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Normothermic Regional Perfusion (NRP) has shown encouraging clinical results. However, translation from an experimental to routine procedure poses several challenges. Herein we describe a model that led to the implementation of NRP into standard clinical practice in our centre following an iterative process of refinement incorporating training, staffing and operative techniques. Using this approach we achieved a four-fold increase in trained surgical staff and a 6-fold increase in competent senior organ preservation practitioners in 12 months, covering 93% of the retrieval calls. We now routinely provide NRP throughout the UK and attended 186 NRP retrievals from which 225 kidneys, 26 pancreases and 61 livers have been transplanted, including 5 that were initially declined by all UK transplant centres. The 61 DCD(NRP) liver transplants undertaken exhibited no primary non-function or ischaemic cholangiopathy with up to 8 years of follow-up. This approach also enabled successful implementation of ex situ normothermic liver perfusion which together with NRP contributed 37.5% of liver transplant activity in 2021. Perfusion technologies (in situ and ex situ) are now supported by a team of Advanced Perfusion and Organ Preservation Specialists. The introduction of novel perfusion technologies into routine clinical practice presents significant challenges but can be greatly facilitated by developing a specific role of Advanced Perfusion and Organ Preservation Specialist supported by a robust education, training and recruitment programme.
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INTRODUCTION
Donation after circulatory death is now accepted in many countries across the globe. The confines of widely varying regulatory arrangements lead to significant variation in clinical practice with regards to the duration of the “no touch” period after asystole (from 2 min in some areas of the US though to 20 min in Italy) and the use of ante-mortem interventions such as heparinisation and femoral vessel cannulation (1).
In the United Kingdom, donation after circulatory death (DCD) currently accounts for 43% of all deceased organ donors (2). DCD donation has had a considerable impact on kidney transplantation in the UK with utilisation rates comparable with DBD donation and very good clinical outcomes (1). In contrast, only a minority of DCD livers are utilised, and, as a result, DCD liver transplantation contributed to only 16.2% of all deceased donor transplants in the UK in 2020-21 (3). Despite a selective approach, including minimisation of cold ischaemic time and careful recipient selection, the burden of additional complications specific to DCD liver transplantation is significant. Specifically, higher rates of early allograft dysfunction in the short term and multi-focal biliary stricturing (ischaemic cholangiopathy) in the long term lead to considerable morbidity and result in a retransplantation rate of nearly 25% in the recent UK experience (4). Similarly, the rates of DCD pancreas utilisation are low, with increased complication rates (5) but good long-term clinical outcomes (6).
In recent years, several approaches have been adopted to mitigate the complications of DCD organ transplantation. These range in ambition and complexity from optimisation of the retrieval process (7), through the use of novel perfusion and preservation technology, in the form of ex situ machine perfusion [hypothermic (8, 9), oxygenated hypothermic (10, 11), or normothermic (12)], or by re-establishing an oxygenated blood supply to donor organs in situ after donor asystole with Normothermic Regional Perfusion (NRP) (4, 13) or a combination of these strategies (14). Ex situ technologies have shown a variable degree of benefit in DCD transplantation in terms of either prolonged preservation, a reduction in the rate of complications, immunomodulation, and improved graft outcomes. In contrast, the use of in situ NRP offers several advantages over these approaches, including a beneficial impact for all abdominal organs with a single intervention (15).
Novel perfusion and preservation technologies are an exciting innovation that so far has been driven by enthusiasts who have designed the technology, refined the protocols, and generated the initial outcome data. However, translation into routine clinical use is more complex and requires adequate and continuous evaluation (16), an appropriate skill mix in the team, training, and education as well as institutional support for innovation and adequate funding. The absence of such an environment has often been cited as a reason for the lack of adoption (17). Furthermore, the individual technology complexity and the magnitude of change required to the existing practices play important roles when considering their adoption. There is no doubt that the use of NRP is at the higher end of technological complexity, as it requires supplementation of skills as well as additional equipment to travel to the donor centre with a modified Extracorporeal Membrane Oxygenation (ECMO) device. For this reason, logistical feasibility has been cited as a barrier to NRP implementation into clinical practice by many transplant teams.
Herein, we describe the Edinburgh Transplant Centre’s experience in implementing NRP from a haphazard use to a routine and sustainable clinical service. Whilst the focus here is on NRP specifically, the approach described can act as a framework for the introduction of other novel technologies more widely.
