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Abstract

Objective:
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To evaluate whether current clinical criteria and confirmatory tests for the diagnosis
of ‘brain death’ satisfy the requirements for the irreversible cessation of all functions
of the entire brain including the brainstem.

Data sources:

Medical, philosophical and legal literature on the subject of ‘brain death’.

Data extraction/synthesis:

We present four arguments to support the view that patients who meet the current
operational criteria of ‘brain death’ do not necessarily have the irreversible loss of all
brain (or brainstem) functions. First, many clinically ‘brain-dead’ patients maintain
residual vegetative functions that are mediated or coordinated by the brain or the
brainstem. Second, it is impossible to test for any cerebral function by clinical
bedside exam, because the tracts of passage to and from the cerebrum through the
brainstem are destroyed or nonfunctional. Furthermore, since there are limitations of
clinical assessment of internal awareness in patients who otherwise lack the motor
function to show their awareness, the diagnosis of ‘brain death’ is based on an
unproved hypothesis. Third, many patients maintain several stereotyped movements
(the so-called complex spinal cord responses and automatisms) which may originate
in the brainstem. Fourth, not one of the current confirmatory tests has the necessary
positive predictive value for the reliable pronouncement of human death.

Conclusion:

According to the above arguments, the assumption that all functions of the entire
brain (or those of the brainstem) in ‘brain-dead’ patients have ceased, is invalidated.
Reconsideration of the current concept of ‘brain death’ is perhaps inevitable.
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Introduction
The concept of ‘brain death’ was introduced in the medical literature as a new
criterion of death in 1968 by the ad hoc Committee of the Harvard Medical School.1
The Committee defined death in neurophysiological and philosophical terms, as
irreversible loss of all brain functions (including those of brain stem) and proposed
criteria to reflect that definition.2 The philosophical aspect of the determination of
human death has also been stressed by many investigators in past and recent years.

The neuropathologic entity of total brain infarction was first described in 1902 by
Cushing, but its clinical findings were first described in 1959 (Fishgold and Mathis,
1959; Jouvet, 1959; Mollaret and Goulon, 1959; Wertheimer et al., 1959);3 however, it
is worthwhile mentioning that these investigators did not equate this condition with
death itself.3

Machado et al.4 recently argued that the neuropathologic entity of total brain
infarction/destruction did not evolve to benefit transplantation of vital organs;
nevertheless, the term ‘brain death’ did not enter the medical terminology until the
mid-1960s, in response to the rapidly developing field of transplantation medicine.3

The ad hoc Committee of the Harvard Medical School report did not base its
neurological criterion of death on any concept of death, but rather ‘was primarily
concerned with futility of care and finding ways to help physicians with withdrawal of
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support’.2 Others have posited, however, that the concept of ‘brain death’ was
developed to permit vital organs transplantation.3, 5 Although ‘brain death’ has been
accepted by most clinicians, health care workers, legislators and society at large,
opinions to the contrary have been expressed both in the distant past and recently. It
has been argued that ‘brain death’, either referring to the entire brain or to the brain
stem alone, is a concept without precise clinical or pathological basis and, for this
reason, the criteria employed in its diagnosis are arbitrary.6

In 1971 the neurosurgeons Mohandas and Chou7 suggested that in patients with
known but irreparable intracranial lesions irreversible damage to the brain stem was
the ‘point of no return’ and the diagnosis could be based on clinical judgment. Their
suggestions became known as the Minnesota criteria and influenced the practice in
the United Kingdom considerably.

Practice in the United Kingdom has been based on two memoranda; the first asserted
that permanent death of the brainstem constitutes brain death while the second
identified brain death with death itself. Additionally, a new document proposed by
Christopher Pallis8 was that death can be defined as the ‘irreversible loss of the
capacity for consciousness combined with the irreversible loss of the capacity to
breathe’.

