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Views & Reviews

Does the arousal system contribute to
near death experience?

Kevin R. Nelson, MD; Michelle Mattingly, PhD; Sherman A. Lee, PhD; and Frederick A. Schmitt, PhD

Abstract— The neurophysiologic basis of near death experience (NDE) is unknown. Clinical observations suggest that
REM state intrusion contributes to NDE. Support for the hypothesis follows five lines of evidence: REM intrusion during
wakefulness is a frequent normal occurrence, REM intrusion underlies other clinical conditions, NDE elements can be
explained by REM intrusion, cardiorespiratory afferents evoke REM intrusion, and persons with an NDE may have an
arousal system predisposing to REM intrusion. To investigate a predisposition to REM intrusion, the life-time prevalence
of REM intrusion was studied in 55 NDE subjects and compared with that in age/gender-matched control subjects. Sleep
paralysis as well as sleep-related visual and auditory hallucinations were substantially more common in subjects with an
NDE. These findings anticipate that under circumstances of peril, an NDE is more likely in those with previous REM
intrusion. REM intrusion could promote subjective aspects of NDE and often associated syncope. Suppression of an
activated locus ceruleus could be central to an arousal system predisposed to REM intrusion and NDE.
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In life-threatening crisis, some who are near death
experience dissociation from their physical body, eu-
phoria, and transcendental or mystical elements.
Such accounts led Raymond Moody to introduce the
term “near death experience” (NDE) in his 1975 book
Life After Life.1 Although the experience of being
near death is as primordial as death itself, this was
the first work to compile survivor anecdotes and
bring the concept of NDE into the medical and popu-
lar literature. A consistent aspect of NDE accounts is
the powerful transformation of personal beliefs and
values.2 Assuming even the most complex psycholog-
ical process is dependent on brain function,3 the com-
pelling intensity of NDE and lack of neurologic
understanding argue forcefully for investigating the
neurophysiologic basis of NDE.

What is NDE? NDE is a response to danger and
composed of several elements that are summarized
in table 1. Each NDE is thought unique and contains
features in various combinations with no universal
element. Individual as well as age4 and cultural5 het-
erogeneity suggests the content of NDE is modified

by experience and indicates that NDE is not a simple
automatism.

NDE can occur with or without neurologic impair-
ment during the time of danger. The insult is most
often ischemia, hypoxia, or both. It may not be possi-
ble to distinguish NDE with and without brain im-
pairment by the nature of the experience alone.6

There are no reported neurologic examinations of
patients during or immediately after NDE.

The incidence of NDE in the dying will surely
remain unknown. Investigations necessarily contain
survivors without substantial injury to the sub-
strates of language and memory. Some studies have
intentionally selected subjects with complete neuro-
logic recovery. Although there are many causes of
NDE, prospective studies have focused on survivors
of cardiac arrest, with incidences of 6.3% (4/63),7 10%
(12/116),8 and 12% (41/344).2

What causes NDE? No prospective series has
found an underlying condition corresponding to
NDE. Cardiac arrest survivors with NDE are not
distinguished by administered medications, meta-
bolic states, psychology,2,4,7 sociodemographic fac-
tors,8 resuscitative interventions, or the duration of
cardiac arrest or unconsciousness.2 There is a ten-
dency for NDE to occur in those younger than 60
years2,8 or with higher PO2.7
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The clinical features of NDE should provide an
indication of their physiologic basis. Extraordinary
light is very common with NDE. Also, in some NDEs,
the subject is immobilized, alert to the surroundings,
and “aware of being dead.”1 Both of these observa-
tions are similar to aspects of the REM state. The
REM state can intrude into wakefulness as visual
hallucinations with sleep onset (hypnagogic) or upon
awakening (hypnopompic). REM intrusion can also
be auditory as well as atonic with sleep paralysis
(SP) or cataplexy. During crisis, the atonia of REM
intrusion could reinforce a person’s sense of being
dead and convey the impression of death to others.

The REM stage of sleep is defined by rapid
saccadic eye movements and comprises cortical acti-
vation (EEG desynchronization), atonia, and ponto-
geniculo-occipital (PGO) waves. PGO waves are the
established marker that the visual system has been
activated. Originally proposed by Hobson et al.,9 the
pontine arousal system controls the transition in and
out of REM sleep through a reciprocal interaction
between the REM promoting cholinergic pedunculo-
pontine (PPT) and laterodorsal tegmental (LDT) nu-
clei, which are counterbalanced by REM-inhibiting
actions of the serotonergic dorsal raphe (DR) and
noradrenergic locus ceruleus (LC) nuclei. REM disso-
ciative states arise as individual components of the
REM state can be isolated by stimulation and inhibi-
tion. Lesions of the PPT impact the phasic portions
of REM but not the atonia10 as regions mediating
atonia11 and PGO waves12 differ. Arguments favoring

a contribution by REM intrusion to NDE follow five
lines of evidence.