NORMOTHERMIC REGIONAL PERFUSION—THE EXPLORATORY STAGE
NRP was first described in Spain in the context of unexpected cardiac arrest, with potential donors commenced on Extra-Corporeal Membrane Oxygenation (ECMO) via femoral vessel cannulation whilst CPR was ongoing (18). In the context of unexpected cardiac arrest, NRP presents effectively the only viable solution for proceeding to successful solid organ donation [“uncontrolled” or Maastricht Category II DCD donation (19)] and transplantation. This approach was subsequently expanded to include all DCD donors and has since been considered in several European countries.
The cumulative insults of the initial warm ischaemic time followed by ongoing ischaemia during static cold storage affects all DCD organs to various degrees. The liver is particularly sensitive, as reflected in higher rates of early allograft dysfunction and late ischaemic biliary stricturing (ischaemic cholangiopathy) compared to livers transplanted from DBD donors. Accordingly, in the context of Category III DCD, the use of NRP was driven primarily by a need to improve liver graft utilisation and outcomes.
To assess the role of NRP with regard to the liver outcomes, the procedure was first introduced in the UK in 2011-2012 as part of a research study (Cambridge), to support the development of a pilot of uncontrolled DCD donation (Edinburgh) (20) and as a service development in Birmingham. The initial combined report from the three centres demonstrated a reduction in early allograft liver dysfunction, a complete absence of ischaemic cholangiopathy, and hinted at an improved function for the renal transplants undertaken following NRP (21). Based on these encouraging data, NRP provision continued as part of a formal service evaluation project in two centres (Edinburgh and Cambridge) overseen by NHS Blood and Transplant (NHSBT) to enable further data acquisition whilst allowing for refinement of the surgical procedure and technology as well as considering how the NRP service could be configured and integrated into the established UK national retrieval service (22) to build a robust business case for funding.
NORMOTHERMIC REGIONAL PERFUSION—THE DEVELOPMENT STAGE
The development phase had several key targets, including promotion and wider acceptance, refinement of the protocol, technique and equipment, and defining the standard operating procedure, and it involved a formal four-step process for implementation: recruitment, education and training, implementation, and review for evaluation.
Stakeholders Support
Successful implementation of NRP involves many stakeholders including transplant co-ordinators, specialist nurses in organ donation and donor hospital staff, patients, and transplant surgeons for all organs at a national level, given the current allocation protocols in place in the United Kingdom. The plans and proposed approach were discussed extensively and support was gained from stakeholders groups at the local and regional levels to facilitate logistics, deployment, and operating room planning in the referring hospitals. At the national level, discussions with NHS Blood and Transplant and organ-specific advisory groups ensured governance support and organ acceptance. A wider consultation about the ethical implications of NRP took place and several technical modifications were put in place to ensure that the use of NRP does not invalidate the circulatory determination of death and does not lead to accidental brain perfusion (23), thus addressing issues that may preclude its adoption in other countries (24).
Recruitment and Definition of Roles in the Team
One of the key points in ensuring sustainability was the definition of the roles in the team. Our standard retrieval team comprises a lead surgeon and an assistant surgeon, a scrub practitioner, and a theatre practitioner for cold perfusion. During the exploratory stage, it became clear that the additional tasks needing completion during NRP combined with the management of the pump will require additional manpower. To that extent, a new role of Advanced Perfusion and Organ Preservation Specialist (APOPS) with the knowledge and skills to manage all aspects of machine perfusion and the NRP process was created. APOPS travel to the donor centre with the standard retrieval team, manage the pump during perfusion and coordinate the NRP process (blood sample processing, data recording, and allocation of roles prior to the start of the procedure to ensure a rapid setup in theatre). The team of five routinely travels within the standard logistical footprint of a regular retrieval team in a single vehicle or aircraft anywhere in the United Kingdom.
The development of the APOPS role also had an instrumental impact on the expansion of the NRP programme within our service (Figure 1) by coordinating logistics, setting up training and education, and overseeing the governance of the equipment.
[image: Figure 1]FIGURE 1 | Edinburgh normothermic regional perfusion and ex situ normothermic machine perfusion activity and key points in the evolution of the programme.
Concomitantly with the development of the APOPS team, additional surgeons were recruited to undertake NRP (six currently) to ensure robust service delivery and a sustainable rota, which allowed us to increase the reach of NRP within and outwith our allocated retrieval area (Figure 2).
