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How Educators Can Help Prevent False Brain Death Diagnoses
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Abstract

It is critical for brain death diagnosis to be accurate. Although
standardized guidelines and institutional protocols for brain death
determination exist, for many physicians, lack of understanding about
brain death leads to confusion and muddles interactions with patients’
loved ones at the end of life. Using a case-based approach, this article
demonstrates what tends to go wrong in erroneous brain death
diagnoses and clarifies what physicians and educators should do to help
avoid these errors.

Uncertainty About Brain Death

Consciousness, a state of awareness of self and environment, requires arousal and
cognition.1 In coma, there is an absence of awareness of self and environment, even
when the patient is vigorously stimulated.t According to the Uniform Determination of
Death Act, which was proposed in 1980 by the National Conference of Commissioners
on Uniform State Laws in cooperation with the American Medical Association and the
American Bar Association, an individual who has sustained “irreversible cessation of all
functions of the entire brain, including the brain stem, is dead. A determination of death
must be made in accordance with accepted medical standards.”2 The American
Academy of Neurology has since established and reaffirmed standards for
determination of brain death.34 Determination of brain death in the pediatric population
is currently based on separate guidelines from the Society of Critical Care Medicine, the
American Academy of Pediatrics, and the Child Neurology Society.5 There are no
instances in which a patient has regained consciousness after brain death was
determined according to these standards.

Nevertheless, confusion exists among physicians regarding definitions of and
distinctions among brain death, coma, persistent vegetative state, and minimally
conscious state.6 Prognostic uncertainty also exists in the latter 3 states.! In this article,
a false diagnosis of brain death in an adult patient will be presented to provide clinical
context for the American Academy of Neurology brain death criteria with the aim of
demystifying identification of distinct levels of consciousness (see Table 1), highlighting
confounding variables in diagnosing brain death, and instilling diagnostic confidence in
physicians.
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Table 1. Disorders of Consciousness and Their Corresponding Diagnostic Criteria

Disorders of
Consciousness

Diagnostic Criteria

Minimally Conscious
State?

Unresponsive
Wakefulness
Syndrome,8 Formerly
Vegetative State®

Comatose State10.11

Brain Death34.10

Some definite, albeit inconsistent, awareness of self or
environment.

Patients may intermittently respond purposefully to external
stimuli, such as following commands or reacting to noxious
stimuli.

Patients may track, hold an object, or mouth words.

Spontaneous eye opening occurs and sleep-wake cycles are
present.

Patients may yawn, make facial movements, and breathe
independently.

Although patients may respond nonpurposefully to external
stimuli, there is no definite evidence of awareness of self or
surroundings.

Within the first 28 days after injury, physicians must avoid
suggesting that these patients have a universally poor prognosis,®
as patients may progress to minimally conscious state or even
recover to the point at which they function independently.

Persistent vegetative state indicates the unresponsive
wakefulness syndrome or vegetative state has lasted longer than
1 month.

Permanent vegetative state (3 months after nontraumatic injury
and 12 months after traumatic injury) implies irreversibility.

Absence of consciousness, absence of awareness of self or
environment, and no response to external stimuli.

Sleep-wake cycles are absent (eyes remain continuously closed).

Some brain stem reflexes may be present, and mechanical
ventilation may be required.

Prognosis is highly variable and dependent upon clinical
circumstances.

Characterized by coma, irreversible cessation of all cortical
function, brain stem areflexia, and the inability to breathe
spontaneously.

Brain death must be diagnosed according to accepted medical
standards. It is primarily a clinical diagnosis augmented by
ancillary testing. Brain death mimics must be excluded and
prerequisites for brain death examination must be met.3:4.10

Case

A 64-year-old man with a history of end-stage renal disease, chronic obstructive
pulmonary disease (COPD), surgical pupils, and failure to thrive was found unresponsive
by his family. The family had seen him in his usual state of health 2 days earlier.
Emergency medical services staff intubated him in the field and brought him to a
community teaching hospital. The patient had missed 2 dialysis sessions due to the
holidays. Laboratory evaluation revealed severe electrolyte disturbances, necessitating
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urgent dialysis. Head computed tomography (CT) scan showed no evidence of
intracranial hemorrhage or large strokes. The patient was admitted to the medical
intensive care unit (ICU). After dialysis, the electrolytes normalized.

