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Ensuring the Permanent Cessation of Brain
Function During Normothermic Regional Perfusion

Marat Slessarev, MD, PhD," Teneille Gofton, MD,?® and Sam D. Shemie, MD*

Normothermic regional perfusion (NRP) is an in situ
perfusion technique that may improve the quality and
quantity of organs in donation after circulatory determina-
tion of death (DCDD)." By restoring perfusion with oxygen-
ated blood to abdominal or thoracoabdominal (TA-NRP)
organs after circulatory determination of death, NRP reverses
warm ischemia injury sustained by organs during the dying
process and enables in situ assessment of marginal or previ-
ously excluded grafts (eg, DCDD hearts, older age donors).
Data from observational studies suggest that NRP lowers
risk of early liver graft dysfunction and biliary complications
and results in rates of delayed kidney graft function that are
comparable with those from brain-dead donors.'

Although public and healthcare stakeholders appear to
be supportive of NRP,>? in situ resumption of circulation in
DCDD donors presents several challenges.* First, resump-
tion of in situ circulation contradicts the permanent cessa-
tion of circulation criterium used for death determination
in DCDD and may be perceived as a violation of the dead
donor rule.’ Establishing unified death determination
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criteria that are based on permanent cessation of circu-
lation to the brain will address this challenge.®” Second,
reperfusion of the heart via coronaries in TA-NRP causes
resumption of spontaneous cardiac activity, which may be
perceived by some stakeholders as a more egregious viola-
tion of death determination. Furthermore, in jurisdictions
where death determination is based on cardiac arrest,
resumption of spontaneous cardiac activity may violate
the dead donor rule.* Third, restoring circulation during
NRP risks reperfusion of the brain, resumption of brain
activity, and potential for sentience and donor suffering.
To prevent restoring circulation to the brain, several sur-
gical techniques have been described, including ligation or
transection of aortic arch vessels in TA-NRP and balloon
occlusion of the distal thoracic aorta in abdominal normo-
thermic regional perfusion.® Additional assurance methods
have been proposed, including interventions to drain the
aorta to atmosphere to divert any risk of collateral brain
blood flow.® Although theoretically sound, these surgical
assurance techniques do not address all possible sources
of brain blood flow and remain speculative in the absence
of direct data confirming their effectiveness in preventing
resumption of brain circulation and activity during NRP.
In the current issue, Dalsgaard et al’ demonstrate that
clamping of aortic arch vessels in a pig model of NRP is
sufficient to prevent resumption of cortical blood flow,
cortical electrical activity, and brain stem function during
NRP. The authors prospectively randomized 16 female pigs
to clamping of aortic arch vessels versus sham surgery dur-
ing NRP. They monitored cortical blood flow and oxygen
tension using laser and fiberoptic probes, cortical electrical
activity using intracranial electroencephalography (EEG),
and brain stem function using intracranial electrodes with
median nerve somatosensory evoked potentials (SSEPs). In
both groups, cortical blood flow, oxygen tension, and EEG
activity were comparable at baseline and absent at asys-
tole. In the sham group, initiation of NRP restored corti-
cal blood flow back to baseline levels, increased cerebral
oxygen tension, restored EEG activity in all 8 pigs, and
led to resumption of SSEPs and agonal breathing in 6 of
8 pigs. In the intervention group, clamping of aortic arch
vessels following asystole and before initiation of NRP
prevented resumption of cortical blood flow, EEG, SSEPs,
and breathing during NRP and following NRP weaning.
Predictably, the authors confirm that in an animal
model without preexisting brain injury, reperfusion of the
brain during NRP led to a return of brain activity with the
presence of EEG, SSEP response, and agonal breathing.
Conversely and reassuringly, clamping of the arch vessels
halted cerebral and brain stem circulation and function
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indicated by the sustained absence of cerebral perfusion
parameters, EEG, and SSEPs. The study findings are reassur-
ing, particularly as the vast majority of controlled DCDD
occurs in potential donors with preexisting brain injury.

The study had several limitations including limited spa-
tial resolution of brain blood flow and cortical electrical
activity measurements, which prevents generalizability of
findings to the whole brain, and lack of flow and activity
data during NRP, which prevents establishing how long
it takes for brain blood flow and activity to resume after
initiation of NRP. Neurologically, this study provides data
regarding cortical and brain stem electrical activity but
does not provide evidence regarding the potential for con-
sciousness or brain stem blood flow. Furthermore, anatom-
ical differences between pig and human vasculature and
brain structure cannot be overlooked and will require fur-
ther confirmation in humans. Nonetheless, Dalsgaard et al
provide good quality animal data to support that proposed
surgical safeguards with reliable clamping of aortic arch
vessels may be sufficient to prevent restoring brain blood
flow and activity during NRP and that perhaps additional
interventions to drain the aorta to atmosphere to divert
any risk of collateral brain flow are not necessary.®

The international uptake of NRP is first and foremost
predicated on medicolegal acceptance that death in DCDD
is not based on arrest of cardiac or circulatory function
but arrest of circulation to the brain. Although this study
provides some reassurance for jurisdictions conducting or
considering NRP, confirmation that surgical safeguards are
indeed effective will ultimately require human research.
Although randomization to sham occlusion of aortic
arch vessels would not be ethically permitted in humans,
observational studies with multimodal neuromonitors to
demonstrate lack of resumption of brain blood flow and
activity with ligation/transection of aortic arch vessels
during NRP will be needed. Neuromonitoring in obser-
vational studies will likely consist of scalp recordings of
EEG and evoked SSEPs rather than intracranial EEG. This
may lead to a decrease in sensitivity for detecting cortical
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and brain stem electrical activity, in which case supporting
animal data such as those described by Dalsgaard et al will
provide important and complementary evidence. If such
studies are implemented, they should include 3 considera-
tions. First, brain blood flow and activity data should be
monitored in real time to identify potential instances of
resumption. Second, if such resumption is detected, there
should be clear protocols regarding discontinuation of
NRP and change to usual direct procurement methods of
organ recovery. Finally, ethical analysis of stakeholder per-
spective would be an important step to build trust and to
support these research protocols and clinical implementa-
tion of NRP.
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