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Abstract 

The continuing shortage of deceased donor organs for transplantation, and the limited number of potential donors 
after brain death, has led to a resurgence of interest in donation after circulatory death (DCD). The processes of warm 
and cold ischemia threaten the viability of DCD organs, but these can be minimized by well-organized DCD pathways 
and new techniques of in situ organ preservation and ex situ resuscitation and repair post-explantation. Transplanta‑
tion survival after DCD is comparable to donation after brain death despite higher rates of primary non-function and 
delayed graft function. Countries with successfully implemented DCD programs have achieved this primarily through 
the establishment of national ethical, professional and legal frameworks to address both public and professional con‑
cerns with all aspects of the DCD pathway. It is unlikely that expanding standard DCD programs will, in isolation, be 
sufficient to address the worldwide shortage of donor organs for transplantation. It is therefore likely that reliance on 
extended criteria donors will increase, with the attendant imperative to minimize ischemic injury to candidate organs. 
Normothermic regional perfusion and ex situ perfusion techniques allow enhanced preservation, assessment, resusci‑
tation and/or repair of damaged organs as a way of improving overall organ quality and preventing the unnecessary 
discarding of DCD organs. This review will outline exemplar controlled and uncontrolled DCD pathways, highlighting 
practical and logistical considerations that minimize warm and cold ischemia times while addressing potential ethical 
concerns. Future perspectives will also be discussed.
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Introduction

The continuing shortage of deceased donor organs for 
transplantation, and the limited number of potential 
donors after brain death, has led to a resurgence of inter-
est in donation after circulatory death (DCD) as an effec-
tive means of expanding the potential donor pool. In 
2017, close to 136,000 solid organ transplants were per-
formed worldwide, but, according to WHO estimates, 
this activity is sufficient only to meet 10% of transplant 

need [1]. The revival in DCD was led by the Maastricht 
group in the Netherlands in 1995 following their classifi-
cation of DCD donors. The Maastricht classification was 
revised in 2013 (Table  1) [2] to more accurately repre-
sent current DCD practices in countries which have this 
form of donation (Table 2). There has been a substantial 
increase in DCD in the most active countries over the 
last 15 years (Electronic Supplementary Material Fig. 1).

There are two broad categories of DCD—controlled 
(cDCD) and uncontrolled (uDCD) DCD. cDCD refers 
to organ donation after death following the planned 
withdrawal of life-sustaining therapies (WLST) because 
these are no longer determined to be in the best inter-
ests of the patient (primarily Maastricht category III). 
The potential for DCD can be considered in any hos-
pital location after failed CPR or whenever WLST is 
being considered. However, given the morbidities and 
disease states contributing to the decision to WLST, 
DCD is most often considered in the intensive care unit 
(ICU) and emergency department (ED). uDCD is organ 
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retrieval following death after an unexpected and irre-
versible cardiac arrest (primarily Maastricht categories 
IIa and IIb), and can only occur in centres where facili-
ties for organ retrieval and perfusion are immediately 
available [3].

Kidney, liver, pancreas, lung and, recently, heart 
donation are eligible for cDCD, although this varies by 
country [1]. In uDCD, only kidneys, livers and lungs 
have successfully been transplanted to date. The pro-
cesses of warm and cold ischemia threaten the viability 
of DCD organs. However, recent data confirm compa-
rable transplantation survival after DCD and donation 
after brain death (DBD) despite higher rates of delayed 
graft function overall [4–6] and primary non-function, 
and higher frequency of biliary complications after 
DCD liver transplantation [7]. Both cDCD and uDCD 
offer great potential for tissue donation.

This review will outline exemplar cDCD and uDCD 
pathways, highlighting practical and logistical considera-
tions that minimize warm and cold ischemia times while 
addressing potential ethical concerns. Future perspec-
tives will also be discussed.

Controlled donation after circulatory death
In circumstances where a patient or their surrogates 
have elected to proceed with end-of-life care, considera-
tion should be given to the option of cDCD. A request to 
authorize donation after death should be made following, 

but independent, of the decision to WLST. A number of 
important operating principles guide the cDCD path-
way, and these are described in detail below. An idealized 
pathway is shown in Fig. 1.