[image: Figure 2]FIGURE 2 | Distribution of NRP retrievals by location and footprint of standard NRP retrieval equipment. (Map by Datawrapper©) (locally defined as Edinburgh; Regional defined as Scotland; National defined as the rest of the United Kingdom).
Equipment and Surgical Procedure
The initial equipment included a Medtronic pump, a Maquet heat exchanger, and a complex bespoke circuit that had two bypass loops to mitigate against potential problems such as clots in the reservoir or the leukocyte filter. Biochemical and blood gas analyses were undertaken in the local hospitals. However, this limited portability and presented logistic challenges with regional and national donors and lengthen the response time to biochemical interpretation and decision making. As a result, the equipment was minimised to allow portability and ease of use and currently consists of a Maquet Cardiohelp® device, a heat exchanger, and a simplified circuit (Maquet®– BE-MECC 50312 Edinburgh NRP pack) (Figure 3). Point of care devices are used for biochemical (Abbott Picolo®) and blood gas analysis (I-Stat®) to provide real-time decisions and make the team fully self-sufficient.
[image: Figure 3]FIGURE 3 | NRP theatre setup (floor map).
In terms of surgical approach, initially, minimal changes were made to a standard DCD procurement to enable adoption, with aortic (24Fr DLP® Single Stage Cannula, Medtronic Inc, Minneapolis, MN, United States) and inferior vena cava cannulation (29/37Fr Edwards Trim-Flex™ Dual Stage Venous Cannula, Edwards Lifesciences LLC, Irvine, CA, United States), and descended aorta occlusion using an intra-aortic balloon (Coda® LP Balloon Catheter, Cook Medical Inc, Bloomington, IN, United States) as previously described (21). Recently we have adapted the surgical cannulation to the donor situation using femoral cannulation if there is a hostile abdomen (i.e., extensive previous surgery) or if there is concomitant cardio-thoracic retrieval. If cardiothoracic organs are to be retrieved, the intention to undertake NRP is discussed with the cardiothoracic team as early as possible and the skill mix of the on-call retrieval teams is reviewed, with the provision of additional support if needed. To prevent inadvertent brain perfusion (which is unlikely in abdominal NRP as long as complete occlusion of the descending aorta is achieved) we added a safeguard that involves the insertion of a large cannula (9Fr DLP® Aortic Root Cannula, Medtronic Inc, Minneapolis, MN, United States) in the ascending aorta that is left open to atmosphere before A-NRP is commenced (23).
Protocol and Standard Operating Procedures
Over the last 9 years, a comprehensive NRP protocol and standard operating procedures have been developed and refined to incorporate all aspects of the process, including pre-departure equipment checklists, quick reference cards for equipment set-up, and troubleshooting potential problems during perfusion. An overview of the process is outlined below, and the entire operating procedures and relevant material are included in Supplementary Appendix SA.
Upon arrival at the donor hospital the APOPS set up the theatre as illustrated in Figure 3 (often repositioning the operating table to facilitate access to air and oxygen supplies for the NRP machine) before setting up the NRP machine and point of care blood gas and biochemistry analysers (iStat® and Piccolo®) whilst the surgeons take a handover from the Specialist Nurse in Organ Donation (SNOD) and check through relevant donor documentation.
The entire team (retrieval team, SNOD, local theatre staff, and intensive care doctor) then join together for a detailed briefing to include all aspects of the process, timings, communication with recipient transplant teams, and what to expect for those who have not been previously involved in an NRP retrieval (e.g., awareness of small bowel peristalsis). The APOPS will then set and prime the disposable NRP circuit whilst the surgeons prepare all antibiotics and drugs required for addition to the perfusate solution. The entire set-up can be completed within 30 min, minimising any additional time required before withdrawal of life-sustaining treatment from the donor. After asystole and the legally mandated “stand off” period, the donor is transferred into the operating theatre. Rapid laparotomy and a limited Cattel-Braasch manoeuvre are undertaken to allow access to the abdominal aorta and vena cava, which are then cannulated with 26F and 29F cannulas respectively and connected to the NRP circuit (Figure 4). A median sternotomy is carried out, the descending thoracic aorta is cross-clamped and a cannula is placed in the aorta arch and left open to air to confirm the complete absence of any circulation to the brain. At this point (usually 7–10 min after knife to skin), tubing clamps are released and NRP circulation commenced. Any bleeding points in the abdomen or chest are secured whilst continuously communicating with the APOPS managing the NRP pump until a stable circulation is achieved. After 5–10 min of stable circulation, a T-tube is placed in the bile duct (to measure bile production) and no/minimal further dissection is undertaken during the 2 h of NRP circulation to minimise haemodynamic disturbance and allow time to focus on dynamic functional organ assessment. Biochemistry and blood gas samples are taken every 30 min for the 2-hour duration of the NRP after which retrieval proceeds in a similar manner to DBD donation (21).
