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Executive summary 
 
 
 
Context 
 
• In recent years there has been a significant increase in organ donation 

following the implementation of the Organ Donation Taskforce 
Recommendations. 
 

• There is a significant change in the demographics of the donor population, 
with an increase in donor age and associated comorbidity leading to an 
increased proportion of extended criteria donors. 

 
• The current challenges for transplantation include the donor organ shortage, 

an increased number of DCD donors and poorer quality organs. 
 

• The current preservation and perfusion methods are inadequate to allow an 
expansion of organ recovery and utilisation rates 
 

• National and international evidence demonstrates that novel preservation and 
perfusion technologies may result in more organs being transplanted and offer 
the opportunity to manipulate the organs to improve outcomes 
 

• Novel technologies are available for organ retrieval in the donor, for 
preservation and transport and reconditioning at the transplant centre. 
 

• The implementation of novel technologies will be organ specific and will 
depend on the type and quality of the donated organ. 

 
 
 
 
Considerations 
 
• Several models for implementation are envisaged, depending on the impact 

on organ recovery and organ quality, the expertise available and the scale of 
investment. 
 

• Based on the current predicted costs, there will be a significant variation in the 
gain/benefit ratio for each technology. This may be offset in the long term by 
an increased organ recovery, modulation of organ donor quality and ultimately 
higher transplantation rates. 
 

• Some technologies will have an impact at NORS teams level (NRP and all 
preservation technologies) whilst some will require changes at the transplant 
centre level (all perfusion technologies). 
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Recommendations 
 
• Based on the current available evidence, at present no technology can be 

recommended for a national scale implementation. 
 

• Several potential technologies that could be combined along the 
transplantation pathway have been identified. These should be considered for 
further evaluation and a step-wise implementation. 

 
• Further service evaluation and clinical trials are required to provide additional 

clinical and cost-effectiveness data. 
 
• NTOT suggests that NHSBT should support further service evaluation of the 

technologies currently not undergoing clinical trials, to ensure a 
comprehensive review. 

 
• Changes in the NORS system (logistics and personnel) and financial planning 

should be considered in the next three years to accommodate the likely 
changes in preservation and perfusion technologies. 

 
• There is a need for a designated transplant practitioner role in the retrieval 

team responsible for preservation and perfusion technologies. 
 
• There is a need for a revision of current terminology to better define the 

intervention and the target organ. 
 
• NTOT should organise a one day symposium in 2015 to review progress with 

the current clinical trials and service evaluations and propose a revised 
terminology. 

 
• NTOT should reconvene as a short term working party in three years to 

evaluate the additional data and make formal recommendations for 2020. 
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Background 
 
Donor rates and organ recovery rates 
 
In recent years there has been a significant increase in organ donation following the 
implementation of the Organ Donation Taskforce Recommendations. Most of the 
increase was seen in donation after circulatory death (DCD) although a smaller 
increase in donation after brain death (DBD) was also noted. 

Source: Transplant activity in the UK, 2013-2014, NHS Blood and Transplant

 
 
Despite that, there remains a significant discrepancy between the number of organs 
available for transplantation and the number of patients joining the transplant waiting 
list. 

Source: Transplant activity in the UK, 2013-2014, NHS Blood and Transplant

 
 
As a consequence between 2% and 16% of the patients who have been on the 
waiting list for 1 year, have died whilst waiting for a transplant. In addition between 
2% and 11% of the patients listed have been removed from the waiting list due to a 
change in their clinical condition.  
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There is a significant difference between the number of organs recovered from DCD 
and DBD donors (2.5 organs per donor versus 3.9 organs per donor). 

 
 
Furthermore the number of organs transplanted is significantly lower particularly for 
liver, pancreas and lung transplantation.  
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Donation and transplantation rates of organs from DBD organ donors in the UK, 

1 April 2012 – 31 March 2013 

1 Hearts – in addition to age criteria, donors who died due to myocardial infarction are excluded
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Changes in donor demographics 
 
The demographics of the potential donor population are changing, with an increase 
in the number of older donors. Currently 37% of the deceased donors are aged 60 or 
more compared with 18% a decade ago. Given the increased comorbidity associated 
with the older age, the number of organs recovered from these donors is significantly 
lower compared with younger age groups.  
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A similar trend was seen with regards to the body mass index and nearly one quarter 
of the deceased donor population has a BMI in excess of 30. 
 

