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Why using Extracorporeal Liver Replacement/Support Therapy (ELS or LRT) ?

Toxic liver syndrome - refractory multiple organ failures - death within hours

- peripheral
vasodilatation

- increased cardiac
output

- decreased systemic
vascular resistance

- decreased oxygen
extraction

- more likely to develop
pneumonia, pleural
effusions, atelectasis,
cardiogenic
pulmonary edema,
and ARDS

- increased intra-renal
vasoconstriction

- impaired renal
autoregulation

- water and sodium
retention

- 50% of the patients
with cirrhosis will
suffer AKI
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- Alterations in
ammonia metabolism

- brain and systemic
inflammation

- changes in cerebral
blood flow and
oxygenation

hemodynamic
instability

endothelial
dysfunction
development of
endogenous heparin-
like substances
thrombotic or bleeding
events

- Kupffer cells are the
source of many
inflammatory
mediators

Alterations in:

- amount of CO2
produced

- strong ion difference
(SID)

- unmeasured ions

- excretion of H* (i.e. as
NH,")

- synthesis of albumin

« When the liver fails, all organs
malfunction and fail within hours... »

Garibay et al. Crit Care 2022



Why using Extracorporeal Liver Replacement/Support Therapy (ELS or LRT) ?

Acute Liver Failure (ALF) and Acute-on-Chronic-Liver-Failure (ACLF) are the 2 main forms of
liver failure encountered in ICU

Liver failure

as trigger for clinical deterioration

Acute Liver Failure (ALF)
Incidence (ICU) <1%
Mortality 23-53%

Acute-on-Chronic Liver

Failure (ACLF)
Incidence (ICU) 1-5%

Mortality 13-86%
(depending on ACLF severity)

215k ACLF patients/year
eligible to treatment worldwide

Garibay et al. Crit Care 2022
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Why using Extracorporeal Liver Replacement/Support Therapy (ELS or LRT) ?

Acute Liver Failure (ALF) and Acute-on-Chronic-Liver-Failure (ACLF) are the 2 main forms of
liver failure encountered in ICU

Li Fail

ALF/ACLF

Y

[ Optimal Medical Care

Liver support Therapy

as trigger for clinical deterioration

Acute Liver Failure (ALF)
Incidence (ICU) <1%
Mortality 23-53%

Aimed to improve

Acute-on-Chronic Liver
* Neurological status

Failure (ACLF) + Hemodynamics ~<E- Brid
Incidence (ICU) 1-5% » Biological and inflammatory -
Mortality 13-86% conditions

(depending on ACLF severity)

Liver Regeneration
Recompensation

Liver
Transplantation

215k ACLF patients/year
eligible to treatment worldwide

Recovery/Survival

Saliba et al. Intensive Care Med 2022
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Dysregulated hyperinflammation: a hallmark signature in acute liver failure

Precipitating events :
Bacterial infections - g

Kupffer cell activation

s e

Acute liver inflammation

Circulating PAMPs

Precipitating events :

Acute alcoholic hepatitis
Ischemia-reperfusion injury
Gastrointestinal haemorrhage

v

Circulating DAMPs

Activation of pattern-recognition
receptors in innate myeloid cells
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macrophages macrophages hepatic stellate cells necrosis activation dysfunction Th17/Treg ratio
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Dysregulated hyperinflammation: a hallmark signature in acute liver failure

o Acute alcoholic hepatitis
Prempgtatmg events : Ischemia-reperfusion injury
Bacterial infections & Gastrointestinal haemorrhage

Circulating PAMPs

Circulating DAMPs

Activation of pattern-recognition
receptors in innate myeloid cells

Ferroptosis
T T Efferocytosis

Phagocytosis
Necroptosis

Quiescent hepatic
stellate cells

ROS production

T I Fibrosis

Pro-restorative Inflammatory Activate Hepatocyte Neutrophilic Mitochondrial Increased
macrophages macrophages hepatic stellate cells necrosis activation dysfunction Th17/Treg ratio

Dysregulate inflammatory response

Multiple Organ Failure/Dysfunction (i &8 0\'0
ultiple Organ Failure/Dysfunction B8 ~~ © &
PR D & % e

Sitbon - Monsel. J Transl Med, 2024
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Dysregulated hyperinflammation: a hallmark signature in acute liver failure

« maladaptive » acute inflammation

NPT - Acute alcoholic hepatitis
Precipitating events : &y - Ischemia-reperfusion injury
Bacterial infections e & Gastrointestinal haemorrhage

Circulating PAMPs “ Circulating DAMPs Baseline C}‘tﬂkiﬁ& pl'DﬁlE in Baseline C‘ftDkiﬂE prﬂﬁle in
T o patients with SDC/UDC pre-ACLF patients
Activation of pattern-recognition
receptors in innate myeloid cells IL-10
GM-C3F
@ IL-&
Eotaxin
stellate cells T T Ph:;%%y;t%ssliss ROS production
Necroptosis G-CSF
‘ MCP-1
’ IF-10
t1 Fibrosis ;¥ # e 4 IFNg
- ﬁg#(@ ft : IL-17a
; | %\\;*\/ . | | \ MIF_.I h _
Pro-restorative Inflammatory Activate Hepatocyte  Neutrophilic Mitochondrial Increased THF-a
macrophages macrophages hepatic stellate cells necrosis activation dysfunction Th17/Treg ratio L8

IL-1RA

Dysregulate inflammatory response

W i‘ Multiple Organ Failure/Dysfunction % lgn ('\ ®
e <

« simple » acute
decompensated cirrhosis ACLF / ALF

ECOS'TCS Sitbon - Monsel. J Transl Med, 2024
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Liver dysregulated hyperinflammation translates into systemic compartment
leading to remote multiple organ failure

Acute insult
(viral, drugs , others)

Kupffer cell

. _ =
activation Inflammation es'e

¢,¢ L2, IL17,1L6, 1L10 &

__.*_ > &
f; E; A A Cytokines
TNFa
: \
é;%ﬁ@@ Kupffer cell ’ IL1B
¢s5 Hepatocyte depletion ‘%;
death )
l PAMPs %%°
1\ Ammopia Bacterial
BEI? aqu translocation/
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o o
@® ® mercaptans
% GABA
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DAMPs: Damage associated molecular pattern
PAMPs: Pathogene associated molecular pattern
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Chung RT. Gastroenterology 2012, 143:e1-e7
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Takaya H. Biomed Rep 2017;7:277-285.
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Removing inflammation from the blood to improve outcomes in acute liver failure
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Removing inflammation from the blood to improve outcomes in acute liver failure

