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A Major Problem...
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Pathogen Removal by Haemadsorption
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TLeilvatonyn ;

Aev UTIAPXEL WG ONUEPO EVOC “KOAOC” 0pLOUOC yLa T oNYn

MoAAEC tpooTtABeLeC TAEVOUNONC AVAAOYQ HE TOL KALVLIKA
cupmTwpata, T Bapltnta, To “score” Twv acbevwv n TNV
armavtnon otn Beparmeia

Thomas L (1972): “KAwiko cUvOpouo Tou eMUTAEKEL TN AolUwEn Kot
XopoKTnpLleTaL Ao CUCTNUATLKA armoppLUBuULIen TNS GUCLOAOYLKAG
dAeypovwbdouc avtidbpaong”

Pinsky M (1989): “KakonBn¢ popdn evdayyelakng dAsyuovnc”

Kellum J (2000): “ Aidyutn - Tortiky pAeypovy Omou n Kuplwg
Stadkaoio cupPaivel og LOTIKO emimedo Kal O,TL UTIAPXEL OTNV
KUukAodopia gival To anoteAeopua “vunepyxeihionc” avtng tng

$AeypoVAG



Consistency in Sepsis Definitions

\

Sepsis is the systemic response to
infection, manifested by two or
more of the SIRS criteria as a
result of infection

2001

2016
Sepsis 2 Sepsis 3

Sepsis = the systemic response to Sepsis is life-threatening organ
infection, manifested by two or dysfunction caused by a

more of the SIRS criteria as a dysregulated host response to
result of infection, and some of infection

the following:

* Fever or hypothermia

¢ Tachycardia

* Tachypnea

* Altered mental status
* Significant fluid
Imbalance

* Hyperglycemia lnfECtion is Key

¢ Inflammation

Pathogen Removal by Haemadsorption

* Altered hemodynamics
* Organ dysfunction



Pathogen Removal by Haemadsorption

Treatment? |

* Empirical Antibiotic Therapy @ ‘

* Antibiotics are the standard of care for bloodstream Infections, but
Inappropriate empirical administration occurs in 37% of those cases !

* Mortality is 62% for BS| patients who receive inappropriate antibiotic therapy, vs
28.4% for patients who receive early, appropriate therapy.2

* Rapid effective treatment is essential, but there is a delay while
pathogens are identified.

1) IM,Baudum,ﬂll'Irnpacldh!mm:dhenmmn&nsuﬁmbmsdmmwwmmdmﬁmm
Ihmmfmbularnk'(&irdd«ﬁuaﬁmniumi:wu.

2 mim.[rudH,enl.miMdWIemMWUumMMMMMMMImWMM
ICU setting.* Chest Journal 1181 (2000): 146-155,



Problems With Treatment?
* Antibiotic Resistance
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0 CR Acmetobacter spp. -
E Metheclbr-resstant Stophylococeus oureus "
W | f
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c
v
o)
o)
L ESBL extended-spectrum beta-lactamase; CR, carbapenem-resistant:
'E MOR, multi-drug-resistant (resistant to third-generation cephalosporing, fluroquinoiones and sminoghcosides).
Q.

* |tis estimated that, in 2018, at least 700000 people die of antibiotic-resistant infections every year
globally, and 10 million lives/year could be lost due to antimicrobial resistance by 2050




Neotepn taélvopunon touv cuvdpopou tnc ocNPnc

redisposition: mpodLaBeon tou EeVLOTH - YEVETLKOL TTOPAYOVTEC
nfection insult: elbo¢ Tou pIKpoopyavIoUoU - eoTial AOLUWENC
esponse: avoolaKn amnavinon - enineda pecoAafntwyv

rgan dysfunction: ouppetoxn dladopwv opyavwyv otnVv KALVLKA
glKOVQAL

Levy MM et al, International Sepsis Definitions
Conference, Crit Care Med 1992
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Editorials

=
"ENDOTOXIN SHOCK"

JAMA, 1064:190{2)-847-B48
dob 101001 jama 1964 (3070220053016 infection >  Immuno dysreguistion >  Organ damags

Abstract l, = 1“ - l
/\ /N

Endotoxin shock,” 50 called because it is assumed 1o
be caused by the release of towin from gram-nega-

tive bacteria, presents the clinician with a therapey- Source MU0 Fultiple

control modulation Organ
tic dilemma. Despite o vanety of available proce- Endotonin Cytoking [ W

dures, no techmgue evists for removal or mactiva- removal removal Therapy
tion of the causative agent once it enters the arcu-

lation. Corsequently the only successful treatment Specific >0 Gereml Aspecific »»»00  Specific
is symptomatic. in 3 recent evaluation of current

management, Weil et al' indicate that none of the

available therapeytic methods has been successiul

when used alone; however, used in judicious combi-
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Nedeva C, Menassa J, Puthalakath H. Front Cell Dev Biol. 2019

Event Major Findings

Robert Hooke and Antoni van Lecuwenhock independently discover
Discovery of microorganisms b7 € living microorganisms by careful microscopy using lenses to identify
microbes.
Louis Pasteur (1822-1864) and Robert Koch (1843-1910) demonstrate that
Proving the germ theory of discase TS microorganisms in infected tissues directly cause tissue injury.
Organisms can be transmitted between animals and humans.
Semmelweis (1818-1865) proves in 1847 that microbial pathogens can be
Ignas Semmelweis S0s transmitted by the hands of doctors and cause potentially lethal
puerperal fever; hand hygiene prevents this from happening.
Robert Koch and his colleague Richard Pfeiffer first prove that about 70%
of the cell wall of Gram-negative bacteria is protease resistant and lipid
sensitive material. They demonstrate that purified endotoxin injected
intravenously is lethal to laboratory animals, forming Koch's Postulates.
Hans Christian Gram (1853-1938) first develops a method to rapidly . A
classify and identify bacteria as either Gram-positive or Gram-negative i}
by differential staining and microscopy. }
Tohru Tani and Hisataka Shoji, et al. dev elop the cationic filters which
will bind to circulating endotoxin and remove endotoxin from the & |
circulation and can rescue patients from endotoxemia. '

Discovery of Endotoxin

Gram’s stain aids to detect and
define bacteria

Polymyxin B bound hemofilters
remove endotoxin

Shoji H, Opal SM. . Int J Mol Sci. 2021




Did you know?

