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of Brain Death 

       MICHAEL     NAIR-COLLINS     AND     FRANKLIN G.     MILLER              

  According to the United States Uniform Determination of Death Act of 1981, 
“An individual who has sustained either (1) irreversible cessation of circula-
tory and respiratory functions, or (2) irreversible cessation of all functions of 
the entire brain, including the brain stem, is dead. A determination must be 
made in accordance with accepted medical standards.”  1   Nevertheless, it has 
been known for decades that the standard diagnostic tests for brain death, such 
as those recommended by the American Academy of Neurology,  2   routinely gen-
erate false positives. Many patients are erroneously labeled “brain dead” in spite 
of exhibiting preserved brain function, the most common of which is hypotha-
lamic regulation of plasma osmolarity—the balance of salt and water in the body 
necessary for survival.  3   More recently, cases have been reported in which patients 
who had been diagnosed as brain dead according to standard guidelines later 
showed evidence of preserved brain function other than osmoregulation, such 
as spontaneous breathing or brainstem refl exes.  4   

 For as long as these fi ndings have been known, defenders of the status quo in 
the practice of diagnosing brain death have either ignored them, or attempted to 
explain them away. For example, hypothalamic regulation of salt and water balance 
has been dismissed as allegedly not being a “critical” function;  5   as irrelevant because 
it is allegedly not a “clinical” function;  6   or as mere activity but not a function 
at all.  7   In their most recent practice recommendations, the American Academy of 
Neurology typifi es this pattern, by making the bald assertion that the persistence 
of such brain function is consistent with the absence of all brain function; which of 
course cannot be true because it’s a logical impossibility.  8   

 Given the longstanding pattern of ignoring or not taking seriously the evidence 
that “brain death” is not reliably diagnosed, it is refreshing and encouraging to 
read the analysis by James Bernat and Anne Dalle Ave of potential mismatches 
between the legally established whole brain criterion of death and standard 
diagnostic tests.  9   They acknowledge that the underlying pathophysiology of 
brain death—a positive feedback cycle of increasing intracranial pressure and 
decreasing cerebral perfusion—does not, in fact, always eventuate in complete 
intracranial circulatory arrest. They acknowledge that clear cases exist in which 
patients were diagnosed as brain dead by accepted guidelines, but subsequently 
demonstrated brain function, thus invalidating the previous diagnosis. They 
acknowledge that preservation of neurohormonal function is not consistent with 
the whole brain criterion of death. And they acknowledge, as a general principle, 
that the accepted tests are not specifi c for detecting the absence of all brain function: 
“even when the brain death tests are performed and interpreted correctly, inevitably, 
cases will occur in which some brain functions persist.”  10   

 Accordingly, one might think that Bernat and Dalle Ave offer a strong critique of 
standard determination of death by neurological criteria, showing, as they do, that 
the diagnosis of brain death has both poor specifi city and poor reliability. 
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 However, the main focus of the paper by Bernat and Dalle Ave is to explore 
options for improving the reliability and specifi city of the diagnosis, including: 
(i) creating standardized training and credentialing of physicians who are autho-
rized to make the diagnosis; (ii) adding a required neuroimaging test to demonstrate 
intracranial circulatory arrest to the standard battery of tests; or (iii) revising the 
nosological category of brain death to allow the preservation of certain brain 
functions, particularly neurohormonal function. 

 While commending our colleagues for taking seriously the long-known evi-
dence that brain function can be preserved after the diagnosis of brain death, 
their attempt to justify brain death diagnostic practices does not succeed, as we 
argue below.  

 Criteria and Tests for Diagnosing Brain Death 

 Diagnostic tests can be evaluated in several ways. First, any set of tests should 
be  reliable : Repeated applications of the tests by different examiners, or at differ-
ent time points, should yield the same diagnostic result. Second, tests should 
ideally be perfectly  specifi c , yielding a negative result for all cases in which the 
patient does not have the condition in question. Third, tests should ideally also 
be perfectly  sensitive , yielding a positive result for all cases in which the patient 
does have the condition in question. Fourth, tests should be  valid , meaning that 
they actually test for what they purport to. Our main focus here is reliability and 
specifi city. 