Authorization for donation
A prior decision to WLST is a prerequisite for an 
approach to a patient or their surrogate(s) to discuss 
donation after death. Critically ill patients admitted to 
hospital may be considered potential candidates for 
deceased organ donation, and the hospital record should 
initially be reviewed for eligibility. If a patient or their sur-
rogates elect for end-of-life care, subsequent approaches 
for organ donation should be undertaken by trained 
requestors as this improves authorization rates [8, 9]. If 
the patient has already authorized donation (e.g. via a 
donor registry or donor card), the donation coordination 

Take‑home message 

Donation after circulatory death (DCD) is an effective means of 
expanding the potential donor pool, and has comparable trans‑
plantation survival to donation after brain death despite higher 
rates of primary non-function and delayed graft function. Countries 
with successfully implemented DCD programs have achieved this 
primarily through the establishment of national ethical, profes‑
sional and legal frameworks to address both public and professional 
concerns with all aspects of the DCD pathway.

Table 1  Modified Maastricht criteria for donation after circulatory death (updated 2013)

Category Type of DCD Description Notes

I N/A Found dead
IA: out-of-hospital
IB: in-hospital

Unexpected cardiac arrest with no attempt at resuscitation
Can donate tissues (not suitable as organ donor)

II Uncontrolled Witnessed cardiac arrest
IIA: out-of-hospital
IIB: in-hospital

Unexpected cardiac arrest with unsuccessful resuscitation

III Controlled Withdrawal of life-sustaining therapy Primary mode of DCD (only mode in some countries)

IV Uncontrolled/controlled Cardiac arrest after brain death determination Unexpected cardiac arrest in a brain dead patient sched‑
uled for donation

Table 2  Modes of donation after circulatory death in different countries

Controlled Uncontrolled

Australia France Norway Austria Italy Portugal

Austria Ireland Spain Belgium Latvia Russia

Belgium Italy Switzerland Czech Republic Lithuania Spain

Canada Netherlands Sweden France Netherlands Switzerland

China New Zealand UK Israel Poland UK

Czech Republic USA
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staff should engage only after a decision has been made 
that end-of-life care is appropriate.

The site and timing of subsequent WLST should facili-
tate organ procurement as rapidly as possible after death 
to minimize the warm ischemia time post-asystole. 
Authorization for cDCD should include explanation to 
patients and surrogates of any requirement for trans-
fer to an operating room or adjacent area for WLST, 
and the need for family members to leave shortly after 
death is declared. The operating room presents consider-
able logistical advantages for WLST, but challenges pri-
vacy for the patient and surrogates/family, and may lack 
appropriate staffing and range of medications. WLST in 
the ICU alleviates these concerns, but with potentially 
unacceptable increases in warm ischemia times during 
transfer of the deceased to the operating room. The post-
operative recovery area may afford a useful compromise. 
There are no clear data on the most appropriate location 
for WLST, only evidence of variability [10].

Eligibility for controlled donation after circulatory death
Eligibility for cDCD may be affected by the disease pro-
cesses contributing to end-of-life decisions, including 
previous medical history and comorbidities. The risk of 
neoplastic or infectious disease transmission to recipi-
ents should be assessed, alongside evaluation of individ-
ual organ function. The latter includes the effects of age 
and chronic disease, and anticipation of further insults to 
potentially transplantable organs during the agonal phase 
[11]. Donors up to the age of 85 years may be evaluated, 
with other (limited) contraindications similar to all types 
of donation.

Each organ should be assessed individually because of 
differing susceptibilities to comorbidities and ischemia–
reperfusion injury. In each case, the donation team 
rather than the clinical staff responsible for the patient’s 
care should determine eligibility. An important fac-
tor is the likelihood of death occurring within a specific 
period after WLST as accumulated anoxic and ischemic 
injury during physiological deterioration may result in 

Fig. 1  The pathway for controlled donation after circulatory death. DCD donation after circulatory death, WLST withdrawal of life-sustaining 
therapy
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irreversible injury to potentially transplantable organs 
(see below).

Donor screening
Every organ donor must be screened to determine tissue 
compatibility and potential risks to recipients. The tim-
ing of WLST is scheduled to allow completion of sero-
logical screening and tissue matching. This may take up 
to 24  h, and time estimates must be communicated to 
the patient, surrogates and staff. In exceptional circum-
stances urgent cDCD procurement may proceed with 
organs maintained using ex situ perfusion while screen-
ing and matching is completed (see below).

