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We are pleased and grateful for the interest that our work has
elicited in the preceding commentaries, and in the following pages we
present pertinent responses.
Our neurobiological "model" for near-death experiences (NDEs) was
intended to be a preliminary work to be completed or modified by

others, and may be considered a scientific hypothesis rather than a
model. It fulfills the following criteria for scientific hypotheses: it is
formally structured and not semantically empty, it is rooted in pre
vious scientific knowledge, and it can be empirically tested by scien
tific procedures (Bunge, 1979).
This last condition deserves commentary. From the strict scientific
point of view, NDEs could be provoked in some individuals in order to

measure the different biochemical and electrical brain changes corre
lated with them. However, accepted and sound ethical principles do not
permit that. With the current use of noninvasive brain imaging sys
tems, that impediment could be surmounted by the constant monitor
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ing of subjects who spontaneously present in cardiac arrest. In that
sense, Glen Gabbard and Stuart Twemlow's assertion that our model is
too nonspecific to be useful is not valid.

Out hypothesis was constructed in keeping with the scientific
method. In that sense, and considering Patricia Smith Churchland's
statement that "there is a complete absence of any positive evidence
for a non-physical substance, a lack of any genuine explanation of how
the two substances (mind and brain) might interact, and there simply
is no distinctly dualistic methodology or testable theory" (Churchland,
1988, p. 305), we have discarded from our discussion any notions like
astral bodies, souls, mysterious vapors, paranormal entities, karmic
illusions, rebirth, or reincarnation. Melvin Morse raises a very impor
tant problem for the supporters of these beliefs when he points out the
contradiction that "the spirit rises out of the body leaving the brain
behind, but somehow still incorporating neuronal functions such as

sight, hearing, and proprioception."
The use of the scientific method to construct hypotheses contrains
the verbal system so as to exclude personal beliefs and superstitions.
Ernst Rodin's comment on the role of our verbal systems in the con
struction of our hypothesis does not take into account that constraint.
Although like any scientific communication, our paper uses written
language, we believe his commentary is epistemologically erroneous.
Also, our work is not a mere revision or embellishment of previous

works, but a new scientific creative hypothesis (Storr, 1986).
Regarding Rodin's deja vu problems, which can be interpreted in
various interesting ways, we did not cite his paper because we had a
jamais vu problem at that time (Rodin, 1980). We read his paper again
and still consider it to be an essay, neither a model nor a hypothesis. In
contrast, we regard Daniel Carr's pioneering work as a serious scien

tific attempt to explain NDEs in detail (Carr, 1982).
Also, our inclusion in our hypothesis of "epileptic-like" phenomena,
neurotransmitter activity, and the effects of hypoxia is not mixing

concepts, as Russell Noyes objected, but working with different explan
atory levels, an essential aspect of this kind of work. Clearly, we may
formulate scientific hypotheses to explain NDEs that are based on
brain functioning at different levels, including the atomic, molecular,
biochemical, and neurophysiological. From a practical point of view
some of these levels are still not suitable to work with; quantum
mechanical explanations for NDEs are not forthcoming in the near

future, but they are theoretically possible!
In spite of the fact that we presented an operational definition for

NDEs (Greyson and Stevenson, 1980), Noyes demands that we define
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just what we mean by an NDE. It is noteworthy that Richard Blacher
employs several definitions. This touches a central point for the scien
tific investigation of this kind of phenomenon: a formal definition and
diagnostic criteria for NDEs do not exist. While it seems highly neces
sary to design formal and well-structured tests that use stringent
criteria to detect NDEs, this area is in its infancy. The question of
exactly what are the "symptoms" of NDEs has not been unam
biguously answered.
Given their variety and the way they appear grouped in different

studies, we wonder whether all the cases reported as NDEs are such.
The same can be said about out-of-body experiences: some subjects
"feel" as if they were out of their bodies without watching themselves,
others "see" themselves as if from out of their bodies, while still others
see their "double" but do not feel out of their own bodies.
Without strict definitions supported by appropriate experiments, it

seems very difficult to present a complete hypothesis covering abso
lutely all the experiential phenomena described as NDEs. This limita
tion was explicitly stated in our paper. The phenomenological overlap
that NDEs present with other phenomena is not unique; another
example of this phenomenological overlap can be found in an article on
multiple personality and obsessive-compulsive disorder (Ross and An
derson, 1988).
We agree with James McHarg that perceptual alterations, such as
the noises reported in the early stages of NDEs, could arise from other
regions of the brain. We emphasized the organ of Corti involvement to
suggest that even peripheral organs could contribute to NDE phenom
enology. This stresses the fact that NDE symptoms cannot be strictly