Forty-eight hours after admission, the patient was not following commands and
remained ventilator dependent. An internal medicine resident performed a neurological
examination. There was no spontaneous movement of the extremities, nor was there
reaction to noxious stimuli applied to the nail beds. The nurse reported only a weak
cough with tracheal suctioning. The ICU team ordered a brain magnetic resonance
image, which showed small chronic and acute cerebral strokes. The ICU team informed
the family that the patient had poor neurological reserve from strokes, which explained
his comatose state.

When the nurse reported that the patient no longer had cough or gag reflexes, the
internal medicine resident performed another examination. Based on the hospital’s
brain death policy, a honneurologist could diagnose brain death. The resident performed
the oculovestibular reflex test unsupervised and informed the team there was no
response. Since the patient retained CO2 due to his COPD, apnea testing could not be
performed. The family was informed that he was brain dead but that an ancillary test
would be performed for confirmation. Due to a series of errors, the patient received
thiamine and ammonia level tests instead of an electroencephalogram. He also received
a CT scan of the cervical spine intended for another patient with a similar name. The
patient was found to have a critically high ammonia level, severely low thiamine level,
and subacute C1-C2 fracture with cord compression. Additionally, it was discovered that
the patient had received intermittent sedation.

The team informed the family that the patient was not brain dead. The patient was given
thiamine supplementation and lactulose, resulting in an improvement in his mental
status. The neurosurgeon stated that the patient’s cervical spinal cord injury would not
benefit from steroids or decompressive surgery at that late point in time. Neurology and
palliative medicine were also consulted. It was determined that his high cervical spinal
cord injury would make him ventilator dependent. A decision was made to withdraw
artificial support and the case was discussed at the morbidity and mortality conference.

Table 2. American Academy of Neurology’s Checklist for Determination of Brain Death Applied to the
Case?

Prerequisites (All Must Be Checked)

o Irreversible coma with a known cause. The patient had hyperammonemia due to missing 2 dialysis
sessions and thiamine deficiency in the setting of failure to thrive. Both are potentially reversible causes
of coma.

o Brain imaging explains coma. Although the patient had small cerebral infarcts, these were not
sufficient to result in coma. Structural lesions that cause impairment of consciousness must involve the
reticular activating system (above the level of the mid-pons) or its projections—the bilateral thalami or
large areas of the bilateral cerebral hemispheres.

o No CNS depressant drug effect. The patient was receiving intermittent sedation. Brain death cannot be
determined in the presence of CNS drug effects.

o No residual paralytics. The patient was not given paralytics.

o No severe electrolyte, acid-base, or endocrine abnormality. Although the patient’s severe electrolyte
disturbances resolved after dialysis, his hyperammonemia and thiamine deficiency were discovered after
he was diagnosed as brain dead. Even in the event that a cause of irreversible injury, such as malignant
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cerebral edema secondary to stroke, were known, reversal of these abnormalities prior to brain death
evaluation would be necessary.

o “Normothermia or mild hypothermia (core temperature > 36 “C).” The patient was normothermic. In
cases in which hypothermia or targeted temperature management protocol is used (ie, postcardiac
arrest, malignant cerebral edema, subarachnoid hemorrhage), neurological assessment during the
rewarming phase is highly variable and could be done prematurely.

o “Systolic blood pressure > 100 mm Hg” with or without the use of vasopressors. The patient was
normotensive without vasopressors.

o0 “No spontaneous respirations.” The patient did not have spontaneous respirations secondary to a high
cervical spine injury, and respiratory drive was hindered by other factors.

