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Introduction

“What are dreams?” has been a perennial question for philosophers and for

ordinary dreamers throughout history. Over the last century, it has also

become a focus of scientific inquiry. In 1985, Tore Nielsen surveyed scholarly

dream articles published over the previous one hundred years and found that

they contained two large waves of activity (Nielsen, 1985). The first began im-

mediately after the publication of Freud’s The Interpretation ofDreams (1900/

1965). This surge consisted of clinical articles. Though Freud’s ideas about

dreams are often said to be “discredited,” he actually introduced the character-

ization that dreams are predominately visual, metaphoric thought often linked

to mental processes outside conscious awareness. This is now widely accepted

and not thought of as “Freudian.” It was Freud’s emphasis on “wish fulfill-

ment” of primitive sexual and aggressive urges as the overriding motivations in

dreams that psychology has discarded. Freud also believed that dreams

occurred only when a conflict arose, whereas research has come to show that

we dream regularly through the night and recall only a fraction of this.

Research showing the average dream is the negative side of neutral (Fiall &
Van de Castle, 1966) similarly made a central role for wish fulfillment more

vulnerable to Occam’s razor. The more extreme and obviously erroneous psy-

choanalytic assertions are often cited as having discouraged scientific research-

ers from exploring dream content and clinical issues.

The next wave of publications came as a physiologic one when rapid eye

movement (REM) sleep was discovered. Aserinsky and Kleitman (1953)

observed that the brain, cardiovascular, and respiratory systems became more

active at approximately 90-minute intervals through the night. This corre-

sponded with the timing of awakenings likeliest to result in a dream report.

There were high hopes that this discovery might shed light not only on



X Iiitrodiictio!!

dreaming but on personality and mind/brain controversies in general.

Though subsequent studies added much detail to the portrait of REM and

its cycling with other stages of sleep, initially they did not impact clinical or

cognitive knowledge of dreaming, much less other aspects of psychology.

The physiologic researchers didn’t combine their research with the type of

detailed content studies in which clinicians are interested. The tone of their

articles often implied that all interesting questions about dreams had been

solved by describing the physiological processes of REM. In 1979, dream

researcher Harry Fiss observed:

The fact that sleep researchers have thus emphasized the biological substratum

of dreaming and by and large neglected the psychological experience of dream-

ing has given rise to a curious paradox: despite the monumental achievements

in sleep research in recent years, our prevalent notions of dreaming continue to

be derived principally from clinical practice and psychoanalysis— as ifREM had

never been discovered. In brief, the technological breakthrough of the fifties

and sixties has had relatively little impact on our understanding of dreaming.

(Fiss, 1979, p.4l)

Over the last two decades, however, there has been more cross-fertilization

of content and physiologic studies of dreaming. The technology has advanced

so that researchers can identify the biochemistry and neuroimaging of the

dreaming brain in enough detail to relate it to what is known about the psy-

chological functions of these specific areas. Clinical and cognitive researchers

have also begun comprehensive studies that tie into physiological findings.

The subjective and physiologic data on dreaming are finally beginning to

inform each other. New dream research has become relevant to helping clini-

cians treat posttraumatic stress and anxiety disorders. It is becoming a tool

for cognitive psychologists studying the orienting response and memory.

Dream studies are beginning to tell us more about brain development—both

across species and across the human lifetime.

The New Science ofDreaming brings together this exciting new body of

research. The volumes are organized around three broad themes: neurophys-

iological research, dream content and clinical approaches, and theoretical

and cultural perspectives.

Volume 1 presents the recent physiological studies of dreaming—mostly

characterizing REM sleep but also including non-REM (NREM) dreams

and the differential aspects of REM most linked to dream characteristics. In

Chapter I, Claude Gottesmann surveys the history of research on the physi-

ology of dreaming sleep. He begins with researchers some two centuries ago

who noted isolated signs of REM without fully identifying it and follows

this through the latest discoveries on biological characteristics of the state.
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In Chapter 2, Patrick McNamara, Charles Nunn, Robert Barton, Erica

Harris, and Isabella Capellini describe the phylogeny of REM and NREM
and at what point in evolution a process analogous to dreaming may have

arisen. Using REM sleep as a proxy for the dreaming brain/mind, McNa-
mara et al. find that REM is most prominent in terrestrial, placental mam-
mals and only occurs bihemispherically. NREM, on the other hand, can

occur in a single hemisphere. Thus, the evolution of REM sleep may be tied

to the evolution of brain structures like the corpus collosum that facilitate

interhemispheric transfer of information. In Chapter 3, J. Allan Hobson dis-

cusses cellular and molecular models of dreaming and how they account for

such formal dream features as sensorimotor hallucinosis, delusional errors of

state identification, emotional intensification, and memory loss. In Chapter

4, Hobson explores how drugs alter these to affect dreaming.

In Chapter 5, Thien Thanh Dang-Vu, Manuel Schabus, Martin Des-

seilles, Sophie Schwartz, and Pierre Maquet review neuroimaging studies of

REIVl sleep. The emerging picture reveals activation of the pons, the thala-

mus, temporo-occipital and limbic/paralimbic areas (including the amyg-

dala), along with a relative quiescence of dorsolateral prefrontal and inferior

parietal cortices. The authors note that these correlate well with observed

cognition during dreaming. In Chapter 6, Edward F. Pace-Schott focuses in

more detail on one of these findings—the frontal lobes’ diminished activa-

tion during REM—to account for many dream characteristics. In Chapter

7, Erin J. Wamsley and John S. Antrobus describe their “Dual Rhythm”

model of dreaming, which suggests that both the REM-NREM cycle and

changes in cortical activation across the 24-hour cycle are sources of nonspe-

cific brain activation supporting mentation during sleep. Maria Livia Fantini

and Luigi Ferini-Strambi’s Chapter 8 describes REM Behavior Disorder and

other REM parasomnias in which movement is disinhibited during REM
and people often thrash around—apparently acting out dreams. They discuss

how the dream content interacts with the disorder. In Chapter 9, Patrick

McNamara, Deirdre McLaren, Sara Kowalczyk, and Edward F. Pace-Schott

describe the contrasting physiologies of REM and NREM sleep states and

then report new data on dreams associated with these two sleep states. They

find that while attributions of mental states to dream characters by the

dreamer occurs in both sleep states, these “theory of mind” abilities are

much more robust in REM than in NREM sleep. In Chapter 10, Sanford

Auerbach reviews changes in dream recall and dream content in association

with various neurologic disorders. Finally, in Chapter II, David Kahn dis-

cusses how biochemical differences during REM decrease access to episodic

memory and diminish the tendency to reflect on implausibility, incongruity,

discontinuity, and illogical thinking.
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Volume 2 presents cognitive, personality, and clinical research on dreams.

In Chapter 1, G. William Domhoff reviews content studies and finds they do

not support the common stereotype of dreams as highly emotional, bizarre,

or similar in structure or content to schizophrenia or delirium. He concludes

that most dreams are reasonable simulations of waking life containing occa-

sional rare features, such as distorted settings and objects, unusual characters,

inexplicable activities, strange images and metamorphoses, and sudden scene

shifts. In Chapter 2, Michael Schredl examines the literature on gender differ-

ences in dreaming, summarizing the major findings: women recall dreams

more often than men, men’s dreams have more physical aggression and work

settings, and women’s dreams contain more people and household objects.

He discusses how these findings map onto differences between gender roles

in waking life and suggests this is supportive of the continuity hypothesis of

dreaming.

In Chapter 3, Roar Fosse and G. William Domhoff present a model of

dreams as “non-executive orienting”—suggesting that dynamic oscillations of

the dreaming networks cause them to self-organize into narrow but spatially

extended corridors of attention that reach conscious awareness. In Chapter 4,

Michael Schredl reviews the literature on dream recall and proposes a model

by which major correlates—stress, personality, attitudes toward dreams, sleep

arousal and retrieval effects, and memory (especially visual memory)— all

interact to produce the variations we observe in dream recall. In Chapter 5,

Mark Blagrove looks in more detail at the effects of personality on recall and

dream content differences. In Chapter 6, Clara E. Hill and Patricia Spangler

review the history of dreams in psychotherapy and modern empirical evidence

on outcomes of dream work, including differential predictors of who benefits

most. They conclude that there is strong evidence that working with dreams

in therapy is beneficial but that more research is needed to determine the ef-

fective components. The next few chapters explore nightmares. In Chapter 7,

Mehmet Yiicel Agargiin describes these as terrifying REM dreams. He dis-

tinguishes between spontaneous nightmares, as opposed to posttraumatic

ones, and explores a possible relationship between suicidality and nightmares.

In Chapter 8, Raija-Leena Punamaki reviews the effects of trauma on dream-

ing. She describes posttraumatic nightmares and discusses how other dream

parameters'—frequency of recall, tendency toward recurring dreams, dreaming

about the trauma or not—can predict who will recover better from trauma

versus who goes on to experience long-lasting posttraumatic stress disorder

(PTSD). In Chapter 9, Tore Nielsen and Jessica Lara-Carrasco suggest that

dreaming serves an emotional regulation function and that nightmares are

expressions of this function. They propose several possible mechanisms that
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may be central to emotion regulation during dreaming, especially during

nightmares, including desomatization, contextualization, progressive emo-

tional problem-solving, and fear memory extinction.

The last two chapters of Volume 2 are devoted to special types of dreams.

In Chapter 10, Stanley Krippner describes reports of strange, extraordinary,

and unexplained experiences related to dreams, which have fascinated people

throughout the millennia. He gives examples of beliefs in dream precogni-

tion and divine guidance in Ancient Egypt Assyrian, Babylonian, and Sumer-

ian cultures, follows these beliefs through Tibetan Buddhist, Hindu, and

Native American traditions, and then reviews modern parapsychology

research on dreaming. In Chapter 11, Stephen LaBerge reviews the research

on “lucid dreaming”—dreams in which the dreamer realizes that they are

dreaming. He describes the first volitional signaling by eye movements from

a lucid dream, which established that they were indeed occurring in REM,
and he reviews the research on characteristics of REM that make lucidity

more or less likely, as well as intentional strategies to elicit the state.

Volume 3 presents cultural and theoretical perspectives on dreaming. This

includes the perspectives of disciplines quite distinct from psychology. It also

covers new psychological theories—many of which arise from the new field

of evolutionary psychology. It begins with a look at the perspectives of eth-

nography, religion, and literature. In Chapter I, Carol Schreier Rupprecht

suggests that dreaming is the earliest form of human creativity and that liter-

ature made its first appearance when dreams went from being narrated

orally to being written down. In Chapter 2, Roger Ivar Lohmann describes

how ethnography views dream content, interpretation, and use in terms of

cultural values, categories, expectations, and social conventions. In Chapter

3, Kelly Bulkeley surveys the role of dreams in Christianity, Islam, Bud-

dhism, Judaism, Hinduism, and the local spiritualities of Africa, Oceania,

and the Americas. He then presents his own research on dreams that the

dreamer identifies as a mystical or religious experience. He concludes that

mystical dreams may serve as “spirit simulations,” provoking greater aware-

ness of nonhuman beings and powers with whom humans may form benefi-

cial relationships.

The next several chapters present different functional and evolutionary

theories of dreaming. In Chapter 4, Katja Valli and Antti Revonsuo suggest

that the function of dreams is “threat simulation” and perhaps simulation of

other categories of events linked to survival. In Chapter 5, Patrick McNamara,

Erica Harris, and Anna Kookoolis propose that REM and dreaming are best

explained by the evolutionary concept of “costly signaling. While most char-

acteristics and behaviors are adaptive, some are ironically selected exactly
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because they handicap the individual—indicating a robustness of all other sur-

vival mechanisms. Dreams and the sharing of dreams with others may involve

emotional signaling. Chapter 6 by Deirdre Barrett posits that dreams are

thinking or problem solving in a different biochemical state from that of wak-

ing. She reviews research on dreams and problem solving and proposes that

specific characteristics of dream mentation are determined by which sensory

modalities we must monitor (the need to remain still and quiet during sleep,

she suggests), but other aspects of the state seems to be fine-tuned to certain

psychological purposes.

In Chapter 7, Robert G. Kunzendorf proposes an alternative to Freud’s

position that dreams represent wish fulfillment to account for the same sym-

bolic phenomena of dream imagery that Freud described. Kunzendorf

s

model is a continuum of decreasing symbolism from nocturnal dreaming to

normal daydreaming to wakeful self-talk, and also a continuum of decreasing

symbolism across individual development as people mature. In Chapter 8,

Ernest Fiartmann characterizes dreams as hyperconnective compared to wak-

ing thought. Fie says these connections are guided by emotions, which can be

identified by identifying the “Central Image” of the dream. In Chapter 9,

Jennifer Michelle Windt and Thomas Metzinger trace philosophical perspec-

tives on dream consciousness from Aristotle’s On Dreams through Descartes’

first Meditation, Bertrand Russell’s Human Knowledge, and finally Daniel

Dennett’s modern musings on dreams. They assert that philosophers’ skepti-

cism about dream awareness is more than an armchair exercise of theoretical

doubt—that dreaming is a paradigm for questions about consciousness, truth,

and reality. In Chapter 10, Alan T. Lloyd critically reviews several evolution-

ary theories of dreaming and then integrates insights from evolutionary

theory with psychoanalytic theory into a fresh and clinically relevant

approach to dreams. In Chapter 11, Richard Schweickert applies new mathe-

matical techniques from complexity theory and network theory to social

interconnections of characters in and among dreams. He reports that many

dreams can be described formally as “small world networks,” which are net-

works that are connected in such a way as to facilitate transfer of optimal

amounts of information between nodes in the network. Interestingly, the fa-

mous “engine man’s dreams” may be an exception to this rule.

Altogether, these essays provide a summary of the contemporary knowl-

edge of dreaming. They integrate cognitive, personality, and clinical issues

with physiology and prioritize questions about dreams that we want to an-

swer over the next couple of decades.

We believe that a real science of dreams is now on the agenda and that

the essays in these books support this belief
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A Neurobiological History

of Dreaming

Claude Gottesmann

Dreaming has probably existed since the appearance of rapid eye movement

(REM; or paradoxical) sleep. Incomplete (Siegel, Manger, Nienhuis, Fah-

ringer, & Pettigrew, 1996, 1999) or complete (Nicol, Andersen, Phillis, &
Berger, 2000) criteria of this sleep stage are already present in primitive

mammals, and dreaming (or active hallucinatory behavior during sleep for

the remaining skeptics!) is already clearly observed in rats (Mirmiran,

1983; Mouret & Delorme, 1967; Sanford et al., 2001) and cats (Henley Sc

Morrison, 1974; Jouvet Sc Delorme, 1965; Jouvet Sc Mounier, I960; Sastre

& Jouvet, 1979) when the usual atonia has been experimentally suppressed.

In fact, it seems probable that true dreaming appeared in species with the

phylogenetic occurrence of fully activated cortex during REM sleep, which

indicates a functional forebrain. Therefore, we will first analyze the results

leading to the demonstration of activation of the peripheral and central

activities related to the dreaming sleep stage. Then, we will present the

concomitantly antagonist and complementary central inhibitory processes

before the general discussion.

ACTIVATING PROCESSES

Behavior and Electrophysiology

Already in classical times, Eucretius (circa 98-55 Bc) in De rerum

natura” (Eucrece Sc Xi, 1900) gave a wonderfully detailed description of
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dreaming and its behavioral activation correlates in animals as well as in

humans.

In truth you will see strong horses when their limbs lie at rest, yet sweat in

their sleep, and go on panting, and strain every nerve as though for victory,

or else as though the barriers were opened (struggle to start). And hunters’

dogs often in their soft sleep yet suddenly toss their legs, and all at once give

tongue, and again and again sniff the air with their nostrils, as if they had

found and were following the tracks of wild beasts, yea, roused from slumber

they often pursue empty images of stags, as though they saw them in eager

flight, until they shake off the delusion and return to themselves. But the

fawning brood of pups brought up in the house, in a moment shake their

body and lift it from the ground, just as if they beheld unknown forms and

faces. And the wilder any breed may be, the more must it needs rage in its

sleep. But the diverse tribes of birds fly off, and on a sudden in the night time

trouble the peace of the groves of the gods with the whirr of wings, as if in

their gentle sleep they have seen hawks, flying in pursuit, offer fight and bat-

tle. Moreover, the minds of men, which with mighty movements bring forth

mighty deeds, often in sleep do and dare just the same; they storm kings, are

captured, join battle, raise a loud cry, as though being murdered— all without

moving. Many men fight hard, and utter groans through their pain, and, as

though the teeth of a panther or savage lion bit them, fill all around them

with loud cries. Many in their sleep discourse of high affairs, and very often

have been witness to their own guilt. Many meet death; many as though they

were falling headlong with all their body from high mountains to the earth,

are beside themselves with fear, and, as though bereft of reason, scarcely

recover themselves from sleep, quivering with the turmoil of their body. Like-

wise, a thirsty man sits down beside a stream or a pleasant spring, and gulps

almost the whole river down his throat. Cleanly persons often, if bound fast

in slumber they think they are lifting their dress at a latrine or a shallow pot,

pour forth the filtered liquid from their whole body, and the Babylonian cov-

erlets of rich beauty are soaked. Later on those, into the channel of whose life

the vital seed is passing for the first time, when the ripeness of time has cre-

ated it in their limbs, there come from without idols from every body, herald-

ing a glorious face or beautiful colouring which stir and rouse their members

swelling with much seed, and often, as though all were over, they pour forth

huge floods of moisture and soil their clothes, (lines 987-1036)
/

Many centuries later, Fontana (1765), as quoted by numerous authors

(Berlucchi, Moruzzi, Salvi, Sc Strata, 1964; Moruzzi, 1963; Pieron, 1912;

Raehlmann Sc Witkowski, 1878), observed that shortly after sleep onset a

cat “begins to tremble as though it were in convulsion. I have observed this

phenomenon more than once in heavily sleeping animals, and more espe-

cially in dogs” (p. 22). Moreover, the pupils were restricted during sleep.



A Neiirobiologicai Hisioty of Dreaiiiiiig 3

More recently, in the century before last, Hervey de Saint-Denys (1964)

wrote, “If dreaming is related to sexuality, the external organs act under its

dependency. The functions of external organs that passion usually stirs up

are modified; respiration becomes panting, interrupted by sighs, the heart

palpitates” (p. 156): nothing very different from Lucretius. However, Hervey

de Saint-Denys also noticed that sensations, like pain, can induce dreams

and nightmares (p. 141). Taking into account another author’s remark, he

wrote this premonitory observation that, as shown later by the correspond-

ing slow wave sleep, “the first period following sleep onset is almost always

free of dreaming” (p. 163). Finally, he also announced what was to be con-

firmed later, “there is no sleep of mind. Consciousness ignores sleep”

(p. 165) (see Foulkes, 1962; Bosinelli, 1995). The nineteenth century pro-

vided other important results, particularly related to ocular phenomena.

First, Raehlmann and Witkowski (1877) described eye movements during

sleep in humans, and a year later Raehlmann and Witkowski (1878)

observed that the pupils are restricted. Some years later, Gernet (1989)

found that the pupils are insensitive to light, while Ladd (1892) became the

first to insist on a retina “eigentlicht” (self-lighting) phenomena in addition

to brain visual centers to explain dream images (p. 301). He wrote

I am inclined ... to believe that, in somewhat vivid dreams, the eyeballs move

gently in their sockets, taking various positions induced by the retinal phan-

tasms as they control the dreams. As we look down the street of a strange

city, for example, in a dream we probably focus our eyes somewhat as we

would do in making the same observation when awake, though with a com-

plete lack of that determined teleological fixness which waking life carries

with it. (p. 304)

Finally, the last of our findings in the nineteenth century. Weed and

Hallam (1896) noted some interesting premonitory observations in a study

devoted to dreaming: “The dreams occurring from 5 to 6:30 are the most

frequent, most interesting, most vivid and most varied . . . These dreams are

those best recalled” (p. 405). They also observed that only “20 dreams (out

of 150) were caused by external stimuli” (p. 406) and that “more than the

half (57.2 percent) of the 381 dreams . . . are said by the subject to contain

‘disagreeable’ emotions . . . with perplexity and hurry, discomfort and help-

lessness, fear and anger, disappointment and shame” (pp. 48-49), a finding

nearly in accordance with the recent observations of Revonsuo (2000).

Although Pieron (1912) wrote a remarkable thesis on sleep comprising

an extraordinary anticipatory study of cerebrospinal fluid transfer in sleep-

deprived dogs, later developed for REM sleep in cats (Sallanon, Buda,

Janin, & Jouvet, 1982), it was not until 1930 that experimental findings



related to dreaming were published. Jacobson (1930) recorded eye move-

ments, and, as quoted by Kleitman (1965, p. 94), he later wrote: “when a

person dreams . . . most often his eyes are active. When the sleeper whose

eyes move under his closed lids . . . awakes . .
.
you are likely to find . . . that

he had seen something in a dream” (Jacobson, 1938). This was the first

objective result related to dreaming obtained by using modern methodology.

Spontaneous and induced electrical brain activity was discovered in 1875

by Caton (1875) in monkeys and rabbits by means of a galvanometer.

Caton observed potential variations of “the grey matter (which) appear to

have a relation to its function. When any part of the grey matter is in a

state of functional activity, its electrical current usually exhibits negative vari-

ation” (p. 278). This finding constituted an extraordinary discovery given

the methodology then available. The history of the electroencephalogram

(EEG) truly began with Berger (1929), who recorded brain activity directly

on the patient’s cortex (electrocorticogram) and scalp (electroencephalo-

gram) in this case performed ... on his own son! He was later persecuted

before the war, and he committed suicide in 1941. The electrical brain activ-

ity of REM sleep was first identified in 1936 when Derbyshire, Rempel,

Forbes, and Lambert supplied the first indication of low-voltage cortical

activity during sleep: “In two of the three cats ... we found during sleep

occasional groups of (cortical) large waves, larger than those recorded in the

waking state. At other times when sleep was apparently less tranquil judging

by twitching of the vibrissae, there were only small rapid waves as in the

alert waking state” (p. 582). Three other highly interesting papers appeared

the following year. Blake and Gerard (1937) reported that “in the last third

part of the night . . . (the EEG showed) very feeble and irregular potentials

like those present in the middle portion” of the night (p. 694). “Especially

(when) feeble irregular potentials may be present . .
.
yet the test sound

(auditory threshold study with a 1,000 Hz stimulus) evokes no response”

(p. 696). This was the first indication of increased threshold for awakening

before Dement’s similar finding in cats (Dement, 1958). The next crucial

paper was written by Loomis, Harvey, and Hobart (1937). For the first time

this paper showed hypnograms, and it clearly demonstrated that dreams

appear on low-voltage EEG occurring during sleep. In animals, Klaue (1937)

clearly identified in cats a “tiefer Schlaf” (deep sleep) stage characterized by

“Beruhigung in Strombilde” (quiet electrical current), thus low-amplitude

EEG, “eine vollige Entspannung der Muskulatur . . . und haufige Zunkun-

gen in einzelne Extremitaten” (complete muscular relaxation . . . and numer-

ous jerks of single extremities) (p. 514).

Before the integration of Aserinsky and Kleitman’s (1953) well-known

finding in the currently acknowledged history of REM sleep, Blake, Gerard,
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and Kleitman (1939) confirmed the appearance of low “null” voltage EEG
during sleep (rapidly integrated by Gibbs and Gibbs [1950] in an EEG
atlas). Shortly afterwards, McGlade (1942) observed an association of large

body movements and dreams. Finally, Ohlmeyer’s team, in two papers pub-

lished during (Ohlmeyer, Brilmayer, & Hiillstrung, 1944) and shortly after

(Ohlmeyer & Brilmayer, 1947) the war, described in detail recordings of

periodic penile erection occurring during night sleep.

To conclude, it is of particular interest in the context of this chapter to

mention the clinical observations of Humphrey and Zangwill (1951) on

brain-damaged soldiers from the second World War. A lesion at the

occipito-parietal level suppressed dreaming. In three cases, the lesion was

located on the right hemisphere, and in one case it was bilateral but pre-

dominantlv on the left side. The authors mentioned Penfield’s observations

of ecmnesia phenomena induced by temporal cortex stimulation.

“Depression of dreaming was associated with impaired visual imagination

and memory in the waking state” (p. 325). The abolition of dreaming after

posterolateral lesions has been confirmed by several studies (Solms, 2000).

As already mentioned, the modern neurobiological history of REM sleep

began in 1953, all the previous results having been discarded in the contem-

porary perspective. Thus, Aserinsky and Kleitman (1953) described “rapid,

jerky and symmetrical (eye) movements” (p. 273) occurring periodically dur-

ing the night. When awakened, in 20 of 27 observations the subjects

reported dream recall. In contrast, in 19 of 23 awakenings outside the eye

movements there was no dream recall. The first period of eye movements

occurred between 1 hour, 40 minutes and 4 hours, 50 minutes (mean

3 hours) after sleep onset. The EEG from frontal and occipital level was

described as “invariably of low amplitude (5-30 pV) and irregular frequency

(15-25 and 5-8 c/s predominating)” (p. 274). “The respiratory rate had a

mean of 16.9/min during eye mobility in contrast with 13.4/min during

quiescence {p < .001) ... In every case, the eye mobility periods were associ-

ated with peaks of overt bodily activity although the latter were frequently

present in the absence of eye movements” (p. 274). As already described

(Gottesmann, 2001), Lufkin (1968) explained that Aserinsky learned the eye

recording method from Jacobson at the request of Kleitman. In addition,

Aserinsky informed the present author that, at the defense of his PhD at

Chicago University in 1953, the examiners told him that doctorates are

awarded not for obtained results but in the hope of future discoveries!

However, in those days, the authors did not explicitly mention cortical acti-

vation during REM sleep. It was Dement (1958) who first wrote about acti-

vated” sleep, although Aserinsky and Kleitman (1955), Dement (1955), and

Dement and Kleitman (1957a, 1957b) had definitively established low-voltage



activity during REM sleep. In fact, since Bremer (1936) and, above all, Momzzi

and Magoun (1949), it was admitted that cortical rapid and low amplitude

activity is related to wakefulness and corresponds to an activated state. The next

important step towards characterization of the cortical functional state during

REM sleep was performed by Evarts (1962), who observed that the neurons of

the primary visual cortex were more activated during REM sleep, especially dur-

ing the eye movements, than during slow wave sleep. He defined this stage as

the “deepest stage of sleep” in accordance with Klaue (1937) and Benoit and

Bloch (i960), because of the high threshold of awakening by peripheral or

brainstem reticular stimulation. The maximal increase of basal skin resistance in

the last hours of the night in humans led Hawkins, Puryear, Wallace, Deal, and

Thomas (1962) to the same conclusion. In two subsequent papers, Evarts

(1964, 1965) showed that during REM sleep, the visual cortex neurons fire at a

rate similar to active waking, with visual stimulation when the monkey was

“looking about at its surroundings” (Figure 1.1). Cortical neuron activation dur-

ing REM sleep was confirmed by Pisano, Rosadini, and Rossi (1962) through

antidromic stimulation of the pyramidal tract, and by Arduini, Berlucchi, and

Strata (1963) who found an increase in the integrated activity of the pyramidal

tract when compared to slow wave sleep. Also, in recordings of cortical activity

via the pyramidal tract, Morrison and Pompeiano (1965) found activation dur-

ing REM sleep, especially during the eye movements.

Another criterion of cortical activation during REM sleep was provided

during those same years by responsiveness studies. Cordeau, Walsh, and

Mahut (1965); Demetrescu and Demetrescu (1964); Favale, Loeb, Manfredi,

and Sacco (1965); Okuma and Fujimori (1963); Palestini, Pisano, Rosadini,

and Rossi (1964); and later on, Gandolfo, Arnaud, and Gottesmann

(1980) and Steriade (1970) showed that thalamocortical responsiveness is

highest during REM sleep, while cortical responsiveness is still higher than

during waking (Arnaud, Gandolfo, & Gottesmann, 1979; Cordeau et ak,

1965; Rossi, Palestini, Pisano, & Rosadini, 1965). However, in spite of this

high central excitability, humans (Williams, Tepas, & Morlock, 1962) as

well as animals (Weitzman, Fishbein, & Graziani, 1965) are disconnected

from the periphery as most often shown by the quasi-suppression of the pe-

ripheral auditory-induced evoked potentials.

Yet another criterion of cortical activation during REM sleep, as well as

during waking, was the definitive confirmation by Wurtz in rats (1965) and

cats (1966) of a common negative steady potential as already described by

Kawamura and Sawyer (1964) in rabbits. In humans, the maximal oxygen

consumption during REM sleep (Brebbia & Altshuler, 1965) was also an in-

dication of central activation since the body is relaxed on account of muscu-

lar atonia (Jouvet, Michel, Sc Courjon, 1959; Berger, 1961).



FIGURE 1.1

First historical physiological explanations of dreaming mentation support.

Top: Evarts (1964) showed in monkeys that cortical pyramidal neurons fire

regularly and at a high rate during waking. During slow-wave sleep they fire

more slowly and more irregularly. The high-rate irregular firing in bursts dur-

ing REM sleep resulted from both intense activating influences and the disap-

pearance of a frequency-limiting control process involving inhibitory

influences. Bottom: Demetrescu et al. (1966) recorded in cats the recovery

cycle of thalamocortical responsiveness. The results showed intense activating

and inhibitory influences acting at cortical level during active waking, both

decreasing during quiet waking and more importantly during slow-wave sleep.

Prior to REM sleep both kinds of influence were at their lowest level. During

REM sleep the activating influences reappeared while the strong disinhibition

persisted.
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8 Biological Aspects

One main criterion of REM sleep was the discovery of ponto-geniculo-

occipital (PGO) waves (Hobson, 1964; Jouvet et al., 1959; Michel,

Jeannerod, Mouret, Rechtschaffen, & Jouvet, 1964; Mikiten, Niebyl, &
Hendley, 1961). It is not the aim of this chapter to analyze the evidence for

this activity (Callaway, Lydic, Bagdoyan, & Hobson, 1987; Datta, 1997,

2006; Datta, Siwek, Patterson, & Cipolloni, 1998; Gottesmann, 1997), but

it should be highlighted that these spikes correspond to a phasic central acti-

vation, which was evidenced by the increase of thalamic (Steriade, Pare,

Bouhassira, Deschenes, & Oakson, 1989) as well as cortical (Kiyono &
Iwama, 1965; Satoh, 1971) responsiveness. Similar phasic waves were identi-

fied in humans (McCarley, Winkelman, Sc Duffy, 1983; Miyauchi, Takino,

Fukuda, & Torii, 1987) and already previously supposed to be involved in

generating REM sleep dreams (Hobson & McCarley, 1977; McCarley et al.,

1983; Miyauchi et al., 1987), a theory which was already discarded (Vogel,

1978). Indeed, although the spikes end mainly in the visual cortex, this

would suggest direct visual activation of dream generation. Steriade et al.

(1989) even stated that, since there are very high amplitude isolated spikes

(without occurring eye movements) before REM sleep entrance (during the

so-called intermediate stage of rats (Gottesmann, 1964), cats (Gottesmann,

Gandolfo, & Zernichi, 1984), and mice (Glin et al., 1991) (see Gottesmann,

1996) and the intermediate phase in humans (Lairy, Barros Pereira, &
Golsteinas, 1968) vivid imagery may occur during these short periods.

Nevertheless, as already described (Gottesmann, 2002), verbal reports

obtained after awakening from this period do not reveal visual contents but

“a feeling of indefinable discomfort, anxious perplexity and harrowing

worry” (Lairy et al., 1968, p. 279). Also Larson and Foulkes (1969) showed

that mental contents during this stage of sleep “are inconsistent with the

hypothesis of an intensification of mental activity or cerebral vigilance”

(p. 552). Moreover, in addition to these old data, which are the only ones

available, the time scale of dreaming is ill-matched to PGO wave lengths, with

a maximum of 100 milliseconds (McCarley et al., 1983; Miyauchi et al., 1987;

see Gottesmann, 2000a) unless we accept as general rule the instantaneousness

of dreams like that famous dream described by Maury (1861):

I am dreaming about the (revolutionary) Terror. I witness scenes of carnage.

I appear before the revolutionary tribunal. I see Robespierre, Marat, Fouquier-

Tinville, all the ugly figures of that terrible epoch; I debate with them; finally,

after numerous events, I remember imperfectly, I am convicted, sentenced to

death, driven off in a cart, amidst a countless throng, to the revolution square;

I mount the scaffold, the hangman attaches me to the fatal board, operates it,

the blade falls; I feel that my head is separated from my trunk. I awake in the
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most violent anguish, and I feel the bedpost which has come loose and fallen on

my cervical vertebrae like the blade of the guillotine, (p. 161
)

The narration was recorded 40 years after dream occurrence. Maury
remembered to have been then unwell, his mother being at his bedside.

Thus, even this spectacular dream has to be treated with caution, and such

phenomena would imply that the successive spikes are responsible for rapid

changes of dream content, a hypothesis that currently seems unlikely

(Gottesmann, 1999). The only probable consequence of PGO spikes is to

induce a very transient activation of the primary visual cortex, perhaps to

teleologically maintain a background of activity in this deactivated area

during REM sleep (Braun et ah, 1998; see later paragraph).

In fact, there are several kinds of electrophysiological phasic activity. The
second one, and the best known, comprises the eye movement potentials

(EMPs) correlated to the eye movements as shown by the electrooculogram.

These already appear in cats, mainly in the lateral geniculate nucleus; for

example; in the figure in Michel et al.’s (1964) paper where they are clearly

dissociated from the PGO waves. The EMPs were more clearly demon-

strated a decade later (Sakai & Cespuglio, 1976). In rats, there are neither

PGO waves nor EMPs in the lateral geniculate and cortex (Cespuglio,

Calvo, Musolino, & Valatx, 1977; Gottesmann, 1967a, 1967b, 1969;

Stern, Forbes, & Morgane, 1974) because of the absence of direct pontine-

geniculate relations in this rodent (Datta et ah, 1998). Fdowever, EMPs
appear to be associated with the eye movements in the pons and even more

clearly in the third nerve nucleus (Gottesmann, 1966a, 1967a, 1967b, 1969).

However, later, PGO waves were identified in the pons (Bergmann,

Winters, Rosenberg, & Rechschaffen, 1987; Farber, Marks, Sc Roffwarg,

1980; Kaufman Sc Morrison, 1981; Marks, Farber, Sc Roffwarg, 1980;

Marks, Farber, Rubinstein, Sc Roffwarg, 1980). Datta (2006) prefers to

speak of P-waves because they are absent in upper-situated structures.

Finally, nonreplicated spike activity occurring mainly during REM sleep,

then during waking and greatly reduced during slow wave sleep, was

recorded in the interpeduncular nucleus not during but after central activa-

tions, their number being proportional to the intensity of central or behav-

ioral activations (Gottesmann, 1966a, 1966b, 1967a, 1967b, 1969). From all

these results on EMP and probably PGO waves, the important fact is that

like the phasic integrated potentials (PIPS; Rechtschaffen, Molinari, Wabon,

Sc Wincor, 1970), all available results reflect the occurrence of eye move-

ments that were related to dream content. Indeed, Roffwarg’s team

(Herman et ah, 1984; Roffwarg, Dement, Muzio, Sc Fisher, 1962) upon

careful examination repeatedly found a strong correlation in contrast to
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other teams (Jacobs, Feldman, & Bender 1972; Moskowitz & Berger, 1969).

The fact that the eye movements related to EMPs (and PGOs), which once

again converge on a deactivated cortical area (Braun et ah, 1998), occur in the

mesencephalic and even pontine animal Qouvet, 1962) su^ests a feeble rela-

tion with dream content, especially because congenitally blind persons manifest

eye movements during REM sleep in spite of the absence of corneo-retinal

potential (Amadeo & Gomez, 1966; Gross, Byrne, & Fisher, 1965).

Finally, in more recent years, a new EEG criterion of cortical activation

during REM sleep appeared with the discovery of gamma range activity.

Bouyer, Montaron, and Rougeul (1981) were the first to describe in cats a

35- to 45-c/sec rhythm consisting of bursts of synchronized waves occurring

during attentive behavioral arrest. This activity was recorded on the cortex

and in the thalamus. This finding was confirmed and extended in the fol-

lowing years in monkeys (Ereeman & Van Dijk, 1987), cats (Eerster, 1988;

Gray & Singer, 1989; Munk, Roelfsema, Kbnig, Engel, & Singer, 1996;

Steriade, Amzica, & Contreras, 1996; Steriade, Contreras, Amzica & Timo-

feev, 1996; Steriade, Curro dossi. Pare, & Oakson, 1991) and guinea pigs

(Elinas, Grace, & Yarom, 1991). Fiowever, in humans. Ribary et al. (1991)

observed that gamma rhythm can be observed during waking in all cortical

areas, that it can be induced by any kind of sensory stimulation and, very

importantly, that “it was clearly phase-locked over cortical areas” (p. 11039).

This activity was observed to be disturbed in Alzheimer’s disease, where it

has a low amplitude and the wave form is distorted. The next major result

was, of course, the discovery of gamma rhythm during REM sleep by Elinas

and Ribary (1993). The latter described “the presence of well-defined 40 Flz

oscillations during wakefulness and dreaming and a marked reduction during

delta sleep” (p. 2079).

While the awake and REM sleep states are similar electrically with the pres-

ence of 40 Hz oscillations, the central difference between these states is the

lack of sensory reset of the REM sleep 40 Hz activity. By contrast, during

delta sleep, the amplitude of these oscillations differs from that of wakefulness

and REM sleep, it is much lower (also confirmed later (Gross & Gotman,

1999)). However, as in REM sleep there are no 40 Hz sensory responses.

(Elinas and Ribary, 1993, p. 2080)
/

The absence of reset “indicates that we do not perceive the external

world during REM sleep ... We may consider the dreaming condition a

state of hyper attentiveness in which sensory input cannot address the ma-

chinery that generates conscious experience” (Elinas & Ribary, 1993,

p. 2081). Pommier (1970) used the following metaphor “the mind is pro-

tected from distractions, in an office in which the sensory telephone has
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been unplugged.” Because the gamma rhythm is also recorded in the thala-

mus, the authors suggested that its “specific system (relay nuclei) would pro-

vide the content and the nonspecific system would provide the temporal

binding of such content into a single cognitive experience evoked either by

external stimuli or, intrinsically, during dreaming” (Llinas and Ribary, 1993,

p. 2081). The same team (Llinas Sc Pare, 1991) stated, “It is the dialogue

between the thalamus and the cortex that generates subjectivity” (p. 532). It

was later shown that during REM sleep, the gamma rhythm becomes

uncoupled between receptive and frontal cortical areas (Perez-Garci, del

Rio-Portilla, Guevara, Arce, Sc Corsi-Cabrera, 2001). The same absence of

cross-talk was observed by other authors (Cantero, Atienza, Madsen, Sc Stick-

gold, 2004; Massimini et al., 2005). This gamma rhythm was also observed in

animals (Franken, Djik, Tobler, Sc Borbely, 1994; Maloney, Cape, Gotman, Sc

Jones, 1997), and it is particularly present during waking and REM sleep-

related occurrence of the strong hippocampal theta rhythm (Maloney et al.,

1997). It is increased by noradrenaline and decreased by serotonin infusion

in the nucleus basalis, whereas REM sleep is dose-dependently reduced

(Cape Sc Jones, 1998). The later observation in rats of gamma rhythm

occurrence under anesthesia, but necessarily in the presence of cortical low-

voltage activity, tri^ered a debate regarding its relation to consciousness

(Vanderwolf, 2000).

Positron Emission Tomography

The study of cerebral blood flow and glucose utilization added numerous

crucial findings to the knowledge regarding cerebral structures involved in

mentation. In 1991, Madsen et al. (1991) observed during REM sleep an

activation of visual associative areas, which could explain the complex pro-

cessing of visual dream experiences. Shortly afterwards, Maquet et al. (1996)

noticed an increase of cerebral blood flow “in the anterior cingulate cortex,

the posterior part of the right operculum, the right amygdala and surround-

ing entorhinal cortex . . . local maxima of blood flow were located in the left

amygdala, left thalamus” (p. 164). “The amygdalo cingulate coactivation

could account for the emotional and affective aspects of dreams” (p. 165).

Similar activation of neo- and paleocortex was observed by Braun et al.

(1997, 1998). More precisely related to REM sleep eye movements, Hong,

Gillin, Dow, Wu, and Buschbaum (1995) observed that the eye saccades of

REM sleep are associated with activation of the right hemisphere in the sac-

cadic eye movement area (frontal eye field). The authors suggested that

REM sleep eye movements could be “saccadic scans of targets in the dream

scene” (p. 570). Once again, this was a new and interesting hypothesis since.
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in addition to the correspondence between dream content and eye move-

ment direction (Roffwarg et aL, 1962; Herman et al., 1984), some results

had shown that the fact the cortex could at least modulate the occurrence

of eye movements because they are decreased by occipital lesions while being

increased by frontal ones (Jeannerod, Mouret, & Jouvet, 1965; Mouret,

Jeannerod, & Jouvet, 1965), and that pontine-induced eye movements

(Pompeiano & Morrison, 1965; Vanni-Mercier & Debilly, 1998) resemble

reflex-induced activities related to local neuron activations, because they per-

sist in brainstem transected animals (Jouvet, 1962).

Neurochemistry

There are three main activating neurotransmitters: acetylcholine, gluta-

mate, and aspartate.

Previous studies had already shown that acetylcholine was active at the

cortical level. Bremer and Chatonnet (1949) demonstrated that prostigmine

and eserine (two inhibitors of transmitter destruction) induced EEG activa-

tion, while atropine (a muscarinic receptor blocker) had the opposite effect,

slowing down the EEG. Wilder (1952) observed that an atropine subcutane-

ous injection induced slow wave sleep EEG patterns in the behavioral awak-

ened dog. Cortical neuron activation by acetylcholine was later confirmed

by Vanderwolf (1988) and Szymusiak, McGinty, Shepard, Shouse, and

Sterman (1990). However, previously several authors had shown that

acetylcholine cortical release was increased during cortical and peripheral

(Mitchell, 1963) or mesencephalic (Kinai & Szerb, 1965) reticular stimula-

tion. This finding definitively correlated cortical activation with brainstem

structures involved in waking processes (Moruzzi, 1963; Moruzzi Sc

Magoun, 1949; Steriade, 1996). All these data related to cortical acetylcho-

line release during waking, which is higher than during slow wave sleep pat-

terns, were confirmed again and again during these years (Celesia Sc Jasper,

1966; Cuculic Sc Himwich, 1968; Pepeu Sc Bartholini, 1968; Phillis Sc

Chong, 1965; Szerb, 1967). It later transpired that acetylcholine acts at a

cellular level on specific receptors that control ion channel permeability.

More precisely, it decreases currents and blocks both a Ca^^-dependent

component of the slow hyperpolarization that follows the action potential,

as well as a late component, that is a Ca^^-independent current. In addi-

tion, this transmitter blocks the M current, a nonactivating current that is

minimally active at resting potentials and turns on slowly with depolariza-

tion (it acts as a brake on repetitive firing) (Nicoll, Malenka, Sc Kauer,

1990). However, the main result related to the topic of this chapter was the

quantification of acetylcholine release during REM sleep. Jasper and Tessier
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(1971) showed a slight nonsignificant increase when compared to waking.

However, Marrosu et al. (1995) found, also in cats, maximal release during

active waking, a similar significant decrease during quiet waking and REM
sleep and a minimal level during slow-wave sleep. It is of interest that corti-

cal acetylcholine, in addition to cortical neurons’ own release, is heavily de-

pendent on the nucleus basalis cholinergic afferents (Buzsaki et al., 1988;

Buzsaki & Gage, 1989) because lesion of this nucleus induces slow waves

and reduces cortical choline acetyltransferase activity (Ray & Jackson, 1991),

an effect that can be inverted by intracortical grafts of fetal nucleus accum-

bens neurons (Vanderwolf, Fine, & Cooley, 1990). This nucleus, again

under activating control by noradrenaline and inhibitory by serotonin (Cape

& Jones, 1998), interestingly shows a higher acetylcholine release during

REM sleep than during waking (Vasquez & Baghdoyan, 2001). One major

functional point that deserves to be highlighted is that acetylcholine mainly

acts as a neuromodulator rather than as a true neurotransmitter. Indeed,

very few cholinergic cortical terminals give rise to synaptic junctions; this is

the case for only 14 percent of terminals, thus 3 percent of the total surface

of varicosities (Descarries, Gisinger, & Steriade, 1997). This means that ace-

tylcholine release is essentially diffuse with rather long duration “tonic”

influences on a large neuron population. A flail discussion of transmitter

functioning can be found in McCormick’s review (1992).

The glutamate and aspartate levels during sleep-waking stages were

recently determined in the prefrontal cortex and nucleus accumbens of rats

(Lena et al., 2005). In the cortex, their level was unchanged throughout the

behavioral stages. The concentration of glutamate, probably the most impor-

tant transmitter for our topic, is of various origins; subcortical (thalamocort-

ical neurons [Wang, Ai, Hampson, & Snead 111, 2005]), cortical (collateral

of pyramidal cells [Levy, Reves, & Aoki, 2006]), and even astrocytes (Ye,

Wyeth, Baltan-Tekkok, & Ransom, 2003). In contrast, in the nucleus

accumbens, the maximal concentration of glutamate (aspartate remained

unchanged) was observed during waking, and it decreased significantly dur-

ing slow wave sleep and was minimal during REM sleep (Figure 1.2). In this

structure, the glutamate level is dependent on prefrontal-, hippocampus-,

and amygdala-issued release (Grace, 2000).

However, serotonin (5-HT) is also able in some cases to activate cortical

neurons. 5-HT neurons of ascending dorsal (McCinty & Harper, 1976;

McCinty, Harper, & Fairbanks, 1974) and medial (Rasmussen, Heym, &
Jacobs, 1984) raphe nuclei fire at maximal but low frequency during waking,

they decrease their firing rate during slow wave sleep, and they become silent

during REM sleep. Cortical serotonin is released diffusely at thin varicosities

level (Nelson, Hoffer, Chu, & Bloom, 1973; Descarries, Beaudet, &
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Watkins, 1975). This means the so-called “neuromodulators” spread on

numerous neurons and have a rather tonic, long-lasting influence since they

are not rapidly eliminated, contrary to “neurotransmitters” that act at the

synaptic level where there are rapid reuptake processes by the presynaptic

neuron and/or enzyme destruction. The depolarizing (^activating) effects are

related to 5-HT2 receptor activation (Araneda & Andrade, 1991;

McCormick, 1992). In fact, it seems that this activation partly acts on gamma-

aminobutyric acid (GABA)-ergic interneurons, resulting in hyperpolarization of

pyramidal neurons (Sheldon & Aghajanian, 1990; see discussion later in this

chapter). Serotonin has been shown to increase the signal-to-noise ratio of the

neuron (McCormick, 1992), thus increasing its functional potential. Similarly,

noradrenergic neurons of locus coeruleus (Aston-Jones & Bloom, 1981;

Hobson, McCarley, & Wyzinski, 1975) fire maximally during active waking

and become silent during REM sleep. This neuromodulator released at thin

varicosities levels (Descarries, Watkins, & Lapierre, 1977; Fuxe, Hamberger, &
Hdkfelt, 1968) and increased the signal-to-noise ratio (Berlucchi, 1997;

McCormick, 1992) but seldom activated cortical neurons (5 of 77) (Nelson

et al., 1973) by aj postsynaptic receptors, which decrease conductance and

FIGURE 1.2

Current results showing the common neurochemical background of REM sleep

and schizophrenia. Top: In the rat prefrontal cortex the dopamine (Lena et ah,

2005) and chohnergic (Marrosu et al., 1995) activity levels are decreased during

REM sleep as is the case in schizophrenia (Ahi-Dargham & Moore, 2003; CoUer-

ton et al., 2005). The level of noradrenaline is significantly reduced during REM
sleep (Lena et al., 2005) and there is a noradrenergic deficit in schizophrenia

(Tinner et al., 2002). The glutamate level during REM sleep is unchanged when

compared to waking (Lena et al., 2005). In schizophrenic patients, the glutamate

transporters mRNA expression is identical to normal subjects (Lauriat et al.,

2005). The dopaminergic afferents are produced by the mesocortical tract. The

chohnergic afferents mainly originate from nucleus basahs which is innervated by

mesopontine cholinergic nuclei. The noradrenergic neurons emanate from the

locus coeruleus. Bottom: In nucleus accumbens during REM sleep (Lena et al,,

2005) as well as in schizophrenia (MacKay et al., 1982) there is a high level of

dopamine concentration. The release of noradrenaline is greatly reduced during

REM sleep (Lena et al., 2005) and there is also a deficit of this neuromodulator in

schizophrenia (Firmer et al., 2002). The level of glutamate is markedly reduced

during REM sleep in rats (Lena et al., 2005), as is the case in schizophrenia

(Grace, 2000). The glutamate level is dependent on hippocampal, prefrontal, and

amygdala afferents. Noradrenaline mainly comes from the medulla oblon-

gata, and secondarily from the locus coreuleus.
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ai receptors positively coupled to adenylate cyclase (Nicoll, Malenka, & Kauer,

1990).

