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Abstract Clarity regarding the biomedical definition of

death and the criteria for its determination is critical to

inform practices in clinical care, medical research, law,

and organ donation. While best practices for death

determination by neurologic criteria and circulatory

criteria were previously outlined in Canadian medical

guidelines, several issues have arisen to force their

reappraisal. Ongoing scientific discovery, corresponding

changes in medical practice, and legal and ethical

challenges compel a comprehensive update. Accordingly,

the A Brain-Based Definition of Death and Criteria for its

Determination After Arrest of Neurologic or Circulatory

Function in Canada project was undertaken to a develop a

unified brain-based definition of death, and to establish

criteria for its determination after devastating brain injury

and/or circulatory arrest. Specifically, the project had

three objectives: (1) to clarify that death is defined in terms

of brain functions; (2) to clarify how a brain-based

definition of death is articulated; and (3) to clarify the

criteria for determining if the brain-based definition is met.

The updated death determination guideline therefore

defines death as the permanent cessation of brain

function and describes corresponding circulatory and

neurologic criteria to ascertain the permanent cessation

of brain function. This article explores the challenges that

prompted revisions to the biomedical definition of death

and the criteria for its determination and outlines the

rationales underpinning the project’s three objectives. By

clarifying that all death is defined in terms of brain

function, the project seeks to align guidelines with

contemporary medicolegal understandings of the

biological basis of death.
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Clarity regarding the biomedical definition of death and the

criteria for its determination is critical to inform practices

in clinical care, medical research, law, and organ

donation.1,2 Health care professionals need to know the

physiologic criteria of death, how to evaluate whether these

criteria are met, and—in the context of critical care—

whether medical interventions constitute treatment as

opposed to mechanical support for deceased persons’

bodies (‘‘somatic support’’). Hospitals need to know if

patients are alive or dead for triage and resource allocation;

researchers need to know to afford living participants

research protections; and surrogates need to know for

informed decision-making. Moreover, the death of a person

has social and legal implications, including family

grieving, resource allocation, insurance proceeds, and

estate settlement. Finally, the need for clarity on the

boundary between life and death is particularly acute in the

context of deceased organ donation, where organ recovery

for transplantation is contingent on accurate and timely

death determination. Hence, clarity and uniformity

regarding the biomedical definition of death and the

criteria for its determination are of profound importance

to a range of Canadian stakeholders.3

The concept of death has long been the subject of

empirical, religious, cultural, and philosophical debate.

Examples of conceptualizations range from the

quasiphysiologic ‘‘permanent cessation of the organism

as a whole’’4 to the religiously informed ‘‘moment the soul

leaves the body.’’5 While respectfully recognizing the

spectrum of perspectives on the concept of death, the

exigencies described above show how the medical

community requires a legally recognized, biomedical,

‘‘operational’’ definition of death to guide practice. An

operational definition is a concrete formulation describing

the state of human death based on measurable and

observable biological indicators—i.e., a practical

formulation entailing criteria for death determination

concordant with that definition.6 As a practical

formulation, the definition of death exposited in this

article is defended largely on consequentialist grounds

and ultimately reliant upon consensus as opposed to

metaphysical argument. The metaphysical implications of

this definition are addressed elsewhere in this Special

Issue.7

The recently updated Canadian guidelines for death

determination featured in this month’s Special Issue of the

Journal2 define death as the permanent cessation of brain

function and provide corresponding circulatory and

neurologic criteria to ascertain the permanent cessation

of brain function.2 For the purposes of clarity, it bears

emphasizing that an operational definition of death and the

criteria for its determination are distinct. While an

operational definition describes the necessary and jointly

sufficient conditions for death, the criteria describe the

biological indicators used to determine whether these

conditions are met. For this reason, the biomedical

definition is conceptually prior to the criteria. That is, the

criteria rely on the definition for their legitimacy—hence

the importance of an operational definition of death for

medical practice.

While best practices for death determination by

neurologic criteria (DNC)8 and circulatory criteria

(DCC)9,10 were previously outlined in Canadian

guidelines, several issues have arisen to force their

reappraisal. Regarding the criteria for death

determination (i.e., observable and measurable biological

indicators), guidelines should ideally be revisited every

three to five years.11,12 Given that current practices are

based on guidelines published in 2006, an update is

overdue.8,9 An evolving evidence base, advances in

ancillary testing techniques, and recently published

international guidelines for death determination reinforce

this conclusion.13 Moreover, ambiguity in the meaning of

terms integral to the criteria for death determination (e.g.,

‘‘perfusion,’’ ‘‘flow,’’ ‘‘function’’),14 combined with a

recognition that consequent variable adherence to best

practice may undermine confidence in medicine,15 suggest

an updated guideline that resolves lingering ambiguities

will be welcomed by the medical and legal communities.

Regarding the operational, biomedical definition of

death, persisting controversy16 surrounding the meaning

of terms integral to the definition may be allayed by

elucidating their precise meanings in the context of medical

practice and law. Moreover, confusion regarding the

conceptual relationship between circulatory and

neurologic criteria for death determination17,18 indicates

that clarifying what unites these sets of criteria is

warranted. Additionally, variation in provincial legislative

regimes governing death’s definition underlines the need

for national uniformity;19 a biomedical definition within a

nationally endorsed medical guideline may encourage the

required unification. Finally, innovations in health care

continue to illuminate the shortcomings of previously

accepted definitions of death in the same way that

mechanical ventilators spurred the recognition of

neurologic death over fifty years ago.20 Driven by

advances in medical technologies like the ventilator

(which can artificially sustain cardiorespiratory function

when neurologic function is lost), as well as an increased

understanding of the physiology of the dying process, a

growing medical and societal consensus holds that, from a
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biomedical perspective, all death is brain-based.21 Updated

medical guidelines should therefore reflect the centrality of

the permanent loss of brain function for death

determination.

