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Mechanisms of hepatic ischemia reperfusion injury 
Guan LY. World Journal of Gastrointestinal Surgery. 2014 6(7):122-8

Ischemia leads to glycogen consumption, ATP depletion, cellular edema and metabolic
dysfunction

Mitochondrial ROS production, cell-death released DAMPs and activation of complements

The reperfusion activates proinflammatory immune cascade

Ischemic cells released DAMPs

DAMPs activated Kupffer cell

Kupffer generate pro-
inflammatory cytokines and 
chemokines

Chemokines guide 
intravascular neutrophil
recruitment

Neutrophil generate firm
adhesion

Loss of endothelial barrier 
integrity

Liver damage



Guan LY. World Journal of Gastrointestinal Surgery 2014 6(7):122-8
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IL-6, TNF-α and IL-10 release ratio in perfusate during ex-situ machine perfusion

p=0.018 

p=0.043

p=0.745

IL-6 in HOPE

TNF-a in NMP
crucial factor in post-reperfusion syndrome

higher risk of AKI





HMP (3 h)

SCS (3 h)
NMP (2 h)

30 min WIT

The mRNA expression of NF-κB p65, IL-6 and TNF-α was significantly
decreased in the HMP group compared with CS samples.
These results indicate that HMP may reduce the inflammatory response
during IRI via SIRT-1-mediated deacetylation of NF-κB p65.



10 grafts D-HOPE

MD and perfusate evaluation

(glucose, lactate, piruvate, 

glutamate)  correlated to clinical

outcome

No correlation between

MD and perfusate parameters and 

the expression of inflammatory

cytokines or adhesion molecules

(IL-6, IL-8, TNF, TLR-4, ICAM-1, 

CXCL12)

No correlation between

inflammatory cytokines during

DHOPE and clinical outcome(EAD)



During MP37 a time-dependent increase of 
inflammatory biomarkers was observed.

Cytokine levels correlated with graft metabolic rate 
with highest mean levels in the MP37 group and a 
stepwise reduction in levels for the MP30 and MPRT 
groups.

N=6



Significantly increased of pro-inflammatory and anti-inflammatory cytokines during NMP

6 human livers in NMP for 6 hours 



Perfusate cytokines profiles during liver grafts ex-situ normothermic perfusion 

Cytokines concentration: the effect or the consequence ?
Controlling cytokine production could be used to improve the performance of NMP (???)

26 grafts (16 DBD, 10 DCD)

4 h NMP

IL-6, IL-10, TNF-ɑ perfusate analysis

Cytokines profiles stabilize 3-hours after 

commencing NMP

• IL-6 RR in older donors

• IL-10 RR in DCD Donors

• TNF-ɑ in donors with higher vasopressors

requirements

IL-10 RR is associated to acute kidney injury 

(AKI) after LT

In viable liver grafts, IL-6, IL-10 and TNF-a 

release ratio and absolute concentrations do 

not correlate to PRS, graft or patient survival



Group 1: Subnormothermic conditions (33°C) / PGE1 / Acetylcisteine / CO

Group 2: Normothermic conditions (37°C) 

Group 3: Static cold storage (SCS) for 6 hours 

2h SCS

2h SCS

6 

4h SNMP+drugs

2h NMP

LT

LT

LT

Preservation



Transplant



Flow rates maintained:
PV 0.22 mL/min/gr
HA 0.06 mL/min/gr



SNMP

PSNMP

CS



- Porous Polymer-based structure
for hydrophobic molecules
adsorption

- Wide adsorption spectrum: 
hydrophobic molecules up to 
55kDa are adsorbed

Perfusion liquid purification: removal of cytokines as a new opportunity?

Section through structure
Total surface >40.000 m2

Low flow resistance Porous beads Internal structure

Perfusate inflammatory
mediators removal might be a 

strategy to minimize organ injury

Kogelmann K, Jarczak D, Scheller M, Drüner M. Hemoadsorption by CytoSorb in septic patients: a case series. Crit Care. 2017;21((1)):74



Inflammatory mediators adsorption in vitro: mechanisms

Cytokines Adsorption DAMPs Adsorption

Gruda MC, et al. (2018) Broad adsorption of sepsis-related PAMP and DAMP molecules, mycotoxins, and cytokines from whole blood using CytoSorb® sorbent porous polymer beads. PLoS ONE 13(1): e0191676.

