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Purpose of review

The use of cardiac transplantation following circulatory death (DCD) has been limited worldwide. Concerns
about cardiac function after warm ischemia and the potential for decreased graft function have been
important considerations in this hesitancy. In addition, ethical and legal questions about the two widely
used organ procurement methods have led to discussions and public education in many countries.

Recent findings

Publication of a US randomized trial of cardiac transplantation following DCD has shown that it is both
feasible and has similar short-term outcomes compared with cardiac transplantation following brain death
(DBD). These data support those from both Australia and the UK who have largest experience to date.

Summary

The adoption of cardiac transplantation following circulatory death has increased overall cardiac
transplantation in those transplant centers who have incorporated these donors. Short term outcomes for
DCD organ procurement methods are similar to those outcomes using DBD hearts. Continued study and
standardization of warm ischemic times will allow for better comparisons of organ procurement techniques
and organ optimization. The ethical concerns about procurement methods, in addition to a discussion of
procurement costs and feasibility will need to be addressed further in the efforts to expand the organ pool
and increase overall cardiac transplantation numbers.
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INTRODUCTION

Cardiac transplantation has been the final option
for end-stage severe heart failure for over fifty years.
Although the first cardiac transplant used a heart/
organ procured after cardiocirculatory death, car-
diac transplantation has long relied on donation
after neurologic, or brain death (DBD). The consen-
sus statement from the Harvard Commission on
Brain Death (1968) and the addition of neurologic
criteria in the Uniform Determination of Death Act
(1981) permitted significant advances in transplan-
tation, eliminating the need for co-localizing the
recipient and the donor, allowing for greater dis-
tances and time between procurement and trans-
plantation, and enabling use of other organs.
However, despite the increase in organ donors,
the increase in the end-stage heart failure popula-
tion has outpaced the availability of DBD organs.

The use of organs following donation after cir-
culatory death (DCD) has provided some relief to
this pressing need. Death in these circumstances is
defined as the irreversible cessation of circulation in
 2024 Wolters Kluwer H
the United States and, although endorsed by the
World Health Organization, there is no interna-
tional standard definition or protocol to declare
circulatory death for organ donation [1]. The use
of DCD organs in the United States has increased
fivefold over the past decade, representing 22%of all
donors in 2022 primary for abdominal organs [2,3].
There has been simultaneous, but delayed uptake, in
the use of DCD organs for cardiac transplantation,
led by the transplant groups at the Royal Papworth
Hospital in the United Kingdom and St. Vincent’s
Hospital in Australia, which increased the volume of
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KEY POINTS

� Donation after circulatory death

� Potential to increase cardiac transplantation by up to
30% in the United States

� Has increased transplantation rates for those waiting at
Status 3--6, especially benefiting those with stable
durable left ventricular assist devices

� Clinical challenges

� Understand the tolerance for warm ischemia.

� Technical requirements for rapid procurement for DPP

� What perfusate to use to precondition the organ

� Ethical challenges

� Debate surrounding NPR (no uniform international
acceptance)

� Pretreatment of the patient-donor.

� Who are best recipients?

� Cost

Heart transplant donation after circulatory death: current status and implications Fedson
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transplantation 48% over 5 years in the UK and 15%
per year in Australia [4]. In recent years in theUnited
States, there have now been slightly more than 1200
cardiac transplants performed using DCD organs.
The use of hearts following DCD has been limited in
uptake though estimates suggest that use of DCD
hearts would increase cardiac transplantation by
30% [5,6] (Fig. 1a and b).
PROCUREMENT DIFFERENCES AND
DONOR ORGAN MANAGEMENT