1. REM intrusion is a frequent normal occur-
rence. The intrusion of REM state into normal
wakeful consciousness frequently occurs but is infre-
quently recognized. Cultures with specific linguistic
references have a high prevalence of SP.13 Other
groups have lower rates. Ohayon et al. found a 6.2%
lifetime SP rate in nearly 14,000 of the general Eu-
ropean population,14 which agrees with the 6% found
by Aldrich in normal North American control sub-
jects.15 Takeuchi et al.16 deliberately elicited sleep-
onset REM periods (SOREMs) in normal subjects
and provoked SP, sometimes with complex visual
and auditory hallucinations. Commonly SP occurs
with visual or auditory hallucinations.13,16-18 SP is fa-
cilitated by stress, fatigue, and sleep deprivation.13,17

Cataplexy has a lower estimated prevalence in gen-
eral populations of 1.2%14 to 3.2%.19 Sleep-related
hallucinations are found in 19% of a healthy popula-
tion.15 In large surveys, the prevalence of hypnagogic
hallucinations is 24 to 28%.14,18

2. REM intrusion underlies other clinical con-
ditions. Narcolepsy is fundamentally a disorder of
state boundary control with persistent REM intru-
sion.20 Upwards of 50% of narcoleptic individuals ex-
perience sleep paralysis.15 Narcoleptic patients have
frequent hypnagogic or hypnopompic hallucina-
tions,15,21 typically during sleep’s first REM period22

and particularly if REM is of rapid onset.21

Complex visual hallucinations caused by lesions
near the midbrain cerebral peduncles was first rec-
ognized by Lhermitte, who later wrote that peduncu-
lar hallucinations are an “expression of a dissociated
sleep associated with release of dream images.”23 The
imagery can assume tunnels with a “golden gate” at
one end,24 angels,25 and feelings of levitation.26 Le-
sions causing peduncular hallucinations are concen-
trated in the mesopontine paramedian reticular
formation,24 suggesting injury to the raphe nuclei
facilitates physiologic release of intact PPT/LDT.

In delirium tremens (DT), Tachibana and col-
leagues27 first observed an EEG akin to stage I sleep,
with REMs and tonic muscle activity suggesting a
dissociated REM state. A pattern of EEG and eye
movements similar to DT is also found during hallu-
cinations in several neurodegenerative conditions,
including Parkinson disease (PD). REM intrusion
during daytime naps is documented in patients with
PD,28 and disordered sleep is known to associate with
PD hallucinations.29 Arnulf and colleagues hypothe-
size that visual hallucinations in PD result from a
narcolepsy-like REM state disorder,30 observing that
hallucinations correspond to recorded daytime
SOREM. REM states were also recorded dissociated
from muscle tone, with bursts of muscle activity dur-
ing REM sleep and atonia during sleep without
REM. Others have found hallucinations in PD dur-
ing REM without atonia.31 In narcolepsy, DT, and

Table 1 Features of NDE in 55 subjects

Greyson NDE scale element
n (%),
n � 55

Cognitive

Altered sense of time 34 (62)

Accelerated thought processes 24 (44)

Life review 20 (36)

Sense of sudden understanding 33 (60)

Affective

Feeling of peace 48 (87)

Feeling of joy 35 (64)

Feeling of cosmic unity 37 (67)

Seeing/feeling surrounded by light 43 (78)

Purportedly paranormal

Vivid senses 42 (76)

Purported extrasensory perception 17 (31)

Purported precognitive vision 16 (29)

Sense of being out of physical body 44 (80)

Apparent transcendental

Sense of an “otherworldly” environment 41 (75)

Sense of a mystical entity 30 (55)

Sense of deceased/religious spirits 26 (47)

Sense of a border/“point of no return” 37 (67)

The numbers and percentages given reflect nonweighted scores in each
area. To determine if an experience meets near death experience (NDE)
criteria, responses are weighted for the 16 NDE elements, yielding a maxi-
mum possible score of 32. A minimal score of 7 is necessary for an NDE.79
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PD,30 it is sometimes difficult to distinguish between
REM sleep and wakefulness.

3. NDE elements can be explained by REM in-
trusion. The literature suggests that NDE re-
quires a confluence of events. Noyes et al. described
the psychological responses to danger in motor vehi-
cle accident survivors.32 Feeling detached from the
world or body was a cardinal feature. The detach-
ment is referred to as psychological dissociation. Sur-
vivors felt enhanced arousal and “unusual
alertness,” with thoughts speeded up, sharp, or lucid.
A sense of greater control was common, and psycho-
logical dissociation is likely an adaptive response to
danger that improves survival by diminishing panic.
A group of self-reported NDE subjects, similar to
those reported by this study, were found to have
nonpathologic psychological dissociation consistent
with a traumatic event.33 Interestingly, feelings of
detachment are also common during cerebral isch-
emia of syncope in the absence of danger.34 Many
NDEs are reported with little or no collaboration by
medical data. Consequently, Owens et al.6 evaluated
the medical records of 58 subjects who had memories
of when they believed themselves near death. On
review, 28 subjects had serious illness possibly lead-
ing to death without medical intervention. The re-
maining 30 were in not in medical danger and
therefore had psychological dissociation alone. The
groups were remarkably similar in most measures.
One of the few differences was the enhancement of
light in the medically threatened group.

