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Abstract

Purpose of review This article provides a brief overview of the history and complexities of
brain death determination. We examine a few legal cases that highlight some of the
controversies surrounding the validity of brain death tests in light of varying state laws
and institutional policy, the appropriateness of making religious accommodations, the
dilemma of continuing organ-sustaining support in a pregnant brain-dead patient, and
the issue of whether to obtain informed consent from surrogate decision makers before
proceeding to testing.
Recent findings In response to physician concerns about navigating these complex cases,
especially with laws that vary from state to state, the American Academy of Neurology has
published a position statement in January of 2019 endorsing brain death as the irrevers-
ible loss of all functions of the entire brain. It provides positions on the determination of
brain death as well as guidance surrounding requests for accommodation.
Summary Although death by neurologic criteria has been accepted as death medically for
over 40 years, legal variance exists throughout the states, especially regarding religious
accommodations and in pregnancy. Questions of whether to obtain informed consent from
surrogate decision makers prior to brain death testing remain, and there is no guideline
regarding obtaining ancillary testing. We expect to see continued cases that cause
medical, legal, and ethical controversies in our ICUs. As such, uniform training in proper
methodology in performing the brain death examination and appropriate use of ancillary
testing is crucial, and there is a need for legal consistency in the acceptance of the medical
standard.
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Introduction

Brain death, defined as the irreversible cessation of all
brain activity, has been included in themedical and legal
definition of death for nearly 40 years. Prior to the
1940s, the determination of death was defined by the
cessation of blood circulation. In the 1950s, with the
development of ventilators and cardiopulmonary resus-
citation, death from circulatory stasis became “revers-
ible” and physicians started treating patients in perma-
nent comatose states, unable to be liberated from life-
support machines [1–3]. In response, an ad hoc multi-
disciplinary committee of the Harvard Medical School
was assembled to “define irreversible coma as a new
criterion for death,” and established medical criteria for
the permanently nonfunctioning brain [4]. Use of the
Harvard Criteria spread to hospitals across the country.
As it was not legally binding, by the late 1970s, individ-
ual states had different criteria of death, and a patient
could be legally dead in one state but alive in another
[5]. To minimize conflict in these domains, in 1978, the
US President’s Commission for the Study of Ethical
Problems in Medicine and Biomedical and Behavioral
Research [6] sought input from medical and legal asso-
ciations, as well several religious organizations, and
established the Uniform Determination of Death Act
(UDDA) of 1981, which included the determination of
death by neurological criteria (DNC) as a legal equiva-
lent to death by cessation of circulatory and respiratory
functions [7]. All 50 states have since adopted the act,
although specific language varies.

The advancement of medical technology and the
ability to maintain metabolic and cellular homeostasis
after neurological death have brought this scientific con-
cept to the forefront of academic discussion. Public
awareness and interest in brain death have also in-
creased in the wake of legal cases that received wide-
spread media coverage. A recent survey of adult and
pediatric neurologists found that at least half have re-
quests from family members to extend medical care to
those who have met criteria for the diagnosis of brain
death [8, 9]. Only a few of these requests have led to
legal proceedings [10], and when they have, court deci-
sions have been contradictory. Many lawsuits have been
withdrawn after circulatory demise of the patient, leav-
ing legal questions unanswered. Divergent rulings in
lawsuits between hospital systems and patient represen-
tatives have also contributed to legal uncertainty, trans-
lating to variations in state and institutional protocols,
including clinical requirements, qualification and

certification of examiners, apnea duration, and ancillary
testing utilized. Independent of validated, scientific def-
initions, brain death has acquired social constructs with
implications on public perception and expectations sur-
rounding end-of-life care.

The aim of this article is to review the criteria for the
diagnosis of brain and the specific examination require-
ments. We discuss some of the controversies surround-
ing brain death in the USA by examining five high-
profile cases that best depict these themes: validity of
brain death tests and protocols, state law differences,
religious accommodation, consent for brain death test-
ing from surrogate decision makers, and brain death in
the pregnant patient. We also examine the effect of
continued advances in medical technology (such as ad-
vanced cardiopulmonary support) and role of ancillary
testing in testing protocols and highlight specific pedi-
atric considerations. Finally, we outline suggestions for
navigating the areas of controversy.

