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Arntopakpuvon Toélkwv ouowwy (detoxification):
* YéatodlaAutwy (appwvia, doawvulalapivn, Tupoaoivn)

* Juvdebeptvwy pe MpwTeiveg petadopag (Kupilwg pe TNV
aABoupivn)

Autapd oféa pecaiag aAvoou,
Tpuntodavn Kot HeTaBOAITEG

Evdoyeveig Beviobialemiveg kot AANEG VEUPO-OPOOTIKES
ouoieg

, , MepKATTTAVES
A To€Lka XoAka ofal
Hmatikn Asttoupyla ohcouBpivn
Bapéa pétaa
EvSoyevr ayyeloSLaoTtaAtika

R ARt A BlooUvOeon:

et s tle? * MNpwteivwv Tou MAdopatocg (r.x. aAfoupivn)
Vot * JUOTOTLKWY TOU CUUTTANPWHOTOC
* Napayovtwyv nnéng kat vwdoAuong

PUOuion:
* Opolootaong

* MetaBoAlopoU BPEMTIKWY OUCLWYV KOl OTOLXELWV
* Oppovwv



Hmatikr) vooocg onualivel:

o Atatapaxn mNENC (awpoppayia, Stdyutn evSayyetakn mHEn)

e ASuvopia eneéepyaocioc ouoLWV LE ULKPO HOPLOKO BApOUC

* Juoowpeuon evOOYEVWV TOELVWV

e BaBpou avoocoavenapkeLa

+ ouvBetn ewova dtatapaxn BpePnc, oppovwy Kot NAEKTPOAUTWV



Hrtatikn avenapkeLa:

N QVETIAPKNC ATIOUAKPUVON TOELKWY ouolwv/ BloolvBeon/ puBLLon
n omota devteponabwc odnyel o€ avemapKeLa AAAWY OpYAVWY

KOTAOTOON AITEIANTIKN Yo TN (W)

¢ £YEL KOKN TIPOYVWON

e £EOPTATOAL ATIO TNV KEYKALPN» ATIOKATAOTAON ENAPKOUC NTTATIKAC
AELTOUPYLOC WOTE VOL LTITOPOUV VAL AVTLOTPAPOUV OL CUVETIELEC TNC



Office [5]1

Ofela el xpoviac Nrmatikr oVENAPKELDL
(Acute on Chronic Liver Failure, ACLF)

= MepaltEpw erideivwon tne Nratikne duompayloc nEpa armo To OpLo
LLE TO OTIOLO TPONYOUUEVWCE TO OPYOVO KATAPEPVE VA AVTLPPOTIEL TLC
AELTOUPYLKEC OVAYKEC TOU OpPYyaVLIOLOU

*JUVETTELO EVOC EKAUTIKOU QUTiOU

Otov unmoxwpnoeL To EKAUTLKO AlTLO, N NTIATIKA AELTOUPYLA UTTOPEL
oL ETILOTPEPEL OTNV MPOTEPN KATAOTAON
oL ouveXLoEL va ETIPAPUVETOAL LLE ETILTAXUVOLLEVO pUBUO

o erifoapuvOel avemavopBwta, WC CUVETELA TNC Kippwonc, Kol va
yivel aocuppBatn pe tn (wn
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Office [5]1 exchange of 8-12 or 15% of ideal body weight with fresh frozen plasma
Microsoft Office User; 9/12/2018
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Table 3. Patient Characteristics at Enrollment
No ACLF ACLF all grades P ACLF grade 1 ACLF grade 2 ACLF grade 3 P
Characteristic (N = 1.040) (n = 303) value?®@ (n = 148) (n = 1.08) (n = 47) value”?
Age () 58 = 12 56 += 11 .02 58 = 12 54 + 113 52 += 12 — .04
Male sex S55 (63.0) 195 (64.4) .66 104 (70.3) 66 (61..1) 25 (53.2) .14
Ascites e56 (63.4) 236 (78.7) —.001L 112 (76.2) 87 (82.1) 37 (78.7) .08
Mean arterial pressure (mm Hg) 85 = 12 T = 1.3 —.001 S8S1 = 1.3 T = 13 72 = 10 —.001
Cause of cirrhosis
Alcohol 483 (49.2) 170 (60.3) — .01 86 (61..9) SaA(59.8) 26 (56.5) — .04
Hepatitis C virus 210 (21.-4) 38 (1.3.0) .01 15 (10.8) 17 (1L5.9) S (13.0) .01
Alcohol plus hepatitis C virus S5 (9.7) 27 (29-3) .83 14 (10.1) S (8.5) a4 (8.7) .97
Potential precipitating events of ACLF
Bacterial infection 226 (21.-8) o8 (32.6) —.001 449 (29.9) 33 (30-8) 21 (44.7) —.001
Gastrointestinal hemorrhage 180 (17.3) 40 (1.3.2) Nels) 15 (10.1) 14 (1.3.0) 11 (23.4) .O6
Active alcoholism within the past 3 147 (1L4.9) 69 (24.5) —.001L 22 (16.1) 28 (28.6) 19 (40.4) —.001
months
Other precipitating evente® 34 (3.5) 25 (8.6) —.001L 12 (8.5) 10 (9.6) 3 (6.7) .04
No precipitating event 584 (58.9) 126 (43.6) —.001L 73 (51.4) 40 (40.0) 13 (27-3) —.001
More than one precipitating evente 56 (5.7) 390 (A.3.5) — .00 A7 (12.0) 14 (1.4.0) 8 (AL7.0) .00
Organ failures
Liver 75 (7-2) 132 (43.6) —=.001L 37 (25.2) S5 (60.2) 30 (63.8) —=.001
Kidney O (O) 169 (55.8) —=.001 87 (58.8) 49 (45.4) 33 (70.2) =.001
Cerebral 26 (2.5) 73 (24.1) —.001 5 (2.4) 35 (32.4) 33 (70.2) —.001
Coagulation 21 (2.0) 84 (27.7) —.001 11 (7.4) 42 (38.9) 31 (66.0) —=.001
Circulation 13 (1-3) 51 (16.8) —.001L 3 (2.0) 18 (1L.6.7) 30 (63.8) —.0041
Lungs 4 (0.4) 28 (2-2) —.001L 5 (3.94) 7 (6.5) 16 (34.0) —.001
Kidney dysfunction 96 (9.2) 40 (1.3.2) .04 26 (17 .6) 8 (7.4) S (1L2.8) O
Mild to moderate hepatic encephalopathy 254 (24 .6) 108 (35.9) —.001L 744 (50.3) 25 (23.1) S (19.6) .00
Laboratory data
Hematocrit (25) 31 = & 29 + & —.001L 29 += &6 29 += 5 27 = 7 —.001
Platelet count (<1 0°_ L) 110 = 76 100 *= &9 .02 107 == 73 oS98 = &7 T7 *+= 56 O
Serum bilirubin (mg - dL) 4.8 = 6.8 12.8 = 17.7 —.001L 7.7 = 9.2 15.2 == 11 .1 23.2 = 35.9 —.001L
International normalized ratio 1.5 == 0.4 2.1 %= 0.9 —.001L 1.7 == O.6 2.3 = 0.9 2.8 = 1.0 —.001
Alanine aminotransferase (U L) 55 = 123 S87 = 118 .14 4494 = 53 S5 = 121 169 = 217 —.001
Aspartate aminotransferase (U L) o093 = 148 143 = 2688 — .01 80 = 70 132 = 4174 377 = 580 —.001
v Glutamyltransferase (U L) A77 = 296 141 = 160 .01 154 == 176 120 = 124 145 = 178 22
Serum creatinine (mg - dLlL) 1.0 = 0.4 2.3 += 1.6 —.001L 2.4 += 1.4 2.1 += 1.8 2.6 += 1.7 —.001
Serum sodium (mmol - L) 135 == & 133 = & —.001 133 == 7 133 = & 134 = 7 —.001
Time from first previous decompensation
No previous decompensation 2790 (27.8) S6 (23.2) A2 21 (16.5) 27 (27 .6) 18 (42.9) — .01
Less than 3 mo 102 (10.8) A7 (1L7.8) .02 23 (118.1) 14 (1L4.3) 10 (23.8) — .04
Fromm 3 to 12 mo 165 (1.7.4) 43 (A7.1) 21 (16.5) 19 (AA9.4) 3 (7.1)
More than 12 mo 402 (42.8) 111 (41.6) G2 (48.8) 38 (38.8) 11 (26.2)