Despite the appeal of broader availability of DCD
organs, donation following brain death determina-
tion allows a more thorough investigation of organ
quality and organ management for all organs. In
cardiac transplant, donor brain death permits tests,
such as coronary angiography, which allow a func-
tional assessment of organ function while it is still
functioning in the donor under physiologic condi-
tions.Clinical decisions to accept anorganhave been
based on such information. Importantly, organs
recovered fromDBDare not subjected towarm ische-
mia. With DCD organs, however, there are legal,
ethical and clinical issues which effect the ability
to perform testing on the organ. In contrast to
DBD donors, the discussion about DCD typically
occurs following severe neurologic injury and after
discussion about withdrawal of life-sustaining
0268-4705 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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therapies (LST) but, importantly, before withdrawal
is attempted. DCD has replaced the terms ‘nonheart
beating donors’, and ‘donation after cardiac death’ in
recognition that current methods of life support can
sustainapatientwithoutcardiacactivity, forexample
in the case of extracorporealmembrane oxygenation
(ECMO). To define types of circulatory death further,
the Maastricht criteria were developed, based on
whether a circulatory death was uncontrolled, or
unexpected (Maastricht category I, II, IV) or con-
trolled (cDCD), where there is a planned withdrawal
of LST, Maastricht category III). For heart transplan-
tation followingDCD it is typically thosedonorswho
meet Maastricht III criteria.

One important clinical component of DCD is
that any clinical evaluation of organ function needs
to be performed on a patient, rather than an organ
in a deceased donor. While the discussion about
organ donation happens after and independent of
the decision to withdraw LST, the initial assessment
of cardiac function occurs before withdrawal of LST.
Therefore, these assessments are performed on a
patient rather than a donor. There are important
ethical and medical obligations to the patient can
impede thorough organ evaluation. These are tied to
the principles of nonmaleficence, of not harming
the patient, and the principle that a patient should
not be a means to an end. Therefore, antemortem
therapy, or interventions such as the placement of
catheters to potentially decrease warm ischemic
time, cannot routinely be performed on a patient
prior to declaration of death.

The main physiologic difference between DCD
and DBD organs is the warm ischemic time that
takes place during the withdrawal of LST but before
circulatory death is declared. During this time, the
processes of ischemia, hypoxia, and catecholamine
release can deleteriously affect organ function, in
particular, cardiac function, which leads to myocar-
dial edema, which can appear as left ventricular
hypertrophy on echocardiography.

At present, there are three common methods for
the controlled procurement of organs after DCD:
direct procurement using machine perfusion (DP-
MP), or procurement after thoraco-abdominal-nor-
mothermic regional perfusion (TA-NRP) using either
MP (NRP-MP) or traditional cold static storage (NRP-
CS). For TA-NRP ECMO is initiated in the donor after
declaration of death to perfuse the organs in situ. In
the rare instancewhere thedonor and recipient are in
the same center, direct procurement with cold stor-
agecanbeused. Followingwithdrawalof LST, andthe
subsequent circulatory arrest, there is a mandatory
stand off period (which varies by country) [7,8] dur-
ing which time the donor heart experiences func-
tional warm ischemia (fWIT) which then ends when
rved. www.co-cardiology.com 129
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Use of DCD for all Organs

Use of DCD for Cardiac transplantation 

(a)

(b)

FIGURE 1. (a) Use of DCD for all organs. (b) Use of DCD for cardiac transplantation. DCD, donation after circulatory death.
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the heart is either flushed during DP or has re-perfu-
sion with NRP. This interval has been the focus of
both scientific study as well as ethical conversation
and is unique to DCD organ procurement.

Noninvasive evaluation of the organ can occur
before declaration of death. Testing such as an EKG
or echocardiogram or serum laboratories confer
minimal risk or discomfort to the patient. Increas-
ingly many families give consent for invasive pro-
cedures, such as coronary angiography, which are
nonbeneficial to the patient-to-be-donor but are
beneficial for the organ recipients. This consent is
not standard nor mandatory (personal communica-
tion). There are also legal protections for the patient-
donor and variable practices regarding antemortem
130 www.co-cardiology.com
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interventions, such as placement of cannula for
NPR, and administration of medications.