The stated definition of ‘brain death’ (the complete cessation of all functions of the
entire brain) is now acknowledged even by supporters of the concept of ‘brain death’
to be only an approximation.9

Inconsistencies related to the ‘brain death’ concept
According to Bernat10, a formulation of death could be accomplished by determining
the assumptions, definition, criterion and tests of death. Determining the assumptions
is a philosophical task in which the concept of death is understood. Therefore, the
concept of ‘brain death’ must involve (a) a definition of death which, under the whole
brain formulation, could be understood as ‘the permanent cessation of functioning of
the organism as a whole’ (b) a criterion of death which is defined as ‘the permanent
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cessation of functioning of the entire brain’ and (c) the tests of death in which two
sets of tests are available for evaluating whether the criteria have been satisfied: (1)
The cardiorespiratory standard (irreversible absence of circulation and respiration)
(2) The neurological standard (presence of coma, documentation of apnea and
absence of the brain stem reflexes—excluding reversible conditions). Therefore,
‘Identifying the definition of death is a philosophical task, the specification of the
appropriate criterion to determine that the definition has been fulfilled is both a
philosophical and medical task while the choice of tests and procedures that show
that the criterion has been satisfied is purely a medical task’.

Since its introduction in 1968, the concept of ‘brain death’ has been criticized by
many investigators.3, 5, 11, 12 The relevant critique of ‘brain death’ concept includes
both definition-criteria and criteria-tests internal inconsistencies. Furthermore, Truog
and Robinson13 have recently pointed out that the concept of ‘brain death’ ‘is
incoherent in that it fails to correspond to any biological or philosophical
understanding of death’.

Definition-criteria inconsistencies
Spinal cord reflexes and automatisms

The criteria for ‘brain death’ determination according to the ad hoc Harvard
Committee were drawn up by Professor Raymond Adams14 and included ‘a permanent
state of complete unreceptivity and complete unresponsivity’, the latter including all
responses, whether brainstem, spinal or cerebral in origin. As a consequence, all
spontaneous movements and elicitable reflexes must be absent in the state of ‘brain
death’.

However, according to current guidelines for the diagnosis of ‘brain death’, the
maintenance of spinal reflexes and other complex (supposedly) spinal responses or
automatisms (for example, Lazarus’ sign), elicited in ‘brain dead’ patients, are not
incompatible with the diagnosis of ‘brain death’.15 It is also thought that the
responses which follow various environmental stimuli are compatible with ‘brain
death’;16 some of these responses have recently been characterized as
semipurposeful, semidirected and relatively coordinated17 and have been observed in
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the absence of hypoxia.18 It is, however, surprising that these ‘reflex automatisms’
have never been described in patients with high cervical spinal injuries.19

We argue, however, that these complex (supposedly) spinal cord reflexes and
automatisms,20, 21, 22 which are elicited in some ‘brain-dead’ patients, are very similar
to some stereotyped movements mediated by the brain stem, such as the rotational
movement of the head (controlled by the interstitial nucleus) and the raising and
flexing movements (controlled by the prestitial and precommissuralis nuclei,
respectively) of the head and body.23 These stereotyped movements are feasible only
when the above nuclei of the mesencephalon and lower diencephalon are functioning.
Therefore, the similarity of these movements to the above-mentioned stereotyped
ones could raise the suspicion that the involved nuclei of the brain stem might be
viable in patients, otherwise diagnosed as ‘brain-dead’.

Current criteria for brain death require ‘the complete cessation of all functions of the
entire brain, including the brain stem’, but do not require cessation of function of the
spinal cord. Many complex movements (such as ‘head rotation, respiratory like
movements, spontaneous movements of limbs—other than pathologic flexion or
extension—tonic neck reflexes, abdominal reflexes) have been described in several
patients diagnosed as ‘brain-dead’.16

