwnTomoLNUEVA aVTLYOvVa
— ouvOEeTIKOUC
TEMTIOLKOUC ETITOTOUC

(Globaffin)

5) otadpUAOKOKKLKN)
npwTteivn A

6) BeloUx0C

4) aKLVNTOTIOLNHUEVO , ,
dettpavn (apvntika

avtiowpa (ry anti- !
ApoB, anti-gG doptiopevn----
BeTIkA
doptiopevec Apo-B
AUTOTIPWTEIVEC)

avOpwrEeLoC 1 Ao
Xoilpoug i,.e.Therasorb)



SHOCK, Vol. 28, No. 4, pp. 418-425, 2007

A NOVEL SELECTIVE EXTRACORPOREAL INTERVENTION IN SEPSIS:
IMMUNOADSORPTION OF ENDOTOXIN, INTERLEUKIN 6, AND
COMPLEMENT-ACTIVATING PRODUCT 5A

Joerg C. Schefold,* Stephan von Haehling,* Malte Corsepius,* Cosima Pohle,*
Peter Kruschke,* Heidrun Zuckermann,’ Hans-Dieter Volk," and Petra Reinke*

11 onmtikol aoBeveic kat 22 control

EKAEKTIKN armopakpuvon evéotoéivng, IL-6 kat C5a
aoPaAnc Ko KaAd avektn LeBodoc

rneitwon CRP kat vwdoyovo

LEPEC apapovne otn Meb, otov avarmnvevotnpa kot 500N oyYELOCUCTIOTIKWY
ATOV UELWLEVEC

BeAtiwon SOFA kat APACHE score



Cell-based aphaeretic technique

Selective Cytopheretic Device (SCD)

OUVOEETOL EMIAEKTLKA KOLL OTTEVEPYOTIOLEL
oudeTEPOPLAA KOl LOVOKUTTOPO KATA TN
dlapkela tng pAeypovng, otav to iCa tou
KUKAwpaToc eivat xapunAo (<0.4mmol/l), oe
aoBeveic pe ONA kat onygn

a Standard of care | Novel SCD treatment
Continuous renal replacement therapy Low ionized (u_
(CRRT) 0.25-04 mM (riCa)

—@—)Q'[[ 'Hemoﬂit;f 1 2 i
Regi:nal Citrate, v L }
Anticongnlltionl

£ ;R

Calcium
Replacement

Tumlin et al., 2015; PLOS ONE | DOI:10.1371/journal.pone.0132482



2UUTEpAoUOTO

v'oL péBodol Beparmeutikic adaipeonc onwc TPE kat péBodot mpoopoddnong
glval KaAQ AVEKTEC Kol loPAAELC

v uPnAO KOOTOC, TIEPLTTAOKEC TEXVIKEC, EELOELKEUEVO TIPOOWTILKO KOLL
LELwMEVN dlaBeoipoTnTa

v ev untapyouv Sedopéva o va Seixvouv ocadec ddeloc emBilwonc otn
onPn wote va SIkaloAoyeLtal N xpnon Toug o€ TakTikn Baon

v ueyaAng kAipakoc RCTs wote va aroocodnviodel o BeparmeuTikoC TOUG
poloc¢ (BeAtiotn 6oon, SLapkeLa, aplBuoc ocuvedplwy, tepLoOLKOTNTA
aAhayng duotyyac)

v LEANOVTLKI) €PELVA VLA OVATITUEN TTLO EKAEKTLKWV LEBOSWV BEPATIEUTLKNC
adaipeong otn onyn



20.C EVXOPLOTW TIOAU
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