Avoidance of conflicts of interest and donation stand down
The quality and degree of end-of-life care must not be 
affected by the potential for organ donation. Bedside 
staff should be competent in the administration and 
titration of palliative sedation and analgesia, targeted 
only at symptomatic relief, thus avoiding any misper-
ceptions of intent. Organ procurement personnel must 
not be involved in the management of end-of-life care, 
and should not be in the patient’s presence from WLST 
to declaration of death. They may prepare and drape the 

patient prior to WLST if appropriate, but should with-
draw thereafter [12].

Death might not occur within the eligibility period for 
the organ(s) in question. Alternative management path-
ways in this circumstance should be defined locally, and 
communicated to the patient and surrogates during the 
authorization process. Potentially transplantable organs 
are exposed to a significant period of warm ischemia 
time during the cDCD process (Fig. 2). In general terms 
the total period of warm ischemia extends from the 
moment of the WLST to organ perfusion, whereas func-
tional ischemia extends from the moment that candidate 
organ perfusion is compromised (during cardiorespira-
tory deterioration and collapse) to organ perfusion [13]. 
Warm ischemia time can be minimized to some extent 
by maintaining cardiovascular support and delaying 
WLST until pre-donation checks are completed. One 
of the most significant factors in organ viability is likeli-
hood of death occurring within a window period for each 
individual organ (liver and heart 20–30  min, lungs and 
pancreas 60  min, kidneys 90–120  min), with the dura-
tion of functional and warm ischemia times impacting 
upon transplant outcomes [6, 14, 15]. There are varied 
definitions of warm ischemia time, making comparisons 

Fig. 2  Warm and cold ischemia in donation after circulatory death. MAP mean arterial pressure, SBP systolic blood pressure, SpO2 arterial oxygen 
saturation, WLST withdrawal of life-sustaining therapy
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difficult. While all agree on an endpoint of cold perfusion 
flush, the start of warm ischemia time has been variably 
defined as initiation of WLST, mean arterial pressure of 
60  mmHg (organ hypoperfusion), systolic arterial pres-
sure of less than 35 to  60  mmHg, oxygen saturation of 
less than 25% to 70%, or cardiac arrest [16].

Various models have been developed to predict the 
likelihood of death within the eligible window, but all 
have limited accuracy that at best equate to a stand down 
rate of around 20% [15, 17–20]. Alternative models cal-
culate the risk of graft failure based on donor charac-
teristics and WLST variables [21], but these also fail to 
eliminate stand-downs. Some argue that every potential 
cDCD donor should be pursued [20].

Ante‑mortem procedures
Where legal considerations permit, a variety of ante-
mortem interventions, including femoral cannulation 
for regional organ perfusion, anticoagulation or vasodil-
atation, can be implemented to minimize ischemic 
injury and improve transplant outcomes [13]. These 
require careful and detailed explanations and informed 
consent, although, given the limited high-quality evi-
dence of beneficial effects on post-transplant outcomes 
[22], some elect to postpone such interventions until 
after death.

Diagnosis of death
Death should be diagnosed expeditiously, while meet-
ing appropriate legal standards. Declaration of death is 
made on absence of circulatory activity (e.g. no pulse, 
blood pressure, heart sounds, neurologic response or 
breathing) [23], but invasive arterial pressure monitor-
ing can objectively clarify the diagnosis [16]. Electrocar-
diographic activity may persist for some time after death. 
Surrogates and other family members should be swiftly 
conducted from the room after declaration of death. The 
permanence of death is confirmed by a mandatory but 
internationally variable ‘no-touch’ period of observation 
(usually 5  min) of continuous cardiorespiratory arrest 
before organ procurement can begin [12]. Some suggest 
that this time could be used to transfer the patient to the 
operating room [24]. As well as variations in the duration 
of the non-touch period between countries, the means 
that are accepted to assess absence of circulation (e.g. 
ECG, invasive blood pressure monitoring, echocardiog-
raphy) also vary.

Uncontrolled donation after circulatory death
In 2006, the Institute of Medicine estimated that uDCD 
could increase the potential donor pool by 22,000 

annually in the USA alone, and urged for the develop-
ment of this type of donation [25]. Despite these calls, 
no uDCD program has yet been introduced in the USA 
[26]. The EuReCa study identified almost 7000 cases of 
witnessed out-of-hospital cardiac arrest treated by emer-
gency medical services (EMS) in 27 European countries 
during a 1-month period [27]. Return of spontaneous cir-
culation occurred in only 28.6% of these patients, reveal-
ing a large missed potential for uDCD which has also 
been identified in other studies [28, 29]. Despite this, only 
a limited number of European countries have introduced 
uDCD programs (Table 2), and many of these have lim-
ited uDCD activity. Quantitatively, the most important 
programs have been developed in France, the Russian 
Federation (type IIb) and Spain. The limited activity in 
Europe is surprising bearing in mind that the 2015 Euro-
pean Resuscitation Guidelines state that “after stopping 
CPR, the possibility of ongoing support of the circula-
tion and transport to a dedicated centre in perspective of 
organ donation should be considered” [30].