[image: Figure 4]FIGURE 4 | NRP Technique (see also full protocol and operative video demonstration in Supplementary Appendix). (A) cannulation of the abdominal aorta and IVC; (B) NRP circulation established; (C) theatre arrangement shortly after commencing NRP circulation (all operative images obtained with donor family permission).
Education and Training
Mastering all aspects of NRP DCD organ retrieval, pump management, and organ assessment required training to ensure repeatability and routine. An education programme was designed involving three key components: an NRP awareness session followed by theoretical and practical components (Table 1). Training sessions were delivered initially on a daily basis focusing on the practical aspects of NRP and evolved as the programme expanded with regular group/team sessions, weekly drop-in sessions, tailored one to one meetings depending on staff availability and level of skill and knowledge and fully simulated retrievals using bespoke mannequins developed in-house. The NRP awareness sessions were instrumental in creating wider support and were open to all stakeholders in the donation, retrieval, and transplant process. These sessions covered the need for NRP, the known benefits for transplanted organs, and the practicalities of how NRP is undertaken (Table 1).
TABLE 1 | Normothermic regional perfusion training programme structure and content (APOPS = Advanced Perfusion and Organ Preservation Specialist; SNOD = Specialist Nurse in Organ Donation; ICU = Intensive Care Unit).
[image: Table 1]Theory covered the fundamentals of physiology and basic scientific principles underpinning the effects of organ ischaemia during the retrieval process and how this can be mitigated with NRP. Practical sessions were designed to teach the technical skills of all aspects required to establish and maintain NRP (from machine setup, through surgical technique, to blood result interpretation) and were delivered in tasks specific workstations. Dry-runs, which included troubleshooting scenarios, were considered essential for all core retrieval team members prior to actual donor attendance (Figure 5).
[image: Figure 5]FIGURE 5 | NRP training. (A) overview of training strategy. (B) Fundamentals of NRP knowledge and skills required for independent practice.
Training was delivered by the APOPS with support from clinicians and technical experts from the companies providing the NRP equipment.
A comprehensive competency framework (Supplementary Appendix SA) was designed to guide trainees safely through the detailed aspects of the process; this acted as a record of achievement of knowledge, skills, and competencies, ensuring accountability. A training pack (Supplementary Appendix SA) was also developed to support the training sessions and as a practical guide directing the learner through the entire NRP retrieval process in a logical way.
Regular team debriefings include high-definition intraoperative videos, which provide invaluable material for teaching, particularly after technically challenging donors, and focused tutorials on historical donor cases complementing the accumulating experience on organ retrievals runs.
Whilst the road to achieving independence in NRP practice varies greatly and depends on several factors including previous experience with standard DCD retrievals, following this training programme most of our senior trainees became comfortable running NRP after five mentored cases.
RESULTS AND CURRENT STATUS
Over the last 9 years, our team has attended 186 DCD donors with NRP. A total of 133 donors progressed to donation, resulting in 61 liver transplants, 225 kidney transplants, and 26 pancreas transplants (Figure 6). Changes in the team structure outlined above have allowed for a considerable increase in capacity, reaching 93% NRP cover for all DCD donors attended by our team anywhere in the United Kingdom. The functional warm ischaemic time has been extended to 1 h and the time from withdrawal to asystole to 3 h (Figure 6) with no detrimental effects. All livers transplanted (52 locally and 9 in other centres) remain free of ischaemic biliary complications (4). A total of five livers that were declined by all UK centres based on donor history prior to retrieval were rescued and transplanted following assessment during NRP; this led to a change in acceptance policy and we only decline livers after functional assessment during NRP. The criteria for accepting a DCD NRP liver for transplantation have evolved with time and currently are based on a composite index of liver function tests (ALT less than 500–600 iu/L), lactate (downward trend), glucose (evidence of consumption), pH (normalisation), as detailed in the attached national protocol (Supplementary Appendix SA). Livers where ALT >1000 iu/L or lactate is increasing or not falling are usually discarded whilst for those in-between ex situ NMP is used for additional functional assessment.
