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SUMMARY

Normothermic regional perfusion (NRP) in donation after circulatory
death (DCD) is a safe alternative to in situ cooling and rapid procurement.
An increasing number of countries and centres are performing NRP, a
technically and logistically challenging procedure. This consensus docu-
ment provides evidence-based recommendations on the use of NRP in
uncontrolled and controlled DCDs. It also offers minimal ethical, logistical
and technical requirements that form the foundation of a safe and effective
NRP programme. The present article is based on evidence and opinions
formulated by a panel of European experts of Workstream 04 of the Trans-
plantation Learning Journey project, which is part of the European Society
for Organ Transplantation.
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Introduction

This consensus statement originated from the observa-
tion that normothermic regional perfusion (NRP) in
donation after circulatory death (DCD) is increasingly
used in Europe, while little has been published regard-
ing ethical, logistical and technical aspects associated
with its use [1, 2]. In the absence of Level 1 evidence, it
was unclear whether NRP should be recommended in
uncontrolled DCD (uDCD) or controlled DCD (cDCD)
given that all abdominal, and sometimes thoracic,
organs are exposed to the technology and what is good
for one organ may compromise another. With the
recent recommendations to include expansion of cDCD
in the proposed ‘World Health Organisation Global
Consultation on the science of organ donation and
transplantation’ and to utilize either in situ or ex situ
perfusion techniques in ¢cDCD, NRP is likely to find
wider implementation [3].

Cessation of circulatory and respiratory function at
normothermia in DCD results in warm ischemic injury
of organs before preservation. When oxygenated blood

flow is temporarily re-established by NRP following cir-
culatory arrest, previously depleted energy substrates are
restored, by-products of anaerobic metabolism are
cleared, and endogenous antioxidants are induced, help-
ing to improve organ quality and viability before preser-
vation [4]. In contrast to in situ cooling and rapid
procurement (ISP), NRP allows assessment of organ
function [4]. The potential of NRP to improve histori-
cally poor DCD results and expand restrictive donor
and organ selection criteria has led to its expansion in
the past decade, particularly in Europe. Currently, NRP
is permitted in DCD organ recovery in eight European
countries and mandatory in three [1].

This consensus statement seeks to guide transplant
professionals in the implementation and application of
NRP in both uDCD and ¢DCD. It covers evidence sup-
porting use of NRP as well as ethical, logistical and
technical concerns. We have attempted to be as inclu-
sive as possible in addressing clinically relevant condi-
tions that may impact implementation and application
of NRP, but given the rapidly evolving nature of this
field, we recognize the likelihood of omissions.

clinical foundations.

g R

TRANSPLANTATION LEARNING JOURNEY 1

Box 1. European Society for Organ Transplantation (ESOT) and the Transplantation Learning Journey (TLJ) pro-
jectWorkstreams within the TLJ project help to achieve the primary aim of ESOT — to improve patient access to (and out-
comes in) transplantation. TLJ Workstreams facilitate objective discussion of scientific and clinical research, and expert
opinion, to ensure that all perspectives on a topic are considered, with clinically relevant end goals in mind.

ESOT seeks to progress transplantation research, practice and education, and to collaborate with other international bod-
ies, to ensure that policies and regulations are globally consistent and relevant, and based on strong scientific, ethical and

ﬁ EUROPEAN SOC\ETV
TPANSPLANTAT\DN
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Transplant International 2021; 34: 2019-2030
© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

85UB017 SUOWILLIOD SAIERID 3|qeotjdde ayy Aq peusenob ake il VO '8sn J0 $9|NI o} A1q1T 8UIIUQO AB]1M UO (SUOTIPUOD-PUE-SWLBIAL0D™ A8 | 1M Ake.q Ul |uo//:Sdny) SUORIPUOD pue WS | 81 89S *[6202/50/22] Uo Akeidi8UllUO AS|IM 'SSUIBAA-UB-UNUBNO-IUIS S3| S IBA 8P 91SIBAIUN AQ TSEET  LI/TTTT OT/I0P/W0d A8 |1 AseIq1jpuluo//sdny woly pepeojumod ‘TT ‘1202 '22222srT


mailto:

In December 2019, the European Society for Organ
Transplantation (ESOT) established a Workstream of
European experts (Appendix S1) to create this consen-
sus statement within the Transplantation Learning Jour-
ney project (Box 1). The Workstream lead met with the
Evidence Review Team (ERT) to outline key questions
amenable to formal evidence review and to determine
literature search strategy (Appendix S2). Additionally,
Workstream core members formulated relevant ques-
tions that were unlikely to be supported by systematic
evidence review to be discussed with expert groups
(Appendix S2). The ERT searched PubMed, Embase
and Cochrane libraries to identify relevant studies pub-
lished through August 2020 and identified 105 for
inclusion [2]. In this document, NRP includes any form
of abdominal (A-NRP) or thoraco-abdominal (TA-
NRP) regional perfusion, making use of extracorporeal
membrane oxygenation at temperatures >20°C. Recom-
mendations with supporting evidence identified by the
systematic review were graded on strength of recom-
mendation (1 or 2 for strong or conditional, respec-
tively) and evidence (A, B, C or D for strong, moderate,
weak and very weak, respectively), following the Grades
of Recommendation Assessment, Development and
Evaluation (GRADE) [5]. Recommendations for topics
not addressed in formal evidence review were based on

Consensus NRP in DCD

other published evidence and Workstream consensus
that was achieved by completion of questionnaires and
a series of videoconferences; these guideline statements
were ‘not graded’ and should not be interpreted as
being stronger recommendations than Level 1 or 2. The
recommendations formulated by the Workstream are
summarized in Table 1.

Recommendations on the use of NRP in DCD

Kidneys from uDCDs may increase transplantation
rates [6]. However, the uDCD process is challenging
and unpredictable, with a narrow window for interven-
tion before irreversible organ damage occurs [6]. Solid
organ transplantation from uDCD without some form

Table 1. Recommendations on the use of normothermic regional perfusion in donation after circulatory death and

relevant ethical, logistical and technical aspects.

A-NRP, abdominal normothermic regional perfusion; cDCD, controlled donation after circulatory death; DBD, donation after
brain death; DCD, donation after circulatory death; ISP, in situ cooling and rapid procurement; TA-NRP, thoraco-abdominal
normothermic regional perfusion; uDCD, uncontrolled donation after circulatory death.

*Strength of recommendation (1 or 2 for strong or conditional, respectively) and evidence (A, B, C or D for strong, moderate,
weak and very weak, respectively), following the Grades of Recommendation Assessment, Development and Evaluation

(GRADE) [5].
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of regional perfusion is uncommon. Few reports of ISP in
livers from uDCDs reflect low utilization rates and vari-
able graft and patient survival [7]. For kidney, high pri-
mary non-function (PNF) rates with ISP are described
[6]. When legally permissible, NRP allows preservation
manoeuvres to be started and maintained for hours with
minimal donor disfigurement while approval for organ
donation is sought. Viability testing during NRP could
reduce PNF rates, though well-defined viability criteria
have not been specified. Nevertheless, high liver and kid-
ney PNF rates are reported, even with NRP (Table S1).
Although some registry analyses suggest NRP decreases
kidney PNF and delayed graft function, quality and cer-
tainty of evidence are low (Table S1) [2]. In comparison
to donation after brain death (DBD) grafts, transplanta-
tion of uDCD livers and kidneys after NRP is associated
with inferior graft and patient survival (Table S1) [2].
Experience with uDCD lung transplantation in NRP set-
tings is limited, and early and late outcomes may be infe-
rior to those of cDCD lung transplants [2]. Given these
data, solid organ grafts from uDCD NRP donors need to
be used with caution, weighing risk of patients’ continued
waiting to risks of receiving a uDCD graft.

We recommend the use of A-NRP in ¢cDCD proce-
dures, in preference to ISP and static cold storage,
when ethical, technical and logistical requirements
are met (1B).