The most common reasons for countries failing to 
introduce or consider uDCD programs are absence of 
an appropriate regulatory framework, legal prohibi-
tion of the practice, lack of organizational capacity or 
technical expertise, and limited confidence in such pro-
grams (in particular on transplantation outcomes) [31]. 
While international consensus would likely assist in the 
development of national uDCD programs, it will not 
impact the need to clarify nation-specific ethical or leg-
islative issues. Successful uDCD programs will there-
fore continue to rely on a national regulatory framework 
establishing the legality and ethical acceptability of fun-
damental aspects of the procedure, as well as on societal 
and professional consensus [32].

The changes to the Maastricht classification in 2013 
subdivided category II DCD into IIa and IIb to describe 
donation after out-of-hospital and in-hospital cardiac 
arrest, respectively [2]. This change was made because 
the location of the cardiac arrest is associated with dif-
ferent comorbidities and varying durations of warm 
ischemia time in potential donors. The uDCD process is 
similar for all potential donors, but IIa donation presents 
the greatest logistical challenge.

Initiation of the uDCD pathway
The category IIa donation pathway (Fig.  3) is initiated 
when an EMS attends a witnessed, unexpected cardiac 
arrest in a patient in whom resuscitation is unsuccessful 
despite advanced cardiopulmonary resuscitation (aCPR). 
If the person meets a set of selection criteria—age less 
than 55 to 60 years, duration of cardiac arrest prior to ini-
tiation of aCPR less than 15 to 20 min, no apparent rel-
evant comorbidities and absence of exsanguinating lesion 
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[32]—the EMS contacts the donor coordinator at the 
receiving hospital who evaluates the patient as a poten-
tial organ donor. If aCPR protocols determine imme-
diate transfer to hospital for therapeutic reasons, the 
uDCD procedure is initiated in hospital if aCPR is finally 
deemed unsuccessful. During transfer of the potential 
uDCD donor to the hospital (or within hospital), cardiac 
compression and mechanical ventilation are maintained 
with the sole purpose of preserving potentially trans-
plantable organs as aCPR has already been determined 
to be futile. Physicians at the hospital, independent of 
EMS and the donor/transplant team, declare the death 
of the individual after confirming that no further thera-
peutic efforts are indicated and after observing a period 
of absence of spontaneous breathing and circulation. This 
no-touch period varies between 5  min (in most coun-
tries) and 20 min (in Italy) [31].

Post‑mortem organ preservation
Following determination of death, cardiac compression 
and mechanical ventilation may be re-established (in 
some countries) to ensure organ preservation. This is jus-
tified on the basis that death has already been declared 
following exhausted aCPR measures, and brain death 

assumed because of prolonged periods of low or no-flow 
[33].

In situ organ preservation measures are relevant to 
both cDCD and uDCD, although of more relevance 
in uDCD because of the greater likelihood of warm 
ischemia-related organ injury. Such techniques consist 
either of in situ cooling of kidneys using a double-balloon 
triple-lumen catheter technique, or the establishment of 
hypothermic or normothermic regional perfusion (nRP) 
of abdominal organs with an ECMO device. In situ pres-
ervation strategies provide time to complete consent and 
authorization requirements, evaluate the individual’s 
suitability for donation and, in the case of liver donation, 
the opportunity to assess organ viability by monitoring 
transaminase levels and other parameters that reflect the 
quality of organ preservation [32, 34]. For lung preserva-
tion, pleural drainage tubes are inserted and cold preser-
vation fluid (or saline serum) is instilled until the pleural 
cavities are completely filled and the lungs fully collapsed 
[34]. In some countries, machine perfusion is considered 
mandatory for ex situ preservation (see below), despite 
the absence of definite evidence that it has any impact on 
organ viability or post-transplant outcomes.