Source: Transplant activity in the UK, 2013-2014, NHS Blood and Transplant

 
 
 
Taking organ transplantation to 2020 – the challenges 
 
The UK strategy Taking Organ Transplantation to 2020 was developed with wide 
consultation and jointly published by the four UK Health Departments and NHSBT in 
July 2013. The strategy aims to increase organ donation and transplantation to 
match world class performance. It includes several transplantation targets for the 
abdominal and thoracic organs according to the type of donor. 
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The Strategy also contained specific actions required to deliver these outcomes, 
which should be implemented over a 7-year period. Of particular relevance to NTOT 
is the action to evaluate new technologies and techniques for the preservation of 
retrieved organs with particular regard for their use in the UK. 
 

 
 
Therefore the challenges ahead are to address the donor organ shortage, increase 
the number of donors, increase the quality of the donated organs and increase the 
number of organs recovered from donors after circulatory death.  
 
In light of these challenges, NTOT was established to explore whether novel 
technologies could improve the number and quality of the organs available for 
transplantation.  
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Remit of the NTOT Steering Group and Working Groups 
 
The major role of this Steering Group was to explore the novel technologies for 
organ perfusion and preservation that could improve the number and quality of the 
organs available for transplantation. The working party will make recommendations, 
through the Advisory Group Chairs Committee, to the four UK Health Departments, 
Commissioners and the NHSBT Board regarding the model for maximising the 
potential of organ transplantation through the adoption of novel technologies.  
 
The NTOT Steering Group and organ-specific work groups had the following roles: 
§ To evaluate the novel strategies for organ perfusion and preservation. 
§ To determine the optimal model for organ perfusion and preservation prior to 

transplantation. 
§ To suggest organ specific pathways for implementations in the UK. 
§ To evaluate the impact of any proposed changes on organ quality / availability. 
§ To determine a set of clinical indicators to assess the impact of the novel 

Technologies. 
§ To evaluate the economic and manpower impact of any proposed changes. 
§ To ensure that the novel technologies are implemented according to the current 

clinical governance guidelines. 
§ To ensure that changes for any specific organ do not affect the recovery rates 

and the outcome of other transplanted organs. 
§ To propose clinical evaluation studies for the technologies investigated. 
§ To disseminate the proposed changes to the wider transplant community and 

Patients. 
§ To work with NHSBT and the Chairs of Advisory Groups to implement changes 

and monitor clinical application. 
§ To identify resources required for implementation and negotiate their provision 

with commissioners. 
§ To make recommendations regarding the implementation and monitoring of the 

clinical application. 
§ To make recommendations regarding the on-going identification and evaluation 

of innovative organ perfusion and preservation techniques/ technologies.  
 
Approach 
 
In this context, the group reviewed the current practice, evaluated novel technologies 
and considered the clinical and economical impact (where data was available), with 
a focus on how many transplants may result from novel technology, how many 
patients will move from the transplant waiting list and what the cost implications are. 
 
The review of current preservation and perfusion technologies identified that cold 
static perfusion has been the backbone of organ perfusion and preservation for the 
last 30 years. Whilst this is satisfactory for the current practice, the demographic 
changes of the donor population and the expansion in the utilisation of extended 
criteria donors may require alternative approaches in order to increase organ 
utilisation and the quality of organs recovered for transplantation. 
 
A literature review was performed (appendix 1 & 2) and formed the basis of the initial 
individual organ working groups discussions. 
 
An experts meeting took place in June 2014 and evidence was heard from various 
UK and European groups using/pioneering the technologies aforementioned. 
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The advice and updates provided by the experts were used to inform the reports 
from each of the organ-specific working groups.  
  
Terminology and assessment criteria 
 
For the purpose of this report the following conceptual terms have been defined, 
using the current published terminology: 
 
NRP – normothermic regional perfusion (in the donor, at the time of organ 
retrieval) 
 
MP – machine preservation (includes the period of transport) 
 HMP – hypothermic machine preservation 
 HMP-Ox - hypothermic machine preservation with oxygen delivery 
 NMP – normothermic machine preservation 
 
EVP – ex-vivo perfusion (on the bench, once the organ is delivered to the 
transplant centre) 
 EVNP – ex-vivo normothermic perfusion 
 EVHP – ex-vivo hypothermic perfusion 
 
We acknowledge that with the development of the Novel Technologies, there is an 
urgent need for the revision of these terms and a wider, internationally accepted 
structure, reflecting each intervention, the temperature and the target organ. 
 