[image: Figure 6]FIGURE 6 | NRP retrieval outcomes. (A) Donor and retrieval parameters (median, range); FWIT, functional warm ischaemia time (SBP- systolic blood pressure). (B) Breakdown of organs successfully transplanted from NRP donor retrievals (*–solid pancreas transplants).
Using NRP transferable skills and employing the strategy outlined above, we successfully implemented ex situ Normothermic Machine Perfusion using the OrganOx Metra® in clinical practice in 2020 and undertook 41 liver perfusions and transplanted 27 grafts. The donor and recipient demographics and preservation times for the NMP programme are illustrated in Table 2. All grafts are monitored and managed on the device by the APOPS. Our current perfusion and preservation strategy is detailed in Figure 7. Essentially, all DCD donors that we attend undergo NRP. Additional use of ex situ NMP is indicated if further functional assessment is required or if there are logistics or complex recipient issues. If a DCD liver is retrieved without NRP by a different team, these organs will undergo ex situ NMP at base for functional assessment prior to transplantation. The use of ex situ NMP for DBD livers is driven by logistics or if a functional assessment is needed for marginal grafts.
TABLE 2 | Demographic data, indications, and preservation times for ex situ normothermic machine perfusion.
[image: Table 2][image: Figure 7]FIGURE 7 | Perfusion and preservation strategy for deceased donor liver transplantation. Ex situ NMP, Ex situ Normothermic machine perfusion (back at base model); DBD, donation after brain death; DCD, donation after circulatory death.
The use of these two technologies had a significant impact on the liver transplant activity mitigating a considerable reduction in liver transplant activity in the wake of the introduction of the new UK National Liver Offering System for DBD grafts (25) and the COVID-19 pandemic and represented 37.5% of activity in 2021 (Figure 8).
[image: Figure 8]FIGURE 8 | Impact of NRP and ex situ NMP on liver transplant activity in the Edinburgh Transplant Centre.
Funding a Novel Perfusion Technologies Programme
The development of the NRP programme required financial support from several sources at the different stages of development (Figure 9). Initial setup (equipment, consumables) was funded as part of a clinical pilot for uncontrolled donation (20) during which the feasibility of donation from A&E was explored. This allowed the parallel development of the use of NRP in controlled DCD donation which generated the initial clinical data (21) that helped secure a more significant financial support from NHS Blood and Transplant as part of a wider Novel Technologies service evaluation. Although this funding covered the consumables for the procedures, it was insufficient to support the development of the team infrastructure and therefore additional (initially temporary) funding was secured from local funds, leading to the appointment of the first APOPS in 2016. The expanded programme demonstrated good clinical outcomes (4) that supported a successful funding application for additional APOPS from the local hospital to support the conceptual change in service delivery by a dedicated and self-sufficient team. At the same time, a cost-effectiveness study was undertaken based on clinical data generated by the UK programmes (26) which demonstrated that the incremental cost of using NRP to recover DCD livers (£4,500/procedure) is economically justified, leading to a cost saving of £1.17 million for every 100 NRP DCD cases. These data mirror the Spanish experience where cost utility is one of the drivers for the increased use of NRP. The new Donation and Transplantation Plan for Scotland: 2021 to 2026 (27), identified the use of novel technologies as a key strategy to increase organ utilisation and supported the roll-out of machine perfusion technology as a medium-term goal. The results from the NRP and the ex situ NMP feasibility work led to full funding of the Organ Perfusion and Preservation Service as of 1 April 2022.
[image: Figure 9]FIGURE 9 | Funding strategy from pilot project to a fully funded service. APOPS, advanced perfusion and organ preservation specialists; NMP, normothermic machine perfusion.