Most neurologists claim that these movements originate in the spinal cord, and are
therefore, not inconsistent with the diagnosis of ‘brain death’. Nevertheless, in
patients with complete high cervical cord transection all skeletal muscle reflexes
integrated in the spinal cord are completely blocked in the early phase of the spinal
shock; thus, these patients are generally flaccid for 1–4 days after the lesion of the
spinal cord,24 while according to Guyton and Hall25, skeletal muscle reflexes do not
develop in humans until 2 weeks to several months after spinal cord transection. In
addition, Shewmon26 has recently pointed out that the patients with complete
cessation of function of the brain (including that of the brain stem)—‘brain-dead’
patients—should be physiologically equivalent to patients with complete high cervical
cord transection; therefore, one might expect that ‘brain-dead’ patients should also
be generally flaccid for 1–4 days, as it happens in patients with complete spinal cord
transection.24
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If the brain stem had been dead—as it (supposedly) happens in ‘brain-dead’ patients,
neural pathways would have been completely interrupted; in this case it would be
impossible for the spinal reflexes to emerge in a few hours as it happens in some
‘brain-dead’ patients.27 Therefore, one might conclude that in many ‘brain-dead’
patients the descending neural pathways are not completely interrupted and
consequently the brain stem is not dead.

Thus, according to the above reasoning, the attribution of these complex movements
to purely spinal reflexes and automatisms, may be invalid, invalidating in turn the
clinical diagnosis of ‘brain death’.

The brain as a critical organ

Truog and Robinson13 have pointed out that ‘The most compelling justification for
considering ‘brain-dead’ patients as being dead, is based on the notion that death is
the irreversible loss of functioning of the organism as a whole. The relevant argument
is that the brain is the central organizer of the body and that when the brain can no
longer provide the necessary organizational influence, the body is no longer able to
oppose the entropic forces favoring disintegration’.

The problem with this justification is that, as Shewmon28 has clearly shown, if ‘braindead’ patients are supported during the acute phase of their illness, cardiac arrest is
now not certain. In a particular case, Shewmon has carefully documented prolonged
somatic survival for more than 14 years in a patient with a clearly established
diagnosis of brain death. The autopsy of this case showed that the brain was
destroyed.29 ‘These extreme examples indicate that even if a certain level of
neurologic function is necessary to maintain the functioning of the organism as a
whole, the brain-dead patients are not necessarily below that threshold’.13 Therefore,
recent evidence shows that survival is possible in the environment of modern
Intensive Care Units—and even out of these—despite the fact that the whole brain
seems destroyed, as happened with a series of patients reported by Shewmon.3, 28
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The delivery of healthy infants by ‘brain-dead’ pregnant women up to 107 days after
the diagnosis of ‘brain death’ is a strong argument for the presence of organism-level
integration in the absence of brain function.3

Shewmon3 has also pointed out that the integrative unity of the human body is due to
the mutual, dynamic interaction of its various parts and not to the dominant role of a
critical organ over the sum of the organs and tissues. Accordingly, it is thought that
the human organism is dead only when a supracritical irreversible damage happens
because of which the body losses its inborn capability to oppose entropy.3

The conclusion of the above analysis is that somatic survival is feasible, for various
periods of time, even in the presence of a totally destroyed brain; therefore, the
destruction of the brain cannot be equated with the human death.

The (putative) irreversible loss of consciousness

One of the three cardinal findings and criteria for diagnosing ‘brain death’, according
to the US President's Commission and the 1995 AAN guidelines, is ‘coma’30 (the other
two being absence of brain stem reflexes and apnea) which is synonymous to the
(irreversible) ‘absence of consciousness’—including both of its components: arousal
and content of consciousness.

The content of consciousness includes cognitive and affective mental functions and
whatever one is aware of at the moment (active inner awareness), as well as private
self-conscious experiences, memories and acquired knowledge, which may remain
latent in memory but inactivated.

Most researchers believe that in ‘brain-dead’ patients all cerebral functions—the
consciousness with both its forms included—are lost, because all parts of the brain
are destroyed; nevertheless, none of the tests required to document ‘brain death’
tests for the destruction of the cerebral hemispheres. Concerning the loss of content
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of consciousness (awareness) in ‘brain-dead’ patients, there are no criteria for the
diagnosis of this loss, since consciousness is, by nature, a subjective experience.31

A more compelling argument against even the notion of absence of cerebral functions
is that in the context of brain stem infarction/destruction, which is always part of
brain death, it is impossible to test for any cerebral function by clinical bedside
examination, because the tracts of passage to and from the cerebrum through the
brain stem are destroyed or non-functional.