Criteria for the diagnosis of brain death
The diagnostic criteria for clinical diagnosis for brain
death in adults was established by the Quality Standards
Subcommittee of the American Academy of Neurology
(AAN) in 1995 [11] and published in the guideline,
“Determining brain death in adults.” This evidence-
based guideline is the foundation for the medical stan-
dards and requirements in determination of neurologi-
cal death. It has since been updated in 2010 and again
affirmed in 2019 by the AAN [12••].

The clinical requirements and neurological examina-
tion for determination of brain death have not signifi-
cantly changed from the initial criteria. Physicians must
determine a neurological cause for the irreversible cessa-
tion of brain function and rule out confounders, as listed
in Table 1. After determination of cause, two physicians
perform a neurological exam, with careful evaluation of
brain stem reflexes and response to stimulation. An
apnea test is then performed, with the patient discon-
nected from mandated delivery of respirations from a
ventilator, and the patient is closely monitored for re-
spiratory efforts. Details of the reflex testing and the
apnea test are described in Table 2. Depending on the
age of the patient, the examination and apnea testing are
repeated at set time periods. Ancillary tests, such as an
electroencephalogram (EEG), digital subtraction cere-
bral angiogram, or radionuclide perfusion scintigraphy,
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are performed in patients unable to complete any part of
the neurological examination or apnea testing. Death is
declared once testing is completed.

A recent study by Braksick et al. examined individual
practice variations in brain death examination across
three separate institutions [14•]. Despite the vast major-
ity of respondents reporting competency in performing
brain death testing, only 25% reported conducting the
testing in accordance with current practice guidelines.
Ten percent of the providers did not perform an apnea
test, the omission of which would be an incomplete
(and incorrect) performance of brain death examina-
tion. Even more problematic, of the providers that ob-
tained ancillary tests on an as-needed basis, more than a
quarter ordered them if the patient breathed during
apnea testing, a finding inconsistent with brain death.
These survey results are troubling and suggestive that
misdiagnosis of brain deathmay bemore common than
previously assumed.

In 2018, the AAN Ethics, Law, andHumanities Com-
mittee convened a multisociety summit to address these
concerns and improve the public’s trust and understand-
ing of the concept of brain death [15]. Representatives
from the American Academy of Pediatrics, American
College of Radiology, American Neurological Associa-
tion, American Society of Neuroradiology, Child Neu-
rology Society, Neurocritical Care Society, and Society of
Critical Care Medicine reaffirmed unanimously that
brain death remains a valid and scientifically accepted
concept and committed to standardization of training
and institutional protocols by regulatory bodies. These
goals were incorporated into the 2019 AAN position
statement which called for “(1) uniform institutional
policies for brain death determination within US med-
ical facilities, (2) training programs for physicians who
determine brain death, (3) credentialing mechanisms

for physicians involved in brain death determination,
regardless of specialty, (4) institutional policies that
ensure compliance with the medical standards for brain
death determination by physicians, (5) research that
enhances the brain death knowledge base and the accu-
racy of its determination, and (6) enhanced professional
and public education regarding these considerations”
[12].

Ancillary testing
Per the AAN guidelines, confirmatory tests must be used
in cases where components of the standard brain death
examination cannot be performed or are inconclusive,
such as facial trauma, incomplete apnea testing, and
severe electrolyte or endocrine abnormalities [11]. Cur-
rently, the AAN considers EEG, nuclear scans, transcra-
nial Doppler (TCD) ultrasonography, and cerebral an-
giography to be the preferred ancillary tests [16], which
is also echoed in the American Academy of Pediatrics
(AAP) guidelines [17]; beyond that, the societies do not
offer uniform guidelines for the types of ancillary tests to
be used, and current practice is largely determined by
hospital protocol and personal preference [18•].

Ancillary tests such as angiography, TCD ultrasonog-
raphy, and radionuclide perfusion scintigraphy are
aimed at detection of cerebral blood flow; others such
as EEG and somatosensory evoked potentials examine
for evidence of cerebral activity [19]. CT and MR angi-
ography and perfusion are more widely available than
scintigraphy and are less invasive; however, both false-
positive and false-negative results have been described
[16], and thus they are currently not recognized as ac-
ceptable ancillary tests by the AAN [19].