One of the major differences in the potential
quality variance between hearts recovered following
donation after DCD, compared to DCD, is the warm
ischemic time. The definition of what comprises func-
tional warm ischemic time (fWIT) has differed in the
published reports, for example, sustained systolic
blood pressure less than 90mmHg or less than
50mmHg with systemic saturations of less than
70%.Thisvariability inwarmischemic timedoesmake
comparisons across centers using different procure-
ment strategies challenging (Table 1). The appraisal
ofdonororgan functionoccurs after thisWIT,which is
the period when the donor organ is most vulnerable.
Volume 39 � Number 2 � March 2024
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Table 1. Method of cDCD-heart recovery

Direct perfusion-machine perfusion
(DP-MP)

Thoraco-abdominal normothermic regional perfusion
(TA-NRP)

MP CS

Where All centers Only where port-mortem restarting of circulation is permitted

Not permissible in stand-alone organ
recovery institutions

Organ assessment Visible assessment of unloaded heart Physiologic assessment in-situ

Can support prolonged travel time Can support prolonged travel time

Cost 40 000 USD (OCS) 40 000 USD(OCS) 5000 USD (NRP)

Personnel, equipment for ECMO and OR services

Requirement for donor blood -- may
affect abdominal organs

Requirement for donor blood -- may affect
abdominal organ

cDCD, controlled donation following circulatory death; CS, cold storage; DP, direct procurement; ECMO, extracorporeal membrane oxygenation; MP, machine
perfusion; OCS, organ care system; TA-NPR, thoracoabdominal normothermic regional perfusion.
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Assessment of cardiac function, while using
normothermic MP following either DP or NRP, cur-
rently relies on visual assessment of cardiac perform-
ance in an unloaded state. Parameters such as heart
rate and rhythm, in addition to aortic pressures,
coronary flow and measurement of lactate, are also
available [9

&&

]. A few centers have performed angiog-
raphy on the Organ Care System (OCS) (TransMed-
ics; Andover, MA, USA) [4,10,11]. but this is not
standard practice. Use of MP also requires the use of
1.5–2L of donor blood which can affect the quality
of abdominal organs [2]. Procurement using NRP
allows for a visual judgment of organ function in a
loaded, or physiologic condition, in addition to any
biochemical testing, which may more closely pre-
dict organ function once fully re-perfused in the
recipient. In part because of the uncertainties of
cardiac function after transplantation that the use
of DCD for cardiac transplantation lagged behind
other organs.
CLINICAL OUTCOMES

In 2008, the Pediatric Heart Transplant Group
at Denver Children’s Hospital [12] reported success-
ful outcomes for three children receiving trans-
planted organs from donors who had died from
circulatory causes [13]. Their achievements rein-
vigorated contemporary interest in using DCD
organs for transplantation. The use of DCD for
cardiac transplantation began in earnest in both
the UK and Australia in the mid-2010s. The rates
of primary graft dysfunction vary between varied
between 2.3% and 28%, and use of extracorporeal
membrane oxygenation (ECMO) between 11% and
35% [14,15]. The 5-year results from the Royal
0268-4705 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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Papworth Hospital in the UK showed that 100 of
128 potential DCD donors progressed to cardiac
arrest within 4h of withdrawal of LST. Of these
100 patients, 75 underwent DP and 25 with TA-
NRP [16] the transplant rate was 76% for DP com-
pared to 88% for TA-NRP. They compared the out-
comes of DCD recipients to their propensity-
matched DBD, with no significant difference in
1 year survival (91% for DCD, compared to 89%
for DBD, P ¼ 0.72). The use of postoperative MCS
was not statistically different, but was 15% in the
DCD group. Messer et al. [16] found that the use of
TA-NRP allowed them to use donors older than
50years because of their ability to perform func-
tional assessments of cardiac function. The 5year
survival for the 22 patients with TA-NRP was 100%;
for DP 1year survival was 86%.

Similar data have been presented from St. Vin-
cent’s Hospital. Chew et al. [17] presented results of
23 patients transplanted using DP-MP with the OCS
system. Of 48 potential donors, who gave 33 organs
for transplantation; 23 were ultimately trans-
planted. Thirty-five percentage of patients receiving
these organs required postoperative ECMO, one
patient died early with primary graft dysfunction,
and they report a 91% 1-year survival. Use of DCD
donation increased their transplant activity by 15%.

