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Arguments Supporting the Whole-Brain
Criterion

Michael A. Rubin and Ranier Reyes

Loss of the ability to maintain homeostasis after irreversible circulatory—respiratory
failure is the traditional medical definition of death, and with such failure, also
comes the loss of neurologic function. Historically, a distinction between circula-
tory—respiratory and neurologic failure was irrelevant, as in the case of catastrophic
neurologic failure, circulatory—respiratory collapse inevitably occurred after cere-
bral herniation and with it came the same loss of homeostasis. With the implementa-
tion of advanced organ support, the distinction between the two became relevant.
The order of system failure matters, as we can replace some, but not all organ func-
tions with technology. While the same system loss cascade would occur after cata-
strophic renal injury if it were not for dialysis, there are essential functions of the
nervous system that cannot be replaced in the same way our kidneys can. It is that
distinction that justifies the organism to be considered dead by neurologic criteria
while there is no such determination by renal criteria. Because technology has sig-
nificantly altered the consequences of organ failure, a change in our understanding
of life and death is warranted; the previous paradigm can no longer be applied in all
circumstances. Shifting such a paradigm does not mean we are creating a new ontol-
ogy; rather, we have revealed a truth that has always existed that just never had suf-
ficient relevance to be contemplated and described.

Earlier chapters of this book reviewed the historical context of determination of
death by neurologic criteria and arguments for and against its validity. In this chap-
ter, we expand upon the arguments for the validity of death by neurologic criteria by
supporting two claims: (1) a definition of death should be based on a biologic foun-
dation and (2) the only clinically reliable and rationally validated way to support a
biologic paradigm of death by neurologic criteria is with the whole-brain criterion.
Otherwise, the formulation risks being criticized as a socially created concept based
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on a metaphysical argument or an incomplete assessment of essential biologic func-
tion rather than an accurate description of the natural world.

The first argument in support of whole-brain criterion does not require much
exploration; the whole-brain criterion is the most widely used and generally
accepted so that convention is evidence of its value. While the Harvard Ad Hoc
Committee did not offer a justification of the use of neurologic criteria to declare
death, the subsequent President’s Commission for the Study of Ethical Problems in
Medicine and Biomedical and Behavioral Research, the Uniform Determination of
Death Act (UDDA), and the American Academy of Neurology (AAN) practice
parameters evolved the argument supporting the whole-brain criterion by establish-
ing foundational concepts; it was not until recent history that this understanding was
criticized and recast by some as motivated by other interests [1-5]. Perhaps consen-
sus among forbearers led to a lack of perception of need to offer such justification
or perhaps they were proceeding based on insufficiently explored intuition. Either
way, subsequent scholars and policymakers developed an understanding of the con-
cept. Whether by comfort with convention, an intuition-driven worldview, or ratio-
nal argument, we have found that surveys of clinicians and the general public, as
well as endorsements by numerous medical societies worldwide demonstrate that
the whole-brain criterion maintains consensus [6—8]. While tradition is not suffi-
cient to support a position on its own, one cannot ignore that this is the standard
against which other viewpoints must argue why they are superior.

1 A Definition of Life

Death is universally accepted as an irreversible transition from the state of being
alive to being dead. These are mutually exclusive states, with death being the loss of
features that defined something as alive. Consequently, before death by neurologic
criteria can be described, the requirements of life must be known. Once those are
defined, then the key question can be asked: does death by neurologic criteria sat-
isfactorily indicate a transition from life to death? When we argue the whole-brain
formulation to be correct, we are really arguing that when certain functions of the
central nervous system are irreversibly lost, the criteria of life are no longer met, and
the organism is now dead.