TRIGGERS OF THE SEPSIS CASCADE

PAMPSs LS

ENDOTOXIN
Pathogen-derived
Pathogen Associated Molecular Path ways

Lipoteichoic acid
Lipoproteins
Peptidoglycans
Bacterial DNA

Etc.



Did you know?

TRIGGERS OF THE SEPSIS CASCADE

ENDOTOXIN
r Patho = en—der‘ived Lipoteichoic acid
Pathogen Associated MMolecular

Lipoproteins
Peptidoglycans
Bacterial DNA
e

Pathways

IL-1,IL-6,I1L-8, HMGB-1, etc
DAMPSs L Host-derived Heatshock proteins
- s100 protein
Danger Associated Molecular Pathways -

= Serum amyloid A
or Damage Associated Molecular Pathways 5 "

: Uric acid

(and also known as alarmins)

ATP, DNA

Formyl peptides
IL-1c, IL-18, etc.




Therapeutic targets in sepsis

Cytokines

Monocyte Neutrophil

TNF-alpha, IL-
1beta, IL-6, IL-8,
IL-10, MCP-1,

Endotoxin

Il i
Capillary leakage, .. Cell debris

tissue hypoperfusion Erythrocytes

Free hemoglobin
PAMP - Pathogen-Associated Molecular Pattern
DAMP - Damage-Associated Molecular Pattern
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Environment: DAMPs and PAM Ps

* Damage-Associated Molecular
Patterns

* HMGB1
* Heat-shock Proteins
Hyaluronan fragments
Uric acid Peptidoglycan
Heparin sulfate Nucleic acid variants (viruses) e.g. double-
DNA stranded RNA (dsRNA),
o | unmethylated CpG motifs

* Pathogen-Associated Molecular
Patterns

Endotoxin
Flagellin

Lipoteichoic acid (gram-positive bacteria)

WO RIUDWISSPIIS



TuteAwka “peocolafel” otn dradikaoio tnc onYng;

JUOTOTLKA TOU KUTTAPLKOU TOLXWUATOC TwV gram(-) Kol Twv gram(+)
HULKpoBiwv

Yrioboxéac twv povokuttapwyv (Toll-like receptor, CD14)
Yuotnua petaypadikov rapayovta NF-kB
YUotnua kutokivwv: TNF-a, IL-1, IL-6, IL-8, IL-10, IL-4 ka&

Mpotiovta apaxldovikol o&€oc: PAF, AsukotpLevia, tpootayAavdivec,
BpopBoaveg

Evepyomotnpéva mpoiovta cupnAnpwpatod: C3a, C5a
O&elOWTIKEG OUOLEC

AloAuTta Ko emipavelaka popLa mpookoAAnong, Kwiveg, Opoupivn,
OUOLEC KATOOTAATLIKEC TOU puokapdiou, evdopdivec

Nedtepa popla mou odnyouv o€ KUTTapomadnTiki umoia
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Where this endotoxin comes from?

® Human microbiome is a “bottomIless”
reservoir of endotoxin.

® Healthy person can maintain intestine
barrier properties and keep this gut-
deriven endotoxin away from the
bloodstream.

® Patients in critical conditions suffer
from endothelial damage and gut
hypoperfusion.

® Translocation of endotoxin from
intestine into bloodstream becomes
inevitable in sepsis and ischemia-

reperfusion injury.

WHAT'S NEW IN GENERAL SURGERY

The Gastrointestinal Tract

The “Undrained Abscess' of Multiple
Organ Failure
John . Marshal, MD., FRCSC., FACS

Nicotas V. Gvistou, MD. PhO., PACSCO. PACS §
and Jonathart L. Meakis, MD. DSe FACSO FACST
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and MoG Undvorsty, Mordmad, Ouesbeac, T Canaas

Objective
This aouchy Celaimived Bub S eociotion beb premirmal gatirariestng (G0 colorurstion snd e
Servolop d o b mwmm-nrm-um«mmmn
8 popJsation of criicaly B sugicsd palients.

Data

Ora or more spiscdes of ICLL-acgired Ifiecion Goveloped in 33 pafienda B veived af lneat
O orpaniem condomiactly culured forn e upper GI ract in o but 3. The most oorremon
orpanaTe Cawng DU ecasred lecton—Cewscin, Step = N Pk "as,
ad coaguisce megEdD SraptTrHoCocti— wars Bn e most - dorizing e
Froomal Gl ract. Out colonization Comelated with he Cevelc 2 Ol v ind y w1
week of aftae ko Preuciorones (RS v 1% In noncolonized palierds, P = 0.0001) o
Stapityio - U% va 6%, p < 00001E 2 weake sssociafion was soon for
cxionization wih Carcicle. iectora d mith & L d preurnoria (18
ex). ik (ﬂmmml‘m{llmmm
potoniis (11 pefiores) end bacterorris (10 paterte) ICU was Qresles lor Dacierds
s with Pepucomonas (TUR va. 20%. p = 003 was moet marksd N
Palarts OOCrred wikh ore of mors of o ifiowing: Candicls, Peeudo =R, of § epidermnkis,

