
treatment and assessment of liver 
grafts during HOPE

P. Dutkowski
Switzerland



▪ portal vein +/- hepatic 
artery

▪ after cold storage

▪ short

▪ low flow (150-300ml/min)

Kron, Schlegel, Clavien, Dutkowski  et al, JHE 2018

hypothermic oxygenated perfusion endischemic



1998
experimental HOPE



2014
8 DCD livers on HOPE



2024
 6 RCTs on HOPE in the last 3 years …
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Houston, we still have a problem.



▪ highest injured liver grafts

▪ rescue of nationwide discarded livers

▪ best utilization rates

▪ best outcome

▪ own perfusion technique superior

frequent claims …





J.H. Southard, 1997

...the central issue that limits
preservation quality...is the lack of
energy for the organ to maintain the
integrity of structural elements...



ischemia in organ transplant

brain death
brain damage
DCD 

reanimation phase

cerebral event
cardial event
trauma
suizide
other

procurement preservation implant



1. 
all ex situ perfusion strategies 

come late except of an ischemia 
free perfusion approach (IFOT)



succinate ATP

Murphy et al, Nature Metabolism 2019

key event during ischemia



… and in all organs

Chouchani et al, Nature 2014
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ischemia – reperfusion triggers mitochondrial injury

Chouchani et al, Nature 2014



no oxygen
gate closed 

ischemia

no ATP

normoxia

e-

ATP
ATP synthetase

ischemia / 
reperfusion

electron 
pressure

NADH, succinate

acute overflow when
open gate 

= mito injury

consequences of ischemia



DAMP signalling

toll like receptor activation

sterile inflammation

mitochondrial injury

Murphy et al, Trends in Molecular Medicine 2020 

ischemia /reperfusion



1.

2.



Staples et al, Physiology 2022

the suppression of mitochondrial oxidative metabolism in torpor, and its slow reversal in 
arousal, plays a key role in preventing oxidative damage by limiting ROS production.

hibernators



hibernation
first metabolism shut down
afterwards temperature decrease

succinate 
accumulation

metabolism 
rate



temp



organ preservation
first temperature decrease
afterwards metabolism shut down

temp

mito injury by overflow

ischemia 

metabolism 
rate



ischemia 



long donor ischemia time

donor metabolic state

key event is mitochondrial activity during early reperfusion

short donor ischemia time

donor metabolic state
sum

hypothermic oxygenation

normothermic oxygenation

factor 8

sum



h1ATP

no overflow 
when gate opens

h2 < 

ischemia / HOPE
ischemia 
HOPE / 

reperfusion

NADH, succinate

O2 needed!



key mechanism



rapid changes in tissue metabolism related to 
ischemia… 

followed by reperfusion 

cause large changes in mitochondrial ROS 
production and subsequent oxidative damage

J Staples, Hibernation Expert



2. 
every reoxygenation after tissue 

ischemia leads to injury



significant clinical consequences of ischemia reperfusion injury in 
various solid organ transplantation

Murphy M et al, Trends in Molecular Medicine 2020



advantage of ex situ reperfusion on machines 

▪ less mito injury during hypothermic oxygenation (temperature effect)

▪ less reperfusion injury by asanguineous perfusates (absence of leukocytes)

▪ ex situ reperfusion  -> no systemic DAMP release



3. 
ex situ perfusion causes 

ʺreperfusion light ʺ



Succinate ATPComplex I, II, IV,... activity

HOPE “repairs” mitochondria before transplantation

Schlegel et al, EBioMedicine – The Lancet 2020
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significant downregulation by HOPE treatment

mitochondrial reprogramming by HOPE



4. 
liver grafts are exposed to 

metabolic treatment by HOPE



Succ Succ Succ

FMN

560 nm

FMN fluometry

implant

discard

mitochondrial injury allows assessment

Muller X et al, Ann Surg 2019Schlegel et al, EBioMedicine – The Lancet 2020

mt DNA
cyt c
DAMP
NLRP3
ATP

? flavoprotein



Implanted, fluorometry, n=282

Implanted, fluorometry and 

mass spectrometry, n=153

Discarded, fluorometry, n=28

Discarded, fluorometry and 

mass spectrometry, n=10

n=435

n=38

Total = 473

international validation



international validation
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69y, fDWIT 34min
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40% macro-
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mitochondrial injury on a continuous scale 

Eden et al, EBioMedicine – The Lancet 2023
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discard

proof for bad quality of discarded livers …



proof for bad quality of discarded livers …



5. 
ex situ perfusion causes 

mitochondrial injury which 
enables us to assess organ 

viability



Eden et al, EBioMedicine – The Lancet 2023

real time 
viability 

assessment



conclusions

HOPE repairs metabolically liver grafts before 
implantation

liver assessment during HOPE is easy and reliable 

comparative RCTs between different machine 
perfusion strategies or combinations are needed



thank you
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