The potential novel technologies assessed by each group are listed below. 
 
 
 Liver Kidney Pancreas Heart Lung 
Donor Normothermic 
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Normothermic 
regional 
perfusion 
(NRP) 

Normothermic 
regional 
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machine 
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OCS) 

 Preservation 
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preservation 
(HMP-OX) 
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perfusion 
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Ex-vivo 
normothermic 
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Ex-vivo 
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 Pancreas 
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(PP) 
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Each technology was assessed against the following key indicators: 
 
1. Patient survival 
2. Graft survival 
3. Primary non function 
4. One year graft function 
5. Costs & logistics 
6. ITU / hospital stay 
7. Readmission rates 
8. Organ recovery / utilization rates 
9. Organ specific 

a. Delayed graft function 
b. Ischaemic cholangiopathy / Hepatic artery thrombosis 
c. Acute rejection rates 

 
 
Findings 
 
The individual reports are attached in appendix 3-8. 
 
Liver transplantation 
 
The liver group focused on the following technologies:  
a. Donor Perfusion strategies 

o Normothermic regional perfusion (NRP),  
b. Preservation strategies 

o hypothermic machine preservation (HMP) 
o normothermic machine preservation (Organox),  

c. Reconditioning (perfusion) strategies 
o Ex-vivo hypothermic oxygenated perfusion (EVHP; HOPE) 
o Ex-vivo normothermic machine perfusion (EVNP) (Organ Assist) 
 

These technologies cover the entire liver transplantation pathway, from the donor, 
through preservation and on to pre-transplant reconditioning. 
 
a.  In-situ normothermic regional perfusion (NRP) 
 
The total published world experience of NRP consists of approximately 500 donors, 
including both controlled and uncontrolled DCD donors. 
 
NRP uses extracorporeal membrane oxygenation (ECMO) technology to restore 
circulation of oxygenated blood to the abdominal organs, in situ and after circulatory 
arrest in donation after circulatory death (DCD) donors. The circulation is restored to 
all abdominal organs in situ at normal temperature for two hours (in controlled DCD), 
after which organ procurement proceeds in a manner similar to donation after brain 
death (DBD) donation. The technique has the potential to reduce ischaemic 
(reperfusion) injury to the organs, and enables a dynamic assessment of organ 
quality in situ using biochemical and blood gas analyses. 
 
Therefore, the benefit of NRP is for all abdominal organs and as such it may 
increase the overall organ recovery rate from DCD donors. 
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Initial data from the UK NRP consortium indicates an increased in liver recovery rate 
(52% vs 27%), with a gradual expansion of organ acceptance criteria. NRP seems to 
reduce the incidence of ischaemic cholangiopathy and potentially ameliorates the 
degree of early allograft dysfunction (although the numbers are small). The long-term 
graft survival requires further evaluation. Similar results have been noted in 
uncontrolled DCD donation. 
 
Commercially available ECMO grade technology has been used in clinical studies so 
far although a purpose-built device is now available from Organ Assist. 
 
Currently, NRP would require a change in logistics, but smaller size equipment that 
be accommodated within the current transport arrangements is available. 
 
In order to maximise the preservation from organs gifted through donation, the use of 
NRP has the potential to reduce ischaemic (reperfusion) injury to the organs, and 
enables further optimisation to improve organ quality for transplantation. In using 
NRP in DCD donation it will potentially increase retrieval timings to be similar to the 
DBD process, but the benefit may be that of an increase in overall organ recovery. 
 
There is a need for trained personnel to operate NRP and indeed any other 
preservation technology that would be required at the donor hospital. The current 
NORS review should be able to address these issues in the context of a wider 
service re-design. 
 
Further data from service evaluation and clinical trials is required to fully assess the 
impact of NRP on organ recovery rates and ease of implementation. 
 
 
b. Preservation strategies 
 
Two completely different post-retrieval preservation strategies are currently explored, 
at hypothermic and normothermic temperatures. 
 
Hypothermic machine preservation (HMP) 
 
Hypothermic machine preservation has been widely used for kidney transplantation. 
Using a similar concept HMP has been trialed in the US in the standard as well as 
extended criteria donors. 
 