 Each of these test characteristics can only be examined relative to an ordered 
pair of a specifi ed set of tests, and a specifi ed physiologic condition (or a criterion, 
in Bernat’s and Dalle Ave’s language). In the case of brain death, there are actually 
several such criteria that the (same) battery of tests have been alleged to identify. 
We begin by simply noting the different criteria to enable more precise analysis. 

 The established whole-brain criterion for determining death is the condition of 
 irreversible cessation of all functions of the entire brain . A second category, proposed 
by Bernat in earlier work, is the  irreversible cessation of all clinical functions of the 
brain , where clinical functions are those that are assessable via bedside tests 
alone.  11   Third, in their recent article Bernat and Dalle Ave propose a  brain-as-a-
whole  criterion, which is not meaningful unless characterized more precisely. 
Bernat and Dalle Ave gesture toward such a characterization, noting that it will 
consist of a specifi ed list of brain functions that are either consistent or inconsis-
tent with the new diagnostic category, but they don’t provide or justify that list.  12   
We discuss this criterion further below. Fourth and fi nally, in the United Kingdom 
(and elsewhere), the condition allegedly identifi ed is that of  irreversible cessation of 
the capacity for consciousness and breathing .  13   

 The standardly accepted tests for brain death involve demonstrating com-
plete lack of responsiveness to verbal or painful stimuli (allowing spinally 
mediated refl exes); lack of brainstem refl exes as demonstrated by a number of 
bedside tests; and apnea as demonstrated by lack of spontaneous inspiration 
for a period of several minutes when challenged by elevated levels of carbon 
dioxide in the blood. When the cause of coma is known and confounds, such 
as sedative intoxication or hypothermia are ruled out, then the patient is said 
to satisfy tests for brain death. In other words, this would be a positive test for 
brain death.  14   
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 Confi rmatory tests are not typically required, though are often used in practice 
at the discretion of the clinician, and may be legally required in some jurisdictions. 
In an effort to reduce false positive misdiagnoses, Bernat and Dalle Ave advocate 
for mandating, in all cases, a neuroimaging test demonstrating undetectable blood 
fl ow to the brain.   

 Poor Reliability and False Positives 

 The diagnostic tests described above are well accepted in the medical literature. 
But in practice, there is variability in how brain death is actually determined.  15   
This means that in the actual practice of diagnosing brain death, there is no assur-
ance that the same patient, if presented to different examiners, would actually be 
examined according to the same set of diagnostic protocols, and therefore no 
assurance the patient would receive the same diagnosis. Furthermore, even if the 
standard battery of tests were applied, there is no assurance that the physicians 
responsible for diagnosing brain death are competent in doing so. For example, 
one might fail to exclude confounding conditions, or misinterpret brainstem refl ex 
testing. Although we cannot state the incidence of diagnostic error from these 
factors, we share Bernat’s and Dalle Ave’s suspicion that it is more common than 
previously assumed.  16   Regardless, diagnostic practices for brain death are not suf-
fi ciently reliable on the basis of the documented variability in diagnostic practices. 
This damages the credibility of the diagnosis. 

 To address this concern, Bernat and Dalle Ave propose mandatory checklists, 
along with standardized training and credentialing of physicians authorized 
to make the diagnosis. This is a reasonable suggestion, and if well implemented, 
should help to increase reliability. However, even perfect reliability entails nothing 
regarding specifi city. 

 The whole-brain criterion is the legal standard that physicians in the United States 
are required to identify. While Bernat and Dalle Ave have acknowledged that brain 
function can be preserved after the diagnosis of brain death, they misleadingly char-
acterize such instances as “isolated cases.”  17   However, in a review of over 1800 
patients diagnosed with brain death, Michael Nair-Collins and colleagues found 
that roughly half demonstrated evidence of hypothalamic osmoregulation.  18   
In other words, using the whole brain criterion as our reference condition, roughly 
half of the patients reported in this review were false positive misdiagnoses.   