Cancicsions
ﬂnsm-mnﬂnmwﬂuwﬂ-dnammmmm
wﬂmhmmhmdﬂhﬂmlw
=3




The “Threshold Immunomodulation” hypothesis

Binding of
lipopolysaccharide of Binding of

gram-negative Daciill peptidoglycan of w2
oy gram-positive bacilli ' =
Roof - TER2 e S ——
7\ /j' - Transcription of

b iu (‘L- 2 .
immunomodulatory cytokines

(TNF-a, interleukin-1J3,
. interleukin-10) Prostaglandins
} \ Leukotnenes
X e Proteases
# - ™ a W o 1 I —d ’\

- .
N

Oxidants
Release of NFxB ctivation and
and transfer to Inersasesd

nudeus activity of INOS
J—blncrﬂf_&ﬂqo

NO

}

Vasodilation Endothelium

binding of
macrophage

In spite the clinical effectiveness of extracorporeal therapies is likely to be only at
the blood level, a possible effect is envisaged at tissue level. The model
hypothesizes that mediator removal from blood is coupled to changes in tissues.




Endotoxemia = bacteremia

* Endotoxin in bloodstream does not equate to primary or
secondary blood stream infections.

= >70% of patients with sepsis with high endotoxin activity have
negative blood cultures.?

* Endotoxemia can result from...
= Active infections gram negative bacteria
= Infections with various types of organisms (including COVID-19) that compromise
gut barrier function (resulting in translocation of endotoxin)?
= Antibiotics can release endotoxin as they Kill bacteria3

ipellinger RP et al. JAMA. 2018;320(14):1455-1463
2Sjirivongrangson P et al. Intensive Care Med Exp. 2020;8(1):72.
3pofferhoff AS et al. Scand. J. Infect. Dis. 1991;23, 745—754.
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Antibiotic-induced
liberation of the
bacterial endotoxin
LPS may have
immediate adverse

effects prome

BLOOD PURIFICATION

HVHF

HCO-CWHD

HEMOPERFUSION




Endotoxin has a well defined
mechanism of action

Richard Pfeiffer

Endotoxin
Endo = within (Greek) + Toxin (Brieger)

LT vl Heaw o Crith ol Caeer 3) 2 riqo; Aalaniak @t al
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Endotoxin can gain access to the
circulation

Disruption of the
intestinal barrier

Translocation
from oral cavity

SOCIEIETR X o
.Cnhca‘l"s;;e @ Biteaburgh CRITICAL CARE MEDICINE

=2lol A1 @@ acomec

Pneumonia

Breach of
natural barriers

Urinary tract
infections

\L&Tf ’)-

Smoking

Kellum and Ronco Critical Care (2023) 2/:400;
Adamiak et al. Medicine 94(27):e1085







Baolkol A€oveC QVTLUETWTILONG TOU GUVOPOROU TNG
onng

AvTtLukpoBLlakn Bepareia
Yrtootnplen Twv {wTKwV AELTOUPYLWV

AvtipAeypovwdnc aywyn: ULKPEC SOOELG
KOPTLKOOTEPOELOWV, EVEPYOTIOLNUEVN TIpWTELVN C,
LLOVOKAWVLKO avtiowpa evavtl tou TNF-a (afelimomab),
gvavtLtng IL-1, IL-6, CD14, TLR

Evtatikn wwvooulwvoBeparmeia
AVTLOTTOTITWTLKN olywyn

MeBodol e€wowpaTikC - e€wvedplkng kaBopong



Figure 4. The concept of MOST. Different organs can be supported by special modifications to the extracorporeal circuit.
The kidney is supported by dialysis, the lung by extracorporeal CO, removal, the heart by optimal ultrafiltration and fluid
balance, and the liver by specific filters and sorbents to remove liposoluble toxins.

High-flux dialyzer
Hemofiltration
Removal of uremic toxins
Removal inflammatory
mediators

Dialyzer with
oxygenator and/or
decarboniser
(Dry-wet interface)

Plasmafilter
Plasma separation

High-flux dialyzer
Ultrafiltration
Volume regulation
Sorbent

Toxin removal

High-flux dialyzer

CAST: counter anti-inflammatory support therapy; CPFA: coupled plasmafiltration-absorption; CRRT: continuous renal replacement therapy;
ECLS: extracorporeal life support; MOST: multiorgan support therapy; SCUF: slow continuous ultrafiltration.



Phenotypes

Endotypes
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Intensive Care Med

: Traditional randomised trial allocating patients
https://doi. 0rg/10.1007/s001 34-025-07873-6 e Eastment st o £

Sepsis subphenotypes, theragnostics Sk DS e ST dinerea§
and personalized sepsis care in both trial arms oo
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Heterogeneity between critically ill
patients with sepsis is a major
barrier to the discovery of effective
therapies. The use of machine
learning techniques, coupled with
improved understanding of sepsis
biology, has led to the identification

VA A
of patient sub-phenotypes. This ﬁ..'.' '. ... mmnMMﬁ‘m
exciting development may help AL AR L Goaly st g e s S
overcome the problem of patient Qg@." . .'..
heterogeneity and lead to the ﬁ U y
identification of patient subgroups This allows the optmum treatment strategy for

with treatable traits '.'..' ".." o wesatogan



Precision medicine vs Syndromic therapy

Precision Medicine Syndromic Therapy
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Targeted Therapy //’//-i- >
/ ®
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ﬂ# ﬁ < j _J\ Off target effects )

\ o« o ° .
| \Tﬂi“ﬂ‘ﬂ

: N\
Broad-Spectrum Therapy ™~

Smaller populations Larger populations
Difficult patient identification Easy patient identification



Edappoyn Bepamevtikne adaipeonc otn onyn
Mua Lbea tou Eptaoce n wpa TNE Epappoync TG

KaAUtepn katavonon tng cndPng Ko yvwaon 0Ao Ko
TMEPLOCOTEPWV LECOAAPNTWV - TTAPAYOVIWYV TTOU
OUMUETEXOUV eVePYA otnV rtaboduaclooyia Tov cuvdpopoU

MolkiAeC BeparmeuTIKeEC MpooeyyiloeLs: “Mayikn odaipa”
EVOVTLOV CUYKEKPLUEVOU TIapayovTa N “payikn aomnida” mou
NMPOOTATEVEL OO TTOAAATTIAEC OUCLEC TTOU EVEXOVTAL OTNV
ekdNAwaon Tou cuvépouou



“Katouyida kutapokwvwv” otn dtadikaoia tng
onYnc: “naywkn opaipa” N “paykn aonida”

?

