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Editor's Foreword
In this issue of the Journal we again present a controversial lead
article along with several commentaries from different perspectives.

Our two previous experiments with that format, focusing on a cross
cultural counseling approach to near-death experiencers (the Fall 1987
issue), and on a biophysicochemical hypothesis of postmortem survival
based on electromagnetic radiation at the point of death (the Winter
1987 issue), generated considerable controversy.
The current issue centers on a neurobiological model for near-death
experiences, proposed by two neuroscientists, Juan C. Saavedra

Aguilar and Juan S. Gomez-Jeria. Their ambitious hypothesis at
tempts to explain near-death phenomena in terms of temporal lobe
dysfunction, hypoxia, psychological stress, and neurotransmitter
changes, as modulated by the human memory and language systems.
That lead article is followed by commentaries by several scientists
who have published widely on near-death experiences and their possi
ble link to neurotransmitters and the temporal lobe: psychiatrists
Vernon Neppe, James McHarg, Russell Noyes, Richard Blacher, and
Glen Gabbard and Stuart Twemlow; neuropeptide researcher Daniel
Carr; psychologist Michael Persinger; neurologist Ernst Rodin; and
pediatrician Melvin Morse. These critiques raise vital questions not
only about neurobiological considerations in near-death research, but

also about the philosophical and epistemological implications of such
models.
Finally, in their closing response to these commentaries, Saavedra
Aguilar and G6mez-Jeria answer some of those questions and summa
rize those areas that remain unanswerable at the present. They intend
to comment further on the extensive critiques of their model by Neppe
and Persinger in a future issue of the Journal.
The neurobiological approach to near-death studies has been long on
speculation but short on empirical evidence. We hope this presentation
of the state of the art will encourage neuroscientists to pursue research

in this field.
Bruce Greyson, M.D.
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A Neurobiological Model
for Near-Death Experiences
Juan C. Saavedra-Aguilar, M.D.

Juan S. G6mez-Jeria, Lic.Q.
University of Chile

ABSTRACT: The authors present a neurobiological model for near-death
experiences (NDEs) in an attempt to correlate the biological and psychological
domains. This model is based on temporal lobe dysfunction, hypoxialischemia,
stress, and neuropeptide/neurotransmitter imbalance. They describe and dis
cuss the fundamental contribution of the language system in the construction
of verbal reports of NDEs. This model could be seen as a complement to other
explanatory domains.

The phenomenology of near-death experiences (NDEs) has been de
scribed by several authors (Greyson, 1981, 1983a, 1983b, 1985; Grey
son and Stevenson, 1980; Grosso, 1981, Pasricha and Stevenson, 1980;
Sabom, 1982; Sabom and Kreutziger, 1977a). Attempts to explain the
NDE range from metaphysical explanations (Sabom and Kreutziger,

1977a) to psychodynamic ones (Greyson, 1983). These correspond to
different levels of explanation, each one valid only in its own domain.
In this paper, we restrict ourselves to the neurobiological level of
explanation.

The authors acknowledge financial support for this work from the University of Chile
(DTI Project Q-2442) and FONDECYT (Project 1111-1988).
Dr. Saavedra-Aguilar is Assistant Professor in the Department of Neurological Sci
ences in the Faculty of Medicine, University of Chile. Lic. G6mez-Jeria is Assistant
Professor in the Faculty of Sciences at the University of Chile. Requests for reprints
should be addressed to Dr. Saavedra-Aguilar at the Universidad de Chile, Facultad de
Medicina, Departamento de Ciencias Neurologicas, Av. Jose Miguel Infante 555, San
tiago, Chile; or to Lic. G6mez-Jeria at the Universidad de Chile, Facultad de Ciencias,
Departamento de Quimica, Casilla 653, Santiago, Chile.
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Temporal lobe dysfunction and endorphins have been proposed to
play a role in NDEs (Carr, 1981, 1982). Since that hypothesis was
developed a decade ago, the neurosciences have undergone an impres

sive development. Thus, it would be interesting to integrate recent
relevant data into a coherent and up-to-date NDE model. The object of
this paper is to provide a neurophysiological NDE model, based mainly
on temporal lobe dysfunction, but also including some recent develop
ments, such as stress-induced release of neuropeptides and other neu
rotransmitters. A more general objective will be to use this model as an

example of how neurosciences and psychology can be correlated.

The Phenomenology of Near-Death Experiences
NDEs are defined as the mental experiences "reported by people who
have been seriously injured or ill but unexpectedly recovered and by

people who had anticipated imminent death in potentially fatal situa
tions but escaped uninjured" (Greyson and Stevenson, 1980, p. 1193).
Some of the main experiential components of NDEs are (Gabbard,
Twemlow, and Jones, 1981; Greyson, 1983; Greyson and Stevenson,
1980; Sabom and Kreutziger, 1977a).
(1) hearing noises during the early stages of the experience;
(2) a strong emotional feeling, in about half the cases, the re

ported feeling being one of positive affect, with euphoria,
bliss, peacefulness, with little cognitive content, preceding
any life review or other visions;
(3) the out-of-body experience (OBE), in which the subject reports
seeing his or her own body, commonly from above, or feels as

if he or she is "leaving" the body;
(4) the tunnel experience, in which the subject feels as if he or she
is passing through a dark enclosed space, often surrounded by
strange sounds, and feels pulled towards a bright light;
(5) encounters with unearthly beings (beings of light, religious

figures, deceased and living acquaintances, etc.) and pan
oramic realms;
(6) the life review, in which there is a more or less complete
awareness of past events, the mnesic experience appearing
most commonly all at once rather than in a certain sequence;
(7) unusual visual and sensory phenomena such as lights, auras,
colors, figures, and unusual somatic, auditory, olfactory, and
gustatory phenomena; and
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(8) distortion of the sense of time, in the majority of cases, time
seeming to pass more slowly.
A relevant question is whether NDEs occur only to those people who
really were near death, or to those in other situations as well. Bruce
Greyson and Ian Stevenson (1980) reported that NDEs in their study
were precipitated by medical illness (40%), traumatic injury (37%),
surgical operation (13%), childbirth (7%), and drug ingestion (4%).
Moreover, 47% of their subjects reported some kind of drug or alcohol

ingestion the day of the experience. Therefore, being really near death
does not appear to be a necessary condition to having an NDE. Nev
ertheless, a common characteristic of those subjects was that they were
in a stressful situation. On the other hand, NDEs do not appear to be
extremely uncommon; Michael Sabom and Sarah Kreutziger (1977b)
found them in 51% of illness and accident victims.
Kenneth Ring (1980) considered NDEs as unfolding in a five-stage

temporal sequence: a feeling of peace and contentment, an OBE, enter
ing a world of darkness, the appearance of a brilliant light, and the
experience of "entering the light." The percentage of subjects experi
encing these different stages ranged from 60% for the first stage to 10%
for the last one.

Neuropathophysiological Correlations
Temporal Lobe Epilepsy and NDEs
Temporal lobe epilepsy (TLE) is the generic term applied to seizures
that begin not only in the temporal lobe, but also in limbic structures
like the amygdala, the hippocampus, the insula, the orbitofrontal
cortex, and the cingulate gyrus. The mental phenomena manifested

during TLE seizures and electrical stimulation of the brain are vari
able, appearing in different combinations, and can be classified as
(Taylor and Lochery, 1987; Hausser-Haw and Bancaud, 1987; Schenk

and Bear, 1981; Halgren, Walter, Cherlow, and Crandall, 1978; Gloor,
Olivier, Quesney, Andermann, and Horowitz, 1982; Mesulam, 1981,
1986; Penfield, 1955; Frederiks, 1985, Critchley, 1979):
(1) somatosensory phenomena, such as focal pain, tingling,
cramps, tickling, and burning;
(2) motor phenomena, such as complex automatisms, localized
twitches, tremors, and lipsmacking;
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(3) autonomic phenomena, such as nausea, blurred vision, short

ness of breath, rising or sinking feelings, and vertigo;
(4) hallucinations or illusions in virtually all sensory modalities,
including visual phenomena such as geometric shapes,
distorted color perception, fully formed complex images,
mythological presences, metamorphopsia, micropsia, and
macropsia;

(5) emotions, such as anxiety, forced negative mental content,
sadness,

depression,

peacefulness,

serenity, fear, hunger,

panic, and guilt; and
(6) and experiences, such as memory flashbacks, ideas or feelings

of a presence, dejaz vu, dedj vegu, depersonalization, illusions
of possession,

multiple personality, mind/body dissociation,

autoscopy, out-of-body experiences, jamais vu, strange and
ineffable mental feelings, faraway and cosmic feelings, fugue

episodes, and distortions of time and space.
This impressive variability is due to the complex functional and
anatomical structures involved in the origin and propagation of
the seizure. Limbic structures have extended connections with sen
sory association areas. Cortical information from frontal and temporal
association areas converges onto the entorhinal and perirhinal
cortices. The amygdala also projects to these areas, from which the
perforant path into the hippocampus arises. Another important input
to the entorhinal area comes from the presubiculum, which, in turn,

receives input from the parietal lobe and the cingulate cortex, thus
providing another form of extrinsic afferent input to the entorhinal
cortex.

The hippocampus projects to the entorhinal cortex, from which the
efferents to the neocortex arise. The amygdala receives direct efferents
from unimodal and polymodal sensory association cortices, and pro
jects back to sensory association areas, as well as to most other areas of
the cortex. The hippocampal formation receives direct neocortical in
put only from the multimodal posterior parahippocampal gyrus, while
input from the sensory association areas, which project directly to the
amygdala, reach the hippocampus only after a relay in the entorhinal
cortex (Isaacson, 1982; Seifert, 1983; Mesulam, 1986; Saunders,
Rosene, and van Hoesen, 1988; Saunders and Rosene, 1988).

