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Aligning the Criterion and Tests for Brain Death

JAMES L. BERNAT and ANNE L. DALLE AVE

Abstract: Disturbing cases continue to be published of patients declared brain dead who
later were found to have a few intact brain functions. We address the reasons for the mis-
match between the whole-brain criterion and brain death tests, and suggest solutions.
Many of the cases result from diagnostic errors in brain death determination. Others prob-
ably result from a tiny amount of residual blood flow to the brain despite intracranial circu-
latory arrest. Strategies to lessen the mismatch include improving brain death determination
training for physicians, mandating a test showing complete intracranial circulatory arrest,
or revising the whole-brain criterion.
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I. Statement of the Problem

Brain death is the common term for human death determined by the irreversible
cessation of all brain functions. Despite persisting areas of controversy and differ-
ences in its bedside determination among countries, the worldwide acceptance of
brain death continues to grow.! One important topic of continued controversy that
has been given only sporadic attention is the discordance between the criterion
and tests for brain death.? Here, we analyze this discordance and offer options to
prevent and reduce it.

Many analyses of the conceptual foundation for brain death stratify and order
three hierarchies of understanding: definition, criterion, and tests. The definition
of death attempts to distill the meaning implicit in our consensual usage of the
common word “death” that has been rendered ambiguous by technological devel-
opments, particularly cardiopulmonary resuscitation and tracheal positive-
pressure ventilation. The criterion of death, a general standard suitable for inclusion
in a death statute, is chosen to satisfy the definition by being both necessary and
sufficient. The bedside tests determining death are selected and validated by phy-
sicians to show that the criterion of death has been fulfilled. These sequential steps
are essential in any analysis of death, but particularly so in an analysis that justifies
the validity of brain death.3

Consensus has been achieved in most countries that accept brain death that the
whole-brain criterion best satisfies the definition of death.* The whole-brain crite-
rion requires the irreversible cessation of all functions of the entire brain, namely
those of the cerebral hemispheres, diencephalon (thalamus and hypothalamus),
cerebellum, and brain stem. The whole-brain criterion has been incorporated into
death statutes, most notably in the United States, in the Uniform Determination of
Death Act.> The language of this model statute or a variation of it has been enacted
in every state.® In addition to being the legal standard of brain death, the whole-
brain criterion is the medical standard of brain death—the basis for physicians’
bedside tests determining brain death that have been accepted as national bench-
marks.” Therefore, any cases instantiating a mismatch between physicians’ tests to
determine death and the whole-brain criterion of death must be scrutinized to
identify the grounds for the mismatch.
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I1. Evidence of Discordance Between the Whole-Brain Criterion and its Tests

Although most patients declared brain dead satisfy the whole-brain criterion, the
alignment of the criterion with bedside tests for brain death remains imperfect.
For years, physicians have reported isolated cases in which patients declared brain
dead have been found, on later examination, to demonstrate signs of brain func-
tions. Insights into these cases may impact the coherence of the whole-brain crite-
rion and its tests.

In a recent article, we collected and analyzed published cases in which patients
who had been declared brain dead were found later to demonstrate signs of neu-
rological function.? Some of these cases showed what we judged to be spinal cord
functions which did not conflict with the prior determination of brain death.
Similarly, other cases showed neurological signs of unclear origin that could have
arisen from either the central or peripheral nervous system that thus also poten-
tially remained consistent with brain death. But disturbingly, there were also cases
that showed unequivocal evidence of brain functions, such as brain stem reflexes
or breathing. Because these cases unmistakably demonstrated brain functions,
they were incompatible with the whole-brain criterion of death and thus, with the
previous determination of brain death.

Among the most unequivocal cases of mismatch were those showing evidence of
persisting hypothalamic function, particularly the continued neurohormonal secre-
tion of vasopressin preventing diabetes insipidus, that should not be expected to occur
according to the whole-brain criterion.’ Vasopressin peptide prohormone is produced
by the magnocellular neurosecretory neurons of the paraventricular and supraoptic
nuclei of the hypothalamus. It is converted to vasopressin and by axonal transport,
transported to the posterior pituitary gland where it is secreted. The global cessation
of brain functions required by the whole-brain criterion should encompass the absence
of this hypothalamic control. These cases represented the most frequent instances of
retained brain function despite the prior determination of brain death. Although the
findings in these cases have been published for many years, some scholars have
unjustifiably discarded them claiming they were irrelevant to brain death.

The recent highly publicized case of Jahi McMath may represent a false-positive
determination of brain death. Given the medical data available in the public sec-
tor, it seems clear that her brain death determination was made competently and
in accordance with the accepted tests for brain death. Yet following continued
mechanical ventilation and other treatment at her mother’s insistence, later exam-
iners claimed that Ms. McMath exhibited brain functions and had MRI evidence
of intact brain regions.!” The essential difficulty in analyzing and understanding
her case is that relatively little medical information about her later condition has
been published or is publicly available for scholarly review, and a postmortem
analysis of her brain has not been performed. Thus, there remains uncertainty
about the exact nature of her condition during the several-year period between the
declaration of brain death and the final cessation of her systemic circulation.