LPS AB # IL-6

T PAF IL-13a
g C3a desArg
: .1  STNFRII
= II-8
(@)

Il-10
C5a desArg

2
. sTNFRT
By # Factor D

Ciro Tetta et al, Ther Apher, 2002



“Kata oepa” kot “mapaAAnAn” Bswpia tng onPng

Stimulus Byl

Sepsis l
Serial Theory

Hyporesponsiveness

Inflammation Pro-inflammatory

Mediators

Sepsis l
Parallel Theory

Anti-inflammatory

Hyporesponsivenes Mediators (inhibitors)

i >

C. Ronco et al, Artif organs, 2003




The Peak Concentration Hypothesis

SIRS

CARS

Mediators' levels
(Arbitrary units)

SIE> # Activation
Depression

CARS

Mediators' levels
(Arbitrary units)

Time

C. Ronco et al, Artif organs, 2003



>NYPN Kol CUVEXNC LTTOKATAOTAON TNG VEDPLKNC
Aettoupyloac (CRRT)

‘ l Immunohomeostasis

SIRS/CARS

Time
C. Ronco et al, Artif organs, 2003



“Nedpkn” kat “onmtikny” d6on kabaponc otnv ofeia vedpLkn
QVETIAPKELO 0T TTAaioLla TnG oNYNe

Edappoyn pebodwv vning dinbnonc (high convection)
otnv avtipetwriton ONA onmTikng aLtloAoyiog

[pappkny BeAtiwon avaloyn tng avéavopevng 60on¢
kKaBaponc: Xwpic tnv epdavion opiou
(plateau)

ATtoOAN OUPOLULKWY TOEWVWYV Kal LECOAABNTWY TNG
dAeypovwdouc dtadikaoiac kaBwce Kol Tpomonoinon Tou
avoooAoyLkoU TiepLPaiAovtog

Ronco C. et al (2000): 425 aoB. pe ONA, “onmntikn d6on”
KaBaponc avaAoywc Tou cwuatikol Bapouc e puBuo
vrtepdnOnonc (UFR) 35ml/Kg/h n >3L/h - 72L/24h

Xpnon ocuvBeTtikwv pepPfpavwy pe vPnAo cut off >70Kd -
avaloyla pe



Clinical trials of biologic response modifiers in sepsis

Stratogies

e Endotoxin (LPS) Monoclonal antibodies Platelet activating factor (PAF) Small moleculs Inhibitors
9 LPS; HA-1A, E5 PAF acetylhydrolase
o Enterobacterial common  Eicosanolds Ibuprofen
E; antigen Soluble phospholipase
e Toll-like receptor 4 (TLR4) A2 (sPLA2) Inhibitor
% antagonists Nitric oxide =NMMA
o Eritoran Methylene blug
£ TAK-242 Hypercoagulability/disseminated  APC, Protein C concentrate
g Anti-CD14 intravascular coagulation (DIC) e
z bl s N
_B‘ Taurolidine HN::; ::u S facoraaod)
I
- :’:’“““ ”“‘;’ph’“” Thrombomadulin
> lymyxin immune suppression Intravenous immunoglobulin
008008008 2 Conlugate G.CSF, GMLCSF
- Extracorporeal column Interferon y
g Lipid emulsion Endocrinopathy Corticosterolds
- Tumor necrosis factor (TNF) Monoclonal or polyclonal Vasopressin
P antibodies Others Selenium
000000000000000 1] Soluble receptor constructs Lactoferrin
_g Interleukin-1 (IL-1) Recombinant IL-1 receptor Bradykinin antagonists
ot antagonist Stating
[\
Q.

Extracorporeal hemoperfusion

Trends in Molecular Medicine April 2014, Vol. 20, No. 4
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Adjuvant Therapy in Sepsis

Anti-endotoxin Therapy
9 trials; 3057 Patients
AT Anti-TNF Antibodies

10 Trials; 6821 Patients

A IL-1ra
3 Trials; 1688 Patients

Intravenous immune globulin
20 Trials; 2621 Patients

Activated Protein C; All Patients
2 Trials 4303 Patients

<>

{/\ Activated Protein C; Patients with MOF
2 Trials; 2133 Patients

0.6 0.7 038 0.9 1.0 15 1.2 1.3

I I

Experimental Agent Better Placebo Better

SEEREEEREEEEEEEEEEEEEN
<

-Marshall, J Leukoc Biol 83:471, 2008




Moplakad Bapn pecolaBntwv otn onPn CUYKPLILKA LE TO
cut off twv pepBpavwy vPpnAnc dLamepatotTntog

Creatinine
Sucrose
Lirea Vitamin B-12 IL-8 Albumin
Inulin
lonic compounds
PAF TNF-a
10 10 2 103 10 * 10°
Molecular weight, daltons ™~ Cut off
20 30 40 50 60

Einstein-Strokes radius, A°
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Mass Separation Process

a) Separation by barrier (CRRT: CVVH-CVVHD-CVVHDF)

b) Separation by solid agent (Hemoadsorption)

WO DIUDUISSPIIS



The extracorporeal blood purification concept in sepsis

Improved
patient outcomes 7

After 48 hours C
1gged vessles before no more plugge
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Before | start....
Nomenclature that regularly goes wrong ... Adsorption vs Absorption

Adsorption

Particles stick to the
surfoce of the other phose.