This complex network clearly shows that the amygdala, the hippo
campal formation, and the entorhinal areas are directly or indirectly
connected to association areas, thus providing the anatomical basis for
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the polymodal processing of information coming from sensory, motor,
and subcortical areas of the brain. Therefore, these limbic structures
seem to play a pivotal role in perception, memory, attention, emotion,

motor, and autonomic functions.
Several factors that account for the variability of TLE phenomenol
ogy are also relevant for NDEs within our model. First, one of the
functions of the limbic system is to encode the subject's personal biog
raphy in episodic memory (Gloor, 1982; Gloor, Olivier, Quesney, An
dermann, and Horowitz, 1982; Tulving, 1987). Therefore, limbic tem
poral lobe discharges should reflect individual past experiences.
Second, the aura pattern of TLE seizures can be dependent upon the
actual mental state (Rayport and Ferguson, 1974).
Third, the origin of the seizure and the spread of the afterdischarge
can vary from subject to subject and from time to time (Wieser, 1983).
This possibility is supported by experimental studies on gustatory

hallucinations during epileptic seizures, showing that these hallucina
tions appear only when the afterdischarge propagates to the opercular
region (Hausser-Hauw and Bancaud, 1987). Fourth, it is difficult to
determine "whether the patient's verbal report represents a suffi
ciently accurate description of what he or she actually experiences, or

whether a rather vague sensation is being elaborated on" (Gloor, Ol
ivier, Quesney, Andermann, and Horowitz, 1982, p. 141). We will
discuss this important aspect later.
Fifth, it has been shown that amnesia occurring during medial tem

poral lobe paroxysms can be highly variable, ranging from near
normal memory to complete amnesia, implying recall of different types
of mental phenomena by different individuals (Halgren and Wilson,

1985). Also, it is known that the quantity of firing neurons correlates
well with the different clinical manifestations of the seizure (Babb,
Wilson, and Isokawa-Akesson, 1987). Furthermore, it has been noted
that experiential, autonomic, emotional, and dissociative phenomena
are more commonly associated with right hemisphere seizures (Gupta,

Jeavons, Hughes, and Covanis, 1983; Mesulam, 1986; Schenk and
Bear, 1981).
It bears stressing that the list of the mental phenomena seen in TLE
and stereotaxic electrical stimulation of the temporal lobe includes all
the NDE phenomenology. Therefore, if NDEs share some characteris
tics of TLE phenomena, it does not appear too far-reaching that they
may also share some common pathophysiological mechanisms. The
question that arises is how that abnormal brain functioning comes
about in NDEs.
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Neuropeptides, Neurotransmitters, and NDEs

There is extensive evidence that some endogenous opioid peptides
play a fundamental role in the regulation of excitability of the hippo
campus. Leu-5-enkephalin and met-5-enkephalin have excitatory ac
tions in the hippocampal pyramidal cells, especially in the CA1 field,
and (3-endorphin has a naloxone-reversible seizurogenic effect
(McGinty, Kanamatsu, Obio, and Hong, 1986), while its intraventricu

lar administration can induce nonconvulsive epileptogenic actions on
the spontaneous electroencephalographic pattern of rats, especially
from limbic areas. These effects occur at doses with no analgesic effects
(Henriksen, Bloom, McCoy, Ling, and Guillemin, 1978). In any case,

opioid peptides can alter seizure sensitivity to different stimuli proba
bly through indirect effects on cholinergic, monoaminergic, and am

inoacidergic functions of the limbic system (Gellman and McNamara,
1984; Woodbury, 1984). In the rat hippocampus, opioids appear to act
via a disinhibitory mechanism in the dentate gyrus and in the CA1
field, probably on inhibitory y-aminobutyric acid (GABA) interneurons

(Neumaier, Mailheau, and Chavkin, 1988).
These findings support the idea that changes in the normal balance
of neuropeptides and neurotransmitters could contribute to abnormal

limbic activity. It has also been shown that, during moderate stress
and brain trauma, there is a liberation of endogenous peptides (Kelly,
1982; McIntosh, Fernyak, and Faden, 1986; Brooks, Burrin, Cheetaw,
Hall, Yeo, and Williams 1988), which could explain the appearance of
hallucinations in stressful situations in alert, nonpsychotic patients

(Modai and Cygielman, 1986).
Therefore, in the stressful situation that always accompanies the

NDE, there is a possibility of endogenous peptide liberation resulting
in alterations of limbic activity (Leitner, 1984). This mechanism may
contribute by itself to the NDE mechanism; we will discuss below its

link to hypoxia/ischemia. If endogenous peptide-induced changes in
limbic activity do play a role in NDEs, then we could expect similar
phenomena during situations of extreme psychological stress, such as
kidnapping, torture, or panic attacks.
Clinical evidence supporting the role of endorphins in NDEs comes
from I. R. Judson and E. Wiltshaw's (1983) observations of a man found
comatose and requiring intensive treatment that ended with an intra
venous dose of naloxone. Within a minute he awoke in an agitated
state, and later reported an NDE-like experience that apparently was
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interrupted by the naloxone, suggesting that the experience may have
been mediated by opioid peptides.
This limbic epileptogenic mechanism does not exclude the possibility
of additional mechanisms, such as serotonin dysfunction, that have
been suggested to have a role in the action of some hallucinogenic
drugs (Glennon, 1985). In any case, NDE-like phenomena have been
reported under the influence of LSD, hashish, and ketamine, support
ing the possible involvement of various neurotransmitter systems

(Siegel and Hirschman, 1984; Rogo, 1984; Siegel, 1980).

Hypoxia/ischemia and NDEs
It can be assumed that in NDEs, by definition, individuals are in a
sudden and stressful situation with diminished cerebral blood flow and
oxygen. This state may produce limbic discharges by at least two

mechanisms: hypoxia/ischemia directly inducing limbic neuronal de
polarization and discharge, and endogenous discharge of neuro
transmitters, including neuropeptides, triggered by stress. In relation
to the first possibility, it is known that one of the most sensitive targets
of oxygen deprivation is the hippocampus and its related structures
(Siesjo and Wieloch, 1986). Among hippocampal pyramidal cells, those

in the CA1 field are most vulnerable to hypoxia (Plum and Pulsinelly,
1986). In vitro studies of CA1 cells during hypoxia in rats showed that
evoked inhibitory postsynaptic potentials were abolished within 3 min
utes of hypoxic exposure, while evoked excitatory postsynaptic poten
tials were maintained for about 20 minutes, and neural spikes elicited
by depolarization were preserved (Fujiwara, Higashi, Shimoji, and

Yoshimura, 1987). Thus, the balance between excitatory and inhibi
tory synapses is altered during hypoxia. Furthermore, it has been
proposed that this balance, mediated by GABA and N-methyl
D-aspartate (NMDA) receptors, modulates the normal excitability of

hippocampal cells (Dingledine, Hynes, and King, 1986). Since it is
known that during hypoxia/ischemia there is a release of an excitatory

aminoacid that activates the NMDA receptor (Fagg, 1985), hypoxia/
ischemia could induce direct abnormal discharges in hippocampal cells
during an NDE. Hypoxia also lowers acetylcholine levels in the brain
(Gibson and Blaas, 1979), which might also contribute to NDE phe
nomenology if we accept that such a decrease is associated with hallu
cinations, delirium, dreams, amnesia, and analgesia (Hong, Woo, Suh,

Park, and Lee, 1987).
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A Pathophysiological Model for NDEs
Considering all the elements presented above, we suggest the follow

ing temporal pattern for the mechanism giving rise to NDEs:
(1) a traumatic event, such as cardiac arrest, surgery, trauma, or
illness;
(2) appearance of brain stress;
(3) release of neuropeptides and/or neurotransmitters;
(4) decrease in oxygen tension in the brain, affecting mainly
limbic structures;
(5) abnormal excitation of target tissues;
(6) epileptiform discharges in the hippocampus and amygdala;

(7) afterdischarges propagating through limbic connections (the
fornix, septal areas, hypothalamus, entorhinal areas, and neo
cortical areas) towards more distant regions; and

(8) a recovery process, involving a rise in the rate of firing of
inhibitory neurons, release of GABA, increase in oxygen ten
sion, and energetic recovery.

Of course, this model is a general one, and the actual contribution of
each of these factors in a given case could vary and be influenced by the

individual's previous biological and psychological structure. For exam
ple, in one case hypoxia/ischemia may be the main factor inducing
epileptogenic discharges, with minor contribution from neuropeptide

release, while in another case there may be a significant contribution
from neurotransmitters and neuropeptides. At any rate, this temporal
pattern cannot last more than about 7-10 minutes before irreversible

brain damage and associated clinical deficits will occur.
Several temporal biological/experiential correlations for NDEs,
based on the above model, are presented in Figure 1:

(1) The traumatic event does not appear to be correlated with
specific NDE experiential phenomena, and in general induces

a variable alteration in consciousness.
(2) In the stage of brain stress and hypoxia/ischemia, there is
vasoconstriction and consequent reduction of blood supply to
sensory organs, probably mediated by sympathetic adrenergic
neurons, although changes in the release of vasopressin by

the pituitary cannot be excluded (Clark, Yang, and Janal,
1984). It is highly probable that the decrease in blood flow
could induce discharges in the cells of the organ of Corti,
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PSYCHOLOGICAL DOMINION
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producing the noises reported in the early stages of the
experience.
(3) Stress-induced release of f3-endorphin and/or other neuropep

tides is correlated with euphoria, analgesia, and long-lasting
detachment, probably through an action at the and b recep
tors located in limbic structures, such as the nucleus accum

bens, amygdala,

and hippocampus

(Kelly,

1982; Hiller,

Itzhak, and Simon, 1986; McLean, Rothman, and Herken

ham, 1986).
(4) The common final pathway of both hypoxia/ischemia and

endogenous peptide release is epileptiform activity in the
hippocampus and other limbic structures, producing a life
review and complex visual hallucinations. As is well known,
some portions of the limbic system, like the hippocampus and

the amygdala (Mishkin and Appenzeller, 1987), play an im
portant role in the normal retrieval of stored information.
This episodic memory enables people to remember personal
experiences from the past (Tulving, 1987), and is clearly dif
ferent from the other major types of long-term memory that
permit the individual to have a knowledge of the world. The
life review in the NDE can be understood as an abnormal
retrieval of episodic memory contents by the dysfunctional
limbic areas. In contrasting personal episodic memory con

tents to other memories, William James (1890) wrote that
"the former have a warmth and intimacy about them of which

the latter are completely devoid" (p. 331), which clearly im
plies that episodic memory has a high emotional content.
Moreover, given that limbic system structures have been as

sociated with only episodic memory, it is not strange that
dysfunctions at this level can only produce episodic memory
disturbances. Out-of-body experiences (OBEs), which appear
frequently in TLE (Frederiks, 1969), can be considered

as being complex visual hallucinations, which have been
correlated with electrical stimulation of the amygdala and
the hippocampal formation (Halgren, Walter, Cherlow, and
Crandall, 1978; Gloor, Olivier, Quesney, Andermann, and
Horowitz, 1982). There are two facts to be considered. First, it
is probable that the release of endorphins facilitates OBEs
because of the analgesia and detachment, including a de
crease in the body's awareness. Second, OBEs seem to corre

late with personality variables like absorption, imagination,
introversion, internal locus of control, and narcissistic person-
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ality (Lukianowicz, 1958; Tobacyk and Mitchell, 1987). In this
kind of individual, it may be assumed that the mnesic image
of the body is motivationally very important, and that, in the

state induced by opioids, his or her own body could be a
frequent category of complex visual hallucination. It is note
worthy to comment that in mnesic imagery of past events, the

individual always see himself or herself from a "bird's-eye
view" and does not have the actual somesthetic, visual, and
auditory perception as in the actual episode.