Acute insult

(viral, drugs , others) ]
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Role of the ELS / ELRT in 2024: we changed targets

* mercaptans
* GABA

* tryptophan

* Octopamine
* ammonia

* bile acids

* bilirubin

rebalancing inflammation
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Role of the ELS / ELRT in 2024: we changed targets

rebalancing inflammation
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* mercaptans
* GABA

* tryptophan

* Octopamine
* ammonia

* bile acids

* bilirubin

Acute insult
(viral, drugs , others)

\ s s Oftoknes ¢
R- XL o3’
ot e (W] 52
DAMP: (& 21117, 16,110 G 5 =
—‘#_. &% Cytokines g

PAPS
‘e B o2
o \ ; We
Ry P K pffe'f cell J'mm
W ::a p;‘We d pleion/‘:. < m function ':
l PAMPs %=*
Ammoni :
! Bile acids ad;gif /
Bilirubin Infection




Extracorporeal Artificial Liver Support ... publication history

Albumin Dialysis

398 results 1 of2 > >
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Extracorporeal Artificial Liver Support ... > 2016

1,130 results Page 1 of 6 > >>

a0 2021: 74
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Plasma Exchange
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Extracorporeal Artificial Liver Support ... > 2022
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Extracorporeal Artificial Liver Support: let’s talk about techniques

Extracorporeal Blood Purification Techniques
. Substitute ' Substitute D i

N . n = f
Y 5 ( F‘ l -D > - ‘-’-A\ l —» ,.;"‘ i “l l
{ 4= 5 Q k- i (| =
\ 1/ : A y )/ Filtrate : )! -
W \ ! = _— \ [ A Plasma
i g— y e Plasma |4 .
'u‘.‘ ) | Filtrate ‘m"“‘ l adsorption | "‘, ,‘ ! EpaYen
U o — uo
% . B . ) Tl
Convection Adsorption Combination Other
Therapies Therapies Therapies Therapies
High Cut-Off Specific Adsorption Combined filtration Sl
Membranes Polymyxin B (PMX) and Adsorption Exchanipe
(HCO) LPS Adsorber ~ (e.g. oXiris®)
High Volume Unspecific Adsorption Coupled Plasma
Hemofiltration Hemoadsorption Filtration Adsorption
(HVHF) (e.g. CytoSorb®) (CPFA)

. -

Jarczak et al. Int J Mol Sci 2024
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Extracorporeal Artificial Liver Support: let’s talk about techniques

Extracorporeal Blood Purification Techniques

.Substitute
i T @
0 |- = Filt
\ L iltrate
| 1
= = \|f — Plasma
5 —_— - IR Plasma ‘ .
'.\1. ‘| | Tt | adsorption W separation
du uo
; 2 \ e
Convection Adsorption Combination Other
Therapies Therapies Therapies Therapies
High Cut-Off Specific Adsorption Combined filtration
2 Plasma
Membranes Polymyxin B (PMX) and Adsorption
- Exchange
(HCO) LPS Adsorber ~ (e.g. oXiris®)
High Volume Unspecific Adsorption Coupled Plasma
Hemofiltration Hemoadsorption Filtration Adsorption
(HVHF) (e.g. CytoSorb®) (CPFA)

cos'Tc Jarczak et al. Int J Mol Sci 2024
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Extracorporeal Artificial Liver Support: let’s talk about techniques

Extracorporeal Blood Purification Techniques

. Substitute
o=

D & ~ : T '-_A\ l — m ‘v’v‘v:‘ 15 : l
3 E Filtrate U -

|; )/ N )'1
| ) |
= \ |/ Plasma

£ e
“ f - ‘._ ‘I‘ , f‘

pP o = Plasma I '
Filtrate A ‘m"‘\‘ ! .adsorption 1Y ! separation
yo — uo
z ) ) e
Adsorption Combination Other
Therapies Therapies Therapies

High Cut-Off Specific Adsorption Combined filtration
Membranes Polymyxin B (PMX) and Adsorption

(HCO) LPS Adsorber ~ (e.g. oXiris®)

Plasma
Exchange

High Volume Unspecific Adsorption Coupled Plasma
Hemofiltration Hemoadsorption Filtration Adsorption

(e.g. CytoSorb®) (CPFA)

=

Jarczak et al. Int J Mol Sci 2024
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Extracorporeal Artificial Liver Support: let’s talk about techniques

Extracorporeal Blood Purification Techniques

. Substitute
o=

_.

Hepatassist Extracorporeal Liver Assist Device
Filtrate
LT S ol \ 17 Plasma “; ) a J —
: asrr;.a | separation Y A | W aqn
il —, adsorption N \ N = W gt
AV
Combination Other B W
N erapies ‘ X .erapies ( h AMC-Bioartificial Liver 2
MELS) _ ) (AMC-BAL)
High Cut-Off Specific Adsorption Combined filtration : : -
z Plasma
Membranes Polymyxin B (PMX) and Adsorption
- Exchange
(HCO) LPS Adsorber ~ (e.g. oXiris®)

High Volume Unspecific Adsorption Coupled Plasma Extracorporeal Bioartificial Liver Devices
Hemofiltration Hemoadsorption Filtration Adsorption Hepatassist®
(e.g. CytoSorb®) (CPFA) ELAD®
: - MELS®
AMC-BAL®
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Extracorporeal Artificial Liver Support: let’s talk about techniques

Extracorporeal Blood Purification Techniques

. Substitute
o=

[

Filtrate

— g Plasma

Plasm.a separation
adsorption

Combination Other
Therapies Therapies

High Cut-Off Specific Adsorption Combined filtration
Plasma

Membranes Polymyxin B (PMX) and Adso-r;')t;on Exchanipe
(HCO) LPS Adsorber ~ (e.g. oXiris®)

High Volume Unspecific Adsorption Coupled Plasma

Hemofiltration Hemoadsorption Filtration Adsorption
(e.g. CytoSorb®) (CPFA)

Jarczak et al. Int J Mol Sci 2024

Cross-section of
hollow fiber membrane
through which plasma flows

Extracorporeal Bioartificial Liver Devices

Hepatassist®
ELAD®
MELS®
AMC-BAL®

INTERNATIONAL CONGRESS

www.paris-ccostcs.com



The molecular weight cut-off of the technique used determines the spectrum of
purified mediators