The often-cited light of NDE could be based on
visual activity promoted by REM mechanisms during
retinal ischemia. With hypotensive syncope, tunnel-
like peripheral to central visual loss develops over 5
to 8 seconds, while other cortical functions remain.35

Lambert and Wood confirmed retinal ischemia as the
origin of syncopal blackout by preserving both vision
and retinal perfusion using vacuum goggles to de-
crease intraocular pressure during arterial hypoten-
sion. In the absence of retinal input, pontine REM
mechanisms predominantly influence lateral genicu-
late firing.36 Cortical ischemia alone would not im-
pede REM visual expression. The cortically blind are
capable of visual dream imagery,37 and during REM,
the primary visual cortex is deactivated38 while the
extrastriate visual cortex is activated.39 Moreover,
simple and complex visual hallucinations are re-
ported by a majority during ischemia from induced
syncope.34

Autoscopy is a feature typical of NDE and has a
recognized association with the REM state. Narco-
leptic individuals often give account of autoscopy,40,41

which occurs during REM and lucid dreams.42 Sleep
paralysis with autoscopy was disclosed by several
normal respondents in a large survey.18 Autoscopy is
directly produced by stimulating the region of the
nondominant angular gyrus43 or amygdala44 and is
found with many clinical conditions. Surprisingly,
autoscopy is a common experience. In a large Euro-

pean survey, 5.8% reported at least one autoscopic
experience.45 Autoscopy occurs with danger alone46

and does not distinguish those who are or are not
medically near death.6 Syncope without danger pro-
voked autoscopy in 4 of 42 subjects.34 In epileptic
patients, autoscopy was reported in 6% and indepen-
dent of seizure type.47 The intriguing recall of auto-
scopy during generalized tonic-clinic seizures47,48 may
have parallel with autoscopy during NDE from car-
diac arrest. It is unknown when the memory of the
autoscopic experience is established.

The reward system could influence feelings of rap-
ture, peace, or euphoria often present with NDE. The
PPT/LDT are considered instrumental in promoting
reward behavior,49 with fibers projecting to the ven-
tral tegmental region.50 Lesions of the PPT reduce
reward-seeking behavior for many strong stimuli in-
cluding food51 and self-administered heroin.52 The
limbic and paralimbic regions active in REM sleep
are also important in the reward system.53 Pleasant
or positive feelings are also common with syncope.34

The biologic purpose of dreams remains specula-
tive. Many ancient and modern cultures have re-
garded dreams an augur of the future and link to the
divine and deceased. Sleep-related sensations pos-
sess characteristics easily transformed into features
of NDE, such as falling into an abyss found in 16%
and the sensed presence of an entity in 9% of normal
people.45 Most dreaming occurs in REM sleep,54 and
despite the possible contribution by REM intrusion
to NDE, NDE and dreams fundamentally differ.
NDEs are recalled with an intense sense of realness
that contrasts sharply to dreams. Furthermore,
NDEs lack the bizarre characteristics of dreams. Yet
importantly, REM intrusion under peril does provide
a mechanism for stimulating limbic and paralimbic
structures believed to underlie many of the ineffable
transcendental and paranormal qualities of NDE.4 In
REM sleep, amygdala and anterior cingulate gyrus
activity is detected on PET scan,38,53,55 and PGO
waves propagate to the basolateral amygdala, cingu-
late gyrus, and hippocampus.56 REM intrusion could
form the basis of subjective phenomena34 and
“dreams”35 frequent with syncope and strikingly sim-
ilar to NDE.57

4. Cardiorespiratory afferents evoke REM in-
trusion. Successful execution of Walter B. Can-
non’s “fight-or-flight” responses to danger requires
the arousal system to be tightly coupled with central
nervous control of the cardiorespiratory systems. Un-
doubtedly, the autonomic responses during the NDE
conditions of danger, cardiorespiratory crisis, or syn-
cope are characterized by heightened vagal afferent
activity. Afferent fibers from stretch, pressure, me-
chanical, and chemoreceptors transmit sensory infor-
mation from the heart, vascular, and pulmonary
systems to the brainstem principally by way of the
vagus but also the glossopharygeal and trigeminal
nerves. The cervical portion of the vagus is made up
of approximately 80% visceral afferents.58
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Vagal afferents robustly promote REM intrusion.
Electrical stimulation of the vagus nerve in various
animal preparations enhances REM,59-61 elicits PGO
waves,60,61 and causes atonia.60,62,63 The transition
from wakefulness to REM can be very brisk after
direct vagal stimulation, which is acknowledged by
the terms “reflex REM narcolepsy”62 and “narcoleptic
reflex”60 and depicted in figure E-1 on the Neurology
Web site (go to www.neurology.org). The abrupt shift
between wakefulness and the REM state, repre-
sented in clinical circumstances by SOREM, is im-
portant in the genesis of REM intrusion.16,21 In
epileptic individuals treated with electrical vagal
nerve stimulation, Malow et al.64 have shown “am-
biguous” SOREM with sleep spindles and chin elec-
tromyographic tone, indicating intrusion of REM
into non-REM states. The relationship between the
vagus nerve and REM state generation is partially
summarized in the figure.

Vagal afferents synapse within the medullary nu-
cleus tractus solitarius (NTS). From the NTS, fibers
travel to the pontine parabrachial nuclear complex
(PBN), which is the principal relay for ascending
cardiorespiratory afferents to the forebrain.65 Stimu-
lation of the lateral PBN has profound pressor66 and

respiratory67 effects. The lateral PBN and nearby
Kolliker–Fuse nucleus have long been viewed as es-
sential to the pontine role in respiratory system.68

Vagal cardiorespiratory afferents and REM state
generation critically intersect in the lateral PBN re-
gion. Both the NTS and the PBN send projections to
the LDT, and the NTS projects to the PPT as well.69