On the other hand, either the old or the modern confirmatory tests may not be
sensitive enough to exclude minimal flow sufficient to maintain viability of some parts
of the brain in ‘brain-dead’ patients. So, the confirmation of diffuse brain destruction
may not be feasible using confirmatory tests.

Furthermore, in the NIH study of 503 cases involving both coma and apnea (including
146 autopsies for neuropathologic correlation), ‘it was not possible to verify that a
diagnosis made before cardiac arrest by any set or subset of criteria would invariably
correlate with a diffusely destroyed brain’.32

Regarding the cortical destruction—a common characteristic in both the ‘Brain-Dead’
and PVS patients, Shewmon3 comments on PVS patients pointing out: ‘patients with
diffuse cortical destruction do not manifest clinical signs of awareness of self or
environment. But there was no positive evidence that such patients are not inwardly
conscious … mere absence of evidence does not constitute evidence of absence’.

Therefore, according to the above reasoning, the diffuse destruction of the brain
and—by inference—the loss of content of consciousness in ‘brain-dead’ patients may
not be possible to be verified before irreversible cardiac arrest.

Criteria-tests inconsistencies
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A compelling argument against even the notion of ‘absence of cerebral functions’ is
that in the context of brain stem infarction/destruction, which is always part of ‘brain
death’, it is impossible to test for any cerebral function by clinical bedside
examination, because the tracts of passage to and from the cerebrum through the
brain stem are destroyed or nonfunctional.

There is enough evidence from the literature to assert the following in at least some
‘brain-dead’ patients:

(a) The presence of auditory or somatosensory-evoked potentials. Thus, in one ‘braindead’ patient there was preservation of the central auditory pathways for 72 h,33 in
an infant there was only delay in brain stem conduction and intact left median nerve
somatosensory-evoked potential pathways34 and in seven of eleven clinically brain
dead patients there were short latency somatosensory-evoked potentials in central
subcortical afferent pathways.35

(b) The maintenance of real electrocerebral activity in ‘brain-dead’ patients, even in
the absence of measurable cerebral blood flow. According to Grigg et al.,36 the EEG
activity was present in 11 out of 56 patients for a mean of 36.6 h and a maximum of
108 h after diagnosis; nine of the eleven patients had low-voltage β or
EEG activity throughout the observational period. In two of the eleven patients, the
EEG activity resembled that of physiologic sleep.

Furthermore, the continuing EEG activity in ‘brain-dead’ patients for many days even
in the absence of measurable cerebral blood flow17 substantiates that there are
inconsistencies in the tests – criterion relationships.

(c) The uptake of lipophilic radiopharmaceuticals (for example Tc-99m-HMPAO) by
viable cerebral cells. These radiopharmaceuticals are taken up by viable cerebral
cells (either by neurons, glial cells or both) in the cerebrum and or the cerebellum or
in the basal ganglia and in the brain stem.37
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Recently, Kurtec et al.38 studied 23 brain dead patients with Tc99m
Hexamethylpropylene amine oxime scintigraphy and found both cerebral and
cerebellar perfusion, neither cerebral nor cerebellar perfusion, cerebral without
cerebellar perfusion and cerebellar without cerebral perfusion. Clinical examination
criteria, according to these investigators, correctly predicted brain death only 83% of
the time compared with HMPAO scintigraphy.

The afore-mentioned findings, especially the demonstrated posterior fossa
perfusion—which might be interpreted that the brain stem was viable—in brain dead
patients underline additional inconsistencies in applying cerebral blood flow patterns
to confirm ‘brain death’.

(d) The presence of integrated hypothalamic – endocrine functions. Some
investigators argue that the pituitary gland is supplied through extracranial
circulation, so the maintenance of hypophyseal endocrine activity is not inconsistent
with the diagnosis of ‘brain death’.39

Nevertheless, ‘since the hypothalamus is supplied with blood from the circle of Willis
and the hypothalamic nuclei provide both the releasing hormones for the anterior
hypophysis and the hormones to be liberated by the posterior hypophysis, preserved
hypothalamic – hypophyseal function in some patients presumed to be brain dead
cannot be explained by a hypothetical collateral blood flow to the anterior hypophysis
through the inferior hypophyseal arteries arising extradurally from the internal
carotid arteries’.40 Maintaining endocrine activity includes various integrated neuroendocrinic functions—for example, regulation of salt and water balance, as is seen in
high percentage of these patients,11, 41 temperature control, increase of the levels of
growth hormone after intravenous injection of insulin42 in which hypothalamus is
involved in ‘brain-dead’ patients.