The sensitivity and specificity of each test varies wide-
ly and is subject to expertise in administration of the test
as well as patient variables [20]. Tests, such as cerebral

Table 1. Elements to consider before proceeding to brain death examination [13]

• Identification of a clear etiology for brain dysfunction

• Exclusion of confounding conditions
a. Shock and/or systemic hypotension without stability on vasopressors
b. Hypothermia G 36 degrees Celsius
c. Drug intoxication
d. Sedating medication
e. Primary brain stem injury
f. Metabolic encephalopathies, including hypoglycemic, hepatic, uremic, and hyperosmolar encephalopathy
g. Electrolyte disturbances including hypophosphatemia, hypoglycemia, hyponatremia
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scintigraphy, may be limited by lack of availability in
smaller hospital centers. Finally, patients with hemody-
namic instability may not tolerate transportation out of
the ICU for testing. Due to potential problems with all
currently available ancillary tests, determination of
death by neurologic criteria remains a clinical diagnosis,
but requiring ancillary testing is gaining more support
[18•, 21•]. Table 3 provides descriptions of the perfor-
mance, interpretation, and limitations of various ancil-
lary tests.

Areas of controversy

Legal acceptance of neurological criteria
While death by neurological criteria has been a legal
definition of death in all fifty states since the

implementation of the UDDA, the legitimacy of brain
death determination has been questioned since initial
implementation, especially following popular media
reports of “brain dead” patients making recoveries.
When updating the 2010 AAN guidelines, Wijdicks
et al. found no peer-reviewed journal reports of patients
who had regained neurological recovery after proper
application of the AAN parameters [13]. In the decade
since, case reports have been described of patients de-
clared brain dead, who on further examination were
noted to have some type of neurological function of
uncertain origin [21]. Careful review of these case re-
ports reveals incomplete and variable documentation of
the confirmatory tests performed. Uncertainty of the
proper application of AAN brain death guidelinesmakes
retrospective interpretation of these cases impossible

Table 2. Elements of the neurological criteria for the determination of death [13]

Test Cranial
nerves
tested

Description and caveats

Pupillary reflex II, III • Examine pupils for any change in response to bright light

Corneal reflex V, VII • Examine blinking in response to light touch of the cornea

Oculocephalic reflex
(Doll’s eye reflex)

III, VI, VI, VIII • Ensure cervical spine stability
• Examine for eye movement in response to turning of the head

Oculovestibular reflex
(Caloric reflex)

III, VI, VIII • Ensure intact tympanic membrane and no obstruction to external auditory canal
• Head of bed should be raised to 45 degrees
• Irrigate cold water (~ 50 mL) into the ear
• Examine for any eye movement or nystagmus
• Allow 5 min between testing of each ear

Cough X, XI, XII • Examine response by passing a suction catheter down the endotracheal tube

Gag IX, X • Examine for response to tactile stimulus to soft palate
– Movement of the endotracheal tube is discouraged, due to risk of vocal cord
damage or dislodgement of tube

Apnea test • Ensure hemodynamic stability, with normothermia
• Normalize pCO2 levels and preoxygenate with 100% O2 to avoid hypoxia
• Disconnect patient from the ventilator
• Monitor closely for any respiratory movement
• Any sign of respiratory movement indicates brain stem function
• After 8–10 min of apnea, obtain repeat ABG and PaCO2 level
• 20 mmHg increase in PaCO2 is consistent with brain death
– If the rise of PaCO2 is lower than 20 mmHg, the test is indeterminate.
Confirmatory testing should be considered

• If the patient develops any signs of hemodynamic instability including
hypotension, hypoxia, and arrhythmia, the test should be terminated
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Table 3. Ancillary testing for the determination of death

Indications:
• Uncertainty in performing elements of the clinical exam
• Unable to test for brain stem reflexes (facial trauma, tympanic membrane perforation, etc.)
• Unable to complete apnea test

Test Performance and interpretation Caveats and limitations

Digital subtraction
cerebral angiogram*
[19]

• Inject contrast medium in the aortic arch
under high pressure

• Contrast must reach both anterior and
posterior circulations

Supports brain death:
• No intracerebral filling at the level of entry of
the carotid or vertebral artery to the skull

• Patent external circulation
• Delayed filling of superior longitudinal sinus

• Invasive procedure
• Transportation to angiography suite
• Image variability dependent on injection
technique

• Use of nephrotoxic contrast material that may
potentially impair graft function after organ
transplantation

Brain radionuclide
imaging* [22]

• Injection of technetium radioisotope
• Static anteroposterior and lateral projection
imaging of 500,000 counts at several time
intervals: immediately, between 30 and 60 min,
and at 2 h

• Can be performed in combination with single
photon emission computed tomography to
include axial images