The liver is placed on an automated cold perfusion system using dual portal and 
arterial perfusion. The system is self contained and despite its’ size it is intended to 
be used in transport (preservation). 
 
There is limited evidence on the benefits of this technology but the initial reports 
suggest a reduction in early allograft dysfunction with a comparable survival with 
static cold storage preserved livers.  
 
It is unclear if the use of the machine would lead to an increase in organ recovery 
and utilisation, as the system does not allow any functional or viability assessment. 
The use of HMP would require a change in logistics as well as additional trained 
personnel that would come under the remit of NORS. 
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Normothermic machine preservation (NMP) 
 
Following retrieval, the liver is prepared for implantation and subsequently placed on 
the machine. Dual perfusion (arterial and portal) is undertaken and the venous 
effluent is drained from the IVC and bile is collected. The liver is perfused on an 
automated, self-contained system until ready for implantation at the transplant 
centre. 
 
Limited data from a pilot trial in the UK is available and suggests safe prolonged 
preservation times with no increase in biliary complications and primary non-function. 
Long term data is not yet available. 
 
The system allows monitoring of liver function and as such the use of this technology 
could lead to a change in organ acceptance criteria and increased organ utilisation. 
The COPE consortium is currently undertaking a wider multi-centre trial of this 
technology. 
 
The use of NMP will require significant changes in logistics, given the size of the 
machine. Highly trained personnel and potentially longer theatre time would be 
required would be required to operate and prepare the machine. This is likely to fall 
under the auspices of NORS in the long term. 
 
No cost details have been disclosed yet, but it is anticipated that the technology 
would be expensive.  
 
c. Reconditioning (perfusion) strategies 
  
Similar to the preservation strategies, reconditioning can be undertaken at 
hypothermic and normothermic temperatures. 
 
Ex-vivo Hypothermic machine perfusion (EVHP) (HOPE) 
 
Following the cold flush and static storage transport to the transplant centre, the liver 
grafts can be perfused with the Organ Assist device using hypothermic oxygenated 
perfusion for 1-2 hours through the portal vein prior to implantation. 
Limited data from a phase 1 trial are available and suggest an improvement in graft 
function compared to standard cold storage.  
There also appears to be an increased organ utilization rate although assessment 
within the setting of larger randomized trials is needed. 
This technology has no additional implications for the retrieval team but required a 
theatre practitioner to supervise the machine. Perfusion can be undertaken during 
the recipient hepatectomy phase. 
 
Ex-vivo normothermic machine perfusion (EVNP) 
 
Following cold storage during transport, the liver is placed on the Organ Assist and 
dual perfusion via hepatic artery and portal vein is undertaken using a purpose-
designed perfusate. The perfusate included red blood cell concentrate, fresh frozen 
plasma, human albumin, multi-vitamins, trace elements Metronidazole, Insulin, 
Cefazolin, Calcium Glubionate. The system is pressure and temperature controlled 
and allows autoregulation of the blood flow through the liver with constant liver as 
variable flow rates.  
 
This technology has been tested using discarded human livers in Holland and 
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Birmingham in the UK. One DCD liver transplant has been performed in the UK. 
 
The data suggests that a period of 2-6 hour perfusion allows for a dynamic organ 
assessment and graft selection for transplantation. However, the ability to increase 
organ recovery and utilization remains to be determined in clinical trials and further 
service evaluations. 
 
This technology requires trained personnel at the transplant centre. The technology 
available can be used for dual purpose (normothermic and hypothermic). There are 
no logistics implications for the NORS retrieval team. 
 
 
Costs and potential benefits assessment 
 
Currently, all these technologies are in early phase of clinical implementation but are 
rapidly evolving. NRP utilises currently available ECMO technology and perfusion 
circuits (lower end of cost scale), but purpose-built transplant devices are available 
from Organ Assist (upper end of the capital and recurrent costs).  
 
All other preservation and perfusion technologies have a high capital and 
consumable price tag but this is likely to be offset by the increased organ recovery 
and utilisation rates. 
 