The above-described data show that during REM sleep, the brain is

strongly activated and is thus able to generate mental activity. However, con-

comitant inhibitory processes rapidly appeared to contribute to brain

functioning.

INHIBITORY PROCESSES

Behavior and Electrophysiology

As already noted by Creutzfeldt, Baumgartner, and Schoen (1956) and

Krnjevic, Randic, and Straughan (1966), the first demonstration of cortical

inhibitory proceeses was performed in the nineteenth century. Bubnoff and

Heidenhain (1881) showed in dogs that low-intensity peripheral and cortical

stimulations inhibit cortical-induced motor activities. Anticipating later find-

ings, they hypothesized that cortical inhibitory influences coexist with acti-

vating ones (p. 190). Pavlov (1962) (Nobel Prize 1904 for his studies on

digestive processes) first considered the cortex as the exclusive site for the

establishment of “temporary bindings,” which are crucial to the production

of conditioned reflexes. The connection between conditioned and uncondi-

tioned stimuli arose from activation of their respective cortical receptive

fields, which are surrounded by inhibition of adjacent areas. The differentia-

tion processes involved concentration of activating processes also surrounded

by cortical inhibitory ones. However, the first author to speak about inhibi-

tion in the context of sleep-inducing processes was Hess (1931): “The essen-

tial mechanism of sleep cannot be explained differently as by active

inhibition of some functions of the organism” (p. 1553).

In the specific context of REM sleep, Evarts, Fleming, and Huttenlocher

(1960) made a premonitory finding when they showed that the recovery

cycle of cortical responsiveness tested by stimulating radiations is shorter

during slow wave sleep than during waking, thus pointing to a disinhibitory

process. However, Evarts (1964, 1965) was the first to clearly identify corti-

cal inhibitory processes that disappear during REM sleep (Figure 1.1). As we

previously mentioned, he studied pyramidal neurons fired regularly and at a

high rate during waking. The firing decreased and began to become irregular

during slow wave sleep, while during REM sleep he observed high-frequency

discharges but in large bursts of spikes separated by long silences. Evarts

postulated the disappearance of inhibitory cortical control-regulating neuron

activity by means of a “frequency-limiting” process. The most detailed study

to reach the same conclusion was the findings of Demetrescu’s (Demetrescu,
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Demetrescu, & Iosif, 1966) team. By using a complex paradigm of four con-

secutive thalamocortical-evoked stimuli delivered at different intervals, these

authors were able to show, through the different recoveries of responsive-

ness, that during active waking the cortex is under the influence of both

high rate activating and inhibitory influences, both of which decreases dur-

ing quiet waking and further during slow wave sleep and both of which are

almost absent just before REM sleep. During the dreaming sleep stage, acti-

vating influences reappeared whereas the inhibitory influences remained at

their lowest level (Figure 1.1). It is noteworthy that Rossi et al. (1965) and

Allison (1965, 1968) confirmed the shortening of the recovery cycle of

cortical-evoked potentials during REM sleep when compared to waking,

strongly supporting the hypothesis of the influence of disinhibitory processes

during this sleep stage.

A recent electrophysiological result confirmed the presence of such a disinhi-

bitory process during REM sleep. Today, the so-called “prepulse inhibition”

reproduces the old study of recovery cycle of responsiveness. Kisley et al. (2003)

observed in humans a “sensory gating impairment” by studying the recovery

cycle of auditory-evoked potentials. The Nioo component of the second evoked

potential at 500-ms latency was reduced during waking, but its inhibition disap-

peared during REM sleep, simply reproducing old animal results.

Another particulary new finding points to a disturbance occurring during

REM sleep and related to a kind of responsiveness regulated by central struc-

tures. It is established that self-produced tactile stimulation feels less tickly

than a stimulation with the same characteristics produced externally. Blagrove,

Blakemore, and Thayer, (in press) have shown that at emergence from REM
sleep dreaming, the attenuation of self-stimulation was nearly suppressed. The

authors underlined that this indicates “a deficit in self-monitoring and a con-

fusion between self- and external-stimulation.” This result gives an indication

of yet another function that is disturbed during REM sleep.

Tomography

Although we have emphasized the structures that show an increase of

blood flow and oxygen consumption during REM sleep, several authors

showed that other structures are deactivated, which certainly leads to a loss

of functioning, a kind of inhibition. This is particularly the case of the

frontal cortex, more precisely the dorsolateral prefrontal cortex, a part of the

basal parietal and posterior cingulate cortex (Braun et al., 1997; Edvblad

et al., 1999; Madsen et al., 1991; Maquet, 2000; Maquet et ak, 1996, 2004).

In addition, while the associative visual areas and the ventral processing

stream are activated, the primary visual cortex is deactivated (Braun et ak.
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1998; Madsen et aL, 1991), which could account for the results of Llinas

and Ribary (1993) who observed a lack of gamma rhythm reset during

REM sleep. In addition, this apparent separation from the periphery is

increased by thalamic processes. Indeed, although the postsynaptic respon-

siveness in relay nuclei is high during REM sleep (Albe-Fessard, Massion,

Hall, & Rosenblith, 1964; Favale et al., 1965; Gandolfo et al., 1980; Rossi

et al., 1965; Steriade, 1970), the presynaptic depolarization of thalamic affer-

ents, particularly during the eye movements bursts (Dagnino, Favale, Loeb,

Manfredi, & Seitun, 1969; Ghelarducci, Pisa, & Pompeiano, 1970; Iwama,

Kawamoto, Sakkakura, & Kasamatsu, 1966) more importantly associated

with dreams, points to the inhibition of sensory inputs. The origin of this

presynaptic inhibition could be either a presynaptic target of GABAergic

neurons from the thalamic reticular nucleus (Steriade, Domich, Oakson, &
Deschenes, 1987) or be induced by the vestibular nuclei (Morrison &
Pompeiano, 1966; Ghelarducci et al., 1970).

Neurochemistry

The first results were related to the silence of 5-HT and noradrenergic

(NA) neurons. They decrease their firing during slow wave sleep and

become silent during REM sleep (Aston-Jones & Bloom, 1981; Hobson

et al., 1975; McGinty et al., 1974; McGinty & Harper, 1976; Rasmussen

et al., 1984). Serotonin inhibits most cortical neurons (Krnjevic & Phillis,

1963; Reader, Ferron, Descarries, & Jasper, 1979), once again by diffuse

release at varicosities level (Descarries, 1975; Nelson et al., 1973). More

recently, Araneda and Andrade (1991) again confirmed the “very high prev-

alent” hyperpolarization of pyramidal neurons induced by this neuromodu-

lator. The hyperpolarization is mainly consecutive to neuron exit of

ions, entrance of Gl~ ions, or Ca^^ channel blockade. This induced inhibi-

tion was related to 5-HTia receptors, which increase conductance

whereas the less frequent depolarizing effects were once again consecutive to

5-HT2 receptor activation. These two kinds of receptors could be situated

on the same pyramidal neurons and be impinged upon different serotonergic

axon terminals (dorsal and medial raphe nuclei). Their respective activations

depends oh the increase in the signal-to-noise ratio of neuron functioning

(McCormick, 1992). Noradrenaline mainly inhibits cortical neurons (Foote,

Freedman, & Oliver, 1975; Frederickson, Jordan, & Phillis, 1971; Krnjevic

& Phillis, 1963; Manunta & Edeline, 1999; Nelson et al., 1973) by acting

on QL2 receptors that block Ca^^ channels or open K^ channels. An interest-

ing point for further discussion is that these neurons begin to fire again a

few seconds before arousal from REM sleep (Aston-Jones & Bloom, 1981).
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Consequently, the silence of 5-HT and NA neurons during REM sleep

potentially deteriorates forebrain functioning because of the general cortical

disinhibition possibly responsible for disturbances of the signal-to-noise

ratio, which results in a loss of cortical control processes.

In a recent study involving microdialysis and capillary electrophoresis per-

formed in rats, our laboratory also quantified the extracellular concentration

of noradrenaline in the medial prefrontal cortex and nucleus accumbens. In

the cortex, the noradrenaline is produced only by the ipsilateral locus coeru-

leus neurons (see Figure 1.2, top), which mainly innervate the molecular

layer (Levit & Moore, 1978). The noradrenaline concentration was highest

during waking and significantly diminished during both slow wave sleep and

REM sleep (Figure 1.2). This result is in general agreement with the silence

of corresponding neurons. The maintenance of a given concentration of

noradrenaline is certainly the consequence of its diffuse release at the vari-

cosities level without synaptic rapid reuptake and/or destruction by the

catechol-O-methyl transferase. In nucleus accumbens, the noradrenergic

afferents are only produced in part by the locus coeruleus but principally by

the medulla oblongata A2 area and then the Aj area (Delfs, Zhu, Druhan,

& Aston-Jones, 1998), the silence of which during REM sleep has still not

been determined. However, another noradrenergic area, A5 ,
is silent during

carbachol-induced REM-like sleep (Fenik, Marchenko, Janssen, Davies, &
Kubin, 2002). Noradrenaline has certainly an important function in nucleus

accumbens because in humans, the concentration is as great as for dopamine

(Tong, Hornykiewicz, & Kish, 2006). The marked decrease during REM
sleep cannot be without functional significance. For example, there is a

dopamine reuptake by noradrenergic neurons in nucleus accumbens

(Carboni & Silvagni, 2004). This should be decreased or suppressed during

REM sleep noradrenergic silence.

The dopaminergic neurons of the ventral tegmental area projecting to the

cortex and limbic system (see Figure 1.2) are the only monoaminergic neu-

rons that continue firing during REM sleep (Miller, Farber, Gatz, Roffwarg,

& German, 1983; Trulson & Preussler, 1984) since histaminergic neurons

become silent already with the occurrence of light slow wave sleep (Vanni-

Mercier, Gigout, Debilly, & Lin, 2003; Vanni-Mercier, Sakai & Jouvet,

1984). The neurons of the mesocortical tract mainly inhibit target neurons

(Krnjevic & Phillis, 1963; Reader et al., 1979) by increasing GABA release

from interneurons by influencing D 2 receptors and also by directly inhibi-

ting pyramidal neuron apical dendrites through Di receptors (Abi-Dargham

& Moore, 2003; Grobin & Deutch, 1998; Pirot et al., 1992; Retaux, Besson,

& Penit-Soria, 1991). In the prefrontal cortex, dopamine transforms the

long-term potentiation (long duration facilitation) induced by glutamate



into long-term depression (inhibition) but can increase neuron firing when

glutamate input occurs simultaneously with postsynaptic depolarization

(Otani, Blond, Desce, Sc Crepel, 1998). Consequently, dopamine, mediated

by Di receptors, is able to increase the responsiveness of prefrontal cortex

neurons (Lavin Sc Grace, 2001). Finally, in respect to higher integrated func-

tions, dopamine has also been shown to increase the neurons signal-to-noise

ratio (Luciana, Collins, Sc Depue, 1998).

The present author also recently studied dopamine release in the medial

prefrontal cortex and nucleus accumbens of rats (Lena et al., 2005). In the

prefrontal cortex the concentration was highest during waking, minimal dur-

ing slow wave sleep and intermediate during REM sleep. The decrease dur-

ing REM sleep when compared to waking was highly significant {p < .01),

whereas the increase when compared to slow wave sleep was close to signifi-

cance {p < .07) in our small sample of animals (six rats) (Figure 1.2). This

significant decrease during REM sleep could be related to prefrontal deacti-

vation (Braun et al., 1997, 1998; Ldvblad et al., 1999; Madsen et al., 1991;

Maquet et al., 1996; Maquet, 2000) since glutamatergic influences on the

tegmental ventral area Aio increases dopamine release in the prefrontal cor-

tex (Takahata Sc Moghaddam, 2000, 2003). Since dopamine associated with

glutamate oc-amino-3-hydroxy-5-methylisoazol-4-propionic acid (AMPA) re-

ceptor activation favors GABA release in the cortex (see also Arco del Sc

Mora, 2005), the dopamine decrease in the prefrontal cortex during REM
sleep should decrease GABA local release, inducing GABAergic disinhibitory

processes similar to those encountered in schizophrenia (Lewis, 2000; Lewis,

Hashimoto, Sc Volk, 2005). Moreover, dopamine acting at the D2 receptor

level in the prefontal cortex decreases dopamine and acetylcholine release in

the nucleus accumbens (Arco del Sc Mora, 2005). Consequently, the

decrease in prefrontal dopamine release during REM sleep observed in our

experiments (Lena et al., 2005) could contribute to the abundant release of

dopamine in nucleus accumbens during this sleep stage. It could be accom-

panied by an increase of local acetylcholine activating (by nicotinic recep-

tors) and inhibitory (by muscarinic receptors) influences (Mansvelder, Rover

de, McGehee, Sc Brussaard, 2003).

In the nucleus accumbens, the highest dopamine concentration we

observed during REM sleep was not significantly different from waking. The

concentration during both stages was significantly higher {p < .05) than the

lowest level during slow wave sleep. The high-level concentration during

REM sleep at least could be explained by different mechanisms. There could

be a burst firing mode of ventral tegmental Aio neurons (Miller et al.,

1983), which then release more dopamine (Chergui, Suaud-Chagny, Sc

Gonon, 1994; Gonon, 1988; Grace, 1991). Indeed, Miller et al. (1983) have
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shown a greater variability of dopaminergic neuron firing during REM sleep

compared to slow wave sleep, which assumes at least some bursting of the

Bring. This irregular firing, as already emphasized (Evarts, 1964, 1965;

Wang & McCormick, 1993), results from the loss or decrease of a fre-

quency-limiting process involving active inhibitory control of neuron func-

tioning. Thus, this maximal release of dopamine could be the result of the

prefrontal deactivation (Braun et al., 1997, 1998; Edvblad et al., 1999;

Madsen et al., 1991; Maquet, 2000; Maquet et al., 1996), which increases dopa-

mine release in the nucleus accumbens (Brake et al., 2000; Jackson, Frost, &
Moghaddam, 2001) by a glutamate-induced deficit in the dopaminergic ventral

tegmental area (Takahata & Moghaddam, 2000, 2003). Moreover, dopamine

acting at the D2-receptor level in the prefontal cortex decreases dopamine

and acetylcholine release in the nucleus accumbens (Arco del Sc Mora,

2005). Consequently, the decrease of prefrontal dopamine release during

REM sleep observed in our experiments (Lena et al., 2005) could contribute

to the significant release of dopamine in the nucleus accumbens during this

sleep stage. (It could be accompanied by an increase of local acetylcholine

activating influences—by nicotinic receptors—on feed-forward GABAergic

output processes [Mansvelder et al., 2003].) It could be related to the activa-

tion of the basolateral amygdala (Maquet & Franck, 1997) through its

action on dopaminergic terminals (Howland, Taepavarapruk, & Phillips,

2002). Mesopontine activation of REM sleep could directly activate the ven-

tral tegmental area neurons (Miller Sc Blaha, 2005). The silence of seroto-

nergic and noradrenergic neurons might contribute to this high

concentration of dopamine. Indeed, serotonergic 5-HTib knock-out mice

(with elimination of the receptor at birth) show an enhanced dopamine

level (Shippenberg, Hen, Sc He, 2000) and an activated turn-over (Ase,

Reader, Hen, Riad, Sc Descarries, 2000) in the nucleus accumbens. More-

over, noradrenergic OL2 receptor agonists (Pothos, Rada, Mark, Sc Hoebel,

1991), as well as (3 receptor antagonists (Harris, Hedaya, Pan, Sc Kalivas,

1996), increase local dopamine release. Finally, since the dopamine train

spikes induce inhibition of GABA release (Hjemstad, 2004), probably dur-

ing both waking and REM sleep, the crucial factor characterizing REM sleep

in the nucleus accumbens could be the decrease of glutamate, which should

be the first consequence of the decrease of output from both the prefrontal

cortex and hippocampus (Grace, 2000) and, second, from the decrease of

the glutamate colocalized in the dopaminergic axon terminals (Chuhma

et al., 2004). In contrast, the amgdala glutamatergic influences on the nu-

cleus accumbens are increased (Grace, 2000) since this structure is strongly

activated during REM sleep (Maquet Sc Franck, 1997). Thus, this could

explain the emotionality encountered in dreams as already stated by Freud
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(1955): “it is much more on account of its emotional rather than its repre-

sentational content that dreaming impresses itself upon us as a psychological

experience” (pp. 462-463).

In addition, acetylcholine is able to exert cortical inhibitory influences.

Early results have already shown that its “inhibitory responses . .
.
(had)

shorter latency and faster recovery than the excitatory ones . . . The thresh-

olds of both inhibitory and excitatory responses were almost the same. (In

some cases) responses to acetylcholine reversed from excitatory to inhibitory

with increasing dose” (Nelson et al., 1973, p. 123). Recent findings have

confirmed on pyramidal neurons inhibitory influences of this kind

(Giulledge & Stuart, 2005; Levy et al., 2006) in addition to the excitatory

ones (Mednikova, Karnup, & Loseva, 1998).

DISCUSSION

Certainly, the physiological support of dreaming went unnoticed during

several millenia. However, this was but one of the reasons why attention

was first long focused on the psychological significance of this fascinating

activity. This was already the case in the very ancient hindu philosophy (six-

teenth through eleventh centuries Bc), which described a specific state of

consciousness called “Taijasa” corresponding to the dreaming sleep stage

(Datta, 2006). Already, nearly two thousand years ago, one of the first writ-

ten interpretations suggested that dreams convey a message, often of sym-

bolic nature. The Talmud (Lromm, 1953, p. 1) stated: “an uninterpreted

dream is like an unread letter.” However, around 1900, the most developed

theory of the meaning of dreams was elaborated by Lreud mainly in his mas-

terly work: The Interpretation ofDreams (1955). It is not possible, and not

the aim, to here develop Lreud’s extraordinary structured model in which he

stated above all, that dreams are a means of realizing unconscious wishes.

The (latent) content of dreams, he wrote, is unable to obtain access to the

sleeper’s consciousness as a result of repression and is therefore disguised by

a censorship process into (manifest) content acceptable to the ego (Boarg,

2006). Recently, it was hypothesized that the bizarreness of dreams could be

the consequence of the regression of dreaming content to primary-process

mentation
'
(Solms & Turnbull, 2002). All these concepts suggest that the

brain is able to generate mentation during sleep with specific properties.

Mentation occurs during REM sleep since specific brainstem activating

processes discovered already some time ago activate the forebrain structures

generating dreaming (Gottesmann, 1967a, 1967b, 1969; Huttenlocher,

1961; McCarley & Hobson, 1971a; McGinty et al., 1974; Moroz, Eoutz, &
Gottesmann, 1977; Strumwasser, 1958; Vertes, 1977). Indeed, lesions to
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these structures suppress REM sleep (Carli & Zanchetti, 1965; Deurveilher

dc Hennevin, 2001; Jouvet, 1962; Jouvet & Michel, 1960a; Jouvet &
Mounier, I960; Webster & Jones, 1988). It has been long well established

that cholinergic processes (George, Haslett, & Jenden, 1964; Jia, Yamuy,

Sampogna, Morales, & Chase, 2003; Jouvet & Michel, 1960b; Pal &
Mallick, 2004; Vazquez Sc Baghdoyan, 2004; see reviews (Baghdoyan, 1997;

Jones, 1991, 2004; Jouvet, 1975) support this forebrain activation, particu-

larly by influencing the also cholinergic basal forebrain nucleus (Buzsaki

et ah, 1988; Buzsaki Sc Gage, 1989; Steriade Sc Buzsaki, 1990; Steriade Sc

McCarley, 1990), which releases more acetylcholine during REM sleep than

during waking (Vasquez Sc Baghdoyan, 2001), although the cortical high

release (Jasper Sc Tessier, 1971) is lower than during active waking (Marrosu

et ah, 1995). New results have shown that the two active pontine areas

involved in REM sleep-generating processes, the peri-locus coeruleus oc

(Sakai, 1985, 1988; Sakai Sc Crochet, 2003) and the pedunculopontine and

dorsolateral tegmental nucleus (Datta Sc Siwek, 1997, 2002) are in fact acti-

vated by glutamate, which constitutes the more advanced step in REM
sleep-generating processes (Datta, Spoley, Mavanji, Sc Patterson, 2002;

Datta, Spoley, Sc Patterson, 2001; Onoe Sc Sakai, 1995; Sakai Sc Crochet,

2003), since even in the atropinized animal, REM sleep can be induced by

glutamate that passes the cholinergic link (Onoe Sc Sakai, 1995; Sakai Sc

Crochet, 2003). This cortical activation during REM sleep was first evi-

denced in humans by the low amplitude EEC (Aserinsky Sc Kleitman,

1953; Dement, 1955; Dement Sc Kleitman, 1957a, 1957b; Loomis et al.,

1937) and in animals by neuron firing (Evarts, 1964, 1965; McCarley Sc

Hobson, 1971b). The more recent identification of PGO waves equivalents

(McCarley et al., 1983, Miyauchi et al., 1987) and y rhythm (Gross Sc

Gotman, 1999; Elinas Sc Ribary, 1993), as well as the results of the tomo-

graphic approach (Braun et al., 1997, 1998; Lbvblad et al., 1999; Madsen

et al., 1991; Maquet, 2000; Maquet et al., 1996, 2004) strongly confirmed

the role of these cortical-activating aspects in supporting mental processes.

However, in an earlier past, it appeared that alongside these activating

processes there also existed inhibitory influences in the cortex that had to be

taken into account. These inhibitory influences were identified early on dur-

ing waking (Bubnoff Sc Heidenhain, 1881; Creutzfeldt, Baumgartner, Sc

Schoen, 1956) and showed major variations during REM sleep. These antag-

onist but necessarily complementary influences decrease significantly during

REM sleep (Demetrescu et al., 1966; Evarts, 1964, 1965). During these

years, the present author already pointed out (Gottesmann, 1967a, 1970,

1971) that the contemporaneously activated and inhibited (controlled) cor-

tex during waking could explain the logical thinking of waking, that the
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decrease of both during slow wave sleep may support the observed rather

poor thinking-like mentation (Foulkes, 1962), and that the lowest level of

both kinds of influence may explain the rather anxious nonvisual mental ac-

tivity of the intermediate phase (Lairy et ak, 1968a, 1968b). Finally, during

REM sleep the activated but strongly disinhibited cortex could generate the

rich but illogical mentation characteristic of this sleep stage. In addition, the

loss of cortical control could possibly enable the occurrence of recurrent

dreams because of the higher excitability of memory traces related to mainly

painful memories. On emergence from REM sleep, the reappearance of wak-

ing both kinds of influence were thought to induce the forgetting of dreams

(Gottesmann, 1967a, 1970, 1971). Later, these speculations were reinforced

by the silence of serotonergic (McGinty et ak, 1974; McGinty and Harper,

1976; Rasmussen et ak, 1984) and noradrenergic (Aston-Jones & Bloom,

1981; Hobson et ak, 1975) neurons that innervate the cerebral cortex and

exert mainly inhibitory influences (Foote et ak, 1975; Frederickson et ak,

1971; Krnjevic & Phillis, 1963; Manunta & Edeline, 1999; Nelson et ak,

1973; Phillis, Lake, & Yarbrough, 1973; Reader et ak, 1979; Warren &
Dykes, 1996). Interestingly, as already mentioned, these neuromodulators

are released at the varicosities level, therefore, with a rather tonic, durable

influence, thus explaining their continuous although much decreased influ-

ence during REM sleep. Finally, the decrease of prefrontal (mostly dorsolat-

eral) activation during REM sleep probably contributes to the characteristic

loss of reflectiveness occuring during this sleep stage (Braun et ak, 1997;

Madsen et ak, 1991; Maquet, 2000; Maquet et ak, 1996, 2004).

At first glance, two peripheral activities seem to be related to mentation

during REM sleep. The first activity is eye movement, which can be related

to pontine and/or cortical activations as evidenced by the pontine-generated

PGO and EMP waves (for recent findings, see Datta, 1997; Datta &
Hobson, 1994; Datta, Mavanji, Patterson, & Ulloor, 2003; Datta et ak, 1998;

for history, see Gottesmann, 1997). Since some eye movements are recorded

in neodecorticated humans (Jouvet, Michel, & Mounier, I960) as well as in

brainstem transected animals (Jouvet, 1962; Mouret, 1964), even if they are

most often isolated and restricted to lateral directions and controlled by

cortical areas (Jeannerod et ak, 1965; Mouret et ak, 1965), appear to be

rather reflex-generated. In contrast, the activation of the saccadic eye move-

ment area (Hong et ak, 1995) could explain the relation sometimes observed

between dream content and eye movements (Herman et ak, 1984; Roffwarg

et ak, 1962). The eye movements observed in life-long blind persons (Gross

et ak, 1965) could be preferentially related to pontine activations. The

second peripheral activity is penile erection (Fisher, Gross, & Zuch, 1965;

Karacan, Goodenough, Shapiro, & Starker, 1966; Ohlmeyer et ak, 1944;
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Ohimeyer & Brilmayer, 1947). The mechanism of this function during

REM sleep has been largely elucidated: the silence of the locus coeruleus, by

noradrenergic disinhibition, induces the filling of cavernous tissue (Giuliano

& Rampin, 2000). However, this activity is regulated by anterior brain pro-

cesses (Schmidt, Sakai, Valatx, & Jouvet, 1999; Schmidt, Valatx, Sakai, Fort,

& Jouvet, 2000), particularly by its dopaminergic influence (D’aquila, Panin,

Cossu, Peana, & Serra, 2003). Since this phenomenon occurs during all

REM sleep stages and in animals (Schmidt, Valatx, Schmidt, Wauquier, &
Jouvet, 1994), its hypothesized connection to dream content has now been

discarded. From the history of science standpoint, it is interesting that, as

already mentioned (Gottesmann, 2001), although incorporations of memories,

recent diurnal residues, and peripheral and visceral stimuli were described by

Freud (1955) as the origin of dreams, there is no mention of peripheral activ-

ities related to dreaming. Freud merely writes repeatedly that the dreamer can

awake with a specific feeling. However, his model of the psychic apparatus

(Chapter 7) extends from perception to muscular output. It has to be under-

scored that although sexuality and sexual symbols are rather overrepresented

in his dream interpretations, there is no indication that erection is always

observed on emergence from REM sleep. This is more unexpected because

Freud’s theory encountered strong resistance from the scientific community,

and erection as a biological characteristic of the dreaming sleep stage could

have been of great help to the author. The most surprising thing is that

Freud, who had extensive knowledge of classical literature (see his wonderful

Chapter 1), mentioned Hervey de Saint Denys (1964), who described such

peripheral activities during dreaming and was certainly aware of Lucretius.

Was a form of psychological censorship at work?

Another observation related to Freud, the founder of psychoanalysis, claimed

that dreams are not only constructed out of recent waking events (day-time resi-

dues), but that they can also originate in prehistoric “Urphantasien.” Recently,

Revonsuo (2000) gave new weight to this theory (Gottesmann, 2000a).

However, the main development in recent years has been the fore-

grounding of new results that update former oft-repeated claims. Indeed, as

early as three centuries ago, Kant (1724-1804) pinpointed the abnormal

kind of mentation characteristic of dreams: “the madman is a waking

dreamer.” Some time later, Schopenhauer (1788-1860) stated “dreams are

brief madness” (1955, p. 85). Approximately at the same time in his well-

known study on sleep, Maury (1817-1892) wrote “the dream is a kind of

delirium” (1861, p. 26), while the distinguished neurophysiopathologist John

Hughlings Jackson (1835-1911) announced with foresight: Find out about

dreams and you will find out about insanity” (Nahum, 1965). Finally, some

decades ago, the neuropsychiatrist Henri Ey wrote: “it is obvious, it cannot
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be but obvious, that dream and madness spurt out from the same source”

(1967, p. 575). Why this new consideration given to past observations?

The fact is that there are strong convergent electrophysiological, tomo-

graphic, pharmacological, and neurochemical arguments showing a relation-

ship between REM and schizophrenia (Gottesmann, 1999, 2000b, 2002,

2004a, 2004b, 2005, 2006).

The first electrophysiological argument is that the classical EEG of REM
sleep (0.5-25 c/s) is similar to that of waking. It is rapid and of low ampli-

tude, as during active waking. Elowever, during REM sleep, as in schizophre-

nia during waking, there are very few oc-waves, which are relaxed EEG
rhythms that are severely diminished in schizophrenia since there is a deficit

of habituation processes in this mental disease (as shown by the decreased

P 50 and Pioo prepulse inhibition [Kisley et al., 2003] see discussion later in

this chapter). A second powerful argument is that the y rhythm during

REM sleep becomes uncoupled in cortical areas, particularly between the

perceptual and frontal areas (Perez-Gard et al., 2001; Yeragani, Cashmere,

Miewald, Tancer, & Keshavan, 2006), as well as between the cortex and hip-

pocampus (Cantero et al., 2004). Uncoupling is the index of intracortical

disconnections. In schizophrenia, one of the most advanced theories and

findings involves the intracerebral disconnection processes. This is particu-

larly the case for cortex relations (Meyer-Eindenberg et al., 2001; Meyer-

Eindenberg et al., 2005; Peled et al., 2000; Spencer et al., 2003; Yeragani

et al., 2006) and intrahippocampus and hippocampo-entorhinal connections

(Young, Beach, Falkai, & Honer, 1998). Tononi and Edelman (2000) also

highlighted the “discontinuities in the interactions among brain regions” as

an explaination of schizophrenic troubles. The third argument, in fact triple

in nature, is related to brain excitability. Indeed, during REM sleep, the

brain is as if it is disconnected from the periphery. The primary visual cor-

tex is deactivated (Braun et al., 1998), and the presynaptic inhibition of sen-

sory afferents at thalamic level (Dagnino et al., 1969; Gandolfo et al., 1980;

Ghelarducci et al., 1970; Iwama et al., 1966; Steriade, 1970) contributes to

isolating the cortex. Here also, the main hypotheses related to hallucination

occurrence involves a reduction of sensory constraints (Behrendt & Young,

2005 ). In addition, we already described that the prepulse inhibition of the

Nioo component of the auditory-evoked potential is suppressed during REM
sleep. The same phenomenon is also characteristic of schizophrenia (Kisley

et al., 2003). Finally, a recent result shows that at emergence from REM
sleep dreaming, contrary to waking, there is a confusion between self- and

external stimulation, as is the case in schizophrenia (Blagrove et al., in press).

It could be related to a disconnection between the prefrontal cortex and the

areas involved in self-other distinction Qeannerod, 2003, 2004).
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The strong tomographic arguments are, first, the deactivation of the dor-

solateral prefrontal (Braun et al., 1997; Maquet et al, 1996) or other frontal

areas (Ldvblad et al., 1999; Madsen et al., 1991) occurring during REM
sleep. This is certainly at the origin of cognitive disturbances, among them

the loss of reflectiveness during this sleep stage. The same dorsolateral deacti-

vation is specifically observed in schizophrenia, particularly when the cogni-

tive tasks are impaired (Bunney & Bunney, 2000; Fletcher et al., 1998;

Weinberger, Berman, & Zee, 1986). In addition, there is deactivation of the

posterior cingulate cortex (Braun et al., 1997; Maquet et al., 1996;

Nofzinger, Mintun, Wiseman, & Kupfer, 1997), which is not part of the lim-

bic system unlike the anterior cingulate cortex, which is activated (Braun

et al., 1997; Maquet et al., 1996; Nofzinger et al., 1997) and which “could

account for the emotional and affective aspects of dreams” (Maquet et al,

1996, p. 166). Although the function of the posterior cingulate cortex in rela-

tion to REM sleep cognitive potentialities is open to discussion, it has to be

mentioned that the specific association of dorsolateral prefrontal and posterior

cingulate cortex deactivation is also observed in the particular case of piano

playing, particularly when the artists “lose themselves” during peak musical

performances (Parsons, Sergent, Hodges, & Fox, 2005). Is it iconoclastic to

think of Glenn Gould playing J.S. Bach? This behavior shows a resemblance

with dreaming and schizophrenia where loss of reality consciousness and acti-

vations take place in other brain areas, particularly in the motor cortex

(Evarts, 1964) and limbic system (Braun et al., 1997; Maquet, 2000; Maquet

et al., 1996; Maquet & Franck, 1997, Nofzinger et al., 1997).

The increase of amygdala activation during REM sleep (Maquet &
Franck, 1997) and its role in the emotional components of dreaming has to

be related to schizophrenia. Today, glutamate disturbance constitutes one of

the most important hypotheses towards an explanation of the disorders

caused by this disease. It is now acknowledged that a decrease of nucleus

accumbens glutamatergic afferents from the hippocampus and prefrontal

cortex favors the appearance of hallucinations, delusions, and bizarre

thought processes. In addition, it is thought to disinhibit the influences of

amygdala glutamatergic afferents and could contribute to the affective dis-

orders in schizophrenia (Grace, 2000). It is of great interest that during

REM sleep, we found in rats a strong decrease of glutamate concentration

in nucleus accumbens compared to waking (Lena et al., 2005). This is in

close concordance with the fact that glutamate (N-methyl-D-aspartic acid;

NMDA) antagonists induce psychotic troubles (Grace, 2000; Heresco-Levy,

2000) and, at the same time, vivid dreaming (Reeves, Lindholm, Myles,

Fletcher, & Hunt, 2001). It is also of major interest that we did not

observe any glutamate-level differences in the medial prefrontal cortex



28 Biological Aspects

during sleep-waking stages—particularly between waking and REM sleep

—

since in schizophrenia there is no change of glutamate transporter mRNA
expression in the prefrontal and primary visual cortex (Lauriat et al., 2005).

The functioning of dopamine also shows highly significant similarities

during REM sleep and in schizophrenia. Already, pharmacology has shown

that the increase of the central dopamine level induces psychotic symptoms,

as well as vivid dreaming (Arnulf et al., 2000; Buffenstein, Heaster, & Ko,

1999; Larsen & Tandberg, 2001; Levin & Daly, 1998; Thompson & Pierce,

1999). On the other hand, neuroleptics decrease both (Remington &
Chong, 1999; Solms, 2000). Neurochemistry has long shown a disturbance

(increase) of dopamine functioning in schizophrenia (MacKay et al., 1982).

We first confirmed this result in rats because the maximal release of dopa-

mine in the nucleus accumbens occurs during REM sleep (Lena et al.,

2005), as is the case in this mental disease. The difference with waking in

our study was not significant, but there is parallel variation in schizophrenia.

In contrast, our results showed a very significant dopamine decrease when

compared to waking in the prefrontal cortex. This data shows a strong simi-

larity with schizophrenia, in which this decrease is acknowledged to be re-

sponsible for the cognitive disorders (Okubo et al., 1997), particularly the

decrease or loss of reflectiveness also observed during REM sleep. Dopamine

increases the signal-to-noise ratio of brain information (Luciana et al., 1998)

and exerts a state-dependent modulatory effect via Di receptors (Lavin &
Grace, 2001). The decrease of prefrontal dopamine during REM sleep, as

well as in schizophrenia, could situate this neuromodulator level outside the

“optimal stimulation window” of Di -receptor functioning (Abi-Dargham &
Moore, 2003).

Serotonergic and noradrenergic neuron silence during REM sleep has also

to be placed in parallel with findings in schizophrenia. First, it is well known

that the rapid inhibition of raphe serotonergic neurons by lysergic acid

diethylamide (LSD) (in rats, 1 to 2 minute latency after intravenous injec-

tion; Aghajanian, Foot, & Sheard, 1968), induces an increase of REM sleep

in humans at 25 jig (Toyoda, 1964) and even lower doses (7-22 jig; Muzio,

Roffwarg, & Kaufman, 1966), as well as psychotic symptoms. Recent results

show that serotonergic agonists (reuptake inhibitors) are interesting adju-

vants in newly designed neuroleptics (Silver, Barash, Aharon, Kaplan, &
Poyurovsky, 2000; Van Hes et al., 2003). Noradrenaline is also involved in

normal mental functioning since its decrease is, like serotonin, already a

source of depression, and the rare locus coeruleus stimulations performed in

humans induced “well being and improved clarity of . . . thinking” (Libet,

1994). A deficit of noradrenaline is also involved in schizophrenic distur-

bances, and new neuroleptics also comprise reuptake inhibitor properties
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(Friedman, Adler, & Davis, 1999; Linner, Wiker, Wadenberg, Schalling, &
Svensson, 2002). Finally, this deficit ot noradrenaline could prevent this

neuromodulator reappearance at normal level in the few seconds before

emerging from REM sleep (Aston-Jones & Bloom, 1981). In subjects predis-

posed to schizophrenia, it could favor the onset of dreaming hallucinatory

activity in the waking consciousness with belief of reality (Kelly, 1998).

Acetylcholine, a highly important neurotransmitter for normal mind

functioning (Perry, Walker, Grace, & Perry, 1999; Sarter & Bruno, 2000), is

also involved in schizophrenic symptoms because a central decrease of this

transmitter is recognized to be at the origin of hallucinatory activity during

waking (Collerton, Perry, & McKeith, 2005). The same phenomenon is

observed during REM sleep (Marrosu et al., 1995) in which the concentra-

tion, lower as compared to active waking, only reaches the level of relaxed

waking (Figure 1.2).

Finally, the very recent discovery of orexin/hypocretin has be considered

as possibly related to schizophrenia. This neuropeptide deficit is responsible

for the occurrence of the narcoleptic syndrome (Nishino, Ripley, Overheem,

Lammers, & Mignot, 2000; Overeem, Scammell, & hammers, 2002;

Thannickal et al., 2000), which is characterized not only by the classical

bouts of sleeping during the day but by the rapid entrance into REM sleep

(Hishikawa & Kaneko, 1965; Rechtschaffen, Wolpert, Dement, Mitchell, &
Fisher, 1963; Suzuki, 1966) not clearly detailed in the first study devoted to

the psychological characteristics of narcolepsy (Vogel, I960). This peptide,

synthesized in the hypothalamus, activates locus coeruleus neurons, hence

inhibiting REM sleep occurrence (Bourgin et al., 2000). The corresponding

neurons, most active during active waking, become silent during REM sleep,

except sometimes during its phasic activities (Mileykovskiy, Kiyashchenko,

& Siegel, 2005). The hypnagogic hallucinations often encountered in this

disease point to a severe schizoaffective disorder (Douglass, 2003), and a pos-

itive correlation can be found between orexin/hypocretin concentration in

the cerebrospinal fluid and the usual sleep disturbances observed in schizo-

phrenia (Nishino, Ripley, Mignot, Benson, Sc Zarcone, 2002). Idowever, its

infusion in the ventral tegmental Aio dopaminergic area induces an increase

of dopamine release in the prefrontal cortex, which could on the contrary

improve the negative symptoms of schizophrenia, whereas the release in nu-

cleus accumbens remains unchanged (Vittoz Sc Berridge, 2005).

CONCLUSION

The fascinating history of REM sleep first showed that unexpected

intense brain activation supported the intense psychological activity of
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dreaming. The explanation of dreaming illogical mental characteristics began

to appear with the identification of forebrain inhibitory control processes.

Both activating and inhibitory influences supplied highly important infor-

mation to a better understanding of the waking functioning of the brain.

Today, disconcerting psychological as well as neurobiological resemblances

with schizophrenia are laying the foundation of a new approach to this sleep

stage as a psychobiological model of this disease, without any experimental

intervention such as central electrical or pharmacological stimulation or

central lesions (Gottesmann, 2005, 2006, in press). Most characteristics of

this sleep stage constitute endophenotypes (Gottesman & Gould, 2003;

Gottesman & Shields, 1973) of schizophrenia. Also, in order to identify the

genetic disturbances of this polygenic illness (Gottesman & Shields, 1967) and

promote future specific therapies, the genic background of REM sleep charac-

teristics seems to be a good target (Gottesmann & Gottesman, in press).
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Phylogeny of Sleep and Dreams

Patrick McNamara, Charles Nunn, Robert Barton,

Erica Harris, and Isabella Capellini

Sleep is a need. Whether we like it or not, we eventually succumb to sleep.

It is an involuntary physiologic function. Like many other involuntary func-

tions, sleep appears to be maintained around a homeostatic set point. Fol-

lowing sleep deprivation in many animals, there is a compensatory rebound

in the amount of sleep engaged in, such that the lost sleep is “made-up,”

and a relatively constant daily amount of sleep is maintained over the long-

term. The manifestations of sleep rebound phenomena vary across amniotes

(that is, birds, reptiles, and mammals, the three classes of animals we will be

considering in this chapter).

In mammals, the deprivation of NREM sleep leads to a remarkable

increase in both the amount and intensity of NREM slow wave activity

(SWA; or sleep stage IV in primates). This effect is well-known and has

been demonstrated in a diverse array of species including humans, squirrel

monkeys, rats, mice, Syrian and djungarian hamsters, cats, and ground squir-

rels (Tobler, 2005). REM sleep is also homeostatically regulated in mammals

(as REM amounts are increased after REM deprivation), but it is unclear

whether an intensity dimension exists for REM sleep. Outside of the order

mammalia, the manifestations of sleep rebound vary. Some reptiles (croco-

diles, for example) exhibit sleep-associated sharp slow waves and then

rebound effects in the amount of these waves after rest deprivation. In birds,

there is little physiologic evidence for sleep rebound effects after sleep depri-

vation, but behavioral signs of unihemispheric sleep (for example, increased

duration of unilateral eye closures) are increased in some birds after sleep

deprivation.



Returning to mammals, the phenomenon of post-deprivation sleep

rebound points to a potential homeostatic function of sleep, meaning some

physiologic process that is indexed by sleep duration (and intensity) and

maintained at an optimal level. This homeostatic component of sleep raises

the question of biologically imposed constraints on sleep and even potential

adaptive functions of sleep. If sleep serves some primary homeostatic physio-

logic function, it operates under specific biologic constraints that in turn are

likely to have an evolutionary history. Investigation of that history may

reveal important information about sleep’s functional correlates.

SLEEP-RELATED MENTATION (SRM)

SRM refers to any perceptual or mental state that occurs in temporal

relation to some sleep process or state. In humans we call some forms of

SRM “dreams,” where “dreams” refer to extended experiences of emotion-

laden imagery structured into story-like action episodes typically concerning

the dreamer and his/her socially significant others. Many SRMs, however,

are not dreams. Instead, they may be classified as hypnagogic images or fleet-

ing and isolated thought fragments, ongoing ruminations, verbalizations, or

all manner of other types of mentation. Whether or not REM or NREM
sleep processes “cause” associated perceptual or mentation experiences is an

empirical question that needs to be decided after appropriate investigation.

There is little doubt, however, that each of the two major sleep states influ-

ences the SRM experience in humans.

REM dreams, for example, tend to be more vivid, story-like, emotional,

and action-oriented than their NREM counterparts even after controlling

for length of report, time of night, and other variables (Nielsen, 2000). On
the assumption that brain activation patterns produce all forms of menta-

tion, the most salient candidate for the production of REM dreams is the

characteristic pattern of brain activation known to occur during a REM epi-

sode, namely intense amygdalar, limbic, temporal, and occipital activation

along with prefrontal deactivation (Hobson, Pace-Schott, & Stickgold,

2000). This pattern of REM-associated brain activation suggests that memo-
rable REM dreams (that is, dreams that are remembered upon awakening)

should on average contain a greater number of unpleasant (fear, anger, rage,

and so on) than pleasant emotions. Content analyses of hundreds of dreams

have generally, though not invariably, supported this supposition (Domhoff,

2003; Revonsuo, 2000).

Clinical evidence also supports the supposition that REM-associated brain

activity produces a tendency towards unpleasant emotional content in

dreams. One can see clear evidence of negatively toned dream content in the
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dreams of patients who have lost the ability to inhibit the motor execution

of internally experienced dreams (that is, the normal REM-associated inhibi-

tion of the spinal motor neurons is destroyed). Patients with so-called REM
Behavior Disorder (RED) may physically react to events transpiring in their

dreams (Mahowald Sc Schenck, 2000). Up to 89 percent of the dreams

reported by RBD patients involve the dreamer being attacked by an animal

or a violent person. Patients react to the hallucinated attack in myriad and

dangerous ways. Some individuals have been observed to jump out of bed

and run wildly out of the room. Or individuals may attempt to jump out of

windows or fire unloaded guns. In bed, they may punch, kick, or even

attempt to strangle their bed partners (Olson, Boeve, Sc Silber, 2000). EEG

measurements verify that patients are typically in REM sleep when these vio-

lent behaviors take place. The lack of spinal motor inhibition normally asso-

ciated with REM is confirmed via similar neurophysiologic measurement.

When the patient awakens, he is relatively lucid and has no difficulty pro-

viding a detailed verbal report of what was happening in the dream. The

report typically involves threats of various kinds to the dreamer and closely

matches the dreamer’s violent bed behaviors.

Taken together, the hundreds of studies of dream content along with the

evidence from RBD patients in the clinic strongly suggest that SRM in

humans is real, measurable, and emotionally consequential. What about for

nonhuman animals? We, of course, do not know for sure whether SRM
occurs in other animals. Although nonhuman animals may not experience

“dreaming” as defined above (and that is an open empirical question), they

very likely experience some types of emotional, perceptual, or imagistic

SRMs in tandem with the two major sleep states. If, as happens in REM
sleep, selected networks of the brain were activated to levels high enough to

support mentation in humans, we would expect some sort of mental pro-

cesses to engage after such activation in nonhuman animals that have REM

sleep.

But how can we verify whether SRM experiences occur in nonverbal ani-

mals? The experiences of patients with RBD suggest one strategy. In the case

of patients with RBD, we observed overt dream enactment behaviors occur-

ring in tandem with REM sleep when the normal REM-associated spinal

motor inhibition process was abolished by disease. What if that spinal motor

inhibition process was experimentally abolished in animals? Would we see

“dream” enactment behaviors in these animals?

Very early in the modern study of REM sleep physiology (in the 1960s),

Jouvet and colleagues (Jouvet, Vimont, Delorme, Sc Jouvet, 1964; described

in Jouvet, 1999) managed to selectively lesion REM sleep-related spinal

motor inhibition neurons in the brainstem of cats, thereby abolishing the
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normal REM sleep-associated muscle atonia in these animals. When the cats

were observed to enter an episode of REM sleep, they began to enact their

dreams. The cats hissed and arched their backs as if they were preparing to

fight an imaginary enemy. Often they would act as if they were stalking an

imaginary prey. These data indicate that other animals may experience some-

thing like dreams. At a minimum, the data suggests that there is a marked

similarity in reactions at the behavioral level when REM biology is

disinhibited.

Most of us have observed sleeping dogs yelp, bark, or growl in their sleep.

Similar anecdotal reports of other animals of all kinds suggest that most ani-

mals experience hallucinatory and “emotional” imagery during sleep that is

analogous to dreaming in humans. Even birds and reptiles emit vocalizations

during sleep. As is the case with human beings, these sleep-related vocaliza-

tions may be functionally correlated with both SRM experiences and with

the underlying sleep state the animal is in when it vocalizes.

