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Liver Failure
Acute Liver Failure:
without preceding liver disease

Acute on Chronic Liver Failure:
Acute decompensation of chronic liver-related
illness

Life-threatening condition characterized by
massive hepatocyte dysfuntion with the loss of
hepatic functions:
detoxification, synthesis and regulation

Toxic molecules in Liver Failure
Degradation of the
detoxification function of the
liver

Accumulation in the blood of a
multiplicity of toxic molecules,
which are Presumed Causative of
Organ Dysfunction further
aggravate Liver Injury

Ammonia
Bile acids; Bilirubin

Cytokines in Liver Failure
Increase Gut
permeability

PAMPs
DAMPs

Trigger

Damaged
Hepatocytes
Journal of Hepatology Volume 65, Issue 5, Pages (November 2016)

Systemic Inflammatory Response
and Cytokine cascade

ALF

Also in Acute Liver Failure:
▪ A massive and uncontrolled activation of
the systemic inflammatory response, paralleled by
an equally uncontrolled anti-inflammatory response,
results in progressive MODS;
▪ We find high levels of IL-6, IL-8, IL-1 and TNF-a
related to the severity of acute hepatic injury;

Antoniades CG et al. J of Hepatology, 49 (2008) 845-861

ACLF

From stable disease to acute-on-chronic liver failure: Circulating
cytokines are related to prognosis in different stages of cirrhosis
Josiane Fischera, Telma Erotides Silvaa, Pedro Eduardo Soares e Silvaa, Bruno Silveira
Colomboa et al
Cytokine Volume 91, March 2017, Pages 162–169

(1) Stable cirrhosis (n = 118)
(2) Subjects hospitalized for acute decompensation
(ACLF) (n = 130)

▪ IL-6, and IL-10 were evaluated in cirrhosis

Kaplan-Meier survival probability (p<0,001):
90% (IL-6<21 pg/ml)
vs
46,7% (IL-6>21 pg/ml)

▪ Higher circulating IL-6 was related to mortality in ACLF
▪ IL-6 levels outperformed C-reactive protein for diagnosis of
bacterial infections
▪ A stronger anti-inflammatory response was associated
with progression to death, in ACLF
Kaplan-Meier survival probability (p=0,003):
80% (IL-10<0,42 pg/ml)
vs
65,3% (IL-10>0,42 pg/ml)

ACLF

In the study, patients with ACLF (237) showed systemic
inflammation and systeminc circulatory dysfunction, with
higher levels of various inflammatory cytokines (es: IL-6, IL-8,
TNF-α ) than the patients without ACLF.
➢ The data support Sistemic Inflammation
driver of ACLF in cirrhosis.

as the primary

Clària J. et al. hepatology, 2016 Oct 64(4):1249-64

Treatment of Liver Failure
Transplant

Only long-term treatment

Bioartificial
Liver

Bioreactors containing hepatocytes to
provide both biotransformation and
synthetic liver functions.

Artificial
Liver Support

Artificial components to remove the
toxins accumulated during liver failure
providing detoxification functions.

Bioartificial Liver

Morsiani E,Faenza S et al. The International Journal of Artificial Organ 25 (3): 192-202, 2002

Do we have new opportunities in Bioartifical Liver?

Do we have new opportunities with Stem Cells?

Bone Marrow Mesenchymal Stem
Cells Reverse Liver Damage in a Carbon
Tetrachloride-induced Mouse Model of
Chronic Liver Injury.
Wang M1, Zhang X2, Xiong XI2, Yang Z2, Li P2, Wang
J2, Sun YU3, Yang Z4, Hoffman RM5.

In Vivo. 2016 May-Jun;30(3):187-93.

•stem cell in liver regeneration (2155)PubMed
•stem cell in liver damage (1059)PubMed

Artificial Liver Support
➢ Artificial Liver support is a temporary treatment to provide sufficient time for spontaneus
hepatic regeneration and recovery or transplantation, removing accumulated toxins.

Bridge to Liver
Transplantation:
Support the liver function until the transplant

Bridge to Liver Regeneration:
Support the liver function until the
regeneration and functional recovery

Artificial Liver Support
Extracorporeal liver
support with
pig/babbons livers

MARS

PEX

PROMETHEUS

▪
▪

▪
Contradictory results
Technical complexity and limited treatment duration
▪
Focus on limited hepatic toxins
▪
Difficulty in albumin-bound toxins removal

▪
▪

Sorbent-based
therapies

Focus on innate immune
activation
Limited and no continous
treatment (max 1,5
plasma)
Plasma removal with all its
components

Do we have new opportunities in Artificial Liver Supports?

Simple combinated approach for:
➢ Accumulated hepatic toxins removal
➢ Systemic inflammatory response modulation

GOALS:
Limit the progression of
MOF until either spontaneous
liver regeneration occurs or a
suitable
donor liver becomes available

Cytosorb: Sorbent-based Technology in Liver Failure
CytoSorb is an extracorporeal blood purification therapy designed to reduce excessive levels of
inflammatory mediators such as cytokines, or “cytokine storm”, from blood.