Current evidence shows, with high certainty, that
NRP in ¢cDCD decreases risk of ischaemic cholangiopa-
thy (Table S2) [2]. The risk of anastomotic biliary stric-
tures and early allograft dysfunction is also reduced,
with similar graft and patient outcomes, though quality
of evidence is low (Table S2) [2, 8]. Spanish national
data suggest NRP improves short-term outcomes of
¢DCD kidneys compared with ISP (Table S2) [2, 9].
Initial experience with pancreas transplantation after
NRP shows feasibility, but more data on safety and
effectiveness are needed (Table S2) [2]. Lung transplan-
tation after topical cooling in combination with A-NRP
requires technical experience to avoid compromising
perfusion of abdominal organs after lungs have been
procured and A-NRP continues (see further).

We recommend the use of TA-NRP be further
explored and developed with strict follow-up of all
transplanted organs (2D).

2022

When NRP involves abdomen and chest, the heart is
reperfused, allowing robust functional assessment and
DCD heart transplantation. Experience with heart trans-
plantation after TA-NRP is limited to small case series
in ¢cDCD, with outcomes comparable to those after ISP
(Table S2) [2]. Successful heart transplantation after
TA-NRP with short cold ischaemic times and without ex
situ normothermic perfusion has been described [2, 10].
There is one published report mentioning transplanta-
tion of lungs after TA-NRP (Table S2) [2, 10]. Report-
ing of outcomes of these cases and careful comparison
with ISP DCD lungs is important. There is theoretical
concern that lungs might experience negative outcomes
following TA-NRP, since cardiopulmonary bypass, to
which TA-NRP bears resemblance, has a negative impact
on the lung. There is currently no evidence to suggest that
abdominal organs are disadvantaged during TA-NRP
compared with A-NRP when technical criteria are met.
Nevertheless, the procedure is more complex. If the heart
is left to support the circulation but functions poorly or
requires high-dose inotropes, adequate perfusion to
abdominal organs is at risk. Contingency plans to quickly
convert to A-NRP or ISP are needed to safeguard abdom-
inal organs should an issue arise during TA-NRP.

We recommend further research on the necessity of
ex situ organ perfusion following NRP (not graded).

With increasing evidence that ex situ organ perfusion
improves outcomes in DCD livers and kidneys retrieved
after ISP [11-14] and that it allows for additional viability
testing [15, 16], the necessity and effect of ex situ perfusion
after NRP need to be investigated. Most NRP studies have
been performed with static cold storage. Nevertheless, a
considerable number of kidneys, especially from uDCD,
have undergone ex situ hypothermic perfusion, though no
outcome comparison with cold storage is available [2].
Indeed, kidneys might benefit from improved preservation
after NRP, as PNF (in uDCD) and delayed graft function
rates in DCD remain high [13, 17]. Most livers have also
been cold stored [2], though the Italian experience
includes the use of oxygenated hypothermic perfusion
[18]. Ex situ perfusion might allow better uDCD liver
selection, given high PNF rates after NRP with static cold
storage. For the heart, static cold storage has been reported
when the cardiac cold ischaemia time was short, with the
donor at or very close to the recipient centre, and only
after assessment during TA-NRP [2, 10]. If cold storage
was safe, it would avoid considerable cost and complexity
of ex situ heart perfusion after TA-NRP.
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We recommend comparison of donor conversion
rates and organ utilization rates after NRP with those
of ISP in DCD and DBD, in well-designed studies
(not graded).

In comparison to DBD, DCD results in lower donor
conversion rates (DCR) and organ utilization rates
(OUR) [19-21]. NRP is thought to increase utilization
rates because organ viability can be assessed and recov-
ery is less hurried [22]. Although preliminary analysis
suggests improved abdominal OURs with NRP ([23],
our systematic search could not identify any study
designed to investigate this, and no direct comparisons
with ISP were available [2]. As calculation of DCR relies
on the definition of potential, eligible, actual and uti-
lized donors, we recommend using the definitions of
Dominguez-Gil et al. [24].

* We recommend (inter)national registries to
include standardized reporting of NRP aspects (not
graded).

* We recommend future studies report on outcomes
of all organs from NRP donors and include an ISP
(matched) comparator group, when possible (not

graded).