The case of birds may be particularly instructive. Recent data on cellular

activity levels in avian brain nuclei devoted to song shows that these cells are

reactivated and perhaps resculpted during sleep. A form of apparent song

replay may occur in selected sleep states in some birds. Dave and Margoliash

(2000; see also Deregnacourt, Mitra, Feher, Pytte, & Tchernichovski, 2005),

for example, showed that “spontaneous” activity of certain neurons known
to be associated with song production during waking life are reactivated dur-

ing sleep in a form that reproduces the sensorimotor activation patterns nor-

mally associated with song produced in waking life. In addition, the timing

and structure of neuronal activity elicited in the bird’s motor “cortex” by

the playback of song during sleep matches neuronal activity during daytime

singing. The authors concluded that, “these data suggest a model whereby

sensorimotor correspondences are stored during singing but do not modify

behavior, and off-line comparison (e.g., during sleep) of rehearsed motor

output and predicted sensory feedback is used to adaptively shape motor

output” (p. 812).

Is the bird “practicing” its song during sleep? Is the bird “hearing” or

dreaming its song during sleep? How can we answer such questions? Some
birds exhibit the typical mammalian pattern of muscle atonia during REM.
If the REIyl-associated motor inhibition was experimentally abolished in one

of these birds, would we see any form of dream enactment behavior? As far

as we know, researchers have never investigated this possibility in birds.

Complicating the picture is the fact that REM episodes in birds are quite

short, typically lasting on the order of seconds. Moreover, song replay in

birds is often associated with a non-REM form of sleep in these animals.

Finally, most birds exhibit what is called “unihemispheric sleep,” in which
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one hemisphere sleeps at a time (more about this later). Given this type of

complexity regarding sleep processes in birds and in various types of other

animals, investigation of SRMs in nonverbal animals is likely to be an ardu-

ous and complicated process.

Although investigation of SRM processes in nonhuman animals will cer-

tainly be difficult, such information can help us to better understand poten-

tial functions of sleep and dreams. If it turns out, for example, that other

animals dream solely of potential predators or solely of potential mates or

solely of potential prey, then that fact is one more clue that can be used to

construct a theory of the functions of sleep itself Data on existence and

content of SRAl in other animals might also throw some light on the vexed

question of the origins and functions of thought and consciousness itself

Thus, we are at an early stage in our understanding of whether other ani-

mals dream. Knowing the details of what they dream about is likely to be

even further in the future. There are, however, data on the amount of REM
sleep found in other animals, and this information can give us some clues as

to the evolutionary history of at least one form of dreaming—REM dream-

ing, and of brain activation patterns during REM sleep. In humans, menta-

tion can occur in tandem with both REM and NREM sleep states, but it is

clear that REM-related mentation is more vivid and memorable. We will,

therefore, focus this review on the phylogeny of REM sleep. We will return

to the issue of SRM in nonhuman animals after reviewing the available data

on comparative REM sleep. First, we consider how broad evolutionary pat-

terns in sleep can be investigated by using the comparative method. Next,

we examine broad patterns of sleep across vertebrates, with a special focus

on mammals. Finally, we integrate these details on the distribution of sleep

to formulate hypotheses for the origin of REM sleep and its links to dream-

ing. Our goals are to give an overview of interesting questions related to

REM sleep and dreams and to provide this overview in a synthetic frame-

work that allows for progress in answering questions about the phylogeny

of SRM.

USI\G THE COMPARATIVE METHOD TO EACOVER
THE FLACTIOA OF SLEEP

The study of variation in sleep patterns across species is an important

method for studying potential adaptive functions of sleep. It is the only

method we have for inferring the evolutionary history of sleep and the fac-

tors that have influenced variation in sleep patterns among animals. It is im-

portant, however, to keep in mind several points when considering the

evolutionary history of something as complex as the mental functions
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associated with REM. Rattenborg and Amlaner (2002) point out that think-

ing on the evolution of sleep has to some extent been distorted by an

assumption that mammals are more advanced than nonmammals. Yet in

some respects, birds have developed innovations in cortical laminar structure

not observed in mammals. Similarly, reptiles have developed quite complex

neural systems specialized to transduce light information into neural

impulses that regulate rest-activity cycles (e.g., a parietal eye, a complex pin-

eal system, and a brain site homologous to the suprachiasmatic nucleus or

SCN). Clearly, we should not be seduced by evolutionary stories that inevi-

tably lead to big-brained species sitting at the top of “a great chain of being”

as the most fit or successful. Nor should we deny the possibility that certain

evolutionary transitions could have been crucial for development of big

brains, resulting in the highly differentiated REM and NREM sleep states

characteristic of primates. One can identify such transitions and innovations

without necessarily assuming that earlier steps in the pathway represent evo-

lutionary dead ends in the taxa in which those transitions occurred. Rather,

it is likely that sleep traits in those taxa continued to evolve, sometimes

slowly, sometimes rapidly, depending on selective pressures faced by the spe-

cies. Thus, differences in sleep traits across different species may, as Ratten-

borg and Amlaner (2002) point out, “actually reflect alternative means of

fulfilling similar functions, rather than indicating different levels of sleep

evolution” (p. 7).

On the other hand, when one or more of the behavioral, physiologic,

electrophysiologic, or functional components of, for example, primate sleep

are identified in taxa whose divergence from primates can be accurately esti-

mated (by using molecular phylogenies and comparative methods—see

below), then we can make some reasonable estimates concerning when

selected traits of REM and NREM emerged in the line leading to the pri-

mates. Furthermore, when selected sleep traits are found to be associated with

significant ecologic, life history, or physiologic traits across taxa with similar

biological characteristics, including brain structure, then it is reasonable to

investigate those associations in hopes of revealing functional relationships.

In short, if we use appropriate methods—namely the comparative phyloge-

netic methods to be discussed next, then analyses of sleep variation can help

us discern when a trait evolved, in how many lineages, how long it survived

over evolutionary time, and what its consistent functional relationships are.

We need to discuss one final methodological point before summarizing

the phylogenetic approach to comparative sleep analyses. Analyses of any

kind are only as good as the input data they work with. So, we need to say

something about the data used in these analyses. Phylogenetic comparative

analyses are typically carried out on large-scale databases that contain data
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points on dozens of variables, including both sleep variables and variables

hvpothesized to be related to sleep, such as body size, metabolic rates, brain

size, and so on. Previously constructed comparative databases suffered from

a number of shortcomings related to the reliability and validity of the data

contained in the databases. Campbell and Tobler (1984) published a dataset

of total sleep durations for 168 species, but there were no values for REM
and NREM. Zepelin (1989) constructed the largest published dataset on

REM and NREM (rather than just total sleep) values (containing 84 spe-

cies). Elgar, Pagel, and Harvey (1988) analyzed a dataset comprising 69 spe-

cies. To control for phylogenetic associations, Elgar et al. (1988) calculated

correlations across taxonomic families (by computing means for species

within genera and then genera within families). This taxonomic approach

reduced sample sizes to between 20 and 34. They found correlations

between sleep quotas and body weight, metabolic rate, mode of development

(altricial versus precocial), and latitude. Subsequently, Berger (1990)

criticized this study on the grounds that a number of the species estimates

were highly questionable. Elgar, Pagel, and Harvey (1990) responded cor-

rectly that comparative analysis is the only way to derive general conclusions

about sleep, and largely replicated their original findings using a substantially

reduced sample that omitted data not satisfying Berger’s criteria for reliabil-

ity (42 species, giving actual sample sizes of up to 30 families). Nevertheless,

analyses on these comparative datasets have been stymied by inconsistent

data collation and modest sample sizes.

Recent developments in comparative analytical methods can help address

these methodologic problems concerning comparative sleep datasets. For

example, use of the technique of phylogenetically controlled “independent

contrasts” (Harvey & Pagel, 1991) obviates the need to exclude attention to

variance below the level of the taxonomic family. Thus, we can avoid the

problem of reduced sample sizes arising from a focus only at family-level

analyses. In addition, a large proportion of the variance in comparative bio-

logical variables is commonly associated with two factors: body size (allome-

try) and, as mentioned previously, phylogeny. Allometry is the study of how

a trait scales with body size. Previous studies of sleep quotas have found neg-

ative correlations between sleep durations and body size (Zepelin, 1994), but

little attention has been paid to establishing quantitative scaling relation-

ships, despite the fact that regularities in these relationships may be impor-

tant for understanding sleep variation in general. For example, metabolic

rate and body mass scale with an exponent of 0.75 predict similar scaling

patterns for sleep traits under hypotheses involving metabolic functions.

With regard to the issue of phylogeny, problems arose in previous com-

parative analyses because it was not clear (using only standard multiple
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regression techniques) whether similarities/associations in sleep expression

obtained between animals was because of common functional relationships

or common phylogenetic ancestry. Animals that were related phylogeneti-

cally were all too often treated as wholly independent data points. Given

that most statistical tests of sleep variables in the databases (implicitly)

assumed independence of the species data, some of the results of these early

analyses are likely to be invalid. One needs to take phylogeny into account

to identify true functional relationships between sleep properties and some

other non-sleep-related trait. Indeed, in order to properly describe even the

allometric scaling of a sleep trait, it is necessary to take phylogenetic infor-

mation into account (Harvey & Pagel, 1991; Nunn & Barton, 2000, 2001),

yet this is rarely done in studies of sleep.

Properly conducted phylogenetic and allometric analyses can help us an-

swer four fundamental questions about the evolution of REM sleep. First,

do phylogenetically close species share similar REM properties (e.g., dura-

tions)? In other words, do sleep-related traits exhibit what Blomberg and

Garland (2002) call “phylogenetic signal”? Second, which sleep-related traits

are evolutionarijy primitive for mammals and birds, which are derived, and

which similarities have arisen through convergent evolution? Third, do

groups of taxa exhibit different scaling relationships? A deeper understand-

ing of allometric patterns can be accomplished through understanding such

“grade shifts” (Nunn & Barton, 2000). Fourth, what general evolutionary

relationships exist (a) between sleep traits and (b) between sleep traits and

other aspects of behavioral biology and ecology? Have particular taxa evolved

distinctively different patterns of sleep, and, if so, how do these patterns

relate to other features of their biology?

We cannot yet answer these fascinating questions about the phylogeny of

sleep states because no such phylogenetically controlled studies of compara-

tive sleep values have yet been conducted. We mention the questions here

to highlight these promising areas for future study.

THE PHYLOGEfVY OF SLEEP

We turn now to a survey of comparative sleep patterns, focusing mainly

on mammals, but with a short excursus on reptiles and birds. Our aim is to

reconstruct the basic picture of what is currently known about comparative

patterns of sleep, particularly REM sleep. It will be necessary to keep this ba-

sic picture of the variability in expression of REM and NREM sleep patterns

in mind so that we can ground our discussion of the evolutionary history of

sleep related mentation firmly in the context of comparative sleep biology.
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Reptiles

Electrophysiologic signs ot active/REM sleep appear to be absent in most

and perhaps all reptiles (Frank, 1999; but see Rial, Nicolau, Eopez-Garcia, &c

Almirall, 1993). Although behavioral signs of sleep are clearly observable in

reptiles, correlations between these behavioral signs of sleep and selected

EEG indices are difficult to evaluate given the complexities of recording

sleep EEGs from the reptilian scalp and brain. Early studies by Flanigan and

others (Flanigan, 1973; see review in Rial et al., 1993) reported an associa-

tion between behavioral sleep and intermittent high-voltage spikes and sharp

waves recorded from various brain structures in crocodilians, lizards, and tur-

tles. Other investigations found no such association between behavioral sleep

and high-amplitude spikes and sharp waves in the same animals. Hartse

(1994) argued that high-amplitude spikes and sharp waves define a reptilian

sleep state homologous with mammalian slow wave sleep (SWS).

High-voltage slow waves superimposed on the waking and sleeping EEG in

reptiles has been proposed as a precursor of SWA found in the sleep of mam-

mals. The equation of reptilian high-voltage slow waves (HVSW) with mam-

malian SWA is supported by findings (Flanigan, 1973) of compensatory

rebound of sleep-related processes, including EEG spikes after sleep depriva-

tion in reptiles. The latency to behavioral sleep was increased and the duration

of behavioral sleep was increased as well after sleep deprivation in reptiles.

With respect to REM, the consensus at this point is that reptiles do not

exhibit REM sleep. When Frank (1999) reviewed the literature on reptilian

sleep, he concluded that no convincing evidence had yet been produced of

REM-like states in reptiles. Rattenborg and Amlanar (2002) also called the

evidence for REM in reptiles “equivocal.” Even when investigators claim to

have found signs of REM in a reptile, they have hitherto failed to report

whether those signs were observed while the animal was unresponsive to the

environment (that is, whether arousal thresholds were elevated) or other cru-

cial signs of behavioral sleep. Thus, it may be that putative REM-like epi-

sodes in reptiles were actually brief arousals into waking or some form of

waking. On the other hand, crocodilian sharp waves and spike activity in

the context of HVSW may be a kind of indeterminate or mixed form of

what is called in mammalian species REM and NREM, thus these reptiles

may exhibit protoforms of REM.

Avian Sleep

As is the case with mammals, birds can be either monophasic (with one

consolidated period of sleep per day) or polyphasic sleepers (with several
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short episodes of sleep per day). Birds appear to exhibit a special form of

SWA and very little REM-like sleep. SWA in birds does not appear to be

homeostatically regulated. SWA in NREM sleep in pigeons does not decline

in the course of the dark period, suggesting that SWA in these animals is

not building up chemicals that are depleted during waking. Moreover, SWA
does not appear to increase after sleep deprivation. Unlike mammals, sleep

spindles are absent during NREM in birds. In addition to this unusual form

of SWA, birds also display sleep states that simultaneously combine features

of both wakefulness and SWA. As in aquatic mammals, unilateral eye clo-

sure and unihemispheric SWA also occur in birds (reviewed in Rattenborg,

Amlaner, & Lima, 2000a, 2000b).

Avian REM-like sleep states are associated with desynchronized EEG,

impaired thermoregulation, and higher arousal thresholds, but they last only

seconds and are cumulatively only one-quarter the amount typically reported

for mammalian species. Moreover, there appears to be no REM rebound fol-

lowing REM sleep deprivation.

Mammals

Monotremes

Composed of three extant species (two species of echidna and the duck-

billed platypus), monotremes are thought to have diverged from the main

mammalian line before the divergence of marsupials and placental mammals.

Allison, Van Twyver, and Goffs (1972) original polysomnographic study of

the short-beaked echidna (Tachyglossus aculeatus) revealed unequivocal SWA
but no EEG evidence for REM. Siegel, Manger, Nienhuis, Fahringer, and

Pettigrew (1996) investigated activity of brain stem reticular neurons in the

same species. Patterned reticular neuronal activity varies consistently in

REM and NREM states. Discharge rate is high and irregular during REM
and low and regular during SWA. Siegel et al. (1996) found irregular reticu-

lar discharge patterns during SWA in the short-beaked echidna (that is, a

mixture of REM and NREM signs). REMs were also later recorded in the

duck-billed platypus despite no overt EEG signs of REM. Thus, the mono-

tremes appear to exhibit a mixed, indeterminate form of sleep containing ele-

ments of both REM and NREM mammalian sleep states. Siegel and others

have su^ested that mammalian sleep states emerged out of this primordial

hybrid state of indeterminate sleep with SWS and REM segregating into in-

dependent brain states dependent on the central nervous system organization

of the animal. Therefore, they assume that monotremes are primitive in their

sleep pattern.
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Nicol, Andersen, Phillips, and Berger (2000) reported REM characteris-

tics in short-beaked echidnas. This conclusion was based on evidence for

concurrent cortical activation, reduced tonic electromyogram (EMG) activ-

ity, and REMs under low, thermo-neutral, and high-ambient temperatures.

Some investigators have suggested that the REM sleep episodes reported by

Nicol et al. (2000) actually reflect a quiet waking state in these animals.

These studies of REM in monotremes have led some researchers to acknowl-

edge that some REM-like electrophysiologic activity occurs in these animals,

but the work also confirms previous impressions that REM without signs of

SWA does not occur in monotremes.

Marsupials

Marsupials show more definite signs of REM sleep. Affani, Vaccarezza,

and Abellone (1967) and Van Twyver and Allison (1970) were the first to

document abundant signs of REM in a marsupial—the opossum. Cicala,

Albert, and Ulmer (1970) found evidence for REM in the red kangaroo.

Walker and Berger (1980) obtained sleep and wakefulness recordings from

infant opossums, aged 48 to 79 days, while they were in their mothers’

pouches. The ontogenesis of sleep in this marsupial was similar to that of

placental mammals: quiet sleep increased from 13 percent sleep time at 48

days to 55 percent at 79 days; conversely, active sleep decreased from 87 per-

cent to 45 percent, respectively. The amplitude of the EEC during quiet

sleep increased with age and quiet sleep could be categorized as SWA at 75

days. Active sleep could be identified as REM sleep at the same age.

Aquatic Mammals

Members of three different orders that contain aquatic mammals—ceta-

ceans (dolphins, porpoises, and whales), carnivores (seals, sea lions, and

otters), and sirenians (manatees)—typically engage in unihemispheric sleep

(Manger, 2006; Rattenborg, Amlaner, & Lima, 2000b). Cetaceans exhibit a

clear form of unihemispheric slow wave sleep (USWS) or SWS. EEC signs

of REM are absent, but cetaceans show other behavioral signs of REM,

including REMs, penile erections, and muscle twitching. The two main fam-

ilies of pinnipeds, Otariidae (sea lions and fur seals) and Phocidae (true

seals), show both unihemispheric and bihemispheric forms of sleep. Phocids

sleep underwater (obviously holding their breath) while both hemispheres

exhibit either REM or SWS. Amazonian manatees (Trichechus inunguis) also

sleep underwater, exhibiting three sleep states: bihemispheric REM, bihemi-

spheric SWS, and USWS. Both hemispheres awaken to surface and breathe.
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In addition, when REM occurs in marine mammals, it is always bihemi-

spheric. The bilateral nature of REM may be considered one of its distinc-

tive features, and the brain structure of certain marine mammals apparently

cannot mediate this feature. Interestingly, even when REM occurs in aquatic

mammals, it never occurs unihemispherically.

Explanations of the loss of EEG signs of REM and the emergence of uni-

hemisphericity of SWS in some aquatic mammals tend to reference the sup-

posed incompatibility of REM-related muscle atonia and breathing while

underwater. Yet, as just described, other marine mammals with similar eco-

logic constraints (e.g., Phocidae) evidence bihemispheric REM sleep even

while underwater. Given the alternative means of sleeping and breathing in

water observed in pinnipeds, one would expect manatees (order Sirenia) to

display either of these strategies. As noted, however, Amazonian manatees

(T. inunguis) exhibit REM sleep, bihemispheric SWS, and USWS. Thus,

unlike that in dolphins and Otariidae, USWS in manatees is not clearly

linked to surfacing to breathe. Nor does the relatively advanced nature of

the cetacean brain help explain the absence of REM in cetaceans. Other

mammals with equally developed brains (such as primates) express abundant

REM.
As in birds, unihemispheric sleep in aquatic mammals is associated with

keeping one eye open during sleep, which is typically the eye contralateral to

the hemisphere that is asleep. Goley (1999; quoted in Rattenborg &
Amlaner, 2002) reported that when a group of sleeping Pacific white-sided

dolphins (Lagenorhynchus obliquidens) swim slowly side-by-side in a group,

they preferentially direct the open eye toward the other dolphins, as if

watching to maintain contact with the group. Interestingly, when the sleep-

ing dolphins switched, on an hourly basis, from one side of the group to the

other, the side with the open eye switched accordingly, as if allowing each

hemisphere a turn to sleep. Many male dolphins form coalitions to monopo-

lize access to fertile females (Connor, Smolker, & Richards, 1992).

Therefore, the open eye may be monitoring the herded female.

Placental Terrestrial Mammals

Behavioral measures of REM in placental mammals include a species-

specific body posture and sleeping site, reduced physical activity (quiescence),

reduced muscle tone, reduction in neck/nuchal muscle tone, paralysis of the

antigravity muscles in some species, increased arousal threshold, and rapid

reversibility to wakefulness. Physiologic indices of REM sleep include signifi-

cant lability in the autonomic nervous system (ANS), cardiovascular, and

respiratory systems, along with increases in metabolism. Electrophysiologic
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measures of REM include low-voltage fast waves, REMs, theta rhythms in

the hippocampus, and pontine-geniculo-occipital (PGO) waves. Electrophy-

siologic measures of NREM include HVSW, spindles, and k-complexes.

Functional indices of sleep include increased amounts of sleep after sleep de-

privation, and increased sleep intensity after sleep deprivation.

REM sleep accounts for about 22 percent of total sleep time in adult

humans. Fdumans are about average among placental mammals in the

amount of REM sleep they engage in. Although the cortex is activated in

REM, arousal thresholds are higher in REM than in the waking state (or in

SWS for that matter). The phasic aspects of REM, such as intermittent

muscle twitching, ANS discharges, and REM, occur in some mammals in

association with bursts of PGO waves. Placental mammals (with the possible

exception of humans) also exhibit a theta rhythm in the hippocampal for-

mation during REM. Like NREM sleep, REM deprivation results in a

rebound phenomenon, indicating that a certain amount of REM is required

and must be made up if lost.

Although REM of placental mammals engages both hemispheres, it

respects a very selective pattern of brain activation. Certain brain sites are

activated while others are deactivated. Recent positron emission tomography

(PET) and functional magnetic resonance imaging (fMRI) studies of the

sleeping brain in both humans and nonhuman animals have revealed that

REM demonstrates high activation levels in pontine, midbrain tegmentum,

portions of the cingulate gyrus, temporal-limbic, and amygdaloid sites, and

orbitofrontal cortex. Conversely, other brain regions are deactivated in

REM, including dorsolateral prefrontal areas, portions of the parietal cortex,

and the cingulate (Braun et al., 1997; Elobson, Stickgold, & Pace-Schott,

1998; Maquet & Franck, 1997; Maquet et al., 1996; Nofzinger, Mintun,

Wiseman, Kupfer, & Moore, 1997).

Finally, when human subjects are awakened from REM, they generally

report a narrative involving the dreamer, with vivid visual detail, unpleasant

emotions, and occasional bizarre and improbable events (Domhoff, 2003;

Hobson & Pace-Schott, 2002; Nielsen, 2000; Strauch & Meier, 1996). As

mentioned above there is reason to believe that other placental mammals

dream.

The foregoing brief review of the phylogenetic distribution of the two

major sleep states suggests that the emergence of distinct sleep states, and in

particular of REM, began with the evolution of reptiles and reaches its most

derived state in terrestrial placental mammals. Avian REM is peculiar in that

it is brief and shows no rebound effects. Nor does Avian NREM show clear

rebound effects. Avian NREM furthermore appears to be unihemispheric.

Turning now to the reptiles, REM-like sleep states do not occur at all in
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reptiles. On the other hand, the presence of HVSWs, as well as sharp spikes

in the EEG of reptilian sleep, suggests that what is now called SWA in

mammals first appeared in reptiles. The fact that some aspects of EEG sleep

in reptiles appear to exhibit rebound effects after sleep deprivation supports

the argument that some form of SWA is present in reptiles. REM, however,

does not occur in reptiles, with the possible exception of the crocodiles.

Crocodiles themselves, however, seem to exhibit some behaviors of mammals

(like play in the young and care for young). It thus appears that REM-related

mentation experiences—let’s call them dreams for the rest of this chapter—
appear to be evolutionary innovations of proto-mammalian and mammalian

taxa.

With the appearance of the monotremes, clear signs of REM begin to

appear in the EEG, although they are mixed with signs of NREM. Follow-

ing the evolution of marsupials, clear electrophysiologic signs of REM
emerge but they are again partially mixed with NREM, and it is not clear

whether one or both sleep states are uni- or bihemispherically expressed.

Finally, with the emergence of placental mammals we get the derived state

of bihemispheric REM sleep. Recall that our review of comparative patterns

of REM expression revealed that REM never occurred in the unihemispheric

state. Only NREM or SWA occurred when unihemispheric sleep was pres-

ent in a species.

We, therefore, tentatively conclude that REM requires bihemispheric activa-

tion to occur, and this activation pattern must decisively influence the form of

mentation that occurs in REM.
If REM is a uniquely bihemispheric phenomena, then REM sleep may also

require a functioning corpus callosum in order to achieve its full expression.

The corpus callosum connects the two hemispheres, thereby exponentially

increasing brain connectivity and integration relative to unihemispheric

functional states (Scamvougeras, Kigar, Jones, Weinberger, & Witelson,

2003). A functioning corpus callosum permits simultaneous bihemispheric

activation and all manner of patterns of cross-hemispheric interactions. The

corpus callosum is a unique feature of the brain of placental mammals

(Aboitiz & Montiel, 2003). Although marsupials evidence enlarged anterior

commissures, the corpus callosum is less developed in them than in placen-

tals. Aquatic mammals without REM evidence unique and perhaps reduced

(in size) forms of the corpus callosum (Gilissen, 2006). Avian REM, as far

as we know, is not strictly analogous to mammalian REM. Nor does avian

REM exhibit sleep rebound effects after sleep deprivation (as is the case with

mammalian REM). Thus, while bird song appears to be a partially sleep de-

pendent process, it is related to unihemispheric NREM forms of sleep and

thus may not be like REM-related forms of mentation at all. The
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hemispheres in birds are not as densely connected as are the hemispheres in

mammals. In birds, for example, there is no structure corresponding to the

mammalian corpus callosum. If REM does indeed require bihemispheric

activation to occur, it is not surprising then that REM sleep in birds is fleet-

ing. On the other hand, very little is known about this area of research, thus

the relation between mammalian REM/dreams to avian unihemispheric

NREM mentation processes remains a question for future research.

Bihemispheric REM produces a very special form of mentation or con-

sciousness. Indeed, REM sleep itself has been associated with increased

gamma wave frequencies (30-80 Hz)—an index of binding during waking

life (Kahn, Pace-Schott, 6c Hobson, 1997; Elinas 6c Ribary, 1993). However,

while bihemispheric binding appears to be enhanced in REM, anterior-

posterior connectivity is impaired in REM. Within REM sleep, gamma fre-

quency oscillations become desynchronized between frontal and posterior

perceptual areas (Corsi-Cabrera et ak, 2003; Perez-Garci, del-Rio-Portilla,

Guevara, Arce, 6c Corsi-Cabrera, 2001). The picture, therefore, is complex.

While REM-related mentation appears to support integration of right-left

contributions, REM does not allow for integration of anterior-posterior in-

formation sources.

Thus, REM-related mentation experiences are the expression of intense

activation of the limbic and amygdalar centers as well as integration of right-

left hemispheric sources, along with de-synchrony in frontal-parietal areas.

The monotremes were the first to experiment with binding across the hemi-

spheres, but the marsupials and terrestrial placental mammals developed it

more fully. Bihemispheric integration of information is most fully expressed

in the primate line and of course in humans. This bihemispheric integration

of information processing resources yields additional computational power

and new emergent forms of attentional capacities (Banich, 2003). When

coupled with anterior-posterior de-synchrony or disconnection, bihemispheric

cross-talk produces the new form of consciousness we call dreams. The pur-

pose of this new form of consciousness is still unknown.
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Current Understanding of Cellular

Models of REM Expression

J. Allan Hobson

In 1895, when Sigmund Freud first considered the prospects of a science of

the mind, he hoped to base his theory upon the solid base of neurobiology

(Freud, 1895). Because that base did not exist, he turned his attention to

what he claimed was a purely psychological approach and developed his dis-

guise-censorship theory of dreams, which became the cornerstone of psycho-

analytic theory (Freud, 1900/1965). Throughout the rest of his life, Freud

denied the usefulness of neurobiological data despite the fact that he explic-

itly predicted that ultimately all of his assertions would need to be tested at

the level of brain science.

Now, over 100 years later, many of the neurobiological facts that Freud

needed have become available, yet their interpretation is highly controversial.

Writers like Mark Solms favor revision and retention of the psychoanalytic

model (Solms, 1997, 2000, 2004). In this and the following chapter, I will

argue for discarding the psychoanalytic model altogether. The point of this

entry is not only to cast doubt on Freud’s view, but to express skepticism

about any and all interpretation schemes that view dream content as sym-

bolic expression of deep personal conflict. I will also cast doubt on the idea

that dream content is interpretable with anything approaching scientific

validity.

My position is not that dreams are meaningless. I certainly do not deny

that dreaming is characterized by content of emotional salience. But, in con-

trast to Freud’s dream theory, I hold that emotional salience can easily be

detected and understood by careful dream documentation (Hobson, 2004).

This view, which I call the transparency tenet of the activation synthesis
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theory of dreaming (Hobson & McCarley, 1977), is so different from

Freud’s disguise-synthesis model as to force a choice. Instead of viewing

dreaming as obscure and with disguised meaning as Freud maintained, I

argue that dreams are undisguised and hence revelatory. I will review the cel-

lular neurophysiology in those terms to make it clear to the reader why at

least one contemporary dream scientist views the Freudian model as hope-

lessly outdated, misleading, and, therefore, dispensable.

SLEEP rVEEROPHYSIOLOGY AND NEURONAL ACTIVITY

The pioneers of the single cell recording technique had a strong interest

in sleep because, like Charles Sherrington, they did not appreciate that con-

sciousness could be lost with only a 20 percent decrease in neuronal activity

(in early night NREM sleep) and that subsequent reactivation of the brain

brought the still sleeping brain back up to waking levels of activation (in late

night REM sleep). Positron emission tomography (PET) studies have since

clearly shown that the REM activation was selective, not universal: some

forebrain and brainstem structures were more active than in waking while a

few were less so (Braun et al. 1997; Maquet et al. 1996; Nofzinger, Mintum,

Wiseman, Kupfer, & Moore, 1997).

When, at Herbert Jasper’s instance, David Hubei first succeeded in re-

cording single cells in the visual cortex of anaesthetized cats, he found that

as many neurons became more active in sleep as became inactive (Hubei Sc

Wiesel, 1959). Because the data required statistical analysis, Hubei turned

his attention to the visual system of his cats when awake and with Torsten

Wiesel showed how the signals from the retina were translated by the visual

thalamus (the lateral geniculate body) and how those signals were in turn,

translated by the visual cortex areas (Vi and V2). These findings, for which

Hubei and Wiesel were awarded the Nobel Prize, are of great relevance to

the study of the neuronal basis of dreaming. In our dreams, we see quite

clearly despite the fact that our eyes are closed. This fact implies that the vis-

ual system must be internally activated in sleep.

The second assault on neuronal activity in sleep was mounted by Edward

Evarts, who was primarily interested in the motor system (Evarts, 1962). En

route to developing his famous trained-monkey single cell test system, Evarts

solved the' statistical problems that Hubei had side-stepped. Evarts also

showed that some of his precentral cortical neurons could be identified as

motoric by antidromic activation from the pyramidal tract in the medulla.

Such neurons fired less actively and less regularly in NREM sleep than they

did in waking. They then discharged in intense bursts during REM sleep. In

proposing that his results could be explained as a product of neuronal
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reactivation via disinhibition, Evarts was the first to propose a cellular level

theory of sleep.

rVEl R\L ACTIVn Y OF THE SEBEORTICAL BRAIN

The EEG recording, ablation, and stimulation studies in cats performed by

Michel Jouvet revealed several phenomena of interest to the neurobiology of

sleep with special reference to REM sleep and dreaming (Jouvet, 1962).

(1) The NREM-REM sleep cycle of the cat appeared to be programmed by a

neuronal mechanism in the pontine brainstem. (2) The pontine brainstem acti-

vated the forebrain in REM sleep, and there was intermittent phasic activation

of the visual thalamus and cortex associated with the REMs, in addition to the

tonic activation that operated throughout REM sleep. (3) In REM sleep, both

sensory input and motor output were suppressed. The sensory blockade was

caused by presynaptic inhibition of the lA afferent fibers from sense organs in

skin and muscle to the spinal cord, while the motor blockade was caused by

strong postsynaptic inhibition of the anterior horn cells (Pompeiano, 1967).

After first focusing on the cholinergic system, Jouvet later postulated that

the differential chemical modulation of the activated brain was effected by

norepinephrine (from the locus coeruleus) and serotonin (from the raphe

nuclei) (Jouvet, 1969). He also demonstrated that the decerebrated “pontine

cat” was able to make eye movements and inhibit its muscle tone with a pe-

riodicity and duration similar to that of REM sleep. The stage was thus set

for a neuronal analysis of the pontine brainstem itself.

THE RECIPROC AL INTERACTION MODEL

By modifying the Hubel-Evarts movable micromanipulation technique

and by introducing a head restraint system, Allan Hobson and Robert

McCarley were able to record from single neurons in the pontine brainstem

of cats for several successive NREM-REM sleep cycles (see Figure 3.1).

Hobson and McCarley first reported that the large neurons of the pon-

tine reticular formation discharged selectively in REM. They called those

neurons REM-on cells and proposed that they were cholinergic. While char-

acterizing the REM-on neurons, they discovered, by accident, that there

were also REM-off cells in the pontine tegmentum (Hobson, McCarley, &c

Wyzinki, 1975). To their surprise, they were located in the locus coeruleus

and dorsal raphe nucleus. They then proposed that the sleep cycle was

caused by reciprocal interaction between the cholinergic REM-on cells of

the paramedian pontine reticular formation and the aminergic REM-off cells

in the locus coeruleus and raphe nuclei.
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FIGURE 3.1

Location and discharge properties of D-off and D-on cells. The first four cells

(D-ofi) were localized to the posterior pole of the LC (559) 560, 561) and the

nucleus subcoeruleus (562). The last three cells (D-on) were localized to the

FTG (563, 566, 567). The time course of discharge rate change at D onset (vertical

line) is shown to be reciprocal for the negatively inflected cumulative histograms

of the D-off cells and the positively inflected D-on data. Note that the behavior in

the cells was consistent in repeated cycles for cells 559, 561, 562, and 566.

Source: Adapted from Hobson et al., 1975.

When activity of the aminergic REM-off cells was maximal, the animal

was awake. After an epoch of NREM sleep, the REM generator was released

from inhibition, and REM was produced (Hobson et al., 1975; McCarley &
Hobson, 1975).

THE ACTIVATION-SYNTHESIS MODEL OF REM SLEEP DREAMING

Within two years of their enunciation of the reciprocal interaction model

of sleep cycle control, Hobson and McCarley suggested that dreaming

occurred when the brain was activated in sleep (Hobson &: McCarley,

1977). The activation could be residual (as at sleep onset) or circadian (as in

late night NREM sleep) but was most likely to occur in REM sleep when
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brain activation caused subjectively vivid dreams. They suggested that it was

the motivationally neutral brain activation of sleep (and not Freud’s re-

pressed infantile wishes) that caused dreaming.

On the sensorimotor side, the hallucinoid percepts of dreams were attrib-

uted to endogenous activation of the deafferented visual system, while the per-

ception of movement was attributed to endogenous activation of the output-

blocked motor system. The strong and stereotyped emotions (anxiety, elation,

and anger) were attributed to endogenous activation of the limbic system.

On the cognitive side, the loss of self- reflective awareness, the loss of

memory, and the bizarre images of dreams were ascribed to the chaotic na-

ture of the neuronal activation process and aminergic demodulation. Now
we know from PET studies that there is also deactivation of the dorsolateral

prefrontal cortex in REM sleep. The dorsolateral prefrontal cortex is the seat

of executive ego functions. As described by neuropsychologists, those func-

tions include self- reflective awareness, voluntary agency, and metacognition,

all of which are diminished in dreaming. (For reviews, see Hobson, Stick-

gold, & Pace-Schott, 1998, and Hobson, Pace-Schott, & Stickgold, 2000.)

REVISIONS OF THE RECIPROCAL INTERACTION MODEL

The original attribution of cholinergic neuromodulation to the REM-on

cells of the pontine reticular formation (PRF) was incorrect. Those neurons

turned out to be glutamatergic. Furthermore, the apparent REM discharge

selectivity of the large paramedion reticular cells was a function of the head

restraint required to allow long-term recording. In free-moving cats, the

putative REM-on cells fired in waking with movement. They are thus

thought to play a nonspecific role in the REM activation process but

contribute to the continuous sense of movement in dreams.

Selective tonic REM-on cells were described by Sakai in the subcoereleus

region of the pontine reticular formation (Sakai & Koyama, 1996). This

REM-specific discharge was strongly correlated with the muscle tone inhibi-

tion of REM. Selective REM-on neuronal firing was also found in the peri-

brachial region of the pons, where the neurons were mixed with the truly

cholinergic neurons of that region. Because they fired in advance of ipsiver-

sive eye movements and PGO waves, they were called PGO burst cells

(Nelson, McCarley, & Hobson, 1983), and their encoding of eye movement

direction was a feature of possible relevance to the activation-synthesis

hypothesis that visual image production by the forebrain was, in part, a

bottom-up process. The chaotic, quasi-random firing of the PGO burst cells

could thus contribute to dream discontinuity and incongruity.

The revised model, shown in Figure 3.2, is complicated but formally similar

to the original reciprocal interaction proposal. The neuropharmacological
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FIGURE 3.2

The original reciprocal interaction model of NREM-REM alternation and the

subsequent revision of this model to reflect the findings of self-inhibitory

cholinergic autoreceptors in the mesopontine cholinergic nuclei, and exci-

tatory interactions between mesopontine cholinergic and non-cholinergic

neurons.
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tests of the cholinergic tenet of the model, which are reviewed in more

detail in Chapter 5, showed clearly that REM sleep, and the dreaming

associated with it, could be experimentally controlled by artificial excita-

tion. This goes a long way to affirming Freud’s prediction that the



Clirreot Uiiderstandiiig of Cellular M,ocleIs of REM’ Expression 77

instigation of dreaming might be chemically determined but raises questions

about the role, if any, of unconscious infantile wishes in the process of

dream production.

BR\IN-!VIIND ISOMORPHISM AND DREAMING

Similarity of form, or isomorphism, is an important philosophical

assumption of Freud’s early works and of our own research on REM sleep

at the cellular level. Activation synthesis has made an important distinction

between dream form and dream content. For example, such formal qualities

of dreams as the hallucinatory percepts (and their sensory and motor prop-

erties) and the delusional beliefs (along with impairment of analytic

thought), the bizarre cognition, the memory loss, and the confabulation of

dreaming have been explained in neurobiological terms.

So far, so good—but what about the content? Isn’t it possible that while

the formal properties of dreams may be appreciated and correctly explained

by neurobiology, the meaning of dream content may nonetheless be cogni-

tively veiled justifying interpretive investigation using free association or

some related method to uncover unconscious motivations in dreams?

Science can never conclusively prove a negative. It can only offer more

attractive and concise alternatives. To that end, the activation synthesis of

dreaming asserts that dreams are emotionally salient and are thus worthy of

psychological attention, but that dreams do not require complex decoding to

reveal their significance. As evidence for these claims, take the finding that

dream emotion is never bizarre (Merritt, Stickgold, Pace-Schott, Williams,

& Hobson, 1994). It always maps well on to dream cognition even when

that cognition is in itself bizarre (Hobson, Hoffman, Helfand, & Kostner,

1987). To understand this paradox, consider the familiar anxiety dream

when incongruous and discontinuous aspects of the plot all fit quite well

with the emotion. One implication is that emotion, once triggered, is a driv-

ing force of dream plot construction and that the forebrain responds by

pulling out all its cognitive associates despite the looseness of the associations

that link those cognitive elements together.

The transparency tenet of the activation-synthesis dream theory says that

yes, there is emotional salience in dreams but, no, the emotion is not con-

cealed. Rather it is revealed and there for the taking. It is not just the man-

ifest” content as Freud assumed, it is the so-called “latent content too. To

discard, overlook, or otherwise devalue the emotionally salient cognition of

dreams is perverse and counterproductive. Dreams are scenarios filled with

anxiety, elation, and anger. These are among the robust facts of dream life

that Freud’s model cannot account for!



Having said that, I do not wish to imply that dreaming is uniquely qualified

to reveal such concerns. They may be equally accessible in waking life. This is

because all three of dreaming’s most prevalent emotions are of the utmost im-

portance to our survival and reproductive success. Following Darwin, it can be

proposed that anxiety and a^ession are both in the service of survival and

that elation and aggression may be both in the service of procreation via mate-

finding and mate-holding. That such scenarios should be played out in dreams,

just as they are in waking life, is not altogether surprising because the brain,

including the limbic system, is automatically activated in REM sleep.

RECENT DEVELOPMENTS IN CELLELAR LEVEL MODELING

Reciprocal interaction could not say why its expression was sleep depend-

ent, because the way in which the pontine NREM-REM oscillator was

linked to the circadian clock in the suprachiasmatic nucleus was unknown.

The recent work of Clifford Saper and his colleagues (Saper, Chou, &
Scammell, 2001) has filled this gap and also amplified the findings regarding

REM-off cells. The hypothalamus, known to be the locus of the suprachias-

matic nucleus, and nearby areas of the diencephalon have frustrated previous

workers because of the multiplicity of small, presumably specialized nuclei

composed of small neurons that are difficult to identify and, record. By

using a combination of innovative anatomical and physiological methods

the existence of two flip-flop switches has been postulated. One constitutes

a sleep-wake switch, the other a REM sleep switch.

As a first step, Sherin, Elmquist, Torrealba, and Saper (1998) showed that

the histamine-containing cells of the tuberomammillary nucleus shared the

REM-off pattern of locus coeruleus) norepinephrine (EC [NE]) and dorsal

raphe nucleus (DRN) (serotonin; 5-HT) neurons. Since they project directly to

the cortex, these monominergic neurons, together with the dopamine neurons

of the substantia nigra, constitute a unified system of activation during waking.

As far as dream theory is concerned, it is important to emphasize that the dif-

ferences from waking are the cessation of firing in REM sleep of the EC (NE),

DRN serotonin (SHE) and tubero-mammillary nucleus histamine (TMN
[HA]) groups). The Ach and dopamine (DA) systems are both active in both

waking and REM. Specific psychological features (such as the memory loss in

dreaming) must therefore be attributable to the demodulation of monocinergic,

serotonergic, and histaminergic systems and not to dopamine or acetylcholine.

THE FLIP-FLOP SWITCH

In Saper’s model, waking is mediated by the EC, the raphe nucleus (RN),

and TMN, whereas sleep is mediated by the ventrolateral preoptic nucleus
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(VLPO). Because they are mutually inhibitory, either the one is on while

the other is oh, or the one is ofl while the other is on. Stabilization of the

switch is provided by a newly discovered group of cells in the lateral hypo-

thalamus (LHA) that secrete orexin. They activate the monoaminergic neu-

rons that mediate waking. It has been shown by Mignot and Nishino

(1999) that patients with narcolepsy have a genetic defect in this switch-

stabilizing system. Diagnostic of narcolepsy are the sleep onset REM periods

with intense dreaming and hypnogogic hallucinations. These findings fur-

ther reinforce the hypothesis that it is the change in brain activity from

wake to REM that underlies hallucinoid dreaming.

THE m\\ NEUROPSYCHOLOGY OF SLEEP

Although PET and MRI methods measure regional changes in neuronal

activity even if the method cannot resolve single cells, the overall neuronal

activity of most regions of the brain is relatively reduced in NREM sleep

compared to waking or REM (Figure 3.3). And almost all brain regions

show equally high levels of neuronal activation in wake and REM. Some are

higher in REM (the pons, the amygdala, the parietal operculum, the deep

frontal white matter, and the parahippocampal cortex). These areas are rele-

vant to the activation-synthesis theory of dreams since they are compatible

with (a) the pons as the source of REM sleep brain activation and (b) the

limbic system as the source of dream emotion.

The one brain area that remains as inactive in REM as it is in NREM
sleep is the dorsolateral prefrontal cortex (DLPFC). The DEPFC is thought

to be the source of such executive ego functions as working memory, self-

reflective awareness, and voluntary action. All of these functions are deficient

in dreaming, possibly because their brain basis is disabled in REM sleep.

aim—A THREE-DIMENSIONAL STATE SPACE MODEL

Building upon the cellular, molecular, and electrophysiological discoveries

of basic sleep research, it is now possible to create a three-dimensional state

space model of the brain-mind (see Figure 3.4, a and b). The x-axis of the

model quantifies the level of activation A. The z-axis of the model measures

the state of input-output gating of the system. When sensory inputs and

motor outputs are maximal, axis I values are high. When they are blocked

(and endogenous inputs supervene), axis I values are low. The y-axis carries

values of modulation, M, given by the ratio or aminergic to cholinergic drive.

The waking domain is characterized by high values of A, I, and M. It is,

therefore, located in the right, upper-rear corner of the state space.



FIGURE 3.3

Summary of PET study evidence of brain region activation in NREM and

REM sleep. Compared to the blood flow distribution in waking (a), the global

decreases observed in NREM sleep (b) suggest widespread deactivation consis-

tent with the greatly diminished capacity of conscious experience early in the

night. In REM sleep (c), many regions are activated about their levels in waking

(solid black) while others are deactivated (shaded).
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FIGURE 3.4a

Three-dimensional representation of the model. Activation (A) varies from low

to high on the x-axis. Input-output gates (I) run from closed to open along the

z-axis. The modulatory (M) ratio runs from low to high aminergic on the y-

axis.

FIGURE 3.4b

Four-dimensional representation of the model. The domains of waking,

NREM, and REM sleep are indicated and the elliptical cycle that links them is

shown. The cycle repeats itself four to five times a night.

The NREM sleep domain is in the center of the state space because the val-

ues of A, I, and M have all declined to about 50 percent of the waking values.

In REM sleep, the value of A has gone back to wake state levels while

both I and M are at their lowest points. As a consequence, the REM do-

main is like waking, to the right, but, in sharp contrast to waking, it is in

the lower and front corner of the state space.
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In normal sleep, the brain-mind follows an elliptical trajectory through

the state space. Successive NREM-REM cycles (1,2,3, and 4) are displaced in

the wake-REM direction as the circadian influence is more and more power-

fully expressed. Dreaming is mostly like to occur at sleep onset (when resid-

ual activation is high and when I and M are falling) and in late night

NREM (as activation level rises); dreaming is maximal in REM (when acti-

vation level is highest) and I and M are at their lowest values.

SUMMARY AND CONCLUSION

The cellular and molecular models of modern sleep research constitute

the brain basis of a theory that ascribes such formal dream features as senso-

rimotor hallucinosis, delusional errors of state identification, emotional

intensification, and memory loss to natural and universal changes in brain

neurobiology. The new theory accounts for all of the dream features that

Freud sought to explain with his disguise censorship model. It facilitates and

simplifies the interpretive task by eliminating the distinction between mani-

fest and latent content. By asserting that dream content is emotionally

salient on its face and aligning that fact with Darwinian biology, the new

theory also solves a problem that baffled Freud: that of explaining why the

affect of many dreams is negative.
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Drugs and Dreams

J. Allan Hobson

Most of the prescription and recreational drugs that effect dreaming act on

the brainstem generators (or inhibitors) or REM sleep (Hobson, 2001,

2002). Instead of referring immediately to classes of drugs and discussing

their effects on dreaming, I will first discuss the principles of brain state neu-

ropharmacology so as to create a framework for understanding drug effects.

For details of the neurobiology, the reader is referred to Chapter 4, the

entry on cellular and molecular mechanisms or REM sleep generators. An

overriding assumption is that REM sleep is the principle physiological sub-

strate of dreaming and that such dreaming, as does occur outside that state,

is produced by REM-like brain mechanisms (Nielsen, 1999).

REM SLEEP Ai\D DREAMING

Dreaming occurs in sleep whenever the cortex is sufficiently activated to

generate internal perceptions and the input-output gates of the brain are suffi-

ciently closed to preserve sleep in the face of internal brain activation. The

most favorable state for dreaming is REM sleep when internal brain activation

is strong and the input-output gates are closed. In REM sleep, the cortex is also

aminergically demodulated (which reverses its activation state from that of

waking). It is simultaneously cholinergically and dopaminergically modulated

(just as it is in waking). Dreaming also occurs at sleep onset when residual

cortical activation supports fleeting dream generation. At sleep onset the input-

output gates are rapidly closing and aminergic modulation is declining. Dream-

ing is far less likely to occur in NREM Stages III and IV of the first two cycles



of the night because of strong cortical deactivation. Later in the night, when

the circadian clock raises the level of activation, dreaming occurs in NREM
Stages II sleep but it is never as frequent, prolonged, or intense as in REM
sleep regardless if time of night effects (Fosse, Stickgold, & Hobson, 2004).