The cholinoceptive dorsal portion of the subceruleus
region, responsible for generating a species equiva-
lent of the PGO wave, receives afferents from neu-
rons scattered throughout the PBN.70 Cholinergic
stimulation of the caudal portion of the lateral PBN
immediately induces state-independent PGO waves71

and REM enhancement.71,72 PGO-on and PGO-off
cells are recorded within the lateral PBN,73,74 and
caudolateral PBN lesions impair PGO generation.75

Both REM phase–on and REM phase–off neuronal
discharges can be recorded from many neurons
within the lateral PBN, including some that are
tightly phase locked.76 Although not well character-
ized, REM-generating regions are known to respond
to hypoxia. Cholinergic neurons within the PPT in-
crease their firing rate,77 and c-fos activity increases
in the LDT.78

5. Persons with an NDE may have an arousal
system predisposing to REM intrusion. Under
apparently similar physiologic conditions, a fraction
of cardiac arrest survivors have an NDE. Are those
with an NDE susceptible to REM intrusion mani-
fested by a greater life-time prevalence?

Methods. From a registry of 446 self-reported
NDEs, 64 North Americans responded to e-mail in-
quiry. Structured interviews were conducted in 55
consecutive volunteers who qualified with an acute
episode of danger associated with an experience sat-
isfying Greyson criteria (total score �7).79 The proxi-
mate causes of NDE included syncope/near-syncope
during peril (10), cardiac events (8), near drownings
(8), motor vehicle accidents (8), head trauma (5),
perioperative incidences (5), strokes (3), falls (2), hy-
pocalcemia (2), and 1 each of carbon monoxide poi-
soning, drug overdose, latex allergy, and lightening
strike. Nine were excluded from study because they
either had an experience with Greyson score less
than 7(n � 3) or the danger was not imminent (e.g.,
febrile illness) (n � 6). REM intrusion prevalence
was compared with that in similarly interviewed
age- and gender-matched control subjects recruited
from medical center personnel or their contacts (ta-
ble 2). All gave informed consent as approved by the
institutional review board. Analyses of interview re-
sponses involved �2 and Fisher exact tests for group
differences and analysis of variance to compare REM
intrusion and Greyson scores, utilizing SPSS version
7.3 (SPSS, Chicago, IL).

Results. Subjects with NDE reported significantly
greater REM intrusion than matched control sub-
jects (table 2). The difference between NDE and con-

Figure. A partial summary of the relationship between va-
gal afferents and REM generation. Solid line � excitatory;
dashed line � inhibitory; PDT � pedunculopontine;
LDT � laterodorsal tegmental.
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trol groups for cataplexy approached, but did not
achieve, significance. Of the four NDE subjects with
cataplexy, each had at least two additional elements
of REM intrusion, and three had SP. Given the hy-
pothesized association between REM intrusion and
NDE, total Greyson scores were predicted by the
presence or absence of REM intrusion events. Multi-
ple linear regression revealed a prediction of total
Greyson score by auditory REM intrusion (R � 0.38,
p � 0.01). Higher mean Greyson scores were found
in NDE subjects reporting visual (t � �2.41, p �
0.02) and auditory (t � �3.02, p � 0.01) intrusion.
Mean Greyson scores showed no differences based on
cataplexy or SP.

Episodes of REM intrusion appear to be substan-
tially more common in the lifetime of subjects with
an NDE. These findings imply that persons with an
NDE have an arousal system predisposing to REM
intrusion.

What becomes of the activated LC? The LC
could be central to an arousal system predisposed to
REM intrusion. The widely projecting LC is the
brain’s chief adrenergic nucleus. In addition to a role
in the regulation of the wake–sleep cycle, the LC
during wakefulness is paramount to behavior in vig-
ilance80 and stress.81 Fear,82 hypoxia,78 hypotension,83

and hypercarbia,84 all vigorously stimulate the LC

and increase tonic discharge rates. Although a
causal relationship is not established, a precise and
rapid correlation exists between LC discharge rates
and behavior. Moderate rates strongly correspond to
focused behavior, which shifts to scanning and labile
attentiveness at high LC discharge rates.85 Physio-
logic systems do not function in isolation. Such inter-
dependence is classically exemplified by the yoked
opposition between cholinergic and adrenergic por-
tions of the peripheral autonomic nervous system.
Although factors activating the LC have been exten-
sively investigated, less is known about how LC ac-
tivity is tempered. LC discharges can inhibited by
the nucleus paragigantocellularis acting on �2-
adrenoceptors86 or �-aminobutyric acid from the nu-
cleus prepositus hypoglossi.87 Systems promoting
REM powerfully inhibit the LC. Only during the
REM state (or related atonia) does the LC cease dis-
charging.88 As LC suppression anticipates the REM
state,89 it may be that events leading to REM have
the greatest influence. If scanning behavior became
maladaptive or focused attention became necessary
in crisis, counterbalancing inhibitory mechanisms
such as the cholinergic REM system could suppress
adrenergic LC activity and perhaps facilitate adapta-
tion. Conceivably, the nature of LC suppression dis-
tinguishes those with REM intrusion and NDE.

Table 2 Demographic features and REM intrusion contrasted between NDE and control subjects

NDE,
n � 55

Control,
n � 55 p

Women 36 (65%) 36 (65%)

Age, y

Mean 54.5 54.5

Range 32–76 31–76

Visual REM intrusion

“Just before falling asleep or just after awakening, have you ever seen things, objects or
people that others cannot see?”