Supports brain death:
• Hollow skull phenomenon: no radionuclide
localization in the middle cerebral artery,
anterior cerebral artery, or basilar artery
territories of the cerebral hemispheres

• No tracer in superior sagittal sinus

• Limited availability
• Transportation to radiology department
• Variable rate of radionuclide uptake across
patients

Electroencephalogram*
[23]

• Placement of minimum of 8 scalp electrodes,
distance at least 10 cm apart

• Sensitivity of at least 2 μV in amplitude,
interelectrode impedance below 10,000 Ohms

Supports brain death:
• 30 min minimum of electrocerebral inactivity to
intense somatosensory or audiovisual stimuli

• Subcortical structures not well-addressed
• Signal interference or contamination from
surrounding ICU equipment

• High rate of diagnostic uncertainty (~20%) of
cases due to inter and intra-rater variability

Transcranial dopplers*
[24]

• Bilateral insonation of intracranial and
extracranial arteries

Supports brain death:
• Small early systolic peaks
• Lack of diastolic flow or reverberating flow
• Lack of forward flow

• Cannot be used in patient with
craniectomies

• About 10% of patients have no acoustic
windows

CT angiogram [25] • Injection of intravenous contrast
• Arterial phase scanning about 20 s afterwards
• Venous phase scanning about 60 s afterwards to
assess for delayed vascular opacification

Supports brain death:
• Lack of intracerebral vessel opacification,
including cortical middle cerebral arteries and
internal cerebral veins

• No consensus agreement for specific criteria
for brain death

• Use of nephrotoxic contrast material that may
potentially impair graft function of kidneys
harvested for transplant
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[12]. In their 2019 position statement, the AAN reiterat-
ed that they were “not aware of any cases in which
following these guidelines led to inaccurate determina-
tion of death with return of any brain function, includ-
ing consciousness, brainstem reflexes, or breathing”
[12].

Recently, the validity of the AAN brain death guide-
lines was questioned in the 2015 Supreme Court of
Nevada case of Aden Hailu [29, 30], a 20-year-old who
suffered intraoperative anoxic injury during an appendec-
tomy. She was pronounced brain dead after she lost
brainstem reflexes and showed no spontaneous respira-
tion on apnea test. Her father filed a motion for a
restraining order against the hospital from discontinuing
organ support; the district court ruled against the motion,
stating that Hailumet the AAN guidelines for brain death
and was thus legally dead. The case was appealed to the
SupremeCourt of Nevada, who declared that the hospital
had improperly determined Hailu as brain dead per Ne-
vada statutes and reversed the lower court decision, hold-
ing that the district court had failed properly to consider
whether the AAN Guidelines adequately measured all
functions of the entire brain including the brain stem,
and questioned whether the AAN Guidelines were con-
sidered accepted medical standards by the medical

community. In response, the Nevada state legislature
amended their state UDDA to require the declaration of
neurological death (DND) follow guidelines established
by the American Academy of Neurology or the Pediatric
Section of the Society of Critical CareMedicine, including
future updates [31]. This represents the first time state
laws have stipulated the specific medical guidelines to
be used in brain death declaration.

Differences in state laws
As highlighted by the lawsuit in Nevada, although all
fifty states have adopted the UDDA recognizing neuro-
logical criteria for death, each state statute varies in their
specific language and requirements [29•, 32•]. Some
states such as Oklahoma require specific provisions in
order to recognize brain death, such as attempts at car-
diopulmonary resuscitation [33]. The state of Georgia
includes civil/criminal immunity for people pronounc-
ing death [34]. Other differences include specific quali-
fications of the types of practitioners allowed to pro-
nounce death, whether it be physicians only or whether
trained advanced practice providers be allowed; addi-
tionally, some states require that the physician declaring
brain death be a specialist in neurology or similar field
[35, 36]. New Jersey is the only state that allows decla-

Table 3. (Continued)

MR angiogram [26] Supports brain death:
• Widespread reductions in apparent
diffusion coefficient

• Loss of flow-void in intracranial internal
cerebral arteries

• Time-consuming and therefore imprac-
tical for an unstable patient

• No consensus agreement for threshold
values consistent with brain death,
though various thresholds have been
proposed

Somatosensory
evoked potentials
(SSEP) [23]

Supports brain death:
• Bilateral absence of N20-P22 response to
median nerve stimulation

• Assess discrete pathways of brain, so
absence does not prove brain death

• Loss of SSEP can be seen in patients with
preserved cerebral blood flow (i.e.,
post-anoxic cardiac arrest)