It would be incorrect to say that a patient who undergoes cardiac bypass surgery
requiring cardioplegia was temporarily dead until revived at the end of their surgery.
Similarly, if a patient suffers a circulatory—respiratory arrest and is successfully
resuscitated, they likewise were never dead. In both cases, the state in question was
shown to be reversible. The time of death is assigned using circulatory—respiratory
criteria to the moment when the clinician has determined that function is absent and
will not return. An interesting distinction between irreversible and permanent has
been proposed because of modern resuscitation techniques that require a judgment
as to when efforts ought to be stopped due to proven failure in sustainability. This
distinction, which is described in detail elsewhere in this book, allows patient, sur-
rogate, and clinician judgment to determine when permanence is morally sufficient
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to meet the criteria normally subscribed to irreversible loss of circulatory—respira-
tory function [9-11].

The property of “living” is defined by features and functions that an organism
has and that can be demonstrated. We do not require a pathological examination or
the establishment of rigor mortis before we declare death. Such steps might offer
greater reassurance, but they deny the cultural and religious norms that require an
appropriate legal qualification and burial rights. Consequently, we have determined
by consensus what observations are necessary to make a determination of death.
Our observation-based declaration leads to the truth that one cannot claim what life
is, but at most can offer a description of the functions of what a living organism is
able o do. The current biologic consensus is that living organisms are composed of
organic molecules organized into cells, tissues, and organ systems in such a way to
utilize energy to maintain homeostasis, respond to the environment, adapt to threats
to survival, and complete a generational cycle to reproduce [12, 13].

2 Emergent Properties as an Essential Component of Life

Structural organization allows the ability to compartmentalize and specialize bio-
chemical activities. More importantly, complex organization allows the develop-
ment of emergent properties: qualities and functions that only exist in the intact
organism as a whole [14-18]. Such properties are not localizable in any one place
or attributed to a single set of biochemical processes. These properties promote the
organism’s survival and ability to fulfill the functions of life. Without emergence,
the ability to survive is significantly hampered, as evidenced by increasingly com-
plex organisms evolving by natural selection. While “has emergent properties” is
not usually listed as a component of life, their presence serves the fulfillment of the
other criteria. Specifically, in human beings, consciousness and social behaviors
allow protection from threats and the ability to obtain nutrition to maintain homeo-
stasis. A simple thought exercise reveals the necessity of including emergent prop-
erties in a definition of life: if one were to place every organ of a human (or any
other organism that is composed of more than a single cell) in a jar supported by an
adequate milieu to maintain homeostasis, while it is self-evident that these are
organic components, the person is no longer a living human organism. Logically
speaking, if exclusion of an element of a definition interferes with the integrity of
the definition, this element is necessary. When a person fulfills the whole-brain
criterion for death, they may maintain some elements of living organisms, but they
have lost essential emergent properties, cannot obtain consciousness, cannot
respond to the environment, and cannot adapt to new challenges to survival.

The argument of the “organism as a whole” has been supported for decades [2,
13-18]. The “whole” organism possesses specific emergent functions, which are
essential for the functioning of the organism and are a product of the collective and
unified whole; the permanent cessation of these emergent functions (e.g., control of
respiration, circulation, conscious awareness) therefore indicates the organism’s
death [16]. Centers which are responsible for these emergent properties are
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distributed throughout various areas within the brain and brainstem; the whole-
brain formulation thus argues for the irreversible loss of function of the entire brain,
including the neocortex and brainstem, as a necessity for the determination of death
[16, 19, 20]. Crucial to the whole-brain criterion is the understanding that “whole”
does not equate to “all” [15, 20]. While there is likely to be activity within some
neural cells after death, just as there is some retained cardiac myocyte activity after
circulatory cessation, this activity no longer has the ability to significantly contrib-
ute to the operation of the organism as a whole without support of technology [20].