Accordingly, the A Brain-Based Definition of Death and

Criteria for its Determination After Arrest of Neurologic or

Circulatory Function in Canada project was undertaken to

develop a unified brain-based definition of death, and to

establish criteria for its determination after devastating

brain injury and/or circulatory arrest.2 Specifically, the

project had three objectives:

Objective 1: To clarify that death is defined in terms of

brain functions (i.e., although criteria for DCC and DNC

differ, both are means to identify the same phenomenon:

permanent loss of brain function).

Objective 2: To clarify how a brain-based definition of

death is articulated (i.e., the precise meanings of all

terms integral to the definition of death).

Objective 3: To clarify the criteria for determining if the

brain-based definition is met (i.e., the objectively

measurable criteria, procedures, or ancillary tests that

must be taken to satisfy the definition and the precise

meanings of all terms integral to these criteria).

Objectives 1 and 2 concern the biomedical definition of

death and its articulation. Objective 3 concerns the criteria

for death’s determination and their articulation.

This article explains the rationale underpinning each of

the above objectives. Because of the logical priority of an

operational definition of death for medical practice, as well

as the uncontroversial need for an evidence-based update to

criteria for death determination, expositing the rationales

supporting objectives 1 and 2 is the principal aim. In what

follows, we first provide a brief overview of the medical

and legal evolution of death’s definition and practices for

its determination over the last several decades. We then

describe the rationales for the above objectives.

Background

The advent of novel resuscitative measures and organ-

supporting technologies in the 1950–1960s challenged then

contemporary understandings of death based on cessation

of circulation and respiration.20 The ability to restore and

maintain these vital functions in patients who had lost brain

function blurred the previously bright line between life and

death,17 exposed the shortcomings of existing criteria for

death determination, and raised complex ethical and legal

issues. Among the latter were concerns over the perceived

misuse of scarce health care resources, controversy over

the permissibility of withdrawal of organ-supporting

measures, and doubts about the legality of recovering

transplantable organs from individuals who had lost all

brain function.20

In 1968, the Ad Hoc Committee of Harvard Medical

School issued a report establishing criteria for death

determination based on ‘‘irreversible coma,’’ or total loss

of brain function.20 By the 1980s, the term ‘‘brain death’’ to

describe the total loss of brain function had gained

currency, and criteria for DNC were increasingly

accepted by medical professionals.22 Yet, stimulated by

the need for greater certainty in the face of variable

practices and legislation governing death’s definition and

determination, commissions in both the USA and Canada

convened to determine whether a brain-based definition of

death ought to be enshrined in law.

The 1981 US President’s Commission recommended

that states adopt its proposed Uniform Determination of

Death Act (UDDA), a statute describing legal death, to

avert the uncertainty and inconsistency that would result if

none were adopted.5 The commission did not recommend a

unified brain-based definition of death, but instead confined

its recommendations to the level of general physiologic

standards for death determination.

The commission proposed that alternative circulatory/

respiratory and neurologic standards ought to feature in the

UDDA for two reasons. First, the projected incidence of

neurologic death was low, meaning that the circulatory/

respiratory standard would remain adequate in the

overwhelming majority of cases. Second, supplementing

rather than supplanting the traditional cardiorespiratory

approach to death determination was thought to be more

acceptable from a societal perspective.A Nonetheless, the

authors of the report warned that ‘‘the use of two standards

in a statute should not be permitted to obscure the fact that

death is a unitary phenomenon.’’5

In contrast to the US President’s Commission, in 1981

the Law Reform Commission of Canada (LRCC)

recommended that a single, unified, brain-based definition

of death be enshrined in legislation.3 The commission

averred that ‘‘a person is dead when an irreversible

cessation of all that person’s brain function has

occurred,’’ but allowed that this could be inferred based

on either circulatory/respiratory criteria or, when organ-

A ‘‘Conservatism seems justified in articulating a rule that will not

only be applied within the legal system but will also guide the beliefs

and behavior of physicians and the public. People’s attitudes toward

death evolve, and changes in medical capabilities certainly come to

be reflected in public as well as professional circles: heart

transplantation, for example, cannot help but alter the romantic

notion of the heart as the seat of soul or personality. Change does not

occur overnight, however, and there seems to be no reason to force it

by statute when wrenching change is not necessary. Any statute on

death should, therefore, supplement rather than supplant the existing

legal concept.’’5
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supporting technologies are in place, by neurologic

criteria.3

Despite strong endorsement by the Canadian Medical

Association and a host of other medical professional

organizations, Parliament did not follow the LRCC’s 1981

recommendation (although the Manitoba legislature did).

This resulted in a patchwork of legal approaches in the

common law and legislation governing death’s definition in

the Canadian provinces and territories.19

Rationales for the project’s objectives

Various challenges have arisen to force a reassessment of

existing medicolegal definitions of death and criteria for

death’s determination in Canada. In what follows, we

outline the rationales for the guideline development

group’s three objectives.

Objective 1: To clarify that death is defined in terms

of brain function

The updated death determination guideline defines death as

the ‘‘permanent cessation of brain function.’’2 While this

definition affirms the centrality of the cessation of brain

function for human death, it is worth emphasizing that the

guideline does not render circulatory criteria for death

determination obsolete. Instead, it seeks to clarify that

circulatory criteria are reliable proxy indicators for the

permanent loss of brain function. In doing so, the guideline

defines all death for the purposes of medical practice in

terms of brain function, regardless of whether the

permanent loss of these functions is ascertained by

circulatory or neurologic criteria.