ITII. Understanding the Causes of the Criterion-Test Mismatch

The first step in understanding the cause of any alleged brain death criterion-test
mismatch is to exclude those cases resulting from an erroneous determination.
If the determination of brain death was erroneous, the presence of signs of brain
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functions on subsequent examination is readily explained and cannot be consid-
ered an example of criterion-test mismatch. Although the tests and optimal tech-
niques for brain death determination have been established and accepted by the
medical profession, there is reason to believe that some physicians do not follow
them assiduously, a practice that produces false-positive diagnostic errors. Some
diagnostic errors result from the failure to exclude conditions that mimic brain
death.!! The most important mimics are potentially reversible metabolic and toxic
encephalopathies, such as those caused by drug intoxication and induced by ther-
apeutic hypothermia.!? Several neurologists who contacted us after our recent
article was published argued that diagnostic error most likely accounted for the
majority of the cases we collected.

The exact incidence of diagnostic error in brain death determination is unknown,
but survey data assessing unjustified brain death determination practice varia-
tions makes us suspicious that diagnostic errors may be more common than we
have previously assumed.!® One reason the diagnostic error rate remains unknown
is that once brain death is determined, all treatments, including ventilator sup-
port, are withdrawn. The absence of breathing quickly leads to the irreversible
cessation of circulation. In only a tiny minority of cases is treatment continued at
the insistence of family members.

Even assuming that the determination of brain death was conducted properly,
it is possible that not all brain activities have ceased in every case. It is instructive
to review the usual pathophysiology of brain death to understand how this can
happen. Most cases of brain death result from traumatic brain injury, intracranial
hemorrhage and other strokes, hypoxic-ischemic neuronal damage during cardio-
pulmonary arrest, or meningoencephalitis. These primary causes of brain damage
produce massive brain edema which elevates intracranial pressure because the
cranium has a rigid and fixed volume. When raised intracranial pressure exceeds
systemic mean arterial pressure, blood flow no longer can perfuse the brain.
During this interval of absent brain blood flow, the majority of neurons that had
not been damaged by the primary disorder become damaged by this secondary
global ischemic insult.

Yet, some brain neurons may survive despite a very low blood flow state. Coimbra
coined the term “ischemic penumbra” to describe this condition.' This mecha-
nism may explain the outcome of the Jahi McMath case. Many of those surviving
neurons in low blood flow states are located in the brain stem and hypothalamus,
which, because they are phylogenetically older, are less metabolically active than
the phylogenetically newer neurons of the cerebral cortex. As a result, they require
less blood flow and hence may preferentially survive low blood flow states.!®

In most cases of brain death, the markedly elevated intracranial pressure pro-
duces lateral and downward shifts of portions of the brain, a lethal phenomenon
known as transtentorial brain herniation. This pathological process usually traps
and severely compresses the midbrain and brain stem, blocking circulation to it.
When transtentorial brain herniation has been completed, the signs of brain stem
failure are easily elicited by bedside examination. But if brain herniation remains
incomplete and some brain stem or hypothalamic neurons survive the secondary
process of reduced or ceased intracranial blood flow resulting from intracranial
hypertension, some brain stem or hypothalamic functions could continue despite
the determination of brain death. This mechanism is likely responsible for many
of the cases of whole-brain criterion-test mismatch.
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IV. Preventing or Reducing the Criterion-Test Mismatch

The obvious first and most important step is for physicians to avoid any instances
of erroneous brain death determination producing false-positive errors. The medi-
cal standards for the proper determination of brain death have been clearly estab-
lished.'® Diagnostic errors result from physicians’ substandard performance or
interpretation of the bedside tests. Physicians must be trained to perform the stan-
dardized tests assiduously and accurately, and to rigorously exclude potentially
reversible conditions.

One of us recently outlined the elements for proper brain death education and
training.!” First, video-assisted learning modules created by brain death experts
that show how the tests are properly performed should be viewed and a test
passed. Second, brain death simulation training should be conducted under
supervision, culminating in brain death determination credentialing. Finally, all
physicians conducting a brain death examination should complete a checklist that
requires ticking off each step and that provides a written record of all of the tests
that were performed and their results.

Yet, even when the brain death tests are performed and interpreted correctly,
inevitably, cases will occur in which some brain functions persist, such as the
hypothalamic control of vasopressin secretion. These cases constitute true exam-
ples of brain death criterion-test mismatch. The most probable mechanism at work
in these cases is that the interval of intracranial hypertension causing brain circu-
latory arrest is not severe or long enough to cause complete transtentorial brain
herniation and the cessation of functions of the whole brain. Given these examples
of criteria-test mismatch, some scholars have attacked the validity of the whole-
brain criterion of death.!® We believe that these cases do not invalidate the whole-
brain criterion of death so much as they show that the positive predictive value of
accepted brain death tests may be insufficient to satisfy the criterion.

