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

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

Garibay et al. Crit Care 2022

« When the liver fails, all organs 

malfunction and fail within hours… »
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« maladaptive » acute inflammation

« simple » acute
decompensated cirrhosis

ACLF / ALF

Dysregulated hyperinflammation: a hallmark signature in acute liver failure



DAMPs: Damage associated molecular pattern
PAMPs: Pathogene associated molecular pattern

TNFα
IL1β

Liver dysregulated hyperinflammation translates into systemic compartment 
leading to remote multiple organ failure

Lefkowitch JH. Adv Anat Pathol 2016, 23:144–158
Chung RT. Gastroenterology 2012, 143:e1–e7
Possamai LA. J Hepatol 2014, 61:439–445 
Takaya H. Biomed Rep 2017;7:277–285. 
Donnelly MC. World J Gastroenterol 2016, 22:5958–5970 
Taylor NJ. Hepatology 2013, 57:1142–1152 
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DAMPs: Damage associated molecular pattern
PAMPs: Pathogene associated molecular pattern

Removing inflammation from the blood to improve outcomes in acute liver failure

TNFα
IL1β

CRRT: diafiltration

Hemoadsorption

Plasma exchange

blood 
purification

mercaptans
GABA
tryptophan
Octopamine
ammonia



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

rebalancing inflammation
• mercaptans
• GABA
• tryptophan
• Octopamine
• ammonia
• bile acids
• bilirubin
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Role of  the ELS / ELRT in 2024: we changed targets

• mercaptans
• GABA
• tryptophan
• Octopamine
• ammonia
• bile acids
• bilirubin



Extracorporeal Artificial Liver Support ... publication history

CRRT ...

...

MARSⓇ PROMETHEUSⓇ SPAD

Albumin Dialysis

2006: 36

2021: 11
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Extracorporeal Artificial Liver Support ... > 2016



CRRT ...

...

MARSⓇ PROMETHEUSⓇ

SPAD

Albumin Dialysis

Plasma Exchange

Hemoadsorption

Plasmafiltration Coupled

with Hemoadsorption

Impact System

2021: 11

Extracorporeal Artificial Liver Support ... > 2022
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Plasma exchange: replacing circulating toxins with plasma « good » constituents



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

Villanueva et al. Front Nephrol 2023



- RCT  180 patients, ALF
- 1998-2010
- standard ttt vs standard ttt + HV-PE
- London, Helsinki, Copenhague 

HV-PE: 
- 9L treated plasma/session
- 1-2L/h
- Replacement : 100% FF plasma
- 2,4±0,8 HV-PE over 3 days

J Hepatol 2016; 64: 69-78 

HERCULEAN

Plasma exchange: HERCULEAN clinical trial in Acute Liver Failure

Larsen et al. J Hepatol 2016
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↓ TNF-𝛂 ↓ IL-6 ↓ IL-6

↑ MAP

↓ vasopressors
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- RCT  180 patients, ALF
- 1998-2010
- standard ttt vs standard ttt + HV-PE
- London, Helsinki, Copenhague 

HV-PE: 
- 9L treated plasma/session
- 1-2L/h
- Replacement : 100% FF plasma
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HERCULEAN

Plasma exchange: HERCULEAN clinical trial in Acute Liver Failure

Larsen et al. J Hepatol 2016

*

↓ SOFA

↓ CLIF

↓ SIRS

↑survival



J Clin Apher. 2021;1–11. 
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Plasma exchange: other trials in ALF and ACLF
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Plasma exchange: other trials in ALF and ACLF

↓ INR

↓ ALAT

↓ Ammonia

↓ lactates

↓ MELD

↓ bilirubin

↓ organ failures

↑survival

↑survival



Plasma exchange: what do the guidelines tell us?

J Clin Apheresis 2019

J Hepatol 2017;66:1047–81

Guidelines support early and intensive PE in ALF !



Plasma exchange: what do the guidelines tell us?

Guidelines support early and intensive PE in ALF !

• 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)
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Molecular Adsorbent Recirculating System: MARS®
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Molecular Adsorbent Recirculating System: MARS®

Saliba et al. Intensive Care Med 2022



MARS® therapy leads to improved outcomes in sevral RCTs

Saliba et al. Intensive Care Med 2022

↑survival

↑survival

↑HE

↑hemodynamics

↑survival

↑survival

↑HE and HRS

↑survival

↑renal failure



MARS® therapy leads to improved outcomes in sevral RCTs

Saliba et al. Intensive Care Med 2022

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

- 285 patients with 165 ACLF

- Day 30 survival >  group « INTENSE THERAPY »

- Nb of MARS Ⓡ sesssions = survival benefit
- HR 0,9 CI 95% 0,83-0,98
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MARS® therapy in ALF and ACLF: what do the guidelines tell us ?