NOTE. Data are expressed as means = SD or number of patients (26).
2P value of comparisons between patients with and without ACLF.
L value of comparisons across ACLF grades (no ACLF, ACLF grade 1, ACLF grade 2, and ACLF grade 3).

cOther precipitating event was defined by the presence of one of the following: transjugular intrahepatic portosystemic shunting,

therapeutic paracentesis without use of intravenous albumin, hepatitis, or alcoholic hepatitis (liver biopsy required for diagnosis).

9INo precipitating event denotes the absence of bacterial

infection, active alcoholism, or other precipitating event.

major surgery,

€More than one precipitating event denotes the presence of at least 2 of the following: bacterial infection, active alcoholism, or other precipitating event.

CANONIC Study, Moreau R et al, Gastroenterol 2013
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Table 3. Patient Characteristics at Enrollment

No ACLF ACLF all grades P ACLF grade 1 ACLF grade 2 ACLF grade 3 P
Characteristic (n = 1040) (n = 303) value?® (n = 148) (n = 108) (n = 47) value?
Age (V) 58 = 12 56 = 1.1 .02 58 = 12 54 = 11 52 = 12 — .01
Male sex 655 (63.0) 195 (64.4) .66 104 (70.3) 66 (61.1) 25 (53.2) .14
Ascites Ss56 (63.4) 236 (78.7) —.001L 112 (76.2) 87 (82.1) 37 (78.7) .08
Mean arterial pressure (mm Hg) 85 = 12 TO = 13 —.00x1L 81 = 13 TO = 13 72 = 10 —.00x1
Cause of cirrhosis
Alcohol 483 (49.2) 170 (60.3) —.041 86 (61.9) S4(59.8) 26 (56.5) —.041
Hepatitis C virus 210 (21..-4) 38 (1.3.0) .01 15 (1L0.8) 17 (15.9) S (1.3.0) .0
Alcohol plus hepatitis C virus O5 (D.7) 27 (9.3) .83 14 (10.1) O (8.5) a4 (8.7) .97

Bacterial infection

Gastrointestinal hemorrhage

Active alcoholism within the past 3
months

Other precipitating event®
No precipitating eventd
More than one precipitating event®

Liver 75 (7.2) 132 (43.6) — .00 37 (25.2) S5 (60.2) 30 (63.8) — .00
Kidney O (O) 169 (55.8) —.001 87 (58.8) a9 (45.4) 33 (70.2) —.001
Cerebral 26 (2.5) 73 (24.1) —.0041 5 (3.4) 35 (32.4) 33 (70.2) —.0041
Coagulation 21 (2.0) 84 (27.7) —.001L 11 (7.4) 42 (38.9) 31 (66.0) —.001L
Circulation 13 (1L-3) 51 (16.8) —.001 3 (2.0) 18 (16.7) 30 (63.8) —.001
Lungs 4 (0.4) 28 (9.2) —.0041 5 (3.4) 7 (6.5) 16 (34.0) —.0041
Kidney dysfunction 96 (9.2) 40 (1.3.2) .04 26 (17 .6) 8 (7.4) S (12.8) o1
Mild to moderate hepatic encephalopathy 254 (24.6) 108 (35.9) —.00L1L 74 (50.3) 25 (23.1) O (12.6) —.00L1
Laboratory data
Hematocrit (25) 31 = & 29 += & —.001 29 + & 29 = 5 27 = 7 —.001
Platelet count (<1 0°_7L) 110 = 76 100 = 69 .02 107 = 73 oS98 = 67 T7 = 56 O
Serum bilirubin (mg - dLlL) 4.8 = 6.8 12.8 == 17.7 —.001 7.7 = 9.2 15.2 == 11.1 23.2 = 35.9 —.001
International normalized ratio 1.5 = 0.4 2.1 = 0.9 —.001 1.7 = O.6 2.3 = 0.9 2.8 &= 1.0 —.001
Alanine aminotransferase (U L) 55 += 123 67 = 118 .14 4494 += 53 65 = 121 169 = 2417 —.001L
Aspartate aminotransferase (U -L) o3 = 148 143 = 268 — .01 80 = 70 132 == 4174 377 = 580 —.0041
y-Glutamyltransferase (U L) A77 = 296 141 = 1680 O 154 = 176 120 = 124 145 += 1738 22
Serum creatinine (mg -dLlL) 1.0 = 0.4 2.3 = 1.6 —.001 2.4 += 1.4 2.1 += 1.8 2.6 = 4.7 — .00
Serum sodium (mmol L) 135 = 6 132 = 6 —.001 133 = 7 132 = 6 134 = 7 —.001
Time from first previous decompensation
No previous decompensation 2790 (27.8) S (23.2) A2 21 (16.5) 27 (27 .6) 18 (42.9) — .0
Less than 3 mo 102 (10.8) 47 (17.6) .02 23 (18.1) 14 (14.3) 10 (23.8) —.041
From 3 to 12 mo 165 (1.7.4) 43 (17.1) 21 (16.5) 190 (19.4) 3 (7.1)
More than 12 mo 402 (42.8) 111 (41.6) S22 (48.8) 38 (38.8) 11 (26.2)