COHERING WITH CONTEMPORARY BIOMEDICAL AND LEGAL

UNDERSTANDING OF DEATH

Over the past 70 years, evolving medical technologies and

greater insight into the physiology of the dying process

have forced the reassessment of operational definitions of

death and criteria for its determination.23 Advances in life-

support technologies, resuscitative techniques, organ

donation and preservation, as well as breakthroughs in

our understandings of cell biology and physiology have

combined to clarify the physiologic mechanisms of death

in humans.21 Shemie and Gardiner describe the three most

common pathways:

1. Primary or secondary brain event with cessation of

brain function, most often associated with intracranial

hypertension and cessation of brain blood flow, leading

to apnea, hypoxemia, cardiac arrest, and cessation of

circulation.

2. Primary or secondary respiratory event causing

hypoxemia resulting in cardiac arrest and cessation

of circulation to all organs including the brain.

3. Primary or secondary cardiac event resulting in cardiac

arrest and cessation of circulation to all organs

including the brain.21

In the past, the loss of any one vital system would

inevitably result in the loss of the others. If brain function

failed, loss of cardiorespiratory function would swiftly

follow. If cardiorespiratory function failed, loss of brain

function would swiftly follow. If other vital organs or

systems failed, cardiorespiratory function and,

consequently, brain function were inevitably lost.

Nevertheless, it is now possible to sustain and/or replace

organ function for all vital organs and systems except the

brain.21 Indeed, in the effort to save life, the dying process

is regularly interrupted by the use of intrinsic or extrinsic

organ-supporting technologies such as mechanical

ventilation, hemodynamic support of cardiovascular

function, extracorporeal membrane oxygenation (ECMO),

and ventricular assist devices (VAD).21 It is the

introduction and use of technologies like these in health

care that spurred previous refinements to the definition of

death and criteria for its determination, and which have

pushed the medical community and society in general

progressively closer to a brain-based definition of death.24

The growing consensus on the importance of brain

function for contemporary biomedical understandings of

death is shown by the way individuals supported with

technologies like ECMO, VADs, and mechanical

ventilation are perceived and treated in both medical

practice and law. Provided brain function persists, patients

whose organs or systems are maintained using these

technologies are indisputably considered alive.

Nevertheless, the same technologies that enable patients

to survive after vital organ or system failure also enable

circumstances in which vital systems are maintained in

individuals who have permanently lost brain function.

Although they display some signs characteristic of life

(e.g., mechanically supported heart and lung function),

most health care professionals consider such individuals

deceased.17,25 This position is legally recognized in many

jurisdictions internationally25 and is upheld throughout

Canada by the legal acceptance of brain death—i.e., a legal

recognition that a person who has sustained permanent loss

of brain function is deceased despite maintenance of

cardiorespiratory function.19

These observations reflect the central importance of

brain function for contemporary biomedical and legal

concepts of human life and death, concepts refined and
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informed by advances in medical technology. Clarifying

that for the purposes of medical practice all death is defined

in terms of brain function will establish an accurate

definition that coheres with the contemporary medicolegal

understanding of death.

UNIFORMITY

Currently, Manitoba, Newfoundland and Labrador, and

Nova Scotia have legislated brain-based definitions of

death. Manitoba’s Vital Statistics Act, for instance, states

that ‘‘…the death of a person takes place at the time at

which irreversible cessation of all that person’s brain

function occurs.’’26 In New Brunswick, the Northwest

Territories, and Prince Edward Island, death is legally

defined in terms of both brain-based and circulatory/

respiratory criteria. In New Brunswick, for example, ‘‘the

fact of death is determined in accordance with neurologic

criteria, or … by other criteria.’’27 In all other provinces

and territories, there is no legislated definition of death. In

these jurisdictions, the legal definition of death has been

developed through the courts, which have accepted both

brain-based and circulatory/respiratory definitions.19,28 In

most provinces and territories, organ and tissue donation

legislation specifies that, for the purposes of organ

donation, death must be determined ‘‘in accordance with

accepted medical practice.’’19

The 1981 LRCC report noted that ‘‘criteria for the

determination of death represent a very real and practical

problem for many practicing physicians and hospital

personnel,’’ and added that the issue was of concern to

several other stakeholders, including medical institutions,

professional medical and legal organizations, and the

public.3 Indeed, pervasive confusion, ambiguity, and

uncertainty concerning death’s definition and

determination were the primary reasons for the report’s

inception. Urging the federal government to ensure

uniformity in legislation across provinces and territories,

the report argued that a unified brain-based definition of

death would provide the clarity sought by stakeholders.

The LRCC’s position concerning the benefits of

uniformity is no less valid today than it was 40 years

ago. Indeed, it is reinforced by continuing advances in

medical technologies and increasing consensus on the

centrality of brain function in law and medicine. The death

of a person is an event with significant social and legal

implications.29 It is confusing and inexpedient to have

apparent variation on a fundamental point so central to

societal and medical practices.30 As seen in the USA,

variability may undermine public trust in the legitimacy of

practices for death determination, particularly with regard

to DNC in the context of organ donation.31 Setting aside

the question of whether a brain-based definition of death

ought to be uniformly enshrined in legislation, a unified

brain-based definition within a nationally endorsed medical

guideline will help to allay confusion by clarifying that, for

the purposes of medical practice, all death is defined in

terms of brain functions, and strengthen public confidence

by promoting consistency across provinces and territories.B

PUBLIC AND PROFESSIONAL CONFUSION

There remains professional disagreement17,32–36 and public

confusion18,37 regarding the contemporary biomedical

understanding of death and, consequently, the conceptual

and physiologic relationship between circulatory and

neurologic criteria for death determination. Clarifying

what unites these apparently disparate criteria is

necessary to help allay stakeholder misgivings regarding

death determination in the context of medical practice and

organ donation.

