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N europrognostication is a core re-
sponsibility of neurologists, neuro-
intensivists, and neurosurgeons

after devastating neurologic insults. After trau-
matic brain injury, stroke, or cardiac arrest,
these clinicians use their examination and
ancillary tests to provide realistic expectations
for neurological recovery and have dedicated
immense research and educational effort to
provide training, evidence, and guidelines to
support neuroprognostication. This comes in
sharp juxtaposition to heart transplant physi-
cians, who have little neurologic training,
limited evidence, and no guidelines to support
their assessment of potential donation after
circulatory death (DCD) organ donors. These
donors undergo withdrawal from life-
sustaining treatments (WLST) and die natu-
rally before organ retrieval commences, and
it is critical to limit organ ischemic times after
WLST because longer ischemic times may
impair heart function after transplantation.
With recent increase of DCD heart donation
to address critical organ shortages, transplant
physicians must predict early death after
WLST in potential DCD organ donors, often
with essentially no information about the do-
nor’s neurologic status. Therefore, we sought
to highlight the current state of DCD heart
transplantation and provide potential solu-
tions to improve the ability of transplant phy-
sicians to field these challenging DCD donor
offers.

CURRENT STATE
Recent advances in ex vivo perfusion technol-
ogy have facilitated more widespread adoption
of DCD heart transplantation, increasing the
donor pool and broadening regional sharing
of organs. In 2023, a large United States based
randomized control trial found that DCD
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cardiac transplantation using ex vivo perfusion
was noninferior to donation after brain death
transplantation at 6 months.1 Although this
has the potential to increase the cardiac donor
pool by 30% in the United States,2 new
challenges arise. Organ retrieval and trans-
plantation is a costly, time-sensitive, and
resource-intense process, and current DCD
donation protocols limit functional warm
ischemic timedthe time from inadequate
organ perfusion or oxygenation to reperfu-
siondto less than 30 minutes to reduce the
risk to the recipient. Accepted hearts from
DCD donors who experience prolonged death
after WLST may lead to futile mobilization of
organ retrieval teams, wasted operating room
time, and potentially excess trauma for the
intended recipient and donor family.

Given the societal impact of a larger donor
pool afforded through DCD donation, there is
an urgent need to improve this process. In the
United States, Organ Procurement Organiza-
tions (OPOs) assess DCD donor potential by
collecting and conveying clinical information
for transplant physicians. Unfortunately, the
available neurologic information is often
incomplete, inaccurate, or outdated in prac-
tice, often only including details such as
“breathing over the vent” or “pupils reactive.”3

Transplant physicians may request additional
information regarding the donor’s neurologic
status, but there are no standardized guide-
lines for OPOs to follow.

DCD heart transplantation is likely to grow
as centers become more comfortable with this
shift in practice. To assist in organ selection,
several selection tools have been developed
including the University of Wisconsin DCD
evaluation tool, the United Network of Organ
Sharing scoring system, and the DCD-N
score.4-6 Notably, the DCD-N scoreda simple
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5-point score that assigns 2 points for absent
cough reflex and 1 point each to absent
corneal reflex, absent or extensor motor
response, and oxygenation index greater than
4dhas shown the most promise in deter-
mining likelihood of early death after WLST.
One study found a score of 0-2 translated
into a 77% chance of survival beyond 60 mi-
nutes, whereas 72% of patients with a score
of 3 or greater died within 60 minutes.6

Unfortunately, these tools have limited appli-
cability because they require either the tempo-
rary disconnection of ventilatory support or
essential variables, often not provided by
OPOs, to compute these scores.

Opportunities for Improvement
Training andCertification. Neuroprognostication
discussions frequently follow in the setting of drug
overdose, cardiac arrest, or traumatic brain injury,
and neurologists, neurointensivists, and neurosur-
geons receive dedicated training to elicit and inter-
pret brainstem reflexes and motor response and
interpret ancillary tests including neuroimaging
and electroencephalography. There are well-
researched consensus guidelines in performing
brain death examinations and how various aspects
of the evaluation impact a patient’s prognosis.7,8

Although these prognostication discussions may
lead to a decision to WLST, DCD donor prog-
nostication focuses on how quickly a donor passes
away after WLST. Despite this critical difference,
there are clear lessons to learn given the over-
lapping mechanisms of injury (eg, trauma, anoxic
brain injury). Currently, there are essentially no
dedicated training opportunities for transplant
physicians to enhance their interpretation of the
neurologic examination and its role in prognosti-
cation and no certification requirements for pro-
vidersperforming these assessments.Therefore,we
propose the development of resources (eg, online
certifications, educational videos, practice guide-
lines, and simulations) to supplement their
training. The target audience should include
intensivists, transplantation specialists, and OPO
coordinators. These training opportunities can
improve consistency and accuracy of the neuro-
logic examination in potential organ donors and
emphasize its value as part of a comprehensive
donor assessment.