Brain tissue
oxygenation
[27, 28]

Supports brain death:
• Brain tissue oxygen tension G 5 mmHg

• Probes sample only small region of
brain

• Not enough patients to validate
procedure

*American Academy of Neurology (AAN) identifies cerebral angiography (CA), cerebral scintigraphy, electroencephalography, and transcranial
Doppler ultrasonography as accepted ancillary tests
1. Kramer AH. Ancillary testing in brain death. Semin Neurol. 2015;35(2):125–38. doi:https://doi.org/10.1055/s-0035-1,547,541
2. Joffe AR, Lequier L, Cave D. Specificity of Radionuclide Brain Blood Flow Testing in Brain Death: Case Report and Review. Journal of Intensive
Care Medicine. 2010;25(1):53–64. doi:https://doi.org/10.1177/0885066609355388
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ration of death solely on cardiorespiratory criteria if
personal religious beliefs do not recognized brain death.
There, a patient may not be declared dead legally even
while meeting brain death criteria medically [37].

The differences in state law are well illustrated in the
2013 Jahi McMath case, a patient who was ruled to be
legally dead in California but was treated as living under
New Jersey law [38]. McMath was a 13-year-old who
suffered anoxic brain injury from massive hemorrhage
and cardiac arrest after a routine tonsillectomy at Chil-
dren’s Hospital Oakland. She was declared brain dead at
the treating hospital on December 12, 2013. Her family
petitioned to continue cardiopulmonary support, and
ultimately the Alemeda County Superior Court ruled
that she was legally dead. This decision was appealed
to the United States District Court for the Northern
District of California, with the eventual agreement that
McMath’s body with supportive equipment would be
released to the custody of her mother. Her mother then
transported McMath to a hospital in New Jersey, where
she had a tracheostomy and percutaneous gastrostomy
placed. In January 2018, when liver and kidney failure
developed, ventilator support was removed, and a sec-
ond death certificate was issued in the state of New
Jersey. Since the McMath case, several lawsuits have
arisen where families have sued to have the patient
moved to New Jersey or other countries, such as Guate-
mala, where brain death criteria are not as strictly ob-
served [39–42].

A recent survey of neurologists found that most phy-
sicians are unaware of the differences in state laws [8].
Identical laws for brain death declaration across all states
could help ease some of the confusion surrounding and
increase public acceptance of brain death. The AAN
endorses development of uniform policies across states
and institutions, with regulatory oversite by governing
bodies to ensure proper training and credentialing of
those making DNC declarations [12].

Religious accommodation
Many religious and cultural communities do not recog-
nize death by neurological criteria, although ongoing
debate over the interpretation, application, and adher-
ence of practices and beliefs exists within these groups
[43, 44]. Inmany of these communities, death is defined
solely as the irreversible cessation of heartbeat, which
precludes the diagnosis of brain death. To some, with-
drawal of cardiopulmonary support in this context may
be viewed as akin to actively killing the patient [44].
While New Jersey is the only state to allow religious

objection to the diagnosis of brain death, state provi-
sions in California, New York, and Illinois require “rea-
sonable accommodation” for religious beliefs [37, 45–
47] in institutional policies, but the circumstances and
duration of accommodation is defined at the discretion
of hospitals. In these states, patients are still considered
legally dead when they meet brain death criteria, and
accommodation surrounds the logistics of withdrawing
cardiopulmonary support.

However, in the recent case of an Orthodox Jew who
was declared brain dead, courts in New York have ap-
plied “reasonable accommodation” in a way that chal-
lenges the legal status of brain death as equivalent to
cardiovascular death. In 2017, Yechezkel Nazar was ad-
mitted with a severe intracranial hemorrhage. Neurolog-
ic exam and CT findings were suggestive of brain death
and accordingly, his physicians performed a neurologi-
cal exam and apnea test on a holy day when the family
was not able to be present. He was declared dead despite
the expressed opposition of his family. His wife peti-
tioned the court for nullification of the death certificate
in order for medical insurance coverage to continue
during the 3 weeks he remained on cardiopulmonary
support before circulatory arrest. In early 2019, the death
certificate was ruled null due to the hospital’s lack of
“reasonable accommodation” by not delaying the dec-
laration of death until the family’s concerns had been
addressed. The court mandated a reissuance of the death
certificate with the date of his circulatory arrest [48]. It
remains to be seen how this ruling may affect other
requests for religious accommodation.