DISCUSSION
DCD donation has seen a rapid expansion and in many countries provides a significant contribution to the donor pool (28). Whilst very good DCD renal organ utilisation and transplant outcomes have been achieved, the situation is different for other solid organs where lower utilisation rates, increased complication rates, and inferior long-term survival rates have been reported (29). Despite several refinements in the donation process and more stringent selection criteria, it is really the advent of novel in situ and ex situ perfusion technologies that holds the greatest promise for a leap improvement in utilisation and outcomes. While the place of individual technologies in the transplant process and the benefit each provides is yet to be fully defined, they all share the common challenge of translation from experimental to routine clinical procedure.
The novel perfusion and preservation strategies are inherently technologically complex and the magnitude of change to routine practice required has often been seen as a barrier to implementation and risk for non-adoption. NRP sits at the higher end of complexity as it requires not only supplementation of skills but also a significant change in logistics. Furthermore, despite excellent reported results (13, 15, 21), the technique has not been subjected to randomised controlled trials. When introduced in our centre, NRP was still in a developmental stage, requiring further refinement of the technical details and equipment. As such, the service evolved from selected donors attended by a small group of enthusiasts when available, through to a detailed evaluation of safety, clinical and non-clinical outcomes, protocols, standard operating procedures, and reporting mechanisms, leading to the current arrangement of NRP for all DCD donors attended by the team (regardless of donor history).
Failure to adopt new clinical techniques (even with unequivocally proven benefits) is unfortunately common (30), and therefore the implementation strategy requires just as much attention as the technique itself. This is not usually the result of technology failure but the resistance of the organisation to embrace change, which appears to be independent of size, academic status, resources, innovation history, or support from senior management (31). To minimise the risk of failure and non-adoption, we progressed through an iterative process, with several key elements such as recruitment, education, and training that had a transformative impact on service delivery and outcomes. This was supported by an awareness campaign to reach all stakeholders in the donation, retrieval, and transplant process.
Several key steps to the successful implementation of novel technology have been described (31) with the use of “full team dry-runs” as a fundamental step in the training process which enable the team to work together in standard as well as troubleshooting scenarios. The training process evolved from covering theoretical aspects and practical skills to including dry runs and full simulations that provided the opportunity for a technical run but also highlighted the necessity for interdependence and communication between all team members, fostering trust and confidence prior to actual donor attendance. This was supported by the development of relevant educational material, competency frameworks, and a training pack to support the training session which helped participants to implement similar programmes in their home institutions. This structured approach allowed us to support training teams that implemented the Dutch and Swedish NRP programmes.
Leadership is critical in driving change and enabling the successful introduction of any innovation. Whilst the input of senior clinicians and support from the organisation was critical in the initial stages when we demonstrated the safety and feasibility of NRP, it was the creation of a dedicated advanced perfusion and organ preservation specialist role that led to a significant change in the delivery of the service. This role focused exclusively on the delivery of perfusion technologies and took ownership of the NRP process and logistics, provided leadership and training, and facilitated the implementation of the changes in the pathways. The expansion of the NRP service enabled by these appointments was followed by the seamless implementation of the ex situ normothermic liver perfusion programme, with the two programmes contributing 38% of the current liver transplant activity in our centre.
Such developments could not have been possible without funding. Whilst the initial stages were supported through projects or local finances, the full development of the programme required a cost-effectiveness analysis. This was timely as it coincided with a new donation and transplantation strategy that identified the novel perfusion technology as a key priority. The clinical results of the NRP and the ex situ NMP programmes and the impact on organ utilisation and clinical activity lead to the establishment of a fully funded organ perfusion and preservation service.
At a systems scale, NRP and all ex situ perfusion technologies will operate in a complex and dynamic socio-technical environment with a sophisticated web of structural, socio-political interdependencies and continuous technological evolution (17). Therefore, it is important to define the framework for these technological developments. As the evidence for a beneficial impact gathers pace, the implementation will be dependent on the willingness to adopt and integrate these innovations into practice. The approach described herein demonstrates that this is achievable and provides adaptability and organisational resilience to continued change as illustrated by the successful implementation of two different perfusion technologies. This can only be made possible by support from a healthcare organisation with the capacity to innovate and fund these disruptive changes into routine clinical practice as was the case for us (17).
In summary, NRP is a highly-disruptive technology with a transformative impact on DCD transplantation. Herein we advocate a stepwise approach to training and service delivery, coupled with a well-defined framework, face-to-face leadership, and teamwork that has proven to be very effective in our centre. Whilst some details may require local adaptation, the blueprint described should accelerate wider and sustainable adoption of all organ perfusion and preservation technologies in the future.
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