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Figure 1. Clinical Features of Acute Liver Failure.
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MARS, median (IQR)

Before After Difference

Bilirubin, μmol/L 323 (255.5–372.0) 249 (192.0–286.5) *

GGT, μmol/L 1.69 (0.805–4.567) 1.52 (0.760–4.125) *

TBA, μmol/L 119 (51.6–245.1) 75 (30.9–167.0) *

ABiC, % 67 (55.2–80.6) 76 (67.5–90.4) *

IL-6, pg/ml 142 (62.4–358.9) 123 (63.0–268.8) n.s.

IL-8, pg/ml 66 (46.2–100.9) 65 (49.7–94.9) n.s.

Creatinine, μmol/L 132 (85.5–186.5) 101 (64.0–145.9) *

Urea, mmol/L 11.6 (7.13–17.10) 10.5 (6.60–15.30) *

p y

MARS, median (IQR)

Pre-ECAD Post-ECAD Difference

pH 7.42 (7.374–7.447) 7.42 (7.390–7.449) n.s.

SBC, mmol/L 27.3 (24.03–31.48) 27.5 (24.70–30.60) n.s.

Base excess, mmol/L 3.9 (0.03–8.35) 3.8 (0.70–7.20) n.s.

Lactate, mmol/L 1.9 (1.30–2.70) 2.1 (1.70–3.00) *

Sodium, mmol/L 142 (138.3–146.0) 143 (139.0–147.0) n.s.

Potassium, mmol/L 4.5 (4.20–4.70) 4.2 (3.90–4.60) *

Calcium, mmol/L 1.24 (1.140–1.330) 1.15 (1.090–1.260) *

Glucose, mmol/L 6.9 (5.70–8.00) 7.3 (6.15–8.05) n.s.

Osmolality, mOsmol/kg H2O 305.1 (295.85–320.79) 305.7 (297.24–319.79) n.s.



p , p

PAP PEX MARS Differences among 

techniques, p (one-way 

ANOVA)

Relative reduction of plasma bilirubin concentra-

tion (percent of initial value)

30 ± 13.9%** 27 ± 26.6%** 26 ± 16%** 0.64

Percent improvement in filtration rate/eGFR (%) 11 ± 76% 27 ± 29%** 0.4 (Student’s t test)

Percent increase in cholinesterases (%) 17 ± 39%** 29 ± 27%* 8 ± 22% 0.67

Percent decrease in plasma proteins (%) 4.1 ± 17.2* Not applicable –2.7 ± 24.1 0.34

Percent decrease in AST (%) −8 ± 46% (p = 0.034 vs PEX; 
p = 0.009 vs MARS)

20 ± 43%* 25 ± 29% 0.009

Percent decrease in ALT (%) 6.8 ± 23% (p = 0.002 vs PEX) 35 ± 33% 17 ± 23% * 0.005
Percent decrease in PT 10 ± 62 15 ± 41 27 ± 46 0.77

Percent decrease in aPTT −10.9 ± 38 −7.9 ± 44 0.1 ± 18 0.48
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PAP PEX MARS

Correlation between reduction of bilirubin levels and baseline values R = 0.501; p < 0.01 R = 0.575; p = 0.016 R = 0.593; p = 0.025

Correlation between amount of bilirubin removed and % change in eGFR R = 0.12; p = 0.328 R = 0.28; p = 0.307

Correlation between amount of bilirubin removed and % change in CHE R = 0.319; p = 0.058 R = 0.734; p = 0.158 R = 0.882; p = 0.118

Correlation between amount of bilirubin removed and % change in AST R = 0.022; p = 0.087 R = 0.163; p = 0.594 R = 0.55; p = 0.05
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Albumin Dialysis With a Noncell Artificial Liver Support Device in
Patients With Acute Liver Failure
A Randomized, Controlled Trial
Faouzi Saliba, MD; Christophe Camus, MD; François Durand, MD; Philippe Mathurin, MD, PhD; Alexia Letierce, PhD;
Bertrand Delafosse, MD; Karl Barange, MD; Pierre François Perrigault, MD; Magali Belnard; Philippe Ichaï, MD; and Didier Samuel, MD, PhD

Variable Univariate Analysis Multivariate Analysis (n � 89)