(5) Afterdischarges propagate and induce several types of com
plex visual hallucinations, such as tunnel experiences, en
counters with unearthly beings, religious figures, auras, and
colors. Their spread to primary visual areas could induce
simple visual hallucinations, like the brilliant lights reported
in NDEs. Interestingly, that light seems to appear toward the
end of the experience, suggesting that more distant cortical

areas are recruited in the abnormal discharge. It is also possi
ble that complex visual hallucinations could be induced di
rectly through opioid psychotomimetic actions at kappa recep
tors and/or, eventually, through serotonergic, acetylcholin
ergic, and aminoacidergic mechanisms.
Other phenomena, such as alteration in temporal perception, can be
understood by taking into account verbal mechanisms. Some authors,
such as Robert Efron (1963), have suggested that linguistic mecha
nisms in the dominant hemisphere are important for normal time
perception. In NDEs, as in other stressful situations like accidents and
ingestion of hallucinogenic drugs (Masters and Houston, 1967), emo

tional self-preserving mechanisms dominate. That dominance, with
obvious adaptive importance, might take precedence over linguistic
mechanisms, producing alterations in time perception.
An important aspect that must be taken into account is the degree to
which consciousness is involved in NDEs. The definition of conscious
ness is a rather complex subject (Saavedra-Aguilar and G6mez-Jeria,

1987; Caplan, 1986; Zimberg, 1977). Nevertheless, the first point to
consider is that from the moment that the individual reports his or her

experience, it is clear that it has been stored in the episodic memory,
probably in a fragmented way. From memory experiments we know

that affectively laden experiences are more easily remembered (Mes
ulam, 1986). Given that in NDEs the emotional components are sup
posed to be maximally active, the storage of part or all of the experi
ence by memory mechanisms will be facilitated.
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Moreover, split-brain experiments support the idea that the verbal
system can integrate emotions, perceptions, and memory traces in its

own terms that are based on the individual's previous beliefs (Gaz
zaniga, 1985). One fundamental function of the verbal system appears
to be the construction of logical, coherent, and explicative hypotheses
based on the functioning of other cognitive and emotional systems.
These hypotheses can sometimes be completely erroneous, but they are
taken as absolute truth.
This explains the theory of cognitive dissonance, which states that

when a person's beliefs, opinions, or attitudes are in disagreement as a
consequence of that individual's freely produced behavior, a state of
dissonance occurs. Cognition prior to the behavior is in conflict with
the actual behavior. The organism does not allow that state of disso
nance. Consonance is required, and is usually achieved by a verbal
change in the prior value or belief. Within this view, it is the verbal
system that is the final arbiter of our multiple mental systems (Gaz

zaniga and LeDoux, 1985).
This hypothesis supports the view that the actual NDE is later
reconstructed in verbal terms in order to meet the individual's set
of beliefs and previous cultural background, giving rise to another
source of personal variability of the experience (see, for example,
Abramovitch, 1988). A clear example of this variability is the trans

cultural comparison of NDE reports among Americans and Indians by
Satwant Pasricha and Ian Stevenson (1986). In their study, 62% of the
Indians were "sent back" because of "mistake," compared to none of the
American cases, while 81% of the Indian respondents were brought
back from "other realms" by "messengers," again compared to none of
the Americans.
Encounters with religious unearthly beings and the report that some
of the respondents were ordered "to come back to life" by sacred figures
(e.g., Jesus Christ), can be understood in terms of another posterior,
logical, and culturally based recollection provided by the linguistic
brain (Gazzaniga, 1985). Other situations in which posterior verbal

reports do not necessarily convey the exact experience are certain
epileptic

experiences

(Gloor,

Olivier,

Quesney,

Andermann,

and

Horowitz, 1982), "mystical states" (Almond, 1982), the use of hallu
cinogenic drugs (Naranjo, 1973), shamanism (Eliade, 1960), dreams
(Webb and Cartwright, 1978), and transcendental experiences (Kissin,

1986).
Seeing and hearing physically present persons (such as doctors and

nurses) while apparently unconscious, later verified as being accurate,
can be explained by assuming that before and after the episode the
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individual perceived a fragmentary reality (for example, somebody's
face or the color of a dress), and later the verbal system provided a
more or less logical and coherent report.

Discussion
We have presented a neurobiological explanation for NDEs that is
based on their striking similarity to temporal lobe epilepsy. We are not
saying that the NDE is a variety of TLE, but that its phenomenology
arises from the abnormal functioning of similar portions of the central
nervous system.
In a more general way, this model tries to answer the fundamental
question of whether neurosciences and psychiatry are reconcilable
(Pardes, 1986). The constraints imposed by each of these disciplines
upon the other seem to be the only formal way to provide a solid

scientific bridge between them. That implies that explanations or
theories in the psychological domain that can be correlated with the
state of the art of neurosciences will give the expected union.
Other functional explanations for NDEs are certainly possible, and
the above model is merely an attempt to offer an initial and solid model
for this phenomenon. Of course, while this model is in agreement with

all existing relevant scientific evidence, it must be subjected to ongo
ing scientific testing of the most rigorous kind.
A very important point to stress is the origin of near-death experi
ences. Contrary to TLE, in which we are in the presence of a localized
epileptic focus, the conditions leading to an NDE are multiple and
variable. Whether or not all NDEs may be explained within a single

model is a question that cannot yet be answered. What this model
attempts to do is to provide the cerebral bases that are necessary to the
mental experiences that occur in NDEs, and which, like other mental
phenomena, occur in the domain of linguistic interactions among hu
man beings. In that sense, our model is not a linear reductionist one.
Another point to comment on is why temporal lobe epilepsy phenom
enology differs from NDE phenomenology. It is well known that in

TLE, structural damage to limbic structures, like mesial sclerosis and
malformations, is the basis of the condition. Thus the normal connec
tions of the limbic system are disrupted, and the abnormal discharges
would not be expected to propagate as they do in persons with epilep

tiform discharges in a structurally intact limbic system, as in NDEs.
On the other hand, it appears necessary to comment on why not all
individuals under life-threatening situations have NDEs. As we stated
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above, NDEs are found in a high proportion of persons in that situa
tion. Those who do not report NDEs can be assumed to differ in their

genetic epileptogenic predisposition, functional differences (for exam
ple, less endorphin production under stress), degree of consciousness
involvement, and/or capacity to reconstruct verbally a coherent history
of the experience.

A point deserving further research is the similarity between NDE
phenomenology and some kind of dreams (Van Eeden, 1969). During
dream states there is a specific pattern of neuronal activity in the

hippocampus and amygdala (Ravagnati, Halgren, Babb, and Crandall,
1977), suggesting again that limbic structures are involved in experi
ential mental phenomena.

Tradition weighs heavily in the adoption or rejection of models. In
the case of NDEs, where strong religious elements appear coupled to
hallucinatory and somesthetic phenomena, the temptation appears to
consider models rooted in previous beliefs (for example, astral body
explanations), without firm foundations in the light of present knowl
edge. Recent neurological analysis of some religious events, such as
visionary

experiences

from written medieval

sources (Kroll

and

Bachrach, 1982), and St. Paul's ecstatic visions (Landsborough, 1987)
and sacred painting (Janz, 1987), which seem to correlate well with

epileptic phenomenology, suggest that we are on the right path in
separating physical elements from metaphysical ones.
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Comments On "A Neurobiological
Model For Near-Death Experiences"
Melvin L. Morse, M.D.
Children's Orthopedic Hospital, Seattle, WA

Everyone now knows how to find the meaning of life within himself.
But ... less than a century ago, men and women did not have access
to the puzzle boxes within themselves. They could not name even one
of the fifty-three portals to the soul. (Vonnegut, 1959, p. 7)
Juan C. Saavedra-Aguilar and Juan S. G6mez-Jeria present a neuro
physiological explanation of near-death experiences (NDEs) based on

temporal lobe dysfunction and stimulation of the hippocampus and
related limbic structures by endogenous endorphins released at the
moment of death. Their hypothesis hinges on clinical similarities be
tween temporal lobe seizures and NDEs. Presumably, the stress of
dying would trigger endorphin release, which would lower the seizure
threshold within the temporal lobe and trigger agonal seizures of a
mystical nature. This theory was first outlined by Daniel Carr (1982),
in this journal.
Previously, my colleagues and I proposed a similar model, based also
on neuronal pathways connecting the temporal lobe, the hippocampus,
and related limbic lobe structures (Morse, Castillo, Venecia, Milstein,
and Tyler, 1986). Our model is based on the neurotransmitter se
rotonin, rather than endorphins, and attempts to integrate all clinical
factors known to trigger out-of-body states and mystical hallucina
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tions, including emotional stress, lysergic acid (LSD), ketamine, tem
poral lobe seizures, and the dying process itself.

Our study of acidotic and hypoxic children treated with opiates
demonstrated that narcotics do not cause NDE-like hallucinations
(Morse, Castillo, Venecia, Milstein, and Tyler, 1986). That clinical
evidence, coupled with admittedly scanty evidence that LSD, ket
amine, and emotional stress could possibly be linked by common se
rotoninergic pathways, led to our speculating that serotonin could be a
neuropeptide "portal of the soul," rather than endorphins.

Regardless of which neurotransmitter ultimately proves to be in
volved in NDEs, it is exciting that research groups around the world
are starting to think about the neurochemistry of consciousness. The
recent discoveries of complex neurotransmitters within the brain has
shed new light on the complex processes of emotion and consciousness.
Our previous assumptions of mind/brain processes are based on out
dated theoretical constructs of brain function, and simplistic notions of
consciousness and the mind.
For thousands of years, Aristotle's view of the brain as a large air
conditioner for the bloodstream held sway, and the soul was thought to
be located in the heart. The medieval anatomists searched for the Bone
of Luz, thought to represent the indestructible nucleus of the body,
from which the body was to be resurrected. In the early 1800s, Franz

Joseph Gall proposed that specific mental functions could be related to
neuroanatomical structures, and the modern era of neuroanatomy

began (Gall and Spurzheim, 1810-1819).
Since that time, neurologists have been occupied with histopathology
and neuroanatomy. The brain has been dissected in glorious detail,
and electrical stimulation studies have been used to document neural
connections cleanly within the brain. Our understanding of the brain
has closely mimicked our own technology. With the invention and
widespread use of the telephone came the telephone cable connection
concept of the brain, and the use of lobotomies to sever those connec

tions. Then the brain was compared to a giant computer, a giant
adding machine, with billions of off/on switches at the heart of all we
consider to be uniquely human. Since we have gained an understand
ing of holograms, new insights into processes such as memory and

learning are now explained with holographic models. Each theory in
turn has ultimately failed to explain brain processes completely, espe
cially the most complex brain process of all, consciousness.

For example, Wilder Penfield discovered that when he electrically
stimulated patients in the motor cortex to raise their arms, they would

raise their arms and tell him that he "made them do it." When he
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would stimulate the same motor pathway, but at higher levels of
neuronal processing, the patients would not only raise their arms, but
would confabulate some excuse for doing so (Penfield and Rasmussen,

1950). Clearly, some higher order element of consciousness and sense
of self became integrated into the act, and yet, the precise location of
that area defied easy definition. Memory, learned behaviors, and the
sense of consciousness seem to be distributed widely throughout the
brain, and can be retrieved from numerous different sites.