0 & f&
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0 T | | | |
( I | | I [ I |
Molecular weight (kDa) 10 20 30 40 50 60 70
Hemodialysis
Hemofiltration
High Cut-Off
Polymyxin-B O —
LPS-Adsorber I oo | |
CytoSo rb (no adsorption of LPS / Lipid A)
Plasma Exchange
oXiris
CPFA
Albumin dialysis Albumin-bound mediators and toxins, adsorbed fraction depending on type of filter/adsorber

Jarczak et al. Int J Mol Sci 2024
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The molecular weight cut-off of the technique used determines the spectrum of
purified mediators
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Plasma exchange: replacing circulating toxins with plasma « good » constituents

Q:r
Plasma

or Albumin
Vs

7
Pressure Pressure Pressure

Plasmafilter*

[3— Pressure

e
[
‘&,

J
Plasmafiltration

Q

PF

INTERNATIONAL CONGRESS
- t m

www.paris-eccostcs.co



Plasma exchange: replacing circulating toxins with plasma « good » constituents

Therapeutic Plasma Exchange

Plasmafiltration Centrifugation
Continuous blood o — | ——
Q.. \ treatment \ |
Plasma |
orAlbumin _ ;p ~
4 ) . .
Pressure Pressure B " Pressure Plasmafilration vs. Gravimetric ‘ ‘l "" %
Plasmafilter centrifugation / e .
4 L] Y
Q, » Q, P R
[C3— Pressure —
'gj\ 100-150 ml/min vs 60-120 ml/min.
‘@7 plasmafiltration

Plasma removal efficiency Plasma removal efficiency
30% 80-85%

Villanueva et al. Front Nephrol 2023

INTERNATIONAL CONGRESS

www.paris-ccostcs.com



Plasma exchange: HERCULEAN clinical trial in Acute Liver Failure

: JOURNAL OF
Research Article %) EASL | HEPATOLOGY
Crossark J Hepatol 2016; 64: 69-78 B TNF-a IL-6 IL-6
8000  wxx 100004 o 10000 .
High-volume plasma exchange in patients with acute liver failure: 6000 - 8000 8000

An open randomised controlled trial _ n.s. n.s

=

— 6000 ns. — 6000-
L 4000 < =
Fin Stolze Larsen'*, Lars Ebbe Schmidt’, Christine Bernsmeier?, Allan Rasmussen?, = = 4000- = 4000-
Helena Isoniemi”, Vishal C Patel?, Evangelos Triantafyllou?, William Bernal2 Georg Auzmger2
Debbie Shawcross Martin Eefsen', Peter Nissen BJerrmg Jens Otto Clemmesen 2000 ~ 20004 2000-

Krister Hockerstedt4 Hans-Jergen Frederiksen’, Bent Adel Hansen',

\—

Charalambos G. Antoniades®®', Julia ‘Wendon® 0 : : i , : , . i : :
' Department of Hepatology, Rigshospitalet, Copenhagen, Denmark 2Institute of Liver Studies, King's College Hospital, London, pre pOSt BL d3-5 pre pOSt BL d3-5 pl'E pOSt pre pOSt
United Kingdom; *Department of Surgery and Liver Tr 5,' on C, Rigsh hagen, Denmark; “Transplantation and TPE no TPE TPE no TPE TPE <48h TPE >48h
Liver Surgery Clinic, Helsinki Umversrty Hospltal leand eepartmenr of Angt:Sﬁeﬂfij}_%l R'gfﬁffp'tGIEt Copenhagen, Denmark;
- RCT 180 patients, ALF
- 1998-2010 SMT (n = 90) HVP (n = 92)
- standard ttt vs standard ttt + HV-PE Day Median IR Median IOR pvalue
T MAP (mmHg) 0 75 [69-85] 75 [70-88] 0.66
- London, Helsinki, Copenhague 175 [69-84] 90** [80-100] <0.0001
2 74 [68-80] g5+ [75-100] <0.0001
3 75 [65-85] 88" [74-100] <0.001
HV-PE: 7 80 (68-92] 80 [70-94] 0.51
. NA (ug/kg/min) divided by 100 0 5 [0-10] 4 [0-10] 0.51
- 9Ltr lasm ion
OL treated plasma/sessio L 010 - 04 o 0001
- 1-2L/h 2 5 [0-16] 0* [0-2] <0.0001
3 4 [0-14] 0** [0-0] <0.0001
_ . o)
Replacement : 100% FF plasma o o o o 0.06

- 2,4+0,8 HV-PE over 3 days

Larsen et al. J Hepatol 2016
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Plasma exchange: HERCULEAN clinical trial in Acute Liver Failure

JOURNAL OF

Research Article %) EASL | HEPATOLOGY B
CrossMark J Hepatol 2016; 64: 69-78
8000 10000
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3 4 [0-14] [0-0] <0.0001
7

Replacement : 100% FF plasma

1 [0-14]

[0-3]

0.06

- 2,4+0,8 HV-PE over 3 days

Larsen et al. J Hepatol 2016
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Plasma exchange: HERCULEAN clinical trial in Acute Liver Failure

. JOURNAL OF
Research Article @ %) EASL | HEPATOLOGY B
CrossMark J Hepatol 2016; 64: 69-78
8000 10000
High-volume plasma exchange in patients with acute liver failure: 6000 8000
An open randomised controlled trial s. 6000
T8 T
Fin Stolze Larsen'*, Lars Ebbe Schmidt', Christine Bernsmeier?, Allan Rasmussen’, = 4000 = 4000
Helena Isoniemi”, Vishal C Patel?, Evangelos Triantafyllou?, William Bernal2 Georg Auzmger2
Debbie Shawcross Martin Eefsen', Peter Nissen BJerrmg Jens Otto Clemmesen 2000 2000
Krister Hockerstedt4 Hans-Jergen Frederiksen’, Bent Adel Hansen',
Charalambos G. Antoniades>®", Julia Wendon® 0 :
' Department of Hepatology, Rigshospitalet, Copenhagen, Denmark 2Institute of Liver Studies, King's College Hospital, London, L d3-5 pre pOSt BL d3-5
United Kingdom; *Department of Surgery and Liver Transpl on C, Rigshosp Copenhagen, Denmark; “Transplanmnon and no TPE no TPE
Liver Surgery Clinic, Helsinki Umversrty Hospltal leand 59"5‘,’__"’,’11”{",2]_ Anae r-:.‘MIEA.’AZ.g‘i’..' '3':..,:‘..' '”v t, Copenhagen, Denmark;
HERCULEAN | TNF-a
- RCT 180 patients, ALF
SMT (n = 90) HVP (n = 92)
1998 20 10 Day Median IQR Median IQR p value
- standard ttt vs standard ttt + HV-PE Bilirubin (umol/L) 0o 161 [84-350] [100-387] 0.36
. . 1 176# [102-362] [80-198] <0.01
London, Helsinki, Copenhague 2 1o T s 0,001
3 257# [138-398] [100-212] <0.001
[116-270] <0.01
HV-PE: INR l bilirubin . [4.1-7.4] 0.11
_ : | . [1.3-2.3] <0.0001
9L treated plasma/session J INR _ ez ~0.0001
- 1_2 L/h 3 3.7 [2.7-5.4] . [1.5-2.2] <0.0001
7 3.5* [2.7-4.4] . [1.7-2.6] <0.0001

