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• Weissenbacher et al., Transplant Int 2019, 32: 586-597
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OXYGENATED HMP VS SCS IN DCD KIDNEY TX

• Jochmans I, Brat A, Davis L, et al. Oxygenated versus standard cold perfusion preservation in kidney transplantation (COMPARE): a randomised , double-blind, paired, phase-3 trial. Lancet 2020;396:1653-1662.
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OXYGENATED END-HYPOTHERMIC KIDNEY PERFUSION

• Husen P, Boffa C, Jochmans I, et al. Oxygenated end-hypothermic machine perfusion in expanded criteria donor kidney transplant: a randomized clinical trial. JAMA Surg 2021
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BUBBLE SURFACE OXYGENATION IN DCD KIDNEY HMP

• Darius T, Devresse A, Buemi A, Kanaan N, De Meyer M, Mourad M. First kidneys transplanted in man after brief bubble and subsequent surface oxygenation as alternative for membrane oxygenation during hypothermic machine perfusion. Artif Organs. 2022; 
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HYPOTHERMIA 34-35℃ OR HMP IN DBD?

• Malinoski D, Saunders C, Swain S, Groat T, Wood PR, Reese J, et al. Hypothermia or Machine Perfusion in Kidney Donors. N Engl J Med. 2023;388:418–26. 

Delayed graft function occurred in 109 patients (30%) in the hypothermia group,
in 99 patients (19%) in the machine-perfusion group, and in 103 patients (22%) in 

the combination-therapy group.
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CLINICAL USE OF COR – A PILOT STUDY

• Zlatev H, von Horn C, Kaths M, Paul A, Minor T. Clinical use of controlled oxygenated rewarming of kidney grafts prior to transplantation by ex vivo machine perfusion. A pilot study.             
Eur J clin Invest 2022;52:e13691. 
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MRI ASSESSMENT OF RENAL FLOW DISTRIBUTION

• Schutter R et al. Magnetic resonance imaging assessment of renal flow distribution patterns during ex vivo normothermic machine perfusion in porcine and human kidneys. Transplant Int 2021; 34:1643-1655 
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Courtesy of Prof M Nicholson & Dr S Hosgood, University of Cambridge
MacMillan S, Hosgood SA, Nicholson ML. Enzymatic blood group 
conversion of human kidneys during ex vivo normothermic machine 
perfusion. Br J Surg. 2023;110:133–7. 



Department of Visceral, Transplant und Thoracic Surgery | Daniel Swarovski Research Laboratory

URINE RECIRCULATION FOR LONG TERM NMP

• Weissenbacher A, Lo Faro L, Boubriak O, et al. Twenty-four-hour normothermic perfusion of discarded human kidneys with urine recirculation. Am J Transplant. 2019;19:178-192. 

• Weissenbacher A, Voyce D, Ceresa CDL, et al. Urine recirculation improves hemodynamics and enhances function in normothermic kidney perfusion. Transplant Direct. 2020;6:e541.



Department of Visceral, Transplant und Thoracic Surgery | Daniel Swarovski Research Laboratory

URINE RECIRCULATION ENABLES 24 HOURS NMP

• Weissenbacher A, Lo Faro L, Boubriak O, et al. Twenty-four-hour normothermic perfusion of discarded human kidneys with urine recirculation. Am J Transplant. 2019;19:178-192. 

• Weissenbacher A, Voyce D, Ceresa CDL, et al. Urine recirculation improves hemodynamics and enhances function in normothermic kidney perfusion. Transplant Direct. 2020;6:e541.
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OXFORD KIDNEY NMP – PHASE I CLINICAL TRIAL

• BTS NHSBT Joint Congress 2023 [Internet]. British Transplantation Society. Available from: https://bts.org.uk/events-meetings/bts-nhsbt-joint-congress-2023/
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OXFORD KIDNEY NMP – PHASE I CLINICAL TRIAL

• BTS NHSBT Joint Congress 2023 [Internet]. British Transplantation Society. Available from: https://bts.org.uk/events-meetings/bts-nhsbt-joint-congress-2023/

• NKP1 is single centre trial investigating the safety and feasibility of 
prolonged duration NMP-K following SCS, using an automated mobile 
system (OrganOx, UK) designed for 24-hour perfusion

• Transplant data of 31/36 target NMP-transplants available

• Min NMP time with URC 2h11min, max NMP time with URC 23h22min

• Total preservation time (CIT+NMP) was 9h45min to 37h19min

• 25 patients reached 30-day follow-up with 100% dialysis independence

• No adverse events to the NMP technique

• Early graft function comparable to a control cohort matched on CIT
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DYNAMIC LIVER PRESERVATION – A CLINICAL REALITY

• Prospective randomized trials available for 
hypothermic and normothermic liver NMP

• Clinically used at several (all Austrian) Tx institutions

• Liver NMP officially commissioned in the UK
• Clinical governance, shared decision making 

• NMP at all UK liver Tx centres

• Uncertain status of legislation in regards to HMP/HOPE

• Nasralla D et al. A randomized trial of normothermic preservation in liver transplantation. Nature 2018;557:50-56.

• Van Rijn R et al. Hypothermic machine perfusion in liver transplantation – a randomized trial. N Engl J Med 2021;384:1391-1401.
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• Nasralla et al. A randomized trial of normothermic preservation in liver transplantation. Nature 2018;557:50-56. 