To further complicate the issue, the typical mind/body discussion
presumes that the mind is some sort of unitary process. The soul, or
mind, or consciousness, is often seen as a mysterious vapor that infuses
matter in some completely unknown way. At death, that vapor or

spirit rises out of the body, leaving the brain behind, but somehow still
incorporating neuronal functions such as sight, hearing, and pro
prioception. Considerable effort has been expended to measure or

somehow quantify this non-material aspect of a person. Eastern reli
gions tend to see the soul as more of an essence, a set of karmic
tendencies. Modern Christian thinking is heavily biased in favor of
Platonic concepts of mind/body dualism, which depicts the soul as
retaining all the essential elements of personality and character, but

separate from the machine-the body-which it infuses with life.
But regardless of which definition of the soul we choose, we cannot
ignore the fact that consciousness is not at all a unitary function. We
simultaneously generate numerous states of consciousness, all of
which are bound up in our concept of the soul. We simultaneously
generate conscious and unconscious thoughts and actions. We can
consciously choose to bring unconscious events such as blood pressure

regulation under conscious control. Likewise, our unconscious life, our
hidden fears and phobias, can control our conscious actions without our
conscious knowledge.
Also within the brain are many centers that trigger altered states of

consciousness, including inebriation, intoxication with marijuana or
hallucinogens, hypnosis, mystical visions, and the like. Are these

states "real," and if so, which ones represent the true mind, the unitary
soul that supposedly inhabits our bodies? Can, for example, someone
see God by taking LSD, and if so, is his or her experience any less valid
than that of someone else who starves his or her body into a similar
biochemical state, and has a mystical vision after spending forty days
alone in the desert? Any discussion of the nature of consciousness
quickly bogs down in the endless complexities of this type of question.
In presenting our neurochemical model of NDEs at various confer
ences and lectures, I have noticed that it is usually assumed that, since
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I am proposing a neurochemical explanation, I must not believe that
NDEs are "real." Experiencers in particular feel strongly that I am
attempting to invalidate their experiences, and often become angry.

The protest that their NDEs were real, not hallucinations. This misun
derstanding of my position embodies the assumption that the only
medical model with which to understand NDEs is the reductionistic
mind/body dualistic model that has become embedded in our culture.
The current debate about NDEs, which supposes that NDEs must be
either hallucinations caused by chemical processes or real experiences

of the spirit floating outside the flesh, is symptomatic of the crisis that
all of medicine is facing now. Our society is in the process of searching

for a new medical model that incorporates a greater understanding of
the inseparability of the mind and body. At a time when the technology
of medicine includes heart transplants and genetic engineering, we are
also seeing a resurgence of "holistic" medical practices, such as homeo

pathy and naturopathy, that boast of being nonscientific. Such disci
plines that use nonscientific methods to attempt to prevent disease are
popular because the public has a deep craving for a holistic approach to
their disease.
Although Harrison's textbook of medicine acknowledges on the very

first page that patients desire a "magical exhibition" from their physi
cians, they do not discuss at all how to provide this exhibition, which is
slowly becoming a lost art (Braunwald, Isselbacher, Petersdorf,
Wilson, Martin, and Fauci, 1987). A recent editorial in the New Eng
land Journal of Medicine lamented the lost art of listening to heart
tones with a stethoscope; the author portrayed a world in which pa
tients are "given a sheaf of requisitions for laboratory tests" instead of

a caring, sensitive physician willing to take the time to listen to the
heart, which can "provide a much appreciated opportunity for the
patient to express the accumulated concerns that led to the interview"

(Craige, 1988).
The field of psychiatry is particularly struggling to find a balance
between treating the mind with psychotherapy or treating the body
with medications. The field has solidified into an unhealthy "either/or"
situation. For example, the use of the major tranquilizers to treat
schizophrenia has been successful in emptying hospital beds. The re
sult has been that a large portion of the homeless people wandering
our streets are schizophrenics. We need a biosocial model for disease
that defines wellness not only by mental status exams, but also by the

ability to hold a job and to find a warm place to sleep and access to
nutritious food.
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Our current reductionistic dualistic biomedical model evolved as a
religious concept over one thousand years ago. The early Christian
church became heavily infused with the Greek Platonic notion of a soul
independent from the body. Certain consequences followed such think
ing as our social institutions came to reflect our notion of reality. As
the church focused on the soul as leaving the imperfect vessel of the
body for other worlds, classical science readily fostered the notion of

the body as machine. Disease was therefore the breakdown of the body,
and the doctor's task was to repair the machine. "The scientific ap

proach to disease began by focusing in a fractional-analytic way on
biological processes, and ignoring behavioral and psychosocial pro
cesses" (Engel, 1977).
A new biosocial model must be formulated. Our current model is
excellent for treating acute ear infections or for providing mechanical
solutions for heart disease, but it does not even provide us with the

vocabulary for treating problems such as chronic abdominal pain, and
it breaks down completely with such entities as arthritis, reflex neuro
vascular dystrophy, and most mental diseases. As a practicing physi
cian, I see many patients who do not have any definable disease, but
rather suffer from "the razor blade of life," a concept familiar to all
general practitioners.

"A Neurobiological Model for Near-Death Experiences" is an intrigu
ing and sophisticated effort to link psychosocial processes with neuro
chemical events. Both that paper and my serotoninergic model contain
numerous speculations and unsupported assumptions. However, our
standard "gating" theory for control of reaction to pain was first de
scribed in equally vague and unsupported assumptions. As more scien

tists speculate on these issues, the many gaps and assumptions will be
filled in.
For example, after our article was published (Morse, Castillo, Ven
ecia, Milstein, and Tyler, 1986), physicians from the U.S. Naval Hospi

tal in Portsmouth pointed out that global hypercapnia should cause
diffuse signs and symptoms, and speculated instead that ischemia at

the level of the terminal supply of the vertebrobasilar circulation
would more specifically account for near-death phenomena, as the

posterior temporal lobe and occipital lobe are supplied by those vessels
(Lewis, D. W., and Watson, M. E., personal communication, 1986).

Their addition to our serotoninergic model results in a biochemical
localization of virtually all of the elements of the NDE.
A new discipline of the neurochemistry of consciousness is being
born. Such a discipline will not discredit those who have had near-
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death experiences, but rather will attempt to update outmoded as
sumptions about the mind and consciousness based on outdated theo
ries of dualistic mind/brain function.
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Comments on "A Neurobiological
Model for Near-Death Experiences"
James F. McHarg, M.D.
University of Dundee, Scotland

The neurobiological model for near-death experiences (NDEs) put
forward by Juan C. Saavedra-Aguilar and Juan S. Gomez-Jeria must
surely come very near to being the most comprehensive, coherent, and

up-to-date model so far available. Its five-fold basis in temporal lobe
dysfunction, hypoxia/ischemia, stress, neuropeptide/neurotransmitter
imbalance, and the overall role of the language system, which empha
sizes how the later verbal reconstruction of the actual NDE is made to

fit in with the personal beliefs and background of the individual, is
certainly comprehensive enough to cover most aspects of the underly
ing physiological processes. The model restricts itself to the neuro
biological level of explanation and, although it cannot escape from
mentioning its psychological correlates, it refrains, probably wisely,
from speculating at what locus in the model a paranormal psychologi
cal content might fit.
In their discussion of temporal lobe dysfunction, a most useful con

cept, the authors' summary of the phenomenology of temporal lobe
epilepsy (TLE) is also comprehensive and relevant. Much clinical
knowledge has accumulated about TLE since the seminal writings of

J. Hughlings Jackson in the 1880s on this strange kind of epilepsy,
which Jackson made as much his own as the "Jacksonian epilepsy"
that took his name. Over the same period, however, some of Jackson's
meticulous observations and formulations, which may be of relevance
to the NDE, have tended to be forgotten. To mention two of these not
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discussed by Saavedra-Aguilar and G6mez-Jeria is not to criticize, but
to point to the possibilities of expansion of their model, which is such a

commendable feature of it.
One example I have in mind is Jackson's distinction, in discussing
the hallucinatory manifestations of TLE, between "crude sensations"
and "formed sensations," both of which occur. In this distinction, a
"crude sensation" in the visual system would be a flash, or balls of fire,
or colored lights, while a spectral face would be a "formed sensation."
In their paper, Saavedra-Aguilar and G6mez-Jeria refer to the noises

reported in the early stages of the NDE, and favor attributing these to
discharges in the cells of the organ of Corti, resulting from a decreased

blood flow there. But such noises could also be "crude sensations"
resulting from discharges in the superior gyrus of the temporal lobe,

where sound is represented linearly, according to pitch, after the man
ner of a piano keyboard. Similarly, the "hush" that is sometimes
experienced in TLE and due, presumably, to transitory suppression of
activity in that auditory area, may also occur in the NDE and thus
play a part in the feelings of peace sometimes reported.
Another feature of TLE of possible relevance to NDEs, and which
might be added to the authors' discussion of amnesia, is the occurrence
of the "dysmnesic syndrome" sometimes lasting for only a brief inter
val, but which I have observed to continue for more than a week. In

this state, the duration of the capacity for recall is cut down to less
than a minute but, as the patient is otherwise in touch with the
immediate environment and usually behaves in a manner that ap

pears deceptively normal to the unsophisticated observer, the defect
may only be brought out if specific tests are made. If such a dysmnesic
state, as distinct from amnesia, should occur even briefly in a near
death setting, it could be of considerable relevance to moment-to

moment forgetting of the nearness of death, and to a calmness of mind
in a person who, again to the unsophisticated observer, may appear to

be in full possession of his or her faculties.
The authors correctly relate the impressive variability of the phe
nomenology of TLE to the complex anatomical connections of the
temporal lobes and the limbic system, and to the equally complex
biochemistry of their functional relationships. Here the baffling net
work of the anatomical connections that the authors so expertly de
scribe could have perhaps been made still more clear by a diagram.
On the biochemical aspects of the authors' model, as distinct from the
clinical aspects, I am less competent to comment. However, in their

discussion of hypoxia/ischemia, the authors seem to deal well with the
various possible mechanisms whereby this may bring about limbic

JAMES F. MCHARG

231

discharges, and with the evidence of the special sensitivity of the
hippocampus to oxygen deprivation. They also seem to show well how
the balance between excitatory and inhibitory synapses is altered
during hypoxia, as well as how a number of other subtle mechanisms of
relevance to NDEs may become disordered. Similarly, in discussing
neuropeptide/neurotransmitter imbalance, they muster convincing ev
idence that during moderate "brain stress," a term whose meaning is
not precisely clear, and brain trauma, there is a variety of different
biochemical disturbances, including the liberation of endogenous pep
tides, that could lead to abnormal limbic discharges.
In conclusion, I have the impression that rather too many writers
about NDEs and about out-of-body experiences have written in rather
too obvious ignorance of the basic relevant clinical knowledge that has
been accumulating in the fields of general medicine, neurology, and
psychiatry since the later decades of the 19th century. One conse
quence has been that they have not had enough ballast, as it were, to
take on board the further impressive developments that the neuro
sciences have undergone in the last decade. Saavedra-Aguilar, how
ever, with his sound clinical training, and G6mez-Jeria, with his
equally sound laboratory training, working together have had suffi
cient ballast to do just that. They say modestly that their neurobiologi
cal model for NDEs could be seen as a complement to other explana
tory domains, but I think that, in some important respects, it may
seriously challenge the speculations at other levels of explanation of
some of these writers.