THE rVELROPHARMACOLOGY OF REM SLEEP GENERATION

In animal experiments it has been conclusively demonstrated that drugs

that mimic the action of acetylcholine (cholinergic agonists) and drugs that

interfere with the breakdown of acetylcholine (anticholinesterase) produce a

dramatic increase in REM sleep when they are microinjected into the pon-

tine brainstem. The effects are most potent when the drug is placed in the

pontine tegumentum at the level of the locus coeruleus (noradrenergic)

between the dorsal raphe nucleus (serotonergic) and the peduculopontine

nucleus (cholinergic). When atropine is microinjected into the pontine

brainstem before the administration of cholinergic agonists or anticholines-

terase agents, the REM sleep potentiation is also blocked, presumably

because of localized occupation of acetylcholine receptors in the brainstem.

Drug microinjection experiments cannot be performed in humans. How-

ever, the parenteral administration of cholinergic blocking agents such as

atropine may cause delirium. The mnemonic for atropine effects is hot (as a

fire), red (as a beet), dry (as a bone), and mad (as a hatter). The differences

between localized and diffuse effects are informative and create difficulties

for the approach taken here, because the drugs used by humans have such

widespread effects in the brain. They are not localized to the brainstem even

if the sleep control systems are.

Nonetheless, even the diffuse effects may be explained via the brainstem

neuropharmacological model. For example the delirium of atropine overdos-

age is from a formal point of view, not unlike that of dreaming: “Mad as

a hatter” means (1) visually hallucinated, (2) disoriented, (3) amnesic, and

(4) confabulatory. Normal dreaming is all of these things, but it occurs in

sleep, not waking. We will come back to this argument when we consider

the withdrawal effects of alcohol, barbiturates, and stimulant drugs.

When cholinergic agonists are microinjected into the far lateral pontine

brainstem, the effects are quite different. Instead of acute, short-lived, and

pronouncdd REM enhancement, one observes delayed, long-lasting, and

more moderate REM enhancement. Acutely, there are ipsilateral PGO waves

and ipsiversive eye movements. Only after 24 hours does the level of REM
sleep go up, but it remains elevated for 6 to 7 days!

Besides indicating that the brain is complex and that the effects of drugs

upon sleep are quite unpredictable, the results show that whereas some drug
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effects are short-lived, others endure for significantly long periods of time.

The long-term effects are particularly significant for clinical psychiatry.

When drugs are given repeatedly for days, weeks, months, or even years, the

chronic drug use is likely to produce effects that are unforeseen in the short-

term data available from the clinical trials mandated by the regulatory agen-

cies. Tardive dyskinesia with prolonged phenothiazine use is a case in point,

and we will come back to this issue when we discuss the selective serotonin

reuptake inhibitor (SSRI) induction of REM sleep behavior disorder (RED).

The bottom line here is to realize that no drug affecting the brain’s dream

generator mechanisms can be considered safe until it may be too late.

Another important caveat is to notice the still large gap between the basic

science data of cellular and molecular neurobiology and clinical neurophar-

macology. When drugs are taken by mouth or even by parenteral routes of

administration, their effects are infinitely more widespread than when they

are microinjected, in small amounts, into precisely localized brain targets.

Parenteral drug effects are hence unlocalizable and nonspecific. Given this

gap, it is surprising that any of the clinical and basic science data fit together

at all. More weight should be given to internally consistent findings while

we await explanation of the inconsistent ones.

It is also important to point out that when we discuss drug effects on REM
sleep, we are not directly assessing their effects on dreaming. So powerful has

been the effect upon research of the REM sleep discovery that dreaming itself is

rarely measured in drug studies (for an exception, see Pace-Schott et al., 1998,

2001). In fact, we know very little about how drugs alter our subjective experi-

ence in sleep. Since there can be considerable variation in subjective dream ex-

perience that is not detectable at the level of neurophysiology, we must be

cautious about assuming that studies assessing polysomnographic variables are

indicative of changes in dreaming. They may or may not be the case. Dreaming

must be studied on its own or as a complement to laboratory studies of sleep.

AAXIOLVTICS AXD SEDATIVES

The chemicals most commonly used (and abused) are those that are

intended to overcome insomnia. At the outset, it should be said that none

of these drugs produce normal sleep.

ALCOHOL

The easy availability of alcohol makes it the drug of choice for many

people in treating a host of human ills inducing insomnia, anxiety, and

depression. As a central nervous system (CNS) depressant, it is an effective
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knock-out drug. But because it so powerfully suppresses REM sleep (and

presumably dreaming), its somnogenic effects are obtained at a very high

price. Alcoholic REM suppression (or deprivation) incurs a REM debt,

which must ultimately be paid back, with interest.

As all spree drinkers know, the first sign or impending hangover is early

morning awakening. This is caused by the effect of rising titers of the alde-

hyde byproducts of alcohol catabolism by the liver. Hence, a night of sleep

following acute alcohol excess is likely to be poor, and the second (or absti-

nent recovery) night is likely to be better because the alcohol effects are gone

and the REM sleep debt is promptly paid back.

Should the drinker repeat his excess intake, his sleep will be even poorer on

subsequent nights and his REM debt will increase. Chronic alcoholics, there-

fore, accumulate huge debts of REM. When they ultimately stop drinking,

they suffer from the symptoms of delirium tremens, which include visual hal-

lucinations (often of a stereotyped nature with insects and animals present),

memory loss, confabulation, and heightened negative affect (especially anxiety).

Since many of the formal features of delirium tremens are also seen in

normal dreams, it has been suggested that delirium tremens represents the

breakthrough into waking of the alcohol suppressed REM sleep generator.

The delirious patient is thus a waking dreamer. Conversely, normal

dreaming has been likened to delirium because of the formal properties

that they have in common and because their organic basis is partially

shared.

That such theorizing is not far-fetched is suggested by the high percentages

in REM sleep associated with alcohol withdrawal. On the third night of absti-

nence that figure may reach 100 percent (where 15 to 25 percent is normal).

Furthermore, one potentially fatal sign of delirium tremens is temperature dys-

control, an unexpected but fatal feature of experimental sleep deprivation.

Together with evidence that REM sleep normally entails a temporary suppres-

sion of central thermoregulation, these surprising correlations conspire to sug-

gest that a deep and significant function of REM sleep, not at all predictable

from the experience of dreaming, may be to refurbish the temperature control

mechanisms of the brain. Since mammals and birds thermoregulate and only

these species have REM, this theory is biologically appealing.

SEDATIVES

For those subjects who seek medical relief of their insomnia (and excess

anxiety), the story is not much better. In the 1960s and 1970s, the drugs of

choice were the barbiturates, which, like alcohol, had a powerful REM sup-

pressant effect (as well as a low margin of safety). They were replaced, with
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great fanfare and enthusiasm by the benzodiazapines (BDZs), which did not

suppress REM. But it was not widely appreciated that the BDZs did sup-

press NREM sleep, eliminating the deep Stage IV almost entirely.

As with most other drugs, habituation was usual, requiring an increase in

dose to obtain the desirable reduction in sleep onset latency. An unantici-

pated difficulty, called rebound insomnia, often complicated intentional with-

drawal of BDZs. Rebound insomnia may prompt unwise continuation of the

drug. Hence, an addiction-like syndrome can make drug suspension difficult.

When sleep is sustained, dream recall becomes less frequent, but this can-

not be taken as evidence of dream suppression or dream reduction. Because

our memory for dreams is so dependent upon awakening conditions, this

effect may be simply because of enhanced sleep continuity.

AATIDEPRESSArVTS

Depression is characterized by a shortened latency to onset of the first

REM period and a corresponding reduction in Stage IV. Depressed patients

complain of less restful sleep and of an increase in the negative affect of

their dreams. Most of the drugs that are used to fight depression increase

the level of energy availability in waking by enhancing the aminergic modu-

latory systems, especially the norepinephrine and serotonin systems. It will

be recalled that these two neuromodulators are selectively released in normal

waking and selectively inhibited in normal sleep. Hence, it might be

expected that enhancing their efficacy would produce insomnia. For reasons

that are yet to be detailed, this is not the case. On the contrary, the tricyclic

antidepressants are actually good sedatives.

The most immediate effect of antidepressant medication is a return to

normal REM latency and a lengthening and intensification of the first REM
period. This is seen especially in patients who will later enjoy a beneficial

lifting of their mood. The delay between the early change in sleep architec-

ture and the later lifting of mood is as yet inexplicable, but it is akin to they

delay between PGO wave enhancement and REM sleep augmentation fol-

lowing cholinergic microinjection in the far-lateral pons. In this coupling of

immediate synaptic effects with later metabolic effects, we may be glimpsing

long-term effects involving second messengers, protein transport, and other

slow neurobiological processes.

When an antidepressant tricyclic, like amitryptiline, causes, first, sedation,

second, REM sleep latency correction, and third, mood elevation, the link

between sleep and mood, already so phenomenologically obvious, invites anal-

ysis in search of cellular and molecular level commonalities. We can now

understand the second of the three effects as aminergic REM suppression
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(which is predicted by the reciprocal interaction), and it makes intuitive sense

that increased aminergic efficacy would lighten mood. But why is there initial

sedation and why the delay between REM latency correction and mood

improvement? And what happens to dreaming during the course of this phe-

nomenon? We do not know the answers to either of these questions.

SSRIs

The antidepressants most widely prescribed today are the selective sero-

tonin reuptake blockers. These and related drugs that also potentiate norepi-

nephrine’s synaptic efficacy are such reliable mood elevators as to rival the

stimulants as cosmetic psychopharmacologicals. However, these drugs all

raise havoc with sleep architecture by causing eye movements (and with

them dreams) to escape the normal bounds of REM sleep. Indeed, patients

often complain of dreaming all night long!

Following SSRI administration, one sees first REM suppression (as pre-

dicted by the reciprocal interaction model). But this initial effect is followed

within 10 days by sleep fragmentation, REM explosion, and dream flooding.

The switch from sleep enhancement to sleep fragmentation is particularly

true of Paxil but is also seen with Prozac (Pace-Schott et al., 1998).

Another link to dreaming is the rare but disturbing occurrence of RBD. The

symptoms tend to occur after several years of SSRI use and may persist after dis-

continuance of the drug. RBD patients literally act out their dreams, performing

motor acts that correspond perfectly to their imagined dream behavior. This

dream enactment occurs because the inhibitory gate, which normally opposes

the motor commands of our dreams, is open (Schenck & Mahowald, 1996).

The spontaneous occurrence of RBD in humans is indirect proof that

normal dreaming involves the activation of motor pattern generators in the

brain creating the fictive movement of dreams. These fictive movements are

normally experienced as the visuomotor hallucinations that are a hallmark

formal feature of dreams and as such resuscitate the early suggestion of Roff-

warg. Dement, Muzio, and Fisher (1962) that dream hallucinations bare a

1:1 relationship with the eye movements of REM. The RBD syndrome

strongly supports the activation synthesis theory of dreaming by showing

that dreamed motor acts are, in fact, commanded by automatic brain mecha-

nisms. An analog state, REM sleep without atonia, is seen in cats following

lesions of the subcerulean pontine brainstem (Jouvet, Vimont, & Delorme,

1965; Morrison, Sanford, & Ross, 1999). The movements that are released

are described as stereotyped attack and defense postures, an observation that

supports Revonsuo’s theory of dreaming (2000) as evincing a simulated

threat that serves a survival function.
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MONOAMINE OXIDASE INHIBITORS (MAOIs)

One way to enhance aminergic neuromodulation and to relieve depres-

sion is to inhibit the enzyme, monoamine oxidase, which normally breaks

down norepinephrine (NE) and serotonin (SHT) in the synaptic cleft.

Patients given MAOIs may stop having REM sleep (and its associated

dreaming) for months, raising questions about the survival theory (and any

other functional theory of REM). It should be recognized, however, that as

long as the MAOIs are in the brain, the supply of NE and 5-HT is guaran-

teed so that any function that depends upon the synaptic efficacy of those

neuromodulators is artificially assured. Thus, the REM sleep mediation of

those functions may no longer be necessary.

STIMULANTS

By administrating drugs like cocaine or amphetamine, it is possible to

mimic the synaptic actions of NE and DA causing increased alertness and

euphoria during waking. The fact that these drugs also suppress REM sleep

dreaming may be tied to the problems of withdrawal from them. The occur-

rence of paranoid psychoses during withdrawal from amphetamine may

share the REM rebound seen after alcohol withdrawal, although the clinical

picture of amphetamine psychosis is quite different from that of delirium

tremens. This difference could be because of the more dopaminergic effects

of the stimulant drugs. In any case, the REM-dream suppression of the

amphetamines and other stimulants (such as Ritalin) may ultimately counter

the desired effects on alertness.

ANTIPSYCHOTICS

The analogy between dreaming and psychosis fits best with organic delir-

ium. It fits less well with spontaneous mania and stimulant induced psycho-

ses, and least well with schizophrenia. Thus, it is not surprising that effective

antipsychotics, which block the D2 dopamine receptors, have little effect on

REM sleep dreaming. An important implication of these findings is that

schizophrenia psychosis and dreaming are produced by analogous but quite

different mechanisms.

In schizophrenia, dreams are characterized by fewer characters and less ani-

mation than normal dreams, indicating that there is a state independent

impoverishment of mental life in schizophrenia. When schizophrenic patients

respond to Thematic Apperception Test (TAT) pictures (in waking), they

show cognitive bizarreness that is equal in strength to that of their dreams.
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Normal control subjects score equally high in reports of their dreams but do

not make bizarre responses to TAT pictures. This means that normal and

schizophrenic dreams, while differing in content, are equally bizarre and, in

the patients (but not normals), waking cognition is equally bizarre (Scarone,

Manzone, Gambini, & Hobson, personal communication, June 30, 2006).

PSYCHEDELICS

All recreational drugs that produce altered states of consciousness (such

as LSD, mescaline, and ecstasy) interfere with neurotransmission via their

interaction with the neuromodulators of the brainstem, especially serotonin

(Hobson, 2001; Snyder, 1986). The visual hallucinations produced by these

drugs are of dreamlike intensity, but the brain is still processing external data

and distorting it, as well as creating the internal perceptions.

Thus, the altered states of consciousness induced by psychedelic drugs are

best thought of as dissociative phenomena with some features of dreaming

and some features of waking. For example, the visual illusions, distortions,

and hallucinations of LSD may arise because the drug, via its interaction

with serotonin^ interferes with neurotransmission in the visual thalamus (lat-

eral geniculate body, LGB) making normal vision impossible and dreamlike

image production more probable.

SUMMARY AAD CONCLLSIOrV

The neurobiology of normal REM sleep is now well enough understood

to allow an explanation of the formal features of dreaming and to explain

some of the effects of drugs on dreaming. By extension, the models of REM
sleep dream generation form a useful framework for understanding the

effects of drugs on dreaming. It is now quite clear that dreaming and dream-

like alterations of consciousness are natural phenomena with biological

mechanisms that are beginning to be understood.
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Neuroimaging of REM Sleep

and Dreaming

Thien Thanh Dang-Vu, Manuel Schabus,

Martin Desseilles, Sophie Schwartz, and Pierre Maquet

Dreams are sensory experiences occurring spontaneously during sleep. Their

distribution during sleep is not homogeneous, as they are more frequent,

vivid, and longer during rapid eye movement (REM) sleep. REM sleep

might, therefore, constitute a permissive condition for the generation of

dream experiences.

Over the last decade, functional brain imaging allowed us to characterize

the distribution of regional cerebral activity during human REM sleep. The

emerging picture reveals activation of the pons, the thalamus, temporo-

occipital, and limbic/paralimbic areas (including amygdala), along with a relative

quiescence of dorsolateral prefrontal and inferior parietal cortices. This pat-

tern of activation offers new insights into the neural correlates of dreaming

experience. For instance, amygdala activation is consistent with the predomi-

nance of negative emotions, anxiety, and fear in dream reports. Temporo-

occipital activation is in keeping with a pervasiveness of visual dream con-

tent. Prefrontal deactivation might explain several cognitive impairments of

the dreamer’s mind relative to normal waking abilities, such as poor volun-

tary access to episodic memories, altered spatio-temporal orientation, defi-

cient working memory, attention and self-awareness, altered reasoning and

decision-making, including the usual lack of criticism toward bizarre ele-

ments in dreams. Prefrontal deactivation might also account for several char-

acteristics of the dream scenario, such as spatio-temporal discontinuity

associated with contextual misbinding.
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irVTRODlJCTION

Dreaming is experienced every night by most humans as multisensory

mental representations occurring spontaneously during sleep, often organized

in a narrative manner. Dreams are characterized by their perceptual (mostly

visual and auditory) and emotionally loaded content (including frequent

threat-related content). They typically appear bizarre because of the incon-

gruity, discontinuity, and instability of time, places, and persons (Hobson,

Stickgold, Sc Pace-Schott, 1998; Schwartz Sc Maquet, 2002). Yet, they are

usually taken as real by the dreamer. In a dream, it is, for example, not suspi-

cious to us if we are suddenly able to fly or if a cat starts talking proper Eng-

lish. Indeed, the dream world is (mistakenly) experienced as real, very much

like our waking perceptions and actions (Johnson, Kahan, Sc Raye, 1984).

Some scientists even think of this illusory feeling of reality as a necessity for

certain functions of the dream (Revonsuo, 2000; Valli et ak, 2005). For

example, Revonsuo (2000) and Valli (2005) have proposed that, by simulat-

ing threatening events, the biological function of dreaming is to afford the

rehearsal of threat perception and avoidance, in a completely safe “virtual”

environment and without any immediate damaging repercussion. Finally,

the memory of the dream is generally quite poor and labile as compared to

memory for waking events. As Pace-Schott, Stickgold, and Hobson (1997)

suggested, the description of half an hour of waking life would be ten times

longer than all the dream reports from one night.

The scientific study of dreaming constitutes a tough but fascinating chal-

lenge. Indeed, the dreamer is the unique observer of his dream and, as any

subjective experience, dream content is not accessible to direct (third-person)

observation. Consequently, information about a dream is obtained intro-

spectively through memory recall. Several confounding factors may, therefore,

affect the genuineness of dream reports such as forgetting, reconstruction mech-

anisms, verbal description difficulties, and censorship (Schwartz Sc Maquet,

2002). When studying dreams, one should always remain aware of these limita-

tions and use appropriate strategies to prevent them from hindering valuable

dream information.

The conception of dreams has slowly evolved through the centuries. In

Greek antiquity, dreams were divine messages delivered to humans to warn

them about upcoming disasters or misfortune. However, Aristotle challenged

this common belief by bringing down any seemingly prophetic dream con-

tent to mere coincidence. He emphasized that dreams are endogenously gen-

erated and arise from the amplification of real external stimulation

occurring during sleep. During the second half of the nineteenth century,

several scientists conducted ingenious experimental studies on dreaming.
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focusing on the phenomenological descriptive features of dreams rather than

their meaning. They proposed theories about the cerebral mechanisms under-

lying dreams that are strikingly close to some recent theories (Schwartz,

2000). This wave of dream studies was slowed down when the psychoanalytic

interpretation of dreams emerged. Indeed, more than 100 years ago, Freud

believed that dreams were the expression of hallucinatory satisfaction of

repressed desires or the “royal road to the unconscious” (Freud, 1900/1955).

Then it was only in the 1950s that a neurophysiological marker of dreaming

was described, leading to a renewed interest for the scientific study of dream-

ing. In 1953, Aserinsky and Kleitman (1953) described for the first time

recurrent periods of rapid eye movements during sleep. Since these periods

were also characterized by high-lrequency/low-amplitude electroencephalo-

graphic (EEG) activity and muscular atonia, they were identified as a specific

sleep stage called “Rapid-Eye-Movement sleep” (REM sleep) or paradoxical

sleep (Jouvet, 1962). Critically, awakenings from this sleep stage were associ-

ated with a high probability of vivid dream reports (Dement & Kleitman,

1957). This discovery shaped a new field of research for dreaming: sleep was

no longer considered as a homogeneous resting state but included periods of

enhanced neurophysiological activity underlying the production of dream

experiences (Aserinsky & Kleitman, 1953). The generation of dreams was thus

supposed to be restricted to REM sleep, but this concept has changed since

then as dreaming also seems to occur during non-REM sleep (Antrobus,

1983; Cicogna, Cavallero, & Bosinelli, 1991; Mannim, 2005; Solms, 2000). It

is still discussed whether dreaming mentation in REM and non-REM sleep

depends on one common set of processes or rather on two separate generators

(Eoulkes, 1996; Nielsen, 2000).

Yet, the study of dreams and REM sleep physiology remain closely associ-

ated, because dreams during this sleep stage are reported much more fre-

quently, are better recalled, longer, more emotionally charged and

perceptually vivid, and they contain more bizarre features (Aserinsky &
Kleitman, 1953; Hobson, Pace-Schott, & Stickgold, 2000). REM sleep neu-

rophysiology is dominated by complex neuromodulatory changes (Hobson

et al., 1998; Hobson et al., 2000). In cats and rodents, REM sleep is gener-

ated by cholinergic input arising from brainstem nuclei located in the

pedunculopontine tegmentum (PPT) and laterodorsal tegmentum (LDT)

(Baghdoyan, Eydic, Callaway, & Hobson, 1989; Capece, Efange, & Lydic,

1997; Datta, 1995; Hobson, Datta, Calvo, & Quattrochi, 1993; Kodama,

Takahashi, & Honda, 1990; Velazquez-Moctezuma, Cillin, & Shiromani,

1989; Velazquez-Moctezuma, Shalauta, Cillin, & Shiromani, 1991;

Yamamoto, Mamelak, Quattrochi, & Hobson, 1990). These cholinergic



generators are mainly controlled by inhibition from aminergic neurotrans-

mitters (noradrenalin [NA] and serotonin [5-HT]), which are repressed

during REM sleep, leading to cholinergic firing increase (Gentili et al., 1996;

Horner, Sanford, Annis, Pack, & Morrison, 1997; Imeri, De Simoni, Giglio,

Clavenna, & Mancia, 1994; Leonard & Elinas, 1994; Nicholson & Pascoe,

1991; Portas & McCarley, 1994; Singh & Mallick, 1996). Other neuromo-

dulatory systems might also participate in REM sleep modulation, such as

gamma-aminobutyric acid (GABA) (Nitz & Siegel, 1997), nitric oxide

(NO) (Leonard & Lydic, 1997), glutamate (Onoe & Sakai, 1995), glycine

(Chase, Soja, & Morales, 1989), neuropeptides (Bourgin et ak, 1997), as well

as other non-pontine systems involving structures such as the basal forebrain

(Szymusiak, 1995), hypothalamus (Lu et ak, 2002), thalamus (Marini, Imeri,

& Mancia, 1988; Marini, Gritti, & Mancia, 1992), amygdala (Sanford,

Tejani-Butt, Ross, & Morrison, 1995), periaqueductal grey area (Sastre,

Buda, Kitahama, & Jouvet, 1996), and medulla (Chase & Morales, 1990).

The function of dreaming is a source of intense debate and a fascinating

topic in the field of cognitive neuroscience (for review see, Revonsuo, 2000).

Although several theories claim that dreaming is simply a random by-product

of REM physiology, others suggest it has quite important, if not vital, func-

tional significance.

For example, Hobson and McCarley suggested that dreams merely result

from the forebrain responding to (and trying to interpret) random activa-

tion initiated at the brainstem, or as a by-product related to “unlearning” in

an otherwise overloaded brain (Crick & Mitchison, 1995; Hobson &
McCarley, 1977).

Other researchers have proposed that dreams might reflect active func-

tions like reprocessing and further consolidation of novel and (individually)

relevant features encountered during previous waking experience. According

to these authors (Cipolli, Fagioli, Mazzetti, & Tuozzi, 2004), the restructur-

ing occurring during sleep and dreaming should be beneficial for long-term

storage of freshly encoded information. By contrast, Jouvet proposed that

dreaming involves the genetic reprogramming of cortical networks that

might promote the maintenance of psychological individuality despite

potentially adverse influences from the waking experiences (Jouvet, 1998).

More extreme views have suggested vital and adaptive functions to

dreams in' the course of brain development and evolution. Extending the

evolutionary hypothesis of the function of dreaming (that is, “threat simu-

lating theory”) from Revonsuo and colleagues (2000), Eranklin and Zyphur

(2005) proposed that REM sleep may be so prominent early in life because

it might function as a “virtual rehearsal mechanism.” Eor optimizing brain
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development and connectivity, a young organism would benefit from adap-

tively experiencing rich and vivid environments during dreams.

Finally, following on psychoanalytical theories, others have argued that

dreaming is a process of internal activation, arising from a person’s affective

and emotional history (Mancia, 2005).

Over the last decades, the development of neuroimaging techniques

allowed researchers to investigate in a noninvasive way functional changes in

brain activity across various experimental conditions. In the field of sleep

research, positron emission tomography (PET) was the main technique used

to assess the global and regional cerebral activity during the different sleep

stages. When applied to brain imaging, PET technique allows an assessment

of cerebral activity using compounds labeled with positron-emitting isotopes.

In sleep studies, different probes can be used, such as [^^Fjfluorodeoxyglu-

cose (^^FDG), which is a marker of glucose metabolism, and oxygen- 15-

labeled water (Id2^^0), which is a marker of blood flow. The neuroimaging

data confirmed and extended some sleep physiological theories raised from

animal data. Below, we first review the available functional neuroimaging

studies that describe the pattern of regional cerebral activity during normal

human REM sleep, as well as the likely activating neurophysiological mecha-

nisms underlying this pattern of activity. Then, we discuss how these results

could also be interpreted in more cognitive terms based on common dream

features. This integrated view contributes to the characterization of the neu-

ral correlates of dreaming and may provide important elements for the

understanding of the organization and functions of dreaming.

REM SLEEP PHYSIOLOGY VIEWED EROM
A AELROIMAGIAG PERSPECTIVE

Electrophysiological data showed that REM sleep is characterized by sus-

tained neuronal activity (Jones, 1991; Steriade & McCarley, 1990). Early

neuroimaging results demonstrated that REM sleep also displays a global

high-level of cerebral energy requirements (Maquet et al., 1990) and cerebral

blood flow (Madsen et al., 1991; Madsen & Vorstrup, 1991), which are

comparable to wakefulness values. Subsequent neuroimaging studies, mostly

conducted with PET, described REM sleep regional patterns of activity com-

pared to wakefulness and/or non-REM sleep (Braun et al., 1997; Maquet

et al., 1996; Maquet et al., 2000; Maquet et al., 2005; Nofzinger, Mintun,

Wiseman, Kupfer, & Moore, 1997) (see Figure 5.1). The resulting maps

showed a distribution of brain areas that displayed a higher (activation) or
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FIGURE 5.1

Schematic representation of the functional neuroanatomy of normal human

REM sleep. Regions with dark shading are those in which there is a relative

increase in neural activity associated with REM sleep; those with light shading

show relative decreases in neural activity during REM sleep. Arrows show the

proposed relationships between brain areas and several dreaming features, which

may be accounted for by regional patterns of activity during REM sleep, (a) lat-

eral view; (b) medial view; (c) ventral view. A: amygdala; B: basal forebrain;

Ca: anterior cingulate gyrus; Cp: posterior cingulate gyrus and precuneus; E:

dorsolateral prefrontal cortex (middle and inferior frontal gyri); H: hypothala-

mus; M: motor cortex; P: parietal cortex (inferior parietal lobule); PH: para-

hippocampical gyrus; O: occipital-lateral cortex; Th: thalamus; T-O: temporo-

occipital extrastriate cortex; TP: pontine tegmentum.
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sion from Elsevier.

lower (deafctivation) regional cerebral blood flow (rCBF) during REM sleep

in comparison to wakefulness and/or non-REM sleep. Regional activations

were found in the pontine tegmentum, thalamus, basal forebrain, amygdala,

hippocampus, anterior cingulate cortex, and temporo-occipital areas. Regional

deactivations were found in the dorsolateral prefrontal cortex (DLPF), poste-

rior cingulate gyrus, precuneus, and the inferior parietal cortex.
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Reported activation ofpontine tegmentum, thalamic nuclei, and basalfore-

brain (Braun et al., 1997; Maquet et al., 1996) is in agreement with REM
sleep-generation mechanisms in animals (Datta, 1995, 1997; Marini et al.,

1992). Namely, REM sleep is believed to be generated by cholinergic pro-

cesses arising from brainstem structures (PPT and LDT) that mediate wide-

spread cortical activation via a dorsal pathway innervating the thalamus and

a ventral pathway innervating the basal forebrain (Steriade & McCarley,

2005).

A major finding from PET studies is the demonstration that limbic and

paralimbic structures, including amygdaloid complexes, hippocampal forma-

tion, and anterior cingulate cortex, were consistently activated during REM
sleep in humans (Braun et al., 1997; Maquet et al., 1996; Nofzinger et al.,

1997)

. This result is also in line with earlier studies in animals showing a

high regional glucose metabolism in the limbic system of rats (Ramm &
Frost, 1983) and cats (Eydic et al., 1991; Ramm & Frost, 1986). Amygdala

is known to play a key role in REM sleep modulation. For instance, in cats

the stimulation of the central nucleus of amygdaloid complexes, either by

electrical stimulation (Calvo, Badillo, Morales-Ramirez, & Palacios-Salas,

1987) or by injections of a cholinergic agonist (Calvo, Simon-Arceo, &
Fernandez-Mas, 1996) enhances REM sleep activity. Besides the amygdala, the

hippocampal formation is also activated during REM sleep in some studies

(Nofeinger et al., 1997), su^esting an activation of the whole limbic system

rather than the amygdala alone. The activation of the amygdala and the hippo-

campus, which are both involved in memory processing (Bechara et al., 1995),

also su^ests memory consolidation processes during REM sleep. Numerous

data support the involvement of sleep in memory (for review, see Dang-Vu,

Desseilles, Peigneux, & Maquet, 2006; Maquet, 2001; Maquet, Smith, & Stick-

gold, 2003; Peigneux, Eaureys, Delbeuck, & Maquet, 2001a; Rauchs, Desgranges,

Foret, & Eustache, 2005), but the relationships with dream content remain to

be demonstrated.

Activated cortical temporo-occipital areas encompass the inferior temporal

cortex and the fusiform gyrus (Braun et al., 1997), which belong to visual

association areas (extrastriate cortex), but they do not include the primary

visual cortex (striate cortex). Furthermore, striate and extrastriate cortices

were shown to be functionally dissociated during REM sleep (Braun et al.,

1998)

: extrastriate cortex activation is significantly correlated with striate

cortex deactivation during REM sleep, whereas their activities are usually

positively correlated during wakefulness. This dissociation between visual

association areas and primary visual areas seems to be a hallmark of REM
sleep and has led Braun and colleagues to hypothesize that REM sleep allows

internal information processing (between extrastriate areas and their
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paralimbic projections, both activated during REM sleep) in a closed system

dissociated from interactions with the environment (via striate cortex and

prefrontal cortex, both deactivated during REM sleep) (Braun et al., 1998).

Deactivated areas during REM sleep were first found in the DLPF, the

precuneus, the posterior cingulate cortex, and the parietal cortex (Braun et aL,

1997; Maquet et al., 1996). A recent PET study, however, showed that only

parts of the parietal and DEPF cortices are hypoactive during REM sleep

when compared to wakefulness (Maquet et al., 2005): the temporo-parietal

region, the inferior parietal lobule, and the inferior and middle frontal gyrus

of the DLPF. Conversely, activity in the superior parietal lobe and in the

superior and medial prefrontal cortex is not different from waking level.

The neurophysiological mechanisms underlying this functional segregation

are still hypothetical. The amygdala might play a role in this cortical map-

ping: in monkeys, the amygdala sends abundant projections to the extrastri-

ate and anterior cingulate cortices, which are activated during human REM
sleep, but sends only sparse or indirect projections to the parietal cortex and

DLPF, which are deactivated during REM sleep (Amaral & Price, 1984).

These data suggest that the amygdala might “orchestrate” cortical activity

during REM sleep. In line with this hypothesis, PET data also showed func-

tional interactions between the amygdala and the temporal cortex, whereby

amygdala activity was significantly and positively correlated with activity in

the ipsilateral temporal cortex during REM sleep, but not during other states

of vigilance (Maquet & Phillips, 1998). One proposed function for this

amygdalo-cortical network may be the selective processing of emotionally-

relevant memories during REM sleep (Maquet et al., 1996).

In animals, rapid eye movements during REM sleep are closely related to

the occurrence of the so-called ponto-geniculo-occipital (PGO) waves. These

PGO waves are bioelectrical phasic potentials occurring during the transition

from non-REM sleep to REM sleep or during REM sleep itself (Callaway,

Lydic, Baghdoyan, & Hobson, 1987). They are observed at many locations

in the animal brain (Hobson, 1964), but most easily recorded in the pons

(Jouvet, 1967), the lateral geniculate bodies of the thalamus (Mikiten,

Niebyl, & Hendley, 1961) and the occipital cortex (Mouret, Jeannerod, &
Jouvet, 1963). PGO waves might have important functional roles, such as

the promotion of brain development and the facilitation of brain plasticity

(Datta, 1999). There is also some evidence that PGO waves may exist in

humans, as suggested by direct intracerebral recordings in epileptic patients

(Salzarule et al., 1975), surface EEG (Salzarule et al., 1975), and magnetoen-

cephalography (MEG) (Inoue, Saha, & Musha, 1999). A human PET study

also found correlations during REM sleep, but not during wakefulness,

between spontaneous eye movements and rCBF in the occipital cortex and
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the lateral geniculate bodies of the thalamus, giving further support for the

existence of PGO-like activities during REM sleep in humans (Peigneux,

et al., 2001b). This finding was recently corroborated by a functional mag-

netic resonance imaging (flVlRI) study (Wehrle et al., 2005).

Overall, neuroimaging studies have shown that the functional neuroanat-

omy (Braun et al., 1997; Maquet et al, 1996; Maquet et al., 2005; Nofzinger

et al., 1997) but also the functional interactions between brain areas (Braun

et al., 1998; Maquet & Phillips, 1998) were significantly different during

REM sleep compared to wakefulness and to other sleep stages. These pat-

terns of activity contribute to build a model ol REM sleep physiology inte-

grating human and animal data: (1) REM sleep is generated by processes

arising from the pons and projecting to the cortex via the thalamus and the

basal forebrain. (2) The limbic/paralimbic structures, mostly the amygdala,

may serve as important modulators of internally-generated cortical input.

(3) The hallmark of this segregated cortical activity is the activation of

temporo-occipital visual association areas, contrasting with DLPF and inferior

parietal deactivations. (4) The resulting network may be shaped by PGO-like

activities and could underlie important functions such as brain plasticity and

memory.

DREA\I1\G V lEVVED FROM A NEEROIMAGIAG PERSPECTIVE:

IMEGR\TION OF REM SLEEP CEREBRAL MAPPING
AND MAJOR DREAM FEATl RES

The previous maps reflect some aspects of REM sleep physiology, but

may also convey information about the neural basis of dreaming. Indeed,

the functional patterns of cerebral activity during REM sleep can be inter-

preted in the light of common features of dream content, and therefore

potentially account for the generation of oneiric activity (see Figure 5.1).

Dream reports usually include different sensory modalities, largely domi-

nated by visual (close to 100 percent) and auditory (40 to 60 percent) per-

cepts, whereas movement and tactile sensations (15 to 30 percent) or smell

and taste (less than 1 percent) are much less frequent (Strauch, Meier, &
Foulkes, 1996). The occipito-temporal activation during REM sleep may

underpin these perceptual aspects of dreams, consistently dominated by

visual and auditory elements (Braun et al., 1997). Accordingly, cessation of

visual dream imagery was reported for patients with occipito-temporal

lesions (Solms, 1997).

Dream content is also characterized by the prominence of emotions^ and

especially negative emotions such as fear and anxiety (Strauch et al., 1996).

Responses to threatening stimuli or stressful situations are modulated by the
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amygdala during wakefulness (Sah, Faber, Lopez, Sc Power, 2003). The high

limbic—and amygdalar—activity during REM sleep may thus underlie the

emotional intensity occurring during dreams (Maquet et ak, 1996). More-

over, PET data have shown positive functional interactions between amyg-

dala and occipito-temporal cortices during REM sleep (Maquet Sc Phillips,

1998), while a recent fMRI study has found a positive relationship between

the emotional load of visual stimuli and the functional activity in both

amygdala and infero-temporal cortex (Sabatinelli, Bradley, Fitzsimmons, Sc

Eang, 2005). Together, these data suggest that the emotional experience dur-

ing dreams might involve specific brain networks encompassing the amyg-

dala and the occipito-temporal cortex.

The regional hypoactivity patterns during REM sleep, and especially the

deactivation of parts of the prefrontal and parietal cortex (Maquet et ak,

2005), have been proposed to explain several other dreaming features such

as the uncritical acceptance of bizarre dream content, the alteration in time

perception, the delusional belief of being awake during dreams, and the

amnesia at awakening (Hobson et ak, 1998). As discussed belov/, these deac-

tivations could also account for the discontinuity and incongruity of dream

content, the lack of control on the dreaming scenario, the fragmented recall

of dreaming episodic elements, the reduced sensitivity of the dreaming narra-

tive to external information, and the lack of distinction between first- and

third-person perspectives in mind representation during dreaming (Maquet

et ak, 2005).

The prefrontal cortex can be functionally divided in distinct subregions,

each of them underlying the monitoring of specific cognitive processes during

wakefulness (Koechlin, Ody, Sc Kouneiher, 2003). In this model, the DLPF
areas deactivated during REM sleep (Maquet et ak, 2005) correspond to the

prefrontal subregions involved in the selection of stimulus-response associa-

tions according to contextual signals, past events, and internal goals. The

decreased activity of these areas would, therefore, prevent the brain from

supervising the meaningful integration and continuity of dream information

with respect to waking routines, physical rules, and social conventions. It

may also explain the dreamer’s failure to organize his/her mental representa-

tion toward specific goals or to control the flow of dream events.

During wakefulness, the retrieval of episodic memory, which refers to the

ability to r-ecollect personally experienced events anchored within a particular

spatio-temporal context (Tulving, 1983), has been shown to involve the

activation of lateral and inferior prefrontal cortices (Buckner, Wheeler, &
Sheridan, 2001; Cabeza Sc Nyberg, 2000; Fletcher & Henson, 2001; Rugg

Sc Wilding, 2000; Rugg, Otten, & Henson, 2002), which are typically deac-

tivated during REM sleep (Maquet et ak, 2005). It is indeed believed that
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prefrontal areas participate in the processing of information retrieved from

episodic memory; for instance, by checking its accuracy and completeness

(Maquet et al., 2005). The hypoactivity of these regions during REM sleep

is in line with the demonstration that, although 65 percent of dream reports

contain residues of previous waking activity, only 1.4 percent of them are

considered as representing the replay of full memory episodes (Fosse, Fosse,

Hobson, &C Stickgold, 2003). In other words, the dreamer reactivates epi-

sodic elements in a fragmented fashion (probably via the activation of the

hippocampus and posterior cortical areas), but is unable to integrate the

details of past events into an identifiable life episode because of the deactiva-

tion of the DFPF (Maquet et al., 2005; Schwartz, 2003).

The DFPF (inferior and middle frontal gyri) and the inferior parietal

lobule, both deactivated during REM sleep, are included in the ventral atten-

tional network (Corbetta & Shulman, 2002). This network acts as an alert-

ing mechanism that is specialized in the detection of salient, unexpected,

behaviorally relevant stimuli and helps to reorient the focus of attention

toward the incoming stimulus (Corbetta, Kincade, Ollinger, McAvoy, &
Shulman, 2000). A relative quiescence of the ventral attentional network

during REM sleep might be induced by the decrease of noradrenergic tone,

given that the locus coeruleus sends heavy projections to the inferior parietal

cortex (Morrison & Foote, 1986) and also participates in selective attention,

especially to salient and unexpected stimuli (Aston-Jones & Rajkowski,

2000). These functional patterns then predict that the dream narrative,

reported after awakening from REM sleep, would hardly be modified by

external stimulation, even if behaviorally relevant (Maquet et al., 2005). This

view is supported by observations describing that external stimuli delivered

during REM sleep are either ignored or automatically incorporated into the

dream narrative, instead of interrupting the flow of the dream storyline

(Burton, Harsh, & Badia, 1988; Foulkes, 1966).

The ability to attribute intentions, thoughts, and feelings to oneself and

to others is commonly referred to as the “Theory of Mind.” Instances of

mind representation appear in dreams: the dreaming mind creates characters

and attributes thoughts, emotions, and intentions to those characters (Kahn

& Hobson, 2005). Neuroimaging studies of theory of mind tasks during

wakefulness have demonstrated a consistent involvement of the medial pre-

frontal cortex (MPF) (Frith & Frith, 2003; Gallagher & Frith, 2003; Harris,

Todorov, & Fiske, 2005). While the DLPF is deactivated during REM sleep,

the MPF has been shown to remain as active during REM sleep as during

wakefulness (Maquet et al., 2005). This stands in contrast with its signifi-

cant deactivation during non-REM sleep (Dang-Vu et al., 2005; Maquet

et al., 1997; Maquet et al., 2005). The similar level of activity in the MPF
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during REM sleep and wakefulness could therefore contribute to the persis-

tence of the ability to represent others mind during REM sleep dreaming.

On the other hand, the inferior parietal lobule and temporo-parietal junc-

tion would be involved in the distiyictiofi offivst- vctsus thivd-peTSoyi pevspec-

tives in the representation of actions, thoughts, and emotions during

wakefulness (Chaminade & Decety, 2002; Farrer et ak, 2003; Ruby & Decety,

2001; Ruby & Decety, 2003, 2004). Contrasting with the MPF preserved

activity, the hypoactivity of these parietal areas would predict a decrease of the

ability to distinguish the perspective of others as compared to our own during

REM sleep and dreaming. Accordingly, dream reports show that the self can

participate to the dream scenario both in a first-person (the self sees and acts)

and in a third-person perspective (the dreamer sees the self acting in the

dream) (Maquet et al., 2005).

COrVCLESION

Over the last decade, neuroimaging studies have successfully described the

distribution of brain activity across the sleep-wake cycle. When compared to

non-REM sleep, REM sleep is characterized by an overall elevated level of

activity, together with a specific pattern of regional brain activations and

deactivations. This functional mapping of human REM sleep also allowed

confirming theories of REM sleep neurophysiology derived from animal

experiments. It has also been proposed that the cerebral correlates of REM
sleep could underpin some important dreaming characteristics, including the

predominance of threat-related emotions and visual percept, the loss of ori-

entational stability and volitional control, the fragmented episodic memory

recall, the reduced sensitivity to external relevant information, as well as the

possibility of attributing feelings and goals to other characters in the dream.

To further improve the accuracy of the neural correlates of dreaming,

future functional brain imaging studies should be combined with refined

neuropsychological analysis of dream reports (Schwartz & Maquet, 2002).

Dreams are indeed multifarious, often bizarre, and cannot be reduced to a

list of broad and typical sensory or cognitive features. Some specific and

bizarre but common dream features of normal human sleep resemble clinical

signs of neuropsychological syndromes resulting from focal brain damages,

thus potentially predicting the topography of the corresponding brain func-

tional changes (Schwartz & Maquet, 2002). On the basis of these observa-

tions, it has been proposed to quantify and categorize the dream narrative in

terms of different perceptual, emotional, or bizarre elements to provide use-

ful constraints to the analysis and interpretation of future REM sleep data

(Schwartz & Maquet, 2002). Perhaps a special type of dreaming during
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which the dreamer is conscious of being in a dream (“lucid dreaming”)

might provide an interesting test case for future neuroimaging studies

(LaBerge & DeGracia, 2000). The fact that lucid dreamers can remember to

perform predetermined actions ciuring a dream might allow assessing the

neural correlates of a large variety of dreaming features. Non-REM sleep

dreaming should also be investigated in upcoming dedicated studies, and the

differences (or similarities) between REM on non-REM dreaming mentation

should be further clarified.

The reviewed neurophysiological and neuroimaging research on REM
sleep offers an increasingly detailed picture of the cerebral correlates of

dreaming, which may finally bring significant insight into dreaming mecha-

nisms and possible functions.
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The Frontal Lobes and Dreaming

Edward F. Pace-Schott

n AKI^f. CONSCIOnSIVESS AS A WINDOW INTO DREAMING

As advances are made in the cognitive neuroscience, neurophysiology, and

behavioral neurology of waking, study of the far less experimentally accessi-

ble dream state can greatly benefit from new discoveries and conceptual

paradigms applied to waking consciousness. This is especially true when con-

sidering the role of frontal systems in dreams since such networks are the

most complex, least modality-specific, and most highly evolved circuits in

humans and other higher primates (Fuster, 1997; Goldberg, 2001). As such,

concepts on the functions of frontal systems in waking are more diverse,

controversial, and abstract than those dealing with the sensory and other

cognitive functions of posterior cortices.

The current review examines frontal function in dreams in terms both of

what is known about the cognitive neuroscience of sleep, as well as of

related capabilities and pathologies in waking, about which much more is

known. The focus will be on the roles of the frontal lobes’ multimodal asso-

ciation and paralimbic and limbic regions (here, collectively termed prefron-

tal cortex, or PFC) rather than the motor cortices and, for brevity, limbic

and paralimbic frontal cortex will be abbreviated here as “limbic” PFC (see

Mesulam, 2002, for anatomical details). It will be suggested that changes in

prefrontal function during sleep facilitate dreaming by a combination of

changes in frontal lobe function, each of which have approximate analogues

in the brain bases of normal and/or pathological waking experience. Spe-

cifically, it will be argued that the dream experience combines features of
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(l) spontaneous confabulation and normal narrative, (2) ascending activa-

tion leading to complex hallucinosis, (3) limbic biases in top-down influence

on posterior cortex, and (4) activity in frontal limbic circuits subserving

emotion and social cognition.

A brief overview of frontal system function during waking will be fol-

lowed by a summary of recent findings on physiological changes occurring

in frontal systems between waking and sleep, as well as within sleep. Such

changes include the deactivation of frontal areas in sleep, the selective reacti-

vation of limbic regions in rapid eye movement (REM) sleep, neurochemical

changes across the sleep-wake cycle, and changes in the ability of brain

regions to interact during sleep. These physiological features of, as well as

recent findings in, the cognitive neuroscience of waking consciousness will

then be related to each of the above proposed physiological conditions favor-

ing dreaming.

Although the following discussion bears specifically on frontal systems in

sleep, modern theories on the function of the frontal lobes increasingly

emphasize their regulatory role in the brain as a whole (for example,

Duncan, 2001; Duncan & Miller, 2002; Miller, 1999, 2000; Miller &
Cohen, 2001). Therefore, sleep-related changes in prefrontal influences on

posterior perceptual and mnemonic systems are an important aspect of fron-

tal function in dreams.

FRONTAL SYSTEMS, EXECLTIVE FENCTION, AND EMOTION

Contemporary views on frontal system function stress the interaction

between prefrontal cortices and other brain regions. For example. Miller and

Cohen (2001) suggest that the essential function of the PFC is to maintain

an on-line representation of a goal, the means to achieve it, and the ongoing

context relevant to this goal in order to “bias” the functioning of networks

elsewhere in the brain toward this particular outcome. Duncan and Miller

(2002) describe this biasing in terms of an “adaptive coding” model,

whereby prefrontal neurons and networks direct activity in more posterior

systems by competitively strengthening goal-relevant activity while weaken-

ing competing alternatives. Mesulam (2002) has conceptualized this general

function of the frontal cortex as allowing the organism to “transcend the

default mode” of stimulus-bound behaviors, thereby allowing delay, inhibi-

tion of prepotent responses, and selection of the most adaptive alternatives.