Although there have been few studies on stakeholder

perceptions of DCC, it is clear from studies of perspectives

on the legitimacy of DNC that confusion regarding the

biological basis of death exists.17,37 In its 1981 report, the

LRCC noted that:

… a very large proportion of the Canadian public

would like to see removed the present ambiguity

arising from the apparent contradiction between the

classical signs of death (cessation of cardiac and

respiratory functions) and the neurologic signs

(irreversible cessation of all brain functions).3

Unfortunately, this ‘‘present ambiguity’’ persists, and

continues to pervade stakeholder understandings.38,39

Fractured discourse in medical literature,40 highly

publicized legal challenges to brain death

determination,31 and misrepresentations of brain death in

the media41 lead some to believe that brain death is not

‘‘real’’ death,42,43 others to think that criteria for DNC are

more reliable than criteria for DCC in the context of organ

donation,44,45 and others to think that criteria for DCC do

not reliably describe death at all.16

Although the two pathways to death determination

identify the same phenomenon (death), the bifurcated

standard for death determination and its associated

terminology (‘‘brain death’’ and ‘‘circulatory death’’) may

lead some to erroneously conclude that there are two

recognized types of death.6,43 This inference is supported

by the practically reasonable but inadvertently misleading

tendency of guidelines for death determination to define

B To the extent that the proposed single brain-based definition of

death refers to the loss of ‘‘brain function’’ as opposed to ‘‘all brain

function,’’ it will be necessary to explain how the proposed definition

will be consistent with existing law. See the article by Chandler and

Pope on legal implications in this Special Issue.19
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circulatory and neurologic death in isolation from one

another. In short, the bifurcated standard continues to

erroneously suggest that the two pathways to death

determination do not point to the same thing: the

permanent loss of brain function.

Growing recognition in the medical community of the

centrality of brain function for human life6,21 helps to

explain why brain death is widely accepted among health

care professionals.17,25Debates regarding the legitimacy of

DNC are largely confined to academic circles, and there is

little evidence that these debates have impacted the broader

medical community’s acceptance of the concept.46 Indeed,

a recently published scoping review concluded that DNC is

largely uncontroversial in practice.17 Nevertheless,

confusion concerning brain death’s conceptual basis

remains.17 As recently as 2007, 45% of surveyed

Canadian neurosurgeons responded ‘‘no’’ when asked

whether circulatory and neurologic criteria describe the

same phenomenon: the death of the patient.47 While more

recent data are not available, professional disagreement

over the validity of brain death remains evident in

academic literature.48–50 Moreover, the variability of

practices for death determination across Canada points

indirectly to continued uncertainty and disagreement

among health care professionals over the biological basis

of death.13,51–53 Calls for increased education and

standardization highlight the need to clarify this

biological basis for the benefit of practicing health care

professionals.17

The ongoing controversy arising from highly publicized

legal objections to DNC may help to explain persistent

uncertainty among the lay public about brain death.18,37

Although the Canadian public is generally aware and

accepting of brain death, understanding of the concept is

limited.37 This confusion has implications for medical

practice and organ donation. In both Canada and the USA,

roughly half of surveyed physicians report having had the

experience of a surrogate decision-maker requesting

continued somatic support following DNC; many

requests are honored temporarily in an effort to support

grieving families.54,55 Whether this phenomenon reflects

opposition to brain death or just confusion is unknown.

Nevertheless, at least in the USA, opposition to brain death

appears to be growing.13,31,44 For families of brain-dead

individuals, the cognitive dissonance involved in

acknowledging that a body displaying some signs

characteristic of life is nonetheless deceased contributes

to distress stemming from what has been termed

‘‘paradoxical death.’’37,56 Public confusion about the

biological basis of death may lead to anxiety and

uncertainty among families of brain-dead

individuals,13,37,57 moral distress in health care

professionals asked to provide futile somatic support that

they consider disrespectful to the body of the deceased,58

and, potentially, the misuse of scarce health care

resources.59 In turn, the uncertainty at the root of

opposition to DNC may exacerbate conflict between

health care teams and families concerning the withdrawal

of mechanical ventilation.

It was never the intention of the US President’s

Commission, the LRCC, or any previous guideline for

death determination to suggest that death was anything but

a unitary phenomenon. Unfortunately, the bifurcated

standard for death determination promotes confusion that

negatively impacts stakeholders. Clarifying that death is

defined in terms of brain function will help to resolve the

apparent contradiction between the classical and

neurologic signs of death in the way that the LRCC

recommended over 30 years ago. In so doing, it will help to

promote public and health care provider trust in medical

practice and organ donation.

Objective 2: to clarify how a brain-based definition

of death is articulated

The imprecision of terms integral to the definition of death

has caused confusion and continues to stimulate

controversy in the medical, bioethical, and legal

literature.33,34,43 Moreover, inconsistencies and

imprecision in nomenclature may have implications for

medical practice and organ donation.19 Clarifying the

meaning of the terms integral to the new operational

definition of death will not by itself erase uncertainty, as

resistance to evolving beyond historical heart-centered

definitions may persist.5 Additionally, an updated

definition will not address the challenge of metaphysical

or religious-based objection to the brain-based definition of

death—a problem that pre-exists the proposed

clarification.7,59 Nonetheless, the updated Clinical

Practice Guideline featured in this Special Issue seeks to

articulate and clarify the meaning of the terms integral to

the updated brain-based definition of death by addressing

possible ambiguities.