Modern Neuroscience
and Near-Death Experiences:
Expectancies and Implications.
Comments on "A Neurobiological
Model for Near-Death Experiences"
Michael A. Persinger, Ph.D., C. Psych.
Laurentian University, Sudbury, Ontario

If correspondences between phenomenological experiences and the
intricate activity of the brain continue to be established at the present
rate, then the potential for predicting the details and the occurrences
of both frequent and anomalous cognitive processes will be inevitable.
Juan C. Saavedra-Aguilar and Juan S. G6mez-Jeria's "A neurobiologi
cal model for near-death experiences" demonstrates that even a cur
sory understanding of neural pathways and brain metabolism can
predict the general characteristics of experiences that have been tradi
tionally considered beyond the limits of a neurophilosophy. It has
become clear that many universal experiences of the human species
originate from the marked similarities of its approximately 5 billion
brains.
The authors' basic model for near-death experiences (NDEs) is a
specialized variant of an approach that implicitly emphasizes a neural
cause to all phenomenology (Persinger, 1983, 1987). NDEs are as
sumed to be generated by stress-induced hypoxia and ischemia, most
likely vasospasm, that preferentially affect limbic structures, such as
the amygdala and hippocampus, and the paralimbic orbital frontal,
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temporal, insular and cingulate cortices. Once they are stimulated, the
correlative functions dominate the phenomenological continuum.
Whereas the serial emergence of the successive, general themes of the

NDE reflect progressive involvement of limbic areas as the chemical
consequences of the initiating stimulus spreads, the specific details
such as the type of mystical entity, are supplied by the person's behav
ioral experience and expectancies. Other individual differences in ex
periential detail are presumed to be a consequence of the idiosyncratic
neuronal connections at the microlevel.
From the perspective of a modern neuroscientist, both the neuroana
tomy and neurochemistry described by the authors are adequate, given
the limitations of generalizing from non-human to human brain, and
contemporary. A vast clinical and surgical literature (Stevens, 1982)
indicates that floating and rising sensations, out-of-body-experiences,
personally profound mystical and religious encounters, visual and
auditory experiences, and dream-like sequences are evoked, usually as

single events, by electrical stimulation of deep, mesiobasal temporal
lobe structures. The potent role of neuropeptides, especially the endog
enous opiates and the stress hormones corticotrophic releasing factor
(CRF) and adrenal corticotrophic hormone (ACTH), in the control of
electrical lability of the hippocampus and amygdala is clear.

There is little doubt that the class of experiences that comprise
mystical experiences in general, and NDEs in particular, is strongly

correlated with temporal lobe activity. Indeed there are multivariate
contributions to its functional level, including specific drugs; anoma
lous vasospasm, a major mechanism by which hallucinogenic effects

are generated (Altura & Altura, 1981); grief-related stress; medita
tional techniques; and even certain exercise schedules. Kate Makarec

and I have found that all of the major components of the NDE, includ
ing out-of-body experiences, floating, being pulled towards a light,
hearing strange music, and profound meaningful experiences can
occur in experimental settings during minimal electrical current

induction within the temporal region due to exogenous spike-and-wave
magnetic field sources. However, these induced experiences are frag

mented and variable, whereas in NDEs these sensations are inte
grated and focused within a brief period.
The assumptions of the Saavedra-Aguilar and G6mez-Jeria model
are strongly rooted in known neurofunction. Two examples can be
given. The odd noises that are frequently heard during the early stages

of NDEs may indeed reflect the unique vasculature and the hypoxic
sensitivity of the cochlear region; one of the initial responses of neu

rons within a marginally hypoxic region is to display nonspecific com-
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pensatory firing, a consequence of which would be the psychological
experience of unfamiliar sounds. The occurrence of the life review
would be commensurate with the model that the hippocampus acts as
an "index system" (Teyler & DiScenna, 1984), while memory equiva
lents are stored in the 200 million columns that comprise the cerebral
cortices. Generalized or nonspecific epileptiform activity in the hippo
campus could activate large numbers of cortical columns (and memo

ries) that are typically temporally and contextually separate.
Like all models, this one becomes complicated when quantitative

estimates are attempted. How much ischemia or hypoxia is required to
induce the NDE? Stated alternatively, why don't more people display
NDEs within surgical, accident, and cardiovascular crises? The expla
nation of postepisodic amnesia is real, but within a theoretical context
becomes a weak, default option. No doubt there are many factors that
might predispose a person to reporting a NDE. Obvious factors include
cognitive style or personality, both of which are intimately involved

with temporal lobe function due to the confounding effects of language
and the importance of affect in experience; a history of subclinical
complex partial epileptic signs, that normally increase with age; recon
dite, anomalous vascular distribution within the hippocampus, that is
particularly prone to transient vasospasm because of the small arterial
caliber and remarkable geometric variability; or increased sensitivity

of ACTH receptors as a result of psychological distress.
The fact that fatigue, alcohol consumption, or surgically-induced
pharmacological conditions existed on the days of NDEs strongly sug
gests that they might be triggered during the compensatory overshoot
in neural activity. For example, alcohol inhibits N-methyl-D-aspartate

(NMDA) receptor activity (Lovinger, White, and Weight, 1989). Conse
quent increases in NMDA stimulation and the correlative calcium
influx are sufficient to generate enhanced local depolarization, the
first step in generalized paroxysmal discharge. Such factors are impor
tant to accommodate if the NDE model is to be supported by prediction.
The degree to which anxiety, such as anxiety over real or imagined

impending death, acts as a predisposing factor to the NDE is important
to determine. Recent positron emission tomography (PET) experiments

(Reiman, Fusselman, Fox, and Raichle, 1989) with normal subjects
indicated that this aversive experience is associated with specific in

creases in blood flow within the parahippocampal region, the insula,
and the adjacent claustrum. These same areas, if stimulated exces
sively, would generate anomalous memory-like experiences, sensa
tions of body images, and visual sensations that involve glows around
perceptual boundaries.

236

JOURNAL OF NEAR-DEATH STUDIES

Considering the spatial-temporal similarity in brain activity, many
of the early stages of NDEs should be similar to those of panic attacks,
which are often evoked by excess lactate production, a common corre

late of cerebral ischemia. Panic attacks can involve sensations of fear
or anxiety, out-of-body experiences (OBEs), depersonalization, feelings
of a presence, and alterations in sensory information. PET data have
suggested that differential blood flow occurs within the parahippocam
pal regions of the two hemispheres, a key area of the present NDE
hypotheses. Although the relative absence of positive affect in panic

attacks compared to NDEs could be rationalized by assuming that
NDEs occur with more severe impairments of consciousness, the differ
ences must be reconciled according to neuromechanism.
Accommodation of four aspects of NDEs could facilitate the useful
ness of the model. First, the neurolevel at which the model operates
approaches that from which personality and consciousness emerge.
Further elaboration of the personality factors that promote the occur

rence and certainly the recall of the NDE would be useful. In my
clinical experience, the same people who have limbic-induced cardio
vascular failure, due to enhanced temporal lobe sensitivity and specific
cognitive styles, are those who are prone to NDEs. If the model is
correct, then people who have more nonpathological temporal lobe
signs should have more frequent incidence of experiences that com
prise the NDE, such as OBEs and mystical experiences. There is clear
empirical support for this supposition (Pesinger and Makarec, 1987).
Second, even with the release of opiates within delta receptor regions
of the amygdala, the hierarchical organization of this structure should
not be altered. Because a significant area of this region is involved
with aversive experiences, the model should predict that a small por
tion (1% to 5%) of NDEs should involve primarily negative affect and
images. References to pain, hell, and nightmarish images, often cul
ture specific, must occur.
Third, a direct translation of the pattern of neural firing within a
specific cerebral region into the fabric of the NDE would be conclusive.

In less exotic settings, the degree of hypermetabolic activity within the
left prefrontal region and adjacent caudate is specifically related to the
severity of obsessive-compulsive behaviors. Listening to music without
lyrics generates more activity in the right non-dominant temporal lobe
compared to the left. A direct connection between the vestibulovisual
sensation of " the self' being pulled towards a light" and a specific
discharge pathway in the limbic region would be conclusive.
Fourth, the concept of generalized depolarization of electrical pro
cesses induced by the hypoxia-ischemia of the trauma is too vague. If
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the depolarization were generalized, then NDEs should also contain
references to aggression, sexual ideation, and intense fear; the consis
tent pattern of NDEs suggests that some relatively fixed discharge
patterns must occur. Although there is no doubt that the major path
ways of microseizure discharge, many of which are not evident with
routine electroencephalographic measurements, must pass through
structural "gateways" (Gale, 1988) that limit their propagation, the
NDE demands involvement of relatively fixed and hierarchical neu

ronal pathways. The possibility that these pathways might be opened
by critical, trauma-related chemical environments in a state
dependent manner is worthy of investigation.
There are some major features of the Saavedra-Aguilar and G6mez
Jeria NDE model that have important clinical implications. If NDEs
are associated with epileptiform activity, are there longterm sequelae?
In one clinical series, approximately 30% of all patients who recovered
from cardiopulmonary resuscitation developed a special form of limbic

epilepsy. Because behavioral changes often precede overt signs of this
disorder by months or even years, there should be substantial person
ality changes in NDErs (excluding those complicated by terminal dis
orders), and NDErs should be more prone to the development of focal or
complex partial epilepsy. The type of personality change should be

specific to the "temporal lobe pattern" that is seen clinically; symptoms
include increasing circumstantiality, religiosity, philosophical pur
suits, widening of affect, and a sense of the personal (Bear & Fedio,

1977).
Ethical responsibility demands that any hypothesis that might
evoke psychological distress in another human being should be consid
ered carefully; the extreme interpretation of NDEs is that they are
illusionary. However, I do not perceive a conflict with those re
searchers who believe that NDEs are real rather than artifacts of the
brain's construction. Even the most conservative neuroscientist should
agree with Vernon Mountcastle's statement: "sensation is an abstrac
tion, not a replication, of the real world" (Mountcastle, 1975, p. 109).
This abstraction is coupled to the microstructural organization of the
brain that is determined by both genetics and experience.
The relation between neuronal microstructure and the perception of
reality is important because they are not fixed in phenomenological
time. It is essential to realize that neuroplasticity can be promoted by
stimulation of NMDA receptor activity, a component of the authors'

model; reorganization of neural pathways does occur within the brains
of mammals, including humans, who have histories of focal electrical
activity (Sutula, Cascino, Cavazos, Parada, and Ramirez, 1988). If
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indeed structure dictates function, then the type of microstructural
changes correlated with the NDE could forever alter the NDErs' detec
tion of what comprises reality. Even the transient changes that occur

during an NDE might allow the brief detection of information that has
been traditionally considered as parapsychological.
The final logical implication that a neurobiological model of NDEs
evokes is their survival value. Although there are instances of counter
productive and even fatal genetic predispositions, most behaviors have
adaptive value for the species. The proposed neuroanatomical region,

especially the anterior cingulate and deep temporal lobe structures,
from which NDEs are presumed to emerge are intimately involved

with species-specific behaviors, bonding between members of a group,
and parental care. These same regions are actively integrated into the

sense of self and its perspective within time and space. These areas
show marked dysfunction when the boundaries of the self are dis
torted, as in schizophrenia, or are eliminated, as in suicide.