NOTE. Data are expressed as means == SD or number of patients (26).

2P value of comparisons between patients with and without ACLF.

b, value of comparisons across ACLF grades (ho ACLF, ACLF grade 1, ACLF grade 2, and ACLF grade 3).

cOther precipitating event was defined by the presence of one of the following: transjugular intrahepatic portosystemic shunting, major surgery,
therapeutic paracentesis without use of intravenous albumin, hepatitis, or alcoholic hepatitis (liver biopsy required for diagnosis).

INo precipitating event denotes the absence of bacterial infection, active alcoholism, or other precipitating event.

°More than one precipitating event denotes the presence of at least 2 of the following: bacterial infection, active alcoholism, or other precipitating event.

CANONIC Study, Moreau R et al, Gastroenterol 2013



Office [3]1
%W%C)&eux nratikn avenapkela (acute liver failure, ALF)

=o&eia BAABN TOu ATTOTOG UE NTTOTIKA eykedpalomabeLla kot cuvBEeTIkr duompayia
eB ,ouasSsq LLETA TNV EUPAVLON TWV TIPWTWV CUUMTWHATWY nratonadeLog (tou
LKTEPOU

e O NMATIKOC LOTOC e€atkoAoUBEL va €xeL avayevvnTikn duvatotnta

* Anautel avtipeTwrion Twv deuteponabwv eTMAOKwY o€ AAAQL OPYOVOL WOTE VAL
600¢l To XpoVvIKO TePLBWPLO TNG avayevvnong (r TEALKA TNG EMELYOUOAG
LLETOLOOXEVONC)

e Emtayel onpavtiky SUoAELToupyla TOU AVOoLOKOU CUOTHOTOC
O”Grady JG et al, Lancet 1993
Lee WM et al, Hepatology 2012
Bernal W, Wendon J, NEJM, 2013

Antouaoia nudaioc uteptaonc
Chung RT et al, Gastrenterology 2012

Vaquero J, Gastroenterology 2003
Antoniades CG et al, ] Hepatol 2008
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Office [3]1 Therapeutic Apheresis (TA)= separates components of blood to treat a disease. General term which includes all

Apheresis-based procedures used therapeutically
Microsoft Office User; 9/12/2018

Office [4]1 Types of TA: 1) therapeutic plasma exchange (TPE), separates out plasma from other components of blood. The plasma is
removed and replaced with a replacement solution such as colloid solution or a combination of crystalloid/ colloid solution
(apaipei auToavTIoWUATA, TOEIVEG, KUTTAPOKIVEC, AVOOOOUUNAEYUaTd, Ainidia, napanpwteivn) 2) MARS/ Prometheus
(Fractional Plasmapheresis and Absorption, FPSA with high flux dialysis)=selective removal of toxins, which are binding with

protein (albumin) from the blood and this Apheresis is combined with dialysis
Microsoft Office User; 9/12/2018
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Jaundice to encephalopathy interval (weeks)
(o] 1 2 4 8 12

(a) O’'Grady et al. [4]
| J | J

‘Hyper acute’ ‘Acute’ ‘Sub acute’

(b) Bernuau et al. [5]
| J 1

‘Fulminant’ ‘Sub fulminant’

(c) Japanese consensus [6]

‘Fulminant’ ‘Late-onset’
| I |
Sub-class: ‘Acute’ ‘Sub acute’
Fig. 1. A summary of sub-classifications of ALF.

Table 2. The clinical course of different ALF aetiologies.
Precipitant Examples Presentation
Viral Hepatitis A, E, B (less frequent CMV, HSV, VZV, Dengue) Acute/fulminant
Drugs|toxins Paracetamol (acetaminophen), phosphorous, Amanita phalloides Acute/fulminant and subacute/subfulminant

Anti-tuberculous, chemotherapy, statins, NSAI phenytoin, carbamazepine, ecstasy,  Acute/fulminant

flucloxacillin
Vascular Budd Chiari Acute/fulminant and subacute/subfulminant

Hypoxic hepatitis Acute/fulminant
Pregnancy Pre-eclamptic liver rupture, HELLP, fatty liver of pregnancy Acute/fulminant
Other Wilson disease, autoimmune, lymphoma, malignancy, HLH Acute/fulminant and subacute/subfulminant

CMV, cytomegalovirus; HSV, Herpes simplex; NSAI, non-steroidal anti-inflammatory; HELLP, haemolysis, elevated liver enzymes, low platelets; HLH, haemophagocytic
lymphohistiocytosis.
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Table 5. Primary or secondary causes of ALF and need for transplantation.

%e JOURNAL OF
OEASL HEPATOLOGY

Q2

Disease group

Hepatic/primary ALF
(Emergency transplantation may be a treatment option)

Extrahepatic/secondary liver failure and AoCLF
(Emergency transplantation is not a treatment option)

Acute liver failure

Drug related

Acute viral hepatitis
Toxin-induced ALF
Budd-Chiari syndrome
Autoimmune
Pregnancy related

[schaemic hepatitis (HH)

Systemic diseases:

Haemophagocytic syndromes
Metabolic disease

Infiltrative disease
Lymphoma

o Infections (e.g, malaria)

Chronic liver disease presenting
with a phenotype of ALF

Fulminant presentation of Wilson disease

Autoimmune liver disease
Budd-Chiari
HBV reactivation

Liver resection for either secondary deposits or primary
liver cancer
Alcoholic hepatitis
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Coagulation/hemostasis

Neurological = Cerebral oedema » Cranial hypertension
! “ l
Unbalanced hemostasis Brain death
Thrombocytopenia
Infection < Acute liver failure > Metabolic
Bacterial, fungal Hypoglycemia
Pneumopathy Hyponatremia
Septicemia Hypophosphoremia
Urinary infection Hypokalemia
\4
Haemodynamic Pulmonary Renal
Hyperkinetic syndrome Pneumopathy Toxic
Arrhythmia Acute respiratory distress syndrome Functional
Pulmonary overload

Fig. 2. Main organ specific complications in ALF.