In the absence of randomized controlled trials, qual-
ity of published evidence is limited and risk of publica-
tion bias is high [2]. Nevertheless, evidence suggests loss
of equipoise for the liver, with data suggesting reduced
biliary complications and early allograft dysfunction
with NRP and no evidence of detrimental effects for
other abdominal organs [2, 8]. Together with challenges
related to donor interventional research, this likley
explains observed reticence to performing expensive and
challenging randomized controlled trials comparing ISP
and NRP in ¢cDCD [25, 26]. In addition, many clinically
relevant questions are impractical as primary outcomes
of randomized controlled trials. Well-designed and
maintained (inter)national registries might provide the
basis for rigorous observational studies, applying appro-
priate statistical methods allowing causal inference [27].
These registries would benefit from standardized data
collection for all organs recovered from NRP donors
and standardized outcome definitions to allow more
straightforward data comparisons and meta-analyses.
Established registries could be updated to include

Transplant International 2021; 34: 2019-2030
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essential information (Appendix S3) and adapted to
include information on ex situ perfusion [28]. Specific
NRP registries are needed to investigate detailed ques-
tions concerning viability assessment, ideal perfusate
composition and management during NRP.

Ethical considerations when implementing NRP

As NRP is an integral part of DCD procedures, DCD
ethical considerations apply [29-32]. We reiterate those
general considerations and add specific issues that
should be discussed in any institution with active or
planned NRP programmes, keeping in mind that com-
pliance with national, professional and institutional
guidelines is essential and may further direct ethical
discussions [33].

We recommend developing ‘donor identification’
protocols to identify potential DCD donors, attuned
to national guidance and donor legislation (consent
and authorization) (not graded).

The decision to cease resuscitation manoeuvres in or
withdraw life-sustaining therapy (WLST) should be
made in accordance with national and professional
guidance on end-of-life decisions. Such decisions should
be made independently of considerations regarding
organ donation. Developing donor identification proto-
cols avoids potential conflict of interest by treating
physicians, increases the number of potential donors,
avoids delay in referral of potential donors, allows clear
and transparent communication with relatives and
avoids the unnecessary use of resources.

With regard to antemortem interventions during
end-of-life care, guidance should include statements
on antemortem insertion of guidewires and/or can-
nulae to facilitate NRP after determination of death
(not graded).

End-of-life care should be continued in the best
interest of the dying patient, and antemortem interven-
tions should follow national legislation and professional
guidelines. Antemortem interventions in the potential
donor are ethically acceptable if they do not add risk,
harm or discomfort to the patient or relatives. Each
institution should develop specific guidance on at least
the following antemortem interventions:

2023
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* sedatives/analgesics: at all times, patients’ comfort
should be guaranteed and balanced against expected dis-
comfort, without intention to hasten death or shorten
warm ischaemia [34, 35];

* heparin administration;

+ antemortem insertion of guidewires or cannulae: facil-
itates starting NRP after determination of death but
might induce pain, damage body integrity and induce
haemorrhage (especially as heparinization is needed
when cannulae are inserted); protocol needed on
whether to remove guidewires/cannulae should the
potential donor not proceed to actual donation.

* NRP can only start after declaration of death (not
graded);

* We recommend that any NRP technique ensures
that brain perfusion is not restored (not graded).

It is fundamental that NRP procedures are in accor-
dance with the dead donor rule (organs can only be
retrieved after determination of death, and death should
never result from organ recovery) [36-38]. Definition of
circulatory arrest and determination of death should be
performed according to medical, professional and
national standards [39—41].

From an ethical viewpoint, the definition of death in
DCD settings is generally accepted as the ‘permanent’
rather than the ‘irreversible’ cessation of circulation
[42—47]. ‘Permanent’ means that no efforts are made to
restart circulation and autoresuscitation is no longer
possible. This point is commonly accepted to be
achieved after 5 minutes of continuous apnoea, circula-
tory loss and unresponsiveness, but in some countries,
legislation requires a longer observational period [45].