Wide range of adsorbed
molecules

Whole blood
Adsorption

• Cytokines
• PAMPs/DAMPs
• Bilirubin
• Bile Acids
• Ammonia
• Myoglobin

Technical
versatility
▪ Compatible with all
the CRRT systems
▪ Standard
anticoagulation
procedure

Easy to use

24 h
Treatment

4 In-vitro Experiments:
Experiments 1 & 2 (dinamics) with a solution containing only unconjugated
bilirubin, completely bound to the albumin (1).
Objective: To verify the removal of protein bound
➢ Experiment 3 (dinamic) with a solution with high bilirubin levels.
Objective: To study kinetics, trying to simulate in vivo therapeutic
Treatment (24 h)
Experiment 4 (static) pushing some beads charged with bilirubin into fresh
albumin solution
Objective: To verify the irreversibility of bilirubin-resin binding verify the
irreversibility of bilirubin-resin binding

(1) On equimolar solution Bilirubin is strongly albuminbound, with an association constant of 9,5x10/107M-1
corresponding to an unbound fraction in the equilibrium of
less than 0,1%
(Weber, Falkenhagen Biomacromolecules 2008, 9,

Blood Purif. 2018 Sep 14:1-6. doi: 10.1159/000492378

1322-1328).

Results

1° Experiment

3° Experiment

2° Experiment

▪ Adsorption capacity for all the 24 hours
▪ No release of bilirubin by the resin
▪ Minimal loss of Albumin
▪ Capability to adsorb
protein-bound solutes breaking the Albumin –
Bilirubin complex
▪ Minimal loss of Albumin

Blood Purif. 2018 Sep 14:1-6. doi: 10.1159/000492378

Our successful case
Male, 66 years old, hepatitis C virus (HCV)-related cirrhosis,
complicated by hepatocellular carcinoma (HCC), in list for liver
transplantation (MELD 10).
1. First Liver Transplantation from a NHBD donor.
Post-reperfusion injury:
▪ High need of noradrenaline and adrenaline;
▪ Severe metabolic acidosis;
▪ Hyperlactatemia;
▪ Hypernatremia;
▪ Acute Renal Failure.

2. Second Liver Transplantation after PNG of the first graft.
▪ Acute renal failure
▪ Cytolysis (Myoglobin=23.118 ng/ml,
CK=12.508 u/l)
▪ Hyperbilirubinemia (Bilirubina=53,06 mg/dl)
▪ Severe Sepsis (Enterobacter Cloache, PCT=70
ng/ml, PCR=11 mg/dl, GB=22000 )

➢ No more need of inotropes after 2nd
treatment
➢ Dramatic Reduction of Bilirubin
➢ Normalization of Mioglobin level
➢ Normalization of Bilirubin level
➢ Functional recovery of the graft
➢ Dismission of the patient from ICU
S. Faenza et al. 27° SMART 2016, P88

▪ 40 patients with multiple organ failure (Mortality 80%) who received CytoSorb treatment in ECMO or HP.
Analysis of hepatic parametes:
▪ In patients with total bilirubin <10 mg/dL, we did
not observe a significan reduction in total bilirubin concentration
(4.47 ± 2 vs. 4.9 ± 2.7 mg/dL, P = 0.54)
▪ In patients with total bilirubin level of ≥10 mg/dL, values
of total, direct, and indirect bilirubin significantly reduced
in patients

Blood Purification with CytoSorb in Critically Ill Patients: Single Center Preliminary Experience. MG Calabrò et al. Artificial Organs 2018

➢ 2 patients with drug induced cholestasis
➢ 1 patient with alcoholic hepatitis and subsequent acute on chronic liver failure
Bilirubin and bile acids

• Effective biochemical and symptomatic response
• Cytosorb seems a valid adjunct to support liver excretory functions

De Gasperi A. et al, ISAD 2017

▪ Severe early graft dysfunction after LT
▪ 2 haemoadsorption treatment
▪ Ammonia reduction (ammonia from 470 to 117
mmol/L) with full and rapid recovery from severe
hepatic encephalopathy documented by clinical,
laboratory and EEG support.

Ammonia

Apart from cytokines,
bilirubin and bile
acids, Cytosorb seems
to adsorb also
ammonia, potentially
helping the hepatic
encephalopathy

Comparative Study
Bilirubin
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▪ 39 treatments
▪ CPFA, MARS, Prometheus and PAP: Adsorption ability for 4-6 hours;
▪ Cytosorb: Adsorption ability for 24 hours either for Bilirubin and Bile Acids.
Riva et al. Abstract Book SIAARTI 2017

Cytosorb

Conclusions
▪ In ALF or AoCLF artificial liver support may have a beneficial as ‘Bridge Therapy’
to Transplantation or to Hepatic Function Recovery;
▪ Many artificial liver support have been studied to support hepatic function
without significant evidence and effectiveness :
▪ Selective plasma adsorption therapies
▪ Plasma Exchange
▪ Bioartificial Liver
▪ Use of Cytosorb, may be a valid support in Liver Failure and MOF due to its ability
to remove bilirubin (also unconjugated), bile acids, ammonio and cytokines, and
its technical simplicity and long-duration (24-h);

We need a step-forward
▪ The ability of Cytosorb in bilirubin and bile acids removal, associated with cytokines,
has been demonstrated in vitro and in vivo;
▪ The potential of Cytosorb cartridge as organ support is widely demonstrated in various
field but limited in Liver Failure;
▪ It’s time to understand and verify the effect on clinical outcomes

What could we do to increase evidence in Liver Failure?

..We’ll see tomorrow