Fig. 3  The pathway for uncontrolled donation after circulatory death. CPR cardiopulmonary resuscitation, hRP hypothermic regional perfusion, nRP 
normothermic regional perfusion
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Ascertaining an individual’s wishes
The deceased person’s wishes regarding organ dona-
tion are ascertained via several methods, including 
donor registries, advanced directives and after discus-
sion with surrogates [32]. The timing of the surrogate 
discussion varies. In Spain it may take place at any time 
between the moment when aCPR is deemed unsuccess-
ful to the moment when in situ preservation is initiated 
[34]. Transparency is paramount during interactions with 
families while, at the same time, balancing their emo-
tional needs; according to predefined scenarios, informa-
tion is progressively released [35].

Outcomes
uDCD has a lower effectiveness than DBD and cDCD, 
and a high percentage of potential uDCD donors do not 
transition to actual donation [36]. Moreover, the per-
centage of actual uDCD donors from whom at least one 
organ is transplanted is less than 80%, with fewer than 
two organs transplanted per donor [31]. Poor preserva-
tion is the main reason to discard abdominal organs once 
recovered [37]. Importantly, uDCD donors have great 
potential for tissue donation.

Results of organ transplantation from uDCD donors 
are considered acceptable, though amenable to improve-
ment. Kidney transplants have adequate short- and 
long-term outcomes, despite a higher incidence of pri-
mary non-function and delayed graft function compared 
with DBD and cDCD organs [32, 34, 38–40]. In a recent 
Spanish cohort study of 517 uDCD transplants, stand-
ard in  situ cooling of kidneys was associated with a 5.6 
increase in the risk of graft loss during the first year post-
transplant compared to nRP [37]. Two French studies 
have also revealed that, compared to in situ cooling, nRP 
is associated with significantly improved graft function 
at 2 years post-transplantation [38, 39]. Increased donor 
age is an important factor that negatively impacts kid-
ney graft survival [41]. Livers have only been successfully 
transplanted following nRP, and transplant outcomes can 
be excellent with careful donor selection [32, 34, 42]. Pre-
liminary experience with lungs from uDCD donors also 
shows acceptable post-transplant survival [32, 34, 43].

Ethical considerations
The primary duty of care of any doctor is to ensure that 
their patient’s treatment is directed at ensuring survival 
with the best possible outcome. However, after a decision 
to WLST or stop CPR has been reached, doctors then 
have a professional and ethical obligation to consider 
organ donation as a routine part of end-of-life care [44]. 
While the best interests of an individual must always 
respect their right to a peaceful and dignified death, it 
should also ensure that their values and preferences are 

included in a bespoke end-of-life care plan, including 
the option of organ donation if this is the patient’s wish 
[45]. Many healthcare professionals have concerns at 
the interface between end-of life care and DCD because 
of perceptions of conflicts of interest, interpretation of 
a patient’s best interests, observation of the dead donor 
rule, and which (or whether) ante-mortem and post-
mortem interventions to improve transplant outcomes 
are lawful and/or ethical. Such concerns can be mitigated 
to some extent by education and familiarity with national 
guidelines [46]. Despite this, new ethical and profes-
sional challenges have arisen as boundaries in DCD are 
challenged.

Minimizing perceptions of conflicts of interest
cDCD is the only form of deceased organ donation 
where consideration of donation is made while the 
patient is still alive. Consequently clinicians must never 
be perceived as having a conflict of interest. Decisions 
to proceed with end-of-life care or to abandon aCPR 
should always be disconnected from any consideration 
of organ donation. Legislation which places primacy on 
an individual’s best interests are fundamental in mini-
mizing perceptions of conflicts of interest and, impor-
tantly, also broadens the interpretation of best interests 
to include not only an individual’s best medical inter-
ests but also their values, beliefs and preferences, 
including an expressed wish to donate their organs 
after their death [44]. National and international pro-
fessional end-of-life care guidance now places a duty 
on doctors to consider organ and tissue donation as an 
integral part of end-of-life care, reinforcing the funda-
mental importance of respecting a patient’s best inter-
ests at all times, including after their death [30, 47–49].

In countries where it is legal, such as Belgium and in 
the Netherlands, DCD has been performed after eutha-
nasia [50]. While this respects an individual patient’s 
autonomy to donate after their death, it raises many 
ethical issues and is only applicable in the few jurisdic-
tions where euthanasia is allowed.