Similarly, Fuster (1997) conceives the function of frontal systems as those

capacities that allow the temporal organization of behavior in the service of

a particular goal. Supporting such prefrontal modulation of other regions

are long-range association fiber bundles directly connecting the frontal
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cortex with occipital, parietal, and temporal sensory regions, as well as with

cortical and subcortical limbic areas in the medial temporal lobe (Pandya &
Schmahmann, 2006; Petrides & Pandya, 2002). Moreover, the different

regions of the prefrontal cortex are themselves among the most extensively

interconnected cortical areas of the brain (Barbas, 2000; Pandya & Yeterian,

1996; Petrides & Pandya, 2002).

The functions of prefrontal multimodal association regions have been

closely linked historically to the concept of executive function (EF). EFs can

be seen as those high-level cognitive processes that select, organize, and con-

fer cognitive control over more autonomous cognitive functions in the ser-

vice of a superordinate goal (Mesulam, 2002; Miller & Cohen, 2001). The

PEC has traditionally been designated as the primary cerebral region subserv-

ing EF and the key cognitive processes that support EF, including working

memory (WM), complex attention, and behavioral inhibition (Fuster, 1997;

Goldberg, 2001; Mesulam, 2002). However, recent sophisticated technology

and experimental designs in functional neuroimaging have increasingly quali-

fied the exclusive importance of the PEC for EF and have identified parietal

regions, such as Brodmann areas (BA) 7 and 40 that are also consistently

activated by EF tasks (Collette & Van der Linden, 2003; Wager & Smith,

2003; Wager, Jonides, & Reading, 2004).

Based upon the clinical presentation of patients with lesions in different

areas of the PEC, it has also been traditionally suggested that dorsal and lat-

eral areas of the prefrontal cortex subserve EFs, such as planning, working,

and temporal memory and cognitive flexibility, while ventral and medial

regions subserve behavioral inhibition and emotional regulation (Fuster,

1997). However, like the frontal-posterior distinction, this dichotomy of EF

capacities subserved by dorsolateral (DLPFC) and ventromedial (vmPFC)

PEC regions has been qualified by recent neuroimaging studies (D’Esposito

& Postle, 2002; Duncan & Miller, 2002; Duncan & Owen, 2000), as well

as by analyses of large sets of lesional data (for example, Stuss et al., 2002).

Control of WM in different regions of lateral prefrontal cortex had also

been suggested to show considerable domain specificity, with spatial WM
subserved more dorsally and object WM more ventrally as termini of dorsal

and ventral visual processing streams respectively (Courtney, Petit, Haxbury,

& Ungerleider, 1998; Goldman-Rakic, 1996; Levy & Goldman-Rakic,

2000). However, recent studies have provided more evidence for dorso-

ventral and antero-posterior segregation of function in the lateral PEC, with

ventrolateral regions subserving WM maintenance in multiple domains and

dorsal and polar regions recruited as demands for manipulation ofWM and

its use in more complex EF increase (Christoff, Ream, Geddes, & Gabrieli,

2003; D’Esposito et al., 1998; D’Esposito, Postle, & Rypma, 2000; Fletcher
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&; Henson, 2001; Koechlin, Ody, & Kouneiher, 2003; Petrides, 2005;

Wager & Smith, 2003).

Recent findings have also altered our understanding of the functional

anatomy of ventral and medial PFC, regions that include the lateral and

medial orbitofrontal cortex, anterior cingulated, and the more dorsal and an-

terior medial walls of the frontal cortex. For example, the role of the orbito-

frontal cortex in behavioral inhibition (Fuster, 1997) has been shown to be

shared by the inferior frontal junction (Derfiiss, Brass, Neumann, & von

Cramon, 2005; Duncan & Owen, 2000; Jonides, Badre, Curtis, Thompson-

Schill, & Smith, 2002). Similarly, the role of the anterior cingulate in con-

flict monitoring (Botvinick, Cohen, & Carter, 2004) may be shared by more

anterior medial regions, such as the presupplementary motor area or pre-

SMA (Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004; Wittfoth,

Buck, Fahle, & Herrmann, 2006). The ventral orbitofrontal and medial

PFC (vmPFC), is involved with emotion, visceral sensorimotor processing,

salience attribution, and reward processes (Gusnard, Akbudak, Shulman, &
Raichle, 2001; Kringlebach, 2005; Phan, Wager, Taylor, & Liberzon, 2002;

Price, 1999). Within the vmPFC, more lateral orbital multimodal sensory

areas integrate exteroceptive and interoceptive (viscerosensory) information

and interact with medial visceromotor systems that are densely intercon-

nected with subcortical limbic structures that can initiate autonomic and

homeostatic responses (Price, 1999). Within the orbitofrontal cortex, more

lateral areas have been shown to be involved with processing aversive stimuli,

whereas more medial regions are associated with reward processing (Kringle-

bach, 2005; Kringlebach & Rolls, 2004).

Importantly, vmPFC functions can be somewhat differentiated from

those of dorsal- and anterior-medial PFC (dmPFC), which is involved in

self-referential, theory of mind (ToM), and social cognition processes

(Amodio & Frith, 2006; Frith & Frith, 2006; Gallagher & Frith, 2003;

Gusnard et ak, 2001). For example, in a recent meta-analysis of studies on

functional neuroimaging of the experience of self, Northoff et al. (2006)

have distinguished a ventromedial region of the mPFG consisting of medial

orbitofrontal, ventromedial polar regions, and sub- and perigenual anterior

cingulated cortex (ACC), from a dorsomedial sector consisting of medial

portions of BA 9 and the supragenual ACC. These authors associate the

ventromedial region with a basic labeling of stimuli as self-related, while dor-

somedial regions evaluate and appraise such stimuli in association with the

lateral PFC. Northoff et al. (2006) hypothesized that such evaluative proc-

esses include the differentiation of self-related from other-related stimuli,

processes involved in attribution of mental processes to others (theory of

mind) and other forms of social cognition.
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Ventromedial prefrontal areas have also been widely implicated in decision-

making processes (Bechara, Damasio, & Damasio, 2000). As articulated in the

somatic marker hypothesis (Damasio, 1996, 2003), the vmPFC associates bio-

regulatory, autonomic responses that are detected (as well as potentially gene-

rated) by interoceptive brain structures (for example, insula, somatosensory

cortices, and brainstem nuclei), with the particular classes of complex, salient

events that previously elicited such somatic responses (Bechara et al., 2000).

Association of interoceptive signals with general types of past experience (the

mnemonic specifics of which are represented in other brain regions), creates

preconscious biases that improve the speed and accuracy of decision-making

(Bechara et al., 2000). Recent neuroimaging studies have further su^ested

that emotionally modulated, “hot” decision-making processes are subserved by

orbitofrontal areas, whereas more purely cognitive, “cool” decision processes

are associated more with dorsolateral PFC activity (Krain, Wilson, Arbuckle,

Castellanos, Sc Milham, 2006).

Circuits interconnecting prefrontal and subcortical regions are also vitally

important regulatory components of frontal system function. Fronto-striato-

pallido-thalamo-frontal connections form semisegregated circuits, with more

dorsal circuits modulating motor, working memory, and EF functions, while

more ventral circuits are important components of emotion, reward, and

motivational systems (Saint-Cyr, 2003; Saint-Cyr, Bronstein, Sc Cummings,

2002). Dysexecutive symptoms following cerebellar damage (the cerebellar

cognitive affective syndrome) has also implicated fronto-ponto-cerebello-

thalamo-frontal circuits in normal EF (Schmahmann, 2004). The amygdala

and orbitofrontal cortex serve as an integrated unit in processing and regulation

of emotion (Barbas, 2000) while direct connections from the ventromedial

prefrontal cortex to the hypothalamus and amygdala allow these executive

areas to directly influence autonomic output (Barbas, Saha, Rempel-Clower,

Sc Ghashghaei, 2003).

HYPOFROMALITY A\D SLEEP

In recent years, converging evidence from functional neuroimaging, elec-

trophysiology, and neuropsychology suggests that sleep, both REM and

NREM, is accompanied by diminished neuronal activity in certain regions

of the frontal lobes (reviewed in Dang-Vu et al., 2005a; Maquet, 2000;

Maquet et al., 2005; Muzur, Pace-Schott, Sc Hobson, 2002; Pace-Schott,

2003, 2005a). These same technical advances reveal that sleep shares this

general condition, often termed “hypofrontality,” with many neuropsychiat-

ric pathologies (reviewed in Dietrich, 2003; Pace-Schott, 2003; Schwartz Sc

Maquet, 2002), as well as with altered states of waking consciousness in
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healthy individuals (reviewed in Dietrich, 2003; Pace-Schott, 2003). Hypo-

frontality is often invoked as causal of psychological differences between

mental activity in such states and normal waking, and these state-dependent

differences relative to waking can be characterized as a decline of EF

capacity (for example, Dietrich, 2003; Pace-Schott, 2003).

Three important points, however, qualify this linkage between hypofron-

tal states (including sleep and dreaming) and lessened executive abilities.

First, as noted above, EF is supported by neural circuits linking the frontal

cortex with structures in the posterior cortex and subcortex and not by the

PFC in isolation. Second, anatomic subregions of the frontal cortex are

recruited to a greater or lesser degree depending a particular EF’s type (for

example, Moskovitch & Winocur, 2002), difficulty (for example, Duncan &
Owen, 2000) or situational salience (Duncan & Miller, 2002). Third, and

most importantly for the current discussion, only certain PFC areas and not

others are inactive relative to waking in REM sleep (Dang-Vu et ak, 2005a;

Maquet et ak, 2005; Pace-Schott, 2005a), the behavioral state that produces

greatest recall and intensity of dreaming (Fiobson, Pace-Schott, & Stickgold,

2000; Nielsen, 1999, 2000).

Deactivation ^of frontal cortices is one of the first physiological signs of

human sleep whether measured by quantitative electroencephalography

(EEC) (Borbely, 2001; Finelli, Borbely, & Achermann, 2001; Werth, Acher-

mann, & Borbely, 1996, 1997), magnetoencephalography (MEG) (Simon,

Kemp, Manshanden, & Lopes da Silva, 2003), oxygen utilization (Fl2^^0),

or glucose-metabolic (^^FDG) positron emission tomography (PET) (Braun

et ak, 1997, 1998; Kjaer, Law, Wiltschiotz, Paulson, & Madsen, 2002;

Maquet et ak, 1997; Nofzinger et ak, 2002) or by functional magnetic

resonance imaging (fMRl) (Kaufmann et ak, 2006; Laufs et ak, 2006). For

example, right frontal deactivation is seen even in early light sleep

(Kaufmann et ak, 2006; Kjaer et ak, 2002). This pattern of decreased blood

flow in the frontal cortex with the onset and deepening of NREM sleep has

now been widely replicated (for example, Andersson et ak, 1998; Finelli

et ak 2000; Kajimura et ak, 1999). Additional evidence that frontal deactiva-

tion is a general characteristic of sleep comes with the discovery that frontal

reactivation lags behind that of the rest of the brain following awakening

(Balkin et ak, 2002).

A recent fMRI study provides details on changes in regional cerebral

blood flow (rCBF) between waking and specific stages of NREM using

measures of regional blood oxygen level-dependent (BOLD) signal response

(Kaufmann et ak, 2006). Most strikingly in regard to frontal deactivation
'

was the finding that the most prominent and consistent deactivations from

waking to NREM were seen in frontal areas including inferior, middle, and
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superior frontal gyri, as well as medial frontal and primary motor cortices.

In addition to medial frontal areas, other limbic cortices such as the anterior

and posterior cingulate were also less active in NREM compared to waking.

Notably, wake-NREM comparisons revealed that these deactivations were

considerably greater in the right hemisphere. These frontal deactivations in

NREM relative to waking were also accompanied by deactivations in mid-

line subcortical (hypothalamus, caudate), thalamic (anterior nucleus), as well

as limbic (insula, hippocampal complex), parietal (for example, inferior pari-

etal), and occipital (precuneus, cuneus) cortical structures.

Frontal areas may also display a greater need for recovery sleep than more

posterior regions (Einelli et al., 2001). For example, in the first NREM epi-

sode of the night, there is relatively greater slow wave spectral power, termed

“slow wave activity” (SWA), a marker of homeostatic sleep pressure, in fron-

tal than in parietal and occipital regions (Einelli et al., 2001; Werth et al.,

1996, 1997). At sleep onset, greater SWA, an electrophysiological feature

associated with reduced rCBF (Dang-Vu et al., 2005b; Fdofle et al., 1997), is

seen in frontal versus more posterior scalp sites (Einelli et al., 2001; Werth

et al., 1996, 1997). There is evidence that slow wave activity then spreads

progressively to posterior regions (De Gennaro et al., 2004). Increasing sleep

pressure by sleep or SWS deprivation has been shown to enhance the frontal

predominance of SWA (Cajochen, Eoy, & Dijk, 2000; De Gennaro et al.,

2004; Einelli et al., 2001), especially in the left hemisphere (Achermann,

Einelli, & Borberly, 2001).

Recent combined EEG and fMRI studies during sleep indicate that an

increase in posterior cortical activation relative to frontal regions may

accompany the shift of alpha EEG rhythms in quiet waking toward theta

frequencies in Stage 1 NREM sleep (Laufs et al., 2006). Moreover, such

studies suggest that additional processes exist that further synchronize the

EEG (that is, increase delta power) in response to sensory stimulation (Born

et al., 2002; Czisch et al., 2002; Czisch et al., 2004). Such increased EEG

synchronization is accompanied by a widespread decrease in the fMRI

BOLD signal. Such stimulus-induced deactivation occurs during light Stage

2 NREM but not in highly synchronized SWS, suggesting that this response

may be a mechanism by which sleep is preserved in the face of external stim-

uli during light sleep (Czisch et al., 2004).

Both PET (Dang-Vu et al., 2005b; Hofle et al., 1997; Maquet, 1995) and

fMRI (Czisch et al., 2004; Kaufmann et al., 2006) studies have shown that

global cerebral activity, including that of frontal areas, continues to diminish

with deepening NREM sleep. Although the transition from waking to

NREM involves a prominent thalamic deactivation in addition to wide-

spread cortical and subcortical deactivations (Dang-Vu, 2005b; Idofle et al..
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1997), once sleep is achieved further thalamic deactivation does not appear

to characterize deepening NREM (Dang-Vu et aL, 2005b). Instead, a PET

study showed that progressive deactivation within NREM sleep is centered

on regions in the medial prefrontal cortex including anterior medial areas in

BA 9 and 10, orbitofrontal cortices (BA 11) including caudal orbital basal

forebrain, anterior cingulate (BA24), bilateral anterior insula, basal fore-

brain/anterior hypothalamus, bilateral putamen, and left precuneus (Dang-Vu

et al., 2005a). Similarly, using fMRI, activity in cingulate and frontal areas

progressively declined from Stage 1 to Stage 2 to SW^S (Kaufmann et al.,

2006).

Much of the lateral frontal cortex remains less active than during waking

after the transition from NREM to REM, a phenomenon that has been

demonstrated by using H2^^0 PET (Braun et al. 1997; Braun et al., 1998;

Maquet et al., 1996), single photon emission computed tomography

(SPECT) (Madsen et al., 1991), and fMRI (Lovblad et al., 1999). In a

recent meta-analysis of their many H2^^0 PET studies of human sleep,

Maquet and colleagues (2005) have shown that the regions most consis-

tently hypoactive in REM sleep compared to waking include association cor-

tices in the middle and inferior frontal gyri, as well as the inferior parietal

and temporo-pafietal junction (Dang-Vu et al., 2005a; Maquet et al., 2005).

Given the now abundant evidence of prefrontal deactivation in sleep rela-

tive to waking, any neurocognitive theory of dreaming must take this into

account as a basic feature of the brain in sleep. Accordingly, hypofrontality

is important whether dreaming is seen as state of consciousness expressed in

its most qualitatively complete form during REM sleep (Gottesmann, 2006;

Hobson et al., 2000; Nielsen, 2000; Pace-Schott, 2005a; Stickgold et al.,

2001; Takeuchi et al., 2003) or as a mental state fully expressed in any stage

of sleep (Antrobus, 1990; Domhoff, 2003; Foulkes, 1996; Solms, 1997).

The consistent finding that lesions of the lateral prefrontal areas do not dis-

rupt dreaming (Doricchi & Violani, 1992; Solms, 1997) provides additional

evidence for a weak influence of the cognitive functions subserved by these

regions, most notably WM, during dreams.

CORTICAL AND SUBCORTICAL LIMBIC REACTIVATION IN REM SLEEP

Selective' regional activation in REM, relative to global deactivation in

NREM and to waking activity patterns, allows us to better understand the

brain basis of dreaming. This is because what is physiologically unique or

enhanced during REM must be related to those psychological aspects of

dreaming that are likewise enhanced during REM. Nonetheless, dream

reports can be obtained from any stage of sleep (Cavallero, Cicogna, Natale,



The Frotttai Lobes and .Dreaming ,123

Occhionero, & Zito, 1992; Foulkes, 1962; Foulkes & Vogel, 1965; reviewed

in Nielsen, 1999, 2000). Therefore, to best address dream physiology, it is

important to consider changes in regional activity that exist between sleep

and waking, between different sleep stages and substages, as well as between

short, transient (phasic) sleep events and more long-lasting (tonic) sleep

conditions.

Unlike in lateral frontal association areas, during the transition from

REM to NREM sleep rCBF increases to subcortical brain regions such as

the pons, midbrain, and thalamus (Braun et ak, 1997; Maquet et al., 1996);

amygdala (Maquet et al., 1996); hypothalamus; and basal ganglia (Braun

et al., 1997). Notably, rCBF also increases to anterior limbic-related cortices

such as rostral and subcallosal anterior cingulate (Braun et ak, 1997; Maquet

et ak, 1996), anterior insular and caudal orbitofrontal cortex, paracingulate

area BA32, and anterior medial prefrontal BAIO (Braun et ak, 1997). In the

NREM-REM transition, rCBF to limbic cortices also increases more cau-

dally in the parahippocampal gyrus and temporal pole (Braun et ak, 1997).

As is the case for rCBF, a REM-related increase in regional glucose me-

tabolism is also observed in a “bilateral confluent paramedian zone which

extends from the septal area into ventral striatum, infralimbic, prelimbic,

orbitofrontal and anterior cingulate cortex” (Nofzinger, Mintun, Wiseman,

Kupfer, & Moore, 1997, p. 192). These authors have termed this region the

“anterior paralimbic REM activation area,” and characterize it further as

including hypothalamus, ventral striatum and pallidum, hippocampus, and

uncus, as well as supplementary motor and pre- and subgenual anterior cin-

gulate and insular cortices (Nofzinger et ak, 2004). Reactivation of this mid-

line area, including the above paralimbic cortices, during REM has now

been widely replicated (Braun et ak, 1997; Maquet et ak, 1996; Nofzinger

et ak, 1999, 2001, 2004; Smith et ak, 1999; Wu et ak, 1999; Wu,

Buchsbaum, & Bunney, 2001).

^ELROMODLLATION OF THE PEC IN WAKING AND SLEEP

During waking, ascending arousal systems of the brainstem, hypothala-

mus, and basal forebrain provide wake-promoting neuromodulatory input to

the forebrain, including the PFC. Such alerting neuromodulators have maxi-

mal influence on the forebrain in the waking state and include the mono-

amines serotonin, norepinephrine, histamine, and dopamine, in addition to

acetylcholine and the neuropeptide orexin. Their influence on the forebrain

is attenuated at sleep and diminishes further with deepening of NREM
sleep. During REM, the monoamines serotonin, norepinephrine, and hista-

mine reach minimum levels, cholinergic neuromodulation returns to waking
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levels, and dopaminergic neuromodulation of the forebrain may also persist.

Details of these state-dependent neuromodulatory changes can be found in

Hobson et al. (2000); Pace-Schott and Hobson (2002a, 2002b); Saper,

Chou, and Scammell (2001); Saper, Scammel, and Lu (2005); and Saper,

Cano, and Scammell (2005); see also Gottesmann (2006).

Cognitive processing in the PFC during waking is known to be sensitive

to levels of these same arousal-related neuromodulators, particularly dopa-

mine, norepinephrine, and acetylcholine (Arnsten, 1997; Arnsten, & Rob-

bins, 2002; Robbins, 2005). Dopamine and norepinephrine levels can

strongly influence EFs such as WM, planning, and set shifting subserved by

lateral regions of the PFC (Arnsten & Robbins, 2002). Activation of post-

synaptic D1 dopamine receptors appears most important in mediating dopa-

minergic effects on prefrontal regions, while D1 and D2 receptors modulate

functioning of direct and indirect striatal circuits respectively within fronto-

striatal loops (Arnsten & Robbins, 2002; Ferre, Fredholm, Morelli, Popoli,

& Fuxe, 1997). Unlike dopamine and norepinephrine’s effects throughout

the PFC including its lateral regions, the effects of serotonin in the PFC

may specifically enhance cognitive functions subserved by orbitofrontal

regions (Arnsten & Robbins, 2002; Rogers et al., 1999). Similarly, choliner-

gic innervation is especially dense in anterior subcortical and cortical limbic

regions (Mesulam, Hersh, Mash, & Geula, 1992; Selden, Gitelman, Salamon-

Murayama, Parrish, & Mesulam, 1998) and may most heavily influence ventral

and medial areas of the frontal cortex (Arnsten & Robbins, 2002).

Since both neuromodulatory influences on the forebrain and the fre-

quency and intensity of recalled dreaming change dramatically with transi-

tions from wake to NREM to REM, theories of neuromodulatory effects on

dreaming have been proposed. Activation-synthesis (AS) and activation-

input-modulation (AIM) models suggest that the increase in cholinergic rel-

ative to noradrenergic and serotonergic contributions to forebrain activation

during REM sleep favors non-wake-like aspects of dream consciousness

(Hobson, 1988; Hobson & McCarley, 1977; Hobson et al., 2000). Another

hypothesis suggests that dopaminergic stimulation of limbic reward and pre-

frontal structures generate motivational impulses that trigger dreaming

throughout sleep (Solms, 1997, 2000, 2002). A third hypothesis suggests

that dopaminergic stimulation of the cortex during REM, in the absence of

the serotonergic and noradrenergic inhibition present in waking, favors

emergence of a psychotomimetic (psychosis-like) dream state (Gottesmann,

2002a, 2002b, 2006). These theories are consistent with an attenuation of

EFs in dreams resulting from a sleep-related, and, specifically, a REM sleep-

related decrease in noradrenergic and serotonergic modulation of the PFC.

For a more detailed discussion of neuromodulatory theories on dreaming.
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see Hobson et al. (2000), Pace-Schott (2005a) and Perry, Ashton, and

Young (2002). The current chapter will focus specifically on dream effects

of neuromodulators in the PFC.

CORTICAL CONAECTIV ITY IN SLEEP

A frequent theme in recent imaging, electrophysiological, and theoretical

studies of sleep and dreaming is of a functional disconnection, relative to

waking, between frontal and posterior cortical regions or between left and

right hemispheres. In waking, fast oscillatory rhythms in the gamma fre-

quency range (30-80 Hz) have been associated with conscious cognitive

effort and temporal binding of perceptual awareness (Engel, Fries, Sc Singer,

2001; Tallon-Baudry Sc Bertrand, 1999), and a similar role for such fast

oscillations in the temporal binding of dream imagery has been postulated

(Kahn et al., 1997). Gamma frequency oscillations are attenuated in NREM
with the onset of intrinsic slow thalamocortical and cortico-cortical rhythms

(Steriade, 2000, 2006), but return in REM sleep (Gross Sc Gottman, 1999;

Elinas Sc Ribary, 1993).

However, in REM sleep compared to waking, gamma frequency oscillations

become desynchronized between frontal and posterior perceptual areas (Corsi-

Cabrera et al., 2003; Perez-Gard et al., 2001). Such REM-related oscillatory

desynchrony has been suggested to reflect a functional disconnection of poste-

rior perception related cortical areas from frontal executive control (Corsi-

Gabrera et al., 2003; Perez-Gard et al. 2001). Moreover, intracranial EEG

(iEEG) has demonstrated a similar sleep-related decline of coherence (the ten-

dency for rhythms of the same frequency to be in phase) in gamma frequencies

between cortico-cortical and cortico-hippocampal sites (Cantero, Atienza,

Madsen, Sc Stickgold, 2004). These authors suggest that reduced gamma fre-

quency coherence contributes to the hypofrontal features and bizarreness of

REM sleep dreaming (Cantero et al., 2004; Corsi-Cabrera et al., 2003;

Perez-Gard et al., 2001). (For an interesting review relating such disconnection

phenomena in REM to those in psychosis, see Gottesmann, 2006.)

Because of the synchronizing influence of intrinsic, sleep-related thalamo-

cortical and cortico-cortical oscillations (Steriade, 2000, 2006), interhemi-

spheric coherence at slow EEG frequencies such as delta (1-3 Hz) and

theta (4-7 Hz) are typically greater in sleep than in waking (for example,

Guevara, Lorenzo, Arce, Ramos, Sc Corsi-Cabrera, 1995; Nielsen, 1999).

Nonetheless, some studies have also shown reduced intrahemispheric or

antero-posterior coupling in sleep versus waking (or in REM versus NREM)

even at these slower frequencies. Eor example, a progressive decline in alpha

frequency coherence has been demonstrated between fronto-frontal and
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fronto-occipital sites from waking through NREM to REM sleep (Cantero,

Atienza, Salas, & Gomez, 1999; Cantero, Atienza, & Salas, 2000). Similarly,

awakenings that yielded dream reports showed greater intrahemispheric co-

herence at 13 to 16, 21 to 23, and 25 to 32 Hz during the previous 10

minutes of sleep in Stage 2 NREM than in REM (Corsi-Cabrera et al.,

2003). At still slower frequencies (5-8 Hz), antero-posterior coherence was

significantly lower for REM than for NREM Stage 2 but significantly higher

for REM than Stage 2 between different posterior sites, a finding that

Corsi-Cabrera et al. (2003) link with reduced executive control but height-

ened perceptual intensity in REM versus NREM dreaming (Corsi-Cabrera

et al., 2003).

Moving beyond correlative studies to experimental manipulations that can

demonstrate causation, transcranial magnetic stimulation (TMS) studies have

demonstrated reduced functional influence between different brain regions

during REM sleep compared to waking (Bertini et al., 2004; Massimini et al.,

2005). For example, Bertini et al. (2004) demonstrated that transcallosal inhi-

bition of motor-evoked potentials (MEPs) by contralateral magnetic stimula-

tion is greatly reduced immediately after awakening from REM sleep

compared both to Stage 2 NREM awakenings and to waking. Interestingly,

these authors found that during REM, unlike during waking, transcallosal in-

hibition of the contralateral MEP was greater for right compared to left

hemisphere stimulation. These authors hypothesize that their results reflect

reduced interhemispheric connectivity in REM sleep compared to waking.

Similarly, Massimini et al. (2005) have shown that, in waking, TMS stim-

ulation of premotor cortex BA 6 leads to subsequent, high-frequency

responses lasting as long as 300 milliseconds that were time locked to the

initial stimulus and which propagated to contralateral and ipsilateral sites at

distances from the site of stimulation as far away as the parietal cortex. In

contrast, during NREM sleep, the localized response to TMS was of higher

amplitude but failed to persist in time or propagate to other sites. TMS in

Stage 1 NREM resulted in a response intermediate between that following

stimulation in waking and in deeper stages of NREM. These authors suggest

that such decline in cortical “effective connectivity” (the ability of informa-

tion to propagate among distributed cortical regions subserving specific cog-

nitive processes) may underlie the attenuation of consciousness in sleep and

especially in deeper NREM.

DREAMS, SPONTAAEOES CONFABELATION, AND NARRATIVE

Dreaming can be seen to involve a particularly potent form of spontane-

ous confabulation in which imaginary events are not only created and
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accepted as truth but are vividly experienced as organized, multimodal hallu-

cinations (Hobson, 1988, 1999; Pace-Schott, 2005a). Hirstein (2005) sug-

gests that spontaneous confabulation is the most florid form of a class of

neurological syndromes involving expressed false beliefs that are not recog-

nized as such by the patient. Such conditions also include the anosagnosias

(denial of illness) and misidentification (mistaken identification of persons,

places, or objects) syndromes. A spontaneously confabulating patient

recounts events from the past, describes present experiences, or announces

future plans that are clearly false or impossible, although usually based upon

real autobiographical events sometimes drawn from the patient’s remote

memory (Hirstein, 2005; Schnider, 2001, 2003). Hirstein (2005) notes two

cardinal features of all confabulatory syndromes. First, confabulators recount

false events or assert false beliefs that would be readily seen as such by a

healthy individual. Second, the confabulator holds an unshakable conviction

as to the veracity of his or her claims and is, therefore, not lying.

Hirstein notes that spontaneous confabulation involves both an element

of creative storytelling and an inability to verify the truth or falsehood of

what is said. While amnesia of diencephalic (thalamus, hypothalamus, and

basal forebrain) etiology is often present in confabulators, amnesia alone is

insufficient to produce spontaneous confabulation, and executive deficits

involving frontal dysfunction must also be present (Hirstein, 2005). Such ex-

ecutive deficits may include failures to distinguish truth from fantasy

(impaired “reality monitoring”), verbal disinhibition allowing expression of

thoughts without adequate monitoring and verification, or disturbances in

temporal labeling of memories such that past events are perceived as current

(Hirstein, 2005; Schnider, 2001, 2003).

The syndrome of spontaneous confabulation arises in severe brain disor-

ders such as Korsakoff syndrome and Alzheimer’s disease, as well as aneur-

ism rupture of the anterior communicating artery or traumatic brain injury

(Hirstein, 2005; Schnider, 2003; Schnider, Bonvallat, Emond, & Leemann,

2005). The most common lesions resulting in spontaneous confabulation

involve anterior limbic cortico-subcortical networks that include the caudal

orbitofrontal cortex, mammilary bodies, mediodorsal and anterior thalamic

nuclei, basal forebrain, and hypothalamus (Hirstein, 2005; Ptak et al., 2001;

Schnider, 2001, 2003). Schnider suggests that spontaneous confabulation

results from combined mnemonic and executive deficits arising from damage

to anterior limbic circuitry including the posterior medial orbitofrontal cor-

tex and its direct and indirect connections with basal forebrain, amygdala,

mediodorsal thalamic nucleus, and hypothalamus (Schnider, 2001, 2003).

The location of anterior limbic regions whose damage most commonly

leads to spontaneous confabulation provides a striking parallel with regions
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that show greater activity in REM sleep compared to waking (see Pace-

Schott, 2005a). These areas broadly overlap with Nofzinger et al.’s (1997)

midline anterior paralimbic REM activation area (septum, ventral striatum,

as well as orbitofrontal, anterior cingulate, and insular and subgenual corti-

ces) in which glucose utilization in REM exceeds that of waking. Similarly,

areas typically damaged in confabulators overlap with limbic and paralimbic

structures that show greater rCBF in REM than in either waking or SWS
(anterior hypothalamus, caudal orbital, medial prefrontal and anterior cingu-

late cortices) or SWS alone (thalamus, insula) (Braun et al., 1997).

Notably, lesions to ventromedial prefrontal area and adjacent subcortical

structures have also been associated with wake/dream confusional states

(Solms, 1997, 2000). Similarly, early psychosurgical reports of exceptionally

vivid daydreams, difficult to differentiate from actual dreams, following ante-

rior cingulate lesions are cited by Hirstein (2005). Notably, in a group of

brain lesion patients showing symptoms of increased reality of dreaming and

confusion between dreams and reality, two of three with medial frontal/

basal forebrain lesions also displayed confabulatory amnesia (Solms, 1997).

Schnider’s theory of spontaneous confabulation (Schnider, 2001, 2003)

provides a model for certain dream phenomena (Pace-Schott, 2005a). For

example, the confabulators certitude in false claims and lack of insight bears

striking resemblance to the uncritical acceptance of dream reality in the

nonlucid conditions of the vast majority of dreams (Rechtschaffen, 1978).

According to Schnider, spontaneous confabulation is a formal thought disor-

der caused by the failure of a reality monitoring function that normally pre-

consciously identifies and actively suppresses spontaneously activated

memories that do not pertain to the “present” (that is, temporally current

facts, plans, and stimuli). As a result, the spontaneous confabulator is neces-

sarily disoriented to time and often to place, a lack of orientation also expe-

rienced in dreams (Hobson, 1988, 1999).

In spontaneous confabulation, damage to orbitofrontal regions may release

from normal frontally based inhibitory and reality-monitoring constraints

innate human tendencies to create explanatory stories and fill amnestic gaps

in narratives (Hirstein, 2005). Similar release phenomena may underlie the

generation of dream narratives when selective reactivation of limbic midline

structures, including the caudo-medial orbital cortex, accompanies continued

lateral frontal inactivity in REM sleep (Maquet et al., 2005). The tendency in

dreaming to create “ad-hoc explanations” for improbable dream occurrences

(Williams, Merritt, Rittenhouse, & Hobson, 1992) has a clear parallel in the

tendency of confabulators to create plausible but false explanations for incon-

sistencies in their stories, or for patients with related syndromes involving

denial of paralysis or blindness (anosagnosias) to create explanations for why
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they are unable to see or to move (Hirstein, 2005). A similar symptom seen

in confabulation syndromes, “pathological false recognition” (Hirstein, 2005),

also has a clear parallel in deja vu experiences in dreams.

Although, dreaming, unlike spontaneous confabulation, involves the actual

hallucinatory experience of an ongoing narrative, dream hallucinations, and

particularly their distortion relative to waking counterparts, have been likened

to the same neurological syndromes that Hirstein argues are closely related to

confabulation (Schwartz & Maquet, 2002; Schwartz, Dang-Vu, Ponz, Duhoux,

& Maquet, 2005). In both confabulation syndromes and dreaming, etiological

hypotheses invoke a disconnection of perceptual processes subserved by poste-

rior regions from verification and reality monitoring processes subserved by

the PFC (Hirstein, 2005; Schwartz & Maquet, 2002). In particular, Schwartz

and Maquet (2002) suggest that certain dream phenomena bear formal simi-

larities to waking misidentification disorders such as Fregoli, Capgras, and

reduplicative paramnesia syndromes, all waking disorders with confabulatory

components (Hirstein, 2005). For example, Schwartz and Maquet (2002) liken

ascribing particular identities to dream characters who have perceptual features

unlike their waking counterpart to Fregoli syndrome, a hype-identification dis-

order of waking. These authors hypothesize that a sleep-related disconnection

of temporal face recognition areas from prefrontal reality monitoring underlies

this dream phenomenon.

Parallels between confabulation and sleep also exist with regard to right

hemisphere lateralization of function and dysfunction. Confabulatory syn-

dromes and related syndromes of neglect and anosagnosia are most common

following right hemisphere damage (Hirstein, 2005). Similarly, cortical deac-

tivation in NREM sleep is greater in the right hemisphere (Kaufmann et al.,

2006). In contrast, in REM, evidence suggests that reactivation is greater in

the right hemisphere (Nofzinger et al., 2004). For example, there is greater

correlation of REM density with rCBF in the right hemisphere (Hong, Gil-

lin, Dow, Wu, & Buchsbaum, 1995; Peigneux et al., 2001). Similarly, an

MEG study of REM sleep reported a predominance of leftward REMs, sug-

gesting stronger right hemisphere activity in REM sleep (loannides et al.,

2004). In addition, one PET study showed greater activity in REM than in

waking in the inferior parietal lobe but only in the right hemisphere

(Maquet et al., 1996). Notably, the inferior parietal lobe is also a region

where isolated, site-specific damage most often results in global dream cessa-

tion and where such dream loss is more severe following right versus left

hemisphere damage (Solms, 1997). Therefore, despite the apparent lack of

clear overall hemispheric dominance in normal dreaming (Antrobus, 1987;

Eavie & Tzischinsky, 1985), evidence exists that certain brain activities nec-

essary for dreaming may be relatively right lateralized.
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If indeed both spontaneous confabulation and dream plot generation

involve release of normal narrative mechanisms from frontal restraint, the

neurophysiology of normal story production may shed light on both phe-

nomena. Mar (2004) has reviewed functional neuroimaging and lesion stud-

ies ol narrative production and, although sparse in comparison to studies of

narrative comprehension, certain parallels exist with both confabulation and

dreaming. For example, using PET, Braun et al. (2001), performed conjunc-

tion analysis to identify modality-independent regions involved in common

by storytelling in both English and American Sign Language. Conjunction

analysis showed activity in medial and lateral prefrontal, premotor, superior

and middle temporal, inferior and medial parietal, as well as in visual associ-

ation (extrastriate) cortices. Although functions of the posterior and premo-

tor areas activated in common could be attributed to various steps of

language production, imagery, or lexical, semantic, and episodic memory re-

trieval, these authors suggest that medial prefrontal activation (BA 9 and 10

extending to frontal pole) could be most directly related to the generic pro-

duction of narrative discourse (Braun et al., 2001). In another study in

which subjects generated plans, medial frontal and inferior parietal areas

were again activated in addition to cingulate, lateral prefrontal, and temporal

regions (Partiot, Grafman, Sadato, Wachs, & Fiallett, 1995). Notably, right

hemisphere and frontal damage leads to greater impairment in ability to gen-

erate normal waking narrative than damage elsewhere in the brain (Mar,

2004). Medial prefrontal activation will be further discussed below when

considering sources of thematic content in dream plots.

Despite striking parallels between dreaming and confabulation in terms

of the involvement of anterior midline limbic and prefrontal structures, sev-

eral prominent differences between these phenomena exist. In addition to

its hallucinatory, sensory nature, dreaming also differs from spontaneous

confabulation in its frequent generation of wholly novel scenes, characters,

objects, and scenarios (Hobson, 1988; Pace-Schott, 2005a). For example, a

recent study showed that 25 percent of dream characters were wholly novel

personages (Kahn, Stickgold, Pace-Schott, & Hobson, 2000) whereas, in

another study, only 1.4 percent of elements identified by the dreamer as

being caused by a waking event met definitional criteria for a true episodic

memory (Posse, Stickgold, & Hobson, 2003). Such novelty differs from

spontaneous confabulation, which invariably relates in some way to patients’

past experience (Schnider, 2001, 2003). Another notable difference is the

fact that although spontaneous confabulation results from damage to ante-

rior midline limbic and prefrontal structures, REM sleep involves activation

of these same regions to levels exceeding those of waking. Absence of extero-

ceptive input and functional dissociation of prefrontal from posterior
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regions in sleep may account for the latter differences. Moreover, changes in

consciousness can result from abnormal activation of anterior limbic areas

(for example, in seizures), as well as from their lesional damage (Devinsky,

Morrell, & Vogt, 1995; Servan-Schreiber & Perlstein, 1997; Small et ak,

2005; Starkstein Sc Robinson, 1997).

ALTERED BALANCE BETWEEN WEMORY CONFIRMATION/
RECOGNITION AND STRATEGIC SEARCH/RECALL

Sleep-related lateral PFC deactivation and REM-related caudo-ventro-medial

PFC activation may alter the interaction ol specific mnemonic functions of

the PFC. Various executive memory functions are regionally dissociable in the

PFC (Fletcher Sc Henson, 2001; Moscovitch Sc Winocur, 2002), and altera-

tion in their relative integrity may help explain certain memory features of

dreams, such as the paucity of episodic memory (Fosse et al., 2003), weakened

WM (Hobson et al., 2000), and bizarrely enhanced recognition memory

(Pace-Schott, 2005a; Schwartz Sc Maquet, 2002). For example, among frontal

contributions to memory retrieval, it has been su^ested that ventrolateral PFC

regions subserve semantically based cue specification, dorsolateral regions

provide strategic search strategies, caudal ventromedial regions provide a basic

emotional verification of accuracy, while medial frontopolar regions provide

more complex, cognitively based verification (Fletcher Sc Henson, 2001; Mos-

covitch Sc Winocur, 2002).

A shift in relative activity favoring caudo-ventro-medial over antero-

lateral PFC regions in REM may indiscriminatively evoke emotional confir-

mation of accuracy for any item arising in consciousness, as also appears to

occur in spontaneous confabulation. Dream elements arising via ecphory

(cued episodic memory retrieval; see Moscovitch Sc Winocur, 2002) and/or

hallucinatory imagery arising in unimodal association cortices may, therefore,

be accepted without the benefit of strategic volitional search or cognitive

verification. Perhaps reflecting such state-dependent credulity, up to 40 per-

cent of dream characters are identified on the basis of “just knowing” (Kahn

et al., 2000).

Schwartz and Maquet (2002) liken such delusional sense of familiarity in

dreams to brain-damage induced reduplicative paramnesia in general and to

Fregoli syndrome in the case of specific personages. These authors suggest

such bizarre recognition results from sleep-induced disconnection of tempo-

ral face recognition areas from prefrontal reality monitoring regions. Because

false recognition occurs for dream place and objects, as well as characters,

one might further hypothesize similar disconnections between multiple ven-

tral stream representations in the inferior temporal cortex (for example, the
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“parahippocampal place area”) and the PFC. Alternatively, experiences of fa-

miliarity poorly matched to waking reality in dreams may reflect activity of

recognition memory mechanisms in anterior perirhinal cortices (BA 35, 36).

Perirhinal neurons show altered responses following a single stimulus expo-

sure, a possible neural basis for familiarity discrimination not present in neu-

rons of the hippocampus proper (Brown & Aggleton, 2001). Double

dissociations between recognition and remembering have also been shown in

fMRI studies of humans (Brown & Aggleton, 2001). Perirhinal areas are

proximal both to the Nofzinger et al. (1997) anterior paralimbic REM acti-

vation area and to caudo-ventro-medial PFC. Therefore, in REM there may

be a dissociation between episodic recall (hippocampal) and recognition

(perirhinal) components of declarative memory.

ASCENDII\G ACTIVATION OF THE POSTERIOR CORTEX
AND DREAM HALLECINOSIS

In REM, deactivation of lateral PFC along with increased activity in PFC

medial-limbic regions may influence the perceptual components of dreams,

especially the visual hallucinosis generated by visual association cortices. To

hypothesize such changes in frontal influence over sleep imagery in posterior

regions, however, begs questions as to the source of activation in posterior

perceptual cortices in the absence of retinal input during sleep. Therefore, it

is important first to consider neurophysiological conditions that may lead to

the complex visual hallucinosis of dreams. Waking hallucinatory syndromes

resulting from disruption of primary visual pathways in disorders such as

Charles Bonnet syndrome make apparent that activity within visual associa-

tion cortices at levels seen in waking is alone sufficient to produce complex

visual hallucinations (Ffytche et al., 1998; Manford & Andermann, 1998;

see discussion in Pace-Schott, 2005a). And in dreaming, of course, primary

visual pathways are similarly blocked by the absence of retinal input.

The first comprehensive biological theory of dreaming, the AS hypothesis

of Fiobson and McCarley (1977), invoked activation of visual cortices by

components of the same ascending arousal systems that support cortical

arousal in waking. In REM sleep, the forebrain is activated by the brainstem

ascending reticular activating system (ARAS) neurons of the pedunculopon-

tine and laterodorsal tegmental nuclei (PPT/LDT) at the pons-midbrain

(mesopontine) junction (see Pace-Schott & Hobson 2002a, 2002b, for

reviews). Relative to waking, ARAS forebrain activation in REM is heavily

biased toward cholinergic neuromodulation because of minimal serotonergic

and noradrenergic input resulting from the nadir of activity in dorsal raphe

and locus ceruleus nuclei, respectively. Notably, both fluctuating levels of
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serotonin (Aghajanian & Marek, 1999) and disruption of ARAS neuromo-

dulatory pathways (Manlord & Andermann, 1998) are conditions leading to

waking hallucinosis by hallucinogenic drugs and peduncular hallucinosis,

respectively (see Pace-Schott, 2005a).

In REM, cholinergic activation of the cortex via thalamic intermediaries

occurs tonically with phasic increases that may be of particular importance

to dream hallucinosis (Hobson, 1988; Hobson & McCarley, 1977; Hobson

et ak, 2000). Among the various measurable EEG and motoric signs of cen-

tral phasic activity that occur during sleep (reviewed in Pivik, 1991), the

rapid eye movements (REMs) that give REM sleep its name have attracted

most study. This is because of their association with the ponto-geniculo-

occipital (PGO) wave, a transient potential traveling successively from the

pons to the lateral geniculate nucleus of the thalamus, and then to the occi-

pital cortex, and which occur just before REMs during REM sleep in cats

(see Hobson et ak, 2000). The impingement of this PGO wave on the visual

cortex provides a putative pseudosensory signal that the brain might inter-

pret as visual input arriving via dedicated visual pathways from the lateral

geniculate (Hobson & McCarley, 1977). Therefore, since publication of the

AS hypothesis, investigators have sought to demonstrate PGO waves in the

human brain during sleep.

After early hints in the scalp EEG (reviewed in Hobson et ak, 2000),

new neuroimaging technologies have begun to provide more substantial evi-

dence of a human PGO signal. For example, quantitative EEG techniques

(dipole tracing) in humans have shown PGO wave-like activity involving

the pons, midbrain, thalamus, hippocampus, and visual cortex (Inoue, Saha,

& Musha, 1999). In addition, using MEG tomography, loannides et ak

(2004) have shown that before and correlating with REMs, there is brain ac-

tivity that is strongest in the pons and is accompanied by simultaneous ac-

tivity in frontal eye fields (FEFs). These investigators suggest that this

pontine/FEF activity represents building excitability in these structures, lead-

ing to a threshold at which a REM is generated. Importantly, just before eye

movements, limbic activation is also seen in the amygdala, as well as in orbi-

tofrontal and parahippocampal cortices (loannides et ak, 2004), a phasic pat-

tern these authors link to enhancement of emotional activation and

processing during REM. A recent H2^^0 PET study in humans has shown

positive correlations between frequency per unit time of REMs during REM
sleep (REM density) and increased rCBF of the midbrain, lateral geniculate

nucleus, and primary occipital cortex, in addition to right parahippocampal,

precuneus, anterior cingulated, and supplementary motor cortices (Peigneux

et ak, 2001). Similarly, a combined fMRI and polysomnographic study has

shown close correlation of REM sleep REMs, with BOLD signal increases
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restricted to the lateral geniculate nucleus and to the cuneus in BA 18 of

the secondary visual cortex (Wherle et aL, 2005).

Phasic thalamo-cortical (that is, from thalamus to cortex) activation by

PPT/LDT cholinergic nuclei of the ARAS may be a common feature of

mammalian REM sleep (see Pace-Schott & Hobson, 2002a, 2002b, for

reviews), but actual pathways may differ between species. For example, in

the rat, the pontine P-wave in REM activates the forebrain via a different

route than the feline PGO wave and impinges directly on limbic structures

such as the amygdalae, hippocampus, and entorhinal cortex, as well as the

visual cortex (Datta, Siwek, Patterson, & Cipolloni, 1998). In humans, the

thalamo-cortical pathway for ARAS activation in REM might underlie activ-

ity in the specific cortical sites observed to be activated in imaging studies of

REM sleep. Such pathways might include those to the extrastriate cortex

(Braun et al., 1998) via a nonrelay sensory path through the pulvinar nu-

cleus or to limbic prefrontal areas (Nofzinger et al., 1997) via magnocellular

portions of the mediodorsal nucleus. In REM sleep, activation of a broad

range of thalamic sites and, subsequently, their cortical targets is reasonable

given the “desynchronized” wake-like scalp EEG seen in REM. Moreover,

ascending cholinergic activation in REM inhibits neurons of the thalamic

reticular nucleus, thereby disinhibiting thalamocortical neurons of other tha-

lamic nuclei, whose firing is suppressed by the GABAergic reticular neurons

in NREM (Steriade, 2000, 2006). Also of potentially great importance are

recent observations that the thalamo-cortical pathway may be less important

to cortical arousal than is an extra-thalamic pathway leading directly from

mesopontine (junction of pons and midbrain) sites to basal forebrain cholin-

ergic nuclei neurons that, in turn, project to and activate the cortex (Eu,

Sherman, & Saper, 2006).