&
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Endotoxin and Endotoxemia

mm%mawsmmmmmmmm
i, v demsaledo bt oy and v ncus e, hich s s e s

Endotoxemic Shock
150,000

PH s composed o
poymya L8 covaenly bonded o Sce 1904, oy Bas o boud
polsyrene-denite s and mmobice o polsyensfbes




H xpnon twv mpoopodntwv oTLC Beparmeleq
eEwowHATIKNC kKABapong

| -

“emikaAupévol” ’

“akdAuTTOoL” y

MNpoBAnuata BloacupBatotntag, aneAeubEpwaon HETAAWY, EKAUCN UIKPOOWHATIOlWVY, XOUNAN
OLOYEVOTIOLNGON, TTUPETOYOVEG AVTLOPAOELG, NAEKTPOAUTIKEG 8Y, alpoAuon

Ronco C et al, Kid Int, 2000



Alpomntpoopodnon pe Tn xpnon moAvpuéivne B (PL-
B)

[MOAUKOTLOVLKO aVTLBLOTIKO TTou cuvdEEeL TNV evdoToéivn Kal

v adpavorolei. Avtedeikvutal n evOoPpAEPLa xopriynon Aoyw
VEDPO- KAl VEUPOTOELKOTNTOLG

Juvdedepeva vidla KOl

UALKO - dOpEQC TTOU CUVOEEL KoL aklvntormoiel tnv PL-B
npoodidovrtag peyalutepn otabepotnta

30.000 acBeveic xouv urtoPANnBeL o€ alpompoopodnon Ue
PL-B a6 to 1994 otnv lanwvia

Xwplc LOlaltepec MOPEVEPYELEC EKTOC ATIO UTIOTAOLKAL
eneloodLa kol OpopPformevia



Toraymyxin PMX 20-R

First-generation anti-LPS adsorber

~1m2
No micro- and meso pores -> no middle-sized molecules adsorption

Endotoxemia validation problems:

If this approach removes only endotoxin,

should we confirm its presence in the bloodstream prior

hemoperfusion

and is this confirmation even possible?

160+

O oXirs

£ Toraymyxin
1404 B CytoSorb
1204
w04 ]
B0 (i

Mean adsorption clearance over 30 min {miimin)

5 10 10 11 41 11 13 16 17 18 1B 18 13 20 21 22 22 24 26 2 I 45 54 70
L2

CEFdefidiisifiifiigiiivy
;

MW (kDa)

il Il
[ m A
404 i
| ||| LI
I i TR |
oL il 11 Bt Wi Bk ﬂil“i...l
9
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Fig. 4 Mean adsorption clearances over 30 min for the inflammatory mediators included in the study.
Abbreviations: C3a complermnent 3a, C5a complement 5a, FGF fibroblast growth factor, G-CSF granulocyte-colony
stimulating factor, HMGE-1 high-mobility group box 1 protein, IFN interferon, IL interleukin, (P interferon-induced
protein, MCP monocyte chemoattractant protein, MIF macrophiage migration inhibitory factor, MIP macrophage
inflammatary protein, P4/ plasminogen activator inhibitor, TNF tumor necrosis factor, fa receptor agonist, a

alpha, B beta, y gamma

https://doi.org/10.1186/s40635-018-0177-2

59, For adults with sepsis or seplic shock we sug-  Weak, low quality of evidence NEW from previous:
gest against using polymyxin B hemoperfusion, “We make no recommendation
' regarding the use of blood puri-
fication techniques®

60, There is insufficient evidence to make a recom- No recommendation
mendation on the use of other blood purifica-
tion technigues.
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Modality

Targat cof frals T cafi potvalion

CRS:
Triggers and Mechanisms

CRS can be induced by direct target
cell lysis with consecutive release of
cytokines like IFN-y or TNF-a) or by
activation of T cells due to
therapeutic stimuli with subsequent
cytokine release. These cytokines
trigger a chain reaction due to the
activation of innate immune cells
like macrophages and endothelial
cells with further cytokine release.
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THERAPY OF CRS: We need a magic shield

C3a desArg

sTNFRII
I-1a =Rl -8

I1-10 C5a desArg

sTNFRI
Factor D




CytoSorb and Jafron

Second generation “anti-cytokine” adsorbers

500-1000 m2/g
Lots of micro- and meso pores -> efficient middle-sized molecules adsorption



Possible reasons for these negative results?

Spectrum of pessimistic and optimistic explanations

“Better ways to look for responding patients are warranted”

There is subpopulation of sepsis patients who are
benefitting from “anticytokine” hemoperfusion, we just
have to look for them.

Certain levels of certain biomarkers?

Certain sepsis endotype?

Hyper- or hypoimmune subtype?

Certain degree of multiple organ failure?

Certain stage of sepsis?

Certain locus of infection?

It’s not possible to help these patients
without removing the primary trigger -
endotoxin

Past-generation “anticytokine” adsorbers do
not remove the primary trigger of sepsis -
endotoxin molecule.

“Removing smoke without extingushing fire”.
This is inherent limitation of technology and
therefore it will always have subpar clinical

efficacy in sepsis patients.