The AAN’s current position statement reiterates
that brain death is a biological reality that is mea-
sured objectively; delaying declaration of death can
lead to deleterious effects on patients and their fam-
ilies; and that physicians have both the authority and
obligation to conduct examination for brain death as
with circulatory death in a timely fashion [12]. Re-
quests for short-term accommodation based on sin-
cere social, moral, cultural, and religious beliefs
should be respected; however, conditions and time
frames should be explicitly addressed in institutional
policies. The use of clergy, palliative care, ethics con-
sultants, and administrative and legal officials in
mediation with the family is encouraged; however,
there is no ethical obligation in providing treatment
to a dead patient. When supported by law and pol-
icies, and as a last resort, the AAN supports providers
withdrawing organ-sustaining support despite the
family’s wishes [12].
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Consent for testing
Much debate surrounds the question of whether in-
formed consent should be obtained from surrogate de-
cisionmakers before proceedingwith brain death testing
[49, 50]. The AAN takes the position that informed
consent for brain death testing should not be legally
required, just as it is not required for determining circu-
latory death, but that surrogate decision makers should
be informed of the process for brain death determina-
tion whenever possible [12].

The case of Allen Calloway from Montana illustrates
some of the challenges surrounding consent during in the
determination of brain death [51]. He was a 6-year-old
who drowned and soon after admission to St. Vincent’s
Healthcare showed evidence of brain herniation. Two
examinations separated by time are required in the de-
termination of brain death in pediatrics [52]; Calloway’s
mother consented to the initial examination with results
consistent with brain death but further testing was re-
fused due to the parents’ concern of stress and discomfort
experienced by the patient. The County Court ultimately
denied the hospital’s request to proceed with further
testing on the grounds that brain death testing counted
as a “medical procedure,” and that a parent has the sole
authority to make medical decisions and consent to pro-
cedures on a child’s behalf, based on the principle of
personal autonomy.

Concurrently, a 2-year-old child, Mirranda Lawson,
was admitted to Virginia Commonwealth University
Medical Center after choking on a popcorn kernel,
where her physicians determined that she was likely
brain dead and attempted to perform apnea testing to
determine death. Her parents declined the procedure
and sought a temporary restraining order. The District
Court sided with the hospital and confirmed that testing
was necessary tomake a determination of death and did
not require consent from the parents [53]. Her parents
appealed to the state Supreme Court; Lawson developed
circulatory arrest before the hearing, leaving the lower
court’s order standing.

State laws surrounding consent to brain death testing
are not uniform, as illustrated. Montana and Kansas
prohibit brain death testing in the face of parental refus-
al. The state of Nevada explicitly amended its UDDA in
2017 to specify that brain death testing, including apnea
testing, does not require consent [31].

Brain death in pregnancy
Themedical, legal, and ethical complexities surrounding
brain death increases with determination of brain death

in pregnant patients, with additional considerations
such as the determination of fetal viability, the risks
and costs of continued maternal somatic support, and
the dignity and autonomy of the pregnant patient or the
surrogate decisionmaker balancing with the fetus’s right
to life [54]. Prolonged maternal somatic support re-
quires exceedingly complex management of several
medical conditions that arise with brain death, includ-
ing hemodynamic instability, pituitary dysfunction, di-
abetes insipidus, neurogenic pulmonary edema, infec-
tion, and nutritional depletion. These complications
and their management have an uncertain impact on
fetal development [55, 56]. While most states have not
enacted laws that specifically address the brain dead
pregnant patient, over 30 states have statutes that deny
the withdrawal or withholding life-sustaining treatment
from pregnant patients or invalidate legal advanced di-
rectives during pregnancy. Some require the continua-
tion of support dependent on fetal viability and likeli-
hood of survival [54]. At this time, only the states of
Minnesota and Oklahoma have specific laws that re-
quire following the wishes of the pregnant patient or
their proxy.

Inconsistency in the legal treatment of the brain dead
pregnant patient is highlighted in the 2013 Texas case of
Marlise Muñoz, who was 14 weeks pregnant when she
was declared brain dead due to anoxia secondary to a
pulmonary embolism [57]. The hospital continued car-
diopulmonary support in accordance with state law that
prohibits withdrawal of life-sustaining treatment from a
pregnant patient, despite Muñoz’s family’s claim that
Muñoz had previously expressed that she would not
have wanted cardiopulmonary support. After 2 months,
the court ruled that life-sustaining treatment only
pertained to pregnant patients who were alive and ulti-
mately ordered the withdrawal of support.