3 Homeostasis Is Not Enough

A prominent criticism of the whole-brain criterion is that it requires more than the
ability to maintain homeostasis, which some critics argue is the only true criteria for
death. Others argue that this is a “legal-fiction” created to respect the concept of the
“dead donor rule” and permit organ recovery [5]. While this argument is coherent
and internally consistent, it falls short in that it limits the biologic definition to one
component and excludes (or at least, does not include) the presence of essential
emergent properties and the ability to respond to the external environment, adapt to
challenges to survival, and grow and procreate. One could counter that if one can
maintain homeostasis, the other features can be restored, but in the case of irrevers-
ible loss of consciousness and the other adaptive features of the nervous system,
such is not the case. One cannot exclude a functioning nervous system (or one that
may recover to a functional state) in a definition of human life that includes all the
aforementioned features of life. As an extension, the criticism that the comparison
of death of a human being qualified differently than death in another mammal or a
single-cell organism by requiring the emergent properties of consciousness and
awareness falls short, as another criterion is not being applied. Rather the claim is
consistent: the loss of emergent properties is part of all definitions of death. Such
properties are more complex, however, in a human than other organisms, and there-
fore are easier to identify when they have been lost.

4 Replacing Systemic Integration Does Not Preclude
the Importance of the Brain

An early formulation of death by neurologic criteria included the integrative func-
tion of the nervous system as grounds for its veracity. In as much as the nervous
system controls and influences other systems through direct stimulation and neuro-
endocrine control, the irreversible loss of neurologic function would lead to system
disintegration and cause further organ system failures in a sequential fashion. While
this is partially true, supportive therapies can augment these functions and allow
other organs to continue for days to months, or perhaps even years [21]. For exam-
ple, fluid and sodium balance can be managed with intravenous fluids with various
concentrations of salt, and loss of cardiovascular tone and cardiac dysrhythmias can
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be modulated by medications. With improvements in critical care, the whole-brain
criterion can no longer claim support from the thought that the nervous system is the
keystone on which all other systems depend; however, it does not need to be valid.
The inherent functions unique to the nervous system are in themselves requisite to
fulfill the qualities of a living human person.

5 The Brainstem Criterion and Why It Falls Short

The argument for death by neurologic criteria based on irreversible loss of all brain-
stem function uses a reductionist approach based on the premise that death involves
two features: (1) the irreversible loss of the capacity for consciousness and (2) the
irreversible loss of the capacity to breathe [22]. The irreversible loss of brainstem
function, regardless of the mechanism of injury, is believed to produce this state. As
the center for respiratory drive, hemodynamic regulation, and arousal and wakeful-
ness, the brainstem is essential for life. Nearly all input and output of the brain
passes through the brainstem, making it essential in how we respond to environmen-
tal or external stimuli and integrate higher cortical function into survival. Many
proponents of the brainstem criterion also argue that most clinical tests utilized in
determinations of death by neurologic criteria, using either the whole-brain or
brainstem criterion, involve the evaluation of brainstem reflexes; the brainstem cri-
terion is therefore pragmatic and easily testable. Lastly, advocates emphasize that
loss of brainstem function ultimately leads to circulatory—respiratory arrest and thus
appeases those who define death as irreversible cessation of circulation and respira-
tion [18, 22, 23].

Critics of the brainstem formulation point out ways in which it fails to account
for the importance of higher-brain function. It fails to account for conscious aware-
ness and plausible scenarios in which this may be preserved via function of the
cerebral cortices and thalami. Bernat proposes a hypothetical patient with extensive,
but isolated, brainstem damage who may present with brainstem areflexia yet pre-
served consciousness; this imaginary scenario portraying the most severe version of
a “locked-in” patient illustrates a situation in which death by neurologic criteria
may be clinically evident based on bedside clinical testing but arousal is preserved
in supratentorial structures [20]. With the advent of invasive neurologic probes to
treat movement disorders, one can imagine a future in which invasive technology
promotes arousal artificially. In theoretical situations of isolated brainstem damage,
this would provide an avenue for preserved cortical function to respond to the sur-
rounding environment and to perform the necessary “work” of the human organism.
A practical and essential criticism to the brainstem criterion is that pathologies
causing isolated obliteration of brainstem function, but with preservation of cortical
function, may not dependably be irreversible. In contrast, supratentorial lesions
causing catastrophic elevations in intracranial pressure compressing the brainstem
will reliably not be reversible. As we have previously stated, the irreversible loss of
function is the sine qua non of death; therefore, this uncertainty precludes isolated
brainstem dysfunction as a reliable means of declaration.
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6 The Higher-Brain Criterion and Why It Falls Short