23 (42%) 4 (7%) �0.0001

Hypnagogic 9 2

Hypnopompic 6 2

Both 8 0

Auditory REM intrusion

“Just before falling asleep or just after awakening, have you ever heard sounds, music or
voices that other people cannot hear?”

20 (36%) 4 (7%) �0.001

Hypnagogic 9 1

Hypnopompic 7 3

Both 4 0

Atonic REM intrusion (sleep paralysis)

“Have you ever awakened and found that you were unable to move or felt paralyzed?” 25 (46%) 7 (13%) �0.001

Atonic REM intrusion (cataplexy)*

“Have you ever had sudden muscle weakness in your legs or knee buckling?” 4 (7%) 0 (0%) 0.12

Total REM intrusion (visual, auditory, sleep paralysis, or cataplexy)

One or more element 33 (60%) 13 (24%) �0.001

One element 9 11

Two elements 11 2

Three elements 11 0

Four elements 2 0

* Two of three precipitants required; laugh or joke, strong emotion or excitement, surprise or startle.

NDE � near death experience.
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Conclusions. REM intrusion may underlie some
of the subjective experiences of NDE and syncope. A
role for the arousal system explains why various
dangers lead to NDE. Because of this diversity, an
inclusive NDE study such as this one bears the limi-
tations of being retrospective and of self-reported
subjects. Although preliminary, these findings en-
courage further investigation such as a prospective
study of NDE under the special conditions of cardiac
arrest. NDE would be predicted in those with prior
REM intrusion. Yet challenges confront the hypothe-
sis. The low-amplitude EEG waveforms of the REM
state are likely to be obscured by the high-amplitude
waveforms of cerebral ischemia.90 REM saccades
during syncope may be overridden by dominance of
the vestibular system.91 Last, patients are sometimes
reluctant to report an unusual experience with in-
tense personal meaning—meaning independent of
how NDE arise.

Acknowledgment
The authors thank Jeffrey Long, MD, and Jody Long, JD, of the
Near Death Experience Research Foundation for help with subject
recruitment and also thank the subjects for their participation.

References
1. Moody R. Life after life. Covington, GA: Mockingbird Books, 1975.
2. van Lommel P, van Wees R, Meyers V, Elfferich I. Near-death experi-

ence in survivors of cardiac arrest: a prospective study in the Nether-
lands. Lancet 2001;358:2039–2045.

3. Kandel ER. A new intellectual framework for psychiatry. Am J Psychi-
atry 1998;155:457–469.

4. Morse M, Castillo P, Venecia D, Milstein J, Tyler DC. Childhood near-
death experiences. Am J Dis Child 1986;140:1110–1114.

5. Pasricha S, Stevenson I. Near-death experiences in India. A prelimi-
nary report. J Nerv Ment Dis 1986;174:165–170.

6. Owens JE, Cook EW, Stevenson I. Features of “near-death experience”
in relation to whether or not patients were near death. Lancet 1990;
336:1175–1177.

7. Parnia S, Waller DG, Yeates R, Fenwick P. A qualitative and quantita-
tive study of the incidence, features and aetiology of near death experi-
ences in cardiac arrest survivors. Resuscitation 2001;48:149–156.

8. Greyson B. Incidence and correlates of near-death experiences in a
cardiac care unit. Gen Hosp Psychiatry 2003;25:269–276.

9. Hobson JA, McCarley RW, Wyzinski PW. Sleep cycle oscillation: recip-
rocal discharge by two brainstem neuronal groups. Science 1975;189:
55–58.

10. Shouse MN, Siegel JM. Pontine regulation of REM sleep components in
cats: integrity of the pedunculopontine tegmentum (PPT) is important
for phasic events but unnecessary for atonia during REM sleep. Brain
Res 1992;571:50–63.

11. Lai YY, Siegel JM. Medullary regions mediating atonia. J Neurosci
1988;8:4790–4796.

12. Datta S, Siwek DF, Patterson EH, Cipolloni PB. Localization of pontine
PGO wave generation sites and their anatomical projections in the rat.
Synapse 1998;30:409–423.

13. Fukuda K, Miyasita A, Inugami M, Ishihara K. High prevalence of
isolated sleep paralysis: kanashibari phenomenon in Japan. Sleep 1987;
10:279–286.

14. Ohayon MM, Priest RG, Zulley J, Smirne S, Paiva T. Prevalence of
narcolepsy symptomatology and diagnosis in the European general pop-
ulation. Neurology 2002;58:1826–1833.

15. Aldrich MS. The clinical spectrum of narcolepsy and idiopathic hyper-
somnia. Neurology 1996;46:393–401.

16. Takeuchi T, Miyasita A, Sasaki Y, Inugami M, Fukuda K. Isolated
sleep paralysis elicited by sleep interruption. Sleep 1992;15:217–225.

17. Ohayon MM, Zulley J, Guilleminault C, Smirne S. Prevalence and
pathologic associations of sleep paralysis in the general population.
Neurology 1999;52:1194–1200.

18. Cheyne JA, Rueffer SD, Newby-Clark IR. Hypnagogic and hypnopompic
hallucinations during sleep paralysis: neurological and cultural con-
struction of the night-mare. Conscious Cogn 1999;8:319–337.

19. Hublin C, Kaprio J, Partinen M, et al. The prevalence of narcolepsy: an
epidemiological study of the Finnish Twin Cohort. Ann Neurol 1994;35:
709–716.