Examination (All Must Be Checked)

o No pupillary responses to bright light. Although pupillary responses are relatively resistant to metabolic
coma, the patient’s pupils were postsurgical. In a patient with postsurgical pupils, the pupillary reflex
cannot be properly evaluated, warranting ancillary testing.

o No corneal reflexes. The patient’s history of ocular surgery could result in loss of corneal reflexes.

o No oculocephalic reflexes. This test should not have been performed on this patient, due to his cervical
spinal cord injury.

o No oculovestibular reflexes. This test was performed by the internal medicine resident, who was
unsupervised.

o No response to noxious stimuli at the temporal-mandibular joint or supraorbital nerve. Although this
test was not performed, it could have detected a response (grimace) in this patient to noxious stimuli to
the face.

o No gag reflexes. The sedation could have inhibited the patient’s gag reflex.

o No cough response to tracheal suctioning. The sedation could have inhibited the patient’s cough
response.

o No motor response “to noxious stimuli in all 4 limbs.” The patient’s high cervical spinal cord injury
could have prevented him from detecting the noxious stimuli as well as moving his extremities in
response.

Apnea Testing

In addition to not meeting the above prerequisites for determination of brain death, this patient had
contraindications to apnea testing—parenchymal lung disease/CO: retention AND a high cervical spinal
cord lesion, which contributed to lack of spontaneous respirations.

Ancillary Testing

Ancillary testing (EEG, TCD, cerebral angiogram, HMPAO SPECT) is to be ordered only if the clinical
examination cannot be fully performed due to patient factors or if apnea testing is inconclusive or
aborted. In this case, the patient did not meet prerequisites for determination of brain death. However, if
he had met prerequisites, ancillary testing would have been necessary because pupillary and corneal
responses were untestable due to ocular surgery and apnea testing was contraindicated due to COPD
and high cervical spinal cord lesion.

Adapted from Wijdicks EFM, Varelas PN, Gronseth GS, Greer DM; American Academy of Neurology.3
a Commentary relevant to patient in italics.

Case Discussion

Most of the prerequisites for the determination of brain death3 (see Table 2) are meant
to exclude brain death mimics, such as hypothermia,2 drug intoxications,12.13 Guillain-
Barré syndrome,’2 locked-in syndrome,4 and metabolic encephalopathies, including
electrolyte, acid-base, or endocrine disturbances.12 In the preceding case, a number of
the prerequisites for the determination of brain death were not met. The patient had
metabolic causes of encephalopathy (including hyperammonemia and thiamine
deficiency15) and had been sedated. Although he had small cerebral strokes, his stroke
burden was insufficient to result in coma. Structural lesions that cause impairment of
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consciousness must involve the reticular activating system (above the level of the mid-
pons) or its projections—the bilateral thalami or large areas of the bilateral cerebral
hemispheres.16

A clinical diagnosis of brain death was not possible because a number of the brain stem
reflexes and other responses were not testable. Prior ocular surgery can inhibit both
pupillary light responses and corneal reflexes.1? In a patient with a cervical spinal cord
injury, oculocephalic reflexes should not be tested. In addition, the sedation could have
inhibited the patient’s gag and cough reflexes. His lack of response to noxious stimuli in
all 4 limbs could have been due to both his cervical spinal cord injury and the sedation.
Despite the cervical spinal cord injury, he might have responded to noxious stimuli of the
head—had this test been performed.1218

In addition to the patient not meeting prerequisites for determination of brain death,
there were 2 contraindications to apnea testing—parenchymal lung disease/CO>
retention and high cervical spinal cord injury.18 If he had met the prerequisites, ancillary
testing would have been necessary to diagnose brain death, because some brain stem
reflex tests and the apnea test could not be performed.3 The case illustrates a series of
errors that led to a false determination of brain death. Unfortunately, this case might not
represent an isolated event. In a survey of physicians who perform brain death
examinations, only 25% reported compliance with current practice guidelines, with most
relying on clinical practice and hospital policies.19

