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Organ perfusion: cold or hot ?



Metabolic graft rate and cost

Hamar M, Selzner M Curr Opin Organ Transplant. 2018 Jun;23(3):369-374 
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Nasralla D, Coussios CC, Mergental H, et al.

A randomized trial of normothermic preservation in
liver transplantation.

Nature. 2018; 557:50-56





Hypothermic oxygenated



Hypothermic Machine Perfusion or Cold Storage
in Deceased-Donor Liver Transplantation



Hypothermic Oxygenated Perfusion



Ex vivo Organ Perfusion Technique
Differences

Advantages Disadvantages
Hypothermic Machine Perfusion▪ Simple

▪ Graft improvement
▪ Simultaneous use of 

therapeutic agents

▪ Partial organ assessment 
(Flow, resistance, lactate)

Hypothermic Oxygenated 
Perfusion

▪ Simple
▪ Graft improvement
▪ Simultaneous use of 

therapeutic agents

▪ Partial organ assessment 
(Flow, resistance, lactate, 
oxygen consumption)

Normothermic Machine 
Perfusion

▪ Organ viability assessment
▪ Graft improvement
▪ Organ recovery
▪ Simultaneous use of 

therapeutic agents

▪ Complex
▪ Harmful (if machine 

perfusion failure)



Side events and perfusion

Ten donor liver grafts were procured, four (40%) from donation 
after circulatory death (DCD), of which nine were transplanted. 
One liver did not proceed because of a technical failure with 

portal cannulation and was discarded



Applications

1) Check graft quality and function (selection)?

2) Improve graft early and long term (treatment)?
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Protocol of a randomised controlled, open-label trial of ex vivo
normothermic perfusion versus static cold storage in donation
after circulatory death renal transplantation

Figure 1: Trial design

Hosgood SA et al. Protocol of a randomised controlled, open-label trial of ex vivo normothermic 
perfusion versus static cold storage in donation after circulatory death renal transplantation. BMJ Open. 
2017 Jan 23;7(1):e012237. 



Ann Surg. 2019 Nov;270(5):906-914. 

Transplantation of High-risk Donor Livers After Ex Situ Resuscitation and Assessment Using Combined Hypo-

and Normothermic Machine Perfusion: A Prospective Clinical Trial.
van Leeuwen OB1, de Vries Y1, Fujiyoshi M1, Nijsten MWN2, Ubbink R3, Pelgrim GJ3, Werner MJM1, Reyntjens KMEM4, van den Berg AP5, de Boer MT1, de Kleine RHJ1, Lisman T6, de Meijer 

VE1, Porte RJ1. Department of Surgery, Section of HPB Surgery & Liver Transplantation, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands.

During the first 2.5 hours of NMP, hepatobiliary viability was assessed, using predefined criteria: 

perfusate lactate <1.7 mmol/L,

pH 7.35 to 7.45, bile production >10 mL, and bile pH >7.45
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Ann Surg. 2019 Nov;270(5):783-790. 

Novel Real-time Prediction of Liver Graft Function During Hypothermic Oxygenated 

Machine Perfusion Before Liver Transplantation.

Muller X1, Schlegel A1, Kron P1, Eshmuminov D1, Würdinger M1, Meierhofer D2, Clavien PA1, Dutkowski P1. Department of Surgery and Transplantation, University Hospital Zurich, 

Switzerland.

54 livers during HOPE: fluorometric analysis of released mitochondrial flavin (flavin mononucleotide, FMN) in the machine 

perfusate.

mitochondrial FMN release in machine perfusates of livers strong correlation with lactate clearance and coagulation factors after transplantation 

AUROC of 0.79 [95% confidence interval (CI), 0.62-0.97] for severe allograft dysfunction and for early graft loss (AUROC 0.93, 95% CI, 0.84-1.0).

CONCLUSIONS:

Assessment of flavin, a marker of mitochondrial complex I injury, in the perfusate provides a fast prediction of liver graft function and loss during ex 

situ MP before implantation. 
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Continuous or endischemic NMP after 
ischemia triggers an inflammatory 

cascade, mostly related to 
mitochondrial derived reactive oxygen 

species. 

In contrast, hypothermic perfusion 
techniques mitigate oxidative stress 

despite high availability of oxygen in 
the cold, probably owing to changes in 

mitochondrial electron transfer

Gastroenterology 2019 ; 156:1542-1547



Applications

1) Check graft quality and function (selection)?

2) Improve graft early and long term (treatment)?



Schlegel A, Muller X, Kalisvaart M, et al. Outcomes of DCD liver transplantation using organs treated by hypothermic 
oxygenated perfusion before implantation. Journal of Hepatology

Hypothermic 
Oxygenated 
Perfusion



Nasralla D, Coussios CC, Mergental H, et al.

A randomized trial of normothermic preservation in
liver transplantation.

Nature. 2018; 557:50-56.

Trial outcomes

NMP (n = 170) SCS (n=160)

Peak AST

DBD 562.2 (427.3-647.9) 880.2 (708.5-1093.5)

Secondary outcomes

PNF 1 (0.8%) 0 (0%)

EAD 12 (10.1%) 29 (29.9%)



Improve graft early and long term?



No studies  on NMP,  ongoing study

HMP reduces the risk of DGF in kidneys from DCD donors, as well 
as kidneys from DBD donors 
To prevent one episode of DGF 7 KT DCD and 14 KTD BD

Studies performed in the last decade all used the LifePort (no 
Oxygen)

The effect of HMP on other outcomes (incidence of acute rejection, 
patient survival, hospital stay, long-term graft function, duration of 
DGF) remains uncertain

All randomised controlled trials (RCTs) and quasi-RCTs comparing HMP/NMP 
versus SCS for deceased donor kidney transplantation



Hypothermic perfusion
Improved DGF for DCD and DBD

DCD

DBD



Hypothermic perfusion and CIT < or >24 hours 
Different effect on DGF

CIT > 24 hs
P<0.05

CIT< 24 hs
P=n.s.



In 2012 French Transplant Health 
Authority recommended HMP in 

ECD-DBD
Multivariate analysis of DGF occurrence 

(logistic regression)



Decreasing CIT is a priority in the 
new French national transplant 

plan (2017‐2021); 

the objective is 15 hours in 2018 for 
DBD kidney transplants and

below 12 hours for DCD with HMP



Report CNT 

2000-2015

38% KTs > 15 

CIT hs

?



Pre -transplant in situ kidney biopsy to reduce 
cold ischemia time and improve transplant 

outcome: a single center retrospective analysis





HYPOTHERMIC OXYGENATED PERFUSION 
WITHOUT  INCREASING CIT: POSSIBLE ?

Following surgical back-table procedure, standard HOPE 
continues until the transplant



HOPE SCS p value

Graft dysfunction 
(EAD and DGF)

9.5 % 33 % 0.05

Primary non-
function 

L- 0%
K-0%

L-3.3%
K- 0%

Aspartate 
aminotransferase 
levels at 7 days

L- 344 (166-1032) 
U/L 

L- 637 (124-2001) 
U/L 

0.007

Aspartate 
aminotransferase 
levels at 30 days

L- 19.30±12.47
U/L

L- 31.82±22.76
U/L

0.026

Grafts survival at 
30 days 

L- 100%
K- 100%

L- 93.4% 
K- 96.4%

First Italian 
Interventional Clinical 

Trial 
ID: NCT03031067 

Principal Results 



Conclusions: objective machine perfusion 

1) Check graft quality and function (selection)

2) Improve graft early and long term (treatment)

Do not forget the other strategies: biopsy selection, low

CIT…
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