20. Broughton R, Valley V, Aguirre M, Roberts J, Suwalski W, Dunham W.
Excessive daytime sleepiness and the pathophysiology of narcolepsy–
cataplexy: a laboratory perspective. Sleep 1986;9:205–215.

21. Hishikawa Y, Koida H, Yoshino K, Wakamatsu H, Sugita Y, Iijima S.
Characteristics of REM sleep accompanied by sleep paralysis and hyp-
nagogic hallucinations in narcoleptic patients. Waking Sleeping 1978;2:
113–123.

22. Hishikawa Y, Kaneko Z. Electroencephalographic study on narcolepsy.
Electroencephalogr Clin Neurophysiol 1965;18:249–259.

23. Lhermitte J. Les fondements anatomo-physiologiques de certaines hal-
lucinations visuelles. Confin Neurol 1949;9:43–47.

24. Manford M, Andermann F. Complex visual hallucinations. Clinical and
neurobiological insights. Brain 1998;121:1819–1840.

25. Kumar R, Behari S, Wahi J, Banerji D, Sharma K. Peduncular halluci-
nosis: an unusual sequel to surgical intervention in the suprasellar
region. Br J Neurosurg 1999;13:500–503.

26. Tsukamoto H, Matsushima T, Fujiwara S, Fukui M. Peduncular hallu-
cinosis following microvascular decompression for trigeminal neuralgia:
case report. Surg Neurol 1993;40:31–34.

27. Tachibana M, Tanaka K, Hishikawa Y, Kaneko Z. A sleep study of
acute psychotic states due to alcohol and meprobamate addiction. New
York: Spectrum Publications, 1975:177–205.

28. Dihenia B, Rye DB, Bliwise DL. Daytime alertness in Parkinson’s dis-
ease. Sleep Res 1997;26:550.

29. Pappert EJ, Goetz CG, Niederman FG, Raman R, Leurgans S. Halluci-
nations, sleep fragmentation, and altered dream phenomena in Parkin-
son’s disease. Mov Disord 1999;14:117–121.

30. Arnulf I, Bonnet AM, Damier P, et al. Hallucinations, REM sleep, and
Parkinson’s disease: a medical hypothesis. Neurology 2000;55:281–288.

31. Manni R, Pacchetti C, Terzaghi M, Sartori I, Mancini F, Nappi G.
Hallucinations and sleep-wake cycle in PD: a 24-hour continuous poly-
somnographic study. Neurology 2002;59:1979–1981.

32. Noyes R Jr, Hoenk PR, Kuperman S, Slymen DJ. Depersonalization in
accident victims and psychiatric patients. J Nerv Ment Dis 1977;164:
401–407.

33. Greyson B. Dissociation in people who have near-death experiences: out
of their bodies or out of their minds? Lancet 2000;355:460–463.

34. Lempert T, Bauer M, Schmidt D. Syncope: a videometric analysis of 56
episodes of transient cerebral hypoxia. Ann Neurol 1994;36:233–237.

35. Lambert EH, Wood EH. The problem of blackout and unconsciousness
in aviators. Med Clinic North Am 1946;30:833–844.

36. McCarley RW, Benoit O, Barrionuevo G. Lateral geniculate nucleus
unitary discharge in sleep and waking: state- and rate-specific aspects.
J Neurophysiol 1983;50:798–818.

37. Solms M. The neuropsychology of dreams: a clinico-anatomical study.
Mahwah, NJ: Erlbaum, 1997.

38. Braun AR, Balkin TJ, Wesenten NJ, et al. Regional cerebral blood flow
throughout the sleep-wake cycle. An H2(15)O PET study. Brain 1997;
120:1173–1197.

39. Braun AR, Balkin TJ, Wesensten NJ, et al. Dissociated pattern of
activity in visual cortices and their projections during human rapid eye
movement sleep. Science 1998;279:91–95.

40. Mahowald MW, Schenck CH. Dissociated states of wakefulness and
sleep. Neurology 1992;42:44–51.

41. Overeem S, Mignot E, van Dijk JG, Lammers GJ. Narcolepsy: clinical
features, new pathophysiologic insights, and future perspectives. J Clin
Neurophysiol 2001;18:78–105.

42. LaBerge S, Levitan L, Brylowski A, Dement W. “Out-of-body” experi-
ences occurring in REM sleep. Sleep Res 1988;17:115.

43. Blanke O, Ortigue S, Landis T, Seeck M. Neuropsychology: stimulating
illusory own-body perceptions. Nature 2002;419:269–270.

44. Jasper HH, Rasmussen T. Studies of clinical and electrical responses to
deep temporal stimulation in man with some considerations of func-
tional anatomy. Res Publ Assoc Res Nerv Ment Dis 1956;36:316–334.

45. Ohayon MM. Prevalence of hallucinations and their pathological asso-
ciations in the general population. Psychiatry Res 2000;97:153–164.

46. Noyes R Jr, Kletti R. Depersonalization in the face of life-threatening
danger: a description. Psychiatry 1976;39:19–27.

47. Devinsky O, Feldmann E, Burrowes K, Bromfield E. Autoscopic phe-
nomena with seizures. Arch Neurol 1989;46:1080–1088.

48. Sabom MB. Recollections of death: a medical investigation. New York:
Harper & Row, 1982.

49. Yeomans JS, Mathur A, Tampakeras M. Rewarding brain stimulation:
role of tegmental cholinergic neurons that activate dopamine neurons.
Behav Neurosci 1993;107:1077–1087.