 Revising the Criteria to Fit the Tests 

 By contrast to the whole-brain criterion, the cessation of  clinical  functions of the 
brain was devised in order to rule out hypothalamic functioning as not relevant 
since, allegedly, assessing the function of the hypothalamus requires laboratory 
testing and brain death is a clinical diagnosis. We note, fi rst, that the assertion that 
“brain death is a clinical diagnosis” is erroneous. According to the standard guide-
lines published by the American Academy of Neurology (and others), brain death 
cannot be diagnosed without ruling out confounds, which requires laboratory 
analysis for sedatives as well as evaluation of acid-base status. Furthermore, the 
standard apnea test requires measuring arterial carbon dioxide both before and 
after the apnea challenge to demonstrate a suffi cient rise in arterial carbon dioxide 
partial pressure.  19   Arterial blood gas analysis is a laboratory test. 
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 In any case, the “clinical functions” criterion yields the same poor specifi city 
as the whole-brain criterion does, because the function of the hypothalamus 
is clinically assessable at the patient’s bedside by observation of urine output. 
In the absence of a functioning hypothalamus the patient would exhibit volu-
minous urine output, easily assessable by observation of the urine collection 
and measurement bag that is hung at the patient’s bedside. Normal urine out-
put is just as much a clinically observable sign of brain function as is a cough 
in response to deep suctioning. Therefore, although there is no scientifi cally 
valid reason to exclude brain functions whose assessment requires technology, 
hypothalamic osmoregulation is a clinically assessable brain function anyway. 

 The third criterion we mentioned is the “brain-as-a-whole,” which would be 
specifi ed by differentiating those brain functions that are allegedly “critical” 
functions of the brain-as-a-whole, from those which are not. Predictably, Bernat 
and Dalle Ave suggest that critical functions of the brain-as-a-whole “could 
conceivably exclude arguably less critical brain functions such as vasopressin 
neurosecretion.”  20   We disagree that the homeostatic capacity to regulate salt 
and water concentration in the extracellular fl uid could conceivably be consid-
ered not a critical function, of either the brain or the organism. All metabolic 
activities, including those that support brain function, depend on an extracellular 
fl uid whose composition is tightly regulated, including its sodium concentration. 
There is no independent scientifi c justifi cation to propose that osmoregulation 
is not a “critical function.”   

 Intracranial Circulatory Arrest and Neuroimaging 

 Mandating neuroimaging testing of cerebral blood fl ow would not obviate the 
problem of false positive misdiagnoses. Bernat and Dalle Ave acknowledge that if 
such a test is to prove that the whole-brain criterion has been met, the test needs to 
be validated “by proving that zero forward blood fl ow measured by the neuroim-
aging procedures correlates perfectly with complete intracranial circulatory arrest.”  21   
This would require an independently validated and reliable modality for detect-
ing complete intracranial circulatory arrest in the setting of continued general cir-
culation. But there is no such modality. Necessarily, every imaging modality will 
have a detection limit below which the test cannot differentiate between undetect-
able fl ow and no fl ow. 

 Because this is the case, neuroimaging cannot rule out ischemic penumbra, a 
state of low blood fl ow that is too low to support neural function, but is suffi cient 
to sustain the viability of neural tissue for some time, which may then potentially 
recover some function after the acutely elevated intracranial pressure dimin-
ishes.  22   This is not a merely theoretical concern. In the case of Jahi McMath, which 
we discuss below, a radionuclide scan showing undetectable fl ow was performed 
as a part of the initial diagnosis, and nine months later, a magnetic resonance 
angiogram was also performed, again showing undetectable fl ow.  23   Yet, Jahi sub-
sequently demonstrated signs of brain function, which we discuss in Section VI. 

 Moreover, undetectable cerebral blood fl ow does not suffi ce to rule out the con-
temporaneous preservation of some brain function. Christine Nygaard and col-
leagues reported on 114 patients declared to be brain dead, all of whom were 
examined using standard clinical tests, in addition to radioisotopic brain blood 
fl ow testing.  24   Of those, 54 (47 percent) did not develop diabetes insipidus and 
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therefore were false positive misdiagnoses, owing to preserved hypothalamic activ-
ity, contrary to the whole-brain or clinical functions criteria. Panayiotis Varelas 
and colleagues reported on 36 patients declared brain dead by a single examination 
following standard guidelines, in addition to a mandatory cerebral blood fl ow test 
aimed at demonstrating intracranial circulatory arrest.  25   The majority of patients 
received a Single Photon Emission Computerized Tomography evaluation while 
others received a transcranial Doppler, or Computerized Tomographic Angiogram. 
All had documented absence of fl ow in their charts. Of these 36 patients with 
(allegedly) no blood fl ow to the brain, 13 (36 percent) did not have diabetes insipi-
dus and therefore were false positive misdiagnoses.   