Envisaging the PGO wave as just one example of many pathways for

ARAS activation of the cortex via thalamic or basal forebrain intermediaries

in REM incorporates PGO waves into a broader view of phasic activity in

REM that suggests REM density (and other phasic peripheral activity like

muscle twitches) reflects transient elevation of general cortical arousal

(Conduit, Crewther, Bruck, & Coleman, 2002; Conduit, Crewther,

Coleman, 2004; Germain, Buysse, Wood, Sc Nofzinger, 2004). It has been

suggested that the observed correlations of REM density with activity in

cortical areas, including prefrontal regions, reflects phasic activation of atten-

tional networks (Germain et al., 2004; Hong et al., 1995). For example,

Hong et al. (1995) reported that during REM sleep, REM density was posi-

tively correlated with glucose uptake in right FEFs and dorsolateral prefron-

tal, bilateral superior parietal, precuneus, occipital, medial prefrontal, and

anterior cingulate cortices, areas these authors associate with midline
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executive and visuospatial attentional systems. Similarly, in depressives,

Germain et al. (2004, p. 265) showed that REM density was positively cor-

related with regional glucose metabolism in the striate, precuneus, posterior

cingulate, somatosensory, ventrolateral prefrontal, and medial prefrontal cor-

tices, suggesting that these areas represent a “diffuse cortical system involved

in the regulation of emotion-induced arousal and attention.” Wherle et al.

(2005) specifically link areas correlated with REM density with a model sug-

gested by Braun et al. (1998), suggesting that REM constitutes an active

state of internal information processing taking place between extrastriate

and limbic cortices in functional isolation from external perceptual input or

motor output.

A LIMBIC BIAS IN TOP-DOM7V INFLUENCE ON POSTERIOR
CORTEX IN REM

Attentional, “top-down” mechanisms originating in multimodal associa-

tion cortices and influencing unimodal areas (in a direction opposite to

“bottom-up” sensory processing) are able to augment sensitivity of primary

and secondary perceptual cortices to a particular stimulus type, quality, or

location while attenuating cortical sensitivity to competing stimuli (Pessoa,

Kastner, & Ungerleider, 2003). Corbetta and Shulman (2002) suggest that,

in humans, two dissociable but interacting attentional systems can provide

such biasing of perceptual sensitivity. A dorsal, bilateral, cognitively driven

(top-down) attentional system with key nodes in superior frontal and intra-

parietal areas is in dynamic equilibrium with a second “ventral system”

whose key nodes are in temporoparietal and inferior frontal cortices and are

strongly right-lateralized (Corbetta Sc Shulman, 2002). When this bottom-

up ventral attention system detects unexpected but salient stimuli, it is able

to interrupt and override the dorsal cognitively driven system and orient

attention to the external event (Corbetta Sc Shulman, 2002). Despite its

reflexive, bottom-up nature, this ventral attentional system may also be

modulated by top-down influences, such as motivational salience, and can,

like the cognitively driven dorsal system, enhance activation of primary vis-

ual cortices (Small et al., 2005).

Another related, bottom-up mechanism can capture attention to fear-

eliciting stimuli by preconsciously activating the amygdala via a subcortical

route through the superior colliculi and pulvinar nuclei (LeDoux, 1996;

Ohman, 2005). This takes place more rapidly than a coactivated conscious

mechanism that utilizes the retino-geniculate pathway to the primary and

secondary visual cortices and then to the amygdala (LeDoux, 1996; Ohman,

2005). Amygdalar activation by either route can lead to enhanced attending
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to and more rapid, preferential processing of emotionally salient stimuli

(Ohman, 2005). Following amygdalar activation by either route, consciously

perceived fear is accompanied by a further increase in amygdala activity, as

well as by activation of anterior cingulate, insular, and orbitofrontal limbic

cortices and activation of midbrain periaqueductal gray areas associated with

behavioral responses (Ohman, 2005). However, dorsolateral prefrontal and

lateral orbitofrontal cortices are able to modulate amygdalar activation to

potentially fear-eliciting stimuli and attenuate consciously perceived fear

(Ohman, 2005). Therefore, top-down influences, such as competing con-

scious attentional demands, can attenuate even the collicular-pulvinar path-

way to emotional activation (Pessoa et al., 2003). Strong projections from

the basolateral amygdala to multimodal and unimodal association, as well as

some primary sensory cortices, support such bottom-up amygdalar biasing of

posterior sensory cortices (Heimer & Van Hoesen, 2006).

In sleep as in waking, limbic activation may underlie augmented sensitiv-

ity in areas of posterior unimodal cortices whose activation correlates with

REM density (Germain et al., 2004). In REM sleep, such limbic top-down

influences, for example from activated limbic medial prefrontal cortices, may

be strengthened' relative to competing external inputs or endogenous cogni-

tive activity. In the case of external (for example, acoustic) input, Maquet

and colleagues note that the temporo-parietal and inferior frontal gyrus areas

of Corbetta and Shulman’s (2002) ventral attentional system fall within

regions consistently hypoactive in REM sleep relative to waking. These

authors note further that noradrenergic modulation of this ventral atten-

tional system, that in waking facilitates rapid orientation to salient stimuli,

also reaches its nadir in REM. These authors, therefore, suggest that hypoac-

tivity and noradrenergic demodulation of these areas may greatly attenuate

the sleeper’s sensitivity to external stimuli (Dang-Vu et al., 2005a; Maquet

et al., 2005).

Similarly, although dorsal regions of lateral prefrontal cortex are not

invariably deactivated in REM relative to waking (Dang-Vu et al., 2005a;

Maquet et al., 2005), the DEPFC is deactivated in NREM relative to wak-

ing (Braun et al., 1997; Kaufmann et al., 2006; Maquet et al., 1997), has

been reported less active than in wake in some REM studies (Braun et al.,

1997; Maquet et al., 1996), and, unlike the limbic medial PEC, does not

reactivate to levels exceeding waking in REM (Braun et al., 1997; Nofzinger

et al., 1997). Therefore, in REM, it is reasonable to suppose that any top-

down influences on the sensitivity of unimodal primary and secondary corti-

ces to endogenously activated hallucinatory percepts will be biased toward

functions subserved by the relatively active limbic ventromedial cortices. In
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addition, diminished activity in lateral frontal cortices in REM (Maquet

et al., 2005) may weaken the ability of frontal, top-down influence to modu-

late emotional responses (Ohman, 2005) to dream imagery. Diminished

cortical connectivity as reflected in diminished antero-posterior oscillatory

coherence (Corsi-Cabrera et al., 2003; Massimini et al., 2005; Perez-Garci

et al., 2001) may further attenuate top-down influences during REM.

Therefore, differences in regional activation between waking and REM
sleep will alter the manner in which attention, emotion, and expectancy

modulate the sensitivity of uniniodal primary and secondary cortices to ex-

ogenous or endogenous stimuli. REM-associated activity in limbic-related

medial PFC may create a bias (see Miller & Cohen, 2001; Pessoa et al.,

2003) toward the generation of emotionally salient dream imagery in uni-

modal association cortices. That is, extrastriate regions may be sensitized to

attend to emotional imagery, while endogenous nonemotional imagery may

fail to persist in the face of weakened WM during sleep that results, in turn,

from deactivation of the lateral PFC (FFobson et al., 2000; Pace-Schott,

2005a).

During sleep, ascending activation of visual association cortices may evoke

ambiguous visual experiences that resolve into hallucinatory percepts congru-

ent with the ongoing dream plot (Pace-Schott, 2005b). If this is the case,

the internal consistency of dream plots may arise because the evolving dream

context itself influences which images will be next evoked or attended to.

Dreams may evolve by a “boot-strapping” process whereby current images

provide the dream context that thereby evokes or prioritizes succeeding

dream imagery (Pace-Schott, 2005b). During sleep, the dreamer lacks the full

WM capacities that provide a sense of continuity to our waking experience

(FFobson et al., 2000). Fience, the evolving plot can be strongly influenced

by immediate previous dream experience. In the face of weakened WM, top-

down limbic influence may provide an important added measure of plot

continuity by biasing association cortices toward generating or attending to

mood-congruent imagery. Therefore, in REM, augmented cortical and sub-

cortical limbic activity that is perhaps released from lateral prefrontal modu-

lation may adhere dream plots and imagery to their various emotional

themes (see Seligman & Yellen, 1987).

THE DEFAELT MODE IN SLEEP AND THE EXPERIENCE

OF SELF AND OTHERS IN DREAMS

Several functional neuroimaging investigators (for example, Czisch et al.,

2004; Kaufmann et al., 2006; Eaufs et al., 2006) have noted a relationship
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“baseline” mode of brain operation (Gusnard Sc Raichle, 2001; Raichle,

MacLeod, Snyder, Powers, Gusnard, & Shulman, 2001). The concept of a

waking default mode of brain operation derives from findings that there are

brain regions that characteristically decrease rCBF or BOLD signal in

response to a wide variety of goal-directed cognitive tasks (Raichle et ak,

2001). Elements of this default-mode network include (1) a posterior medial

parietal region that includes posterior cingulate, precuneus, and retrosplenial

cortices, (2) a lateral inferior parietal/superior temporal region within BA

39, 40, 22, and 19, (3) vmPFC, and (4) dmPFC. Under default mode con-

ditions, oscillatory activity in these regions shows considerable temporal syn-

chrony that is interpreted as a high “functional connectivity” (Greicius,

Krasnow, Reiss, & Menon, 2003).

Raichle and colleagues link the posterior medial parietal region of the wak-

ing default mode to a baseline visuospatial, dorsal-stream monitoring of stimuli

in a wide circumference of extra-personal space including the periphery

—

functions that may have evolutionary origins in the need to monitor surround-

ings for predators (Gusnard & Raichle, 2001; Raichle et al., 2001). These

authors similarly ascribe environmental monitoring of novel stimuli and biolog-

ical motion to lateral temporo-parietal components of the default mode

(Gusnard & Raichle, 2001). They ascribe activity in the vmPFC to the process-

ing of multimodal interoceptive and exteroceptive stimuli as well as one’s vis-

ceromotor and autonomic responses—emotion-related functions shown to be

reciprocally related to effortful cognition in neuroimaging studies (Gusnard Sc

Raichle, 2001). Lastly, they surest dmPFC baseline activity serves to process

stimulus-independent, introspective, self-referential cognitive, emotional, and

behavioral simulation and rehearsal (Gusnard Sc Raichle, 2001; Gusnard et al.,

2001). Analagously, Northoff et al. (2006) associate the vmPFC with a basic,

affective identification of self-related stimuli and the dmPFC with their con-

scious, cognitive appraisal. Northoff et al. (2006) associate posterior regions of

the waking default-mode (posterior cingulate, precuneus, retrosplenial corticesa

region known to be associated with a number of higher cognitive functions, see

Cavanna Sc Trimble, 2006) with retrieval of episodic and autobiographical

memory via their extensive connections with the hippocampus.

Clearly, during sleep including REM, one is not able to engage in the

exteroceptive effortful cognitive activity that Gusnard and Raichle (2001)

believe interrupts the brain’s waking default mode in order to redirect

resources toward the task at hand. In the absence of such effort, activity in

the brain’s waking default mode might be expected to arise with the reacti-

vation of the brain during REM sleep. Fiowever, during NREM, widespread

deactivation appears to attenuate even regions that show this waking
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baseline activity (Kaufmann et al., 2006). This widespread deactivation fol-

lows an initial persistence of the waking default mode during diminishing

attentiveness (Drummond et ak, 2005) and even, possibly, during early light

sleep (Fukunaga et ak, 2006). Kaufmann et al. (2006) link deactivation rela-

tive to waking in posterior, parietal default-mode regions with disengage-

ment from external stimuli in Stages 1 and 2 of NREM, and associate the

further deactivation of anterior default-mode regions with the further loss of

alertness in SWS.

In functional imaging studies of REM sleep, these posterior, parietal areas

of the waking default mode, especially the lateral inferior parietal regions,

remain deactivated relative to waking (Maquet et al., 2005). In contrast, por-

tions of the medial prefrontal anterior default networks (for example, ante-

rior cingulate, paracingulate, subgenual, and caudomedial orbitofrontal

cortices) reactivate to levels above NREM and can even exceed waking levels

as measured by rCBF or glucose metabolism (Braun et al., 1997; Maquet

et al., 1996; Nofzinger et ak, 1997; reviewed in Fiobson et ak, 2000). Brain

activation in REM relative to NREM appears most clearly in vmPFC
regions (Braun et ak, 1997; Maquet et ak, 1996; Nofzinger et ak, 1997,

2004)

,
although increases in dmPFC regions such as paracingulate (BA 32)

and BA 10 are also reported (Braun et ak, 1997; Maquet et ak, 2005).

During reactivation of the brain in REM, there are no external environ-

mental stimuli to which to attend (at least in the visuospatial domain) con-

tributing, perhaps, to the absence of activity in the posterior parietal

environmental-monitoring component of the waking default mode. More-

over, if as Northoff et ak (2006) suggest, posterior default-mode regions sub-

serve episodic and autobiographical memory retrieval, the dearth of such

memories in REM sleep dreaming (Fosse et ak, 2003) may also be further

explained (Fosse et ak, 2003). There is, however, enhanced activity in those

medial prefrontal regions of the default mode that Gusnard et ak (2001)

suggest attend to interoceptive stimuli and emotion (vmPFC) and introspec-

tive, self-referential behavioral simulation, and rehearsal (dmPFC). Braun

et ak (1998) have suggested that REM sleep is accompanied by enhanced

emotional processing of endogenous stimuli in the absence of exteroceptive

input. Such processing is reflected in selective reactivation of anterior regions

of the waking default mode along with localized activity in extrastriate visual

cortices (Braun et ak, 1997, 1998; Peigneux et ak, 2001; Wherle et ak,

2005)

.

In what ways is activity in this anterior midline region of the waking

default mode reflected in dreaming? As discussed above, the ubiquity of

emotional themes in dreams may be one manifestation of activity in these

regions. Activation of somatic markers and their associated memories might
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also be predicted to occur in dreams, although the relative paucity of viscero-

ceptive experience in dreams suggest that somatic markers operate in a hypo-

thetical central “as if’ mode (Damasio, 1996, 1999) that does not require

the re-experience of peripheral sensations (see Pace-Schott, 2001). Memory

and emotion linked by somatic markers may be evoked as integrated units

similar to what Grafman (2002) terms “structured event complexes,” and

such experiences may involve both self-referential emotions and feelings

involving others. In dreams, “others,” of course, are the dream characters

and the interactions and feelings of the dreamer toward dream characters

recruits “mentalizing” or ToM, a high-level cognitive skill in the social do-

main that appears to be well preserved in dreaming (Kahn & Hobson,

2005; McNamara, McLaren, Kowalczyk, & Pace-Schott, 2007; Pace-Schott,

2001 ).

ToM is mediated by brain networks subserving social cognition that

include medial prefrontal and anterior cingulate cortices, temporal poles and

amygdala, and the superior temporal sulcus (Blakemore et al., 2003; Castelli,

Happe, Frith, & Frith, 2000; Fletcher et al., 1995; Goel, Grafman, Sadato,

& Hallett, 1995; Gallagher et al., 2000; Vogeley et al., 2001). ToM skills

have been associated with a variety of cortical (Hynes, Baird, & Grafton,

2005; Rilling, Sanfey, Aronson, Nystrom, & Cohen, 2004; Samson, Apperly,

Chiavarino, & Humphreys, 2004; Saxe & Kanwisher, 2003; Saxe & Wexler,

2005; Stone, Baron-Cohen, & Knight, 1998; Stuss, Gallup, & Alexander,

2001; Stuss & Anderson, 2004) and subcortical areas (Grezes, Frith, & Pas-

singham, 2004; Calarge, Andreason, Sc O’Leary, 2003; Rilling et al., 2004).

However, areas most consistently activated in neuroimaging studies of ToM
tasks include the medial prefrontal cortex (especially the paracingulate cortex

in BA 32), superior temporal sulcus, and temporal poles including the amyg-

dala (Amodio & Frith, 2006; Brune & Brune-Cohrs, 2005; Frith & Frith,

2003, 2006; Gallagher Sc Frith, 2003; Harris, Todorov, Sc Fiske, 2005; Sie-

gal Sc Varley, 2002). Therefore, ToM-related brain regions include areas

that, in REM, are strongly activated relative to NREM and waking. REM-
associated activity in these areas, especially the medial prefrontal cortex, has

been suggested as the substrate of mentalizing in dreams, as well as the brain

activity that underlies the ubiquity of social interactions and highly salient

interpersonal emotions in dream plots (Dang-Vu et al., 2005a; Kahn Sc

Hobson, 2005; Maquet et al., 2005; Pace-Schott 2001, 2003, 2005a).

OUTSTANDING QUESTIONS

Much of the above is necessarily speculative, and many outstanding ques-

tions remain. Three of many examples follow. First is the above-discussed
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association of waking confabulation with medial prefrontal damage, but

dream “confabulation” with enhanced activity of these same regions. Second

NREM dreams, although explicable in terms of Nielsen’s 2000 “covert

REM” theory (see Pace-Schott, 2005a, for discussion), do not arise from the

same sustained limbic-activated, lateral-PFC demodulated, substrate as REM
dreams. Because distinct NREM-related deactivation relative to waking

occurs in the very medial prefrontal areas that become highly active in REM
(Dang-Vu, 2005b; Kaufmann et al., 2006), how can the more transient acti-

vational events of NREM produce typical dream-like features? Third, it

appears paradoxical that the inferior parietal cortex, the brain area where iso-

lated, site-specific damage most often results in global dream cessation

(Solms, 1997), is also a region consistently deactivated in REM (Maquet

et al., 2005). Therefore, despite relative inactivity in both NREM and REM
sleep, the inferior parietal cortex, especially in the right hemisphere, must

participate in key functions of dreaming such as spatial cognition (Hobson

et al., 2000; Pace-Schott, 2005a; Solms, 1997). Clearly, many more questions

are raised than are answered in the previous discussion, and it is important

to remember that far less is known about the brain bases of sleep mentation

than of waking cognition. Therefore, new neurobiological discoveries bearing

on both states of consciousness may, in the future, dramatically alter our

understanding of the cognitive neuroscience of dreams.

SUMMARY AAD CONCLUSION

The role of the PEC in dreaming is one of combined release of top-down

control by lateral and dorsal regions and enhanced influence of medial lim-

bic regions on posterior association cortices involved in perception and

memory. These processes closely interact because, in sleep, medial PFC

regions are themselves released from lateral PFC modulation. As a result,

dream consciousness is characterized by both diminished cognitive control

and reality monitoring and biases toward personally salient emotional and

interpersonal themes. Such “limbic bias” may impact not only dream plot

and theme but, via top-down effects on posterior cortices, may influence the

construction of or attention to actual hallucinated imagery evoked from

memory or created de novo. Diminished WM attributable to weakened lat-

eral PFC activity may, in dreams, increase the relative importance of dream

context to evoked or attended to imagery that, along with the above limbic

influences, may allow the remarkable internal consistency of dream plots.

Dream plots may emerge in a manner analogous to spontaneous confabula-

tion with the dreamer’s uncritical acceptance of emerging imagery, along

with a willingness to accept and explain, however illogically, bizarre
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occurrences and gaps in knowledge. In both dreaming and confabulation,

one may see revealed humans’ innate tendency to organize and explain expe-

rience in terms of story-like narratives without the constraints of logic and

plausibility that exist in normal waking.

REFERKrVCES

Achermann, P., Finelli, L. A., & Borbely, A. A. (2001). Unihemispheric enhancement of

delta power in human frontal sleep EEG by prolonged wakefulness. Brain Research,

913, 220-223.

Aghajanian, G. K., & Marek, G. J. (1999). Serotonin and hallucinations. Neuropsycho-

pharmacology, 21, 16S-23S.

Amodio, D. M., & Frith, C. D. (2006). Meeting of minds: The medial frontal cortex

and social cognition. Nature Reviews Neuroscience, 7, 268-277.

Andersson, J., Onoe, H., Hetta, J., Eindstrom, K., Valind, S., Eilja, A., et al. (1998).

Brain networks affected by synchronized sleep visualized by positron emission tomog-

raphy. of Cerebral Blood Flow & Metabolism, 18, 701-715.

Antrobus, J. S. (1987). Cortical hemisphere asymmetry and sleep mentation. Psychologi-

cal Review, 94, 359-368.

Antrobus, J. S. (1^90) The neurocognition of sleep mentation: Rapid eye movements,

visual imagery, and dreaming. In R. Bootzin, J. Kihlstrom, & D. Schacter (Eds.), Sleep

and cognition (pp. 3-24). Washington, DC: American Psychological Association.

Arnsten, A. F. T. (1997). Catecholamine regulation of the prefrontal corttx. Journal of

Psychopharmacology, 11, 151-162.

Arnsten, A. F. T., & Robbins, T. W. (2002). Neurochemical modulation of prefrontal

cortical function. In D. T. Stuss & R. T. Knight (Eds.), Principles offrontal lobefunc-

tion (pp. 51-84). Oxford: Oxford University Press.

Balkin, T. J., Braun, A. R., Wesensten, N. J., Jeffries, K., Varga, M., Baldwin, P., et al.

(2002) The process of awakening: A PET study of regional brain activity patterns

mediating the reestablishment of alertness and consciousness. Brain, 125, 2308-2319.

Barbas, Ff. (2000). Complementary roles of prefrontal cortical regions in cognition,

memory, and emotion in primates. Advances in Neurology, 84, 87-110.

Barbas, Ff., Saha, S., Rempel-Clower, N., Ghashghaei, T. (2003). Serial pathways from

primate prefrontal cortex to autonomic areas may influence emotional expression.

BMC Neuroscience, 4, 25.

Bechara, A., Damasio, FI., & Damasio, A.R. (2000). Emotion, decision-making and the

orbitofrontal cortex. Cerebral Cortex, 10, 295-307.

Bertini, M., De Gennaro, E., Ferrara, M., Curcio, G., Romei, V., Fratello, F., et al.

(2004). Reduction of transcallosal inhibition upon awakening from REM sleep in

humans as assessed by transcranial magnetic stimulation. Sleep, 27, 875-882.

Blakemore, S. J., Boyer, P., Pachot-Clouard, M., Meltzoff, A., Segebarth, C., & Decety, J.

(2003). The detection of contingency and animacy from simple animations in the

human brain. Cerebral Cortex, 13, 837-844.

Borbely, A. A. (2001). From slow waves to sleep homeostasis: New perspectives. Archives

Italiennes de Biologie, 139, 53-61.



I'he Frontal Lobes and Dreaming 143

Bom, A. P., Law, L, Lund, T. E., Rostrup, E., Hanson, E. G., Wildschiodtz, G., et al.

(2002). Cortical deactivation induced by visual stimulation in human slow-wave

sleep. Neuroimage, 17, 1325-1335.

Botvinick, M. M., Cohen, J. D., & Carter, C. S. (2004). Conflict monitoring and ante-

rior cingulate cortex: An update. Trends in Cognitive Sciences, 8, 539-546.

Braun, A. R., Balkin, T. J., Wesensten, N. J., Carson, R. E., Varga, M., Baldwin, P., et al.

(1997). Regional cerebral blood flow throughout the sleep-wake cycle. Brain, 120,

1173-1197".

Braun, A. R., Balkin, N. J., Wesensten, F. Gwadry, R. E., Carson, M., Varga, P., et al.

(1998). Dissociated pattern of activity in visual cortices and their projections during

human rapid eye-movement sleep. Science, 279, 91-95.

Braun, A. R., Guillemin, A., Hosey, L., & Varga, M. (2001). The neural organization of

discourse: An H2 150-PET study of narrative production in English and American

sign language. Brain, 124, 2028-2044.

Brown, M. W., & Aggleton, J. P. (2001). Recognition memory: What are the roles of

the perirhinal cortex and hippocampus. Nature Reviews Neuroscience, 2, 51-61.

Brune, M., & Brune-Cohrs, U. (2006). Theory of mind-evolution, ontogeny, brain

mechanisms and psychopathology. Neuroscience & Biobehavioral Reviews, 30,

437-455.

Cajochen, C., Foy, R., & Dijk, D. J. (2000). Frontal predominance of a relative increase

in sleep delta and theta EEC activity after sleep loss in humans. Sleep Research

Online, 2, 65-69.

Calarge, C., Andreasen, N. C., & O’Eeary, D. S. (2003). Visualizing how one brain

understands another: A PET study of theory of mind. American Journal ofPsychiatry,

160, 1954-1964.

Cantero, J. E., Atienza, M., Madsen, J. R., & Stickgold, R. (2004). Gamma EEC dynam-

ics in neocortex and hippocampus during human wakefulness and sleep. Neuroimage,

22, 1271-1280.

Cantero, J. E., Atienza, M., & Salas, R. M. (2000). State-modulation of cortico-cortical

connections underlying normal EEC alpha variants. Physiology & Behavior, 71,

107-115.

Cantero,]. E., Atienza, M., Salas, R. M., & Gomez, C. M. (1999). Alpha EEC coherence

in different brain states: An electrophysiological index of the arousal level in human

subjects. Neuroscience Letters, 271, 167-170.

Castelli, F., Happe, F., Frith, U., & Frith, C. (2000). Movement and mind: A functional

imaging study of perception and interpretation of complex intentional movement

patterns. Neuroimage, 12, 314-325.

Cavallero, C., Cicogna, P., Natale, V., Occhionero, M., & Zito, A. (1992). Slow wave

sleep dreaming. Sleep, 15, 562-566.

Cavanna, A. E., & Trimble, M. R. (2006). The precuneus: A review of its functional

anatomy and behavioural correlates. Brain, 129, 564-583.

Christoff, K., Ream, J. M., Geddes, E. P., Sc Gabrieli, J. D. (2003). Evaluating self-gener-

ated information: Anterior prefrontal contributions to human cognition. Behavioral

Neuroscience, 117, 1161-1168.

Collette, F., Sc Van der Einden, M. (2003). Brain imaging of the central executive com-

ponent of working memory. Neuroscience & Biobehavioral Reviews, 26, 105-125.



144 Biological Aspects

Conduit, R., Crewther, S. G., Bruck, D., & Coleman, G. (2002). Spontaneous eyelid

movements during human sleep: A possible ponto-geniculo-occipital analogue? Jour-

nal of Sleep Research, 11, 95-104.

Conduit, R., Crewther, S. G., & Coleman, G. (2004). Spontaneous eyelid movements

(ELMS) during sleep are related to dream recall on awakening. Journal of Sleep

Research, 13, 137-144.

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and stimulus-driven

attention in the brain. Nature Reviews Neuroscience, 3, 201-215.

Corsi-Cabrera, M., Miro, E., del-Rio-Portilla, Y., Perez-Gard, E., Villanueva, Y., &
Guevara, M. A. (2003). Rapid eye movement sleep dreaming is characterized by

uncoupled EEG activity between frontal and perceptual cortical regions. Brain &
Cognition, 51, 337-345.

Courtney, S. M., Petit, L., Haxby, J. V., & Ungerleider, L. G. (1998). The role of prefrontal

cortex in working memory: Examining the contents of consciousness. Philosophical

Transactions ofthe Royal Society ofLondon, Series B, Biological Sciences, 353, 1819-1828.

Czisch, M., Wehrle, R., Kaufmann, C., Wetter, T. C., Holsboer, F., Pollmacher, T.,

et al. (2004). Functional MRI during sleep: BOLD signal decreases and their electro-

physiological correlates. European Journal ofNeuroscience, 20, 566-574.

Czisch, M., Wetter, T. C., Kaulmann, C., Pollmacher, T., Elolsboer, F., & Auer, D. P.

(2002). Altered processing of acoustic stimuli during sleep: Reduced auditory activa-

tion and visual deactivation detected by a combined fMRI/EEG study. Neuroimage,

16, 251-258.

Damasio, A. R. (1996). The somatic marker hypothesis and the possible functions of

the prefrontal cortex. Philosophical Transactions of the Royal Society ofLondon, Series

B, Biological Sciences, 351, 1413-1420.

Damasio, A. (1999). Thefeeling ofwhat happens: Body and emotion in the making ofcon-

sciousness. San Diego, CA: Harcourt.

Damasio, A. (2003). Feelings of emotion and the self Annals of the New York Academy

of Science, 1001, 253-261.

Dang-Vu, T. T., Desseilles, M., Albouy, G., Darsaud, A., Gais, S., Rauchs, S., et al. (2005a).

Neuroimaging of dreaming. Swiss Archives ofNeurology & Psychiatry, 156, 426-439.

Dang-Vu, T. T., Desseilles, M., Laureys, S., Degueldre, C., Perrin, F., Phillips, C., et al.

(2005b). Cerebral correlates of delta waves during non-REM sleep revisited. Neuro-

Image, 28, 14-21.

Datta, S., Siwek, D. F., Patterson, E. H., & Cipolloni, P. B. (1998). Localization of pon-

tine PGO wave generation sites and their anatomical projections in the rat. Synapse,

30, 409-423.

De Gennaro, L., Vecchio, F., Ferrara, M., Curcio, G., Rossini, P. M., & Babiloni, C.

(2004). Changes in fronto-posterior functional coupling at sleep onset in humans.

Journal ofSleep Research, 13, 209-217.

Derrfuss, J., Brass, M., Neumann, J., Sc von Cramon, D. Y. (2005). Involvement of the

inferior frontal junction in cognitive control: Meta-analyses of switching and stroop

studies. Human Brain Mapping, 25, 22-34.

D’Esposito, M., Aguirre, G. K., Zarahn, E., Ballard, D., Shin, R. K., & Lease, J. (1998).

Functional MRI studies of spatial and nonspatial working memory. Brain Research.

Cognitive Brain Research, 7, 1-13.



The Frotttal Lobes and Dfeamiiig l45

D’Esposito, M., Postle, B. R., & Rypma, B. (2000). Prefrontal cortical contributions to

working memory: Evidence from event-related fMRI stuciies. Experimental Brain

Research, 133, 3-11.

D’Esposito, M., & Postle, B. R. (2002). The organization of working memory function

in lateral prefrontal cortex: Evidence from event-related Rmctional MRl. In D. T.

Stuss & R. T. Knight (Eds.), Principles offrontal lobefunction (pp. 168-187). Oxford:

Oxford University Press.

Devinsky, O., Morrell, M. J., 6c Vogt, B. A. (1995). Contributions of anterior cingulate

cortex to behavior. Brain, 118, 279-306.

Dietrich, A. (2003). Eunctional neuroanatomy of altered states ot consciousness: The

transient hypofrontality hypothesis. Conscious Cognition, 12, 231-256.

Drummond, S. P., Bischofl-Grethe, A., Dinges, D. E., Ayalon, E., Mednick, S. C., &
Meloy, M. J. (2005). The neural basis of the psychomotor vigilance task. Sleep, 28,

1059-1068.

Domhoff, G. W. (2003). The scientific study of dreams: Neural networks, cognitive devel-

opment, and content analysis. Washington, DC: American Psychological Association.

Doricchi, E., & Violani, C. (1992). Dream recall in brain damaged patients: A contribu-

tion to the neuropsychology of dreaming through a review of the literature. In J. S.

Antrobus & M. Bertini (Eds.), The neuropsychology of sleep and dreaming (pp. 99-

140). Elillsdale, NJ: Lawrence Erlbaum.

Duncan, J. (2001). An adaptive coding model of neural function in prefrontal cortex.

Nature Reviews Neuroscience, 2, 820-829.

Duncan, J., & Miller, E. K. (2002). Cognitive focus through adaptive neural coding in

the primate prefrontal cortex. In D. T. Stuss & R. T. Knight (Eds.), Principles of

frontal lobefunction (pp. 278-291). Oxford: Oxford University Press.

Duncan J., & Owen, A. M. (2000). Common regions of the human frontal lobe

recruited by diverse cognitive demands. Trends in Neurosciences, 23, 475-483.

Engel, A. K., Eries, P., & Singer, W. (2001). Dynamic predictions: Oscillations and syn-

chrony in top-down processing. Nature Reviews Neuroscience, 10, 704-716.

Ferre S., Fredholm, B. B., Morelli, M., Popoli, P., & Fuxe, K. (1997). Adenosine-dopamine

receptor-receptor interactions as an integrative mechanism in the basal ganglia. Trends

in Neurosciences, 20, 482-487.

Ffytche, D. H., Howard, R. J., Brammer, M. J., David, A., Woodruff, P., & Williams, S.

(1998). The anatomy of conscious vision: An fMRI study of visual hallucinations.

Nature Neuroscience, 1, 738-742.

Finelli, L. A., Borbely, A. A., & Achermann, P. (2001). Functional topography of the

human nonREM sleep electroencephalogram. European Journal oj Neuroscience, 13,

2282-2290.

Finelli, L. A., Landolt, H. P., Buck, A., Roth, C., Berthold, T., Borbely, A. A., et al.

(2000). Functional neuroanatomy of human sleep states after zolpidem and placebo:

A H2150-PET ‘sx-wBy. Journal ofSleep Research, 9, 161-173.

Fletcher, P. C., Happe, F., Frith, U., Baker, S. C., Dolan, R. J.,
Frackowiak, R. S. J., et al.

(1995). Other minds in the brain: A functional imaging study of theory of mind

in story comprehension. Cognition, 57, 109-128.

Fletcher, P. C., & Henson, R. N. (2001). Frontal lobes and human memory: Insights

from functional neuroimaging. Brain, 124, 849-881.



146 Biological Aspects

Fosse, M., Fosse, R., Fiobson, J. A., & Stickgold, R. (2003). Dreaming and episodic

memory: A functional dissociation? Journal of Cognitive Neuroscience, 15, 1-9.

Foulkes, D. (1962). Dream reports from different stages of Journal ofAbnormal

and Social Psychology, 65, 14-25.

Foulkes, D. (1996). Dream research: 1953-1993. Sleep, 19, 609-624.

Foulkes, D., & Vogel, G. (1965). Mental activity at sleep onset. Journal ofAbnormal Psy-

chology, 70, 231-243.

Frith, C. D., & Frith, U. (2006). The neural basis of mentalizing. Neuron, 50, 531-534.

Frith, U., & Frith, C. D. (2003). Development and neurophysiology of mentalizing.

Philosophical Transactions oj the Royal Society ofLondon, Series B, Biological Sciences,

358, 459-473.

Fukunaga, M., Horovitz, S. G., Jacco, D. A., Peter, V., Susan, F. C., Balkin, T. J., et al.

(2006). Spatio-temporal characteristics of fMRI signal fluctuation during light sleep.

Sleep, 29, Nl^^).

Fuster, J. M. (1997). The prefrontal cortex: Anatomy, physiology, and neuropsychology of

thefrontal lobe. Philadelphia, PA: Lippincott, Williams, Sc Wilkins.

Gallagher, H. L., & Frith, C. D. (2003). Functional imaging of “theory of mind.” Trends

in Cognitive Sciences, 7, 77-83.

Gallagher, H. L., Happe, F., Brunswick, N., Fletcher, P. C, Frith, U., & Frith, C. D.

(2000). Reading the mind in cartoons and stories: An fMRI study of “theory of

mind” in verbal and nonverbal tasks. Neuropsychologia, 38, 11-21.

Germain, A., Buysse, D. J., Wood, A., & Nofzinger, E. (2004). Functional neuroanatom-

ical correlates of eye movements during rapid eye movement sleep in depressed

patients. Psychiatry Research, 130, 259-268.

Goel, V., Grafman, ]., Sadato, N., & Hallett, M. (1995). Modeling other minds. Neuro-

Report, 6, 1741-1746.

Goldberg, E. (2001). The executive brain: Frontal lobes and the civilized mind. Oxford:

Oxford University Press.

Goldman-Rakic, P. S. (1996). The prefrontal landscape: Implications of functional archi-

tecture for understanding human mentation and the central executive. Philosophical

Transactions of the Royal Society of London, Series B, Biological Sciences, 351,

1445-1453.

Gottesmann, C. (2002a). The neurochemistry of waking and sleeping mental activity:

The disinhibition-dopamine hypothesis. Psychiatry & Clinical Neurosciences, 56,

345-354.

Gottesmann, C. (2002b). Dreaming: Monoaminergic disinhibition hypothesis. In E.

Perry, H. Ashton, & A. Young (Eds.), Neurochemistry ofconsciousness: Transmitters in

mind (pp. 133-146). Amsterdam: John Benjamins Publishing Company.

Gottesmann, C. (2006). The dreaming sleep stage: A new neurobiological model of

s,(3A\zop\vtim.Ti Neuroscience, 140, 1105-1115.

Grafman, J. (2002). The structured event complex and the human prefrontal cortex. In

D. T. Stuss & R. T. Knight (Eds.), Principles offontal lobe function (pp. 292-310).

Oxford: Oxford University Press.

Greicius, M. D., Krasnow, B., Reiss, A. E., & Menon, V. (2003). Eunctional connectivity

in the resting brain: A network analysis of the default mode hypothesis. Proceedings

ofthe National Academy ofSciences ofthe United States ofAmerica, 100, 253-258.



The Frontal Lobes and Dreaiiiing 147

Grezes, J., Frith, C. D., & Passingham, R. E. (2004). Inferring false beliefs from the

actions of oneself and others: An fMRI study. Neuroimage, 21, 744-750.

Gross, D. W., &: Gotman, J. (1999). Correlation of high-frequency oscillations with the

sleep-wake cycle and cognitive activity in humans. Neuroscience, 94, 1005-1018.

Guevara, M. A., Lorenzo, I., Arce, C., Ramos, J., & Corsi-Cabrera, M. (1995). Inter-

and intrahemispheric EEG correlation during sleep and wakefulness. Sleep, 18,

257-265.

Gusnard, D. A., Akbudak, E., Shulman, G. L., & Raichle, M. E. (2001). Medial prefron-

tal cortex and self-referential mental activity: Relation to a default mode of brain

function. Proceedings of the National Academy oj Sciences oj the United States ofAmer-

ica, 98, 4259-4264.

Gusnard, D. A., & Raichle, M. E. (2001). Searching for a baseline: Functional imaging

and the resting human brain. Nature Reviews Neuroscience, 2, 685-694.

Harris, L. T., Todorov, A., & Fiske, S. T. (2005). Attributions on the brain: Neuro-

imaging dispositional inferences, beyond theory of mind. Neuroimage, 28, 765-769.

Heimer, L., & Van Hoesen, G. W. (2006). The limbic lobe and its output channels:

Implications for emotional functions and adaptive behavior. Neuroscience & Bioheha-

vioral Reviews, 30, 126-147.

Hirstein, W. (2005). Brain fiction, self deception and the riddle of confabulation. Cam-

bridge, MA: MIT Press.

Hobson, J. A. (1988). The dreaming brain. New York: Basic Books.

Hobson, J. A. (1999). Dreaming as delirium. Cambridge, MA: The MIT Press.

Hobson, J. A., & McCarley, R. (1977). The brain as a dream state generator: An activa-

tion-synthesis hypothesis of the dream process. American Journal of Psychiatry, 134,

1335-1348.

Hobson, J. A., Pace-Schott, E. F. & Stickgold, R. (2000). Dreaming and the brain: To-

ward a cognitive neuroscience of conscious states. Behavioral & Brain Sciences, 23,

793-842.

Hofle, N., Paus, T., Reutens, D., Fiset, P., Gotman, J., Evans, A. C., et al. (1997). Re-

gional cerebral blood flow changes as a function of delta and spindle activity during

slow wave sleep in humans. The Journal ofNeuroscience, 17, 4800—4808.

Hong, C. C. H., Gillin, J. C., Dow, B. M., Wu, J. & Buchsbaum, M. S. (1995). Local-

ized and lateralized cerebral glucose metabolism associated with eye movements dur-

ing REM sleep and wakefulness: A positron emission tomography (PET) study. Sleep,

18, 570-580.

Hynes, C. A., Baird, A. A., & Grafton, S. T. (2005). Differential role of the orbital

frontal lobe in emotional versus cognitive perspective-taking. Neuropsychologia, 44,

374-383.

Inoue, S., Saha, U. K., & Musha, T. (1999). Spatio-temporal distribution of neuronal

activities and REM sleep. In B. N. Mallick & S. Inoue (Eds.), Rapid eye movement

sleep (pp. 214-220). New York: Marcel Dekker.

loannides, A. A., Corsi-Cabrera, M., Fenwick, P. B., del-Rio-Portilla, Y., Laskaris, N. A.,

Khurshudyan, A., et al. (2004). MEG tomography of human cortex and brainstem

activity in waking and REM sleep saccades. Cerebral Cortex, 14, 56-72.

Jonides, J.,
Badre, D., Curtis, C., Thompson-Schill, S. L., & Smith, E. E. (2002). Mecha-

nisms of conflict resolution in prefrontal cortex. In D. T. Stuss, & R. T. Knight



148 Biological AvSpecis

(Eds.), Principles offrontal lobe function, (pp. 233-245). Oxford: Oxford University

Press.

Kahn, D., & Hobson, J. A. (2005). Theory of mind in dreaming: Awareness of feelings

and thoughts of others in dreams. Dreaming, IS, 48-57.

Kahn, D., Pace-Schott, E. E., & Hobson, J. A. (1997). Consciousness in waking and

dreaming: The roles of neuronal oscillation and neuromodulation in determining

similarities and differences. Neuroscience, 78, 13-38.

Kahn, D., Stickgold, R., Pace-Schott, E. F., & Hobson, J. A. (2000). Dreaming and waking

consciousness: A character recognition study. Journal ofSleep Research, 9, 317-325.

Kajimura, N., Uchiyama, M., Takayama, Y., Uchida, S., Uema, S., Uema, T., et al. (1999).

Activity of midbrain reticular formation and neocortex during the progression of

human non-rapid eye movement sleep. The Journal ofNeuroscience, 19, 10065-10073.

Kaufmann C., Wehrle, R., Wetter, T. C., Holsboer, F., Auer, D. P., & Pollmacher, T.

(2006). Brain activation and hypothalamic functional connectivity during human

non-rapid eye movement sleep: An EEG/fMRI study. Brain, 129, 655-667.

Kjaer, T. W., Law, I., Wiltschiotz, G., Paulson, O. B., & Madsen, P. L. (2002). Regional

cerebral blood flow during light sleep-a H2150-PET study. Journal of Sleep Research,

11, 201-207.

Koechlin, E., Ody, C., & Kouneiher, F. (2003). The architecture of cognitive control in

the human prefrontal cortex. Science, 302, 1181-1185.

Krain, A. L., Wilson, A. M., Arbuckle, R., Castellanos, F. X., & Milham, M. P. (2006).

Distinct neural mechanisms of risk and ambiguity: A meta-analysis of decision-making.

Neuroimage, 32, 477-484.

Kringelbach, M. L. (2005). The human orbitofrontal cortex: Linking reward to hedonic

experience. Nature Reviews Neuroscience, 6, 691-702.

Kringelbach, M. L., & Rolls, E. T. (2004). The functional neuroanatomy of the human

orbitofrontal cortex: Evidence from neuroimaging and neuropsychology. Progress in

Neurobiology, 72, 341-372.

Laufs, H., Holt, J. L., Elfont, R., Krams, M., Paul, J. S., Krakow K., et al. (2006). Where

the BOLD signal goes when alpha EEG leaves. Neuroimage, 31, 1408-1418.

Lavie, P., & Tzischinsky, O. (1985). Cognitive asymmetry and dreaming: Lack of ttldi-

tionship. American Journal ofPsychology, 98, 353-361.

LeDoux, J. (Ed.). (1996). The emotional brain. New York: Simon and Schuster.

Levy, R., & Goldman-Rakic, P. S. (2000). Segregation of working memory functions

within the dorsolateral prefrontal cortex. Experimental Brain Research, 133, 23-32.

Elinas, R. & Ribary, U. (1993). Coherent 40-Hz oscillation characterizes dream state in

humans. Proceedings oj'the National Academy of Sciences of the United States ofAmer-

ica, 90, 2078-2081.

Lovblad, K. O., Thomas, R., Jakob, P. M., Scammell, T., Bassetti, C., Griswold, M., et al.

(1999). Silent functional magnetic resonance imaging demonstrates focal activation

in rapid eye movement sleep. Neurology, 53, 2193-2195.

Lu, J., Sherman, D., & Saper, C. B. (2006). Neuronal substrates of the ascending reticu-

lar activating system (ARAS). Sleep, 29, A19.

Madsen, P. C., Holm, S., Vorstup, S., Friberg, L., Lassen, N. A., & Wildschiodtz, L. F.

(1991). Human regional cerebral blood flow during rapid eye movement s\ttp. Jour-

nal of Cerebral Blood Flow & Metabolism, 11, 502-507.



The Frontal Lobes and Dreainiiig 149

Manford, M., & Andermann, F. (1998). Complex visual hallucinations: Clinical and

neurobiological insights. Brain, 121, 1819-1840.

Maquet, P. (1995). [Contribution of positron emission tomography in the study of wake-

fulness and sleep. Status of the question]. Neurophysiologie Clinique, 25, 342-350.

Maquet, P. (2000). Functional neuroimaging of normal human sleep by positron emis-

sion iomo^2ip\\y. Journal ofSleep Research, 9, 207-231.

Maquet, P., Degueldre, C., Delfiore, G., Aerts, J., Peters, J. M., Luxen, A., et al. (1997).

Functional neuroanatomy of human slow wave sleep. The Journal ofNeuroscience, 1 7,

2807-2812.

Maquet, P., Peters, J. M., Aerts, J., Delfiore, G., Degueldre, C., & Luxen, A. (1996).

Functional neuroanatomy of human rapid-eye-movement sleep and dreaming. Na-

ture, 383, 163-166.

Maquet, P., Ruby, P., Maudoux, A., Albouy, G., Sterpenich, V., Dang-Vu, T., et al.

(2005). Human cognition during REM sleep and the activity profile within frontal

and parietal cortices: A reappraisal of functional neuroimaging data. Progress Brain

Research, ISO, 219-227.

Mar, R. A. (2004). The neuropsychology of narrative: Story comprehension, story pro-

duction and their interrelation. Neuropsychologia, 42, 1414-1434.

Massimini, M., Ferrarelli, F., Huber, R., Esser, S. K., Singh, H., & Tononi, G. (2005).

Breakdown of cortical effective connectivity during sleep. Science, 309, 2228-2232.

McNamara, P., McLaren, D., Kowalczyk, S., & Pace-Schott, E. F. (2007). “Theory of

mind” in REM and NREM dreams. In D. L. Barrett, & P. McNamara (Eds.), The

new science ofdreaming. Westport, CT: Praeger Publishers.

Mesulam, M. M. (2002). The human frontal lobes: Transcending the default mode

through contingent encoding. In D.T. Stuss, & R.T. Knight (Eds.), Principles offron-

tal lobefunction (pp. 8-30). Oxford: Oxford University Press.

Mesulam, M. M., Hersh, L. B., Mash, D. C., & Geula C., (1992). Differential choliner-

gic innervation within functional subdivisions of the human cerebral cortex: A cho-

line acetyltransferase study. Journal oj Comparative Neurology, 318, 316-328.

Miller, E. K. (1999). Neurobiology. Straight from the top. Nature, 401, 650-651.

Miller, E. K. (2000). The prefrontal cortex and cognitive control. Nature Reviews Neuro-

science, 1, 59-65.

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cortex func-

tion. Annual Reviews ofNeuroscience, 24, 167-202.

Moscovitch, M., & Winocur, G. (2002). The frontal cortex and working with memory.

In D. T. Stuss & R. T. Knight (Eds.), Principles offrontal lobe function (pp. 392-

407). Oxford: Oxford University Press.

Muzur, A., Pace-Schott, E. F., & Hobson, J. A. (2002). The prefrontal cortex in sleep.

Trends in Cognitive Sciences, 6, 475-481.

Nielsen, T. A. (1999). Mentation during sleep: The NREM/REM distinction. In R.

Lydic, & H. A. Baghdoyan (Eds.), Handbook of behavioral state control: Molecular

and cellular mechanisms (pp. 101-128). Boca Raton, FL: CRC Press.

Nielsen, T. A. (2000). Mentation in REM and NREM sleep: A review and possible rec-

onciliation of two models. Behavioral & Brain Sciences, 23, 851-866.