The higher-brain criterion argues that the primary and distinctive function of the
human being includes “the individual’s personality, his conscious life, his unique-
ness, his capacity for remembering, judging, reasoning, acting, enjoying, worrying,
and so on,” all of which require an intact cerebral cortex [24]. Therefore, death is the
“irreversible loss of integrated function of body and mind” and may be conceptual-
ized as the irreversible loss of higher-brain functions [24, 25]. While some dismiss
this approach outright as esoteric philosophy, this view has ancient roots and similar
arguments have been made based on the works of Aristotle as well as St. Thomas
Aquinas [26]. Whether by a rational understanding of the difference between the
material and metaphysical or through a religious or spiritual belief in the eternal
soul, there is a component of human psychology that intuitively requires the pres-
ence (or a least potential presence) of a conscious mind to see someone as living. In
these traditions, death is the moment of separation of the physical body from the
incorporeal soul; the separation of the temporary mortal self and the eternal self.
The irreversible loss of the human nervous system function would extinguish a per-
son’s ability to have access to the connection of mind or soul, and therefore qualify
as death.

Robert Veatch made an interesting contribution to the literature in his proposal
that the debate regarding the definition of death is really a discourse on the loss of
moral and legal standing, rather than the moment that one has switched from one
biological category to another [27]. The ability of humans to self-identify, form
social relationships, and possess “moral status” is essential to promoting survival of
the human organism. This position is persuasive and attractive in many ways. First,
it defines death (and life) beyond strictly biological means. Given the societal and
cultural implications of the determination of life and death, he argues that the defini-
tion of human life and death should not be reduced to somatic and biological mea-
sures. There is a reason defining death has such a profound impact outside of
scientific medicine and permeates through the realms of law, ethics, and the public.
Second, it reiterates the idea that the brain possesses something unique to human
existence, the loss of which therefore results in death. The capacity for conscious-
ness in concordance with higher functioning (e.g., reasoning, personality, etc.) is a
trait unique not only to humans but to living humans, and is housed in the cerebrum.
If death by neurologic criteria accepts the irreversible loss of something within the
brain that distinguishes human life from exclusively the existence of cells and tis-
sues, it is reasonable to believe this feature is in fact cognition and the ability to
integrate body and mind. This understanding is even more compelling given
advances in modern medicine which allow for sustenance of bodily functions.

A practical issue of the higher-brain formulation centers on the examples of
anencephalic patients or those in a persistent vegetative state/unaware—wakeful
state [19, 20]. These patients, who are breathing and have intact brainstem
reflexes, could be labeled as deceased under the higher-brain criterion given
they lack the ability for body—mind integration and possession of “full moral
standing” [26]. The question is then raised: how much irreversible loss of
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neocortical function is sufficient to consider someone dead? Are patients with
severe and irreversible dementia, who are still breathing and who still have a
beating heart, but have profound cortical damage and lack the ability to inte-
grate higher-brain function with the body and external environment, considered
deceased? In much of the world today, the majority of cultures would have a
difficult time considering these patients, who have long been labeled as alive,
now deceased. Another significant concern is the ability to empirically measure
or determine death. If death refers to the loss of higher consciousness and an
individual’s place in moral culture, or loss of personhood, how does one know
and quantify when this occurrence takes place [28, 29]? Determinations of death
based on loss of higher-brain definitions are therefore individualized and “per-
son-oriented” and strictly non-biological; consequently, specific tests to fulfill
this still need be described and validated [20, 28]. Otherwise, determining death
becomes highly subjective.