IMPRECISION OF ‘‘BRAIN FUNCTION’’

The updated death determination guideline seeks to clarify

that, for the purposes of medicine, the terms ‘‘dead’’ or

‘‘deceased’’ denote an individual who has suffered

permanent cessation of brain function, regardless of

whether this is ascertained by DCC or DNC.2 Previously

accepted criteria for DNC in Canada held that death

equates to the irreversible loss of the capacity for

consciousness combined with the irreversible loss of all

brain stem functions.8 Yet the phrase ‘‘all brain stem

functions,’’ like the newly proposed term ‘‘brain function,’’
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is subject to interpretation, and controversy over similar

legislative and guideline terminology in other jurisdictions

has undermined confidence in DNC.13,43 When defining

death in terms of brain function there are several sources of

ambiguity that demand clarification.

First, brain ‘‘function’’ is often confused with terms that

do not necessarily indicate function. The activity of a

cluster of neuronal cells, for example, does not necessarily

constitute a function.13 While the term has been defined as

the ‘‘integration of a continuous neuronal input and output

in the cerebrum and brainstem in response to physiologic

stimuli,’’ confusion persists in the medical literature,

wherein terms such as ‘‘flow’’ and ‘‘perfusion’’ are

sometimes interchanged with ‘‘function’’ when the

presence of neither flow nor perfusion necessarily entails

function.14 Clear elucidation of ‘‘function’’ and

disambiguation of terms such as ‘‘activity,’’ ‘‘function,’’

‘‘flow,’’ and ‘‘perfusion’’ are needed.C

Second, and relatedly, precise articulation of what is

encompassed by ‘‘cessation of brain function’’ is required

to address ongoing controversy.25,32–34,60 The phrasing

may suggest that death determination requires ascertaining

the complete absence of any brain function. Yet DNC

assesses only a subset of brain functions, and DCC does not

directly assess brain function at all. Shewmon34,48 and

others have shown that, when maintained with somatic

support, many individuals meeting the criteria for DNC

retain hypothalamic–pituitary function, thermoregulatory

control, and other neurohormonal endocrine functions.32,60

Critics of brain death maintain that these individuals are by

consequence alive,32 while proponents contend that these

functions are irrelevant to DNC.36,61 Underlying these

debates are distinctions between the fundamental functions

of the brain to generate consciousness and brainstem

reflexes (including the ability to breathe independently) vs

unrelated functions such as hormonal control. The

majority of practicing physicians are reluctant to

acknowledge that the latter functions are salient to death

determination because they play no role in consciousness

or brainstem functions.13,17 International guidelines

support this stance,13 and diagnostic tests for DNC

consequently do not account for these neuroendocrine

functions. In the same manner, tests of hormone release

from the heart have no bearing in death determination

following cardiac arrest.

Given the debates these issues have stimulated among

medical professionals, authoritative clarification of which

functions are encompassed by the phrase ‘‘cessation of

brain function’’ is needed. Further, the basis for which

certain functions are ruled immaterial to DNC must be

articulated to accommodate future discoveries of persisting

noncritical functions that may arise. Clarification of which

functions must be absent for DNC will serve to protect

severely disabled patients from the premature withdrawal

of life-sustaining measures, reassure health care

professionals of the integrity of their diagnoses, maintain

trust in deceased organ donation, and promote uniformity

in practices for death determination.

IMPRECISION OF ‘‘IRREVERSIBLE’’ VS ‘‘PERMANENT’’

Particularly with respect to death determination in the

context of controlled organ donation after circulatory

determination of death (cDCD), the meaning of the term

‘‘irreversible’’ in the formulation ‘‘irreversible cessation of

cardiorespiratory function’’ has long been a source of

controversy.16,62–64 This terminology features in the

UDDA5 as well as previous Canadian guidelines for

DCD.9 For normative reasons, there is a general

willingness to accept that loss of circulatory function is

irreversible when a legally and ethically valid decision has

been made not to restore what is, in many instances, a

biologically reversible function.63 Nevertheless, uneasiness

remains in some quarters.16 In the context of DCD,

clarifying that all death is defined in terms of brain

function will merely shift the focus of concern from the

technically reversible loss of circulatory function to the

technically reversible loss of brain function. The

proliferation of resuscitative techniques suggests that this

will be a perpetual source of discomfort unless this

controversy is addressed.

Accordingly, the language in the updated death

determination guideline seeks to align with established

practice. By replacing the term ‘‘irreversible’’ with

‘‘permanent,’’ the operational, brain-based definition of

death acknowledges that death can be determined when

functions could conceivably be restored in some

circumstances. While ‘‘irreversible’’ means cannot be

reversed under any circumstances, ‘‘permanent’’ means

will not resume spontaneously and will not be reversed

through intervention for normative reasons.63 In short, the

updated definition of death explicitly clarifies that death

can be determined when a legally and ethically valid

decision has been made not to restore function even when

this is technically feasible.

Objective 3: To clarify the criteria for determining

if the brain-based definition is met

While Canadian guidelines for pediatric DCC were

produced as recently as 2017,10 guidelines for DNC and

C The challenge of being clear on the meaning of ‘‘function’’ is

illustrated by the American Academy of Neurology’s Position

Statement indicating that continued neuroendocrine function is not

inconsistent with the whole brain standard of death, which is defined

as the irreversible loss of ‘‘all brain function.’’61
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DCC in adults have not been revised since 2006.8,9

Emerging technologies, an evolving evidence base,

advances in ancillary testing techniques, and variability

in practices for death determination suggest a need for up-

to-date guidance on the means by which physicians

ascertain that the criteria for a brain-based definition of

death are met.

ACCOMMODATING EMERGING TECHNOLOGIES

Technological innovations have had significant

implications for medicine’s operational definition of

death.20 By a kind of technological counterexample,

novel technologies such as mechanical

ventilation challenged the legitimacy of corresponding

criteria for death determination. Today, we face yet

another clash of technology with operational concepts.

The need for further refinements in the face of emerging

technologies has become apparent in the context of cDCD,

where interventions restoring circulation postmortem to

improve organ viability are on the horizon.65 Clarifying

that the criteria used to determine death in cDCD entails

the permanent loss of brain function will avoid the

confusion and controversy that such interventions have

generated.