 The United Kingdom Criterion: Irreversible Loss of Consciousness and 
Breathing 

 The fourth criterion mentioned above is the irreversible less of the capacity for 
consciousness and breathing. This is the criterion used in the United Kingdom.  26   
Recently, Andrew McGee and Dale Gardiner reviewed brain death laws and prac-
tices internationally, and argued that legal challenges to a diagnosis of death by 
neurological criteria are more likely to be successful in the United States, due to its 
legal framework built on the whole-brain criterion.  27   But in jurisdictions that have 
adopted the criterion of irreversible loss of consciousness and breathing, successful 
legal challenges are less likely, as preserved hypothalamic function does not entail 
a false positive on this criterion. This is correct: the United Kingdom criterion does 
not require irreversible cessation of hypothalamic function. Nonetheless, false 
positives remain. 

 Alan Shewmon reported a pediatric case of return of spontaneous breathing 
after meeting the accepted tests (which are the same as in the United Kingdom). 
This is a false positive on the United Kingdom criterion as well; and, though rare, 
there are similar cases reported in the literature.  28   

 The case of Jahi McMath, that has received considerable recent attention, poses 
a distinct challenge. Jahi McMath was declared to be brain dead in December 2013, 
and given the multiple expert physicians and court involvement in her case, we 
must assume that standard brain death diagnostics were correctly applied and 
interpreted. Furthermore, a radionuclide scan showing undetectable fl ow was also 
performed as part of the diagnosis.  29   Her parents did not agree that their daughter 
was dead, and successfully sought court intervention to allow continued treatment. 
She was transferred from California to New Jersey, a state that permits exemption 
from determination of death on neurological criteria, and lived almost 5 additional 
years, mostly on home care, until she died in June, 2018. 

 Before she died in 2018, Jahi’s family had compiled a video catalogue of multi-
ple movements she made, seemingly in response to verbal command. After a com-
prehensive analysis of these videos, including analysis by forensics experts 
showing they were not altered, pediatric neurologist Alan Shewmon declared in 
sworn legal testimony that Jahi did not meet the accepted diagnostic criteria for 
brain death, and that her intermittent responsiveness to specifi c verbal commands 
demonstrated that, at the time the videos were taken, Jahi was in a minimally con-
scious state.  30   

 Many physicians refuse to accept this video evidence, but this is dubious. 
Why would videos not be admissible, when video recordings are paradigmatically 
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intersubjectively verifi able? If Jahi’s family were to consent to further dissemination 
of the video catalogue,  31   then other physicians and other specialists can observe 
exactly the same evidence Dr. Shewmon has, and pose rebuttals if warranted. 
Indeed, several videos are in the public domain and available for analysis and 
rebuttal if warranted. 

 Furthermore, it is of critical importance to emphasize that Shewmon has also 
reported personally witnessing a right arm movement in response to verbal com-
mand to move her right arm.  32   A practicing neurologist declaring that he person-
ally observed a movement in response to verbal command arguably invalidates 
the brain death diagnosis, by invalidating the fi rst component: complete lack of 
responsiveness to verbal or painful stimuli. Thus, Jahi’s case poses the same problem 
for the United Kingdom criterion as it does for the whole-brain criterion: namely, 
we have yet another false positive misdiagnosis. 

 This case gets at the heart of the United Kingdom criterion, which allows some 
brain function to persist so long as the individual has suffered irreversible cessa-
tion of the capacity for consciousness and breathing. Because she responded to a 
specifi c command—even once—it is no longer reasonable to claim to know that 
Jahi was at all times completely and irreversibly unconscious. But Jahi apparently 
did not respond to command one time only; according to the video evidence, 
she responded around 100 times, moving several specifi c body parts to specifi c 
instruction.  33   Although we do not claim any certainty about Jahi McMath’s state of 
consciousness one way or the other, we do insist that if anything is to count as 
evidence of consciousness, responsiveness to command surely must. 