The AAN defers to the surrogate decision makers’
wishes when considering organ-sustaining support in a
brain-dead pregnant patient, granting accommodation
to prolong use of organ-sustaining technology when
requested, but also to uphold the surrogates’ request to
withdraw support particularly if fetus is not of viable
gestational age or has sustained brain injury [12]. The
American College of Obstetrics and Gynecologists Com-
mittee on Ethics released a statement in 2015 that the
dignity and autonomy of the dying person should be
respected regardless of pregnancy status and that tech-
nological support is ethical if the surrogate decision
maker requests support for additional fetal development
on the pregnant patient’s behalf [58], a position
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reiterated by the International Federation of Gynecology
and Obstetrics [59].

New complexities in ICU care
Advances in hemodynamic support have become invalu-
able tools in the treatment of severe pulmonary and cardiac
diseases and have also created their own set of hurdles with
brain death testing. The incidence of severe neurologic
injury inpatients on extracorporealmembraneoxygenation
(ECMO) is reported to be as high as 50% [60, 61], due to
the inciting pathologies that led to initiating ECMO, the
need for anticoagulation to prevent thrombosis in the
ECMO circuit, and the coagulopathy and thrombocytope-
nia that develops as a result of platelet consumption due to
the circuit [60]. Patients who require ECMO support may
have significant cardiac or pulmonary disease burden and
in these patients, apnea test may be too challenging to
perform or they may be too hemodynamically unstable
to transport to offsite locations for confirmatory testing
[62–65].

A case from our institution illustrates this point. A
patient was admitted to the cardiovascular ICU postop-
eratively on venoarterial extracorporeal membrane oxy-
genation (VA ECMO) support for management of car-
diogenic and hemorrhagic shock. Despite a neurological
exam consistent with severe and irreversible neurologi-
cal injury, brain death testing was not considered, pri-
marily due to uncertainty of how to perform testing.
Heroic efforts continued for approximately 72 hours
afterwards, when family decided to transition to comfort
care and withdraw ECMO support.

There are no current guidelines or validated methods
for performing the apnea test in these patients, and it is
entirely omitted in some case reports [62]. Several as-
pects of ECMO pose challenges with regard to brain
death testing [62]. Oxygenation (O2) and removal of
carbon dioxide (CO2) is achieved by a countercurrent
exchange system between the patient’s blood and sweep
flow through the circuit oxygenator. As such, changes in
the blood flow or the sweep flow will affect a patient’s
PaO2 and PaCO2. Although sweep rates can be de-
creased to the lowest setting to achieve the rise in PaCO2

necessary to trigger a respiratory response, it risks caus-
ing a decrease in patient oxygenation and concomitant
hemodynamic instability [64, 65]. Some suggest adding
CO2 via the ECMO blender to achieve a controlled rise
in PaCO2 necessary to elicit respiratory response, which
may have less hemodynamic effects [62, 63], but studies
demonstrating the accuracy and effectiveness of these
modifications are lacking.

Additionally, no guidelines exist for ECMO patients
and ancillary testing despite some tests, such as a cerebral
angiogram, having known limitations due to altered circu-
latory dynamics [66]. Careful consideration of other mo-
dalities, such as cerebral scintigraphy, will be necessary as
more patients with various disease states are supported
with ECMO and other highly invasive modalities.

Pediatric considerations
Guidelines for the process of determining brain
death in the pediatric population were initially
developed in 1987 by the AAP Task Force on Brain
Death in Children [67]. It was revised in 2011 by a
multidisciplinary committee from the AAP, Society
of Critical Care Medicine, and Child Neurology
Society to include updates in clinical information
surrounding brain death in children and provide a
biological rational for the use of age-based criteria
in children [52]. Key portions of the process are
largely similar to that of adults: confounding fac-
tors such as pharmacological agents must be ab-
sent, apnea testing must be performed in addition
to a physical exam eliciting brain stem reflexes, and
ancillary testing, though not required for the diag-
nosis, should be used in cases of uncertainty or
difficulty in performing the brain death exam [52,
68, 69].

A few key differences remain in the requirements for
brain death determination, specifically that two separate
physicians must perform the examwith a period of time
between the exams, depending on the age of the child.
Infants over 37 weeks gestational age to 30 days require
a waiting period of 24 h, and children from 30 days to
18 years require 12 h. There is insufficient clinical data in
neonates under 37 weeks gestational age, as brainstem
reflexes may not be fully developed [52, 68, 69].