In NRP settings, ‘permanent’ has an additional
dimension, since NRP restores circulation to a limited
vascular region [48]. Brain reperfusion would negate
permanence, and any NRP technique needs to ensure
brain reperfusion does not occur [49, 50]. Technical
adaptations to the NRP procedure have been proposed
[48, 51]. Transparent protocols, in accordance with the
latest standards in medical care, are needed.

We recommend that contingency plans to quickly
modify or abort an NRP procedure be in place (not
graded).

Because of the nature of DCD procedures and the
technical complexity of NRP, protocols for cessation or

2024

rapid alteration of the planned procedure are needed.
From an ethical perspective, certain situations are to be
anticipated in any NRP protocol. First, the risk of
autoresuscitation during the no-touch period, inherent
to all DCD procedures, needs to be considered. Clear
criteria for what is considered autoresuscitation and
transparent communication when there is suspicion of
autoresuscitation are needed. Autoresuscitation might
lead to prolonged agonal periods or abortion of the
procedure. In case of persistent circulation, a clear pro-
tocol should be in place to continue end-of-life care in
the best interest of the patient.

Secondly, when the patient has been declared dead,
NRP has been started and all efforts to permanently
exclude brain perfusion are in place, signs of brain
reperfusion could, theoretically, be detected. A clear
protocol on how to define brain reperfusion during
NRP is needed; contingency plans to modify or abort
the procedure are crucial.

Minimal logistic requirements for NRP

We recommend that centres setting up an
NRP programme should

» Seek regulatory support and national guidelines
(not graded);

* Include WLST protocols, as an integral part of
end-of-life care, into NRP protocols (not graded);

* Maintain open communication with relatives and
seek consent in accordance with local legislation (not
graded);

* Rigorously train all involved in NRP (not graded);
* Develop an NRP (electronic) case report form
(not graded);

* Monitor NRP activity, considering efficiency, effi-
cacy, DCR and OURs, and post-transplant outcomes
of all organs (not graded).

Legal provisions, (inter)national guidelines, and rec-
ommendations regarding end-of-life care, declaration of
death and DCD are essential [1]. Implementing NRP
warrants discussion with organ allocation services, as
there might be implications for organ allocation
(Table S3).

As in any donation procedure, communication with
relatives is important, and consent/authorization needs
to be sought. Most countries with NRP programmes
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specifically mention use of NRP in interviews with rela-
tives (Table S3). This conversation needs to discuss
timing (e.g. prolonging antemortem care, as organizing
a donation procedure takes time) and location of
WLST (intensive care and operating room).

Detailed protocols, standard operating procedures,
and checklists for coordinators and perfusionists are
essential to ensure the presence of appropriate materi-
als, drugs and tissue samples. Protocols should be tai-
lored to ensure essential equipment, unlikley to be
present in the donor hospital, is brought by the NRP
team. Case report forms and checklists are helpful to
record and coordinate the NRP process. These should,
at a minimum, contain information on donor iden-
tity, NRP type, cannulation site, withdrawal time
(from WLST to start NRP), warm ischaemic times
(WIT) (functional WIT from systolic blood pressure
<50 mmHg to start NRP, asystolic WIT), time from
incision to NRP, regional perfusion flows and pres-
sures, timing and dose of drugs administered during
NRP, temperatures and duration of NRP.

Training of all involved is essential, and team train-
ing is preferred. Continuing education could be estab-
lished via (inter)national or regional courses, with
specific training oriented towards transplant coordina-
tors, nurses, surgeons, perfusionists, intensivists/in-
ternists and anaesthesiologists involved in DCD
management. We advocate simulation training, wet-
labs and attendance at a minimum of 5 NRP cases to
understand the process. In some countries, NRP can
only be performed in designated hospitals. Mobile
NRP teams, using portable devices, have also been
piloted (Table S3) [52]. Mobile teams require close
collaboration with the donor hospital. Organizing
team (de)briefings facilitates open communication and
enhances safety and efficacy of the procedure. Pro-
grammes should continuously monitor their NRP
activity (efficiency, efficacy, DCR and OURs, post-
transplant outcomes).

Minimal basic technical requirements for NRP

We recommend that A-NRP is established and main-
tained by a team that includes at least two surgeons,
a scrub nurse, a circulating nurse and a perfusionist
(not graded).