(e) The maintenance of some brain stem reflexes and evidence of response to
environmental stimuli. It has been shown that some ‘brain dead’ patients retain the
jaw jerk and snout reflex43 while others manifest facial myokymia19or decerebrate-like
posturing of the upper limbs.44 All these reflexes ‘impl(y) some living neurons in the
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brain stem and are thus not compatible with ‘brain death’ diagnosis.44 It has also
been noted in ‘brain-dead’ patients that ‘reproducible eye opening, but with only a
minimal eyelid elevation barely showing the beginning of an iris in response to
twisting of a nipple. The reflex pathway is not known’.16

Also, during the early stages of organ removal lacrimation is a common
phenomenon.45 According to Gray's Anatomy, ‘Preganglionic fibres probably arise
from a special lacrimatory nucleus in the lower pons … These fibres synapse in the
pterygopalatine ganglion which they leave in one of its branches …, to reach the
lacrimal nerve. Thus they supply secromotor fibres to the gland’.46

Therefore, lacrimation in ‘brain-dead’ patients is an evidence that the lacrimatory
nucleus in the brain stem is viable.

(f) The maintenance of a stable haemodynamic state for a few days in a high
percentage of patients (30–78%),47 depending on the time of examination from the
outset of diagnosis. Although it was pointed out that the stable hemodynamic
state—without pharmacological support—is compatible with the diagnosis of brain
death,15 one wonders whether a stable hemodynamic state could be maintained when
the brain stem is dead.

(g) It is worthwhile noting that in two of the 25 ‘brain-dead’ patients studied by
Mohandas and Chou7—who first suggested that irreversible damage to the brain stem
was the ‘point of no return’ and the diagnosis could be based on clinical
judgment—there were no pathological changes in the brain stem.

(h) The inadequacy of the clinical tests to accurately diagnose necrosis of the brain
stem is further demonstrated by the cases of brain dead infants—diagnosed according
to the current clinical criteria—who survived for weeks or months with residual
function of the brain and the brainstem.34, 48
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Therefore, according to the above arguments, the assumption that all functions of the
entire brain (or those of the brainstem) in ‘brain-dead’ patients—diagnosed according
to all proposed criteria—have ceased, is invalidated. So, we would agree with the
suggestion49 that the concept of ‘brain death’ could be substituted by the more
accurate old term ‘irreversible apneic coma’.

The role of the confirmatory tests in brain death diagnosis
Confirmatory tests are useful in the assessment of the electrical activity of the brain
(electroencephalography and evoked potentials) as well as in the assessment of blood
flow (angiography—classical and digital—radionuclide studies with lipophilic
radiopharmaceuticals and transcranial Doppler sonography).

The role of confirmatory tests in the diagnosis of brain death has recently been
reviewed by Plum17 and Wijdicks.16 Most investigators consider that the diagnosis of
brain death is a clinical one and that confirmatory tests are only useful whenever it is
impossible to perform the relevant clinical tests, when a misleading factor can
interfere with the clinical examination or in children younger than 1 year of age.

Although the practical application is still limited, the planar or SPECT brain scan with
the lipophilic radiopharmaceutical Tc99m-HMPAO which penetrates the intact blood
– brain barrier is perhaps the test with the highest positive predictive value (the
chance of having a disease given a positive test result) in the diagnosis of ‘brain
death’ and has several advantages.37, 38

In a recent study on 20 brain dead patients, the four vessel classic angiography was
performed the same day as SPECT of the brain with Tc99m-HMPAO. This study
showed the reliability and the complete congruence between classic angiography and
the radioisotope study in the demonstration of lack of brain perfusion in 19 out of 20
patients.50
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Angiography, which has traditionally been considered the most accurate test in ‘brain
death’ diagnosis,17 has several drawbacks6 and several studies indirectly suggest that
its positive predictive value in the diagnosis of brain death is not 100%.11, 36 The
specificity of electroencephalography in the diagnosis of brain death is in the order of
90%.16, 17 Transcranial Doppler also has several drawbacks.16, 17 The least specific
method in the diagnosis of ‘brain death’ is evoked potentials.16 Nevertheless, when
brain stem activity is found by BAEPs or SEPs ‘brain death’ diagnosis should be
denied.