CS can efficiently remove of a broad spectrum of toxic cytokines and DAMPS from blood



6 HMP

5 NMP

3 NMP+CS

2 h MP

.
IL6 mass balance =  (𝑪𝒑𝒓𝒆-𝑪𝒑𝒐𝒔𝒕)*flow*time = 493.106 pg

• Cytokine adsorption during liver MP is feasable and 

effective

• NMP+CS showed lower ALT and improved lactate 

clearance than NMP

NMP
NMP+CS



Pilot clinical trial

INCLUSION CRITERIA
Recipient

->18 aa
-MELD <24

Donor
->80 yo
-DBD
-Viable for transplant

12 grafts

6 grafts
D-HOPE

6 grafts
NMP

3 grafts
with CS 

depuration

3 grafts
w/o CS 

depuration

3 grafts
with CS 

depuration

3 grafts
w/o CS 

depuration

Primary target:
-safety and feasibility

Secondary target
-efficacy of CS
-EM evaluation
-clinical outcome



Perfusion liquid purification by cytokine adsorption in liver D-HOPE
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TNF-𝜶

Control Group
CS-Group

pg/ml

IL-6 (pg/mL) at 1h

TREATED NOT-TREATED

2,1 (0,6-4,0) pg/mL 5,4 (2,0-14,4) pg/mL

POST-TRANSPLANT OUTCOMES

TREATED NOT-TREATED

PRS, EAD NONE NONE

ALT peak IU/L 133 (110-218) 137 (129-178)

CCI at discharge 20,9 (0-20,90) 20,9 (0-33,50)

AS, IC at 6m NONE NONE
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Perfusion liquid purification by cytokine adsorption in liver NMP: 
promising preliminary results

• One severe PRS in 

control group

• One case of EAD in 

the each group 

• Lower ICU  stay in the 

CS-Group 

• Lower median CCI in 

the CS-Group (10.45 

vs 40.95, p=0.04) 

pg/ml
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Cytokines during ex-situ NMP: liver graft with severe PRS

About 200 times
higher than
normal level



1. Dialysis membrane for 
waste-product removal

2. Automated control of 
glucose levels by injection
of insulin and glucagon

3. Regulation of oxygenation
4. Liver movement to prevent

pressure necrosis







OrganEx technology has 

the potential to support 

the recovery of key 

molecular and cellular 

processes in multiple 

porcine organs after 1 

hour of global warm 

ischemia, suggesting that 

cellular deterioration is a 

protracted process that 

can be halted and even 

shifted versus recovery at 

a molecular and cellular 

level



When pyroptosis, the cell
death pathway triggered by 
proinflammatory signals, 
was investigated with IL-1B 
immunohistochemistry
analysis, liver IL-1B 
immunolabelling intensity
was comparable in the 0, 1, 
7h WIT group but increased
in the ECMO group
compared to OrganEx group





CeriaNPs can efficiently scavenge ROS

from both intracellular and extracellular

sources in the liver.

As the ROS are neutralized, the reduced

Kupffer and monocyte/ macrophage

cells activation limits the release of pro-

inflammatory cytokines, which inhibits

the recruitment and infiltration of

neutrophils.



➢ Primary end point:
✓ to compare antioxidant defenses between two groups (GSH levels, SOD and CAT activity)

➢ Secondary end point was to evaluate 
✓ uptake and distribution of NC
✓ IRI as shown by ultrastructural damages at electron microscopy (lipid droplets, lipofuscin granules, mitochondrial pool)
✓ DNA damages (telomere length and mtDNA4977 deletion)
✓ Changes in pro-inflammatory cytokine expression

N=5

N=4

+ Alb-NC 
(50 µg/mL)

Nothing



THE EFFECT OF NC ON THE ANTIOXIDANT DEFENSES AND MTDNA

P=0.003





Conclusion: the MP revolution just started

• Temperature plays a fundamental role in modulating IRI and 
inflammatory response during MP  

• At the moment, we have no evidence that ILs expression
during MP correlates with clinical outcomes

• Perfusate purification and removal of pro-inflammatory
cytokines during ex-situ perfusion may have the potential to 
prevent the cascade of IRI and improve outcomes

•MP are an optimal platform for organ treatment

•MP technology improvement must continues



• Thank you for your attention !!!





Progetto ICOME
P.I.: D. Ghinolfi





Multiple IRI targets lead to different MP approaches: nowadays mainly used as a preservation and evaluation tool

HMP recharges the cellular energy pool
through modification of the different
complexes in the respiratory chain.

NMP mimics physiological environment,
maintains full metabolic activity in the liver,
potentially allowing the cellular regenerative
process to begin to recover from ischemic
damage.

Sequential HMP‐COR‐NMP allows gentle
temperature shift from cold to warm in order
to reduce temperature change-induced injury

Ischemia-free MP: continuous NMP from the
procurement to the transplant

A. Weissenbacher. The future of organ perfusion and reconditioningTransplant International2019; 32: 586–597



N=6



Oliveira, et al. Neutrophils: a cornerstone of liver ischemia and reperfusion injury. Lab Invest 98, 51–62 (2018).

Liver IRI: the mechanisms

Ischemic cells released DAMPs

DAMPs activated Kupffer cells

Kupffer generate pro-
inflammatory cytokines and 

chemokines

Chemokines guide 
intravascular neutrophil

recruitment

Neutrophil generate firm
adhesion

loss of endothelial barrier 
integrity

Liver damage



Tregs

CD4+ cells
producing
IL-4, IL-2, IFN, IL-17

NMP vs SCS
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