Recommendations

Although the diagnosis of brain death3 and prognosis of neurological recovery after brain
injuryl are well-defined in the literature, hospital policies in the United States for the
determination of brain death are highly variable and often not in line with current
practice guidelines.20.21 Without the safety net of standardized guidelines, false
diagnoses of brain death are more likely to occur. Rather than a top-down approach, a
more fail-safe method of ensuring appropriate diagnoses of brain death might well come
from early education of future physicians and continuing education of physicians in
practice.

Undergraduate and graduate medical education, as well as continuing medical
education, should include instruction on the disorders of consciousness—brain death,
coma, vegetative state, and minimally conscious state. In undergraduate medical
education, simulation-based education on brain death diagnosis has been employed at
several institutions, including New York University (NYU) Grossman School of Medicine22
and Florida International University (FIU) Herbert Wertheim College of Medicine.23 After
implementation of a workshop and simulation, investigators at NYU Grossman found
significant improvements in medical knowledge of brain death, comfort in performing a
brain death examination, and comfort in counseling a family member.22 Investigators at
FIU Herbert Wertheim found that implementation of a coma/brain death simulation
translated into better medical student performance in real clinical settings.23 There were
significant improvements in documentation of focused history, accuracy of brain death
examinations, high-yield reviews of the medical record, family counseling, and conflict
resolution in actual coma patients compared to historical controls.23

In graduate medical education, similar improvements were seen with training.

Investigators at Loyola University Medical Center found that simulation-based education
improved incoming neurology residents’ postintervention brain death examination,
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apnea testing, and family discussion.24 Investigators at Yale University School of
Medicine evaluated physician competency in determination of brain death after
simulation-based training at different levels of experience (from resident to attending
physician) and among different specialties, both neurological and nonneurological.25
Even among neurologists and neurosurgeons, posttest scores were significantly higher
than pretest scores.25

In recent years, the American Academy of Neurology’s Ethics, Law, and Humanities
Committee has convened a multisociety quality improvement summit to cultivate a
united front in reaffirming the validity of current standards of brain death determination,
developing regulatory systems that ensure consistent and accurate brain death
determinations, and responding to biopsychosocial factors that influence public trust.26
With regard to engendering public trust, the committee recommended uniform criteria
for death determination in both children and adults, nationwide consistency in medical
and legal communities’ management of brain death similar to that of cardiopulmonary
death, and community-based improvement in health literacy. To ensure that such
measures are taken, a regulatory authority analogous to the Joint Commission that
reviews hospital protocols during stroke center certification was recommended.26.27 The
committee also acknowledged that a grassroots approach is needed to make significant
change in the primary education and consistent reeducation of physicians through
simulation-based credentialing programs.26.27

In parallel to credentialing bodies that provide advanced cardiac life support training,28
clinicians allowed by local law to perform brain death examinations should be required
to demonstrate competency. The Neurocritical Care Society provides a brain death
determination course to standardize brain death diagnosis. This course aims to educate
clinicians on matters similar to those outlined in the analysis of the case—brain death
prerequisites, brain death examination, pitfalls and barriers that arise during the
process of brain death determination, interdisciplinary communication, and family
dynamics.2°

Over 50 years after a Harvard ad hoc committee first introduced criteria for the
determination of brain death in the United States,3° progress towards the evidence-
based practice of brain death determination has made formidable strides, with the
aforementioned limitations. Similar to public mistrust of brain death determination,
young physicians regard neurology as overly complex, a term coined “neurophobia.”31 As
our understanding of brain death and disorders of consciousness evolves and as we
seek to cultivate empowered doctors in training, knowledgeable physicians in practice,
and trusted institutions abiding by evidence-based, standardized guidelines, it is
fundamental to success that we concurrently rethink how we approach neurosciences in
medical education as whole.
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