Two possible strategies for reducing the whole-brain criterion-test mismatch are
to tighten the tests or to loosen the criterion.!” Each strategy represents a change
from current thinking: changing the tests disrupts the medical consensus on the
optimal bedside tests while the criterion change disrupts the current legal and medi-
cal consensus on the validity of the whole-brain criterion. Because the two strategies
are mutually independent, a third strategy might be to pursue them both.

The intent of tightening brain death tests is to prove the whole-brain criterion
of death by requiring a neuroimaging procedure showing intracranial circulatory
arrest. But physicians must first validate the required neuroimaging procedure by
proving that zero forward blood flow measured by the neuroimaging procedure
correlates perfectly with complete intracranial circulatory arrest. Currently, the
performance of laboratory or imaging “confirmatory” or “ancillary” tests for brain
death is optional in most test batteries around the world.?

The benefit of such an added requirement would be to restrict the determination
of brain death to only those cases with demonstrable intracranial circulatory arrest
thus fulfilling the whole-brain criterion. This requirement would likely reduce the
number of patients declared brain dead because not all patients declared brain
dead have intracranial circulatory arrest. One risk of this requirement is that by
reducing the number of brain death determinations, it would thereby reduce the
overall number of organ donations. Organ donation is a valuable outcome of brain
death determination but as an instrumental goal, it should neither drive death
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determination nor define its medical tests. This option would also convert deter-
mining brain death from being a purely clinical determination to one that also
requires a neuroimaging procedure, although certain confirmatory tests already
are required in some countries.

The second strategy is to revise the whole-brain criterion by no longer requiring
all brain functions to cease in brain death but only a set of critical functions. For
example, in this strategy, the continuation of hypothalamic control of vasopressin
secretion may be justifiable in a brain death determination if this function were
classified as non-critical. This change reconceptualizes the whole-brain criterion
as the brain-as-a-whole criterion. In other words, instead of requiring all functions
of the brain to cease, as implied by the term “whole-brain,” it would require the
cessation of only certain critical brain functions that serve the brain-as-a-whole.
This relaxation of the whole-brain criterion is not as radical as it first seems because
it already prevails in practice in cases in which brain death is determined despite
the absence of diabetes insipidus.

To better understand this idea, an instructive analogy is that between the brain-
as-a-whole and the more familiar concept of the organism-as-a-whole. Many defi-
nitions of death feature the cessation of functions of the organism as a whole. The
organism-as-a-whole concept refers to those capacities (“emergent functions”)
of an organism that are greater than those of the sum of its parts, that cannot be
reduced to any of its parts, and that contribute to the unity of the organism.?!
Thus, functions of the brain-as-a-whole may include consciousness, and respira-
tory and circulatory control, but could conceivably exclude arguably less critical
brain functions such as vasopressin neurosecretion. Admittedly, the neurophysi-
ological correlation of the brain-as-a-whole criterion remains vague and a list of its
critical functions remains to be established.

The benefit of revising the whole-brain criterion would be to correlate it more
closely to that set of brain functions whose cessation is necessary and sufficient for
death. If, given prevailing practices, the implicit intent of the whole-brain criterion
was the brain-as-a-whole, reconceptualizing it this way would simply make that
intent explicit.?? The risk is to disrupt the conceptual integrity of the whole-brain
criterion by creating an ad hoc list of critical brain functions that excludes non-
critical brain functions without first providing a biologically coherent and justified
distinction between the two groups of functions.

The medical and organ transplantation communities endorse adding rigor and
standardization to physicians’ brain death training to assure the tests are followed
carefully and to prevent any false-positive brain death determinations. But it
seems likely that both communities would oppose tightening the tests for brain
death to require evidence of intracranial circulatory arrest because of the negative
impacts we noted. Both groups would likely be more amenable to the idea of
revising the whole-brain criterion in the direction of the brain-as-a-whole because
this change accommodates prevailing medical practices. But how this change
would impact the legal status of brain death in those jurisdictions in which the
whole-brain criterion is enshrined in the death statute remains unclear. It
would demand an analysis that clarifies what the brain-as-a-whole criterion of
death means, how it is measured, and how and why it is an improvement over
the whole-brain criterion.

Thus, both essential questions about whole-brain death raised by the criterion-
test mismatch cases remain inadequately answered: (1) The irreversible cessation
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of which brain functions constitutes a necessary and sufficient criterion of death?
and (2) What brain death tests are required to satisfy that criterion? What is clear
is that the valid cases of criterion-test mismatch raise a nagging problem with the
coherence of the current formulation of whole-brain death that requires further
analysis and refinement.
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