 NRP HMP NMP 

(Organox) 
EVHP 
(HOPE) 

EVNP 
(Organ 
Assist) 

Organ 
recovery 

Potential 
increase 

No 
increase 

Potential 
Increase 

? increase ? increase 

Organ 
utilisation 

Potential 
Increase 

No 
increase 

Potential 
Increase 

Potential 
Increase 

Potential 
Increase 

Capital 
costs 

£ 15-40 k Unknown Unknown £65k £65k 

Recurrent 
costs 

£500-1500 Unknown Unknown £2500 £3000 

Logistics Transport 
NORS 

Transport 
NORS 

Transport 
NORS 

Storage 
Centre 

Storage 
Centre 

Personnel NORS 
Transplant 
practitioner  
 

NORS 
Transplant 
practitioner 

NORS 
Transplant 
practitioner 

Transplant 
Centre 
Transplant 
practitioner 

Transplant 
Centre 
Transplant 
practitioner 

 
 
 
Kidney transplantation 
 
The renal group focused on three main technologies, covering the kidney pathway 
from retrieval to implantation:  
§ Normothermic regional perfusion (NRP),  
§ Hypothermic machine preservation (HMP),  
§ Ex-vivo normothermic perfusion (EVNP). 
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In-situ normothermic regional perfusion (NRP) 
 
The total published world experience of NRP consists of approximately 500 donors, 
including both controlled and uncontrolled DCD donors. 
 
The details of NRP technology have been provided in the liver transplant section. 
 
At present, DCD kidney utilisation rate is high and therefore in the short term NRP 
may not affect the recovery rate of these kidneys. However, a successful 
uncontrolled DCD donation programme in the UK cannot be established without 
NRP. 
 
If NRP is shown conclusively to reduce DGF and improve graft survival as suggested 
by the UK experience, then expansion of current donor selection criteria may occur, 
and organ utilisation rates may increase. 
 
The use of NRP in DCD donation reduces the haste of a DCD retrieval and converts 
the procedure to a DBD-like retrieval, potentially reducing the incidence of organ 
injuries. However, NRP would require a change in logistics, training of personnel and 
the development of a transplant practitioner role. 
 
A comprehensive and coordinated research/service evaluation program, including 
randomised controlled trials, is essential to fully investigate the implications of this 
technology for kidney transplantation. 
 
Hypothermic machine preservation (HMP) 
 
Kidney HMP has the strongest evidence-base of any novel perfusion / preservation 
technology, but there are a number of deficiencies in the data, as detailed in the 
detailed evaluation (appendix 5).  
 
HMP is used in approximately 40% of deceased donor kidney transplants in the US 
and 25% of DCD kidneys in the UK.  
 
HMP may provide better preservation than static cold storage (SCS) due to improved 
flushing of the kidney, clearing of red blood cells, and prevention of accumulation of 
cellular waste products. HMP also offers the possibility of measuring perfusion 
parameters over time (e.g. renal resistance) and analysis of perfusate biomarkers 
that may be associated with subsequent graft outcomes. Because of the 
hypothermia, functional viability testing (e.g. measurement of urine production) is not 
possible, and genetic or pharmacological manipulations of the organ are limited by 
the need to function in hypothermic conditions. 
 
HMP appears to reduce the rate of delayed graft function, but the extent of the 
impact on long term graft survival is unclear. There are some concerns regarding the 
over-reliance on perfusion parameters and that the resistance index could lead to 
inappropriate kidney discard. 
 
There is no evidence to suggest that the use of HMP leads to an increase organ 
recovery or utilisation. 
 
A modified version of the HMP machine with delivery of oxygen (HMP-Ox) is 
currently trialled in the COPE consortium and results are expected in 2-3 years. 
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Ex-vivo normothermic machine perfusion (EVNP) 
 
There is limited published data on the use of EVNP, primarily from one UK centre. 
EVNP uses a principle similar to NRP, but perfuses the kidney using oxygenated 
packed red blood cells on the bench. 
 
The advantage of this technique is that it allows the reperfusion of a kidney before 
committing to implanting it into a recipient, who would otherwise be placed at risk of 
sensitisation and jeopardy of chance of retransplantation if the kidney is transplanted 
and fails. The technique aims to allow a degree of viability assessment and organ 
recovery/ repair, especially with regard to regeneration of ATP. This can occur 
independently of other organ systems (as opposed to NRP, where multiple organs 
are perfused with warm oxygenated blood within the donor’s body). 
 
There is no available clinical evidence to quantify the effect of this technology on 
increased recovery and utilisation rates. 
 