RCT I

• 50% lower level of graft injury, ↓ peak AST
• 50% lower rate of organ discard
• 54% longer mean preservation time   
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• Van Rijn R et al. Hypothermic machine perfusion in liver transplantation – a randomized trial. N Engl J Med 2021;384:1391-1401.

RCT II
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• Van Rijn R et al. Hypothermic machine perfusion in liver transplantation – a randomized trial. N Engl J Med 2021;384:1391-1401.
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RCT III
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RCT IV

• Schlegel A, Mueller M, Muller X, Eden J, Panconesi R, von Felten S, et al. A multicenter randomized-controlled trial of hypothermic oxygenated perfusion (HOPE) for human liver grafts before transplantation. J Hepatol. 2023;78:783–93. 
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NAPLES STUDY – NMP FOR LIVER RETX

• Hann A, Lembach H, Nutu A, Dassanayake B, Tillakaratne S, McKay SC, et al. Outcomes of normothermic machine perfusion of liver grafts in repeat liver transplantation (NAPLES initiative). Br J Surg. 2022;109:372–80. 
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CONTROLLED OXYGENATED REWARMING – LIVER TX

• Minor T, von Horn C, Zlatev H, Saner F, Grawe M, Lüer B, et al. Controlled oxygenated rewarming as novel end-ischemic therapy for cold stored liver grafts. A randomized controlled trial. Clin Transl Sci. 2022;15:2918–27.
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• EAD was more likely in livers with lower perfusate pH

• Number of platelets in perfusate correlated with CIT and indicative for 
occurrence of EAD

• vWF antigen was significantly higher in perfusates of EAD livers

• Perfusate transaminases, AP and LDH correlated with MEAF score

• Perfusate parameters measured at hour 6 after NMP start equivalent to 
overall analyses 

• CIT </>6 hours, NMP </> 12 hours and overall preservation </> 18 hours 
did not impact postoperative liver function

PREDICTIVE MARKERS FOR EAD DURING NMP

• Weissenbacher et al. Perfusate enzymes and platelets indicate early allograft dysfunction after transplantation of normothermically preserved livers. Transplantation 2021 
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INTERLEUKIN-6 AND REPERFUSION SYNDROME

• Angelico R, Perera MTPR, Ravikumar R, et al. Normothermic machine perfusion of deceased donor liver grafts is associated with improved postreperfusion hemodynamics. Transplant Direct 2016;2:e97
• Weissenbacher A, Mathis S, et al, unpublished

• Clinical observation

• Hypothesis: IL6 in perfusates of livers resulting in reperfusion syndrome 
is higher

• 77 transplanted NMP livers investigated

• 15 DCD, median donor age 61; median recipient age 60

• Median CIT 6.2 hrs, NMP 17.6 hrs, overall 23.6 hrs

• Median (IQR) IL6 in perfusate 52 (175), 278 (674) and 174 (2171) ng/L

• CIT and NMP time do not correlate with perfusate IL6

• IL6 does not correlate with occurrence of EAD



Department of Visceral, Transplant und Thoracic Surgery | Daniel Swarovski Research Laboratory

INTERLEUKIN-6 UND REPERFUSION SYNDROME

• Weissenbacher  A, Mathis S et al, unpublished

NMP liver recipients with perfusate-IL6 higher than median IL6, have 
significant lower MAP (20% decrease from baseline) despite significant 

higher catecholamine dosage (25% increase from baseline) up to 30 
minutes post reperfusion
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PLUS – PERFUSED LIVER UTILISATION STUDY

• Utilisation of normothermic machine preservation in extended criteria livers - a 
national threshold-crossing study

• To assess whether normothermic machine preservation (NMP) can increase the 
availability of livers for transplantation without compromising the outcome

• The primary endpoint will be the proportion of organs transplanted with 
function at 12 months

• To provide the evidence needed to determine whether NMP should be adopted 
for routine use, and help to inform the pricing model and adoption strategy 
required to make this possible

• NIHR funded; June 2020 – December 2023
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DEFATTING DONOR LIVERS DURING NMP

• Defatting during NMP will allow more steatotic livers to be transplanted with 
improved outcomes

• Randomly assign 60 livers from donors with a high-risk of hepatic steatosis to 
either NMP alone or NMP with defatting interventions

• Primary endpoint will be the proportion of livers that achieve predefined 
functional criteria during perfusion and indicate potential suitability for Tx 

• First study to deliver an ex-situ intervention during NMP with subsequent Tx

• If intervention proves effective, safe transplantation of livers that are currently 
very likely to be discarded

• NIHR funded; April 2021 – April 2024
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CONCLUSIONS

• Ex situ preservation feasible + safe

• Viability assessment is on the horizon
• More sensitive perfusate markers are required

• Prediction of IRI currently imperfect

• Data published stop short of transplant survival-based studies
• Crucial before progressing further with NMP?
• Impossible? Too late?

• Short term vs long term- what are the real-world challenges?
• Technical tour de force or real clinical advance
• Organ repair and reconditioning

• Transportable devices are needed – issues of usability



Thank you for listening

Do not hesitate to contact us:

Dpt. of Visceral, Transplant and Thoracic Surgery
Center of Operative Medicine, Medical University of Innsbruck
Anichstraße 35, 6020 Innsbruck, Austria | t +43-512-504-22600
http://www.chirurgie-innsbruck.at  | chirurgie@i-med.ac.at
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