MELD Score (MELD Score for End-Stage Liver Disease) >15 ACLF

=10 * ((0.957 * In(Creatinine/88.4)) + (0.378 * In(Bilirubin/17.1)) + (1.12 * In(INR))) + 6.43

Table 4, Immediate measures at presentation of patients with ALF to medical care, ALF

o In patients with severe ALL screen intensively for any signs of hepatic encephalopathy.
o Exclude the presence of cirrhosis, alcohol induced liver injury or malignant infiltration of the liver.

o Consider whether the patient does not have contraindications for emergency LTx: the finding of contraindications should not preclude transfer
{0 a tertiary unit,

o Searching for an aetiology allows treatment to be instituted and facilitates prognostic stratification.
o Transter to a specialised unit early if the patient has an INR >1.5 and onset of hepatic encephalopathy or other poor prognostic features.
o Early discussion with a transplant unit even if the patient does not need transfer at that time point,




Jtoyoc o€ ALF kot ACLF eivau :

v’ va e\eyyOel n attia,

v/ va anopokpuvOouv ol Toéikec ouoiec (VdatodlaAutec/ocuvdedepeveg e
aABoupivn),

v/ va eAeyxOel n emayopevn dsutepomadnC AVENAPKELO ETEPWV OPYOVWV KOLL

v’ va evodwOEL N aVAYEVVNTLKI LKAVOTNTO TOU TTOTOC
Koiowoc xpovoc: nuepec, eBbouadec ewc Alyot unvec

>Ta ducloloyikd nrtatokUTTAPA £XOUV TNV duvatotnta v aAAA{ouV AELTOUPYLKA TNV
npotepaotnTa touc (synthesis/detoxification)

FAKOUN KOL N LEPLKN UTTOOTAPLEN TNC NTTATIKAC AELTOUPYLOC UTTOPEL v £XEL SPOUOTLKN

enidpaon otnv €kBaon tng HHWC/\

“/If"l'NllI‘l\fT‘\lf‘llfTV\‘) A



Avtipuetwriion ALF/ ACLF

1.KaBepwpevn Latpikn mpaktikn {Standard medical therapy (SMT)}

2.2U0TAMOTO EEWOWMATLKNAG UTTOOTAPLENS TNS NTtaTKAC Aettoupyiac (Extracorporeal
Liver Support Systems, ECLS)= 0Aa tat cuoTtApATA EEWOWMATLKAC KUKAOdopilag Tou
ailpoatog

H emtthoyn tou ECLS tdavika Ba mpemel va StaoPpailel TNV LETABOALKA KOL EKKPLTLKN
AELTOUpYLO TOU ATATOC, VO AVTLKAOLOTA TNV OUVBETLKN TOU AELToupyla Kol VO LELWVEL
TN EVEPYOTIOLNCN TOU AVOCLOLKOU CUOTHUOTOC

»AkpBn
»EnepBatikn
»O¢eparneia Slaocwong N NPWLKN
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Recommendations

Ve

o Liver support systems (biological or adsorbent) should
only be used in the context of RCT (evidence level II-1,
grade of recommendation 1).

o Plasma exchange in RCT, has been shown to improve
transplant-free survival in patients with ALF, and to mod-
ulate immune dysfunction (evidence level I, grade of rec-
ommendation 1).

o Plasma exchange may be of greater benefit in patients who
are treated early and who will not ultimately undergo LTx
(evidence level I, grade of recommendation 2).

Journal of Hepatology 2017 vol. 66 | 1047-1081

Q2
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ASFA Category | indications for therapeutic plasma exchange

(first-line therapy based on strong research evidence)

Speciality Condition

Neurology

Haematology

Acute Guillain—Barré syndrome

Chronic inflammatory demyelinating polyneuropathy

Myasthenia gravis

Polyneuropathy associated with paraproteinaemias

PANDAS"
Thrombotic thrombocytopenic purpura

Atypical haemolytic uraemic syndrome (autoantibody to factor H)

Hyperviscosity syndromes (paraproteinaemias)

Severe/symptomatic cryoglobulinaemia

Renal

Metabolic

Fulminant Wilson’s disease

Goodpasture’s syndrome (anti-glomerular basement membrane antibodies)

Antineutrophil cytoplasmic antibody (ANCA)-associated rapidly progressive glomerulonephritis

Recurrent focal segmental glomerular sclerosis

Antibody-mediated renal transplant rejection

Familial hypercholesterolaemia (homozygous)

° Paediatric autoimmune neuropsychiatric disorders associated with streptococcal infection.

Categ.ll indications (established second-line therapy)

Speciality Condition

Neurology

Haematology

Immunological

Metabolic

Lambert—Eaton myasthenic
syndrome

Acute exacerbation of multiple
sclerosis

Chronic focal encephalitis
Neuromyelitis optica

ABO-incompatible haemopoietic
stem cell transplantation

Pure red cell aplasia

ife-threatening cold agglutinin

disease

Atypical haemolytic uraemic
syndrome (complement factor
gene mutations)

Myeloma with cast nephropathy

Red cell alloimmunisation in
pregnancy

Catastrophic antiphospholipid
syndrome

Cerebral systemic lupus
erythematosus (SLE)

Refsum’s disease



MAaopadaipeon otnv ALF

KaBlepwpévn Beparmeia o€ Voo AT AVOGOAOYLKAC «OLPXNC»

*Adarpel TLG KUTTOKLVEC KoL T uopLa npooko}\}\nonq armo to Tt?\aoua avtikaolota
TOoUg TIOPAYOVTEC TNENG Kall enava TNV TPOTIOTOLNCN TOU AVOCLAKOU GUOTHUOTOG
LELWVOVTOC TNV EUdAVION AVETIAPKELOC TIOAAATIAWY 0PYAVWV