- Replacement : 100% FF plasma
- 2,4+0,8 HV-PE over 3 days

Larsen et al. J Hepatol 2016
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Plasma exchange: HERCULEAN clinical trial in Acute Liver Failure

. JOURNAL OF SMT (n =90) HVP (n = 92)
Research Article @ %5 EASL | HEPATOLOGY Day  Median IQR Median IQR p value
CrosMark J Hepatol 2016; 64: 69-78 SOFA-score 0 14 [11-18] 13 [11-18] 0.59
1 15 [13-19] 12¢ [10-16] <0.01
. . . . . . 2 16* [14-19] 13 [10-16] <0.001
High-volume plasma exchange in patients with acute liver failure: 3 e [12-19] 13 [11-16] <0.0001
An open randomised controlled trial 7 17 [14-19] 13 [11-17] 0.05
CLIF-score 0 17 [14-20] 16 [14-19] 0.67
Fin Stolze Larsen'*, Lars Ebbe Schmidt', Christine Bernsmeier?, Allan Rasmussen’, 1 18 [15-20] 13% [12-17] <0.0001
Helena Isoniemi”, Vishal ¢ Patel?, Evangelos Triantafyllou?, William Bernal2 Georg Auzmger2 2 18* 1520 13+ 12-16 <0.0001
Debbie Shawcross Martin Eefsen', Peter Nissen BJerrmg Jens Otto Clemmesen [15-20] [12-16] :
Krister Hockerstedt”, Hans-Jergen Frederiksen’, Bent Adel Hansen', 3 18 [15-21] 13 [12-16] <0.0001
Charalambos G. Antoniades”®', Julia Wendon* 7 18 [15-21] 13* [12-18] 0.01
' Department of Hepatology, Rigshospitalet, Copenhagen, Denmark 2Institute of Liver Studies, King's College Hospital, London, SIRS-score 0 2 [1 '3] 2 [2'3] 0.13
United Kingdom; *Department of Surgery and Liver Transpl on C, Rigshosp Copenhagen, Denmark; “Transplanmnon and 1 2 [1-2] 1** [1-2] 0.24
Liver Surgery Clinic, HelsxnklcUvarfrt};tI_onspAltaL Flnlanq:gegamrtr.r’lf{lr’gf_“”l te :.‘MIENAZ_%I_ "‘“: Sp ”v' Copenhagen, Denmark; 2 2 [1-3] 1 [0-2] <0.001
3 2 [1-3] 1* [1-2] 0.01
HERCULEAN 72 [1-3] 1 [1-2] 0.08
- RCT 180 patients, ALF
100
- 1998-2010 5 oo JH ., -HVPHLTx(n=32)
- standard ttt vs standard ttt + HV-PE 5~ 80+ TAVPACTx(n=2d
- London, Helsinki, Copenhague g€ 707 x{n=24)
’ ’ 5 o 60- +HVP/-LTx (n = 68)
(M) :% 50 ]
> = —
HV-PE: =5 40 -HVP/-LTx (n = 58)
= . % = 30 — :
. 7] _
- 9L treated plasma/session = 20
3 10
- 1-2L/h O 0

0 7 14 21 28 35 42 49 56 63 70 77 84

- Replacement : 100% FF plasma Time (days)

- 2,4+0,8 HV-PE over 3 days
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Plasma exchange: HERCULEAN clinical trial in Acute Liver Failure

. JOURNAL OF SMT (n = 90) HVP (n = 92)
Research Article @ %5 EASL | HEPATOLOGY Day  Median IQR Median IQR p value
CrosMark J Hepatol 2016; 64: 69-78 SOFA-score 0 14 [11-18] 18 g
1 15 [13-19] [10-16] <0.01
. . . . . . 2 16* [14-19] [10-18] <0.001
High-volume plasma exchange in patients with acute liver failure: 3 16" [12-19] [11-16] <0.0001
An open randomised controlled trial 7 17 [14-19] [11-17] 0.05
CLIF- 0 17 14-19 0.67
Fin Stolze Larsen'*, Lars Ebbe Schmidt', Christine Bernsmeier”, Allan Rasmussen?, seore 1 18 l SOFA {12_17} <0.0001
Helena Isoniemi”, Vishal C Patel?, Evangelos Triantafyllou?, William Bernal2 Georg Auzmger2 9 1 8# 1218 0.000 1
Debbie Shawcross Martin Eefsen', Peter Nissen BJerrmg Jens Otto Clemmesen i CL' F [12-16] <0
Krister Hockerstedt”, Hans-Jorgen Frederiksen®, Bent Adel Hansen', 3 [12-16] <0.0001
Charalambos G. Antoniades”®', Julia Wendon* 7 18 i S I RS [12-18] 0.01
' Department of Hepatology, Rigshospitalet, Copenhagen, Denmark 2Institute of Liver Studies, King's College Hospital, London, SIRS-score 0 2 [2'3] 0.13
United Kingdom; *Department of Surgery and Liver Transpl on C, Rigshosp Copenhagen, Denmark; “Transplanmnon and 1 2 [1-2] * [1-2] 0.24
Liver Surgery Clinic, Helsmklc Urilvfrfrt}; fionspnltai leami _5_9"5"__"’,’.'?",2]_ Anaeste: :.‘MIENAZ_%I_ "‘“: Sp ”v' Copenhagen, Denmark; 2 2 [1-3] p [0-2] <0.001
3 2 [1-3] [1-2]
HERCULEAN L2 -3 '
- RCT 180 patients, ALF
100
- 1998-2010 5 oo JH ., -HVPHLTx(n=32)
- standard ttt vs standard ttt + HV-PE Y - 80+ — =
London. Helsinki. Covenh 2F 70 +HVP/+LTx (n = 24)
- ondaon, Aeisinki, Lopennague S o 60 +HVP/-LTx (n = 68)
(4}] :% 50
22 40 "HVP/- - K
HV-PE- £t o HVP/-LTx (n = 58)
. =7 — .
- 9L treated plasma/session = %g tsurvival
S —
- 1-2L/h &) 0