To take an illustrative example, normothermic regional

perfusion (NRP) is a novel application of extracorporeal

membrane oxygenation (ECMO) employed postmortem on

cDCD donors.66 By recirculating oxygenated blood to

target organs in situ, NRP may reverse ischemic damage

sustained during the dying process.66–68 When ECMO is

deployed on a living patient for rescue, that patient is alive

by virtue of persisting brain function. By contrast, in NRP,

circulation is occluded below the neck to prevent

intracranial circulation, reperfusion, and the consequent

possibility of brain reanimation.66 Because the donor’s

brain function has ceased permanently, the donor is

properly understood to be deceased.69 Nonetheless,

previous criteria for DCC emphasizing cessation of

circulation simpliciter do not reflect this.9 For this reason,

NRP and other interventions with the potential to restore

circulation postmortem (e.g., intraoperative tidal

ventilation in DCD lung donation) appear to challenge

the Canadian criteria for death determination in cDCD.65

In cDCD, death is declared based on the permanent loss

of circulatory function—a determination made in this

context by observing a five-minute ‘‘hands-off’’ period

following the loss of circulatory function.9 By restoring

circulation after that point, NRP would seem to invalidate

the determination of death because circulation of

oxygenated blood has resumed in the donor’s body

(though intracranial circulation is precluded). In actual

fact, however, provided cessation of brain function has

occurred before restoration of extracranial circulation, an

individual undergoing NRP would necessarily be dead

because they have sustained permanent loss of brain

function. Nonetheless, the previous disjunctive framework

for death determination would require a separate

neurologic exam before initiation of NRP because

circulatory criteria would be invalidated by the

resumption of extracranial circulation. Alternatively,

updated cDCD guidelines to enable postmortem

interventions restoring extracranial circulation could be

pursued. Yet, both solutions would serve only to further

complicate what is already a confusing picture. The

existence of two seemingly disjunctive definitions of

death (one based on cardiorespiratory function, and one

based on neurologic function) is a source of distraction,

underscoring the need to refine our operational definition of

death in a manner that accurately describes the medical

consensus on the biological basis of death: permanent

cessation of brain function.

The challenge posed by NRP is only the most proximate

example of how operational definitions of death should be

designed to avoid potential confusion brought about by

apparent alternate definitions of death as technology

advances. By clarifying that all death is defined in terms

of brain function, the updated death determination

guideline seeks to accommodate advances by making

explicit the central importance of brain function for

biomedical understandings of death.65

VARIATION IN PRACTICES FOR DEATH DETERMINATION

Internationally, there is variation in practices for both DCC

and DNC.25,52,53Just as it is confusing and inexpedient to

have variable definitions of death, so is it confusing and

inexpedient to have variation in practices for its

determination. Variability of practices adversely impacts

public and professional trust in death determination,15 and

prominent medical professional organizations are

increasingly concerned that a resultant opposition to

brain-based death determination will erode public

confidence in medicine.31

The variability of practices for death determination

internationally is also apparent within Canada.53,70 This

variability threatens public confidence and raises legal

questions that must be addressed to reduce uncertainty and

help shield physicians and hospitals from potential

litigation.71 Canadian legislation governing death

determination in the context of organ donation generally

mandates that death must be determined in accordance with

‘‘accepted medical practice.’’19 The updated guideline

describing criteria and diagnostic tests for death

determination will help to harmonize practices across

Canada and avert legal challenges by ensuring the
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community-derived, evidence-based, professional

organization-endorsed reference standard for ‘‘accepted

medical practice’’ is up to date.

NEED TO MINIMIZE THE RISK OF DIAGNOSTIC ERRORS

Clear guidance on the criteria and methods for death

determination is equally important for minimizing the risk

of diagnostic errors.71 Although clinical diagnostic tests for

DNC are widely agreed to be reliable when performed

correctly,72 recent legal cases in the USA highlight the

need for greater certainty in the face of disputes among

medical professionals regarding the determination of brain

death.31 Lack of uniformity in practices for death

determination and nonadherence to best practice

guidelines introduce a risk of diagnostic error (i.e., false

positives), which threaten to undermine confidence in

medicine.71

Minimum clinical criteria for death determination are

outlined in existing guidelines, yet in some instances,

confounders complicate assessment or interpretation.13

Advances in ancillary testing techniques (e.g., computed

tomography [CT] perfusion, CT angiography) have

enabled physicians to assess brain blood flow with

greater sensitivity.73 Nevertheless, there remains

variability in health care professionals’ understanding of

the ancillary tests compatible with brain death

determination.47,74 Updated guidance on the use of

ancillary testing is therefore warranted, especially

considering that many techniques require enhanced

expertise to perform and interpret results, that some are

sensitive to phenomena that are not necessarily indicative

of brain function (e.g., residual detection of minimal levels

of brain blood flow that may be inadequate to restore brain

function),14 and that others have variable statistical

precision.72 To reduce the risk of false positives, protect

the severely brain-injured, maintain public trust in

medicine and deceased organ donation, and buttress

physician confidence, best practices for the use and

interpretation of ancillary tests must be delineated in up-

to-date guidelines.

Quite apart from controversies over whether the criteria

used to operationalize the permanent loss of brain function

are in fact consonant with brain-based definitions of

death,33 it must be acknowledged that uncertainty

remains concerning the accuracy of the means by which

health care professionals ascertain whether these criteria

are met. In the course of guideline development, the A

Brain-Based Definition of Death and Criteria for its

Determination After Arrest of Neurologic or Circulatory

Function in Canada project identified numerous

knowledge gaps relating to both DCC and DNC, all of

which are outlined elsewhere in this Special Issue of the

Journal.75 As a result, many of the guideline’s

recommendations are based on low to moderate certainty

of evidence. Further research is therefore required to

buttress stakeholder confidence that diagnostic tests

accurately identify the permanent loss of brain function

in all instances and for all populations.