50. Oakman SA, Faris PL, Kerr PE, Cozzari C, Hartman BK. Distribution
of pontomesencephalic cholinergic neurons projecting to substantia
nigra differs significantly from those projecting to ventral tegmental
area. J Neurosci 1995;15:5859–5869.

51. Alderson HL, Brown VJ, Latimer MP, Brasted PJ, Robertson AH, Winn
P. The effect of excitotoxic lesions of the pedunculopontine tegmental
nucleus on performance of a progressive ratio schedule of reinforce-
ment. Neuroscience 2002;112:417–425.

52. Olmstead MC, Munn EM, Franklin KB, Wise RA. Effects of pedunculo-
pontine tegmental nucleus lesions on responding for intravenous heroin
under different schedules of reinforcement. J Neurosci 1998;18:5035–
5044.

1008 NEUROLOGY 66 April (1 of 2) 2006
 by guest on May 3, 2006 www.neurology.orgDownloaded from 

http://www.neurology.org


53. Nofzinger EA, Mintun MA, Wiseman M, Kupfer DJ, Moore RY. Fore-
brain activation in REM sleep: an FDG PET study. Brain Res 1997;770:
192–201.

54. Nielsen TA. Mentation during sleep: The NREM/REM distinction. In:
Lydic R, Baghdoyan HA, eds. Handbook of behavioral state control:
Molecular and cellular mechanisms. Boca Raton, FL: CRC Press, 1999;
101–128.

55. Maquet P, Peters J, Aerts J, et al. Functional neuroanatomy of human
rapid-eye-movement sleep and dreaming. Nature 1996;383:163–166.

56. Calvo JM, Fernandez-Guardiola A. Phasic activity of the basolateral
amygdala, cingulate gyrus, and hippocampus during REM sleep in the
cat. Sleep 1984;7:202–210.

57. Lempert T, Bauer M, Schmidt D. Syncope and near-death experience.
Lancet 1994;344:829–830.

58. Agostoni E, Chinnock JE, Daly MDB, Murray JG. Functional and his-
tological studies of the vagus nerve and its branches to the heart, lungs
and abdominal viscera in the cat. J Physiol 1957;135:182–205.

59. Puizillout JJ, Foutz AS. Vago-aortic nerves stimulation and REM sleep:
evidence for a REM-triggering and a REM-maintenance factor. Brain
Res 1976;111:181–184.

60. Valdes-Cruz A, Magdaleno-Madrigal VM, Martinez-Vargas D, et al.
Chronic stimulation of the cat vagus nerve: effect on sleep and behav-
ior. Prog Neuropsychopharmacol Biol Psychiatry 2002;26:113–118.

61. Fernandez-Guardiola A, Martinez A, Valdes-Cruz A, Magdaleno-
Madrigal VM, Martinez D, Fernandez-Mas R. Vagus nerve prolonged
stimulation in cats: effects on epileptogenesis (amygdala electrical kin-
dling): behavioral and electrographic changes. Epilepsia 1999;40:822–
829.

62. Puizillout JJ, Foutz AS. Characteristics of the experimental reflex sleep
induced by vago-aortic nerve stimulation. Electroencephalogr Clin Neu-
rophysiol 1977;42:552–563.

63. Foutz AS, Ternaux JP, Puizillout JJ. Les stades de sommeil de la
preparation “encephale isole”: II. Phases paradoxales. Leur declenche-
ment par la stimulation des afferences baroceptives. Electroencepha-
logr Clin Neurophysiol 1974;37:577–588.

64. Malow BA, Edwards J, Marzec M, Sagher O, Ross D, Fromes G. Vagus
nerve stimulation reduces daytime sleepiness in epilepsy patients. Neu-
rology 2001;57:879–884.

65. Fulwiler CE, Saper CB. Subnuclear organization of the efferent connec-
tions of the parabrachial nucleus in the rat. Brain Res 1984;319:229–
259.

66. Chamberlin NL, Saper CB. Topographic organization of cardiovascular
responses to electrical and glutamate microstimulation of the parabra-
chial nucleus in the rat. J Comp Neurol 1992;326:245–262.

67. Chamberlin NL, Saper CB. Topographic organization of respiratory
responses to glutamate microstimulation of the parabrachial nucleus in
the rat. J Neurosci 1994;14:6500–6510.

68. Dutschmann M, Herbert H. The Kolliker–Fuse nucleus mediates the
trigeminally induced apnoea in the rat. Neuroreport 1996;7:1432–1436.

69. Semba K, Fibiger HC. Afferent connections of the laterodorsal and the
pedunculopontine tegmental nuclei in the rat: a retro- and antero-grade
transport and immunohistochemical study. J Comp Neurol 1992;323:
387–410.

70. Datta S, Patterson EH, Siwek DF. Brainstem afferents of the cholino-
ceptive pontine wave generation sites in the rat. Sleep Res Online
1999;2:79–82.

71. Datta S, Calvo JM, Quattrochi J, Hobson JA. Cholinergic microstimula-
tion of the peribrachial nucleus in the cat. I. Immediate and prolonged
increases in ponto-geniculo-occipital waves Arch Ital Biol 1992;130:
263–284.

72. Calvo JM, Datta S, Quattrochi J, Hobson JA. Cholinergic microstimula-
tion of the peribrachial nucleus in the cat. II. Delayed and prolonged
increases in REM sleep Arch Ital Biol 1992;130:285–301.