One might speculate that as the protoconsciousness of the human
brain emerged during those early periods when the hippocampal for
mation underwent massive restructuring (Stephen, 1983) and change
in relative position, the uninhibited fear of dissolution or death of the

self would have altered its emergence. Mystical and religious experi
ences in general and the NDE in particular can be seen as adaptive

responses that emerged to maintain the fragile phenomenon of the
human sense of self.
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Comments on "A Neurobiological
Model for Near-Death Experiences"
Richard S. Blacher, M.D.
Tufts University

It has been an act of courage for the Journal to have published this
paper by Juan C. Saavedra-Aguilar and Juan S. G6mez-Jeria, since so
many of its readers approach the issue of near-death experiences

(NDEs) from such a different, spiritual point of view. This review by
Saavedra-Aguilar and G6mez-Jeria clearly suggests that NDEs have
nothing to do with either death or experiences, if "experiences" means
those outside the nervous system.
The term NDE implies, for some of us, that the person was in danger

of dying. A bullet missing someone's head by an inch is just as much a
near-death as a cardiac event, yet the near-death phenomena are not
elicited by the bullet. For other people, the term NDE implies that a
person has died and returned to life. The latter is essentially a legiti
mate religious or spiritual point of view, but not really subject to

scientific discussion. Although I would focus more on the aspects of
depersonalization (Blacher, 1983), the neurological approach presented
in this paper is consonant with my psychological views, since I cannot
conceptualize psychic activity as separate from brain function.
While the authors emphasize that temporal lobe phenomena and
near-death phenomena are very similar, it may be too narrow a focus
to relate all near-death phenomena to the temporal lobe, since we are

not dealing with demonstrable lesions of that lobe but rather with
more general brain reactions. Perhaps an even better parallel might be
the psychological reaction of depersonalization (Arlow, 1966) combined
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with the elements of dreaming (Blacher, 1983). Often in a setting of
some hypoxia, such as cardiac events and ether anesthesia, there is a
regressive pull to a dreamlike state, similar to that seen in night

mares, which are both terrifying and real. However, the NDE is felt as
reassuring and real, with the subjects feeling themselves separate
from the endangered sick person being resuscitated. They feel, "That
person can die, but not I. I will live forever."
Saavedra-Aguilar and G6mez-Jeria have outlined neurological mech
anisms for near-death phenomena. Unfortunately, the pathways can
not explain the content of the experiences; that is the domain of psy
chology. But this review is a down-to-earth essay that provides an
important basis for understanding an important aspect of these
phenomena.
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Near-Death Experiences:
A New Challenge
in Temporal Lobe Phenomenology?
Comments on "A Neurobiological
Model for Near-Death Experiences"
Vernon M. Neppe, M.D., Ph.D.
University of Washington

The excellent framework for a neurobiological model for near-death
experiences (NDEs) proposed by Juan C. Saavedra-Aguilar and Juan S.
G6mez-Jeria attempts to link anomalous temporal lobe functioning
with neuropeptide imbalances, particularly imbalances of the endog
enous opioid peptides. Like all pioneering contributions, this paper has
drawn on a wide variety of sources to make speculative jumps that are
largely justified in the context of present-day knowledge, but will no
doubt require numerous alterations in basic perspective over the next
two decades.
I was particularly impressed with this neurophysiological NDE
model of temporal lobe dysfunction, as it impinges very closely on my
own work on anomalistics experiences in the temporal lobe, which has
not been cited by these authors. These studies of anomalous experi
ences and the cerebral cortex have recently been reviewed, and the
following is a capsule outline of current research.
First, any link between anomalous experiences and brain function
ing requires a detailed description of each event. Not all subjective
paranormal experiences may derive from, or be associated with, the
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same anatomical locus, or be predisposed to by the same kinds of
psychophysiological conditions or states (Neppe 1984, 1989). This im

plies the need for the kind of detail outlines by Saavedra-Aguilar and
G6mez-Jeria with regard to each specific NDE. Different NDEs may
involve different mechanisms, and in fact cluster analyses using de
tailed phenomenological descriptions may demonstrate that the NDE
is a heterogeneous function.
Also, the anatomical or physiological link between NDEs and any
pattern of brain functioning does not in any way imply a direct eti

ologic link. NDEs may reflect genuine patterns of functioning outside
the brain, modulated by a particular psychophysiologic mechanism.
Alternatively, NDEs may be the epiphenomena of an experience
purely within the brain, without any outside reality playing a role.

These comments imply the need for a multiaxial classification sys
tem that can unify anomalistic experiences of a variety of kinds relat

ing to subjective paranormal experiences, psychopathological hallu
cinations, delusional phenomena, illusions, near-death experiences,
and temporal lobe symptomatology. The only current classification of
such events is the 16-axis Neppe Multiaxial Schema for Anomalous
Events, which assists in the analysis of these experiences (Neppe,

1985, 1989). This classification system is reflected in Table 1.
Second, brain functioning may theoretically predispose to anomalous

experience in two ways: either globally or focally. The global possi
bility is exemplified by the hypothesis of endogenous opiates in some

way priming the brain, while the focal possibility is exemplified by the
hypothesis that temporal lobe functioning is highly relevant. There is
good theoretical evidence from the analysis of focal cerebral deficits
that the area of focal coordination of anomalous experiences is the

temporal lobe (Neppe, 1983c, 1984).
On the other hand, it is almost impossible to test a single hemi
sphere's functions, as the other hemisphere may compensate for or
accentuate anomalous or dysfunctional elements. Consequently, it is

dubious at this point whether specificity such as right or left temporal
lobe, or right or left cerebral hemisphere, can be achieved.
The only available measure of temporal lobe symptomatology, as
opposed to personality structure as reflected by an instrument such as
the Bear-Fedio scale (Bear and Fedio, 1977), is the Neppe Temporal

Lobe Questionnaire (NTLQXNeppe, 1983c). I applied the NTLQ to two
contrasting groups, the first subjective paranormal experiencers, the
second nonexperiencers. In essence, I was not attempting to prove or
disprove individuals' subjective interpretations of anomalous events.

Rather, I demonstrated that experiencers have both statistically
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Table 1
Neppe's Multiaxial Schema for Anomalous Events
Axis A:

Anomaly level (e.g., subliminal)

Axis B:

Base level (e.g., afferent)

Axis C:

Content (includes perspective and concomitant symptoms)

Axis D:

Dimensions (e.g., retrocognitive, distant)

Axis E:

Ego-consciousness (e.g., meditation)

Axis F:

Forum (e.g., self-referential)

Axis G:

Gestalt (includes special characteristics and physical
content)

Axis H:

Heuristic (e.g., waking ESP)

Axis I:

Intention (e.g., spontaneous)

Axis J:

Judgment (includes correspondence and prior knowledge)

Axis K:

Prior knowledge of events

Axis L:

Localization of the focus (e.g., experimenter)

Axis M:

Mental status examination

Axis N:

Neurophysiological correlate

Axis

0:

Axis P:

Organizing environment (physical/psychological features of
relevance)
Psychiatric diagnosis

and clinically far more possible temporal lobe symptoms than do
nonexperiencers.

Most interesting, however, was the association of these symptoms
with regard to the anomalistic experiences. They appeared to be re
lated both anatomically and physiologically by virtue of their occur
rence together, implying some kind of common temporal lobe state.

However, possible temporal lobe symptoms also occurred separately,
suggesting that the temporal lobe state may be a trait in people with
large numbers of varied anomalistic experiences.
The third interesting finding was the possibility that, despite anoma
listic experiences being broadly similar to possible temporal lobe symp
toms, they may have a different anatomico-physiological origin. That
was suggested by two separate studies involving specific symptoms.
The principal study was on the deja vu phenomenon. The deja vu
phenomenon is particularly interesting in that it occurs in 70 percent
of the normal population. It also occurs in patients with temporal lobe
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epilepsy and schizophrenia and in subjective paranormal experiencers.
I have demonstrated that there are qualitatively distinct nosological
kinds of deja vu experiences (Neppe, 1983b); and specifically in this
context, that deja vu in the temporal lobe epileptic is different from

that in other epileptics and in patients with nonepileptic temporal lobe
dysfunction; and moreover, that this experience is qualitatively quite
different from deja vu in subjective paranormal experiencers.
These distinctions may imply the need for detailed qualitative anal
yses of each and every symptom that occurs. This interpretation may
have special implications in the context of NDEs: Saavedra-Aguilar
and G6mez-Jeria have emphasized the differences between NDEs at
transcultural levels, and this association with environmental and cul
tural factors in no way precludes such experiences deriving from the
same kind of focus within the temporal lobe. The consistency of the
experience, although it may be pleomorphic in nature, and its episodic
qualities suggest an organic link. The caution here, however, is the
need for very substantial detail, which the framework of modern com
puters will allow us to perform.
The second of these specific symptom studies evokes particular inter
est in NDEs. That study looked at olfactory hallucinations, and found
that the smell hallucination experience in subjective paranormal expe
riencers was phenomenologically distinct from that of temporal lobe
epileptics (Neppe 1983a). Temporal lobe epileptics characteristically
had unpleasant burning or rotting olfactory experiences. Subjective
paranormal experiencers, while they may have that kind of unpleas
ant experience, usually have pleasant, perfumy, flowery smells.
Particularly interesting is the subjects' reported association of these
pleasant smells with presences of what they perceive as dead individ
uals. The link with near-death experiences in this context is interest
ing. But even more thought provoking is the difference in quality of
olfactory hallucinations: both types technically may derive from the
temporal lobe, but pleasant olfactory hallucinations probably occur in

less than 10 percent of temporal lobe epileptics (Neppe, 1989).
The hypothesis of a link between NDEs and temporal lobe activity
raises the questions of a secondary hypothesis: that NDEs might be
more common in temporal lobe epilepsy. NDEs among temporal lobe
epileptics have not been sought out actively. Moreover, phenome
nological subtyping of subjective paranormal experiences in temporal
lobe epileptics is difficult, because these patients are prone to deny the
occurrence of such experiences, lest their physicians interpret them as

further epileptic symptoms and increase their dose of medication.
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This problem has major implications for epidemiologic research in
this area, and I leave open at this point the possibility that temporal
lobe epileptics may have an increased incidence of subjective paranor
mal experiences. It is clear, however, that these symptoms respond to
anticonvulsant medication when temporal lobe epileptics do indeed
report them. At times patients are considerably distressed by the
absence of so-called psychic experiences after they are medicated.