*BeATLWVEL TNV NIATIKA BLoxnueia

*MewwveL Tnv evbokpavia Ttieon

Kondrup et al, Int J Artif Organs 1992

Nakamura T et al, Blood Purif 2000

Larsen FS et al, Eur J Gastroenterol Hepatol 1995
Larsen FS et al, Eur J Gastroenterol Hepatol 1996
Clemmesen JO et al, Am J Gastroenterol 2001



High-volume plasma exchange in patients with acute liver
failure: An open randomised controlled trial

Larsen FS, Wendon J, Journal of Hepatology 2015

v Aodalic, xwpic Stadopd arnd tnv SMT oTLC MoPEVEPYELEC/ ETUTTAOKEC

v’ BeAtlwon TNG NIATIKAC EyKEPANOTIAOELAC KAl HELWOTN TWV OVOYKWY OF
OYYELOCUOTIOOTLKA hApOKL

v AUENON TNC AMTOUAKPUVONC TWV TOPAYWYWY ToU al{wTtou

v Tpornornoinon tne¢ npodAsypovwdouc ”katayidac” kot mepLOPLOPOC TNG
dAeypovwdoucg amokpLong

v'Alvel oTo ATap XpOVo yLa MITUXEL TRV OHOLOOTAON KAl VoL avalyevwnOel
(BeAtiwon MELD, SOFA score)



High-volume plasma exchange in patients with acute liver
failure: An open randomised controlled trial

Larsen FS, Wendon J, Journal of Hepatology 2015

_100%
90% f
80% f
70%

» BeAtiwon tng emBiwonc twv
aoBevwv Tou eV HETAUOOXELONKAV
KOlL EKELVWV HLE KK TIPOYVWO TtOU

dev evtaxOnkav otnv Atota MTX 60% HVP (n=92)
AOyw cuvvoonpPOTNTWV 50%
40%

> 58,7% emBiwaon évavtl tou 47,8% 30% | SMT (n=30)

SMT 20% t
10% }

0%

Cumulative Proportion Surviving (%
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Time (days)



AMec evdeitelc mAaopadaipeonc og nratonabsia ??7?7?

Role of plasmapheresis in the treatment of severe pruritus in pregnant patients with
primary biliary cirrhosis: Case reports

Heathcote J, Can J Gastroenterol 2008

Role of plasmapheresis in PBC
Cohen LB et al, Gut 1985

Plasmapheresis for the treatment of intrahepatic cholestasis of pregnancy refractory to
medical treatment

Warren JE et al, Am J Obstet Gynecol 2005

Successful Management of Sickle Cell Intrahepatic Cholestasis with Combined Use of
Exchange Transfusion and Single-Pass Albumin Dialysis: A Case Report

Papadopoulos V, Mpellou A, Anna Kioumi et al, Open Journal of Blood Diseases, 2013



Alapaveia 20

Office [6]1 exchange of 8-12 or 15% of ideal body weight with fresh frozen plasma
Microsoft Office User; 9/12/2018



MARS (molecular-absorbing recirculating system),
LLOPLOKO cUOTNHA Ttpoopodnong Kat avakUKAWONG

Dialysis against a Recycled Albumin Solution Enables the Removal of
Albumin-Bound Toxins

J. Stange et al, Artificial Organs 1993



A MVMolecular Adsorbent Recirculating
System (VMIARS)®

Adsorption

MARS @W:j[ -

» AntoteAeital amnod tpia Stadopetikd KukAwpata (blood-albumin-renal).

AnNionNn exchanger

Neutral resin

Waste

Dialysis solution
Albumin dialysis solution
Filter

High-flux dialysis filter
Low-flux dialysis Tilter

[H100000

Lonjos Uma)y

»To aipoa mepva ueow piog nudtantepatng high-flux uequavng\ € UPNAN eKAEKTIKOTNTO KOLL
uLKpou%nopouq (HopLako rESOLpoq <50 kDa) €UMOTIOHEVNG LE O El ouplivn, He To SLaAupa
atpokaBapong va ivat 600ml avBpwretac aAfoupivne 20%

» 0L ouvdebepeveg pe tnv alBoupivn todiveg petadpepovtal ota popta aABoupivng tng HepBpavng
AOYW vPNAOTEPNC CUYYEVELAC

» AkoAouBwg, To SLalupa tng aABoupivng T[EpVOL HEoW piog Iow flux pepBpavng pe eva kKAaooLko
KUKAwpa atpokabapong (evowpatwpevo pe “piggy-backing”) yia va amopakpuvel Tig
LVSATOOLAAUTEC OUOLEC KOl vo. puBpuioeL TNV oﬁeo%aoum Loopporia

» Tehka, To Stalupa NG pepkwg kaBapuevng aAlBouuivng 1 {)VOL HEOW 2 diktpwv mpoopodpnong ta
OTTOLaL JTEPLEXOUV, EVEPYOTIOLNUEVO AVOpaKA KAl pNTiVN-aVTAAAQYG avIOVIWY Ta ortoia adatpouv
TLC Toélvec Ttov €ival cuvdedeUEVEC UE AUTH

»H «kaBappuevn» aAPBoupivn xpnolpomnoLleital K VEOU
» Aev adatpouvtal peyaia popla (.. OpHOVEC, auENTIKOL TapAYOVTEC)



AnoteAeopata MARS

* BEATLWVEL QLLLOSUVALLKEC TIOPOUETPOUC OE CUCTNHOTLKY Kol EYKEDOAALKN
KUKAodopia
e BeAtwwvel tnv eykedparonaBela os aoBeveic pe ALF
Karvellas CJ et al, Crit Care 2007
Lai WK et al, Intensive Care Med 2005
Schmidt LE et al, Liver Trnsplant 2003
Kantola T et al, Transpl Int 2008

* Xwpic opeloc otnv eniPBiwon
1) ACLF (RELIEF)
Banares R et al, Hepatology 2013

2) ALF (FULMAR)
Saliba F et al, Ann Intern Med 2013



Artificial liver support systems: what
is new over the last decade?