Typically, an NRP team includes at least two sur-
geons or an intensivist to perform cannulation; a
scrub nurse, a circulating nurse and a perfusionist in
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charge of setting up and running the NRP circuit.
Belgium and the Netherlands recommend two perfu-
sionists. In Spain, where antemortem cannulation is
permitted in many donor hospitals, cannulation may
also be performed by an interventional radiologist
before WLST (Table S4).

* We recommend that the NRP circuit includes a
minimum of a centrifugal pump, membrane oxy-
genator and heat exchanger, with sufficient crys-
talloid solution to fill circuit tubing (not graded).

* We recommend that donor cross-matched packed
red blood cells be added to the perfusate to maintain
haemoglobin >8 g/dl and sufficient heparin be added
to ensure anticoagulation in therapeutic range (not

graded).

A reservoir and leucocyte filter can also be included
in the circuit. Bicarbonate is often added to the prim-
ing solution since DCD donors may be profoundly
acidotic, though there is conflicting evidence support-
ing a beneficial nature for this practice [53-55]. In
countries that do not permit antemortem heparin
administration, heparin must be added to the priming
solution. Table S5 gives an overview of the composi-
tion of NRP perfusates, as reported in literature. Red
blood cells are added to maintain perfusate haemoglo-
bin levels >8-10 g/dl, and heparin is supplemented to
maintain activated clotting time within or above thera-
peutic range.

We cannot make recommendations regarding ante-
mortem interventions, as they are dictated by pre-
vailing legislation (not graded).

Antemortem interventions, which include guidewire
placement, cannulation and heparinization, are per-
formed according to local legislation. Antemortem hep-
arin administration is performed in Belgium, France,
Norway, Spain and Italy (in the latter case, only after
the onset of functional WIT, defined as systolic blood
pressure <50 mmHg, and in the absence of risk to
cause further harm to the patient, based on the clinical
judgement of treating physician). Antemortem cannula-
tion is allowed only in Spain, though antemortem ves-
sel localization with guidewires or small catheters may
be performed in Belgium, France, Italy and Norway.
No antemortem interventions are allowed in the
Netherlands or UK.
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Concerning WLST in ¢DCD with intention to
start NRP after declaration of death, we
state

» WLST may take place in either the intensive care
unit or the operating room (not graded);

* WLST and verification of death should be per-
formed by a physician or group of physicians
entirely separate from NRP and organ recovery
teams (not graded);

* During WLST, the potential cDCD donor is ideally
continuously monitored for arterial pressure using
an indwelling catheter, pulse oximetry and the elec-
trocardiographic waveform (not graded);

* Further research is needed to establish a universal
definition for the start of functional warm ischaemia
that correlates with the onset of end-organ ischaemia
(not graded);

* National legislation dictates criteria for declaring
death (not graded).

and is helped by antemortem vessel localization using
guidewires or catheters. When an occlusion balloon is
used to prevent restoration of cerebral flow by occlud-
ing the descending thoracic aorta, correct positioning
needs to be confirmed using either X-ray or ultrasound
before initiating NRP (Table S7). Placing an open can-
nula in the ascending aorta allows confirmation of
absence of brain perfusion by monitoring pressure and
flow in the aorta during A-NRP [48].

When NRP has been established, we
recommend

* NRP to be maintained between 1 and 4 hours
(not graded);

+ Continuous monitoring of temperature (not
graded);

* Monitoring flow and serially assessing blood gases
and other analytical/biochemical parameters at least
once every hour (not graded).

In all countries, WLST is performed by a physician or
group of physicians entirely separate from the NRP and
organ recovery team(s), either in the operating room or the
intensive care unit. All countries perform continuous arterial
pressure monitoring using an indwelling catheter during
WLST. Additionally, it is common to monitor electrocardio-
graphic and pulse oximetric waveforms. The onset of signifi-
cant hypoperfusion is assessed based on evolution of blood
pressure, with or without oxygen saturation. There is no con-
sensus regarding which specific blood pressure threshold
(systolic or mean) should be used. Oxygen saturations with
pulse oximeters may give a false impression of onset of
ischaemia and is not recommended. A 5-minute no-touch
period of absent circulation and absence of spontaneous res-
piration is most often used to declare death (Table S6). In
some countries, 20 minutes of electrical asystole are required
to declare death.[1]

Concerning  post-mortem  surgical cannulation
required for NRP, we can state this may be per-
formed in the open abdomen or in the common
femoral vessels (not graded).