A link may be further shown in family studies, as reflected by the
analysis of two families with spontaneous paranormal experiences and

temporal lobe dysfunction (Hurst and Neppe, 1982). Other researchers,
including Peter Fenwick (1983) and Michael Persinger (1989), are
actively pursuing related areas, and their work, although not using
measuring instruments in as great detail, supports the hypothesis of
anomalous temporal lobe experience in this population. It is interest
ing that Wilder Penfield (1958) reported producing a subjective out-of
body experience by stimulating an area of the temporal lobe in a

patient with epilepsy.
Where does the hypothesized psychophysiological opiate link fit in? I
am extremely fascinated by this excellent linkage hypothesis, and feel
that indeed, parts of the temporal lobe, being embryologically, develop
mentally, structurally, and functionally dissimilar and more primitive
than the other parts of the higher brain, may be more predisposed to
changes that may relate at neuropeptide levels (Neppe, 1981a, 1981b,

1981c, 1982).
It is important, however, to remember that neurotransmitter in
volvements are the biochemical expression of underlying physiologic
functions. It is extremely difficult to demonstrate causal, as opposed to
coincidental or correlative, relationships. This is particularly so in the

context of the paper by Saavedra-Aguilar and G6mez-Jeria, as they
present many statements as if they are definitely proven, when in fact
the majority of these areas are extremely tentative. Nevertheless,
their hypothesis is an outstanding workable model.
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Comments on "A Neurobiological
Model for Near-Death Experiences"
Russell Noyes, M.D.
University of Iowa

"A Neurobiological Model for Near-Death Experiences" by Juan C.
Saavedra-Aguilar and Juan S. G6mez-Jeria seems well done and

thought-provoking, but their model seems to mix concepts, such as
epileptic phenomena, neurotransmitter activity, and the effects of hy
poxia. I wonder if the authors are attempting too much at once. I like

the effort to link near-death experiences (NDEs) to temporal lobe
seizure activity, but I feel bringing in neurotransmitters switches to

another level, and it seems difficult to put these together. I think a
strong case can be made for temporal lobe involvement, and this might
be enough to put forth at one time.
Of course, epileptic phenomena are abnormal, and the authors'
model suggests that near-death phenomena are likewise abnormal and

therefore without adaptive potential or meaning. The authors do not
discuss these particular implications. They indicate that NDEs by
definition involve anoxia, but we know that some occur without physi
cal injury or illness. Do the authors mean that the threat itself, by
causing panic or some similar stress response, may produce anoxia?
This may be the case, as some cerebral blood flow studies during
lactate-induced panic have shown. However, they should perhaps be

explicit about this. They need, I think, to define just what they mean
by near-death experience.

I would like to see the authors do two things in proposing their
model. The first is to indicate how it may help us to understand near
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death phenomena. There might be a number of ways, but it would help

if these could be stated. Secondly, they should indicate how their model
might be tested. Might it be tested in animals, or with administration
of certain drugs, for example? Might study of temporal lobe seizure
patients be fruitful?

On the Evolving Neurobiology
of the Near-Death Experience:
Comments on "A Neurobiological
Model for Near-Death Experiences"
Daniel B. Carr, M.D.
Massachusetts General Hospital
and Harvard Medical School

I enjoyed reading the updating and extension by Juan C. Saavedra
Aguilar and Juan S. Gomez-Jeria of a hypothesis I advanced in this
journal several years ago, that near-death experiences (NDEs) reflect
limbic stress responses evoked by unusually robust releases of neuro
transmitters such as endorphins (Carr, 1982). That hypothesis, itself
an extension of others' earlier arguments along the same lines (Noyes
and Kletti, 1976), was made possible by the discovery of opioid peptides
in the mid-1970s and resultant knowledge spurt still under way (Carr,

1988).
In the context of my interest in the neurobiology of fever (Carr, 1979)
and subsequent research on f3-endorphin levels in human stress (Carr,
Bullen, Skrinar, Arnold, Rosenblatt, Beitins, Martin, and McArthur,

1981; Carr, Sheehan, Surman, Greenblatt, Heninger, Jones, Spiro,
Levine, and Watkins, 1986) or in animal models of critical illness

(Carr, Bergland, Hamilton, Blume, Kasting, Arnold, Martin, and
Rosenblatt, 1982; Hamilton, Carr, LaRovere and Black, 1986), it was
only natural to frame the hypothesis at that time.
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Subsequent results in a broad variety of disciplines, integrated in a
scholarly manner by Saavedra-Aguilar and Gomez-Jeria, are both

gratifying and frustrating. It is personally gratifying that progress in
cognitive science and neurobiology have strengthened a model that
proposes, to use their words, "that the NDE ... arises from the abnor
mal functioning of ... portions of the central nervous system." In par
ticular, this interim work has advanced the NDE's possible patho
physiological basis, offered relevant clinical correlates, and broadened
its linguistic and cognitive underpinnings. On the other hand, these

recent embellishments of the earlier model have not yet reified it.
Even the authors' diagram, for all its clarity, depicts a plausible argu
ment rather than a proven process.
Lest this judgment be deemed uncharitable, let me remind the

reader that other complex perceptual processes, such as pain (Szyfel
bein, Osgood, and Carr, 1985) and vision (Georgopoulos, Lurito, Pet
rides, Schwartz, and Massey, 1989), and experimental states such as

anxiety (Carr and Sheehan, 1984; Carr, Sheehan, Surman, Greenblatt,
Heninger, Jones, Spiro, Levine, and Watkins, 1986) and depression
(Gold, Goodwin, and Chrousos, 1988) have been greatly clarified in
recent years. Their neuroanatomy and neurochemistry (Anand and

Carr, 1989), cellular and molecular mechanisms (Carr, 1988; Nicoll,
1988), and concurrent regional brain activation (Reiman, Fusselman,

Fox, and Raichle, 1989) in vivo are well understood. Further, the
biobehavioral actions of key mediators within the biological model of
NDEs, such as corticotropin-releasing hormone (Taylor and Fishman,
1988), have been well elucidated in a very short time. Biological
studies of NDEs suffer by comparison, perhaps because the field is in
its infancy.

Many scientific disciplines share, I believe, certain features of their
life cycles. In particular, dormancy at the fringes of mainstream sci
ence has been a common feature in the embryonic stages of currently

"hot" research areas as diverse as chaos (Gleich, 1987), magnetic reso
nance imaging (Kleinfield, 1985), endorphin studies (Carr and Ballan
tyne, 1987), and anxiety (Sheehan, Carr, Fishman, Walsh, and Peltier
Saxe, 1985). Workers in each area were scorned as eccentrics by their
more conventional peers until a striking objective finding arose to

capture their colleagues' attention. The yearly number of papers in
each area, or researchers' hours, or grant funds awarded then typically
rose sharply across several orders of magnitude, while each area co

alesced with "big" science.
I am not sure, however, that research on the biological basis of NDEs
will mature as these other areas have. Other than anecdotal case
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reports, or data acquired coincidentally during the course of other
studies in critically ill patients who happen to die, clinical investiga
tions to correlate patterns of stress hormone secretion with cognitive or

experimental phenomena seem unethical and impossible. Animal
studies, always subject to misinterpretation when essentially subjec
tive phenomena are in question, are increasingly restricted because of
activist pressure. Finally, there is no clear patent, device, or profit that
would result from understanding NDEs' biological basis regardless of
the benefit to our culture's collective wisdom. For these reasons the

quest resembles other supremely important yet supremely difficult
ones, such as defining the phylogeny or ontogeny of consciousness
itself.
In summary, the commendable work of Saavedra-Aguilar and

G6mez-Jeria makes me cautiously optimistic that a growing number of
facts are consistent with an ever-more-precise

model to "explain"

NDEs. As these authors are aware, much more could be written about
what it means to describe the flow of causality within any complex
process, but that is a separate question (Carr, Jones, Bergland, Kast
ing, Hamilton, Fisher, Martin, and Rosenblatt, 1985; Carr, 1989).
Precisely where these international efforts will lead is a mystery, but

one that is seductive, satisfying to contemplate, and important
to solve. To quote the philosopher Patricia Smith Churchland (1988,
pp. 304-307):
Consistent with this progress, we may expect that philosophical prob
lems about the mind will be productively addressed and perhaps
radically transformed by a convergence of neuroscientific, psychologi
cal and computational research.... Making sense of ourselves is our
enduring philosophical quest. What is exciting about this period in
the history of science is that we may finally have the resources to
succeed.
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Comments on "A Neurobiological
Model for Near-Death Experiences"
Ernst Rodin, M.D.
Wayne State University

Juan C. Saavedra-Aguilar and Juan S. G6mez-Jeria have carefully
reviewed some of the anatomic connections of the limbic system, as
well as certain aspects of the literature on endogenous opiates and
temporal lobe seizures, and have placed this information into a frame
work to explain near-death phenomena. It is their opinion that during
life-threatening situations, brain stress leads to hypoxia, limbic sei
zure discharges, and endogenous opiate release, which produce, in
turn, subjective sensations that upon recovery are put into language
and reported as near-death experiences (NDEs). Although they regard
their concepts as a "model" for this symptomatology, the term "hypoth
esis" would seem to be more appropriate because "model" implies a
replication of the phenomena.

Since I have published a paper on this topic ten years ago (Rodin,
1980), I experienced a considerable degree of deja vu, presumably

without accompanying seizure discharges in the temporal lobe, on
reviewing this manuscript. Endogenous opiates were not yet fashion
able at that time, but the effects of hypoxia coupled with a rise in
carbon dioxide and nitrogen certainly were known, and these events
are bound to occur during the dying process. On the other hand, it must
be remembered that the mechanisms and resulting mental phenomena
accompanying true and final death need not be the same as those
occurring during "near-death" situations.
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The essence of the manuscript under discussion is that the authors
are impressed with the similarity between NDE reports and temporal
lobe seizure symptomatology. There are, however, several points the

epileptologist needs to address lest the nonspecialist reader accept the
model as closely resembling the truth of the situation. The hallmarks
and nuclear components of NDEs are a sensation of peace or even bliss,
the knowledge of having died, and, as a result, being no longer limited

by the physical body. In spite of having seen hundreds of patients with
temporal lobe seizures during three decades of professional life, I have

never come across that symptomatology as part of a seizure.
Furthermore, electrical stimulation of neocortical structures (Pen

field and Jasper, 1954) or of the amygdala or hippocampus (Gloor,
Olivier, Quesney, Andermann, and Horowitz, 1982) also failed to in

duce those symptoms. On the contrary, stimulation of the amygdala,
when accompanied by a change in emotional tone, led to a sensation of
fear and never of pleasure (Gloor, Olivier, Quesney, Andermann, and

Horowitz, 1982). There is one subjective report in the lay literature by
Fyodor Dostoyevsky (1977, p. 258) of a feeling of bliss at the onset of a
generalized seizure, but this is exceedingly uncommon in actual clini
cal practice.
The authors also suggest that the subjective sensation of a bright

light is due to a discharge having propagated to the occipital areas.
This assumption seems to be based on Kenneth Ring's five stages of
NDEs, in which the light comes in relatively late (Ring, 1980), but
there are reasons to believe that this may not be correct. Occipital lobe
discharges produce crude visual phenomena of a flashing or zigzag
fortress nature that migraine sufferers are clearly familiar with; they
do not produce a steady bright light to which the experiencer feels

himself drawn.
The bright light is actually relatively infrequent during NDEs, re

ported by only 28% of Michael Sabom's cases (Sabom, 1982) and 16% of
Ring's (1980). On the other hand, according to the Buddhist Chikhai
Bardo, the experience of meeting the primordial light and abiding in it
is the only true way to everlasting bliss at the moment of genuine
death of the individual (Evans-Wentz, 1960). To miss that opportunity
by lack of will power only leads to karmic illusions and eventual
rebirth. Thus, instead of being the last event it should be the first, but

since we have not yet faced ultimate death, at least in this incarnation,
we have to admit to a lack of information that unfortunately is irre
medial. I mention this only to point out the differences between NDEs
and death experiences as related by Eastern mystics.