 It might be objected that the case of Jahi McMath is an isolated exception, which 
should not call into question the validity of neurological determination of death 
according to the United Kingdom standard. Given that it is the diagnosis of death 
that is at stake, a single validated false positive is a matter of concern. Furthermore, 
Jahi McMath is not the only false positive: cases in which spontaneous breathing 
returned after the diagnosis of brain death are false positives on the United Kingdom 
criterion. Finally, because maintaining life support after a brain death diagnosis is 
exceptionally rare, there is no way of knowing how many patients might recover 
to the minimally conscious state. 

 Jahi’s case poses a serious problem for all criteria based on irreversible cessation 
of consciousness, including the many variants of the “higher-brain” concept of 
death;  34   the United States President’s Council’s vital work theory, which they 
operationalize in terms of absence of the capacities for consciousness and breath-
ing;  35   recent international guidelines for the determination of death;  36   and the 
United Kingdom criterion. All depend on the possibility of accurately diagnosing 
the irreversible cessation of consciousness. The McMath case puts severe pressure 
on all of them. Finally, it is worth noting that the literature on disorders of con-
sciousness over the last twenty or thirty years has had one clear message: we’ve 
been far too blithe about declaring people to be “irreversibly unconscious.”  37     

 Implications 

 Diagnostic practices surrounding brain death are unreliable and have poor speci-
fi city. Misdiagnoses as a result of examiner error in following standard guidelines 
can and do occur, with unknown regularity. Even with perfect adherence to guide-
lines, false positives in the diagnosis of brain death are common. Indeed, if the 
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whole-brain or clinical functions criteria are taken as our reference condition, then 
brain death is misdiagnosed so often that potentially something like half of all 
brain death diagnoses are false positive misdiagnoses. Mandating a test showing 
undetectable intracranial blood fl ow will not solve these problems: We already 
have many documented cases in which such tests were used but brain function 
continued or returned. Finally, a patient who was diagnosed as brain dead, including 
an intracranial circulation test, later demonstrated a single response to command 
that was observed by a neurologist in person, as well as dozens of responses to 
commands that were captured on video. 

 Clearly, there are evidence-based challenges to the claim that brain death is 
a credible, reliable diagnosis. It does not deserve the infallible status that many 
practitioners seem to believe it has. This has important implications for practice, 
which we briefl y mention to conclude the essay. 

 First, heart-beating organ donation rests on the principle that brain death is 
biological death and constitutes, in the United States, the irreversible cessation of 
all brain functions. This practice, relying on “the dead donor rule,” presumes that 
brain death can be diagnosed with the appropriate confi dence. Leaving aside the 
issue of  whether  brain death is biological death, if its diagnosis is neither reliable 
nor specifi c, then we cannot justifi ably communicate to the general public, potential 
organ donors, surrogate decision-makers, or the many clinicians involved in organ 
procurement, that heart-beating organ donors are actually dead, consistent with 
the legal standard, when organs are removed. Continuing to procure organs from 
heart-beating patients without disclosing the relevant information that brain death 
is not a reliable diagnosis, means that consent for organ procurement occurs on the 
basis of false information (again, setting aside the identifi cation of brain death 
with death). Elsewhere we have discussed in detail the ethics of vital organ pro-
curement and transplantation from heart-beating donors.  38   

 Second, it is worth emphasizing that the majority of high-profi le cases of brain 
death controversies do not involve permission to remove organs. Rather, they 
involve rejection of the diagnosis itself, along with assertions of the right to contin-
ued physiological support for the brain-injured patient. While we cannot do justice 
to a comprehensive ethical analysis of this issue here,  39   we simply note that promi-
nent defenders of the concept and practices surrounding brain death have acknowl-
edged that the tests are not always followed and interpreted correctly; and that even 
when they are, some brain functions inevitably persist in some patients; and not all 
patients declared brain dead have intracranial circulatory arrest. In light of this 
information, it is hardly unreasonable for some families to resist or mistrust the 
diagnosis. The evidence shows that it is not a credible diagnosis. And this is the case 
even if we assumed that “brain death” is a legitimate construct in the fi rst place, an 
assumption that we, and others, have challenged elsewhere.     
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