Post-mortem cannulation for NRP may be performed
either in the open abdomen or in the common femoral
vessels (Table S7). The latter can be easier to perform
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In general, a minimum of one and maximum of four
hours of NRP are stipulated (Table S5). During NRP,
circuit temperature and flow are monitored continu-
ously, while blood gases and other parameters, includ-
ing perfusate transaminases and lactate, are evaluated at
least once every hour. No validated viability criteria are
available and protocols for viability assessment vary.
Based upon reported practice and expert opinion, we
can state that liver viability in ¢cDCD during NRP is best
based on the evolution of hepatic transaminases (ideally
<4x upper limit of normal and stable) and lactate (ide-
ally declining) in the perfusate, bile production and pH,
macroscopic aspect and occasionally microscopic find-
ings (<30% macrosteatosis) (Table S8). Given the lim-
ited experience with uDCD liver transplantation and
considerable PNF rates after NRP, further research is
needed to recommend any viability criteria but it would
make sense these are also based on similar biochemical
measurements. For kidneys, published reports mention
macroscopic aspect, occasionally microscopic findings
and urine production, although in our experience, the
absence of urine output per se should not lead to organ
discard (Table S9). Centres using ex situ hypothermic
perfusion report using renal resistance, though studies
outside the NRP field have shown kidneys should not be
discarded based upon renal resistance criteria only
(Table S9) [56-58]. The pancreas is commonly assessed
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based on its macroscopic appearance, also taking into
account the viability assessment of other organs [59-61].
For heart, acceptance is based on left ventricular ejection
fraction, cardiac index, flow-volume curves and the ability
of the heart to support thoraco-abdominal circulation
after weaning from NRP (Table S10). For lung, one study
mentions acceptance based on PaO, >300 mmHg [62].

In addition, many countries adhere to strict donor cri-
teria, and especially to limitation of (f)WIT before the
start of NRP. In uDCD, maximal accepted time between
cardiac arrest and start of basic life support varies
between 15 and 90 min, reflected by reported values
(Table S11). Reported maximal accepted time between
start of basic life support and NRP start varies between 30
and 150 min, reflected by reported values (Table S11).
Reported maximal accepted time from cardiac arrest to
start of NRP is 150 min for liver and kidneys (Table S12).
Based on reported NRP ¢DCD literature, it is difficult to
provide guidance on (f)WIT at which point donation
should be abandoned as no single definitions for WIT
and fWIT are used (Table S6, Table S12). Apart from
WIT limitations, some protocols, especially in uDCD,
take strict donor and procedural inclusion and exclusion
criteria into account (Table S13). These are mostly age
limits, a witnessed cardiac arrest in uDCD and low antici-
pated risk of cancer or transmissible disease.

When NRP is discontinued, and organ procurement
is commenced, we recommend that abdominal
organs be removed as quickly as possible following
the onset of cold preservation (not graded).

Similar to DBD and ISP DCD procedures, colloid-
containing solutions are preferred in most countries for
abdominal organ (UW and IGL-1) and lung preserva-
tion (Perfadex). Abdominal organs are removed as
quickly as possible, either sequentially or en bloc, follow-
ing the onset of cold preservation [63].

We recommend special consideration for thoracic
organ recovery in DCD donors with NRP (not graded).

During A-NRP, haemostasis in the thorax should be
meticulous while A-NRP is running. Special care should
be taken to control caval tributaries in the chest, with
meticulous haemostasis. Continuous communication
among all involved (abdominal, thoracic and perfusion-
ist) is critical to ensuring favourable outcomes. There is
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not enough experience in TA-NRP to make any recom-
mendations.
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