Two approaches to hemoperfusion in sepsis




Two sets of strong and weak

LPS-selective adsorbents don’t possess
internal structure to effectively remove cytokines,
cytolysis products and other inflammatory mediators
(DAMP molecules)

Affinity ligand

Non-selective mesoporous adsorbents can’t
remove primary trigger of sepsis - endotoxin (PAMP
molecules) - as in blood it exists as supramolecular structures
of alternating size and composition

Porous matrix




HEMOADSORPTION (Sorbents)

PMX-B (Toray/Estor)
Cytosorb (Cytosorbents)
LPS adsorber (Alteco)
HA330, HA380 (Jafron)
MG350 (Biosun)

CRRT filters (kidney support + blood purification)

hIE
high adsorptive hemofiltration (oXiris, Baxter — PMMA, Toray & -

high cut-off membranes (Emic2, Fresenius Medical Care)

MISCELLANEOUS, OTHER TECHNIQUES

High-volume hemofiltration/Cascade hemofiltration
Plasma exchanges

Coupled Plasma Filtration Adsorption

e e———————————————

NEW BLOOD PURIFICATION THERAPIES

(capable of leukocyte or bacteria or virus removal)

Seraph® (Exthera Medical)

i VID JTULE IS0
Hemopurifier® (Aethlon Medical)
other selective cytapheresis technology...

T —— e e e e e L
e e T e ——— =

s n——— o R N




Pathogen Removal by Haemadsorption

Anawl e ol Crcal Care 018 22262
hips//do0rg 0.1185A1 3054-018.2181 2

Critical Care
REVIEW Open Access
Extracorporeal techniques for the ®--e

treatment of critically ill patients with
sepsis beyond conventional blood
purification therapy: the promises and
the pitfalls

Ghada Ankawi'*" @, Mauro Neri®?, Jingxiao Zhang™, Andrea Breglia®S, Zaccaria Ricc® and Claudio Rorico™
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Enrichment: Measuring Endotoxin

) * Endotoxin is difficult to measure in blood
o)
5 ::{j_"{-; * Endotoxin is carried in the blood by...

* LBP—#lipopolysaccharide binding protein
-& * HDL— high density lipoproteins

: * Micelles due to its hydrophobic and hydrophilic portions
B * Adheres to albumin and cell walls

* Very little exists as “free endotoxin”

* Limulus Amebocyte Lysate (LAL)
* Endolymph from a horseshoe crabs agglutinates
when exposed to endotoxin —~cannot use for blood

' * Endotoxin Activity Assay (EAA)

- * Able to quantify endotoxin in whole blood
o *ﬂ'(i * FDA approved for sepsis risk assessment in 2003
:I
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Endotoxin Activity Assay (EAA)

* EAA is a Chemiluminescent assa
combination with a complemen

y based on the oxidative burst reaction of neutrophils in
t coated antibody-antigen (LPS-| gM) complex.

* The antibody is specific for the Lipid A portion of endotoxin (

selected due to the highly conserved nature of the structur
response across Gram Negative endotoxins.

LPS). This portion was
e allowing for the robust
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Very interesting facts!




WOD DIUDWISSPIS

Unified approach - third generation

Is it possible to integrate
these two sets of benefits
in one single material?

EFFERON LPS IS THE FIRST
PRODUCT OF SUCH KIND

Polymeric adsorbent with multimodal distribution of
target sorbates selectively binds two dissimilar kinds

of therapeutic targets



II)

How Efferon LPS works? What does “multimodal” mean?

Lipopolysaccharides

Excess of cytokines

Endotoxin is bound due to Cytokines are bound by
interaction with surface- intrinsic porosity of
immobilized LPS-selective ligand polymeric scaffold
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Extracorporeal Therapies for the critically ill patient

Consensus statement 5a

Extracorporeal blood purification (EBP) techniques can be used to
remove pathogens, microbial toxins, infla mmatory mediators and toxic

metabolites from the blood as well as replenish solutes grade1A).

Consensus statement 5d

Initiation of EBP in sepsis miaht be considered for immunomodulatory
molecular patterns and pathogen-associated molecular patterns, as

well as other targets of systemic inflammation (not graded).




Epidemio: Sepsis = Twice more deaths as we though...

@™ ® Global, regional, and national sepsis incidence and mortality,
~ 1990-2017: analysis for the Global Burden of Disease Study
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= 2017: 50 million = number of deaths from all couses worldwide = 1.5 death / second
- Approx 50 millions cases of sepsis diagnosed worldwide. 11 miilion died of this condition.

‘ Sepsis represents one in five deaths worldwids, twice as many as previously estimated
Rudd et al. Lancet 2020

WOD DIUDWISSPIS




Increasing gap!

Medical knowledge Technological progress

\
Future

FOUR IMPORTANT UNANSWERED QUESTIONS :

a- How do these therapies exactly interfere with sepsis pathophysiology?
b- Which patients exactly?

c- Which timing?

d- What to ultimately remove?




HEMOADSORPTION (Sorbents)

PMX-B (Toray/Estor)

Cytosorb (Cytosorbents)

LPS adsorber (Alteco)

HA330, HA380 (Jafron)

Efferon LPS and Efferon CT (Efferon)

NEW BLOOD PURIFICATION THERAPIES

(capable of leukocyte or bacteria or virus removal)

Seraph® (Exthera Medical)

FcMBL protein (Opsonix)

Hemopurifier® (Aethlon Medical)

other selective cytapheresis technology...