Juan José Garcia Martinez'?" and Karim Bendjelid"3

Table 3 Studies with clinical endpoints for ALF and AoCLF combined using MMARS

® Annals of Intensive Care

Study Years Design Patients number Outcomes Comments LOE
Rusu et al. [59] 2009 Uncontrolled, retrospective 27 Improvement in HE in ALF>** Haemodynamic improve- =
ment in patients with liver
failure post-transplanta-
tion>*
No clinical improvement in
AoCLF
Stutchfield et al. [54] 2011 Systematic review 8 RCT ELS improved survival in Independent meta-analysis 2
ALF>> for trials including patients
with ALF or AoCLF
No statistically significant 3 trials using biocartificial
reduction in mortality in devices included
AoCLF
Vaid et al. [52] 2012 Meta-analysis S RCT ImMmprovement in HE>* No significant differences in 2
1T NRS subgroups (by age or MARS
Nnumber sessions)
No statistically significant Safety data no meta-analyzed
reduction in overall mortal-
ity
Cisneros-Garza et al. [60] 2014 Uncontrolled, retrospective 70O ImMmprovement in HE> Patients with cholestasis dis- 3
ease were included. MARS
associated with improved
itching
Tsipotis et al. [53] 2015 Meta-analysis 10 RCT Improvement in HE* No significant differences in 2
subgroups (by number of
sessions or type of albumin
dialysis technique)
No statistically significant 3 trials used Prometheus
reduction in overall mortal-
ity
Guo-Lin He et al. [55] 2015 Systematic review 10 RCT Reduction in mortality in Independent meta-analysis
ALF>*>* for trials including patients
with ALF or AoCLF
No statistically significant Very few patients with ALF 2

reduction in mortality in
AoCLF

included

LOE level of evidence, determined using the strength of recommendation taxonomy (SORT) criteria [50], HE hepatic encephalopathy, RC7 randomized controlled trial,
EFlS extracorporeal liver support, NRS non-randomized controlled study

*p <0.01
*%p < 0.05



AMec epappoyec MARS 2?77

Extracorporeal albumin dialysis: a procedure for prolonged relief of
intractable pruritus in patients with primary biliary cirrhosis

Rodes J, Am J Gastroenterol 2004

Acute fatty liver of pregnancy and molecular absorbent recirculating system
(MARS)-therapy: A case report

NAEYER S et al, The Journal of Maternal-Fetal and Neonatal Medicine, August 2008

Molecular adsorbent recirculating system (MARS) in acute liver injury and graft
dysfunction: Results from a case-control study.

Gerth HU, PLosOne, April 2017



2uotnua MNpounBeac
(Fractionated Plasma Separation and Adsorption system—FPSA)

Fractionated plasma separation and adsorption system: a novel system
for blood purification to remove albumin bound substances.
Falkenhagen D et al, Artif Organs Jan 1999



= =

nion exchanger
eutral resin
e

O
B Fractionated plasma separation o
[ Wast

and adsorption (Prometheus)®

=

3 Dialysis solution

2uotnua MNpounBeac Fractionated (FPSA-

Plasma Separation and Adsorption system) % Eﬁg oo B

e Xpnotpormolel tnv evboyevn aABoupivn tou aacBevn

»T0 MAdopa tou aacBevn KAaopatomoleital Kol akoAoUOwC mpowBeital pEow
uioc pepBpavnc dtamepatng amo tnv aAPoupuivn (pidtpo AlbuFlow filter,
HopLako Bapoc 250 kDa) og éva kUKAwpa FPSA aABoupivng

»H evdoyevnic aABoupivn Kat oL TPWTELVEC TOU OpoU HECW AUTNC TNEG MEUBPAVNG
odnyouvtal o€ pio oudetepn pntivn mpoopodpnonc (Prometh 01) kat pia otAAN
avtaAlaync avioviwyv (Prometh 02)

»To KAAopa Tou TAAOHOTOC TTou €lval TAoUGLo o€ aABoupivn EMLOTPEDEL OTO
KAOLOOLKO KUKAwA Kol akoAouBei kAaookn high-flux atpoka®oapon mpLv va
enotpadel otov acbevn



Zuotnua MpopnBeag
(FPSA- Fractionated Plasma Separation and Adsorption system)

v INUAVTIKA HEWON OpMpwViac, XoOAEpUBPIVNC, TPAVOUULVOOWY, OUPLOC KAl KPEATVIVNG
v Melwon 6Awv Twv apvoEEwv Tou £xouv evoyorotnBei yia nrortikn eykedalonddeLo

v'Meiwon CRP, PCT, auéntikol mapayovto NIOTOKUTTAPWY, KUTTOKLVWV
Rifai et al, Gastroenterology 2012
Rifai K et, Artif Organs 2010
Nissen Bjerring PJH et al, ] Hepatol 2012

***BeAtiwon nmatiknc eykepalonabeLag
**Antovoia BeAtiwonc otnv erBiwon
HELIOS study Kribben A et al, Gastroenterology 2012
Evenepoel P et al, Artif Organs 2006



Artificial liver support systems: what
is new over the last decade?

Juan José Garcfa Martinez'”" and Karim Bendjelid '

Table 5 Studies with clinical endpoints using Prometheus

® Annals of Intensive Care

Study Years Design Patients Liver disease Outcomes LOE
number
Senturk et al. [27] 2010 Uncontrolled, prospective 27 ALF Biochemical improvement 3
AoCLF Improvement in HE*
Kribben et al. [26] 2012 Randomized, controlled, multi- 145 AoCLF No improvement in 28-day and 1
centric 90-day survivals, except in sub-
Prometheus + SMT vs SMT group with MELD > 30
Similar adverse effects
Bergis et al. [86] 2012 Controlled, non-randomized, 20 Amanitas phalloides No statistically significance differ- 2
multicentric intoxication and liver ence in survivals
dysfunction
Komardina et al. [85] 2017  Uncontrolled, prospective 39 Ischaemic ALF Haemodynamic and biochemical 3

improvements**

LOE level of evidence, determined using the strength of recommendation taxonomy (SORT) criteria [50], HE hepatic encephalopathy, SMT standard medical therapy,

MLED model for end-stage liver disease
*p<0.05
**p<0.01



Effects of Fractionated Plasma Separation and Adsorption on Survival in
Patients With Acute-on-Chronic Liver Failure

ANDREAS KRIBEEN,* GUIDD GERKEN,? SEBASTIAN HAAG.T STEFAN HERGET-ROSENTHAL® ULRICH TREICHEL®
CHRISTOPH BETZ.S CHRISTOPH SARAAZINF ERIC HOSTE,Y HANS VAN WLIERBERGHEY ANGELS ESCORSELL
CARSTEM HAFER, " OLIVER SCHREINEA.®* PETER A. GALLE ** ELENA MANCINL® PADLO CARACENLY
COMSTANTINE J. KARVELLAS. ™ HERMANN SALMHOFER** MLADEN KNOTEK.* PEFE GINES*

JUSTYNA KOFIK-JARCRIN FH KINAN RIFALESE and the HELICS Study Groupts®

HELIOS Study

GASTROENTEROLOGY 2012;142:782-789

MELD>30: 48% versus 5%
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Figure 1. Kaplan-Meier survival curve; ITT population

Survival until day 90 [days]

Supplementary Figure 2. Kaplan-Meier survival curve; patients with MELD score greater than 30.