Nofzinger, E. A., Berman, S., Fasiczka, A., Miewald, J. M., Meltzer, C. C., Price, J. C.,

et al. (2001). Effects of bupropion SR on anterior paralimbic function during waking



150 Biological Aspects

and REM sleep in depression: Preliminary findings using [18F] FDG PET. Psychiatry

Research, 106, 95-111.

Nofzinger, E. A., Buysse, D. J., Germain, A., Carter, C., Luna, B., Price, J. C., et al. (2004).

Increased activation of anterior paralimbic and executive cortex from waking to rapid

eye movement sleep in depression. Archives of General Psychiatry, 61, 695-702.

Nofzinger, E. A., Buysse, D. J., Miewald, J. M., Meltzer, C. C., Price, J. C., Sembrat, R.

C., et al. (2002). Human regional cerebral glucose metabolism during non-rapid eye

movement sleep in relation to waking. Brain, 125, 1105-1115.

Nofzinger, E. A., Mintun, M. A., Wiseman, M. B., Kupfer, D. J., & Moore, R. Y.

(1997). Forebrain activation in REM sleep: An FDG PET study. Brain Research,

770, 192-201.

Nofzinger, E. A., Nichols, T. E., Meltzer, C. C., Price, J., Steppe, D. A., Miewald, et al.

(1999). Changes in forebrain function from waking to REM sleep in depression: Pre-

liminary analysis of [18F] FDG PET studies. Psychiatry Research: NeuroImaging, 91,

59-78.

Northoff, G., Heinzel, A., de Greek, M., Bermpohl, F., Dobrowolny, H., & Panksepp, J.

(2006). Self-referential processing in our brain—a meta-analysis of imaging studies

on the self Neuroimage, 31, 440-457.

Ohman A. (2005). The role of the amygdala in human fear: Automatic detection of

threat. Psychoneuroendocrinology, 30, 953-958.

Pace-Schott, E. F. (2001). “Theory of mind,” social cognition and dreaming. Sleep

Research Society Bulletin, 7, 33-36.

Pace-Schott, E. F. (2003). Recent findings on the neurobiology of sleep and dreaming.

In E. F. Pace-Schott, M. Solms, M. Blagrove, Sc S. Harnad (Eds.), Sleep and dream-

ing: Scientific advances and reconsiderations (pp. 335-350). Cambridge, MA: Cam-

bridge University Press.

Pace-Schott, E. F. (2005a). The neurobiology of dreaming. In M. H. Kryger, T. Roth, &
W. C. Dement (Eds.), Principles and practice ofsleep medicine (4th ed., pp. 551-564).

Philadelphia, PA: Elsevier.

Pace-Schott, E. F. (2005b). Complex hallucinations in waking suggest mechanisms of

dream construction. Behavioral & Brain Sciences, 28, 771-772.

Pace-Schott, E. F., & Hobson, J. A. (2002a). The neurobiology of sleep: Genetic mecha-

nisms, cellular neurophysiology and subcortical networks. Nature Reviews Neuro-

science, 3, 591-605.

Pace-Schott, E. F., & Hobson, J. A. (2002b). Basic mechanisms of sleep: New evidence

on the neuroanatomy and neuromodulation of the NREM-REM cycle. In D. J.

Charney, Coyle, K. Davis, & C. Nemeroff (Eds.), American College of Neuropsycho-

pharmacology, Fifth Generation of Progress (pp. 1859-1877). New York: Lippincott,

Williams Sc Wilkins.

Pandya, D. N., Sc Schmahmann, J. D. (2006). Fiber pathways of the brain. Oxford:

Oxford University Press.

Pandya, D. N., Sc Yeterian, E. H. (1996). Comparison of prefrontal architecture and

connections. Philosophical Transactions ofthe Royal Society ofLondon Series B, Biolog-

ical Sciences, 351, 1423-1432.

Partiot, A., Grafman, J., Sadato, N., Wachs, J., Sc Hallett, M. (1995). Brain activation dur-

ing the generation of non-emotional and emotional plans. NeuroReport, 6, 1397-1400.



The Frontal Lobes mid Dreaiiileg 151

Peigneux, P., Laureys, S., Fuchs, S., Delbeuck, X., Delgueldre, C., Aerts, J., et al. (2001).

Generation ot rapid eye movements during paradoxical sleep in humans. Neuroimage,

7^,701-708.

Perez-Gard, E., del-Rio-Portilla, Y., Guevara, M. A., Arce, C., & Corsi-Cabrera, M.

(2001). Paradoxical sleep is characterized by uncoupled gamma activity between fron-

tal and perceptual cortical regions. Sleep, 24, 118-126.

Perry, E., Ashton, H., & Young, A. (Eds.). (2002). Neurochemistry of consciousness:

Transmitters in mind. Amsterdam: John Benjamins Publishing Company.

Pessoa, E., Kastner, S., & Ungerleider, L. G. (2003). Neuroimaging studies of attention:

Erom modulation of sensory processing to top-down contio\. Journal ofNeuroscience,

23, 3990-3998.

Petrides, M. (2005). Lateral prefrontal cortex: Architectonic and functional organization.

Philosophical Transactions of the Royal Society ofLondon Series B, Biological Sciences,

360, 781-795.

Petrides, M., &: Pandya, D. N. (2002). Association pathways of the prelrontal cortex

and functional observations. In D. T. Stuss, & R. T. Knight (Eds.), Principles offron-

tal lobefunction (pp. 31-50). Oxford: Oxford University Press.

Phan, K. L., Wager, T., Taylor, S. E., & Liberzon, I. (2002). Functional neuroanatomy

of emotion: A meta-analysis of emotion activation studies in PET and fMRI. Neuro-

Image, 16, 331-348.

Pivik, R. T. (1991). Tonic states and phasic events in relation to sleep mentation. In S.

J. Ellman, &c J. S. Antrobus (Eds.), The mind in sleep (pp. 214-247). New York:

Wiley Interscience.

Price, J. L. (1999). Prefrontal cortical nemorks related to visceral function and mood.

Annals ofthe New York Academy ofSciences, 877, 383-396.

Ptak, R., Birtoli, B., Imboden, FI., Flauser, C., Weis, J., & Schnider, A. (2001). Flypo-

thalamic amnesia with spontaneous confabulations: A clinicopathologic study. Neu-

rology, 56, 1597-1600.

Raichle, M. E., MacLeod, A. M., Snyder, A. Z., Powers, W. J.,
Gusnard, D. A., & Shul-

man, G. L. (2001). A default mode of brain function. Proceedings of the National

Academy of Sciences ofthe United States ofAmerica, 98, 676-682.

Rechtschaffen, A. (1978). The single-mindedness and isolation of dreams. Sleep, 1, 97-

109.

Ridderinkhof, K. R., Ullsperger, M., Crone, E. A., & Nieuwenhuis, S. (2004). The role

of the medial frontal cortex in cognitive control. Science, 306, 443-447.

Rilling, J. K., Sanfey, A. G., Aronson, J. A., Nystrom, L. E., & Cohen, J. D. (2004). The

neural correlates of theory of mind within interpersonal interactions. Neuroimage,

22, 1694-1703.

Robbins, T. W. (2005). Chemistry of the mind: Neurochemical modulation of prefron-

tal cortical Umcxlon. Journal of Comparative Neurology, 493, 140-146.

Rogers, R. D., Blackshaw, A. J.,
Middleton, H. C., Matthews, K., Hawtin, K., Crowley

C, et al. (1999). Tryptophan depletion impairs stimulus-reward learning while meth-

ylphenidate disrupts attentional control in healthy young adults: Implications for the

monoaminergic basis of impulsive behaviour. Psychopharmacology, 146, 482-491.

Saint-Cyr, J. A. (2003). Frontal-striatal circuit functions: Context, sequence, and conse-

quence. Journal ofthe International Neuropsychological Society, 9, 103-127.



1 52 Biological Aspects

Saint-Cyr, J. A., Bronstein, Y. L, & Cummings, J. L. (2002). Neurobehavioral conse-

quences of neurosurgical treatments and focal lesions of frontal-subcortical circuits.

In D. T. Stuss & R. T. Knight (Eds.), Principles offrontal lobe function (pp. 408-

427). Oxford: Oxford University Press.

Samson D., Apperly, I. A., Chiavarino, C., & Humphreys, G. W. (2004). Left temporo-

parietal junction is necessary for representing someone else’s belief Nature Neuro-

science, 7, 499-500.

Saper, C. B., Cano, G., & Scammell, T. E. (2005). Homeostatic, circadian, and emo-

tional regulation of sleep. Journal of Comparative Neurology, 493, 92-98.

Saper, C. B., Chou, T.C., & Scammell, T. E. (2001). The sleep switch: Hypothalamic

control of sleep and wakefulness. Trends in Neurosciences, 24, 726-731.

Saper, C. B., Scammell, T. E., & Lu, J. (2005). Hypothalamic regulation of sleep and cir-

cadian rhythms. Nature, 437, 1257-1263.

Saxe, R., & Kanwisher, N. (2003). People thinking about thinking people. The role of

the temporo-parietal junction in “theory of mind.” Neuroimage, 19, 1835-1842.

Saxe, R., & Wexler, A. (2005). Making sense of another mind: The role of the right

tempor:o-p2.v'\et2\. ]\xnet{on. Neuropsychologia, 43, 1391-1409.

Schmahmann, J. D. (2004). Disorders of the cerebellum: Ataxia, dysmetria of thought,

and the cerebellar cognitive affective syndrome. Journal ofNeuropsychiatry & Clinical

Neurosciences, 16, 367-378.

Schnider, A. (2001). Spontaneous confabulation, reality monitoring and the limbic sys-

tem— a review.'" .5r^/>2 Research Reviews, 36, 150-160.

Schnider, A. (2003). Spontaneous confabulation and the adaptation of thought to

ongoing reality. Nature Reviews Neuroscience, 4, 662-671.

Schnider, A., Bonvallat, J., Emond, H., & Leemann, B. (2005). Reality confusion in

spontaneous conUbni^xion. Neurology, 65, 1117-1119.

Schwartz, S., Dang-Vu, T. T., Ponz, A., Duhoux, S., & Maquet, P. (2005). Dreaming: A
neuropsychological view. Swiss Archives ofNeurology & Psychiatry, 156, 426-439.

Schwartz, S., & Maquet, P. (2002). Sleep imaging and the neuropsychological assessment

of dreams. Trends in Cognitive Sciences, 6, 23-30.

Selden, N. R., Gitelman D. R., Salamon-Murayama, N., Parrish, T. B., & Mesulam, M.

M. (1998). Trajectories of cholinergic pathways within the cerebral hemispheres of

the human brain. Brain, 121, 2249-2257.

Seligman, M. E. P., & Yellen, A. (1987). What is a dream? Behavioral Research & Ther-

apy, 25, 1-24.

Servan-Schreiber, D., & Perlstein, W. M. (1997). Pharmacologic activation of limbic

structures and neuroimaging studies of emotions. Journal of Clinical Psychiatry,

SuppL, 58, 13-15.

Siegal, M., & Varley, R. (2002). Neural systems involved in “theory of mind.” Nature

Reviews Neuroscience, 3, 463-471.

Simon, N. R., Kemp, B., Manshanden, I., & Lopes da Silva, E. H. (2003). Whole-head

measures of sleep from MEG signals and the ubiquitous <1 Hz “Slow Oscillation.”

Sleep Research Online, 5, 105-113.

Small, D. M., Gitelman, D., Simmons, K., Bloise, S. M., Parrish, T., & Mesulam, M. M.

(2005). Monetary incentives enhance processing in brain regions mediating top-down

control of attention. Cerebral Cortex, 15, 1855-1865.



The Frontal Lobes and .Dreaitiiiig 153

Smith, G. S., Reynolds, C. F., Pollock, B., Derbyshire, S., Nofzinger, E,, Dew, M. A.,

et al. (1999). Cerebral glucose metabolic response to combined total sleep deprivation

and antidepressant treatment in geriatric depression. American Journal oj Psychiatry,

156, 683-689.

Solms, M. (1997). The neuropsychology oJ dreams: A clinico-anatomical study. Mahwah,

NJ: Lawrence Erlbaum Associates.

Solms, M. (2000). Dreaming and REM sleep are controlled by different brain mecha-

nisms. Behavioral & Brain Sciences, 23, 843-850.

Solms, M. (2002). Dreaming: Cholinergic and dopaminergic hypotheses. In E. Perry, H.

Ashton & A. Young (Eds.), Neurochemistry of consciousness: Transmitters in mind

(pp. 123-131). Amsterdam: John Benjamin’s Publishing Company.

Starkstein, S. E., & Robinson R. G. (1997). Mechanism of disinhibition after brain

\ts\ons. Journal ofNervous & Mental Disease, 185, 108-114.

Steriade, M. (2000). Corticothalamic resonance, states of vigilance and mentation. Neu-

roscience, 101, 243-276.

Steriade, M. (2006). Grouping of brain rhythms in corticothalamic systems. Neuroscience,

137, 1087-1106.

Stickgold, R., Scott, L., Fosse, R., & Fiobson, J. A. (2001). Brain-mind states: I. Longitu-

dinal field study of wake-sleep factors influencing mentation report length. Sleep, 24,

171-179.

Stone, V. E., Baron-Cohen, S., & Knight, R T. (1998). Frontal lobe contributions to

theory of mind. Journal of Cognitive Neuroscience, 10, 640-656.

Stuss, D. T., Alexander, M. P., Floden D., Binns, M. A., Levine, B., & McIntosh, A. R.

(2002). Eractionalization and localization of distinct frontal lobe processes: Evidence

from focal lesions in humans. In D. T. Stuss, & R. T. Knight (Eds.), Principles of

frontal lobeJunction (pp. 392-407). Oxford: Oxford University Press.

Stuss, D. T., & Anderson, V. (2004). The frontal lobes and theory of mind: Develop-

mental concepts from adult focal lesion research. Brain & Cognition, 55, 69-83.

Stuss, D. T., Gallup, G. G., Jr, & Alexander, M. P. (2001). The frontal lobes are neces-

sary for “theory of mind.” Brain, 124, 279-286.

Takeuchi, T., Ogilvie, R. D., Murphy, T. I., & Eerrelli, A. V. (2003). EEG activities dur-

ing elicited sleep onset REM and NREM periods reflect different mechanisms of

dream generation. Clinical Neurophysiology, 114, 210-220.

Tallon-Baudry, C., & Bertrand, O. (1999). Oscillatory gamma activity in humans and

its role in object representation. Trends in Cognitive Sciences, 3, 151-162.

Vogeley, K., Bussfeld, P., Newen, A., Flerrmann, S., Happe, E., Falkai, P., et al. (2001).

Mind reading: Neural mechanisms of theory of mind and self-perspective. Neuro-

Image, 14, 170-181.

Wager, T. D., Jonides, J., & Reading, S. (2004). Neuroimaging studies of shifting atten-

tion: A meta-analysis. Neuroimage, 22, 1679-1693.

Wager, T. D., & Smith, E. E. (2003). Neuroimaging studies of working memory: A

meta-analysis. Cognitive, AJfective & Behavioral Neuroscience, 3, 255-274.

Werth, E., Achermann, P., & Borbely, A. A. (1996). Brain topography of the human

sleep EEG: Antero-posterior shifts of spectral power. NeuroReport, 8, 123-127.

Werth, E., Achermann, P., & Borbely, A. A. (1997). Eronto-occipital EEG power gra-

dients in human Journal ofSleep Research, 6, 102-112.



154 Biological Aspects

Wherle, R., Czisch, M., Kaufmann, C., Wetter, T. C., Holsboer, F., & Auer, D. P.

(2005). Rapid eye movement-related brain activation in human sleep: A functional

magnetic resonance imaging study. NeuroReport, 16, 853-857.

Williams, J., Merritt, J., Rittenhouse, C., & Hobson, J. A. (1992). Bizarreness in dreams

and fantasies: Implications for the activation-synthesis hypothesis. Consciousness &
Cognition, 1, 172-185.

Wittfoth, M., Buck, D., Fahle, M., & Herrmann, M. (2006). Comparison of two Simon

tasks: Neuronal correlates of conflict resolution based on coherent motion percep-

tion. Neuroimage, 32, 921-929.

Wu, J., Buchsbaum, M. S., Gillin, J. C., Tang, C., Cadwell, S., Weigand, M., et al.

(1999). Prediction of antidepressant effects of sleep deprivation by metabolic rates in

the ventral anterior cingulate and the medial prefrontal cortex. American Journal of

Psychiatry, 156, 1149-1158.



Dream Production: A Neural Network

Attractor, Dual Rhythm Regional

Cortical Activation, Homeostatic Model

Erin J. Wamsley and John S. Antrobus

Throughout history, theories of dreaming have sought to discover the

“source” of mental experiences in sleep. Long thought to have an external

origin, regarded as messages from gods, demons, and spirits, a more psycho-

logical view of these nocturnal experiences began to emerge only relatively

recently, within the last few hundred years. One of the first claims for a nat-

ural explanation was Freud’s (1900) assertion that dreams were expressions

of embarrassing, and therefore repressed, biological drives, disguised so as to

prevent awakening the sleeper. Although the theory failed to obtain empiri-

cal support, it survived because of its alleged ability to provide therapists and

patients with information about the pathological effects of unconscious

processes. Today, as a new science of the mind/brain emerges, combining

psychological, systems neuroscience, computational, and molecular

approaches, exponential growth in our understanding of how the brain pro-

duces waking cognition, memory, and emotion is enabling a more informed

view of the nature of dreaming. Dreams are viewed by cognitive neuroscien-

tists, not as a mysterious vehicle for communicating hidden messages from

gods, demons, or the unconscious, but rather as the natural product of our

waking perceptual brain systems, as they continue to function when isolated

from the sensory world. On this view, no special source of input is required

to direct the dream narrative.

During wakefulness, the essential function of our mind/brain is to suc-

cessfully navigate through the environment. To accomplish this goal, our

perceptual brain systems interpret neural activity relayed from peripheral

sensory receptors, creating an internal representation of the sensory world.
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which is then used to mobilize appropriate responses to the stimuli we en-

counter in our waking lives. However, during sleep, both sensory input from

the periphery and motor output from the central nervous system are actively

blocked. The brain, now deafferented, functions as an isolated processor of

offline information. Yet, despite the inert outward appearance of a sleeping

person, sleep is certainly not a state of inactivity. Parts of the perceptual and

motor systems of the brain remain active and interactive throughout all

stages of sleep, constructing “perceptions” much as they would during wake-

fulness. The key distinction is that, in sleep, interpretive interactions among

these systems are relatively independent of input from sensory receptors and

early sensory regions of the brain. The processes by which perceptual systems

generate perceptions are also altered as activity within and between different

brain regions’ changes across stages of sleep. The subjective experiences gen-

erated by the sleeping brain, however, retain a remarkable similarity to wak-

ing cognition, as our past experiences and motivations continue to constrain

the brain’s interpretive construction of perception and thought.

We examine here these processes by which dream experiences are gener-

ated, relying throughout on insights from “neural network” theory to help

us understand how the sleeping mind/brain continues to carry out its wak-

ing interpretive functions during various stages of sleep. Ultimately, we will

see that there is no need to postulate that the internally generated activity

underlying dream experiences originates in some “dream creation center” of

the brain with meaning and storyline fully formed and ready to be translated

into individual images and sensations. On the contrary, largely coherent and

meaningful dream sequences are an emergent phenomenon arising from the

combined activity of a number of cortical and subcortical brain structures,

which are quite capable of creating complex dream content without the

need for meaningful, structured input from any particular input source.

A NOTE ON TERMINOLOGY: DREAMING VERSUS MENTATION

The term “dreaming” is sometimes taken to refer to only mental experi-

ences in sleep that are particularly vivid and story-like. This type of experi-

ence is most likely to be reported from rapid eye movement (REM) sleep, as

opposed to, non-rapid eye movement (NREM) sleep. As such, some early

models of dreaming sought to understand only how these particularly vivid

dreams are created through the neural mechanisms of REM sleep. However,

it is now known that mental experiences are recalled frequently from

NREM sleep as well. A broader goal, then, is to understand how cognition

is produced throughout all sleep, focusing on processes common to REM
and NREM, as well as those that serve to modulate differences between
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dreams from these two states. In the following chapter, note that we will

use the term “sleep mentation” to refer to any mental content during sleep

and “dreaming” to refer to the more vivid and story-like mentation it signi-

fies in the vernacular.

MENTATION IN REM AND NREM

Before the 1950s, sleep was widely regarded as a tonic, inactive state char-

acterized by a global decrease in brain activity. Under this view, the phenom-

enon of dreaming seemed quite mysterious indeed, because it appeared to

arise from a completely inactive, “unconscious” brain. However, all-night

electroencephalogram (EEG) recordings allowed us to see that sleep is

actually an active, dynamic process (Aserinsky & Kleitman, 1953). About 90

minutes after sleep onset, we enter REM sleep, the markedly unique stage of

sleep often associated with reports of the most vivid dream experiences. Dur-

ing REM, our EEG becomes strikingly active, resembling that of waking.

Our eyes dart back and forth beneath our lids, possibly in response to images

generated by the visual system, but our skeletal muscles are paralyzed. By con-

trast, as a different set of brain systems become active, NREM mentation,

matched for time of night, tends to be less visual and more verbal. Although,

as we will see, brain activity is overall substantially reduced in NREM sleep,

this sleep stage may nonetheless subserve important information processing

functions (Buzsaki, 1996, 1998; Steriade & Timofeev, 2003).

The discovery of REM and its strong association with dreaming (Dement

& Kleitman, 1957) suggested to many that neuroscience would be able to

discover the processes underlying sleep mentation simply by isolating the

neural mechanisms of REM mentation. Following this line of thought, Allan

Hobson’s “activation-synthesis” hypothesis (Hobson & McCarley, 1977)

held that the “input” for dreaming is essentially random stimulation of the

forebrain originating in the pontine brainstem exclusively during REM. The

forebrain then takes this noisy oculo-motor input to the cortex and “synthe-

sizes” it as it is best able, the noisy input ultimately leading to the bizarre-

ness characteristics of dreaming. Activation-synthesis made several invaluable

contributions to the study of sleep mentation, especially in its consistent

effort to establish a subcortical basis for dreaming and its explanation for

what the Europeans have called “paradoxical sleep”—the co-occurrence in

REM sleep of active EEG and skeletal atonia.

Because of the strong association of dreaming with REM sleep, many inves-

tigators have assumed the association to be perfect and that NREM dream

reports must be merely a remembrance of dreaming from a previous REM pe-

riod. Indeed, matched for time of night, 93 percent of REM reports are more



dreamlike than NREM reports (Antrobus, 1983). This strong association has

led to the unfortunate de facto position that an explanation of REM sleep is

equivalent to an explanation of dreaming, which in turn has generated consid-

erable opposition to the Activation-Synthesis model, and its revised version,

the Activation, Input, and Mode of Processing model (AIM; Hobson, 1992).

In particular, the models say very little about how the brain actually constructs

the features of dreaming and provide no explanation for how NREM menta-

tion is produced, 7 percent of which is more dreamlike than its REM sleep

counterpart. On average, subjects recall mentation from REM about 80 percent

of the time and Irom NREM about 50 percent of the time, with recall from

slow wave sleep (SWS) being approximately equivalent to recall from Stage 2

NREM (Nielsen, 2000).^ The primary distinction between REM and NREM
reports is that REM reports are typically much longer, more bizarre, vivid, and

emotional than NREM mentation. NREM reports, on the other hand, are

more likely to be described as “thought-like,” lacking the vivid imagery and

bizarreness characteristic of more intense dreams.

The key feature of REM relevant to understanding sleep mentation is that,

relative to NREM, it represents a state of heightened cortical activation. How-

ever, as we propose in our Dual Rhythm model, at least one other source of

cortical activation also supports the production of dreaming and may account

for some occasionally very long and bizarre dreams reported from NREM
sleep (Wamsley, Hirota, Tucker, Smith, &: Antrobus, 2007). Solms (2000)

has also proposed an alternate cortical activation basis for the production of

dream mentation. We describe these models in greater detail below.

A neurophysiological model of sleep mentation, therefore, requires much
more than accounting for the differences between REM and NREM reports.

It must describe the necessary neural substrate for the generation of cogni-

tive events in any sleep stage, as well as account for the differences in cogni-

tive features between sleep and other states. It must additionally explain

how personal goals and motives influence dream content, and importantly,

address the issue of whether the production of coherent dream sequences

requires structured top-down input from some dream creation center.”

APPLYING NEURAL NETWORK MODELS TO DREAMING:
WHERE DO DREAMS COME FROM?

/

Neural Networks and Attractor States

Several common misconceptions about information processing in the

brain have limited our understanding of how the brain processes informa-

tion “offline” in general, and how it constructs dreaming and other forms of

sleep mentation in particular. Since our best evidence about information
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processing comes from input-output perceptual data, dreaming models have

assumed that there must be some “input” that constitutes the origin of the

dreaming process. Coupled with this perspective is the erroneous assumption

that perceptual processing, and by extension, dreaming, move through the

brain in a strictly “feed-forward” hierarchical sequence.^ In fact, all steps in

perception also involve feedback of information from later perceptual areas

to earlier steps in the processing “sequence” (Delorme, Rousselet, Mace, &
Fabre-Thorpe, 2004; Ro, Breitmeyer, Burton, Singhal, & Lane, 2003).

Feedback or “recurrent” processes are equally essential to the processing of

external sensory stimuli and offline imagery and thought in daydreaming or

dreaming. Consider the recognition of your dog, “Spot.” Spot may be described

by a large number of features: name, color, gender, age, weight, height, sound of

toenails on wooden floor, eye position, tail length, wagging frequency, hair

length, curl, bark, and so on. Such features distinguish him from other dogs, and

additional features distinguish dogs from other animals, and animals from plants,

and so on. In short. Spot, can be described as a vector in multidimensional fea-

ture space. But Spot’s feamres also change with his state, such as when he is run-

ning, sleeping, eating, and growling, and with the perspective of the viewer, so

any of a very large combination of features will accurately identify Spot. For this

reason, the vector representing Spot is a large fuzzy ball rather than a point in

feature space. Each of Spot’s features is also made up of subfeatures. Barking is

defined by certain features of pitch, loudness, and duration, to name a few, each

of which may be linked to more elementary subfeature representations.

Attractors

A neural network becomes an attractor if it has recurrent connections with

other networks. Recurrency allows interconnected networks to modify the state

of each other over time. For example, if the Spot network is mildly active, it

will send activation out to its defining feature network, efFectively lowering its

threshold so that less than normal activation from subfeature networks is nec-

essary to fully activate them. Once active, they, in turn, return activation to the

Spot network. Of course, if the recurrent process returns information that is

incompatible with the Spot vector, such as white hair rather than black, the

Spot vector sends out less activation to its defining feature networks. This

recurrency continues until the Spot network either falls to the level of residual

neural noise or it becomes sufficiently active to constitute recognition.

Recognition and Context

Recognizing Spot is equivalent to activating the feature vector, in the

form of interconnected neural networks, that represent Spot s features or
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more precisely, activating it to a greater extent than any competing vectors.

Recognition is always facilitated by context, which constrains the set of pos-

sible objects that are likely to be present. For example, if Spot is the only

dog in the house, only one of his many features, for example, the sound of

toenails on wooden floor, is sufficient to achieve accurate recognition. But if

Spot is in the park with scores of other dogs, accurate recognition of Spot

will require the processing of many more features. In this sense, context

“attracts” the representations of objects that, on the basis of past experience,

have a high probability of occurring and rejects those representations that

have a low probability of occurring. The neural basis of this attraction proc-

ess is that when networks representing context are temporarily active, they

send activation to the representations of objects that commonly occur in

that context, effectively lowering the threshold for those representations.

The lower these thresholds, the less activation is required from the lower

level feature networks to activate an object network supported by that con-

text. Thus, only one feature is needed to recognize Spot in a one-dog house,

but many features are required in the context of a multi-dog park. Note that

the same feature, clicking toenails, in a neighbor’s apartment may accurately

identify a different dog, for example, Scott. In this sense, the context attrac-

tor biases the “interpretation” of features in favor of recognition that is

compatible with the context. The greater the contextual constraints, the less

feature input is needed to accomplish accurate recognition. In the context of

Spot’s kitchen, he may be recognized with only a fraction of the full feature

set that defines the Spot vector—and with a different set of features each

time, and even with features that are somewhat novel.

It is these characteristics of attractors that give them their great advantage

over formal recognition processes. If the brain were not a huge landscape of

such attractors, dreaming and other forms of “offline” imagery and thought

could not occur.

Dreaming and Other Offline States

Just as widespread cortical activation is required in the waking state for the

cortex to process sensory stimuli (Moruzzi Sc Magoun, 1949), so too the differ-

ent qualities 'of mentation that characterize different states of sleep require re-

gional and widespread cortical activation. The primary states are the active phase

of subcortical REM-NREM and diurnal rhythms, which we describe below. It is

the attractor property of the cortex that enables the activated regions to trans-

form ambient neural noise into objects, persons, and events. Once a cortical

region becomes active, its attractor networks are subject to several forms of bias

that constrain the possible objects and events they will produce.
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Note that neural activity is never completely random. When one network

is active, its learned synaptic connections to other networks always activate

some related networks and inhibit others, while a different active network

may support the opposite pattern. Among the most significant sources of

bias are familiarity, recency, and personal value/threat. In attractor theory,

bias may be represented as a widening and deepening of an attractor, proper-

ties that attract noisy input from neighboring attractors. For example, a sub-

stantial portion of the cortex is devoted to face recognition, and within it,

to eye recognition. One suspects that two random dots in the visual subfea-

ture network might activate “eyes” in the feature network, and then the face

of a person, or if Spot is the most recently recognized face/head in the wak-

ing state, the head of Spot. Of course, mentation of some form never ceases

altogether, and the context of this mentation, for example of an ongoing

dream, constitutes a powerful context within which the brain generates the

next object in the dream—that is, “interprets” ambient feature neural noise

so as to be compatible with that context. For example, the two feature dots

that become eyes in the context of a face attractor field will, in the presence

of a street or highway context, support the recognition of headlights and a

vehicle. As noted earlier, only a small set of features may be sufficient to

generate a dream object, person, or event.

Attractors, Discontinuities, and Bizarreness

The ability of attractor networks to make everything “fit,” even in sleep,

flies in the face of the hallmark of dreams—their essential bizarreness. The

attractor model demonstrates why there are limits to the bizarreness of

dream images. Dreamed persons do not have three eyes, or inverted noses,

because there are no previous learned attractors representing these images.

Attractors transform noisy neural activity into relatively familiar features

and objects, or else they inhibit it altogether. Random neural activity is not,

as many theorists have suggested, the basis of dream bizarreness.

When cortical attractor regions are disconnected, however, they lose their

ability to mutually constrain each other, and in this case will produce special

classes of bizarre mentation. For example, the REM report, ... he was my

brother, but he was a girl in my dream” suggests a disconnect between corti-

cal regions that produce visual-face, naming, and relational features. This

tendency toward regional disconnect has been supported by positron emis-

sion tomography (PET) studies of regional cortical activation and electro-

physiological studies of cortical connectivity in sleep (Braun et ak, 1997,

1998; Massimini et ak, 2005). We discuss these issues later in further detail.

For a more technical description of this neural network attractor model of
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dreaming, described before the term attractor was introduced to psychology,

see Antrobus (1991).

The Incorporation of External Stimuli into Sleep Mentation

Although the explanatory value of attractor models has been evaluated in

waking perception, data from the early “incorporation” studies of dreaming

nicely illustrates the power of attractors during sleep. Although we suggest

that most sleep mentation is constructed independent of external stimuli,

some features of external stimuli, if they do not awaken the sleeper, are

often attracted into a dream image sequence. Sensory input pathways are

inhibited in the sleeping brain, and the difficulty of experimentally altering

dream content by presenting sensory stimulation to sleeping subjects renders

this type of external input unlikely to be a major component in the creation

of most dream content. William Dement presented stimuli in various sen-

sory modalities to subjects during REM and found that a spray of water was

most effective in eliciting stimulus-related content from subsequent dream

reports (Dement & Wolpert, 1958). Yet, little progress has been made in

understanding the mechanisms of such “incorporation” effects. An interest-

ing characteristic of these incorporations, helping to elucidate their mecha-

nism, is that the stimuli presented typically appear in the dream in some

altered form, apparently having been “interpreted” by the brain in the

ongoing context of the dream narrative. For example, in the dreamed con-

text of drinking a glass of water, a spray of water on the sleeper’s arm might

be interpreted as water spilled out of the glass, or in the dreamed context of

sitting in one’s house, a bell may be interpreted as a telephone call or

doorbell.

If we understand the ongoing dream narrative as emerging from the col-

lective activation of a number of attractors in cortical neural networks, it

follows that some features of the sensory input, whether originating in

somatosensory cortex in the case of a spray of water, or in visual cortex in

the case of a flashing light, will ultimately be drawn to the attractor states

active at any given time. In this way, the brain “interprets” the activation

patterns presented to it as originating from a source of sensory stimulation

that would be appropriate in the current dream context.

This type of interpretive process is not exclusive to the sleeping brain,

but is rather an extension of the same general processes that the brain uses

to make sense out of waking experience. Even in our daily lives, we interpret

sensations in a context-appropriate manner. For example, Schachter and

Singer (1962) famously demonstrated that the physiological effects of a dose

of adrenaline might be interpreted as having different origins, depending on
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the contextual information available to subjects. The interpretive nature of

our waking neural systems, though, is most dramatically exposed in pathologi-

cal cases. Michael Gazzaniga’s groundbreaking work with split-brain patients

demonstrates that a patient’s left brain interprets actions initiated by the dis-

connected right brain as it is best able, given the current context (Gazzaniga,

2000). In one case, a split-brain patient’s right brain was shown a snowy

scene, and their left brain was shown a chicken foot,^ while the subject’s two

hemispheres were asked to select appropriate response images. The right brain

chose a shovel (in response to the snow) and the left brain chose a chicken

(in response to the chicken foot). Yet, when the patient’s left brain, unable

to communicate with the right hemisphere, was asked why he selected the

shovel, he responded that “y^^ need a shovel to clean out the chicken shed

(Gazzaniga, 2000, p. 1318). The sleeping brain, as in wakefulness, interprets

what is presented to it (whether external stimulation or endogenously gener-

ated activation) in a manner most consistent with currently active attractor

states. In this way, even input devoid of personal meaning for the dreamer

may be ultimately experienced in light of their personal experiences and

related to the ongoing dream narrative.

EMOTIOAS m REM AfVD \REM

So far, we have discussed sleep mentation in general terms as emerging

from activity in widely distributed cortical attractor networks. Yet, specific

subcortical and cortical brain regions modulating emotion and motivation

during wakefulness undoubtedly have a powerful influence on dream content,

perhaps by biasing attractors associated with personal motives or powerful

emotional responses to be those most likely to become strongly active in

sleep. Although dreams have a reputation for being highly emotional experi-

ences, descriptions of emotion are actually fairly infrequent in mentation

reports, unless subjects are specifically prompted to report them. When emo-

tions are reported, they tend to be primarily negative in tone within sponta-

neously recalled home dreams (Domhoff, 2001) but contain a relatively equal

proportion of positive and negative emotions when collected in the labora-

tory setting (Fosse, Stickgold, & Flobson, 2001; Strauch & Meier, 1996),

where emotions tend to be more prominent in REM rather than NREM
reports. One study has additionally reported that emotional intensity

increases across the night selectively within REM sleep (Wamsley et al.,

2007). Fear, anxiety, and aggression in REM dreaming are likely related to

the enhanced amygdala activation characteristic of this stage (Braun et al,

1997; Maquet, Peters, & Aerts, 1996). During wakefulness, the amygdala is

the key component in orchestrating emotional responses to threatening or
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novel stimuli, and in sleep it likely continues to serve this function of evaluat-

ing imaged persons and objects, though in this case input to the amygdala is

now endogenously generated rather than relayed from the periphery.

Despite prevalent reports of negatively toned dreaming, autonomic compo-

nents of dreamed emotions seem to be largely inhibited until the dreamer nears

awakening. Night terrors, for example, initiated during the deepest stages of

NREM, involve some of the most intense emotionality associated with sleep

and trigger an autonomic storm (increased heart rate, respiration, and so on).

These autonomic responses, however, are not initiated until just at the moment

of waking (Fisher et al., 1973). During wakefulness, autonomic fear responses to

stimuli are typically mediated by output from the central nucleus of the amyg-

dala. In NREM sleep, although activation of the amygdala is equal to (Braun

et al., 1997) or greater than (Nolzinger et al., 2002) in waking, behavioral evi-

dence of inhibited autonomic response su^ests that output pathways from the

amygdala may be disrupted. Inhibition of amygdala-mediated autonomic respon-

siveness could contribute to the relatively less intense emotionality characteristic

of NREM reports in general, as feedback from autonomic systems is likely an

important component of the conscious experience of fear and anxiety.^

Conversely, amygdala control of fear responses in REM sleep appears to

be to some degree preserved, perhaps contributing to the more intense emo-

tionality characteristic of reports from this stage. Nightmares occurring dur-

ing REM sleep have been found to be associated with small increases in

heart rate and respiration during the last few minutes before waking

(Nielsen & Zadra, 2000). Idowever, these autonomic responses are much

more pronounced than reactions that would be elicited to fearful stimuli

during wakefulness, and occur only as the sleeper moves towards waking.

Still, feedback from autonomic responses could contribute to the increased

experience of emotion in REM versus NREM sleep.

Intriguingly, a special relationship between REM sleep, emotion, and the

amygdala, is also suggested by recent work on the consolidation of memories

during sleep. It turns out that the offline processing of emotional memories

is facilitated by periods of REM (i.e., Wagner, Gais, & Born, 2001). This

suggests that consolidation of amygdala-mediated emotional memories dur-

ing REM could be a source of the particularly emotional content of REM
dreams. Fio’^vever, no direct evidence yet exists tying memory processing in

REM to the content of mentation from this stage.

The symptoms of some sleep disorders complement this cognitive evi-

dence that emotional reactions are particularly pronounced in REM sleep.

In REM Behavior Disorder (RBD), patients physically act out their REM
dreams because of a dysfunction of the mechanism normally inhibiting

motor output during this sleep stage. Unlike in episodes of sleepwalking or
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night terrors originating in NREM sleep, patients typically recall extended,

vivid dreams following RBD episodes, often characterized by feelings of

highly intense fear or aggression. It is possible that the heightened emotion-

ality of these dreams may serve as a trigger for the RBD episode. In narco-

lepsy, characteristics of REM sleep (muscle paralysis, hallucinations)

pathologically intrude into wakefulness. Cataplexy (a sudden loss of muscle

tone) in these patients can be triggered by the experience of intense emo-

tions during wakefulness. Particularly in REM sleep, then, the amygdala may

influence ongoing dream content by continuing to perform the same func-

tion as it does during wakefulness, evaluating sensory (in this case pseudo-

sensory) input and mobilizing emotional responses.

MOTIVATION AND VALUE

Eike emotion, motivation also appears to be a key component of the

dreaming process that may bias certain cortical attractors to be more likely

to participate in dream content. Frontal regions associated with motivation

during wakefulness are actually a necessary component of the neural net-

work for dreaming (Solms, 2000). In clinical interviews, patients with dam-

age to a motivation-related area of the medial prefrontal cortex, near the

frontal horns of the lateral ventricles, often report a total cessation of

dreaming (Solms, 2000). Like emotion, motivational content^ is also more

prominent in REM versus NREM mentation, independent of report length

(Smith et ak, 2004), indicating that, although motivation may also be influ-

enced by general levels of cortical activation, this dream feature does hold a

particular relationship to REM that cannot be accounted for by overall lev-

els of mentation production.^ The preferential involvement of motivation-

related structures during REM sleep in particular is also suggested by studies

demonstrating a relationship between electrical stimulation of reward centers

in the rat medial frontal cortex and REM sleep (Steiner & Ellman, 1972).

In these studies, rats were trained to administer rewarding stimulation to

this brain region by pressing a lever. It was found that (a) depriving rats of

REM sleep caused them to subsequently seek more of this rewarding stimu-

lation and (b) after allowing rats to self-stimulate, the typical rebound

increase in REM sleep following REM deprivation was decreased (Steiner &
Ellman, 1972). These results, like Solms’s (2000) work, surest that motivation-

related medial frontal areas are normally active during sleep and, further-

more, that stimulation of these centers may be associated with some need.

Consistent with the former assumption, brain imaging studies confirm that,

relative to some other frontal regions, the medial prefrontal cortex remains

active as we move from wakefulness into sleep (Braun et al., 1997).
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A significant issue for dream theory is whether one cortical-attractor region

dominates the mentation process and, if so, whether it is the same over time

and in all sleep stages. Dream “interpretation” is based on the implicit assump-

tion that a particular personal concern or emotional conflict dominates the

dreaming process, so that the dream sequence is generated to play out the con-

flict in a visual form. We surest that the visual representation regions of the

cortex may dominate the REM dream process, and that other cortical regions

are activated in response to the visual images. For example, the peculiar shape

of an imagined table led one dreamer to conclude that “we must have been at

the circus.” In another dream, the image of a fingernail was flatter than usual,

so the dreamer assumed that it must have been hit by an object. Of particular

interest in this regard is the strong association between amygdaloid activation

and REM sleep and, therefore, vivid dreaming. Amygdala activation is associ-

ated with emotional responsivity, particularly negative emotions, but also with

novel, that is, unanticipated, events. It is not clear at this time whether amyg-

dala activity in REM sleep imposes a negative emotional bias to the visual

images of REM dreams or whether the REM dream images, lacking the strong

contextual constraints of waking perception, are sufficiently “unanticipated” to

elicit a novelty-fear response in the amygdala. Although dream content is gen-

erally continuous with waking experience, mentation reports appear to be

biased toward content with motivational and emotional value (that is, socializ-

ing with friends) and are less likely to include content from waking life not

associated with particular value to the dreamer (that is, using a computer)

(Schredl & Hofmann, 2003). This tendency for dreams to include concepts

and events holding personal meaning for the dreamer, however, does not need

to be explained via the Freudian notion that the essential meaning of the

dream exists in some central location and is then translated into individual

images constituting the actual dream content. The more parsimonious alterna-

tive is that emotional and motivational structures merely create biases in the

ongoing dream content already spontaneously emerging in cortical attractors.

Such a process could occur in a manner similar to how these same structures

influence waking cognition and action through the mobilization of emotional

responses and goal-directed behaviors in response to perceptual experience.

Future brain imaging work employing techniques with high temporal resolu-

tion may answer these questions by demonstrating whether some sequences of

regional activation are more common than others.

BIZARRENESS

Dreams have captured the human imagination, in part because they often

seem so strange to us—so unusual, otherworldly, and unlike our waking
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experiences. Two primary classes ot dream bizarreness are “discontinuities”

across time and “improbable combinations” within a specific time-space

frame. A discontinuity occurs in a dream when the scene suddenly under-

goes a dramatic change, with little or no transition. Notice, for example, that

in the following excerpt from a laboratory dream, the scene changes twice

without any apparent transition:

I was at a waiting area talking to my friend just sitting there talking about

people um around the school but then we were inside a building and then

the next thing I was in my ex-boyfriend’s house.

“Improbable combinations,” on the other hand, are instances of content

that would be impossible or improbable according to waking experience, fre-

quently manifested through the unlikely combination of two or more dream

elements. Notice in this report, for example, the unlikely juxtaposition of

the soccer game and coach with the helicopter:

It was a soccer game uhm I don’t know where I was but what was going

through my mind was there was this coach in a helicopter and the soccer

game came to some sort of time out or something.

Discontinuity

It is often presumed that these bizarre features of dream mentation are

unique to the dreaming state and serve to differentiate sleep mentation from

waking perceptual and cognitive processes. Following this line of reasoning,

Fiobson has proposed that dream bizarreness may result from one or more

neurological processes unique to the state of REM sleep. In regard to discon-

tinuity in particular, he has proposed that the occurrence of intermittent

ponto-geniculo-occipital (PGO)-like activity^ in humans may be responsible

for rapid changes in this imagery (Mamelak & fdobson, 1989). Other

explanations offered for bizarreness in dreams have also relied on mecha-

nisms specific to sleep, including the very low level of aminergic neuromodu-

lators (i.e., serotonin, norepinephrine) during REM sleep (Hobson et al.,

2000), and the deactivation of the dorsolateral prefrontal cortex^ characteris-

tic of both REM and NREM (Muzur, Pace-Schott, & Hobson, 2002).

Although discontinuities are clearly present in sleep mentation, this

dream feature is not necessarily caused by neural processes specific to the

sleep state. In fact, discontinuity/rapidly shifting imagery is present in wak-

ing mentation as well as in sleep, perhaps at even greater levels. Waking

thought samples obtained from subjects reclining in a darkened room

actually exhibit equal or greater amounts of discontinuity than dream
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reports from REM sleep, particularly when intermittent auditory stimuli are

present (Foulkes and Fleisher, 1975; Reinsel, Wollman, & Antrobus, 1992;

Wollman & Antrobus, 1986). Studies of mental imagery abilities comple-

ment these findings, demonstrating that when subjects are asked to form visual

images, these images have a relatively short duration, either disappearing or

changing their appearance after about 10 seconds on average (Cocude,

Chariot, Sc Denis, 1996; Cocude & Denis, 1988). A rapid decay process act-

ing on individual mental images such as this could certainly support overall

patterns of discontinuity in both waking and sleeping mentation observed in

the aforementioned studies.

Other studies of waking cognition also support the general notion that in

the absence of an external source of input, any one image is unable to be

maintained for an extended period of time. An inability of the visual system

to continue perceiving repetitive input can be inferred, for example, by

examining the phenomena of fixational eye movements. Even during periods

of steady fixation on a point, our eyes are constantly making very fast tiny

movements (“microsaccades”). The result of these microsaccades is that any

one feature of a visual scene is constantly being coded by different sets of

cells in the retina and represented by different sets of neurons in the brain.

This process appears to actually be necessary for sustaining vision—when a

device is employed to artificially hold a person’s visual world motionless on

the retina, although they at first perceived stimuli normally, after a few sec-

onds the visual stimuli appeared to disappear (Riggs, Ratcliffe, Cornsweet, &
Cornsweet, 1953). If the adaptation to steady visual input demonstrated by

Riggs et al. (1953) is mediated at least in part by habituation of neurons in

the visual system, the mechanism at work here may be similar to that which

causes the constant change present in dreams and mental imagery.

In a neural network model of sleep mentation, discontinuity might be rep-

resented by using a decay function, simulating a decline in the activation of

any particular attractor state following its initial recruitment. Any individual

image would, therefore, be supplanted by another competing image representa-

tion at the next time step, after activation of the original image decreased

below a certain threshold. Such a model could simulate the generation of a

string of discontinuous elements, each fading after a certain period of time,

apparently an inherent characteristic of both waking and sleeping cognition.

Improbable Combinations

Improbable combinations between dream elements, as in the example

above when a helicopter is seen during the ongoing context of a soccer

game, could result from a lack of communication between neural networks
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that normally inhibit each other during waking cognition. In waking

thought, for example, the semantic network for the idea of “soccer game”

should not be strongly associated with the visual representation of “helicop-

ter.” Attractors for the two objects actively inhibit each other in the waking

brain—that is, when “soccer game” is the active context, “helicopter” will be

much less likely to become active than in the context of “airport.”

When we fall asleep, however, communication between brain regions is

altered as networks that normally cooperate during waking cognition become

functionally disconnected. For example, brain imaging studies show us that,

during REM, higher-level visual areas are active, while simultaneously, primary

visual areas normally supporting the earliest steps of visual processing in wak-

ing are inactive (Braun et al., 1998). A “functional dissociation” is also seen

between activity in limbic and paralimbic structures during NREM sleep

(Braun et al., 1997). Similarly, although a wide array of cognitive and percep-

tual tasks during wakefulness recruit the activity of frontal association areas,

including the dorsolateral prefrontal cortex, some of these structures appear to

be conspicuously inactive during sleep mentation (Braun et al., 1997).