ERNST RODIN

257

Saavedra-Aguilar and G6mez-Jeria also feel that phenomenological
differences between NDEs and temporal lobe epilepsy may be due to
the fact that temporal lobe epilepsy patients have mesial temporal
sclerosis that would produce a different propagation pattern of seizure
discharges than would occur in normal individuals. It needs to be
pointed out that mesial temporal sclerosis is not invariably present in
patients with temporal lobe epilepsy, and other patients who are found
to have the characteristic changes of mesial temporal sclerosis on
autopsy may never have had a temporal lobe seizure. Furthermore,

there is no reason to believe that temporal-limbic dysfunction has to be
accompanied by seizure discharges.
It is reasonable to assume that moderate stress and brain trauma
liberate endogenous peptides, but an attempt to explain near-death
phenomena on that basis appears rather tenuous. Specifically, Dennis
Kelly's work, which the authors referred to, is quite peripheral to the

question at hand, and a typical example of the leap of faith Saavedra
Aguilar and G6mez-Jeria have taken from scientific observation to
philosophical speculation. Kelly (1982) reported on a series of rats who
swam for 3.5 minutes in cold water and were subsequently examined
in regard to the tail-flick and flinch-jump reflex, as well as a liminal
escape test, which is not a reflex but requires volition. The study was
based on a total of six rats. Volitional activity, that is, liminal escape
threshold, returned to baseline by 70 minutes after the swim, while the
reflex action thresholds remained elevated for three hours or more.
These results were presented to demonstrate that duration of analge
sia after a cold stressor depends on the type of test used. Whether or
not the rats hallucinated or had an NDE is, of course, unknown.

Possibly more important for Saavedra-Aguilar and G6mez-Jeria's
thesis is the point Kelly made in that same paper that the analgesic
effect and the hormonal stress response were unrelated. Cold water
swimming produced analgesia, as mentioned, and also elevation of
three stress hormones: adrenocorticotropic hormone (ACTH), cor
tisone, and O-endorphins. But when the rats swam in warm water, they
showed the same hormonal response without experiencing analgesia.
Kelly also pointed out that "the maximal t-endorphin responses in
duced by the most extreme stress (limb fracture) is manyfold lower
than levels required to induce analgesia via systemic injections" (1982,

p. 265).
In a similar vein, the paper by Crawford Clark, Joseph Yang, and
Malvin Janal investigating prolactin, f3-endorphin, ACTH, and growth
hormone in three marathon runners reported increases in levels but
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"neither of the pre-run pain measures nor post-run change scores
correlated with either initial levels or post-run changes in levels of any
of the plasma endocrines" (Clark, Yang, and Janal, 1986, p. 119).

Although the euphoria and joy scales showed an increase in positive
affect 30-40 minutes after the run-and that increase did not occur
when the subjects had been given naloxone, an opiate inhibitor,
previously-this was likewise not correlated with any of the plasma
levels mentioned above.
The statement that decreased acetylcholine levels in the brain lead

to such a variety of symptoms as hallucinations, delirium, dreams,
amnesia, and analgesia is also open to doubt. The most common clini
cal condition in which decreased cerebral acetylcholine levels appear
to be the prime etiology is Alzheimer's dementia, and the main initial
symptoms consist of memory loss and impaired judgment rather than a
florid psychotic picture. As far as anoxia is concerned, it is of course

known that the hippocampus is highly vulnerable, but so are the
Purkinje cells of the cerebellum. Since they have a predominantly
inhibitory function, their loss could be just as important as the hippo
campal effects.
The authors note that the "model tries to answer the fundamental
question of whether neurosciences and psychiatry are reconcilable." In
view of the fundamental gaps in our knowledge about the physical

basis of mental processes, I am inclined to think that, although the
roads are converging, the final fusion is still well in the distant future.
Neurophysiology and neurochemistry can give isolated insights, but

the demonstration of how neuronal firing patterns are transmuted into
a thought or feeling is beyond our capabilities at this time. Until we
know what a thought is and can produce one at will, until we know not
the concomitants but the mechanisms of a dream and can produce it at
will, we are reduced to speculation; and there appears to be a general
truth that the less we know, the more we theorize and argue.
It is nice to build models, theories, and hypotheses, but to have

utility they should be subjected to experimental verification, and that
cannot be done in the present instance. We do not know what the

neuropeptide changes in the brain are during NDEs, and we will not
know in the foreseeable future. The brain has protected itself very
well, and we simply cannot stick probes into numerous brain areas to
take tissue samples from dying individuals, or from those who are in
the process of resuscitation. Even magnetic resonance imaging (MRI)

spectroscopy is still in its infancy, and could not be applied to the
question at hand.
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We must remember also 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. From a rat, swimming in ice
water and having a degree of analgesia thereafter that may or may not
be accompanied by a rise in endorphins, to heavenly bliss during an
NDE is a rather large jump. No degree of model building will overcome
that gap at this time.
Thus the most fitting conclusion would seem to be what Saavedra
Aguilar and G6mez-Jeria stated in regard to the verbal system that is

undoubtedly at work, not only in reporting NDEs, but also in the
writing of scientific articles: "One fundamental function of the verbal
system appears to be the construction of logical, coherent, and explica
tive hypotheses based on the functioning of other cognitive and emo
tional systems. These hypotheses can sometimes be completely erro
neous, but they are taken as absolute truth."
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Comments on "A Neurobiological
Model for Near-Death Experiences"
Glen 0. Gabbard, M. D.
Karl Menninger School of Psychiatry
Topeka Institute for Psychoanalysis
Stuart W. Twemlow, M. D.
University of Kansas
Topeka Institute for Psychoanalysis

Juan C. Saavedra-Aguilar and Juan S. G6mez-Jeria present the
readers of this Journal with the most sophisticated and comprehensive
neurophysiological model for near-death experiences (NDEs) ever to
appear in print. We commend their efforts to connect the psychological
with the physiological. In our own work on out-of-body experiences
(Gabbard and Twemlow, 1984), we noted the importance of Herbert

Feigl's identity thesis (Feigl, 1975), namely, that mind is brain in
action. However, as sympathetic as we are to their valiant effort, we
must comment on several shortcomings of their model.

A central problem with the physiological explanation proposed by
Saavedra-Aguilar and G6mez-Jeria is that it is far too nonspecific to be

useful in elucidating a phenomenon as specific as the near-death expe
rience. The authors draw parallels between temporal lobe seizure
phenomena and NDEs. In cataloguing the mental phenomena that
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often accompany partial complex seizures deriving from the temporal
lobe, the authors include somatosensory phenomena, motor phenom
ena, autonomic phenomena, hallucinations or illusions in all sensory

modalities, emotions, and a myriad of other human experiences. What
other mental phenomena are left? Virtually all meaningful human
experience has connections to the limbic structures that the authors
cite as central to temporal lobe seizure phenomena. In other words,
since motor, sensory, autonomic, cognitive, perceptual, and emotional
phenomena are all connected with the limbic system, to assert that
NDEs originate in that neuroanatomical locus is of limited heuristic
value.
There is yet another problem with the use of temporal lobe seizure
phenomena as an analog to the near-death experience. The authors
leap from phenomenological similarity to the presumption of similar
causation. This direct linkage bypasses the psychological realm, in
which unique conscious and unconscious issues contribute to the end
product of brain functioning. Like all other mental events, NDEs
result from the interplay of a variety of factors according to the princi
ples of overdetermination and multiple causation. As we noted else
where, the proponents of neurobiological models make a "fundamental
error in assuming that because certain perceived phenomena are simi
lar, they can be presumed to have the same underlying cause. Phenom
enological similarities abound in nature, without adherence to uni

causality" (Gabbard and Twemlow, 1984, p. 131).
Like most models of the NDE, this construct proposed by Saavedra
Aguilar and G6mez-Jeria can only account for some of the accumulated
data. Critical to their formulation is one of two triggering mechanisms:
hypoxia/ischemia or stress. In their view limbic discharges must be
precipitated by either of these factors. While they acknowledge that
proximity to death does not appear to be a requirement to produce an
NDE, they assert that NDE subjects who are not near death are
nevertheless in a stressful situation. In our own work (Gabbard and

Twemlow, 1984), we reported five subjects who had classic NDEs
without being near death. At least three of those five subjects had no
physical or mental stress whatsoever at the time of the experience. On
the contrary, they were in states of physical relaxation and mental
calmness. In light of those reports and others, the authors' statement
that their model is in agreement with all existing relevant scientific
evidence is erroneous and makes the generalizability more limited
than they imply.
The authors' tendency to overlook or misinterpret data that are not
in keeping with their model is also a problem in their attempt to
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correlate out-of-body experiences (OBEs) with various personality vari
ables. They assert that "OBEs seem to correlate with personality
variables like absorption, imagination, introversion, internal locus of
control, and narcissistic personality (Lukianowicz, 1958; Tobacyk and

Mitchell, 1987)." The first reference they cite is, in fact, unrelated to
out-of-body experiences. It focuses on autoscopic phenomena, involving
the appearance of a double of one's self, without the subject ever
having experienced his or her mind as separate from the body. The
findings of the second reference were actually diametrically opposed to

what Saavedra-Aguilar and G6mez-Jeria assert. Jerome Tobacyk and
Thomas Mitchell, in fact, did not measure absorption, imagination,
locus of control, or introversion. They wrote:
. . college students
reporting out-of-body experiences showed no evidence of less effective
personality adjustment than that of nonreporters based on scores from
assessment instruments for death orientation, defensive style, narcis
sism, self-concept, and social desirability" (1987, p. 369). They con

".

cluded that subjects with out-of-body experiences were virtually indis
tinguishable from subjects who had never had OBEs by all
psychological criteria used in their study.
We applaud the authors' cautious approach to the problem of under
standing the near-death experience. We share their concern that sober
scientific investigation is urgently needed in a field where leaps of
faith are commonplace. We sincerely hope that this opportunity to
exchange ideas about their model will stimulate further research.
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Response to Commentaries on
"A Neurobiological Model
for Near-Death Experiences"
Juan C. Saavedra-Aguilar, M.D.
Juan S. Gomez-Jeria, Lic.Q.
University of Chile

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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