The incidence of delayed graft function appears to be lower in EVNP extended 
criteria donor kidneys (5.6% compared with 36.2% in a control group managed with 
standard cold storage). The impact on long-term graft survival has not been yet 
quantified. 
 
Clinical use of EVNP requires an appropriate-trained staff member to be present at 
all times, as machine failure leads to damaging warm ischaemia of the kidney. This 
may have service implications when EVNP is extended into busy clinical 
programmes. As EVNP is currently used for less than 2 hours when the transplant 
recipient is being anaesthetised, and the surgical team are likely to be in theatre 
anyway, the additional load on the surgical team is not expected to be onerous. 
 
Expansion of EVNP programmes to other renal transplant centres is necessary 
before transplant clinicians can be more confident of the efficacy of EVNP. 
Adequately powered randomised controlled trials comparing EVNP with SCS are 
required, along with cost effectiveness analyses. It is also not known which 
deceased donor kidneys are most likely to benefit from EVNP technology (if at all). 
 
There is a need for further studies to determine the place and the role of these 
technologies and to define which organs would benefit from which approach, but it 
seems plausible the NRP + HMP + EVNP could be used in DCD donors whilst HMP 
+ EVNP could be used in ECD DBD kidneys. 
 
 
 
 
 
Costs and potential benefits assessment 
 
Currently, all these technologies are rapidly evolving. NRP and EVNP utilise 
currently available ECMO technology and perfusion circuits (lower end of cost scale), 
but purpose-built transplant devices are available from Organ Assist (upper end of 
the capital and recurrent costs). With a wider utilisation and procedural 
standardisation, a change in the price structure would be required, although it can be 
argued that the increased organ recovery and utilisation rates would offset these 
costs. 
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 NRP HMP (HMP-Ox) EVNP 
Organ recovery Potential increase No increase ? increase 
Organ utilisation Potential Increase Potential Increase Potential Increase 
Capital costs £ 15-40 k £ 20-40k £15-40k 
Recurrent costs £500-1500 £ 500-1000 £500-1500 
Logistics Transport 

NORS 
None Storage 

Centre 
Personnel NORS 

Transplant 
practitioner 

NORS 
Transplant 
practitioner 

Transplant centre 
Transplant 
practitioner 

 
 
 
 
Pancreas transplantation 
 
There is very limited data on the applicability of novel technologies for pancreas 
retrieval, preservation and perfusion. 
 
NRP appears to support pancreas retrieval from DCD donors with applicability for 
solid pancreas transplantation and islet transplantation. Further studies are required 
to fully assess the impact on the organ recovery rates. 
 
HMP appears to improve islet viability, reduce cell damage, and increases islet yield 
compared to cold storage, which allows remnant blood to wash out and improve 
vessel patency but clinical data is lacking. 
 
There is little evidence to support the use of persufflation in solid organ 
transplantation. However persufflation appears to improve islet recovery and the 
purity of islet preparations. The UK islet consortium is investigating the applicability 
of this technology in the UK. One potential model may require the pancreas to be 
placed on the persufflation device at the donor hospital and therefore may have 
logistic and personnel implications for NORS akin to the ones described for liver and 
kidney novel technologies. 
 
Pancreas normothermic machine perfusion is in the early stages of development. 
 
 
Heart transplantation 
 
The heart group focused on the commercially available ex-vivo normothermic 
perfusion device Transmedics OCS. The evidence from the initial clinical trials is 
encouraging but there is no data to suggest that the use of the device will lead to an 
increased number of organs recovered.   
 
Considering the fact that TransMedics OCS cannot assess ventricular function in full 
working mode, the group could only endorse the use of this device for donor hearts 
that fall into the marginal category as defined in the appendix 7. 
 
From a practical point of view, the use of this device will add to the logistics 
challenges at the donor hospital but may reduce the operative time as hearts could 
be placed on the device whilst waiting for the recipient surgery to proceed. 
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The costs (capital and recurrent) are very high and currently not justified for a wide 
spread use of the device. 
 
The Transmedics technology requires further prospective evaluation in parallel with 
the development of a UK machine (work in progress). 
 