Ante‑mortem interventions
cDCD cannot be practised without some alterations 
in routine end-of-life practices [3]. However, whether 
interventions applied to a living patient with the sole 
purpose of increasing the likelihood of donation and 
improved transplant outcomes are appropriate remains 
a matter of intense debate, and varies internationally. 
Ante-mortem interventions can be simple and mini-
mally invasive, such as blood sampling, or complex 
and invasive, such as endotracheal intubation [51]. It 
is essential that countries practising DCD determine 
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which (if any) interventions are both ethical and legal 
by considering the potential benefits and harm of each 
(Electronic Supplementary Material Table 1) [47].

Timing of withdrawal of life‑sustaining therapies
The perils of early WLST in patients with devastat-
ing brain injury have been brought into sharp focus by 
reports of survival of patients in whom end-of-life care 
was delayed to allow cDCD, and after donation had 
been authorized [52]. This in effect meant that those 
patients whose surrogates declined organ donation 
were denied any chance, albeit small, of survival. Sub-
sequently, national guidelines on the early management 
of devastating brain injury have recommended delaying 
WLST for up to 72 h to allow a period of stabilization 
and observation [53, 54]. Such approaches align with 
the established and successful pathways for the man-
agement of post-cardiac arrest patients [55]. Delaying 
the decisions to WLST reduces perceptions of conflicts 
of interest, and offer on-going support and improved 
prognostication to all patients with devastating brain 
injury, not only to those whose families have agreed 
to donation. It also provides longer periods for decou-
pling conversations about futility and organ donation 
and can, in certain circumstances, allow patients with 
devastating brain injury to progress to brain death and 
potentially shift from DCD to DBD [56].

Extracorporeal oxygenation techniques
Recent attention has also focused on decisions to use 
extracorporeal oxygenation techniques while attempt-
ing to achieve restoration of spontaneous circulation. 
Although extracorporeal assisted CPR (eCPR), which 
provides oxygenated blood to the whole body, is a 
promising technique, its indications, risk–benefits and 
cost-effectiveness remain undefined [57]. Moreover, it 
could be perceived that the widened indications and 
practice of eCPR have potential to conflict with uDCD 
[58]. In practice, uDCD should only be considered 
when aCPR has been exhausted according to local pro-
tocols. Therefore, if these protocols include eCPR, the 
uDCD pathway should only be activated when this has 
been terminated. The feasibility of the integration of 
eCPR and uDCD programs has recently been described 
in refractory cardiac arrest, leading to successful kidney 
transplantation [59].

nRP techniques increase the number of organs avail-
able for transplantation and improve transplantation 
outcomes after cDCD, but ante-mortem cannulation of 
vessels and concern about re-establishment of the cir-
culation after the determination of death bring ethical 
concerns (see below).

Timing of confirmation of death
The point at which death can be confirmed after loss 
of the circulation varies internationally [23], and con-
tinues to be debated in an attempt to achieve consen-
sus [60]. The greater acceptance that all human death 
is based on permanent loss of brain function, usually 
defined as the capacity for consciousness and all brain-
stem function, allows the confident confirmation of 
death soon after loss of the circulation. A recent litera-
ture review concluded that consciousness is lost within 
21 s after cessation of the circulation, the EEG becomes 
isoelectric within 30  s, and visual evoked potentials 
are lost within 35  s [61]. Brain activity and function 
cannot resume without return of the circulation, and, 
in the context of DCD, this can only occur if there is 
spontaneous restoration (auto-resuscitation) because a 
decision has already been made to terminate or with-
hold aCPR. Most countries practising DCD accept that 
5 min of continuous loss of the circulation and apnoea 
is sufficient to exclude the possibility of auto-resusci-
tation, and that death can be confidently confirmed at 
this point [23]. However, diagnosing death at this point 
is conditional on a prohibition of any post-mortem 
interventions that have potential to restore cerebral 
perfusion at a time when the brain may still, theoreti-
cally at least, be responsive to reperfusion.

Future perspectives
The substantial unrealized potential for DCD could not 
only increase the availability of organs for transplan-
tation but also offer more patients the opportunity to 
donate. Countries that have successfully implemented 
DCD programs have done so primarily by establish-
ing a national ethical, professional and legal framework 
to address both public and professional concerns with 
all aspects of the DCD pathway [3]. Robust DCD pro-
grams increase the donor pool with minimal impact on 
the rate of other donation types [62]. However, even 
a large expansion of standard DCD programs will not 
address the worldwide shortfall in organ availability, 
increasing reliance on organs from extended criteria 
donors (ECD). This has driven research into ways to 
improve the quality of organs and prevent unnecessary 
discarding of DCD organs.