Conclusion

Previous definitions of death and criteria for its

determination have been instrumental for medical

practice and organ donation. Ongoing scientific

discovery, corresponding changes in medical practice, as

well as legal and ethical challenges have arisen that compel

a comprehensive update. A unified brain-based definition

of death and criteria for its determination in a Canadian

medical guideline will help address this evolution by

clarifying that all death is defined in terms of brain

function.
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not perfusion, and perfusion is not function: ancillary testing for

the diagnosis of brain death. Can J Anesth 2021; 68: 953–61.

https://doi.org/10.1007/s12630-021-01988-2

15. Smith M, Citerio G. Death determined by neurological criteria:

the next steps. Intensive Care Med 2017; 43: 1383–5. https://doi.

org/10.1007/s00134-017-4676-5

16. Joffe AR, Carcillo J, Anton N, et al. Donation after

cardiocirculatory death: a call for a moratorium pending full

public disclosure and fully informed consent. Philos Ethics

Humanit Med 2011; 6: 17. https://doi.org/10.1186/1747-5341-6-

17

17. Zheng K, Sutherland S, Hornby L, Wilson L, Shemie SD, Sarti AJ.

Healthcare professionals’ understandings of the definition and

determination of death: a scoping review. Transplant Direct 2022;

8: e1309. https://doi.org/10.1097/txd.0000000000001309

18. Shah SK, Kasper K, Miller FG. A narrative review of the

empirical evidence on public attitudes on brain death and vital

organ transplantation: the need for better data to inform policy.

J Med Ethics 2015; 41: 291–6. https://doi.org/10.1136/medethics-

2013-101930

19. Chandler JA, Pope TM. Legal considerations for the definition of

death in the 2023 Canadian Brain-Based Definition of Death

Clinical Practice Guideline. Can J Anesth 2023; https://doi.org/

10.1007/s12630-023-02410-9.

20. Beecher HK. A definition of irreversible coma. report of the ad

hoc committee of the Harvard Medical School to examine the

definition of brain death. JAMA 1968; 205: 337–40.

21. Shemie SD, Gardiner D. Circulatory arrest, brain arrest and death

determination. Front Cardiovasc Med 2018; 5: 15. https://doi.org/

10.3389/fcvm.2018.00015

22. Curlin F. Brain death: new questions and fresh perspectives.

Theor Med Bioeth 2019; 40: 355–58. https://doi.org/10.1007/

s11017-019-09507-7

23. Bernat JL. Controversies in defining and determining death in

critical care. Nat Rev Neurol 2013; 9: 164–73. https://doi.org/10.

1038/nrneurol.2013.12

24. Shemie SD, Baker A. Uniformity in brain death criteria. Semin

Neurol 2015; 35: 162–8. https://doi.org/10.1055/s-0035-1547538

25. Wijdicks EF. Brain death worldwide: accepted fact but no global

consensus in diagnostic criteria. Neurology 2002; 58: 20–5.

https://doi.org/10.1212/wnl.58.1.20

26. Government of Manitoba. The Vital Statistics Act. Available

from URL: https://web2.gov.mb.ca/laws/statutes/ccsm/v060e.php

(accessed September 2022).

27. Government of New Brunswick. Human Tissue Gift Act, 2014.

Available from URL: https://www.canlii.org/en/nb/laws/stat/

rsnb-2014-c-113/115427/rsnb-2014-c-113.html (accessed

September 2022).

28. Ontario Superior Court of Justice. McKitty v Hayani, 2018.

Available from URL: https://www.canlii.org/en/on/onsc/doc/

2018/2018onsc4015/2018onsc4015.html#_Toc514150188 (ac-

cessed September 2022).

29. Ross LF. (2018). Respecting choice in definitions of death.

Hastings Cent Rep 2018; 48: S53–5. https://doi.org/10.1002/hast.

956

30. Wang HH, Varelas PN, Henderson GV, Wijdicks EF, Greer DM.

Improving uniformity in brain death determination policies over

123

Rationale for revisions to the definition of death and criteria for its determination in Canada 567