C Single-pass albumin dialysis .
@3 Anion exchanger

Single-Pass Albumin Dialysis & Neutral esr

3 Waste

3 Dialysis solution
(S PAD) (3 Albumin dialysis solution
Whole —= Filter
blood == High-flux dialysis filter

== Low-flux dialysis filter

» Npwtn avadopad 1999

Seige M et al, Transpl Proc 1999

> H amdovotepn popdr) e§wowHATIKAG UTTOCTAPLENG TNG NTTTLKAG AeLtoupyiag, uropel va edpappootel og
OoAec tic MEO.

» KAaoowko CRRT KUKAwMO XWwPLE TNV avaykn emumpoodetwyv GpiAtpwv

> To aiua %pxerou o€ enadn pe eva dtaAuvpa 4,4% alBoupivng Stapeow piag high-flux pepBpavng
vPnAng dLamepatotTnTog

» To SltaAupa tng aABoupivne amopptintetal (o avtiBeon pe to MARS)

> Aev €xeL kaBoploBel akopn n BEAtoTn mepLektikOTNTA TOU SLaAvpatog og aABoupivn kot n por Tou
StaAUpatog

Churchwell Mdet al, Nephrol Dial Transpl 2009
Benyoub K et al, Ther Apheresis Dial 2011



Single-Pass Albumin Dialysis (SPAD)

e >10mAdola peiwon otnv xoAepuBpivn oe ox€on UE TNV KAAOGOLKNA allpokaBapon
* Avwwotn enidpaon otnv adaipeon Opentikwy oTolxelwv Kal GapuUAKWY

e AEV UTLAPXOUV OUYKPLTLKEC LEAETEC UE TNV SMT

»Xwpli¢ BeAtiwon tn¢ Bvntotntag os ALF AOyw TapaKeETAUOANC
Karvellas CJ et al, Blood Purif 2009

»(ouykplon pe MARS) mapopola peiwon xoAepuBpivng, OXL OUWCE KoL XOALKWV OEEWV,
KPEATVIVNE KoL oupiog

Sponholz C et al, Crit Care 2016



[MpofAnpatiopol ...

»H evboyevnc aAPoupivn €xeL HELOVEKTAMOTAL
1) pelwpevn ocuvBeon
2) avénuevo «udpodoPo» Tolko dopTtio AOYyw HELWHEVNCS NTTATLKNAG KABapong

»H eEwyevnc epmopikd StaBeoiun avBpwreloc aAPoupivn evOEXOUEVWC
oUMBAAeL otnV Ntk eykepalomabeLla Kol TNV ayYELOOLAOTOAN
(octanoate, N-acetyltryptophane).

FEAewpn wavormolntikwy pebodwv napakoAolOnong tng mAENG Kat TG
AELTOUPYLKOTNTOC TWV OLUOTIETAALWY O0TOUC BapEOC MAOYOVTEC
nrotonoBeic



Bioartificial Extracorporeal Liver Support
(Bioouvidetika cuothuata eEwowuatikng vootnpténc nrtatiknc Asttovpyiac)

* Evowpatwtouv nratokuttopa amno SladopeC MNYEC VLA VO TIPOOEYYLOOUV
TNV QITOMAKPUVON TWV TOELKWY OUOLWV KoL TNV CUVOETIKA AELTOUPYLA TOU
nnatoc (cuvBeon MpwTEIVWY, YAUKOVEOYEVEDN)

* KUttopa nratofAacTwpaTOC 1 XOlpELa

[MpoBAnuara...
** MKpn avayevvnTLkn tkavotnta in vitro

*** ATTWAELAL AELTOUPYLKNA G LKAVOTNTOC OTAV AAANAETILOPOUV e AAAQ KUTTAPO OTLC
KUTTOPOKOAALEPYELEC

“*Aduvapia avamapaywyng tTng LoToAoyLKAS SOUNC TOU AMATOC




MeBodoL Bepameutikng adaipeonc Kot Nrap.....

«yEdupA» yla LETAUOOXELON 1 avAappwon o€ BAPEOG MAOYXOVTIEG A0OEVELS

Melwvouv tnv XoAepuBpivn kot PeATiwvouv tnv eykepalonabela

Ouwc, dev exeL artodeydei toyupn ocuoxetion Ue tn BeAtiwon tn¢ emBiwonc.....

> NUOVTLKEG LOLALTEPOTNTEG 00OV aPopd oTn VEPPLKN AELToUpyia, TLG AUUOSUVOULKEG
TIOPOLLLETPOUC KOLL TOV TINKTLKO pNXaviopuo (buoxepela npooétoptouou MELD score)

Auvoxepng n SLdkplon avappwaong/avayévvnong omo tnv epyactnplakn BeAtiwon Adyw
NG ECLS peBodou. Ano auto ouwc eéaptatat n Eviaén otn Alota MTX n oxt

AVAYKN TUXOLOTIOLNMEVWV HUEAETWV O€ OpoLlouc MAnBuopoUc aoBevwy e opota SMT
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Do not place a central venous catheter if peripheral vein access is a safe
and effective option.

For most adult patients and donors, peripheral venous access is the safest, quickest and most easily achievable route for performing a limited num
of apheresis procedures. Avoiding a central venous catheter reduces the risk of harm.

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

Plasma is a limited resource with added concern for potential transmission of infectious agents and transfusion reactions. Albumin is an effective
replacement fluid for therapeutic plasma exchange and is a safe alternative to plasma when a pathogenic protein or solute is removed without the
need to replete any plasma component.

Do not continue simple transfusions in patients with stroke from
sickle cell disease who have iron overload, if red blood cell exchange
is available.

Stroke is a common cause of serious morbidity in children and mortality in adults with sickle cell disease. Exchange transfusion is a more effective
method than simple transfusions to prevent both recurrent strokes and the complications of iron overload.

