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• Population is becoming older, more obese and more co-

morbid 

 

• Donor population is becoming older, more obese and more 

co-morbid 

 

• Quality of organs is deteriorating 

 

  

 

 

 

The problem: 





Current practice: cold static storage 

 

• Collins & Terasaki (Lancet, 1969): kidney preservation for 30 

hours 

 

• Based on suppression of metabolism and catabolic enzymes 
by hypothermia (10-12% @ 4°C) 

 

• Reduce formation of ROS, cell swelling and acidosis through 

manipulation of preservation solution 

• Scavengers / impermeants-colloids / buffers 

 

 

 



Maathuis et al, Transplantation 2007 



Cold static storage: liver 

10-12 hours cold ischemia time 



Alternatives? 



Weeder et al, J Hepatol 2015 

Spectrum of machine perfusion 



Hypothermic machine perfusion: liver 

 

• 0-10 °C temperature 

• Acellular perfusion fluid at low pressures 

• Uptake of oxygen through diffusion – oxygen carrier not 

required 

• Safe 

 

• Not able to assess function 

• Not physiologic 

 

 

 Weeder et al, J Hepatol 2015 



Hypothermic machine perfusion: liver 

 

• Case controlled study of 20 pts 

• Lower rate of early allograft dysfunction 

• Better kidney function 

• Shorter hospital LoS 

 

• No active oxygenation 

• Duration of perfusion not standardized 

 

 

 

 

 
Graham and Guarrera, J Hepatol 2014 



Hypothermic machine perfusion: liver 

Graham and Guarrera, J Hepatol 2014 



Hypothermic machine perfusion: liver 

Graham and Guarrera, J Hepatol 2014 



Hypothermic machine perfusion: liver 

 

• Comparison of 8 DCD livers with machine perfusion to NDD 

cold static storage 

 

• ‘Extended’ DCD 

• Oxygenated 

• PV only 

 

 

 

 

Dutkowski et al, J Hepatol 2014 



Hypothermic machine perfusion: liver 

Dutkowski et al, J Hepatol 2014 



Hypothermic machine perfusion: liver 

Dutkowski et al, J Hepatol 2015 



Hypothermic machine perfusion: liver 

Not inferior to CSS 

 

 

Perhaps some benefits related to bile duct 

preservation 



Normothermic machine perfusion: liver 

 

• Physiological temperatures & metabolism 

• Requires an oxygen carrier 

 

• Functional assessment 

• Vulnerable to failure 

 

 

 

 

 
Weeder et al, J Hepatol 2015 



Normothermic machine perfusion: liver 

 

• Clinical trials 

• Phase I safety and feasibility using OrganOx system (20 transplanted 

livers UK) 

• Multi-centre randomised controlled trials in Europe, USA and Canada 

comparing OrganOx to CSS 

 

 

 

 

 



Normothermic machine perfusion: liver 

Selzner lab UoT 



Normothermic machine perfusion: liver 



Normothermic machine perfusion: liver 

 

Liver can be kept ‘alive’ 

for 24 hours… 

 

 

 

 

 



Normothermic machine perfusion: liver 

Appears superior to CSS 

 

Allows for longer ‘preservation’ of liver 

 

Safety still not guaranteed.. 



What’s next..? 

 

• Assess 

 

• Repair 

 

• Improve 

 

 

 

 





In vitro and in vivo models of ischemia / reperfusion injury 

 

 

Assess: biomarkers 



IR Sham 

Cell membrane Cell nucleus 

IR injury causes mtDAMPs release 



Porcine SNEVLP perfusate 



Repair: defatting the fatty liver 

Jamieson et al, Transplantation 2011 



Defatting the fatty liver 

 

4 hours of subnormothermic 

oxygenated perfusion 

 

Normal rat livers versus fatty 

rat livers 

 

 

 

 

 

 



Defatting the fatty liver 

A B 

C D 

Normothermic Wister Defatted Wistar 

Normothermic Zucker Defatted Zucker 



Protect: from ischemia/reperfusion injury 



Protection from ischemia/reperfusion injury 
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Summary 

 

• Dogmas are being challenged 

 

• New technologies have been developed and are in testing 

phases 

 

• Not clear what technology has most potential 

 

• Shifting from ‘preservation’ to ‘assessment, repair and 

improvement’ 

  

 

 



Other innovations.. 

 

• Pre-donation 

 

• Stem cell technologies/tissue 

    engineering 

 

• Expanding indications 

 

• New drugs? 
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