 
Lung transplantation 
 
The lung group focused on the ex-vivo normothermic perfusion (EVNP) of the lungs 
after retrieval and cold storage. The normothermic perfusion of the lungs is 
commonly abbreviated as EVLP. This is an internationally recognised and utilised 
technique for assessment and reconditioning of donor lungs and is currently being 
further investigated in a number of multi-centre controlled trials. In the UK, EVLP was 
utilised as part of a multi-centre trial (DEVELOP-UK) involving all five of the lung 
transplant centres. 
 
The technology is available in three commercial systems, two of which are static and 
one portable. 
 
The use of EVLP appears to increase organ utilization rates. Conversion rates to 
transplant are variable and range between 39-100% depending on the patient 
populations selected. Recent abstract data from the American multi-centre NOVEL 
lung trial showed a 55% utilisation rate of EVLP lungs. The survival rates are 
comparable to standard therapy (30-day survival 100 vs. 97.6% and one-year 
survival 95.2% vs. 90.5%). In addition, the portable OCS system has been utilised in 
the INSPIRE Trial, comparing traditional cold storage with OCS (warm 
perfused/ventilated) transport and interim analysis has demonstrated a significant 
reduction in primary graft dysfunction within the first 72 hours post transplant in the 
OCS group. 
 
The utilisation of EVLP technology therefore has the ability to significantly improve 
rates of lung transplantation and needs further service evaluation. 
 
 
Strategy for delivery / implementation 
 
We have identified several technologies at various stages of development and 
clinical applicability. One technology (NRP) has implications for all abdominal 
organs, whilst all others are organ specific. 
There are several on-going clinical trials and service evaluations that will provide 
additional information, which would better inform the use of these technologies. 
Results are expected with in 12-36 months. 
 
The NTOT implementation process has financial, logistical and personnel 
implications.  
 
 
Financial implications 
 
The full extent of the financial implications of novel technologies is unclear, as some 
technologies are not available commercially. 
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Based on the current data, it is envisaged that the capital costs for each device in the 
technologies appraised range between £30,000- £250,000, whilst the consumable 
costs vary between £500-£20,000. 
 
A full cost-benefit analysis is required, as part of all ongoing clinical trials and service 
evaluations, to establish which of these technologies will prove financially (and 
clinically) beneficial. 
  
Currently, the capital costs for several technologies (NRP, EVNP-lungs, EVNP-
kidney, EVNP-heart, HMP) have been absorbed by the units evaluating them, whilst 
others [EVNP-liver (Organ Assist), NMP-liver (Organox),HMP-Ox] have been funded 
as part of clinical trials. A summary of the costs associated with the main devices 
commercially available is presented below. 
 
 
 
 
 
 
 
   

Commercial device (Technology) Capital cost Consumables 
Commercial ECMO (NRP) £30,000- £40,000 £500 

ECOPS-Organ Assist (NRP) £42,000 £1500-1700 

Organox (NMP liver) ? ? 

Liver Assist – Organ Assist (EVNP liver) £70,000 £3000 

Liver Assist – Organ Assist (EVHP liver) 
(HOPE) 

£70,000 £2500 

Life Port (HMP liver) ? ? 

Life Port (HMP kidney)  £10,000 £500 

Organ Assist (HMP-Ox kidney) £40,000 (est) £1500 (est) 

EVNP kidney £40,000 £500 

Pancreas persufflation £35,000 (est) ? 

Transmedics OCS (NMP heart) £250,000 (est) £30,000 (est) 

EVLP ? £10,000 

OCS Lung £157,000 £36,000 

OCS heart £250,000 £36,000 
 
 
 
Based on the current predicted costs, there will be a significant variation in the 
gain/benefit ratio for each technology. This may be offset in the long term by an 
increased organ recovery, modulation of organ donor quality and ultimately higher 
transplantation rates. 
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Logistics and personnel implications 
 
Some technologies will have an impact at NORS teams level (NRP and all 
preservation technologies) whilst some will require changes at the transplant centre 
level (all perfusion technologies).   
 
Currently, most devices are rather bulky, requiring modification of the transport 
arrangements (i.e. additional transport capacity). It is envisaged that within 12-24 
months improvements in design will enable a resolution of the transport issues. 
 
Given the number of technologies that require to be implemented in the donor 
hospital (NRP, liver machine preservation, kidney machine preservation, pancreas 
persufflation, heart machine perfusion), it is likely that the NORS team will have to 
handle significantly more equipment, which may increase the footprint of the retrieval 
team in the donor theatre.  
 
