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Evolution of organ preservation – where do we stand with hypothermic oxygenated machine  
perfusion (HOPE)    Rutger Ploeg 

While Static Cold Storage (SCS) remains a good solution when 
conditions are optimal, the increased use of older and higher 
risk donor organs including more organ donation after 
circulatory death (DCD) donors call for a different strategy and 
the aid of machine perfusion.  This strategy may come in many 
forms: hypothermic, sub-normothermic, normothermic, 
continuous from donor to recipient or only end ischaemic, 
oxygenated or non-oxygenated…   

While oxygen is clearly vital in normothermic perfusion, where 
metabolism is required, the question to be considered is 
whether oxygen is helpful during hypothermic perfusion, when 
metabolic rate is low and oxygen demand might be reduced. 

A fair number of studies will help identify what sort of 
perfusion is best for different organ conditions and donor-
recipient situations. To evaluate the role of oxygenation during 
hypothermic preservation in kidneys – either continuous or just 
at the very end immediately prior to implantation – the 
Consortium for Organ Preservation in Europe (COPE) has 
completed two trials (COMPARE, POMP) with data currently 
being analysed. At the same time two other international 
multicentre, studies are under way to identify this role in liver 
transplantation (HOPE, D-HOPE) that will give guidance on the 
benefit or not  of oxygen during hypothermic perfusion.  

Since the appearance of the first papers on oxygenation and 

The role of oxygen in hypothermic machine perfusion     
Philipp Dutkowski 

Normothermic reperfusion after ischemia leads to injury in 
organs, defined as reperfusion injury. Paradoxically therefore, 
while ischemic cells need oxygen to survive, restoration of 
blood flow can cause damage.  

The mechanism behind has been recently discovered, and 
relates mainly to release of mitochondrial derived reactive 
oxygen species (ROS) during the first minutes of normothermic 
reperfusion.  

In contrast, oxygenation of the mitochondrial electron chain of 
ischemic cells under hypothermic conditions, e.g. hypothermic 
oxygenated perfusion (HOPE), fails to provoke relevant ROS 
release.  

preservation, a lot of research has been carried out to better 
understand the science behind this processes involving 
oxidative phorphorylation, energy metabolism and 
mitochondria. The Zurich group has been leading this research 
and in his presentation Dr Dutkowski has shared the current 
understanding of the role of oxygen in hypothermic 
oxygenated perfusion. 

If hypothermic oxygenated perfusion appears to be of benefit, 
reducing injury and allowing a more rapid repair of the donor 
organ, this preservation method may be perceived as easier 
and less costly than normothermic perfusion, using simpler 
devices. In this context, Dr Ravaioli from Bologna has presented 
his first clinical study on liver and kidney using a new, relatively 
simple, hypothermic oxygenated perfusion machine, which is 
an exciting development for those organs that require some 
help but do not need repair and viability testing. 

In the past years it has become obvious that success in organ 
transplantation starts in the donor. Better assessment of donor 
organ quality and insight in organ injury and repair are a must 
to transplant more organs without compromising the excellent 
results in clinical transplantation. The current challenge is to 
decide when to use which strategy or combination of 
preservation methods while it appears that oxygenated 
hypothermic preservation is there to stay. 
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The Sant’Orsola-Malpighi University Hospital of Bologna 
performed the first Italian interventional clinical trial on 
hypothermic oxygenated machine perfusion (HOPE) in liver and 
kidney transplantation of extended-criteria braindead donors 
(ECD-DBD). 

The results of the study suggest that the newly developed 
hypothermic oxygenated pump used in this clinical trial is 
effective and safe in both liver and kidney perfusion.  

While kidneys showed a trend towards clinical improvement 
without reaching clear clinical significance, in livers the 
improvements in clinical outcomes were significant. 
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In addition, mitochondrial respiration switches from anaerobe 
to aerobe metabolism during HOPE, providing significant 
upload of cellular adenine nucleotides.   

Treatment by HOPE results therefore in an elimination of pro-
ROS conditions and protects consecutively cells from further 
reperfusion injury upon implantation. This effect is similar for 
DCD and steatotic livers, and also for DCD kidneys.  

Due to less down-stream signalling, HOPE is also effective 
against activation of immune response pathways.  These 
results strongly depend on the presence of oxygen and 
mitochondrial activity, as cold perfusion with deoxygenated 
solutions is not protective. 

5 Winning Points 

• HOPE to restore ATP of the 
ECD grafts 

• easy perfusion 
• safe 

• remove waste substances 
during back table 

• do not increase CIT 
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