0 7 14 21 28 35 42 49 56 63 70 77 84

- Replacement : 100% FF plasma Time (days)

- 2,4+0,8 HV-PE over 3 days
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Plasma exchange: other trials in ALF and ACLF
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J Clin Apher. 2021;1-11.
Initial experience with high-volume plasma exchange in
patients with acute liver failure

Ji Eun Kim' | Sejong Chun® | Dong HyunSinn'® | Nam Joong Kim® |
Semi Kim® | Wonseok Kang' | Jong Man Kim® | Gyu-Seong Choi® |
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Early therapeutic plasma exchange may improve treatment outcomes in
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Plasma exchange: other trials in ALF and ACLF

Laboratory effects of TPE on patients with acute toxic hepatitis.

Baseline, After 48 h, Last available, p-value
median median median
(min-max) (min-max) ¥ (min-max)
INR 1.5 1.3(0.8-3.3° 1.1 (0.9-4.4°  <0.001
(0.8—9.49)*
AST, IU/L 920 251 89 (23-952)° <0.001
(28-7491) (20—4948)°
ALT, IU/L 1076 392 170 (6—1195)¢ <0.001
(23-8156)% (20—2368)°
Total bilirubin, 20.8 12,5 4.4 <0.001
mg/dL (10.1-46.7)* (2.1744.6)b (0.5-20.3)¢
Amx;lonia, 125 (66—435) - 97 (40—-368) <0.001
mceg/dL
Lactate, mmol/ 13 (4-66) - 11 (3—-120) 0.028
L
MELD score 23 (16—-39)° 20 (12736)h 14 (6—-40)¢ <0.001
1.0 1 == == = == =4 HVPE(+), LT(+) 100%
o 1
£ [
= !
1
E 0.8 S |- HVPE(+), LT(-) 75%
) 1 L HVPE(-), LT(+) 71%
£ L T T + HVPE(-), LT(-) 67%
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o
=%
°
2 04
o
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£
3
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Plasma exchange: other trials in ALF and ACLF

| organ failures

Laboratory effects of TPE on patients with acute toxic hepatitis.

Baseline, After 48 h, Last available, p-value %
median median median 0 6 0.063
(min-max) E
¢ =
INR 15 1308330 110949 | INR =
(0.8—9.49) ~ 4
AST, IU/L 920 251 89 (23-952)° l ALAT 0
(28—7491) (20—4948)° . e
ALT, IU/L 1076 392 170 (6-1195)° l Ammonla =3
(23-8156)* (20-2368)" = 5
Total bilirubin,  20.8 12,5 44 l lactates 8
mg/dL (10.1-46.7)* (2.1-44.6)° (0.5-20.3)° M E LD c
Ammonia, 125 (66-435) | - 97 (40-368) ‘l' g 0
mceg/dL il i by y . 1 1
Lactate, mmol/ 13 (4-66) - 11 (3-120) ;l' bl | l ru bl n o Oh 24h Oh 24h
L —
MELD score 23 (16—39)° 20 (12-36)° 14 (6—40)° SMT
1.0 1 N == == =< = =4 HVPE(+), LT(+) 100% (A)
2 : 1001
= ] 90+
5 0.8 ke e e i ::i:(ﬂ’gt) ;f:f - 80+ I q
§ 4 HVPEC), LTO) 7% & oAt fsurvival
£ 0.6 = 60+ s 3 -
o
o > 50+ %,
& 04 E 40+ b ========< o« CLIF-CACLF <865
S
2 ‘ 3 30- p =0.066 (n=14)
g ., Tsurvival @ 0] P
g 10- e AE RN E e EIee + . CLIF-C ACLF =65
(] - =
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Plasma exchange: what do the guidelines tell us?

J Clin Apheresis 2019 s | WILEY

Guidelines on the Use of Therapeutic Apheresis in Clinical
Practice — Evidence-Based Approach from the Writing
Committee of the American Society for Apheresis:

The Eighth Special Issue

Anand Padmanabhan' | Laura Connelly-Smith?> | Nicole Aqui® | Rasheed A. Balogun® |
Reinhard Klingel* | Erin Meyer® | Huy P. Pham’ | Jennifer Schneiderman® |
Volker Witt® | Yanyun Wu'® | Nicole D. Zantek'' | Nancy M. Dunbar'? |

ACUTE LIVER FAILURE
Incidence: <10/1,000,000/yr

Recommendation

# reported patients: >300 RCT CT Cs
TPE-HV 1(183) 0 0
TPE 1(120) 1(158) 40(878)

*TPE-HV = TPE-high volume, not in routine use in US

Artificial and bioartificial liver devices

100

« Liver-assist devices are intended to provide a ‘bridge’ - I — HVP (n=82)
. . . [=]
to LTx or recovery of liver function, reducing the need £_ 80 SMT (n=90)
for transplant s&
— Experience with ‘liver support devices’ to date has been E 2 60 W X
disappointing 2 % 40
— High-volume plasma exchange improved outcome in an % 2 20
RCT in ALF* E
0 7 14 21 28 35 42 49 56 63 70 77 84 91
Time (days)
Recommendations B Grade of evidence [l Grade of recommendation

Liver support systems (biological or adsorbent) should only be used in the context of RCTs 11-1 1

Plasma exchange in RCTs has been shown to improve transplant-free survival in patients with
ALF and to modulate immune dysfunction

Plasma exchange may be of greater benefit in patients who are treated early and who will not
ultimately undergo liver transplant

*HVP defined as exchange of 8-12 or 15% of ideal body weight with fresh frozen plasma, for 3 days was superior to SMT regarding transplant-free and EASL
o o

overall hospital survival VL
Larsen FS, et al. J Hepatol. 2016:64:69-78; EASL CPG ALF. J Hepalol 2017,66:1047-81 e

J Hepatol 2017;66:1047-81

‘ Guidelines support early and intensive PE in ALF !
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Plasma exchange: what do the guidelines tell us?