Do not routinely monitor coagulation tests during a course of therapeuti
plasma exchange, unless the procedure is performed daily.

For most indications, therapeutic plasma exchange can be performed on an intermittent schedule using clotting factor deficient replacement fluid
without the need for routine monitoring of the patient’s hemostasis status. Daily treatments significantly reduce clotting factors; therefore, coagulat
testing may be appropriate.

Do not routinely continue a series of apheresis procedures without a
predefined objective goal, and stop the series if it is apparent that the
goal cannot be reached or adverse effects outweigh potential benefits.

Apheresis procedures are performed sequentially until a predefined objective goal is reached. When the goal is either achieved or is determined
to be unreachable the burden and potential adverse effects of performing additional procedures outweighs the potential benefits.
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Fig. 4. Modulation of innate immune cells following high-volume plasma exchange HVP. In (A)-(E) HVP is termed TPE. (A) Circulating histone-associated DNA levels
are reduced following HVP (n = 12 HVP- vs. n = 7 no HVP patients; mU/ml). (B) LPS-induced pro-inflammatory cytokine production by monocytes is reduced following HVP
(HVP n =20; no HVP n = 11; early HVP [<48 h following admission] n = 8; late HVP [>48 h following admission] n = 12; MFI, mean fluorescence intensity). (C) Expression of
monocyte activation markers (CD163, CD64, CCR7) is reduced following HVP (HVP n = 16; no HVP n =8; MFI); Numbers of monocytes (x10°/L) and rate of apoptosis
(Annexin, MFI) remain unchanged. (D) Neutrophil IL-8 production is reduced following HVP (HVP n = 16, no HVP n = 8; % of neutrophils). (E) Expression of L-selectin is
reduced on neutrophils (MFI), number of neutrophils is unchanged (x10°/L). Wilcoxon tests; "p <0.05;
tissue innate immune responses: Hepatocyte death in ALF triggers release of DAMPs that activate innate immune cells in the liver and the circulation, and subsequently
leads to tissue inflammation and SIRS. HVP leads to a reduction of circulatory DAMPs and to an attenuation of the pro-inflammatory profile of innate immune cells,

conferring reduced tissue destructive capabilities.
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Adverse events in apheresis: An update of the WAA registry data
Transfusion and Apheresis Science, 2016

Hypatension a drop in systolic blood pressure of more than 40 mmHg or below 90
mmHg.

More AEs occurred during the first procedures versus subsequent (8.4 and 5.5%,
respectively).

mild 2.4% (due to access 54%, device 7%, hypotension 15%, tingling 8%),
moderate 3% (tingling 58%, urticaria 15%, hypotension 10%, nausea 3%),

severe 0.4% (syncope/hypotension 32%, urticaria 17%, chills/fever 8%, arrhythmia/
asystole 4.5%, nausea/vomiting 4%).

Hypotension was most common if albumin was used as the replacement fluid, and
urticaria when plasma was used.

Arrhythmia occurred to similar extents when using plasma or albumin as replacement.

In 631% of procedures with bronchospasm, plasma was part of the replacement fluid
use



EASL Clinical Practical Guidelines on the management "
of acute (fulminant) liver failure™ 2 JOURNAL OF

OEASL ' HEPATOLOGY
European Association for the Study of the Liver *

Q2

Table 11. (A) Acute Liver Failure Poor Prognosis Criteria in use for selection of candidates for Liver Transplantation. (B) Criteria for emergency liver transplantation.

A

Factor Clichy [323] Kings College [321 | Japanese (6]
Age' + + T
Aetiology — + —
Encephalopathy! + + +
Bilrubin” — + +
Coagulopathy' + + +

King’s College criteria

ALF due to paracetamol
e Arterial pH <7.3 after resuscitation and >24 h since ingestion
e Lactate >3 mmol/L or
e The 3 following criteria:
O Hepatic encephalopathy >grade 3
O Serum creatinine >300 ptmol/L
O INR >6.5
ALF not due to paracetamol
e INR >6.5 or
e 3 out of 5 following criteria:
O Aetiology: indeterminate aetiology hepatitis, drug-induced hepatitis
O Age <10 years or >40 years
O Interval jaundice-encephalopathy >7 days
O Bilirubin >300 pmol/L
O INR >3.5

Beaujon-Paul Brousse criteria (Clichy)

° Confusion or coma (hepatic encephalopathy stage 3 or 4)
o Factor V <20% of normal if age <30 year
or

) Factor V <30% if age >30 year

T Factors common to all prognostic models.

" Bilirubin not included in paracetamol criteria.



[Tpotewvopueva calculators amo tnv EEMH

https://www.kidney.org/professionals/KDOQI/gfr calculator (Cystatin C has been
proposed as an alternative marker to assess kidney function because it is produced
by all nucleated cells, is cleared primarily by glomerular filtration, and its blood
level is not affected by age, sex, muscle mass, or bilirubin level. However, lack of
widespread availability and concerns regarding assay variation with drugs such as
calcineurin inhibitors (CNIs) and corticosteroids have limited the application of cys-
tatin C measurement in assessing kidney function in cirrhotic patients. Using
cystatin C—based formulas to assess kidney function in cirrhotic patients also has
yielded mixed results.)

http://rfh-cirrhosis-gfr.ucl.ac.uk
The CKD-EPI creatinine equation offers no advantage compared to the MDRD Study

equation in cirrhotic patients.




Alatapayn mnénc amo EASL

* Hemostasis is the result of a complex interaction between procoafgulant, .
anticoagulant, and fibrinolytic proteins, many of which may be affected by liver
failure and, further- more, ECLS.37

. Theoreticallx, less selective systems, such as Prometheus, potentially are at a
higher risk than MARS due to the larger pore size of filters used. Furthermore,
some artificial ECLS circuits require heparin38 or citrate for anticoagulation.39

* Faybik and colleagues40 described 33 patients undergoing 61 MARS treatments
(15 with ALF, 15 with ACLF, and 3 with allograft dysfunction post-transplant).

* Although there was a statistically significant decrease in platelets and fibrinogen,
platelet function as measured by thromboelastography was unaffected.

* Nonetheless, larger randomized controlled studies of MARS, Prometheus, and
HVP in ALF and ACLF have not shown a significant increase in adverse events,
including bleeding, over SMT.21,26—-28