MISCELLANEOUS, OTHER TECHNIQUES

High-volume hemofiitration/Cascade hemofiltration

Plasma exchanges

Coupled Plasma Filtration Adsorption




HEMOADSORPTION: Possible mechanisms of action in sepsis

-
Endotoxins
Sepsis and CRRT: The Peak Concentration Hypothesis
High Dess A i
Per enflermmai ey Ante inflomwe gy T

(N (TN

SANYAY)

Time

Cytokines

Sepsis und CRRT: The Peak Concentmtion Hypothesis

CTXRRRS

Ronco et al. ArtiﬁcialT&fgans 2003

Chemokine |
concentration ==

Iigng et al. Critical Care 2014
Rimmelé et al. Anesthesiology 2012

- Direct removal of activated leucocytes through
adsorption

- Interaction sorbent-leucocyte leading to a
modification of expression of leucocyte surface
markers (ex: HLA-DR increase)

Leukocytes

Rimmelé et al. Crit Care 2013

_Po Iy_ethylene_.tlga_agis__ -

o

Pathogens

\ h

Seffer et al. Blood Purif 2021




Broad-Spectrum Hemoadsorption devices also
targeting Endotoxin

Device Name Description Target Solute(s) | Randomized Clinical Trials

Broad-Spectrum HA Devices Also Targeting Endotoxin

Efferon LPS Consists of a matrix of styrene and Endotoxin and
divinylbenzene copolymer, with other pro-

synthetic LPS-selective ligands covalently inflammatory
grafted to its surface

LASSO RCT N=60; no slgnificant improvements in
28-d mortality

immune mediators

Consists of modified AN69 membrane Inflammatory RCT 1 N=16; reduction in endotoxin level, reduction
technology modified so membrane hasa mediators, in TNF-a1, IL-6, IL-8 and tFNy, hemodynamic stability
positively charged polyimine ethylene  endotoxins, fiuid,  RCT 2 N=16; hemodynamic stability

layer and uremic toxins

Kellum JA, Kamaluddin E, Foster D. Blood Purif. 2025 Mar 11:1-12,

OO OIUDWISSPI|S




Endotoxin adsorption is drastically improved

1) 0.5 ml of adsorbent 500
2) 1 ml of 500 EU/ml 4) LAL-test €
endotoxin spiked saline added E 50
Zz
= 5
D / g
C
3) adsorption 60 min X S 0,5
. °
” 2 0,05
L
0,005

Initial Pristine Efferon
solution beads LPS



Transfusion and Apheresis Science 64 (2025) 104232

Contents lists available at ScienceDirect
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Immunoadsorption in specific conditions

loannis Griveas ™"

* Medical Director, Consultant Nephrologist, Nephrology Department, Army Share Fund Hospiral of Athens, 417 NIMTS, Greece
® Private Dialysis Unit "Polyxenia-Renal”, Athens, Greece
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4.3. Endocarditis

Patients with ESRD who suffer from infective endocarditis are at high
risk for developing a systemic hyperinflammatory state that could lead

to septic shock. [A, by removing inflammatory mediators, could be used
as a means of controlling the “inflammatory™ process and stabilizing the
patient’s clinical and hemodynamic picture.










Transfusion and Apheresis Science 64 (2025) 104232

Contents lists available at ScienceDirect —Transfusiol
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Immunoadsorption in specific conditions

loannis Griveas *"

= Medical Director, Consulrant Nephrologist, Nephrology Department. Army Share Fund Hospiral of Athens, 417 NIMTS. Greece
® Private Dialysis Unit "Polyxenia-Renal”, Athens, Greece

Critical patients, intended to be treated with Efferon® LPS hemo-
perfusion, represent a highly heterogeneous population. This device has
the potential to involve in 2 stages of sepsis: in elevated lewvels of

endotoxin in blood which provokes critical endotoxemia and at the same
time in elevated levels of cytokines in blood that provokes the so called
“cyvtokine storm”™ syndrome. The course and outcome of the prowvided
treatment depends on the source control of the infection, adequacy of
antibiotic therapy, fluid management, respiratory support, time window
of the intervention, and many other variables. A certain subpopulation
of patients does not always respond to hemoperfusion therapy with
expected benefits. Hemoperfusion is an adjuvant treatment. It cannot be
regarded as monotherapy with independent stand-alone benefits.
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Organizing in “green” a plasmapheresis unit
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* Private Dialysis Unit "Polyxenia-Renal”, Nephrology Department, Army Share Fund Hospieal of Athens, 417 NIMTS, Greece
® Renal Unit, Department of Clinical Therapeutics UQA, General Hospital of Athens “Alexandra”, Athens, Greece




THERAPEUTIC
PLASMA
EXCHANGE
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2. Conclusions

Surely, it is difficult to reach solid conclusions comparing TPE and 1A
on the basiz of their environmental footprint. On the other hand, this a
new era of discussion in our scientific community and who really knows
how this chapter will end? TPE seems more “hostile” to the environment
than IA which seems easier than plasma exchange with less equipment
and consumables than TPE. However, this a new path for physicians that
deal with blood purification and it seems that a lot of our decisions in the
future will have the eco-footprint of each method under consideration.




Efferon LPS indications as per IFU

2. DESCRIPTION OF THE DEVICE

Efferon® LPS is a sealed polycarbonate cylinder
with two dialysis-type connectors at the edges,
filled with a suspension of polymeric adsorbent
beads in isotonic (0,9 %) sodium chloride solution.
Efferon® LPS is used in intensive care units, de-
partments of haemodialysis and extracorporeal
treatment methods.

3. INDICATIONS
£ Sepsis of verified or suspected gram-negative )

aetiology, including septic shock.
+ Elevated levels of endotoxin in blood, critical
endotoxemia.

+ Elevated levels of cytokines in blood, “cytokine
\_storm” syndrome. J
Administration of Therapy:

— Day 1: First treatment for 6-12 hours.

— Day 2: Second treatment for another 6-12
hours (since 24 hours after the first treatment
initiation).

Clinical assessment to be made after 48 hours

of use to determine if patient is receiving clinical

benefit for continuation of therapy.