« 1-1.5 plasma mass (100-Hte x 0.7 x weight)
e.g. for 70 kg adult: 3.5 L (50-55 mL/kg)
HV-PE: 8-12 L

replacement with albumin or FFP
daily until recovery or OLT (> 3 HV-PE)

7o T e g l—
i /




Extracorporeal Artificial Liver Support: let’s talk about techniques

Extracorporeal Blood Purification Techniques

.Substitute
i T @
0 |- = Filt
\ L iltrate
| 1
= = \|f — Plasma
5 —_— - IR Plasma ‘ .
'.\1. ‘| | Tt | adsorption W separation
du uo
; 2 \ e
Convection Adsorption Combination Other
Therapies Therapies Therapies Therapies
High Cut-Off Specific Adsorption Combined filtration
2 Plasma
Membranes Polymyxin B (PMX) and Adsorption
- Exchange
(HCO) LPS Adsorber ~ (e.g. oXiris®)
High Volume Unspecific Adsorption Coupled Plasma
Hemofiltration Hemoadsorption Filtration Adsorption
(HVHF) (e.g. CytoSorb®) (CPFA)

cos'Tc Jarczak et al. Int J Mol Sci 2024
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Molecular Adsorbent Recirculating System: MARS®

Extracorporeal Blood Purification Techniques

- . Substit
9] =,
P 1 =@

o\ | :
VALY Filtrate

Start of treatment

éa\ ®

.\Alb umin rol ted

| & | l '—. @ 0=
\1. Filtrate W e
”. ) @O »
= A d ~ ‘/(P .,?nm'm., <
onvectlon sorption g m
P 2 - ©
apies arapies
MARS® diaMARS® MARS®
FLUX DIALYZER ADSORPTION COLUMNS FLUX DIALYZER
5 = ” A : A Toxic subst
High Cut-Off Specific Adsorption Combined filtration removed by MARS
Membranes Polymyxin B (PMX) and Adsorption 'g!:irubi% total and conjugated
- » * Blle acias
(HCO) LPS Adsorber (e.g. OXIFISQ) + Aromatic amino-acids
: + Ammonia, Tryptophan, Thiols
+ Short and medium chain fatty acids
* Indol/Phenol metabolites
« Paracetamol, Prostacyclines
High Volume Unspecific Adsorption Coupled Plasma e
D000 « Copper, Digoxine, Nitric Oxide
: : ) < 2 ; et
Hemofiltration Hemoadsorption Filtration Adsorption etk L
(HVHF) (e.g. CytoSorb®) (CPFA)

PATIENT BLOOD CIRCUIT MARS® ALBUMIN DIALYSATE CIRCUIT

ECOS'TCS Jarczak et al. Int J Mol Sci 2024
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Molecular Adsorbent Recirculating System: MARS®

| ALF Timing of occurrence of organ failure (ACLF)
Situations where MARS has been used

c T .
O~ Compensated Decompensated
© % cirrhosis cirrhosis
= Bleedi
33 i K i F3 SBP/infection/sepsis
o £ ] Il | F4 Alcohol, Viral reactivation
3= ]
= c ] ¥
- 0
O ] End-stage
g” o liver disease
= = * Regeneration

e
Te) (Recovery)
5% m Y
o=
= LIVER FIBROSIS CIRRH“OSIS il

' ' * Recompensate
* LTx (High urgency)
* Death * Death or LTx >

Fibrosis staging progression/years

ECOS'TCS Saliba et al. Intensive Care Med 2022
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MARS® therapy leads to improved outcomes in sevral RCTs

First author, year Design Indication No. Main results

of patients

Mitzner, 2000 [41] Rc:‘s ACLF—HRS 13

mprovement at 28 ¢
ncrease urine output. De v
Removal of aloumin bound and water-soluble substances

vels

Tsurvival

Heemann, 2002 [40] - ACLF—severe 24 Survival improvement at 28 days
C"S cholestasis Improvement of HE, hemodynamics, renal function, and reduction of .
® Tsurvival
Schmidt, 2003 [97] ALF 13 sment of sy emodynam
Reduction of Cardiac Index and heart rate
Sen, 2004 [27] ACLF 18 Significant improvement of HE
Significant decrease of NOx levels T H E
Novelli, 2005 [98] Retrospective ALF, ACLF, PNF, 116 S ase of bilirubin, ammonia, lactates and creatinine
PDF fC coma scale -
Laleman, 2006 [29] ACLF 18 MARS™ significantly attenuates the hyperdynamic circulation in ACLF
Significantly reduces SVRI and MAP, associated to a decrease of NOx levels Q
Hassanein, 2007 [39] ACLF—HE 70 es of HE T h e m Odyn a m l Cs

designed 1o assess survival improvement

El Banayosy, 2007 [9! ALF due to cardic- 40 Trend to higher survival at 28 days (p<0.061) in the MARS treated group

o
genic shock s u r a l
)08 [22] T parative ALF 156 0 o] 1ce in survival between the MARS™ and v l v

Kantola, tatistically significant c

59 )
the control group patients at 28 days
Trend to higher 6-months survival in the MARS™ group (p Yand in
transplanted patients (z
Survival without LTx was cantly higher in the MARS™ group 2
(=003 Trenal failure
Parés, 2010 [53] Pilot Refractory pruritus 20 Important decrease in pruritus in 75% of the patients (72% in the VAS) _
in cholestatic Significant bile acids reduction (41% after treatment and 37% after
liver 1 month)
Leckie, 2012 [54] Pilot 15
Mean and itc
mprovement
Juration of acceptable relief in responc
Saliba, 2013 [19] ALF 102 No significant improvement in 6- and 12-months survival
Significant improvement of transplant free survival in patients that “ l
received > 3 MARS™ sessions s u rv l Va
Significant improvement in the probability to be transplanted _
Banares, 2013 [38 187 No significant improvement in 28- and 90-days survival
Significant de of bilirubin a atinine levels
Short term bene ffects in hepatic encephalopathy and HRS H I a n d H R S
Gerth, 2017 [100] omparative ACLF 101 Significant reduction of 14-days mortality rate in the MARS™ group
Non-rand- (p=0.004), especially in patients with ACLF grades 2 and 3) -
omized Significant decrease of bilirubin and creatinine
Banares, 2019 [32 Meta-analysis ACLF 285 cant survival improvement in pat
of individual cohort (10-day survival: 98.
ntdata
ival
T increased survival indepe T s u rv l v
ndependent predictors of su —
number of MARS™ sessions received and intensity of MARS™ therapy
MacDonald, 2021 [25] Propensity ALF 520 Significant 21-day transplant-free survival improvement in patients
Crit Care Med score receiving MARS ™. Significant improvement (pre vs. post MARS™) in
matched mean arterial pressure, creatining, lactate, and ammonia for all. In non-
controls 1:4 acetaminophen ALF (n=53), MARS™ significantly improved bilirubin,

creatinine and ammonia

Saliba et al. Intensive Care Med 2022
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www.paris-ccostcs.com