localized in specific parts of the brain.
Dysmnesic phenomena are essential to our hypothesis, permitting
the storage of fragmented emotionally important features of the epi
sode by memory mechanisms. Amnesia, by definition, prevents the
recollection of the episode. In any case, McHarg's suggestion that
dysmnesia contributes to the sensation of peace is a very interesting
one, and merits consideration in future refinements of NDE patho

physiology.
Brain stress, a term McHarg found imprecise, could be considered to
be any reversible and sudden change in the brain's normal function
ing. This can be produced by, for example, cardiac arrest, car accidents,
torture, or kidnapping, but not, as Blacher noted, by a bullet passing

one inch away from the subject's head without his or her knowledge!
Stress does not necessarily imply a negative psychological reaction,
like anxiety, or noticeable autonomic changes. On the contrary, some
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stressed subjects can present with mental calmness and relaxation, as
Gabbard and Twemlow noted. With that understanding, we think that

our hypothesis is in agreement with all relevant scientific data.
Regarding Noyes's assertion that if NDEs are abnormal like tempo
ral lobe epilepsy they are therefore "without adaptive potential or
meaning," we suggested only that NDEs arise from the abnormal
functioning of some portions of the brain. Whether or not NDEs have
an adaptive value is beyond the scope of our work. Nevertheless, the
expression "adaptive value" needs to be analyzed. Does schizophrenia

have adaptive value? Does temporal lobe epilepsy? It would seem
better to consider all these conditions as ontogenetic responses to a

given situation.
We think that Noyes also misinterpreted us in regard to anoxia. We

did not say that NDEs, by definition, involved anoxia, but only a
sudden and stressful situation coming from the diminished quantity of
cerebral blood flow and oxygen, or hypoxia. In any case, we do not see
how stress per se can produce anoxia.
We did not localize the focus of all NDE phenomena in the temporal
lobe. We suggested that NDEs correspond to a dysfunction of a cortical
and subcortical system in which limbic structures play a fundamental
role. Gabbard and Twemlow commented that since all mental phenom
ena are connected to limbic structure, the suggestion that NDEs origi

nate in that portion of the brain is of limited heuristic value.
That comment is not correct. On the contrary, limbic structures are
one of two sites of convergence of information from the external world

and the internal milieu. They connect data from the external world
with instinctive drives, acting as a kind of "emotional selection unit"
crucial to the proper balance between instinctive programmed drives

and actual objective situations, providing the adequate motivational
bias. The other site of convergence involves the prefrontal dorsolateral
and basomedial association areas, which also function as a kind of
selection unit for appropriate behavior, integrating the motivational
information coming from high-order heteromodal cortices.

The diverse evidence presented in our paper and elsewhere seems
more related to a dysfunction of the limbic selection unit because of its
importance in stressful and life-threatening situations, which gener
ally involve alterations of consciousness. The prefrontal selection unit
functions in situations with a normal level of consciousness and is
probably more important for the recollection and later verbal descrip
tion of the episode. This simplified scheme has heuristic value and is

not a sweeping generalization because it is rooted in solid functional
and anatomical evidence (Goldman-Rakic, 1984; Mesulam, 1986; Ben
son, 1987).
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We think that the neurological mechanisms we outlined for NDEs,
the verbal system and episodic memory, also explain the contents of
NDEs, which belong for the moment to the psychologcial domain.
Personally, we think that the notion of separate domains makes the

problem

of understanding

human consciousness

more

difficult.

All domains must eventually be integrated with neurophysiological
knowledge.

