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hypothermic oxygenated perfusion endischemic

HOPE.
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= portal vein +/- hepatic
artery

= after cold storage
" short

= low flow (150-300ml/min)

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



1998
experimental HOPE

DUTKOWSKI ET AL.: OSCILLATING LIVER PERFUSION STIMULATES ATP SYNTHESIS

JOURNAL OF SURGICAL RESEARCH 80, 365-372 (1998)
ARTICLE NO. JR985491

Hypothermic Oscillating Liver Perfusion Stimulates ATP Synthesis
prior to Transplantation

inflow (v. portae)
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Submitted for publication April 17, 1998
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8 DCD livers on HOPE
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HOPE for human liver grafts obtained from donors after
cardiac death
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6 RCTs on HOPE in the last 3 years ...
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HOPE in liver transplantation
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Future Perspectives

Canine kidneys preserved
O wptoshreand RCTs, comparative studies with
plant, 80 % different perfusion techniques

Validation of mitochondrial

1988-1990

UW and HTK

solution for SCS

Canine lungs preserved for
24hrs (4°C) with hyperbaric
oxygen (2atm) and
autotransplant into the donor

preservation solution
become available and
replace Euro-Colins

viability assessment
The first clinically available First clinical Firsft' !fime :jeal time as:'e;sm oz’ “l:el'
application HMP in graft function measuring m| ndr First RCT on D-HOPE | .
HM:-.: ;:;cteh:s’::nt:‘mmm pplhuman livers flavin mononucleotide (FMN) during HOPE hum:: livers " Test future ther apeutic
transplant with HMP JV Guarrera et al, 2019 (X. Muller), 2020 (A. Schiegel) et al. R. van Rijn et al. interventions
Static cold storage becomes Hypothermic Machine liver perfusion 2019 2020 2021
standard preservation

2002

First uncontrolled DCD liver
transplantation after NRP
C. Fondevila et al.

2018

First RCT of NMP in
liver transplantation
Nasralla et al.

First clinical cases of viability
assessement of declined liver using
normothermic ex vivo and lactate
clearance as key parameter
correlated with bile flow

H. Mergental et al.

Biliary and perfusate
chemistry analysis used to
predict biliary complications
C.J.E. Watson et al.

First liver transplantation
in human after NMP
H. Mergental et al.
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Houston, we still have a problem.



frequent claims ...

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

J.H. Southard, 1997



ischemia in organ transplant
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1.

all ex situ perfusion strategies
come late except of an ischemia
free perfusion approach (IFOT)




key event during ischemia
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... and in all organs
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ischemia — reperfusion triggers mitochondrial injury

Succinate +

Fumarate
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consequences of ischemia

NOrmoxia > ischemia > |schem|§/
reperfusion

acute overflow when
open gate
= mito Injury

ATP

VAV AV AV AV .

no oxygen
gate closed




ischemia /reperfusion
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Murphy et al, Trends in Molecular Medicine 2020
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surgery interventions
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hibernators
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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.

Staples et al, Physiology 2022



hibernation organ preservation
first metabolism shut down first temperature decrease
afterwards temperature decrease afterwards metabolism shut down
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key event is mitochondrial activity during early reperfusion

donor metabolic state
normothermic oxygenation
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key mechanism
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Restoring Mitochondrial Function While Avoiding
Redox Stress: The Key to Preventing
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Liver Grafts?
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rapid changes in tissue metabolism related to
ischemia...

followed by reperfusion

cause large changes in mitochondrial ROS
oroduction 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

Heart

Lung

Pancreas

Liver

Kidney

Intestine

Median cold ischemia time in UK dinical =~ Manifestations of IR injury

practice (min)

(UK registry data 2014-2019)
median (inter-quartile range)®
90" centile

Median: 201 (158-262)
90" centile: 348 min

Median: 315 (256-387)
90" centile: 488 min

Median: 631 (550-721)
90" centile: 815 min

Median: 491 (400-598)
90" centile: 713 min

Median: 787 (616-992)
90" centile: 1211 min

Median: 334 (286-402)
90" centile: 515 min

Acute

Increased 30-day mortality Increased mortality (1, 5 and 15 years) [107]
Increased incidence of transplant coronary

Early graft dysfunction artery disease [10§]
Chronic allograft vasculopathy [107]

Increased 30-day mortality Bronchiolitis obliterans

Primary graft dysfunction

Airway complication (bronchial stenosis and malafia)

[109]

Graft pancreatitis

Graft loss

Increased 30-day mortality Increased cholangiopathy

Early allograft dysfunction Worse long-term graft and recipient survival

Increased incidence of nonanastomotic biliary
strictures [101,110,111]

Delayed graft function orse long-term graft and recipient survival
Primary nonfunction [112] 2,113]
Graft failure

Increased incidence of rejection

Murphy M et al, Trends in Molecular Medicine 2020



advantage of ex situ reperfusion on machines

" |ess mito injury during hypothermic oxygenation (temperature effect)
" |ess reperfusion injury by asanguineous perfusates (absence of leukocytes)

" ex situ reperfusion -> no systemic DAMP release



3.
ex situ perfusion causes
"reperfusion light “



HOPE “repairs” mitochondria before transplantation
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mitochondrial reprogramming by HOPE
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4.
liver grafts are exposed to
metabolic treatment by HOPE



mitochondrial injury allows assessment

mt DNA |
cytc
DAMP =9 flavoprotein
NLRP3
ATP
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Schlegel et al, EBioMedicine — The Lancet 2020  Muller X et al, Ann Surg 2019



international validation

Implanted, fluorometry, n=282

Implanted, fluorometry and n=435
mass spectrometry, n=153

Discarded, fluorometry, n=28

Discarded, fluorometry and n=38
mass spectrometry, n=10

Total =473
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mitochondrial injury on a continuous scale

FMN fluorescence in HOPE perfusates
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Eden et al, EBioMedicine — The Lancet 2023

Histological assessment after HOPE

DCD 15.08.2022
69y, fDWIT 34min

DCD 15.04.2022
77y, fDWIT 17min

DBD 28.07.2022
40% macro-
steatosis

inflammation

DCD 07.06.2022
79y, fDWIT 47min

DCD 09.04.2022
43y, fDWIT 55min

necrosis oxidative stress  Kupffer cell activation
HE OHdG CD68



proof for bad quality of discarded livers ...

A liver graft assessment during 1h HOPE B cannulation
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proof for bad quality of discarded livers ...

63D healthy Controm/ DCD diSl,a[rded \( DCD implanted

NDUFS-1 positive
tissue Before HOPE End of HOPE Before HOPE End of HOPE

NFkB-positive tissue
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5.
ex situ perfusion causes
mitochondrial injury which
enables us to assess organ
viability




Liver graft quality check before use -

real time
o, 1 Tom T viability
a0 A assessment

Eden et al, EBioMedicine — The Lancet 2023 implant discard



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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