MARS® therapy leads to improved outcomes in sevral RCTs

Meta-analysis of individual patient data of
albumin dialysis in acute-on-chronic liver
failure: focus on treatment intensity

Rafael Banares, Luis Ibanez-Samaniego" ", Josep Maria Torner, Marco Pavesi,
Carmen Olmedo, Maria Vega Catalina, Agustin Albillos, Fin Stolze Larsen, Frederik Nevens,

Tarek Hassanein, Harmuth Schmidt, Uwe Heeman, Rajiv Jalan, Richard Moreau
and Vicente Arroyo

- 285 patients with 165 ACLF
- Day 30 survival > group « INTENSE THERAPY »

- Nb of MARS ® sesssions = survival benefit
- HRO0,9Cl95% 0,83-0,98

(a) 1004 : : (e) ™1
= ‘_LLI_ P [—sme g
£ 904 : : MARS = %4
= O : =
. ]
§ 80 : : 2 804
= e 4 =3
< : p=0.564 B
> ) . =
s 70 : B 1680% S 704
> H . @
% ;  65.4%
60 4 : ; 60 s
T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 0 15 20 3 30
Days Days
SMC 138 127 113 105 99 94 85 SMC 74 67T 56 50 46 45 44
MARS 147 13 128 115 109 98 %4 MARS 91 81 74 68 84 57 83
(b) 100 4 (d)100-.
£ g W
2 Z 8-
= =Y
= 3 704
£ 3 60
w
! 50
¥ T T T T T T T L T ) ] 5 T &
0 5 10 15 20 25 30 0 5 10 5 20 2 30
Days Days
ur 212 190 185 154 147 138 127 ur 120 103 87 78 73 68 65
HIT 73 13 T 6 61 54 5 HIT 45 45 43 4 37 34 32

Figure 2. (a) 30-day survival according to allocation to SMC or MARS. (b) 30-day survival according to
allocation to LIT or HIT. (c) 30-day survival according to allocation to MARS-SMC or SMC in ACLF patients. (d)
30-day survival according to allocation to LIT or HIT in ACLF patients.

Lower intensity MARS ® therapy < 4 MARS
High intensity MARS ® therapy > 4 MARS

INTERNATIONAL CONGRESS Saliba et al. Intensive Care Med 2022
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MARS® therapy leads to improved outcomes in sevral RCTs

(a) 104, ; : (c) ™1
Meta-analysis of individual patient data of 2ol el 2
albumin dialysis in acute-on-chronic liver S = L.ﬂ“ g 3 5
. . : . p=0.564 | 3
failure: focus on treatment intensity ™ Sl E o
3 : g =
1 654%
Rafael Banares, Luis Ibanez-Samaniego" ", Josep Maria Torner, Marco Pavesi, 604 . . : . . ; 60, . T T T T T
Carmen Olmedo, Maria Vega Catalina, Agustin Albillos, Fin Stolze Larsen, Frederik Nevens, 0 5 10 15 20 25 30 0 5 10 5 20 3
Tarek Hassanein, Harmuth Schmidt, Uwe Heeman, Rajiv Jalan, Richard Moreau X Days Days
and Vicente Arroyo SMC 138 127 113 105 99 W 8 SMC 74 67 56 50 46 45 44
5 09 98 O MARS 91 81 74 68 84 57 53

Survival probabilty (%)
Survival probabilty (%)

- 285 patients with 165 ACLF

- Day 30 survival > group « INTENSE THERAPY »

B ® : — : H Figure 2. (a) 30-day survival according to allocation to SMC or MARS. (b) 30-day survival according to
Nb Of MARS SEsssions = Sur\"VaI beneflt allocation to LIT or HIT. (c) 30-day survival according to allocation to MARS-SMC or SMC in ACLF patients. (d)
o) 30-day survival according to allocation to LIT or HIT in ACLF patients.
- HRO0,9 CI 95% 0,83-0,98

Lower intensity MARS ® therapy < 4 MARS
High intensity MARS ® therapy > 4 MARS

INTERNATIONAL CONGRESS Saliba et al. Intensive Care Med 2022

www.paris-ccostcs.com



MARS® therapy in ALF and ACLF: what do the guidelines tell us ?
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MARS® therapy in ALF and ACLF: what do the guidelines tell us ?
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£ bridge to transplant

Post-hepatectom
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Fig. 2 Indications: different situations of liver failure treated with

| FCADIIg HARS™ Q Early and intensive MARS® Therapy

* 6-8 hours session +++
- 5sessionsin 7-10 days
« 3Jfirstsessions: D1-D2-D3
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MARS® therapy in ALF and ACLF: what do the guidelines tell us ?
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MARS® therapy in ALF and ACLF: what do the guidelines tell us ?
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Extracorporeal Artificial Liver Support: let’s talk about techniques

Extracorporeal Blood Purification Techniques

.Substitute
i T @
0 |- = Filt
\ L iltrate
| 1
= = \|f — Plasma
5 —_— - IR Plasma ‘ .
'.\1. ‘| | Tt | adsorption W separation
du uo
; 2 \ e
Convection Adsorption Combination Other
Therapies Therapies Therapies Therapies
High Cut-Off Specific Adsorption Combined filtration
2 Plasma
Membranes Polymyxin B (PMX) and Adsorption
- Exchange
(HCO) LPS Adsorber ~ (e.g. oXiris®)
High Volume Unspecific Adsorption Coupled Plasma
Hemofiltration Hemoadsorption Filtration Adsorption
(HVHF) (e.g. CytoSorb®) (CPFA)

cos'Tc Jarczak et al. Int J Mol Sci 2024
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Extracorporeal Artificial Liver Support: let’s talk about techniques

Extracorporeal Blood Purification Techniques
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Hemoadsorption

Sorbent Cartridge

Pressure Pressure

Pressure

Pressure Pressure

Filter Pressure
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Outﬂow Inflow
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Sorbent Plasma
Cartridge Reinfusion
Pressure Pressure
Plasmafilter

B QB

Plasmafiltration
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Pressure

: QPF
Sorbent Cartridge

@l
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I
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CYTOSORB ®
Hémo-adsorption

Myoglobin Hydrophobic

18
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Biocompatible porous polymer microbeads
Adsorption in pores and surface adsorption
Surface membrane about 45.000 m?
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Hémo-adsorption: biological efficacy

Similarities, Differences, and Potential Synergies N
in the Mechanism of Action of Albumin Dialysis ' l ey B °
Using the MARS Albumin Dialysis Device and the l ”
CytoSorb Hemoperfusion Device in the Treatment
of Liver Failure

In Vitro
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Hémo-adsorption: biological efficacy

Similarities, Differences, and Potential Synergies

in the Mechanism of Action of Albumin Dialysis ll l ) o 4k

Using the MARS Albumin Dialysis Device and the
CytoSorb Hemoperfusion Device in the Treatment
of Liver Failure
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Hémo-adsorption: clinical efficacy ?
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We do not know yet...