OR (95% CI) P Value Adjusted OR (95% CI) P Value

Age (OR for 5 y) 0.99 (0.83–1.19) 0.92 0.89 (0.66–1.21) 0.46
Male sex (reference, female sex) 2.34 (0.86–6.36) 0.095 1.71 (0.36–8.00) 0.50
MARS treatment (reference, conventional treatment) 1.82 (0.67–4.93) 0.24 2.57 (0.53–12.48) 0.24
Paracetamol cause (reference, nonparacetamol cause) 1.83 (0.68–4.90) 0.23 0.15 (0.02–0.96) 0.044
Creatininemia (OR for 10 IU) 0.84 (0.73–0.96) 0.009 0.99 (0.93–1.06) 0.83
Total bilirubinemia (OR for 100 IU) 1.00 (0.97–1.03) 0.91 0.99 (0.93–1.05) 0.70
Fibrinogen level (OR for 0.1 IU) 1.09 (1.00–1.19) 0.057 1.15 (0.98–1.33) 0.081
Lactate level (mmol/L) 0.89 (0.83–0.96) 0.004 0.84 (0.73–0.97) 0.016
ALT level (OR for 100 IU) 1.01 (0.99–1.02) 0.37 1.01 (0.98–1.03) 0.54
Encephalopathy grades 0–2 (reference, grades 3–4) 1.30 (0.48–3.50) 0.61 1.26 (0.24–6.53) 0.78
No inotropic support (reference, inotropic support) 5.77 (1.73–19.19) 0.004 5.01 (0.68–36.85) 0.112
Prothrombin level (%) 1.01 (0.94–1.09) 0.79 0.82 (0.67–1.01) 0.062
MELD score at inclusion �40 (reference, MELD score �40) 4.31 (1.17–15.88) 0.028 29.68 (0.51–1737.50) 0.102
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First author, year Design Indication No. 
of patients

Main results

Mitzner, 2000 [41] RCT ACLF—HRS 13 Survival improvement at 28 days

Increase urine output. Decrease creatinine levels

Removal of albumin bound and water-soluble substances

Heemann, 2002 [40] RCT ACLF—severe 

cholestasis

24 Survival improvement at 28 days

Improvement of HE, hemodynamics, renal function, and reduction of 

bilirubin

Schmidt, 2003 [97] RCT ALF 13 Improvement of systemic hemodynamics

Reduction of MAP and SVRI

Reduction of Cardiac Index and heart rate

Sen, 2004 [27] RCT ACLF 18 Significant improvement of HE

Significant decrease of NOx levels

Novelli, 2005 [98] Retrospective ALF, ACLF, PNF, 

PDF

116 Significant decrease of bilirubin, ammonia, lactates and creatinine

Significant improvement of Glasgow coma scale

Laleman, 2006 [29] RCT ACLF 18 MARS™ significantly attenuates the hyperdynamic circulation in ACLF

Significantly reduces SVRI and MAP, associated to a decrease of NOx levels

Hassanein, 2007 [39] RCT ACLF—HE 70 Significant improvement of 2 grades of HE

Significant faster improvement of HE

Not designed to assess survival improvement

El Banayosy, 2007 [99] RCT ALF due to cardio-

genic shock

40 Trend to higher survival at 28 days (p < 0.061) in the MARS treated group

Kantola, 2008 [22] Comparative 

retrospective

ALF 159 No statistically significant difference in survival between the MARS™ and 

the control group patients at 28 days

Trend to higher 6-months survival in the MARS™ group (p = 0.07) and in 

transplanted patients (p = 0.06)

Survival without LTx was significantly higher in the MARS™ group 

(p = 0.03)

Saliba, 2013 [19] RCT ALF 102 No significant improvement in 6- and 12-months survival

Significant improvement of transplant free survival in patients that 

received ≥ 3 MARS™ sessions

Significant improvement in the probability to be transplanted

Banares, 2013 [38] RCT ACLF 187 No significant improvement in 28- and 90-days survival

Significant decrease of bilirubin and creatinine levels

Short term beneficial effects in hepatic encephalopathy and HRS

Gerth, 2017 [100] Comparative

Non-rand-

omized

ACLF 101 Significant reduction of 14-days mortality rate in the MARS™ group 

(p = 0.004), especially in patients with ACLF grades 2 and 3)

Significant decrease of bilirubin and creatinine

Banares, 2019 [32] Meta-analysis 

of individual 

patient data 

from 3 RCT’s

ACLF 285 Significant survival improvement in patients receiving HIT both in the 

entire cohort (10-day survival: 98.6% vs. 82.8%, p = 0.001; 30-day survival: 

73.9% vs. 64.3%, p = 0.032), and within the ACLF patients (10-day 

survival: 97.8% vs. 78.6%, p = 0.001; 30-day survival: 73.3% vs. 58.5%, 

p = 0.041)

HIT increased survival independently of ACLF grade

Independent predictors of survival were age, MELD score, ACLF grade, 

number of MARS™ sessions received and intensity of MARS™ therapy

MacDonald, 2021 [25] 

Crit Care Med

Propensity-

score 

matched 

controls 1:4

ALF 520 Significant 21-day transplant-free survival improvement in patients 

receiving MARS™. Significant improvement (pre vs. post MARS™) in 

mean arterial pressure, creatinine, lactate, and ammonia for all. In non-

acetaminophen ALF (n = 53), MARS™ significantly improved bilirubin, 

creatinine and ammonia

Table 1. Clinical characteristics of the two groups studied at the time of randomization.