There appears to be a clear need for a new role in the NORS teams – a transplant 
practitioner responsible for the various perfusion/preservation devices and providing 
normothermic/cold perfusion for the abdominal and thoracic teams. This should be 
addressed within the current NORS review. 
 
 
 
 
Options for implementation 
 
Currently no technology can be recommended for a national scale implementation 
and further data are required before a final recommendation can be made. 
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Several potential technologies that could be combined along the transplantation 
pathway have been identified. These should be considered for further evaluation and 
a step-wise implementation: 

* NRP 
* HMP kidney 
* NMP liver 
* EVNP kidney 
* EVNP liver 
* EVNP lungs 
* NMP heart 

 
 
It is clear that the models of implementation will be organ specific and will depend on 
the type of donor (DCD / ECD DBD / standard DBD) and any future expansion of 
acceptance criteria. 
 
 
 
 
Implementation models 
  
Several models for implementation are envisaged, depending on the impact on 
organ recovery and organ quality, the expertise available and the scale of 
investment. 
 

Organ & type of donor Pathway from donation to transplantation 

Standard DBD  Retrieval – SCS – Transplant 
Retrieval – NMP (if prolonged CIT envisaged) – 
Transplant 

EC DBD  Retrieval – NMP – Transplant 
Retrieval – SCS/HMP – EVNP – Transplant 

Liver 

DCD  NRP – NMP – Transplant 
NRP – SCS/HMP – EVNP – Transplant 

Standard DBD  Retrieval – SCS/HMP/HMP-Ox – Transplant 

EC DBD  Retrieval – SCS/HMP – EVNP – Transplant 

Kidney 

DCD  NRP – SCS/HMP – EVNP – Transplant 

DBD  Retrieval – SCS – Transplant/Isolation 

DCD  NRP – SCS – Transplant 

Pancreas/islets 

DCD  NRP – Persufflation - Isolation 

DBD  Retrieval – SCS – Transplant 
Retrieval – NMP (if prolonged CIT envisaged) – 
Transplant 

EC DBD Retrieval – NMP – Transplant 

Heart 

DCD  NRP – NMP – Transplant 
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DBD  Retrieval – SCS – Transplant 

EC DBD  Retrieval – SCS - EVNP – Transplant 
Retrieval – NMP - Transplant 

Lung 

DCD  Retrieval – SCS – EVNP - Transplant  
Retrieval – NMP - Transplant 

(DBD – donation after brain death; DCD- donation after circulatory death; EC DBD – 
extended criteria DBD donor; SCS – static cold storage) 
 
 
The hub and spoke approach 
 
The normothermic reconditioning technologies will require a higher level of expertise 
and investment and therefore it may be possible to establish regional organ 
reconditioning hubs where organs are sent following retrieval. Following a period of 
reconditioning, organs would be shipped to the intended recipient centre. 
 
This model has the advantage of concentrating the expertise and funding and 
ensuring a high throughput, a uniform process and standard operating procedures. 
However, the logistics of transport and the regional setup are more complex. 
 

 
 
 
Roll-out 
 
Given the current status of the technologies, there is a need for a roll-out period in 
designated pilot centres, with subsequent national implementation once additional 
data are available.  
 
 
 
 

Organ 
reconditioning 
hub 
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Future steps 
 
NTOT has identified a clear need for novel approaches to organ retrieval, 
preservation and perfusion. 
 
Several technologies appear to have a beneficial effect on the organ recovery rates, 
organ quality and transplant rates. 
 
Further service evaluation and clinical trials are required to provide additional clinical 
and cost-effectiveness data. 
 
NTOT suggests that NHSBT should support further service evaluation of the 
technologies currently not undergoing clinical trials, to ensure a comprehensive 
review. 
 
Changes in the NORS system (logistics and personnel) and financial planning 
should be considered in the next three years to accommodate the likely changes in 
preservation and perfusion technologies. 
 
There is a need for a designated transplant practitioner role in the retrieval team 
responsible for preservation and perfusion technologies. 
 
There is a need for a revision of current terminology to better define the intervention 
and the target organ. 
 
NTOT should organise a one day symposium in 2015 to review progress with the 
current clinical trials and service evaluations and propose a revised terminology. 
 
NTOT should reconvene as a short term working party in three years to evaluate the 
additional data and make formal recommendations for 2020. 