Validation and Incorporation of Standardized
Scoring Systems. As discussed, there are
Mayo Clin Proc Inn Qual Out n October 2024
several tools to assist in DCD organ selection,
but the DCD-N score has shown the most
promise. This scoring system stemmed from
efforts to identify clinical factors associated
with earlier time of death after WLST in pa-
tients with catastrophic neurologic injury.
They analyzed 149 comatose patients, of
whom 75 died within 60 minutes of WLST.
Although this population was substantially
older than typical DCD donors, they identified
variables independently associated with death
within 60 minutes including absent corneal
and cough reflexes, extensor or absent motor
response, and an oxygenation index greater
than 4.2.9 These findings prompted a pro-
spective study of 178 comatose patients to
assess these 4 characteristics as predictive
variables of death within 60 minutes of WLST,
which ultimately led to the DCD-N score.
Again, this patient population was older (mean
age, 63.4 years), potentially limiting the
generalizability of their findings. Subsequent
efforts to validate the DCD-N score have
yielded mixed results, and other groups have
created their own scoring systems leveraging
alternative variables including pupillary
asymmetry, cerebral edema, brain herniation,
intraventricular hemorrhage, and use of
intravenous opioids and benzodiaze-
peines.10,11 There is a clear need for more
research in this area. We believe one path
forward should include retrospective studies
incorporating the Organ Procurement and
Transplant Network data registries. Although
these data sets are subject to selection bias
given the information will be limited to donors
who had organs placed, we are hopeful they
will serve as a catalyst to develop and pro-
spectively validate better scoring systems for
prognosis that can be more readily applied to
clinical practice.

Teleneurology Consultations. Neurologists
helped pioneer telemedicine via telestroke for
acute stroke management, which is now lever-
aged in almost 30% of US hospitals. Neurolo-
gists have established infrastructure for real-
time video evaluations that incorporate acute
neuroimaging review and have developed
systems to reach patients broadly. In the
United States, the care model for organ
retrieval mirrors that of stroke care, where
tertiary hospitals receive calls from numerous
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PROGNOSTICATION IN DCD HEART TRANSPLANTATION
smaller facilities regarding potential organ
donors and transplant physicians perform
remote evaluations to make time-sensitive or-
gan retrieval decisions. This is a multidisci-
plinary effort involving surgeons (both
procurement and receiving teams), transplant
physicians, critical care physicians, organ care
teams, and procurement coordinators. The
addition of a teleneurologist may be a
reasonable solution to support these acute
decisions. We propose a new role for the tel-
eneurologist to partner with transplant centers
and OPOs to enhance the organ selection
process. Involvement can range from remote
asynchronous review of the documentation
and neuroimaging to real-time assessment via
audiovisual connections to perform an inde-
pendent neurologic examination, especially
when there are incomplete, confusing, or
outdated assessments. At the onset, much of
this burden will likely require support trans-
plant centers to engage neurologists at their
institutions, but as the practice becomes
increasingly adopted, centralized dedicated
service lines can be deployed to handle re-
quests for independent, remote neurologic
consultations (Figure).

Artificial Intelligence. In 2022, more than
42,800 organ transplantation were performed
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in the United States, including a 39% increase
in DCD donation over the past 5 years. There
are a vast number of data points being actively
collected by the Organ Procurement and
Transplant Network, creating a ripe environ-
ment for deep-learning artificial intelligence
models. Already, machine learning models are
being developed for transplantation by pre-
dicting mortality and graft failure, enhancing
donor-recipient matching, and performing
clinical imaging analysis to improve out-
comes.12 Artificial intelligence models may
yield an algorithmic response that outperforms
any neurologist or transplant specialist and
may include variables not previously consid-
ered. The authors feel this represents an
excellent application given the access to such
rich datasets and computational power and
may serve as powerful tools in future practice
to ensure that we are maximizing organ
retrieval from DCD donors.

Conclusion
Recent improvements in survival after DCD
heart transplantation will continue to bolster
this practice, and with this, heart transplant
physicians will face the issue of DCD donor
prognostication more routinely. In this study,
we outlined the urgent need to develop tools
and solutions to address this issue and provide
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tory death; OPO, organ procurement organization.
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4 strategies to consider, including the develop-
ment of dedicated training and certification
courses, validation of standardized scoring sys-
tems, expansion of teleneurology, and creation
of predictive artificial intelligence algorithms.
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