Saliba et al. Intensive Care Med 2022

early ALF (acetaminophen +++)

early ACLF with refractory HE

early ACLF with refractory HRS

ALF with HE (II-III)

bridge to transplant

bridge to transplant

✓
✓

✓
✓

✓

✓
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early ALF (acetaminophen +++)

early ACLF with refractory HE

early ACLF with refractory HRS

ALF with HE (II-III)

bridge to transplant

bridge to transplant

• 6-8 hours session +++

• 5 sessions in 7-10 days

• 3 first sessions: D1-D2-D3

✓
✓

✓
✓

✓

✓

Early and intensive MARS® Therapy



MARS® therapy in ALF and ACLF: what do the guidelines tell us ?

Saliba et al. Intensive Care Med 2022

early ALF (acetaminophen +++)

early ACLF with refractory HE

early ACLF with refractory HRS

ALF with HE (II-III)

bridge to transplant

bridge to transplant

✓
✓

✓
✓

✓

✓

ALF with multiple organ failures

uncontrolled sepsis or septic shock

ARDS

ACLF – OF grade > III

✘
✘
✘
✘



MARS® therapy in ALF and ACLF: what do the guidelines tell us ?

Saliba et al. Intensive Care Med 2022

early ALF (acetaminophen +++)

early ACLF with refractory HE

early ACLF with refractory HRS

ALF with HE (II-III)

bridge to transplant

bridge to transplant

✓
✓

✓
✓

✓

✓

Platelets < 40 000 / mm3

INR > 2.5

FN < 1g/L
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Hemoadsorption
DPMAS

Plasma Filtration Adsorption Dialysis
Coupled Plasma Filtration Adsorption
+/- CRRT

Combined Hemoadsorption and CRRT 

Hemoadsorption

HA 330 II
neutral microporous resin

BS 330
anion exchange resin



Biocompatible porous polymer microbeads 

Adsorption in pores and surface adsorption

Surface membrane about 45.000 m2

CYTOSORB Ⓡ

Hémo-adsorption



In Vitro
→ CYTOSORB Ⓡ > MARS Ⓡ for bilirubin and ammonia clearance

Hémo-adsorption: biological efficacy



In Vitro
→ CYTOSORB Ⓡ >>> MARS Ⓡ for IL-6 and TNF-α clearance

Hémo-adsorption: biological efficacy



Hémo-adsorption: clinical efficacy ?

We do not know yet…

No RCTs



Continuous Renal Replacement Therapy

High Volume 
> 35 mL/kg/h

Very High Volume 
> 45 mL/kg/h

High cut-off  membrane
Pores size 20 nm (versus 10nm)

Standard Volume CRRT - 25 – 35 mL/kg/h

Villanueva et al. Front Nephrol 2023

↑ clearance of  higher MW molecules with HV and HCO 

membranes but only for water-soluble molecules 

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



Continuous Renal Replacement Therapy

High Volume 
> 35 mL/kg/h

Very High Volume 
> 45 mL/kg/h

High cut-off  membrane
Pores size 20 nm (versus 10nm)

Standard Volume CRRT - 25 – 35 mL/kg/h

Villanueva et al. Front Nephrol 2023

↑ clearance of  higher MW molecules with HV and HCO 

membranes but only for water-soluble molecules 

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

High Volume CRRT

HCO CRRT

Albumin dialysis

device+



- Australia, New Zealand
- 723 patients with ALF
- EARLY and INTENSE CRRT decreases
- Ammonia levels
- CVVHF=CVVHD=CVVHDF

CRRT and ammonia clearance

↓ ammonia levels

20 mL /min



Conclusion (1)
Bayesian Network Meta-analyses identified MARS and PE as best strategy in 

ALF and ACLF

ALF

ACLF



Conclusion (2)
Extracorporeal Artificial Liver Support in ALF and ACLF: WHEN ? For WHOM ?

Plasma Exchanges MARS / SPAD / Prometheus®

• Early course

• Intensively

• Before refractory multiple organ failure

• Bridge to (potential) transplantation

• Bridge to decision

• New studies are eagerly awaited and 

needed.



Pr Antoine Monsel
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Thank you for your attention.
Any questions ?
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