The first US trial of DCD cardiac donation was
published in 2023. Schroder et al. [18] presented
outcomes from 180 patients, randomized in a 3 : 1
ratio to receive either a DCD using DP-MP with the
OCS or DBD organ. The risk adjusted 6-month sur-
vival for recipients from a DCD heart was 94%,
compared to 90% for hearts from DBD donation.
Donor age was limited to those<50 years. There was
a 15% incidence of severe ISHLT primary graft
rved. www.co-cardiology.com 131
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function in the DCD recipients. Based on current US
data, the use of DCD organs has increased organ
availability for those awaiting at lower urgency sta-
tus, such as those status 3–6. Most notably of
patients with stable durable LVADs, those with
ABO blood group O received these organs. From
all reports the survival at 6months is comparable
to survival following traditional DBD at 91–95%
[19–22]. Although there are trends to early right
ventricular dysfunction and increased need for tem-
porary MCS [14].
CHALLENGES FOR DONATION AFTER
CIRCULATORY DEATH

There are still significant social as well as complex
biologic challenges to overcome with heart recovery
following DCD donation.

The biological challenges of DCD include devel-
oping a better understanding of what comprises
fWIT. Hypoxia induces is pulmonary vasoconstric-
tion, increase in systemic catecholamines, right
ventricular distension, and worsening myocardial
ischemia [23]. These are the clinical targets for inter-
ventions to limit warm ischemia; fWIT should be
certainly less than 60 min, with a goal of less than
30 min. From a technical perspective, there remain
areas for continued improvement and refinement,
and there is a learning curve to these procedures.
While procurement teams have managed to
decrease the WIT for both DP and for the establish-
ment of NRP, questions about how this WIT might
be mitigated are under investigation, including
whether pretreatment of the patient-donor before
or during organ recovery, might mitigate some of
the ischemia-reperfusion injury [9

&&

,24]. There are
cold, asanguineous machine perfusion platforms
which, in the future, might decrease such injury
in simultaneously recovered abdominal organs.

There remain substantial social challenges for
broader acceptance of DCD for cardiac transplant
which stem from debates surrounding procurement
methods andwhether the use of TA-NRP violates the
‘Dead Donor Rule’ (DDR). This rule is not a legal
Table 2. Variations in determination of death in 3 counties using

Circulatory death

Australian Irreversible cessation of circulation
of blood in the body of a person

United Kingdom No statutory definition Requires sta
neurologic

United States Irreversible cessation of circulatory
and respiratory functions

DD, donation after circulatory death.

132 www.co-cardiology.com
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standard, but rather the ethical premise of trans-
plantation requires dissociating the death of a per-
son from the procurement of organs and, more
specifically, requires that a person must be declared
dead before organ recovery/harvest, and stipulates
that the removal of vital organs for transplantation
will not cause the death of the patient. For declara-
tion of death following circulatory arrest, or cardiac
death in some countries even when organ procure-
ment is not a concern, there is a mandatory standoff
period ranging from 2–5 min to ensure that neuro-
logic death has also occurred [1,25] (Table 2). This
period of standoff does occur with current accepted
DCD procurement methods, which satisfies death
criteria. Some countries have suggest using formal
tests to determine neurologic death after circulatory
death, which present challenges themselves as these
testing methods were not created for patients sup-
ported by ECMO [26].
ETHICAL IMPLICATIONS FOR DONATION
AFTER CIRCULATORY DEATH

The controversy surrounding DCD is most acutely
felt when the heart is procured for transplantation.
In cases of is direct procurement the heart and other
organs are removed from the donor body. The
ongoing debate about the use of TA-NRP, however,
is grounded on the fact that the heart remains in-
situ, in the body of the donor. This then brings into
discussion different interpretations of the definition
and meaning of circulatory death, of whether
mechanical circulation within the donor following
death nullifies circulatory death, and whether brain
necrosis or mortification is a necessary constituent.
With TA-NRP, the supra-aortic trunk vessels are
clamped prior to the initiation of circulation using
an ECMO circuit. The isolation of the cerebral cir-
culation from the perfusion of the rest of the donor
has been variably interpreted and is controversial.
One stance is that the isolation of these vessels
prevents the influx of catecholamines and other
vasoactive substances that are released during cere-
bral ischemia and the Cushing’s response; isolation
cardiac DCD organs