Therefore, it follows that no form of neurophysiologic testing currently available has
100% ‘positive predictive value’ (the chance of having a disease given a positive test
result) in the diagnosis of ‘brain death’, which is necessary for the pronouncement of
human death.

Truog and Robinson13 have recently correctly stated that in the absence of a world
consensus on the definition of human death, the whole literature on confirmatory
testing for brain death is incoherent. Nevertheless, one might argue that there is only
one reason—for those who accept the current definition of brain death—for using
‘confirmatory’ testing in patients in deep coma : to prevent misdiagnosis when
clinically unsuspected functions or structural integrity are maintained.

Conclusions
1. Scientific knowledge alone is insufficient in determining the necessary criteria
for the diagnosis of human death, since the definition of death, at the
conceptual level, is a matter of philosophical, religious, legal and policy
choice.
2. The definition-criteria and criteria-tests inconsistencies in many patients who
meet the current clinical criteria for the diagnosis of ‘brain death’ invalidate
this diagnosis. Especially, the new insight presented in this article involves
the interpretation of the so-called spinal reflexes and automatisms; it is
argued that these movements may originate in the brainstem, thus
invalidating the clinical diagnosis of ‘brain death’ in a significant number of
‘brain-dead’ patients.
3. A compelling argument against even the notion of ‘absence of cerebral
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functions’ is that in the context of brain stem infarction/destruction, which is
always part of brain death, it is impossible to test for any cerebral function by
clinical bedside exam, because the tracts of passage to and from the cerebrum
through the brain stem are destroyed or nonfunctional.
4. Not one of the various ‘confirmatory’ tests has the necessary positive
predictive value (100%), for the pronouncement of human death.
Nevertheless, brain SPECT with Tc99m-HMPAO might be proved the most
accurate and specific test in the diagnosis of ‘brain death’. Confirmatory tests,
for the time being, cannot confirm the destruction of every part of the brain or
the irreversible absence of every brain function, but only prevent misdiagnosis
when clinically unsuspected functions or structural integrity are revealed.
Epilogue
Considering all the above, we wonder whether it is time to abandon the concept of
‘brain death’ and return to the traditional lung – heart criteria for the diagnosis of
human death (irreversible cessation of cardiac and lung function).

Although we propose that neither ‘brain death’ nor ‘irreversible apneic coma’ are per
se death, we would agree with the suggestion that the concept of ‘brain death’ could
be substituted by the more accurate old term ‘irreversible apneic coma’. The
expected benefits from the change of terminology and current criteria of ‘brain
death’, would be the avoidance of misinformation and confusion of the public
regarding the concept of human death as well as avoidance of using utilitarian
criteria for its definition.

The main question addressed in this article was whether the concept of ‘brain death’
is still valid. According to the presented arguments, the concept of ‘brain death’ as a
synonymous term with human death (diagnosed according to the criterion of
irreversible cessation of lung and cardiac function) is invalid.

We consider that the interest of the organ transplantation program would be better
served by ‘openness and honesty’. The harvesting of vital organs for transplantation
from patients suffering from ‘irreversible apneic coma’ (an identical clinical condition
to ‘brain death’)—who had already given their informed consent for this purpose at an
unsuspected time—would be socially and morally acceptable in societies which
consider that the autonomy of the person justifies such a donation.
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However, others consider—on philosophical grounds—that they are not justified in
taking their own life for any reason; nevertheless, they would agree with the donation
of one of the paired vital organs or part of a single organ from healthy volunteers or
of whatever organ from donors who are already irreversibly dead (according to the
cardiopulmonary criterion of death) and have given their informed consent at an
earlier time.
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