Normothermic regional perfusion
Experience with nRP in uDCD has generated interest 
in its potential applications in cDCD. In addition to its 
reconditioning potential, nRP can turn an urgent into an 
elective organ recovery procedure and reduce organ dam-
age due to surgical events [63]. It also allows assessment 
of organ function prior to transplantation, assisting in the 
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optimal selection of grafts to maximize post-transplant 
outcomes, particularly in cDCD liver and heart trans-
plantation [64]. Although the experience of using nRP 
in cDCD is still limited, published series support these 
theoretical benefits and report promising results in terms 
of numbers of organs recovered and transplantation out-
comes [65–67]. nRP also seems to allow a safe expan-
sion of donor age, a factor which has classically been a 
major determinant of recipient outcomes [68]. Despite 
its potential benefits, there are ethical issues surround-
ing the use of nRP in DCD. The ante-mortem cannula-
tion of vessels to facilitate nRP and decrease the duration 
of warm ischemia, or the re-establishment of circulation 
after the determination of death, is the most challeng-
ing [69]. Specific authorization for these interventions 
and strategies to avoid reperfusion of the brain, such as 
clamping the aorta or the aortic arch vessels to exclude 
the cerebral circulation, have been proposed as ways to 
respect the interests of all those concerned [70]. How-
ever, these ethical challenges will not be fully resolved 
until there is definitive evidence that nRP substantially 
contributes to improved transplantation outcomes.

Ex situ perfusion
Newer techniques such as hypo- and normothermic 
machine ex situ perfusion also improve preservation, 
assessment, resuscitation and/or repair of damaged 
organs. Preclinical studies have confirmed that nor-
mothermic perfusion effectively restores metabolism, 
replenishes cellular ATP and upregulates repair mecha-
nisms in kidneys [71]. In a small clinical series of 18 
ECD kidneys, ex situ normothermic perfusion resulted 
in a substantially lower need for dialysis in the first week 
post-transplant, with similar 1-year graft and patient sur-
vival compared to kidneys subject to static cold storage 
only [72]. A phase II randomized controlled trial assess-
ing the efficacy of ex situ perfusion compared with static 
cold storage in kidney donation is currently underway in 
the UK [73].

The liver is particularly sensitive to ischemic injury, 
and limited potential for assessment of liver graft func-
tion prior to transplantation is mainly linked to current 
storage techniques. Moreover, livers from ECDs toler-
ate static cold storage poorly resulting in a higher risk of 
primary and delayed graft dysfunction, and biliary com-
plications, compared with standard criteria organs [74]. 
Ex situ liver perfusion allows extended periods for graft 
assessment and modification. In a recent study, 5 of 7 pri-
marily declined high-risk grafts were successfully trans-
planted after assessment using normothermic ex situ 
liver perfusion [75]. The preservation time for liver grafts 
is increased to more than 24  h with ex situ perfusion 
techniques, offering time for comprehensive assessment 

and treatment of EDC organs, and greater flexibility in 
scheduling recipient surgery [74].

Ex situ lung perfusion allows an objective assessment 
of lung function, thereby overcoming the uncertainties 
associated with in  vivo evaluation which lead to high 
rates of unnecessary decisions to abort lung retrieval 
[76]. Ex situ lung perfusion also allows lungs to be main-
tained for many hours without deterioration in function, 
thereby allowing longer periods to obtain histopathologi-
cal or microbiological results [77], as well as the potential 
to treat injured donor lungs prior to transplantation [76]. 
Heart transplantation from DCD donors is also emerg-
ing as a realistic opportunity as longer preservation times 
become a reality. As for other organs, ex vivo heart perfu-
sion allows for the possibility for evaluation and recondi-
tioning of the isolated heart before transplantation [78].

While ex situ perfusion techniques are expensive, 
the relatively small incremental cost must be bal-
anced against the potential benefits (clinical and cost) 
from improved post-transplant organ function. Organ 
repair and restoration techniques have great potential 
to improve DCD recipient outcomes by allowing organs 
currently considered unsuitable for transplantation to be 
safely implanted after repair and reconditioning. It seems 
certain that the role of ex vivo organ repair in DCD must 
be further developed if the global organ shortage is to be 
reconciled with demand.
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