Neurologic death

Irreversible cessation of all functions of the brain
of a person

nd off to ensure
death

Irreversible cessation of all functions of the entire
brain, including the brain stem

Volume 39 � Number 2 � March 2024
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of the cerebral circulation therefore is beneficial for
donor organ quality. More commonly, the discus-
sion focuses on whether the prevention cerebral
blood flow is a deliberate intent to cause neurologic
death, and therefore violates the DDR. Due these
concerns, the use of TA-NRP is not globally accepted
[27,28

&

].
The heart as an organ does not necessarily die

with the death of the patient; much of the early
discussion about the use of DCD hearts with direct
procurement was focused on the restoration of car-
diac function in the recipient and whether this
‘reanimation’ implied that the criteria for circula-
tory death for the donor was invalid. The role of
donor autonomy, and the right to informed refusal
of LST, was critical in these early conversations. The
intent for the patient was to be a donor, thus with-
drawing their LST, while simultaneously hoping
that their organs would still be physiologically
intact and would function in a recipient. This would
be true for thoracic as well as abdominal organs.
However, currently, the discussion has focused on
themethod of organ procurement and with TA-NRP
in particularly, whether the reanimation of the
heart in the donor negates their circulatory death.
Further concerns have been raised about the poten-
tial for inequities in both donor and recipient access
to these technologies. The publication of the US
randomized trial showed that the beneficiaries of
DCD organs were more likely to be Black, and their
donors, white. This may reassure some over con-
cerns that organ recovery after DCD would further
emphasize existing health inequalities however, this
is most likely related to the epidemic and demo-
graphics of opiate overdoses. Nonetheless, this does
highlight the challenges and limitations of the cur-
rent 2018 UNOS allocation policy and the use of
durable versus temporary mechanical circulatory
support. As there appear to be clinical similarities
in outcomes for DCD, when compared to DBD recip-
ients, the consequences for the heart recipients are
reassuring. Whether there are differences in heart
recipient survivalbasedontheprocurementmethods
are still to be illuminated. However, the geographic
variability ofDCD transplantation does create poten-
tial inequities.DCDorganprocurement cannotoccur
in free-standing organ procurement facilities as these
cannot provide care for patients unlikeDBDprocure-
ment where the donor has been declared dead prior
to transfer to one of these centers.

Additional questions surrounding the method
of procurement in the US includes the relative costs
of the two most standard methods. Use of NRP has a
cost of approximately USD 5000 whereas the use of
MP with the OCS system costs approximately USD
38 000. These costs are significant and the question
0268-4705 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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about who will pay for these and whether these
options will be equitably available for all potential
recipients remains. As the new continuous distribu-
tion model for heart allograft allocation is devel-
oped, it is unclear whether access to DCD will be
included in the algorithm. Patients listed at larger
centers, or those with existing abdominal programs
that have adopted DCD use will have increased
options for listing criteria. Insurance coverage in
the USmay affect access not only to transplantation
in general, but to potential donors.
CONCLUSION

The 1- and 5-year outcomes for recipients of heart
recovered from DCD appear to be equivalent to
those from DBD [29]. The incorporation of DCD
into current programs has certainly increased trans-
plantation rates. As the global experience increases,
the ideal donor characteristics and limitations will
become clearer. Transplantation as a field relies on
public trust and education. It is primarily through
the act of anonymous charitable donation that
organs become available. Now that there are differ-
ent methods of organ procurement, is there an
obligation to meet the standards of informed con-
sent from family members, or should the discussion
with family be an authorization to proceed, gov-
erned by different ethical standards? The decision to
incorporate DCD organs into a transplant program
is complex and is intertwined with factors such as
the program size, local or regional views about DCD
and DBD and matters of cost, and the interplay
between clinical practice, science and medical
ethics.
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