A review of lawsuits regarding brain death from the
last 50 years revealed that of the cases that listed the
decedent’s age, over half involved infants and children
[70], and in a 2017 survey of pediatric neurologists and
intensivists, more than half of the physicians reported
being asked to continue organ support after the declara-
tion of death [9]. The existence of multiple guidelines
and the need for repeated tests on what is sup-
posed to be an objective phenomenon may con-
tribute to the perception of inconsistency and pub-
lic confusion. Poor understanding and misinformed
exposure to the concept of brain death make com-
munication with families of brain dead children
difficult; physicians report that requests for
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ongoing organ support most often stem from the
belief that the patient could regain neurologic func-
tion [9]. Clear communication and education of
family members regarding brain death and its de-
termination is of utmost importance; a unified
guideline between adult and pediatric populations
while respecting physiological differences may be
beneficial to that goal.

Overcoming the controversies
The AAN calls for the creation of standardized state or
federal legislation, modeled after the Nevada statute,
which specifically defers to current adult and pediatric
brain death guidelines. It also calls for uniform policies
in hospitals across the country to ensure compliance to
brain death guidelines as a way to mitigate the differing
legal interpretations and to emphasize to the public that
“when these guidelines are followed, the result is an
accurate determination of brain death” [71]. Proposals
for a revised UDDA to be adopted by state legislatures
have gained new traction [72].

In addition, educational institutions and hospi-
tals across the country should implement programs
to train and credential physicians on the criteria and
guidelines for neurological determination of death.
Given the relative infrequency of brain death deter-
mination, there is limited exposure to observe or
perform brain death examination during training,
with up to 27% of neurology residents reported to
have finished their training without observing a sin-
gle brain death examination in certain institutions
[73]. Simulation training in brain death determina-
tion may be an ideal tool for education as it has
been shown to increase trainee exposure to the pro-
cess, provide opportunities for direct observation in

a low stress environment, identify areas of focus and
error, and improve assessed knowledge and subjec-
tive confidence in neurology and critical care trainees
[73–75]. Other institutions have modified their pol-
icy to include a second brain death examination
beyond the single exam, to allow more trainees to
participate in the declaration, without adversely af-
fecting organ donation rates or timing [76].

Medical students have also been proposed as an ideal
educational target for brain death determination train-
ing. In an educational initiative which included a com-
bined didactic and simulation session incorporating
standardized trainers, a pretest and posttest comparison
showed an improvement of background knowledge of
brain death from 53 to 86%. Subjective understanding
and comfort performing the brain death evaluation and
talking to families about brain death improved as well
[77].

In an attempt to provide resources to both med-
ical practitioners and the general public, the
Neurocritical Care Society Brain Death Task Force
has developed the Brain Death Toolkit as a multime-
dia educational tool [78]. It provides template check-
lists and policy statements for local adaptation, re-
sources and articles in concordance with AAN guide-
lines, instructional videos surrounding various ele-
ments of the exam, and web-based modules for ref-
erence. A similar toolkit is provided from the AAP for
pediatrics [79]. The Society has also recently
launched an online certification course available in
both English and Spanish, Brain Death Determination,
which aims toward standardization of the credential-
ing of physicians by hospitals and institutions [80].

Conclusion

Beyond the bioethics involved in the determination of brain death in the face of
organ donation and transplantation, the healthcare provider is faced with the
ethics of stewardship in the setting of limited healthcare resources and its
judicious utilization. While being sensitive and respectful toward various cul-
tural and religious beliefs, there is no ethical obligation for continued cardio-
pulmonary support for a dead patient, and requests for indefinite continued
support must be balanced against the moral distress of the healthcare team in
delivering “futile care” as well as potential harm to other patients.
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The inconsistencies within personal and institutional practices in the med-
ical field compounded with the differences in state legislatures’ acceptance of
the medical standard remain and form the base of many of the current medical,
legal, and ethical controversies surrounding brain death as illustrated above.
There is a need for uniformity in the definition and the objectivity in determin-
ing brain death, a need for consistency in the training and practice of carrying
out brain death examination, and a need for invariability in the legal acceptance
of the medical standard. In the face of continued advances in our technology
and our ability to sustain cardiopulmonary function, cases of increasing com-
plexity are expected to arise, and it is important to uphold the societal trust of
our medical practice.
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