No RCTs




Continuous Renal Replacement Therapy

High Volume Very High Volume
o >35mL/kg/h | [ >45mL/kg/h
(pre-diuton) 1 postaiuton)
Pressure Ei/ Pressure Filter Pressure
e
_E}— Pressure
D
Ultrafiltration
A High cut-off membrane
Pores size 20 nm (versus 10nm)
Standard Volume CRRT - 25 - 35 mL/kg/h
s K .
. & s fi,é , g@@ -
j:i)e & \g‘“& r“é’ é‘é &fﬁi@ 2

1 clearance of higher MW molecules with HV and HCO

& 25
e & -
y o oo
& c&»\‘y AFF @\“& S &
( I

|
Molecular weight (kDa) 10 20 30 40 50 60 70

membranes but only for water-soluble molecules

emodialysis

emofiltration

(cytokines), and still not for albumin-bound toxins...

igh Cut-Off
Polymyxin-B 15
LPS-Adsorber || ||
CytoSorb (no adsorption of LPS / Lipid A)

Plasma Exchange
oXiris
CPFA

Albumin dialysis Albumin-bound mediators and toxins, adsorbed fraction depending on type of filter/adsorber
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Continuous Renal Replacement Therapy
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CRRT and ammonia clearance EXTRA-RENAL GRRT INDICATIONS ON 3

Characteristics and outcomes of patients with acute liver failure
admitted to Australian and New Zealand intensive care units

Stephen Warrillow % Michael Bailey, David Pilcher, Alex Kazemi, Colin McArthur, Paul Young, Rinaldo
Bellomo,

Correction and Control of Hyperammonemia in 50
Acute Liver Failure: The Impact of Continuous Renal a5
Replacement Timing, Intensity, and Duration a0

| ammonia levels
20 mL /min

Stephen Warrillow ' 2 3, Caleb Fisher ', Rinaldo Bellomo ' 3 4 &

Affiliations + expand
SMIN: 21939740  NOI- 10 1097/ICCM 00NNNNNNNNNNATRR

Ammonia Clearnace ml/min
N

- Australia, New Zealand
- 723 patients with ALF
- EARLY and INTENSE CRRT decreases B o B oo, I cveioe
-  Ammonia levels

Details of CRRT Patients
- CVVHF=CVVHD=CVVHDF Management Characteristic (n=54)
Timing of Time from admission to 4.0 (2.0-4.5)
CRRT, hr, CRRT
il (el Cumulative duration 75 (B7-78)
of CRRT®
CRRT dosing, CRRT hourly rate 43 (37-61)
mL/kg/hr,
median (IQR)
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Conclusion (1)
Bayesian Network Meta-analyses identified MARS and PE as best strategy in
ALF and ACLF

scientific reports

W) Check for updates

OPEN  Efficacy and safety of liver support
devices in acute and hyperacute
liver failure: a systematic review
and network meta-analysis

Anna Kanjo*??, Klementina Ocskay’, Noémi Gede’, Szabolcs Kiss'?, Zsolt Szakacs'*,
Andrea Parniczky®?3, Steffen Mitzner’, Jan Stange®, Péter Heqyi'?* & Zsolt Molnar®3&~

REVIEW Open Access

L . . ®
Uncertainty in the impact of liver support ==
systems injacute-on-chronic liver failure:

a systematic review and network meta-analysis

Klementina Ocskay', Anna Kanjo'?, Noémi Gede'?, Zsolt Szakacs', Gabriella Par*, Blint Eréss', Jan Stange®,
Steffen Mitzner®, Péter Hegyi'®” and Zsolt Molnar'*'®

SUCRA %

Ocskay et al. Ann. Intensive Care (2021) 11:10

https:/doi.org/10.1186/513613-020-00795-0 ® Annals of Intensive Care
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Conclusion (2)

Extracorporeal Artificial Liver Support in ALF and ACLF: WHEN ? For WHOM ?

@‘

;: o - :; T;t:‘ —‘
A l:‘ *'| x|
- ! “3
- n. = i L,.
Plasma Exchanges MARS / SPAD / Prometheus®

« Earlycourse

* Intensively

« Before refractory multiple organ failure

* Bridge to (potential) transplantation

* Bridge to decision

 New studies are eagerly awaited and
needed.
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Thank you for your attention.
Any questions ?

Pr Antoine Monsel
Réanimation Chirurgicale Hépato-Digestive Polyvalente

Département d’Anesthésie Réanimation Pitie-Salpétriere

"N\ MEDECINE

SORBONNE
UNIVERSITE

AP-HP.Sorbonne Université



	Diapositive 1
	Diapositive 2
	Diapositive 3 Why using Extracorporeal Liver Replacement/Support Therapy (ELS or LRT) ?
	Diapositive 4 Why using Extracorporeal Liver Replacement/Support Therapy (ELS or LRT) ?
	Diapositive 5 Why using Extracorporeal Liver Replacement/Support Therapy (ELS or LRT) ?
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14 Extracorporeal Artificial Liver Support ... publication history
	Diapositive 15 Extracorporeal Artificial Liver Support ... > 2016
	Diapositive 16 Extracorporeal Artificial Liver Support ... > 2022
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25
	Diapositive 26
	Diapositive 27
	Diapositive 28
	Diapositive 29
	Diapositive 30
	Diapositive 31
	Diapositive 32
	Diapositive 33
	Diapositive 34
	Diapositive 35
	Diapositive 36
	Diapositive 37
	Diapositive 38
	Diapositive 39
	Diapositive 40
	Diapositive 41
	Diapositive 42
	Diapositive 43
	Diapositive 44
	Diapositive 45
	Diapositive 46
	Diapositive 47
	Diapositive 48
	Diapositive 49
	Diapositive 50
	Diapositive 51
	Diapositive 52
	Diapositive 53
	Diapositive 54
	Diapositive 55
	Diapositive 56
	Diapositive 57
	Diapositive 58