Gabbard and Twemlow felt that we misinterpreted the conclusions of
Jerome Tobacyk and Thomas Mitchell (1987) to fit our hypothesis. We

suggested that the out-of-body experience (OBE) seemed to correlate
with some personality variables, while Gabbard and Twemlow argued

that Tobacyk and Mitchell did not find any significant differences
among OBE reporters and nonreporters. However, Tobacyk and Mitch
ell wrote that "reporters of out-of-body experiences did show signifi
cantly greater belief in psi, precognition, spiritualism, and witchcraft

than did nonreporters" (Tobacyk and Mitchell, 1987, p. 369). These
findings could mean that cultural bias could lead some OBE reporters
to interpret their "uncommon sensations" as being OBEs.
Carr's comments are very gratifying, but we do not fully agree with
his assertion that complex perceptual processes and illnesses like de
pression, anxiety, and schizophrenia are well understood. In that re

gard, we feel that NDEs, because of their nature, suffer only slightly
more from a lack of understanding. We hope our work has made them a
little more understandable.
Morse's sophisticated contribution helped us very much towards a

further understanding of this complex subject. We believe this kind of
approach is the only way of dealing with the problem, or pseu

doproblem, of brain-mind interaction.
The value of understanding the NDE's biological basis is a very
important issue for the essential question of natural philosophy: what
are the bases of human consciousness? Furthermore, even if the biolog

ical study of NDEs had no practical value, it would be an example of
the essence of science, that is, knowledge per se. Carr's final quotation

from Churchland elegantly summarizes the epistemological value of
our work in making sense of ourselves.
Blacher's comparison between NDEs and dreaming is very stimulat
ing. In this regard, we may note that some subjects report phenome
nological descriptions of episodes occurring during rapid eye move
ment (REM) sleep that are almost identical to NDEs (Van Eeden,
1913). Whether or not NDE-like phenomena in REM sleep can be
integrated into our hypothesis is a question that must still await an
answer. Still, during REM sleep there are conspicuous changes in some
neuromodulators such as cortisol, acetylcholine, and growth hormone
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(Weitzman, 1982; Gillin, Sitaram, and Mendelson, 1982). REM sleep
could be considered as a kind of weak physiological brain stress, in
contrast to the normal waking state.
Rodin's scientific observations necessitate several comments. First,
the fact that he never came across NDE phenomenology in epileptic
patients is in complete agreement with our hypothesis. NDErs have a
previously functionally intact brain, which is not the case with epilep
tic subjects. This difference also explains why electrical stimulation of
the brains of epileptic patients fails to produce a full NDE.

Second, in relation to occipital lobe discharges, Rodin confuses the
physiophathology and phenomenology of classical migraine with the
physiopathology of epilepsy. Third, there is a difference between epi
leptic seizure discharges and epileptiform activity.
Fourth, Rodin's own assertion that "whatever goes on in the blood in
regard to ACTH or endogenous opiates may bear very little relation to
what happens in discrete areas of the brain," renders irrelevant his

discussion of the work of Dennis Kelly and of Crawford Clark, Joseph
Yang, and Malvin Janal.
Fifth, we suggest that rats cannot hallucinate or have NDEs as
humans do because their brain organization is very different. For
example, it has shown that a novel class of acetylcholinesterase-rich
neurons represents a unique human adaptation and provides the neu
roanatomical substrate for human mental phenomena (Mesulam and
Geula, 1988). Also, the unique organization of the human prefrontal

lobe is not shared by rats (Goldman-Rakic, 1984, 1988).
Sixth, Rodin's doubts about the appearance of hallucinations follow
ing an acute decrease of acetylcholine levels, such as following a
central acetylcholinergic blocking agent, are not shared by others

working in this area. His example of Alzheimer's disease is marginal
because that disease arises gradually and acetylcholine is not the only
neurotransmitter involved.
Seventh, the cerebellar involvement in anoxia is unrelated to our
discussion, and eighth, the notion that neurophysiology and neuro

chemistry give isolated insights does not necessarily lead to specula
tions. In relation to will and free will, we suggest the reading of a
fundamental

paper by Benjamin

Libet, Curtis

Gleason,

Elwood

Wright, and Dennis Pearl (1983).
Finally, it seems necessary now to include the possible role of sigma
and excitatory aminoacid receptors (kainate, quisqualate, and gluta
mate) in NDE phenomenology. Sigma receptors are involved in a
variety of mental disturbances, such as hallucinations and psychotic

ideation (Saavedra-Aguilar, Morales-Lagos, and G6mez-Jeria, 1989).
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On the other hand, psychological stress leads to an increase in plasma
levels of some steroids such as cortisol and corticosterone, which in

crease dopaminergic activity (Meyerhoff, Oleshansky, and Mougey,
1988; Wolkowitz, Sutton, Koulu, Labarca, Wilkinson, Doran, Hauger,
Pickar, and Crawley, 1986). Since sigma receptors have high affinity
for some steroids, they could play a role in some stress-induced mental
phenomena like NDEs (Su, London, and Jaffe, 1988).
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