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1056/nejmp1400930
https://doi.org/10.1056/nejmp1400930
https://doi.org/10.1007/s12630-023-02431-4
https://doi.org/10.1007/s12630-023-02431-4
https://thaddeuspope.com/images/LRC_Report15.pdf
https://thaddeuspope.com/images/LRC_Report15.pdf
https://doi.org/10.1177/0024363919869795
https://doi.org/10.1177/0024363919869795
https://repository.library.georgetown.edu/bitstream/handle/10822/559345/defining_death.pdf
https://repository.library.georgetown.edu/bitstream/handle/10822/559345/defining_death.pdf
https://repository.library.georgetown.edu/bitstream/handle/10822/559345/defining_death.pdf
https://doi.org/10.1007/s00134-014-3242-7
https://doi.org/10.1007/s12630-023-02408-3
https://doi.org/10.1007/s12630-023-02408-3
https://doi.org/10.1503/cmaj.045142
https://doi.org/10.1503/cmaj.045142
https://doi.org/10.1503/cmaj.060895
https://doi.org/10.1097/pcc.0000000000001320
https://doi.org/10.1186/1748-5908-7-62
https://doi.org/10.1186/1748-5908-9-3
https://doi.org/10.1001/jama.2020.11586
https://doi.org/10.1001/jama.2020.11586
https://doi.org/10.1007/s12630-021-01988-2
https://doi.org/10.1007/s00134-017-4676-5
https://doi.org/10.1007/s00134-017-4676-5
https://doi.org/10.1186/1747-5341-6-17
https://doi.org/10.1186/1747-5341-6-17
https://doi.org/10.1097/txd.0000000000001309
https://doi.org/10.1136/medethics-2013-101930
https://doi.org/10.1136/medethics-2013-101930
https://doi.org/10.1007/s12630-023-02410-9
https://doi.org/10.1007/s12630-023-02410-9
https://doi.org/10.3389/fcvm.2018.00015
https://doi.org/10.3389/fcvm.2018.00015
https://doi.org/10.1007/s11017-019-09507-7
https://doi.org/10.1007/s11017-019-09507-7
https://doi.org/10.1038/nrneurol.2013.12
https://doi.org/10.1038/nrneurol.2013.12
https://doi.org/10.1055/s-0035-1547538
https://doi.org/10.1212/wnl.58.1.20
https://web2.gov.mb.ca/laws/statutes/ccsm/v060e.php
https://www.canlii.org/en/nb/laws/stat/rsnb-2014-c-113/115427/rsnb-2014-c-113.html
https://www.canlii.org/en/nb/laws/stat/rsnb-2014-c-113/115427/rsnb-2014-c-113.html
https://www.canlii.org/en/on/onsc/doc/2018/2018onsc4015/2018onsc4015.html#_Toc514150188
https://www.canlii.org/en/on/onsc/doc/2018/2018onsc4015/2018onsc4015.html#_Toc514150188
https://doi.org/10.1002/hast.956
https://doi.org/10.1002/hast.956


time. Neurology 2017; 88: 562–68. https://doi.org/10.1212/wnl.

0000000000003597

31. Pope T. Brain death and the law: hard cases and legal challenges.

Hastings Cent Rep 2018; 48: S46–8. https://doi.org/10.1002/hast.

954

32. Nair-Collins M, Miller FG. Do the ‘brain dead’ merely appear to

be alive? J Med Ethics 2017; 43: 747–53. https://doi.org/10.1136/

medethics-2016-103867

33. Nair-Collins M. Taking science seriously in the debate on death

and organ transplantation. Hastings Cent Rep 2015; 45: 38–48.

https://doi.org/10.1002/hast.459

34. Shewmon DA. Chronic ‘‘brain death’’: meta-analysis and

conceptual consequences. Neurology 1998; 51: 1538–45.

https://doi.org/10.1212/wnl.51.6.1538

35. Truog RD, Miller FG. The dead donor rule and organ

transplantation. N Engl J Med 2008; 359: 674–5. https://doi.

org/10.1056/nejmp0804474

36. Bernat JL. A defense of the whole-brain concept of death.

Hastings Cent Rep 1998; 28: 14–23.

37. Zheng K, Sutherland S, Hornby L, Shemie SD, Wilson L, Sarti AJ.
Public understandings of the definition and determination of

death: a scoping review. Transplant Direct 2022; 8: e1300.

https://doi.org/10.1097/txd.0000000000001300

38. DuBois JM, Anderson EE. Attitudes toward death criteria and

organ donation among healthcare personnel and the general

public. Prog Transplant 2006; 1: 65–73.

39. Siminoff LA, Burant C, Youngner SJ. Death and organ

procurement: public beliefs and attitudes. Kennedy Inst Ethics J

2004; 14: 217–34. https://doi.org/10.1353/ken.2004.0034

40. Johnson LS. The case for reasonable accommodation of

conscientious objections to declarations of brain death. J Bioeth

Inq 2016; 13: 105–15. https://doi.org/10.1007/s11673-015-9683-z

41. Daoust A, Racine E. Depictions of ‘‘brain death’’ in the media:

medical and ethical implications. J Med Ethics 2014; 40: 253–9.

https://doi.org/10.1136/medethics-2012-101260

42. Siminoff LA, Mercer MB, Arnold R. Families’ understanding of

brain death. Prog Transplant 2003; 13: 218–24. https://doi.org/10.

7182/prtr.13.3.314r1h430722176t

43. Pope TM. Brain death forsaken: growing conflict and new legal

challenges. J Leg Med 2017; 37: 265–324. https://doi.org/10.

1080/01947648.2017.1385041

44. Rodrı́guez-Arias D, Tortosa JC, Burant CJ, Aubert P, Aulisio
MP, Youngner SJ. One or two types of death? Attitudes of health

professionals towards brain death and donation after circulatory

death in three countries. Med Health Care Philos 2013; 16:

457–67. https://doi.org/10.1007/s11019-011-9369-1

45. Joffe AR, Anton NR, deCaen AR. Survey of pediatricians’

opinions on donation after cardiac death: are the donors dead?

Pediatrics 2008; 122: e967–74. https://doi.org/10.1542/peds.

2008-1210

46. Bernat JL. Death by neurologic criteria 1968-2014: changing

interpretations. Forward. J Crit Care 2014; 29: 671–72. https://

doi.org/10.1016/j.jcrc.2014.04.017

47. Joffe AR, Anton N, Mehta V. A survey to determine the

understanding of the conceptual basis and diagnostic tests used

for brain death by neurosurgeons in Canada. Neurosurgery 2007;

61: 1039–45. https://doi.org/10.1227/01.neu.0000303200.84994.

ae

48. Shewmon DA. ‘‘Brainstem death,’’ ‘‘brain death’’ and death: a

critical re-evaluation of the purported equivalence. Issues Law

Med 1998; 14: 125–45.

49. Miller FG, Truog RD. Rethinking the ethics of vital organ

donations. Hastings Cent Rep 2008; 38: 38–46. https://doi.org/10.

1353/hcr.0.0085

50. Bernat JL. Whither brain death? Am J Bioeth 2014; 14: 3–8.

https://doi.org/10.1080/15265161.2014.925153
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