SMT (n = 90) HVP (n = 92) p value
Gender (females) 57 (63.3%) 66 (71.7%) 0.23
Age (years) 45 (36-56) 46 (33-56) 0.84
Weight (kg) 70 (61-81) 67 (60-75) 0.19
Height (cm) 170 (165-180) 169 (161-175) 0.24
Hyper/Acute/Subacute 69/13/8 65/22/5 0.16
Etiology* 58/5/17/6/2/2 50/6/22/11/0/3 0.39
HE grade (2/3/4) 6/26/58 7/28/55 0.49
Mechanical ventilated 66 (77.7%) 77 (86.5%) 0.13
Episodes with systolic BP <80 mmHg 23 (27.1%) 25 (28.1%) 0.88 
Need for vasopressors 51 (60.7%) 45 (51.1%) 0.23
Oliguria 43 (51.2%) 52 (59.8%) 0.11
Oozing 14 (16.9%) 14 (16.1%) 0.89
Hyperthermia ( >38.0 °C) 6 (7.2%) 13 (14.8%) 0.12
Suspected infection 26 (30.1%) 29 (33.0%) 0.78

SMT, standard medical therapy; HVP, plasma exchange; ICP, intracranial pressure, HE, hepatic encephalopathy. *Given as ALF induced by: paracetamol/acute viral hepatitis/
unknown aetiology/toxic hepatitis/acute Budd-Chiari/various.

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

MAP (mmHg) 0 75 [69-85] 75 [70-88] 0.66
1 75 [69-84] 90** [80-100] <0.0001
2 74 [68-80] 85** [75-100] <0.0001
3 75 [65-85] 88# [74-100] <0.001
7 80 [68-92] 80 [70-94] 0.51

NA (μg/kg/min) divided by 100 0 5 [0-10] 4 [0-10] 0.51
1 5 [0-10] 0** [0-3] <0.0001
2 5# [0-16] 0** [0-2] <0.0001
3 4 [0-14] 0** [0-0] <0.0001
7 1 [0-14] 0# [0-3] 0.06

SMT (n = 90) HVP (n = 92)
Day Median IQR Median IQR p value

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

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

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



Summary statements

In patients with ALF, extra-corporeal albumin liver dialysis:
Is associated with a significant improvement of 21-day survival in aceta-

minophen ALF etiology

Is not associated with a significant improvement of 6- and 12-months 

survival.

Is not beneficial at late stages of ALF, when multiple organ failure is 

already expressed

Is contraindicated in patients with an ongoing uncontrolled severe 

sepsis.

Experts’ recommendations

HVPE may be considered as a bridge to LT in ALF patients (moderate 
evidence)

ECAD may be considered as a bridging therapy in patients meeting the 

criteria and waiting for liver transplantation particularly in acetami-

nophen patients (moderate evidence)

ECAD is preferably to be started at an early stage of hepatic encepha-

lopathy (grade 2–3) once the criteria for liver transplantation are met 

(moderate evidence)

ECAD Is preferably administered in three or more 8 h sessions to induce a 

significant improvement of hepatic encephalopathy and hemodynam-

ics (moderate evidence)

Artificial liver support in patients with liver 
failure: a modified DELPHI consensus 
of international experts
Faouzi Saliba1 , Rafael Bañares2,3,4 , Fin Stolze Larsen5 , Alexander Wilmer6, Albert Parés7 , Steffen Mitzner8, 

Jan Stange9,10, Valentin Fuhrmann11,12, Stefan Gilg13,14, Tarek Hassanein15 , Didier Samuel1 , Josep Torner16 
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Summary statements:

ECAD using MARS™ device:
Induces significant changes in systemic and portal hemodynamics and 

in vasoactive mediators, bile acids and bilirubin levels, but without 

changes in albumin function and inflammatory profile

Improves hepatic encephalopathy and renal failure in patients with ACLF

Is not associated with a significant improvement of 28–90 days survival in 

patients with acute decompensation of cirrhosis and ACLF

MARS™ may improve short-term survival (14 days) and efficacy appears 

to be correlated with patient selection and intensity of treatment

Experts’ recommendations

In patients with decompensated cirrhosis and ACLF, ECAD using 
MARS™ device:

Should be considered in patients with hepatic encephalopathy refractory 

to 24–48 h of SMT (moderate evidence)

May be considered in patients with hepato-renal syndrome not respond-

ing to terlipressin plus albumin as a bridge to liver transplantation (low 
evidence)

Should be considered in patients with progressive cholestasis secondary 

to ACLF (moderate evidence)

Should not be considered in patients with either severe infections, sepsis, 

septic shock, acute respiratory distress syndrome or ACLF-OF grade > 3 

(low evidence)

The decision to stop or to continue extracorporeal therapy after a mini-

mum of three sessions should be based on a careful individual clinical 

assessment of efficacy and safety (moderate evidence)

Funding
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the study, the expert’s selection and drafting of the manuscript.