4. CONTRAINDICATIONS

— Uncorrected hypovolemia;

— Uncontrolled bleeding;

— Anaphylactic or nonspecific reaction to the com-
ponents of the extracorporeal circuit;

— Pregnancy

5. PATIENT TARGET GROUP AND INTEND-

ED USERS

— Efferon® LPS is intended for purpose in adult pa-
tients 218 years old.

— Efferon® LPS should only be used by qualified
intensivists, anesthesiologists, nephrologists,
transfusion specialists.



Three generations. Where are we now?

2020s: “let’s extinguish fire and capture smoke”

2000s: “let’s capture smoke”

l “ 1990s: “let’s extinguish fire”




Thank you!

Do you have any questions?

giannigriv@hotmail.com
www.athens-nephrology.gr
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Hello! I'm...

Here is where you introduce yourself.

You can add your name, title and a little
background. Right click the image and
replace it with your own.
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Table of Contents.

ki o

We will talk about
this first.
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04 Kangaroos

After that we will talk
about this.
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We will talk about
this second.

ﬁ Pandas

We will also talk
about this.

ﬁ Elephants

Then, we will falk
about this.

Koalas

And we will talk
about this last.
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We will talk about this
first.

Add a brief infroduction of your section here: Let’'s dive in and get to know
some interesting facts about animals!




Did you know?

Elephants and storms.

T TYY YT Y Y Did you know that elephants can sense storms”

Elephants may be able to detect a thunderstorm
from hundreds of miles away, and will head tfowards
it, looking for water.
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Did you know?

Did you know that dogs can smell your
feelings?

Dogs can pick up on subtle changes in your
scent, which can help him figure out how you
are feeling, such as by smelling your
perspiration when you become nervous or
fearful.

Did you know that a cat uses its whiskers as
feelers to determine if a space is too small to
squeeze through?

Also, cats love to sleep. A fifteen-year-old cat
has probably spent ten years of its life
sleeping.



66

Clearly, animals know more
than we think, and think a

great deal more than we

Know.

— Irene M. Pepperberg
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Did you know?

Pandas don't hibernate.

When winter approaches, they head lower down their mountain homes to
warmer temperatures, where they continue to chomp away on bamboo!

There are more kangaroos than humans in Australia.

It is estimated that more than 50 million kangaroos live there. They are Australia’s
national symbol and appear on postage stamps, coins, and airplanes.

Koalas are even more lazy than cats.

Koalas don't have much energy and, when not feasting on leaves, they spend
their time dozing in the branches. Believe it or not, they can sleep for up to 18
hours a day!
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Very interesting facts!
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Now we will talk about
this.

Add a brief infroduction of your section here: Let’'s dive in and get to know
some interesting facts about animals!
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Dogs can
smell your
feellngs

Dogs can pick up on subtle changes in your scent, which can help him figure out how you are
feeling, such as by smelling your perspiration when you become nervous or fearful.
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Cats love to
sleep.

A fiftfeen-year-old cat has probably spent
ten years of its life sleeping.

Also, cats use their whiskers as feelers to
determine if a space is too small to squeeze
through.
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Some facts about my cats.

quinannnLne
AN NNNRD

100%

Of my cats are
adorable.

qunnnnnnnee
AN NNNRD

25%

Traveled by plane.
Twicel

qiinnnnnned
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5%

Are females.
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Let’s review some facts.

Elephants Pandas

Elephants can sense storms. Pandas don’t hibernate.

Dogs Kangaroos

Dogs can smell your feelings. There are more kangaroos than

humans in Australia.

Cats

Cats use their whiskers as feelers

Koalas

Koalas are even more lazy than
cats.




Erika V. John S. Marie M.

Lorem ipsum dolor sit amet, Lorem ipsum dolor sit amet, Lorem ipsum dolor sit amet,
consectetuer adipiscing elit. consectetuer adipiscing elit. consectetuer adipiscing elit.
Aenean commodo ligula eget Aenean commodo ligula eget Aenean commodo ligula eget
dolor. dolor. dolor.
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This is an editable world map.

Showcase places

You can use maps to show your
offices or markets. Or as charts,
highlighting the countries and
adding your data.

100% Editable

You can double click on the desired
country and change fill color.



And this Is a timeline.

1999 2005 2015 2019 2022
Lorem ipsum dolor Lorem ipsum dolor Lorem ipsum dolor Lorem ipsum dolor Lorem ipsum dolor
sit amet, sit amet, sit amet, sit amet, sit amet,
consectetuer consectetuer consectetuer consectetuer consectetuer
adipiscing elit. adipiscing elit. adipiscing elit. adipiscing elit. adipiscing elit.
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Presenting a website
or an app?

If you are presenting a website, an internet

product or an app, you can place a screenshot
of it here.

seplls




QL D
- ANy

Presenting a
website or an app?

If you are presenting a website, an internet
product or an app, you can place a
screenshot of it here.
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Broad-Spectrum Hemoadsorption devices also
targeting Endotoxin

Device Name | Description | Target Solute(s)

| Randomized Clinical Trials
Broad-Spectrum HA Devices Also Targeting Endotoxin

Efferon LPS Consists of a matrix of styrene and Endotoxin and

divinylbenzene copolymer, with
synthetic LPS-selective ligands covalently
grafted to its surface

LASSO RCT N=60; no significant improvements in
other pro- 28-d mortality
inflammatory

immune mediators

oXiris i Consists of modified AN69 membrane Inflammatory
technology modified so membrane has a mediators, in TNF-a, IL-6, IL-8 and {FNy, hemodynar hm
positively charged polyimine ethylene endotoxins, fiuid, RCT 2 N=16; hemodynamic ﬁabﬂh.v
layer and uremic toxins

RCT 1 N=16; reduction in endmxm tevel, reduction
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