7 Ensuring Certainty Compels the Whole-Brain Criterion

Brainstem and higher-brain formulations are individually important because they
each reference critical functions of the human organism. Each, however, is insuf-
ficient to stand on its own in satisfying a reliably permanent and measurable defi-
nition of death, and therefore a whole-brain formulation is necessary (see Fig. 1).
Both the brainstem and cortex are necessary to create the emergent property of
consciousness, which is arguably the single feature that makes the brain sui
generis among organs [16]. The brainstem formulation, while easier to measure
with bedside exams, cannot offer guidance on when a radiographically intact cor-
tex or function measured by electroencephalography is moot because such a bed-
side exam cannot predict when peri-insult edema will recede, or penumbra may
recovery adequately to reinstitute reticular activating system function. Likewise,
a neurologic insult sufficient to radiographically obliterate cortex but not cause
sufficient elevation in intracranial pressure to obviate cranial nerve function or a
respiratory drive is not reliably irreversible. This argument has led some to sug-
gest that a determination of death by neurologic criteria should always include a
measurement of brain circulation (angiogram, nuclear flow study, or transcranial

Whole-Brain Criteria
—

Higher-brain Brainstem

Loss of moral agency Brainstem areflexia
Loss of personhood Absent respiratory drive
Loss of conscious awareness Circulatory arrest (brainstem mediated)
Loss of cognition Loss of arousal (brainstem mediated)
Loss of integrative ability (body-mind)

Fig. 1 Potential formulations of death by neurologic criteria
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doppler) to demonstrate cerebrovascular arrest, and thereby corroborate that func-
tion will not return [30].

The whole-brain criterion offers a higher level of assurance that the damage to
the brain is severe enough that function will not return. Requiring loss of all func-
tions of the brain, as described in the whole-brain formulation, has been likened to
the Talmudic principle of “building a fence around the Torah” where one assumes a
conservative posture outside of an area of uncertainty to ensure that the law or truth
is being respected [31]. Emerging science would suggest the growing importance of
such reassurance. Investigation into disorders of consciousness have revealed with
brain imaging, latent consciousness in severe neurologic injury to the extent that a
patient may be able to experience the world in a way that cannot be detected by a
clinician [32, 33]. As we cannot ensure what we cannot measure, dysfunction of the
whole-brain provides a necessary reassurance that cannot be provided by either the
brainstem or higher-brain criterion [34].

In a similar fashion, multiple studies have shown that patients declared dead by
neurologic criteria do not always have loss of all cellular architecture [35, 36]. A
recent study showed that restoration of brain circulation in a postmortem but intact
pig brain allowed return of some cellular activity 4 h after circulatory—respiratory
arrest [37]. While opponents would use these data to indicate that death by neuro-
logic criteria is inaccurate and that brain function is still possible, proponents would
argue that severe enough injury that leads to clinically indetectable neurologic
activity demonstrates that not every cell needs to be lost for the brain to lose its abil-
ity to provide the functions necessary to support that the organism is living.

8 Conclusions

Clinicians offering a determination of death by neurologic criteria will inevitably be
confronted with questions from patients such as “but why is their heart beating”” and
“why can the rest of the body be working if they are dead?” While an offering of legal
categorization and hospital standard will often suffice, for many patient families, it
will not be enough. The clinician themselves ought to establish in their own mind why
such a state of being is morally and rationally equivalent to death by circulatory—respi-
ratory criteria. While the brainstem and higher-brain formulations offer significant
insight into essential functions of the brain, only the whole-brain criterion supports a
valid claim of a transition from life to death in the case of catastrophic neurologic
injury. Despite the claim of the minority dissent, the need for a rational argument and
moral justification does not mean neurologic criteria is a construct—biology, and
most importantly complex biologic organisms, deserve the respect of a thorough
rational exploration that shows that life cannot be reduced to a single attribute in our
current state of advanced organ supporting and replacing technology.
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