73. Datta S, Hobson JA. Neuronal activity in the caudolateral peribrachial
pons: relationship to PGO waves and rapid eye movements. J Neuro-
physiol 1994;71:95–109.

74. Gilbert KA, Lydic R. Pontine cholinergic reticular mechanisms cause
state-dependent changes in the discharge of parabrachial neurons.
AmJPhysiol 1994;266:R136–R150.

75. Datta S, Hobson JA. Suppression of ponto-geniculo-occipital waves by
neurotoxic lesions of pontine caudo-lateral peribrachial cells. Neuro-
science 1995;67:703–712.

76. Saito H, Sakai K, Jouvet M. Discharge patterns of the nucleus parabra-
chialis lateralis neurons of the cat during sleep and waking. Brain Res
1977;134:59–72.

77. Plowey ED, Kramer JM, Beatty JA, Waldrop TG. In vivo electrophysio-
logical responses of pedunculopontine neurons to static muscle contrac-
tion. Am J Physiol Regul Integr Comp Physiol 2002;283:R1008–R1019.

78. Bodineau L, Larnicol N. Brainstem and hypothalamic areas activated
by tissue hypoxia: Fos-like immunoreactivity induced by carbon monox-
ide inhalation in the rat. Neuroscience 2001;108:643–653.

79. Greyson B. The near-death experience scale. Construction, reliability,
and validity. J Nerv Ment Dis 1983;171:369–375.

80. Rajkowski J, Kubiak P, Aston-Jones G. Locus coeruleus activity in
monkey: phasic and tonic changes are associated with altered vigilance.
Brain Res Bull 1994;35:607–616.

81. Abercrombie ED, Jacobs BL. Single-unit response of noradrenergic neu-
rons in the locus coeruleus of freely moving cats. II. Adaptation to
chronically presented stressful stimuli. J Neurosci 1987;7:2844–2848.

82. Levine ES, Litto WJ, Jacobs BL. Activity of cat locus coeruleus norad-
renergic neurons during the defense reaction. Brain Res 1990;531:189–
195.

83. Valentino RJ, Page ME, Curtis AL. Activation of noradrenergic locus
coeruleus neurons by hemodynamic stress is due to local release of
corticotropin-releasing factor. Brain Res 1991;555:25–34.

84. Kaehler ST, Singewald N, Philippu A. The release of catecholamines in
hypothalamus and locus coeruleus is modulated by peripheral chemore-
ceptors. Naunyn Schmiedebergs Arch Pharmacol 1999;360:428–434.

85. Aston-Jones G, Rajkowski J, Cohen J. Locus coeruleus and regulation
of behavioral flexibility and attention. Prog Brain Res 2000;126:165–
182.

86. Aston-Jones G, Astier B, Ennis M. Inhibition of noradrenergic locus
coeruleus neurons by C1 adrenergic cells in the rostral ventral medulla.
Neuroscience 1992;48:371–381.

87. Kaur S, Saxena RN, Mallick BN. GABAergic neurons in prepositus
hypoglossi regulate REM sleep by its action on locus coeruleus in freely
moving rats. Synapse 2001;42:141–150.

88. Reiner PB. Correlational analysis of central noradrenergic neuronal
activity and sympathetic tone in behaving cats. Brain Res 1986;378:86–
96.

89. Foote SL, Aston-Jones G, Bloom FE. Impulse activity of locus coeruleus
neurons in awake rats and monkeys is a function of sensory stimulation
and arousal. Proc Natl Acad Sci USA 1980;77:3033–3037.

90. Brenner RP. Electroencephalography in syncope. J Clin Neurophysiol
1997;14:197–209.

91. Lempert T, von Brevern M. The eye movements of syncope. Neurology
1996;46:1086–1088.

April (1 of 2) 2006 NEUROLOGY 66 1009
 by guest on May 3, 2006 www.neurology.orgDownloaded from 

http://www.neurology.org


DOI: 10.1212/01.wnl.0000204296.15607.37 
 2006;66;1003-1009 Neurology

Kevin R. Nelson, Michelle Mattingly, Sherman A. Lee and Frederick A. Schmitt 
 Does the arousal system contribute to near death experience?

This information is current as of May 3, 2006 

 & Services
Updated Information

 http://www.neurology.org/cgi/content/full/66/7/1003
including high-resolution figures, can be found at: 

 Supplementary Material
 http://www.neurology.org/cgi/content/full/66/7/1003/DC1

Supplementary material can be found at: 

 Subspecialty Collections

 http://www.neurology.org/cgi/collection/brain_death
 death

Brain http://www.neurology.org/cgi/collection/all_sleep_disorders
 All Sleep Disorders

following collection(s): 
This article, along with others on similar topics, appears in the

 Permissions & Licensing

 http://www.neurology.org/misc/Permissions.shtml
or in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables)

 Reprints
 http://www.neurology.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 by guest on May 3, 2006 www.neurology.orgDownloaded from 

http://www.neurology.org/cgi/content/full/66/7/1003
http://www.neurology.org/cgi/content/full/66/7/1003/DC1
http://www.neurology.org/cgi/collection/all_sleep_disorders
http://www.neurology.org/cgi/collection/brain_death
http://www.neurology.org/misc/Permissions.shtml
http://www.neurology.org/misc/reprints.shtml
http://www.neurology.org