During sleep, therefore, networks that would normally mutually inhibit

each other are no longer necessarily communicating as they would in wakeful-

ness. Instead, some brain regions, though active, are operating in relative isola-

tion from other cortical and subcortical networks. New studies combining

transcranial magnetic stimulation (TMS) and electrophysiological recordings

also give us a glimpse of how cortical connectivity is altered during sleep. In

wakefulness, when premotor cortex is stimulated by using TMS, the neural

response in that area quickly propagates out to connected cortical areas. How-

ever, when this same area is stimulated during NREM sleep, although a very

large initial response is seen at the stimulation site, this enhanced response

does not then spread activation to adjacent cortex (Massimini et al., 2005). A
similar technique has been used to demonstrate that communication between

hemispheres through the corpus callosum is inhibited in the moments follow-

ing awakening from REM sleep (Bertini et al., 2004). This altered functional

connectivity could allow thoughts and images that would not normally co-

occur in waking cognition to now become simultaneously active. Again, this

characteristic of dreaming emerges naturally from activity and communication

patterns within the isolated sleeping brain, not requiring the postulation of

any particular “input source” to generate the bizarreness of dreams.

VISEAr. IMAGERY

Visual imagery has long been presumed the key feature of dreaming

—

more than a hundred years ago, Freud (1900) described dreaming as
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“think[ing] predominantly in visual images,” and today most researchers still

describe dreams as being primarily visual in nature. Freud presumed, how-

ever, that the individual visual images constituting the dream were transla-

tions of an underlying hidden message created in the unconscious mind.

The dream, in other words, began with meaning and was subsequently con-

verted into individual visual symbols in a top-down fashion. Solms’s (2000)

view that the dream “begins” with higher-level meaning created in frontal

motivation-related areas and is then disseminated out to the rest of the

brain broadly mirrors this assumption, though placing it in a neurophysio-

logical context. As discussed previously, however, an alternative possibility is

that the visual imagery of dreaming emerges spontaneously in cortical attrac-

tors, once activation in those regions surpasses some threshold, and the

influence of motivations and emotions on dream content arises in an

ongoing fashion as this imagery is processed by the amygdala and medial

prefrontal regions—a process analogous to how we attend and react to stim-

uli in the context of motivations and emotion during wakefulness.

Visual dream imagery is presumably supported by the visual cortex and is

similar in many respects to the neural representations generated by external

visual input in our waking lives. Brain imaging studies support this view,

showing that endogenously generated imagery does, in fact, activate visual

cortex. Imaging studies of mental imagery tasks have consistently shown acti-

vation of higher-order visual areas, and sometimes activation of primary vis-

ual cortex as well (for a review see Mellet, Petit, Mazoyer, Denis, &
Tzourio, 1998). Imaging studies of REM sleep have also shown increased

(relative to NREM) activation in visual cortex (Braun et ak, 1997, 1998).

However, primary visual cortex activity may be low in REM sleep relative to

NREM or wake (Braun et ak, 1998). In this case, higher-level visual cortex

would be carrying out the job of representing visual dream images without

the help of the early visual areas that normally support the initial processing

phases of stimuli from the external world. We must keep in mind, however,

that the phenomenon of sleep mentation is neither unique to REM sleep

nor guaranteed by it. Therefore, although imaging studies of REM offer

intriguing clues to the neural basis of mentation within REM sleep, this data

does not directly inform us about the neural substrate of sleep mentation.

The higher-level visual cortex supports the generation of endogenous

imagery during REM sleep and may be operating independently of the earliest

visual processing areas that normally transmit “bottom-up” information

from the perceptual world to higher-level brain areas during wakefulness.

We assume, however, that this imagery is constrained to a significant degree

by recurrent interaction between extrastriate visual cortex and motivation

and emotion-related subcortical and cortical regions.
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TOTAI. REPORTED lAEORMATION

By far, the largest and most consistent distinction between REM and

NREM sleep mentation is that reports elicited from REM awakenings tend

to be much longer, containing a greater amount of total information. This

could be because ot generally greater activation of the neural substrate for

sleep mentation simply generating more content during REM, or alterna-

tively, to a relatively greater difficulty in recalling dream content that occurs

during NREM.
The generally greater recall of content from REM creates a methodologi-

cally problematic confounding influence of report length on other compari-

sons between REM and NREM reports. It is obvious, for example, that a

300-word dream report will likely have a larger raw number of “discontinu-

ities” than a 10-word dream report, merely by virtue of its greater length.

The use of scales that count the number of bizarre events, the number of

emotions, the number of visual images, and so on, in a dream report is com-

mon, clearly presenting the potential for a report-length confound. Indeed,

when the influence of report length is statically removed from comparisons

of REM and NREM reports, some widely cited differences between REM
and NREM sleep mentation disappear (Antrobus, 1983). Nonetheless, other

studies have demonstrated persistent stage differences even when controlling

for report length (i.e., Casagrande, Violani, Lucidi, Buttinelli, & Bertini,

1996; Smith et al., 2004).

THE DEAL RHVIHM MODEL OF DREAMING SLEEP

The Dual Rhythm model assumes that both the REM-NREM cycle and

changes in cortical activation across the 24-hour cycle are sources of nonspe-

cific brain activation supporting mentation during sleep, with widespread

cortical activation being in greater in REM than NREM, and greater in the

last hours of normal sleep compared to earlier in the night (Wamsley et al.,

2007). Many cortical regions are activated by both sources, and the activa-

tion effect appears to be additive, such that late morning dream reports are,

for example, longer and more bizarre in both REM and NREM. Though

the construction of dreamed thought and imagery is dependent on the struc-

ture of attractor networks within cortical and subcortical areas, widespread

activation in the sleeping brain is a necessary prerequisite for these networks

to become active. REM sleep appears to be one important source of this

general activation necessary to drive the dreaming process. Elowever, the gen-

eration of cognition in sleep may be driven, in addition to activation changes

across the ultradian sleep cycle, by circadian-driven and homeostatic-driven
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activation changes across the 24-hour cycle/ ^ The late morning seems to be

the source of most long, bizarre, and dreamlike reports from NREM.

Dreaming is Influenced by Circadian Factors

Circadian-driven changes in brain activity across the night constitute a

source of activation to the neural substrate for sleep mentation other than

REM. A “circadian rhythm” is any biological function that fluctuates

according to an internally driven 24-hour cycle. Body temperature, vigilance,

levels of various hormones, and likelihood of experiencing a heart attack, for

example, all follow such a 24-hour cycle. These and other circadian rhythms

are said to be “internally generated,” because their 24-hour periodicity

continues to occur even in the absence of external cues, being primarily

driven by the circadian pacemaker in the suprachiasmatic nucleus of the

hypothalamus.

A circadian rhythm for general levels of cortical activation is revealed

through endogenous 24-hour cycles of alertness and cognitive performance,

which are roughly correlated with the well-documented rhythm for core

body temperature (CBT) (Broughton, 1975; Carrier & Monk, 1999; Monk
et al., 1997). These rhythms each reach a low point in the middle of the

night and begin to rise in the morning hours, finally peaking in the early

evening. Components of the sleep EEC also reveal a circadian modulation

of brain activation. Specifically, the peak of spectral power in the fast spindle

range (~14 Elz), the nadir of alpha activity in REM, and propensity for

REM sleep all coincide with rising CBT during the late morning hours

(Benington, 2004; De Gennaro & Eerrara, 2003; Dijk, Shanahan, Dufly,

Ronda, & Czeisler, 1997). The mechanism of this activation rhythm could

involve hypothalamic control of the ascending reticular activating system, a

primary mediator of general brain activity levels (Moruzzi & Magoun,

1949).

These circadian changes in cortical activation appear to modulate the

generation of mentation during sleep. Eor some time now, it has been noted

that propensity for sleep mentation changes throughout the night, such that

the most mentation is recalled from experimental awakenings made during

the late morning hours (Antrobus, Kondo, & Reinsel, 1995; Casagrande

et al., 1996; Pivik & Eoulkes, 1968; Stickgold, Malia, Fosse, Propper, &
Hobson, 2001). Mentation also changes qualitatively across the night,

becoming, for example, more bizarre, vivid, or emotional as the night pro-

gresses (Antrobus et al., 1995; Casagrande et al., 1996; Wamsley et al,

2007). Lucid dreaming, in addition, is much more likely to be reported dur-

ing the late morning hours than earlier in the night (LaBerge, 1990).
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Importantly, amount of mentation reported increases across the night in

both REM and NREM sleep (Antrobus et al., 1995; Wamsley et ah, 2007).

This suggests that, whatever the precise mechanism of this circadian influ-

ence on dreaming turns out to be, this activation source affects the neural

substrate for REM and NREM mentation production similarly.

Though these “time of night” cortical activation effects on sleep menta-

tion might be accounted lor by circadian factors, most of the above studies

could also be explained via homeostatic-driven changes in sleep need across

the night, following the general time course of propensity for SWS. Indeed,

most studies on dreaming across the night have not controlled for time since

sleep onset, which creates an inherent confound in which circadian and

homeostatic changes in brain activity are occurring simultaneously with

increasing time since sleep onset. One typical approach to isolating circadian

rhythms for biological functions is to employ a “forced desynchrony proto-

col, in which subjects initiate sleep at various phases of their endogenous cir-

cadian rhythm. Two studies have taken a similar approach in order to

address the hypothesis that changes in sleep mentation across the night are

specifically attributable to an internally generated circadian rhythm, each

concluding that circadian phase does have a powerful influence on propen-

sity for mentation reporting, independently of how long subjects have been

asleep or the number of previous awakenings (Antrobus et al., 1995; Suzuki

et al., 2004).

The precise time course for the circadian rhythm of mentation in sleep,

however, remains uncertain. Antrobus et al. (1995) have presumed that the

circadian rhythm for dreaming is correlated with the CBT cycle, and their

data have been broadly consistent with this assumption. However, Suzuki

et al. (2004) present data supporting a circadian time course for dreaming

that peaks in the morning at approximately 8:00 am and declines thereafter.

Dreaming and Homeostatic Discharge of Slow Wave Activity

Although changes in mentation production across the night appear to be

at least partially due to circadian factors, it is also quite possible that time-of-

night” effects are influenced by homeostatic (sleep-dependent) factors. Slow

wave activity (SWA) in the EEG is prominent in the early night and dis-

charges with increasing time since sleep onset. SWA has often been taken as a

physiological indicator of “sleep pressure,” which builds up during wakefulness

and discharges during sleep. This decreasing propensity for SWA can be con-

ceptualized as a process that leads the EEG to become more active across

the night and could, therefore, influence mentation production to be greater

in the late morning hours, when SWA is virtually absent from the EEG.
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In fact, some data on propensity for mentation recall seem highly consist-

ent with an underlying homeostatic process. Both Pivik and Foulkes (1968)

and Nielsen and Powell (1989) have described time courses for mentation

reporting characterized by a sharp increase in reporting in the early part of

the night, remaining constant for the remainder of the sleep episode. This

pattern of results mirrors the steep discharge of SWA that occurs early in

the evening and then asymptotes as the sleep period wears on towards the

morning hours. Recent work from our laboratory (Wamsley et al., 2006) is

also consistent with an influence of homeostatic sleep need on propensity

for sleep mentation. We anticipated that if sleep mentation is primarily

driven by a circadian rhythm approximating the CBT rhythm, more menta-

tion should be reported from a daytime nap than from night reports. On
the contrary, within NREM sleep, we found that substantially less menta-

tion was recalled from afternoon nap reports compared to night reports.

These results might be explained by postulating that CBT-related circadian

activation of cortical attractor networks can be counteracted by the suppres-

sion of activation as homeostatic sleep need builds up during the hours of

wakefulness before a nap. Alternatively, it may be the case that diurnal varia-

tions in mentation production rely primarily on a circadian generator, with

peak circadian activation to the dreaming process occurring in the late

morning hours.

Though it has long been proposed that the experience of dreaming

requires that brain activity reach some minimal threshold, in early neurocog-

nitive models of dreaming the REM cycle was the only source of fluctua-

tions in activation during the night given detailed consideration. Circadian

and homeostatic processes are critical to the study of sleep mentation, in

part because they provide alternative mechanisms by which cortical activa-

tion can reach a sufficient threshold for mentation production, even outside

of REM sleep.

EXPLAirVirVG DREAMING VIA THE ‘ACTIVATION”
OF BRAIN STRUCTURES

Not long ago, the very idea of “brain activity in sleep” was thought to be

an oxymoron. In fact, in the years following its discovery, REM sleep was

often termed “paradoxical” sleep, because the presence of waking-like EEC
seemed so incongruous with the longstanding intuition that sleep was most
fundamentally a state of inactivity. Subsequent neurophysiological models of

dreaming relied on the general strategy of delineating the types of brain

“activation” in sleep presumed to create the dream experience. As we have

seen, the earliest investigations of sleep mentation primarily focused on
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differences between sleep stages, stressing the strong relationship between

vivid dreaming and increased global neural activity in REM, whereas more

recent work has also focused on understanding which particular brain

regions are active and, therefore, assumed to contribute to cognition across

various stages ot sleep and wakefulness (i.e., Hobson, Pace-Schott, & Stick-

gold, 2000; Solms, 2000). The term “activation,” however, is a slippery

metaphor that can refer to quite disparate concepts depending on the con-

text in which it is being used. Pvegardless of the precise type of activation

being considered, inferences based on observations of activation patterns in

the sleeping brain must be made with great care.

“Activation” Is Not a Unitaiy Concept

The meaning of “activation” varies substantially depending on the con-

text in which it is being discussed. Early studies of the brain basis of dream

experiences employed the still widely used technique of EEG, where elec-

trodes are placed on the scalp to record the average activity of a very large

number of cells across a wide area of cortex. Both wakefulness and REM
sleep are “desynchronized” states, in that the large number of individual

brain cells contributing to the EEG recording are on average firing in fast,

irregular patterns, and this firing is occurring at different times in different

small groups of cells. In contrast, during NREM sleep, and particularly dur-

ing SWS, the EEG is said to be “synchronized” because the recordings indi-

cate that large groups of cells are all firing in concert with each other in a

slower, more regular pattern. “Desynchronized EEG is considered to be the

more active state, because this pattern is presumed to reflect many small

groups of neurons “working on” individual information processing tasks. In

contrast, during the synchronous EEG of SWS, it is presumed that neurons

are firing together in a slow rhythm because they are not currently process-

ing information.

Other methods of examining the neurophysiological basis of cognition,

however, employ entirely different definitions of activation. In the last dec-

ade, dream theorists have increasingly relied on findings from brain imaging

studies to help them understand the specific pattern of regional brain activ-

ity that underlies mentation in sleep. Studies of sleep using PET brain imag-

ing provide a significant advantage over EEG recordings in that they have

greater “spatial resolution”—meaning that imaging studies can tell us not

only whether the cortex is generally more or less active, but also provide us

with information about which particular areas of the brain are active during

a given time period. PET studies use radioactively tagged glucose, oxygen, or

other compounds of interest injected into the bloodstream. Activation is



then measured by observing where these compounds are transported and

used in the brain. In effect, using PET, a particular area of the brain is said

to be more active when an increased amount of blood is flowing to the area

or an increased amount of glucose is being metabolized there.
^

Other techniques of looking into the brain that have been applied to

understanding sleep and dreaming include functional magnetic resonance

imaging (fMRI), near-infrared spectroscopy, and intracranial electrode

recordings in humans and animals. Each of these techniques also presumes a

different specific definition of activation. Although in some cases, divergent

techniques provide converging pictures of how the brain functions across

states of consciousness; in other cases, different measures of activation pro-

vide quite different perspectives on the activity of the sleeping brain. The
problem is that none of these techniques get at the true complexities of how
neurons generate experience. Examining only global electrical activity, or

equally so examining only localized blood flow, does not provide us with in-

formation about the complex communications both within and between

neural networks which give rise to cognition. It is therefore necessary to be

careful about what we mean when we propose that sleep mentation relies

on a certain type of “activation” in the brain. The application of detailed

computer neural network models to the study of dreaming could be useful

in creating greater specificity in this regard.

Greater “Activation” / More Cognition

It is tempting to jump to the intuitive conclusion that observing greater

brain activation by using any one of the above techniques indicates increased

cognitive processing (and perhaps increased conscious experience). Con-
versely, we would like to be able to jump to the conclusion that observing

lesser activation is a clear correlate of decreased cognitive content. Unfortu-

nately, this is not necessarily the case. Greater EEG synchrony during sleep

does not signify a lack of cognition. Although the likelihood of experiencing

vivid dreaming is greater during the desynchronized REM state than during

synchronized SWS, sleep mentation is also recalled from NREM sleep about

half of the time. This substantial likelihood of recalling mentation from

NREM is even higher in the late morning hours (Antrobus et al., 1995;

Wamsley et al., 2007). Also perplexing, within NREM sleep, we dream just

as much in the “deepest,” most highly synchronized stages as we do during

light sleep, that is. Stage 2, where EEG is much less synchronized (Nielsen,

2000). These observations question the over-simple assumption that more
synchronized EEG = less “brain activity” = less cognition. Furthermore, rap-

idly accumulating evidence from the study of memory consolidation in sleep
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points to synchronized SWA as presenting the ideal conditions for process-

ing recent declarative memories and “consolidating” them into long-term

storage in the cortex (Buzsaki, 1996, 1998; Gais & Born, 2004; Steriade &
Timofeev, 2003). Whether studies of memory consolidation in sleep have

any bearing on understanding dream experiences remains to be seen, but

work in this field certainly questions the assumption that synchronized EEG
indicates a global state of inactivity incompatible with information process-

ing functions.

Although greater blood flow to a particular brain region as measured in

imaging studies generally indicates greater cognitive processing, there are at

least two processes that qualify this relationship. Processes that are highly

learned are accomplished with less cortical activation compared to the same

process when it is novel. To the extent that dream images and sequences

tend to be fairly novel, however, this may not be a serious qualification. Sec-

ondly, processes that inhibit sub-classes of dream processing may require as

much brain resources as those that generate dream events. Although

increased activation as measured by PET or fMRI is generally taken to be

an indication of neuronal excitation, it is known that, under certain condi-

tions, inhibition of a group of neurons can also lead to increased blood flow

(Tagamets & Horwitz, 2001). That is, inhibition in the brain can itself be

an active process requiring metabolic resources.

Activation Patterns in Sleep Do Not Necessarily Have the Same

Functional Implications as Similar Activation in Wakefulness

Patterns of neural activity observed using PET and EEG do not necessar-

ily have the same functional and cognitive correlates during sleep as they do

during wakefulness. Taking a simple example, the appearance of EEG in the

alpha frequency during wakefulness is indicative of decreased cognitive

arousal, whereas the intrusion of a burst of alpha into the sleep EEG is in-

dicative of increased arousal.

The activation of the hippocampus also must be interpreted differently in

sleep as opposed to waking. Increased blood flow to the hippocampus during

wakefulness is associated with the encoding of new declarative memories.

However, although blood flow to the hippocampus is high during SWS, hip-

pocampal activation in this dissimilar state has quite different implications.

During the state of active wakefulness, information is primarily flowing into

the hippocampus, facilitating the storage of new information. However, during

sleep, information primarily flows out from the hippocampus to the cortex

increased blood flow to the hippocampus in this state is thought to reflect the

replay of recent memories, subserving offline processes of long-term memory
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unknown, but we certainly cannot assume that “activation” of the hippocam-

pus seen in a PET scan during sleep signifies the presence of the same type of

cognition correlated with similar activation during wakefulness.

Another example is that, in sleep, the lateralization of electrical potentials

in the cortex (PGO spikes) is highly correlated with the direction of rapid

eye movements. Yet similar electrical activity accompanying waking eye

movements is completely unrelated to eye movement direction (Monaco,

Baghdoyan, Nelson, & Hobson, 1984). Each of these examples powerfully

illustrates that superficial similarity between activation patterns in sleep and

known activity patterns in wakefulness cannot necessarily inform us of the

functional and cognitive meanings of the observed activity in the sleeping

brain. Neurophysiological observations must therefore be accompanied by

careful, detailed cognitive measurements of the dream features in question.

CONCLUSIONS

Here we have presented a more comprehensive description of the attrac-

tor model of dreaming first reported in neural network simulations by

Antrobus (1991). The model shows how both regional and widespread cort-

ical activation effectively lower the thresholds of local neural networks so

that they produce imagery and thought, even in the absence of external sen-

sory input. This “offline” mentation is common to both waking and sleep.

Indeed, under matched environments, waking fantasy differs from REM
dreaming primarily in that it is not hallucinatory. The absence of the inhibi-

tion of sensory input characterizing REM sleep apparently prevents the day-

dreamer from confusing his/her images or percepts.

Here we also discussed our Dual Rhythm model of dreaming (Wamsley

et al., 2007), which states that both the REM-NREM cycle and changes in

cortical activation across the 24-hour cycle are sources of nonspecific brain

activation supporting mentation during sleep (Wamsley et ak, 2007). Many
cortical regions are activated by both sources, and the activation effect

appears to be additive, such that more content is reported during the late

morning from both REM and NREM. There may be some differences in

the patterns of regional cortical activation supported by the active phases of

these two activation sources. For example, REM may support more visual

and amygdalar activation, whereas the 24-hour rhythm may support more

conceptual processing and lack the active afferent and skeletal motor inhibi-

tion of the REM sleep.

Because of the substantial difficulties inherent in studying dreaming and

other forms of sleep mentation, models of dreaming sleep remain heavily
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dependent on waking cognitive neuroscience research. Although our models

have resolved several problems in this field, we hope that they also provide

the basis for asking more specific and informative questions in the future

about how different classes of mentation are produced and what function, if

any, this mentation plays in the well-being of the individual.

NOTES

1. NREM sleep consists of Stages 2, 3, and 4. Stages 3 and 4 are referred to as

“slow wave sleep” or “deep sleep,” which consists of slow, high amplitude brain waves,

relative to Stage 2.

2. However, we will discuss later that some apparent qualitative differences between

REM and NREM reports are merely an artifact of the greater length of REM dreams.

3. The processing of visual stimuli has traditionally been viewed as progressing in a

hierarchical manner in which simple visual features are processed first and then only

later combined into more complex representations. Primary visual cortex (VI) represents

an early step in visual processing, in which simple features, such as lines and edges of dif-

ferent orientations, are being processed. In higher-level visual areas, the features being

represented become more complex.

4. Stimuli can be selectively presented to one half of the brain by presenting visual

stimuli to only one eye.

5. Autonomic indicators in sleep, however, do not always correlate well with the

emotionality they signify during wakefulness. For example, galvanic skin response values,

correlated with fear and anxiety during wakefulness, are at their highest tonic values dur-

ing SWS, from which these emotions are least often reported (Johnson, 1970).

6. Defined as attempts by the dreamer to move from one state to another, more

desired state.

7. We presume that the amount of mentation content reported by a subject is

roughly indicative of the levels of cortical activation prior to awakening.

8. PGO spikes are intermittent bursts of electrical activity that occur during REM

sleep. These bursts originate in the pontine brainstem, then travel to the lateral genicu-

late nucleus of the thalamus (an early processing area in the visual system), and subse-

quently stimulate the occipital (visual) cortex.

9. The dorsolateral prefrontal cortex is involved in working memory and goal-

directed behaviors during wakefulness.

10. The processing of visual stimuli has traditionally been viewed as progressing in a

hierarchical manner in which simple visual features are processed first and then only

later combined into more complex representations. Primary visual cortex (VI) represents

an early step in visual processing, in which simple features, such as lines and edges of dif-

ferent orientations, are being processed. In higher-level visual areas the features being

represented become more complex.

11. For an excellent review see Nielsen, 2004.

12. PET imaging is limited, however, in that it is able to show us only average levels

of activity over several minutes of time. fMRI (functional magnetic resonance imaging)

provides much higher temporal resolution, and so will be better suited to elucidating.



1 80 Biological Aspects

REFERENCES

Antrobus, J. (1983). REM and NREM sleep reports: Comparison of word frequencies

by cognitive classes. Psychophysiology, 20, 562-567.

Antrobus,}., Kondo, T, & Reinsel, R. (1995). Dreaming in the late morning: Summation

of REM and diurnal cortical activation. Consciousness and Cognition, 4, 275-299.

Antrobus, J. S. (1991). Dreaming: Cognitive processes during cortical activation and

high afferent thresholds. Psychological Review, 98, 96-121.

Aserinsky, E., & Kleitman, N. (1953). Regularly occurring periods of eye motility and

concomitant phenomenon during sleep. Science, 188, 272-27A.

Benington, J. (2004). Homeostatic and circadian influences. In C. A. Kushida (Ed.),

Sleep deprivation: Basic science, physiology & behavior (pp. 481-506). New York:

Dekker.

Bertini, M., De Gennaro, E., Ferrara, M., Curcio, G., Romei, V., Fratello, F, et al.

(2004). Reduction of transcallosal inhibition upon awakening from REM sleep in

humans as assessed by transcranial magnetic stimulation. Sleep, 27, 875-882.

Braun, A. R., Balkin, T. J., Wesenten, N. J., Carson, R E., Varga, M., Baldwin, P., et al.

(1997). Regional cerebral blood flow throughout the sleep-wake cycle: An H20-O-15

PET study. Brain, 120, 1173-1197.

Braun, A. R., Balkin, T,, Wesensten, N., Gwadry, F., Carson, R., Varga, et al. (1998).

Dissociated pattern of activity in visual cortices and their projections during human
rapid eye movement sleep. Science, 279, 91-95.

Broughton, R. (1975). Biorhythmic variations in consciousness and psychological func-

tions. Canadian Psychological Review, 16, 217-239.

Buzsaki, G. (1996). The hippocampal-neocortical dialogue. Cerebral Cortex, 6, 81-92.

Buzsaki, G. (1998). Memory consolidation during sleep: A neurophysiological perspec-

tive. ofSleep Research, 7 (Suppl 1), 17-23.

Carrier, J., & Monk, T. (1999). Effects of sleep and circadian rhythms on performance.

In F. Turek & P. Zee (Eds.), Regulation of sleep and circadian rhythms. New York:

Marcel Dekker, Inc.

Casagrande, M., Violani, C., Eucidi, F., Buttinelli, E. & Bertini, M. (1996). Variations in

sleep mentation as a function of time of night. International Journal ofNeuroscience,

85, 19-30.

Cocude, M., Chariot, V. & Denis, M. (1996). Latency and duration of visual mental

images in normal and depressed subjects. Journal ofMental Imagery, 21, 127-142.

Cocude, M., & Denis, M. (1988). Measuring the temporal characteristics of visual men-

tal vcu 2gf:s. Journal ofMental Imagery, 12, 89-102.

Czisch, M., Wehrle, R., Kaufmann, C., Wetter, T. C., Holsboer, F., Pollmacher, et al.

(2004), Functional MRI during sleep: BOLD signal decreases and their electrophysio-

logical correlates. European Journal ofNeuroscience, 20, 566-574.

De Gennaro, L., & Ferrara, M. (2003). Sleep spindles: An overview. Sleep Medicine

Reviews, 7, 423-440.

Delorme, A., Rousselet, G. A., Mace, M. J., & Fabre-Thorpe, M. (2004). Interaction of

top-down and bottom-up processing in the fast visual analysis of natural scenes. Cog-

nitive Brain Research, 19, 103-113.



l.')reaiii Procliictioii 181

Dement, W., & Kleitman, N. (1957). The relation of eye movements during sleep to

dream activity: An objective method for the study of Journal of Experimen-

tal Psychology, 53, 339-346.

Dement, W. & Wolpert, E. A. (1958). The relation of eye movements, body motility, and

external stimuli to dream conttm. Journal ofExperimental Psychology, 55, 543-53.

Dijk, D., Shanahan, T., Duffy, J., Ronda, J., & Czeisler, C. (1997). Variation of electro-

encephalographic activity during non-rapid eye movement and rapid eye movement

sleep with phase of circadian melatonin rhythm in humans. Journal of Physiology,

505, 851-858.

Domhoff, G. W. (2001). A new neurocognitive theory of dreams. Dreaming, 11, 13-33.

Fisher, C., Kahn, E., Edwards, A., & Davis, D. M. (1973). A psychophysiological study

of nightmares and night terrors, I: Physiological aspects of the stage 4 night terror.

Journal ofNervous and Mental Disease, 157, 75-98.

Fosse, R., Stickgold, R. & Hobson, J. (2001). The mind in REM sleep: Reports of emo-

tional experience. Sleep, 24, 947-953.

Foulkes, D., & Fleisher, S. (1975). Mental activity in relaxed wakefulness. Journal of

Abnormal Psychology, 84, 66-75.

Freud, S. (1900). The interpretation oj dreams. New York: Avon Publishers.

Gais, S., & Born, J. (2004). Declarative memory consolidation: Mechanisms acting dur-

ing human sleep. Learning and Memory, 11, 679-685.

Gazzaniga, M. (2000). Cerebral specialization and interhemispheric communication:

Does the corpus callosum enable the human condition? Brain, 12, 1293-1326.

Hobson, J., & McCarley, R. (1977). The brain as a dream state generator: An activation-

synthesis hypothesis of the dream process. American Journal oJ Psychiatry, 134, 1335-

1348.

Hobson, J., A. (1992). A new model of brain-mind state: Activation level, input source,

and mode of processing (AIM). In J. S. Antrobus & M. Bertini (Eds.), The neuropsy-

chology ofsleep and dreaming. Hillsdale, NJ: Erlbaum Associates.

Hobson, J. A., Pace-Schott, E., & Stickgold, R. (2000). Dreaming and the brain:

Towards a cognitive neuroscience of conscious states. Behavioral and Brain Sciences,

23, 793-842.

Johnson, L. C. (1970). A psychophysiology for all states. Psychophysiology, 6, 501-516.

Kaufmann, C., Wehrle, R., Wetter, T. C., Holsboer, F., Auer, D. P., Pollmacher, T.,

et al. (2006). Brain activation and hypothalamic functional connectivity during

human non-rapid eye movement sleep: An EEG/fMRI study. Brain, 129, 655-667.

LaBerge, S. (1990). Eucid dreaming: Psychophysiological studies of consciousness in

REM sleep. In R. R. Bootzin, J. F. Kihlstrom, & D. L. Schacter, (Eds.), Sleep and cog-

nition (pp. 109-126). Washington, DC: American Psychological Association.

Mamelak, A., & Hobosn, J. (1989). Dream bizarreness as the cognitive correlate of

altered neuronal behavior in REM sleep. Journal of Cognitive Neuroscience, 1,

201 -222 .

Maquet, P., Peters,]., & Aerts, J. (1996). Functional neuroanatomy of human rapid eye

movement sleep and dreaming. Nature, 383, 163-166.

Massimini, M., Ferrarelli, F., Huber, R., Esser, S. K., Singh H., & Tononi G. (2005).

Breakdown of cortical effective connectivity during sleep. Science, 309, 2228-32.



182 Biological Aspects

Mellet, E., Petit, L., Mazoyer, B., Denis, M., & Tzourio, N. (1998). Reopening the men-

tal imagery debate: Lessons from functional anatomy. Neuroimage, 8, 129-139.

Monaco, H., Baghdoyan, H. A., Nelson, J. P., & Hobson, J. A. (1984). Cortical wave

amplitude and eye movement direction are correlated in REM sleep but not in wN.-

in^. Archives Italiennes de Biologie, 122, 213-233.

Monk, T., Buysse, D., Reynolds, C., Berga, S., Jarrett, D., Begley, A., et al. (1997). Circa-

dian rhythms in human performance and mood under constant conditions. Journal

ofSleep Research, 6, 9-18.

Moruzzi, G., & Magoun, H.W. (1949). Brain stem reticular formation and activation of

the EEG. Electroencephalography and Clinical Neuropsychiatry, 1, 455-473.

Muzur, A., Pace-Schott, E., & Hobson, J.A. (2002). The prefrontal cortex in sleep.

Trends in Cognitive Sciences, 6, 475-481.

Nielsen, T. (2000). A review of mentation in REM and NREM sleep: “Covert” REM
sleep as a possible reconciliation of two opposing models. Behavioral and Brain Scien-

ces, 23, 851-866.

Nielsen, T. (2004). Chronobiological features of sleep mentation. Sleep Medicine

Reviews, 8, 403-424.

Nielsen, T. & Zadra, A. (2000). Dreaming disorders. In M. Kryger, T. Roth, & W.
Dement (Eds.), Principles and practice ofsleep medicine. Philadelphia, PA: W.B. Saun-

ders Company.

Nielsen, T. A., & Powell, R. A. (1989). The “dream-lag” effect: A 6-day temporal delay

in dream content incorporation. Psychiatric Jommal of the University of Ottawa, 14,

561-565.

Nofzinger, E. A., Buysse, D. J., Miewald, J. M., Meltzer, C. C., Price, J. C., Sembrat, R.

C., et al. (2002). Human regional cerebral glucose metabolism during non-rapid eye

movement sleep in relation to waking. Brain, 125, 1105-1115.

Pivik, T., & Eoulkes, D. (1968). NREM mentation: Relation to personality, orientation

time, and time of Journal of Consulting and Clinical Psychology, 32, 144-151.

Reinsel, R., Wollman, M., & Antrobus, J. (1992). Bizarreness in dreams and waking fan-

tasy. In J. Antrobus & M. Bertini (Eds.), The neuropsychology of sleep and dreaming.

Hillsdale, NJ: Lawrence Erlbaum Associates.

Riggs, L., Ratcliff, F., Cornsweet, J., & Cornsweet, T. (1953). The disappearance of stead-

ily fixated visual test oh]ccxs. Journal ofthe Optical Society ofAmerica, 43, 495-501.

Ro, T., Breitmeyer, B., Burton, P., Singhal, N. S., & Lane, D. (2003). Feedback contribu-

tions to visual awareness in human occipital cortex. Current Biology, 13, 1038-1041.

Schachter, S., & Singer, J. (1962). Cognitive, social, and physiological determinants of

emotional state. Psychological Review, 69, 379-399.

Schredl, M., & Hoffmann, F. (2003). Continuity between waking activities and dream

^iCtWmcs. Consciousness and Cognition, 12, 298-308.

Smith, M., Antrobus, J., Gordon, E., Tucker, M., Hirota, Y., Wamsley, E., et al. (2004).

Motivation and affect in REM sleep and the mentation reporting process. Conscious-

ness and Cognition, 13, 501-511.

Solms, M. (2000). Dreaming and REM sleep are controlled by different mechanisms.

Behavioral and Brain Sciences, 23, 793-850.

Steiner, S. S., & Ellman, S. J. (1972). Relation between REM sleep and intracranial self-

stimulation. 177, 1122-1124.



Dream Prodiictioii 183

Steriade, M., & Timofeev, 1. (2003). Neuronal plasticity in thalamocortical networks

during sleep and waking oscillations. Neuron, 37, 563-576.

Stickgold, R., Malia, A., Fosse, R., Propper, R., & Hobson, J. (2001). Brain-mind states:

I. Longitudinal field study of sleep/wake factors influencing mentation report length.

Sleep, 24, 171-179.

Strauch, L, & Meier, B. (1996). In search of dreams: Results of experimental dream

research. New York: State University of New York Press.

Sutton, J. P., Holmes, J., Caplan, J., Rucnick, L., Kwong, K., Breiter, H., et al. (1998).

Investigation of human sleep using simultaneous fMRI and polysomnography. Sleep,

729(Suppl), 271.

Suzuki, H., Uchiyama, M., Tagaya, H., Ozaki, A., Kuriyama, K., Aritake, S., et al.

(2004). Dreaming during non-rapid eye movement sleep in the absence of prior rapid

eye movement sleep. Sleep, 27, 1486-1490.

Tagamets, M. A., & Horowitz, B. (2001). Interpreting PET and fMRI measures of func-

tional activity: The effects of synaptic inhibition on cortical activation in human

imaging studies. Brain Research Bulletin, 54, 267-273.

Wagner, U., Gais, S., & Born, J. (2001). Emotional memory formation is enhanced

across sleep intervals with high amounts of rapid eye movement sleep. Learning and

Memory, 8, 112-119.

Wamsley, E. J.,
Alger, S., Nelson, J., Tucker, M., Hirota, Y., & Antrobus, J. S. (2006).

Circadian and homeostatic influences on dreaming: NREM mentation during a short

daytime nap. Sleep, 29(Suppl), A48.

Wamsley, E. J.,
Hirota, Y., Tucker, M. A., Smith, M. R., & Antrobus, J. (2007). Circa-

dian and ultradian influences on dreaming: A dual-rhythm model. Brain Research

Bulletin, 71{A), 347-354.

Wollman, M. C., & Antrobus, J. (1986). Sleeping and waking thought: Effects of exter-

nal stimulation. Sleep: Journal ofSleep Research and Sleep Medicine, 9, 438-448.



%

(•

4

i

1

/

V -

\

t

/

\
Q

i:

I

>

•ll -

f

*

r
* .**

tfj
' •

..S
'

j»- I iT/ ti >1 i» ir



REM-Related Dreams in REM

Behavior Disorder

Maria Livia Fantini and Luigi Ferini-Strambi

Parasomnias are abnormal behavioral or physiological events that intrude

into the sleep process, disrupting its continuity. They are classified according

to the type of sleep in which they occur, namely non-rapid eye movement

(NREM) and rapid eye movement (REM) sleep parasomnia (American

Academy of Sleep Science, 2005). The latter include recurrent isolated sleep

paralysis, nightmare disorders, and RE.M Behavior Disorder (RBD).

RBD is a fascinating parasomnia in which subjects show complex and

often violent motor activities during REM sleep, usually in association with

dreams (Mahowald & Schenck, 2000). Common behaviors include scream-

ing, punching, grasping, kicking, and sometimes jumping out from bed,

which are potentially harmful for the patients or their bed partner. Indeed,

injuries are reported by more than 75 percent of patients (Schenck &
Mahowald, 2002), and they may include ecchymoses, lacerations, bone frac-

tures, and even subdural hematomas (Olson, Boeve, & Silber, 2000; Sforza,

Krieger, & Petiau, 1997). Arousal from episodes is usually rapid and often

accompanied by a dream recall that matches the observed behavior. For

instance, one patient may wake up after violently hitting the wall with his

feet and recall a dream in which he was being attacked by a dog and kicking

him out in self-defense. Video-polysomnographic (PSG) monitoring reveals

that these episodes typically occur during REM sleep. In fact, recording of

chin or limb activity (electromyography or EMG) shows a complete or

intermittent loss of the physiological REM sleep muscle atonia and an exces-

sive EMG phasic activity (for example, sudden and brief burst of activity of

the muscles) during this stage.
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The prevalence of RBD remains largely unknown. Results of a large tele-

phone survey assessing the prevalence of violent behavior during sleep in the

general population aged 15 to 100 years suggested a prevalence of RBD of

about 0.5 percent (Ohayon, Caulet, & Priest, 1997). Another study per-

formed among more than a thousand of individuals over 70 years old in the

Hong Kong area yielded an estimated prevalence of 0.04 percent (Chiu

et ah, 2000). RBD affects predominantly men after the age of 50 years

(Schenck & Mahowald, 2002). The male to female ratio is about 8:1, and

the reason for this male preponderance is unclear. It has been suggested that

female subjects may have RBD with less aggressive behaviors that do not call

for medical attention. A possible role of sex hormones in mediating violent

and aggressive behaviors could explain this gender effect.

RBD in humans was formally identified by Schenck and collaborators in

1986, who described the full clinical and polysomnographic picture of five

patients (Schenck, Bundlie, Ettinger, &c Mahowald, 1986). However, some

earlier cases had been observed by European and Japanese researchers in

healthy subjects taking antidepressant drugs (Passouant, Cadilhac, & Ribstein,

1972), as well as in acute psychoses related to alcohol withdrawal or drug

abuse (Tachibana, Tanaka, Hishikawa, Sc Kaneko, 1975). Nonetheless, it was

only in 1990 that RBD was included within the International Classification of

Sleep Disorders as a distinct parasomnia, and diagnostic criteria were estab-

lished. Recently, diagnostic criteria have been revised (American Academy of

Sleep Science, 2005).

PATHOPHYSIOLOGY

The pathogenesis of RBD is still unclear. Multiple neural substrates par-

ticipate in REM sleep atonia, being potentially involved in the pathogenesis

of RBD. They are located mainly in the brainstem, the lower portion of the

brain connecting the spinal cord to the brain hemispheres. Indeed, an exper-

imental animal model of RBD has been obtained in cats after lesion in the

pons, the middle part of the brainstem (Hendricks, 1982; Jouvet &
Delorme, 1965). On the other hand, neurons that utilize dopamine in the

meso-striatum pathways might be also implicated, and brain imaging studies

performed in small groups of idiopathic patients with RBD using positron

emission tomography (PET) or single photon emission computed tomogra-

phy (SPECT) showed a decreased dopaminergic striatal innervation in

patients with idiopathic RBD (Albin et al., 2000; Eisensher et al., 2000).

The same type of lesion is encountered in patients with early Parkinson’s

disease (PD).
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CLirVICAL FORMS

RED can occur in rvvo forms, acute and chronic. The acute RED has

been observed in drug abusers (particularly with tricyclic antidepressants,

monoamine inhibitors, or serotonin selective reuptake inhibitors), as well as

during withdrawal Irom several substances (namely alcohol, meprobamate,

nitrazepam, and pentazocine) (Mahowald & Schenck, 2000).

The chronic form may be either idiopathic or secondary to various neu-

rological disorders. Secondary RED may be potentially triggered by any

lesions involving the brain structures responsible for REM sleep atonia,

which are mostly located in the brainstem. RED has been actually observed

in cerebrovascular diseases, brainstem tumors, Guillain-Earre syndrome

(Cochen et al., 2005), multiple sclerosis, and Machado-Joseph disease

(Friedman, Fernandez, & Sudarsky, 2003; Fukutake et al., 2002; Iranzo

et al., 2003). Very recently, RED has been observed in association with lim-

bic encephalitis (Iranzo et al., 2006) and with Morvan’s syndrome (Liguori

et al., 2001), two disorders not related to brainstem impairment. Flowever,

the most frequent association of RED is with a group of neurodegenerative

diseases called alpha-synuchleinopathies that include PD, dementia with

Lewy bodies (DEE), and multiple system atrophy (MSA; Eoeve, Silber, Fer-

man, Eucas, & Parisi, 2001). In PD, muscle tone abnormalities during REM
sleep are frequent. The simple loss of muscle atonia, regardless of the history

of behavioral manifestations, was found in 58 percent of PD patients, while

full RED is present in approximately one third of patients (Cornelia, Nar-

dine, Diederich, & Stebbins, 1998; Gagnon et al., 2002). RED may be also

encountered in demented patients who show the clinical and neuropsycho-

logical features of DEE (Eoeve et al., 1998). Indeed, RED has been recently

included as a suggestive feature within the diagnostic criteria for DEE

(McKeith, 2005). RED is also extremely frequent in patients with MSA,

being present in about 90 percent (Plazzi et al., 1997).

IDIOPATHIC RBD

When no neurological signs or central nervous system (CNS) lesions are

found, RED is currently defined as “idiopathic. This form accounts for up

to 60 percent of the cases described in the literature. Fiowever, one prospec-

tive study performed on idiopathic RED showed that 38 percent of male

patients with RED developed a Parkinsonian syndrome within four years

from the RED diagnosis. The study has been recently updated, showing that

up to 65 percent of idiopathic patients with RED eventually developed a Par-

kinsonian disorder and/or a dementia without Parkinsonism, about 13 years
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after the RBD onset (Schenck, Bundlie, & Mahowald, 1996, 2003). On the

other hand, in nearly 35 percent of patients, RBD remained idiopathic after

a mean of 20 years. Therefore, the condition of idiopathic RBD is receiving

increasing attention, as a possible prodrome in the development of a full-

blown neurodegenerative disease. Recent studies found several slight abnor-

malities associated with the motor dyscontrol during REM sleep. The latter

include slowing of the electroencephalographic rhythm in both wakefulness

and REM sleep (Fantini et al., 2003), neuropsychological abnormalities in

specific functions, such as visuo-spatial constructional abilities and visuo-

spatial learning (Ferini-Strambi et al., 2004), signs of autonomic impair-

ment (Ferini-Strambi, Oldani, Zucconi, & Smirne, 1996), olfactory deficit

(Stiasny-Kolster et al., 2005), subtle motor signs, and decreased color vision

discrimination (Gagnon et al., 2006; Postuma, Lang, Massicotte-Marquez, &
Montplaisir, 2006). All these observations strengthen the notion of idio-

pathic RBD as a prodrome of a more pervasive neurodegenerative disease.

ALTERED DREAM CONTENT

An intriguing feature of the disorder is the frequent occurrence of specific

dream contents. Indeed, the vast majority of dreams tend to be unpleasant,

stereotypical, action filled, and often violent in nature. Patients with RBD
very commonly report dreams in which they are attacked by unfamiliar peo-

ple or animals and they would either fight back in self defense or attempt to

flee (Schenck & Mahowald, 2002). Typical dreams may include an unfami-

liar person entering the dreamer’s house, a stranger threatening the dreamer

or his relatives, or being attacked by animals. Fear and anger are the most

common associated emotions.

Despite the fact that RBD appears to be a disorder involving both motor

behaviors and dream synthesis, dream content has been poorly investigated

in RBD. On the clinical ground, it has been observed that the aggressiveness

displayed in dreams contrast with the often placid and mild-mannered day-

time temperament. One recent study has systematically assessed the dream

content and its relationship with the daytime aggressiveness in RBD (Fan-

tini, Corona, Clerici, & Ferini-Strambi, 2005). This study included 49

patients w'ith polysomnographic-confirmed RBD and 71 healthy control

volunteers recruited among members of recreational groups for elderly in

the same geographical area, matched for age, gender, and education. Subjects

were asked to recall one or more recent dreams during an ad hoc visit,

according to the Hall and Van de Castle method, using the following words:

We would like you to tell us the last dream (s) you remember having, whether

it was last night, last month, or in the last year and the date this dream
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occurred. Dreams that occurred within one year from the interview were

included. The Hall and Van de Castle method is the most comprehensive

and widely used empirical system for dream content analysis, and it has been

used by researchers in different countries, showing good reliability, intra-

individual consistency over time, and correlation with individual, gender,

and cultural differences.

A higher proportion of subjects in the RBD group were able to recall at

least one dream compared to same-age healthy subjects. Indeed, 41 of 49

patients with RBD (83.7 percent) and 35 of 71 control subjects (49.3 per-

cent) were able to remember their dreams. The two groups of dreamers were

comparable for previous education, present working status, mean duration of

retirement, and previous occupation. Ninety-eight patients with RBD and 69

controls dreams were finally collected and analyzed. An average dream report

score was calculated in subjects who recalled more than one dream.

Compared with controls, patients with RBD reported a striking fre-

quency of aggression expressed by various indicators, namely a higher per-

centage of “Dreams with at least one aggression” (66 percent versus 15

percent), an increased Aggression/Friendliness interactions ratio (86 percent

versus 44 percent), and an increased Aggressions/Characters (A/C) ratio

(0.81 versus 0.12; see Table 8.1).

In both RBD and controls, the dreamer was personally involved in the

aggression in about 90 percent of cases, whereas he/she was a witness in about

10 percent of cases. In the RBD group, there was an elevated frequency of all

types of aggressive interactions: the dreamer played the role either of a^ressor

or of victim, and he/she was involved in reciprocal aggressions (for example,

when the victim responds with any type of countera^ression), as well as in

mutual aggressions (for example, when no a^ressor or victim can be clearly

identified because the characters are engaging in the same a^ressive activity at

the same time). On the other hand, any dream with self-aggression was

reported by RBD. The characters involved in the a^ession were primarily

males (96 percent males versus 4 percent females) in the RBD group, whereas

they were almost equally represented in the control group (55 percent males

versus 45 percent females; see Table 8.2).

Furthermore, among the various types of aggression, physical aggression

was far more represented in dreams of patients with RBD than in those of

controls (29.3 percent versus 3.8 percent). However, no difference in physi-

cal aggression percent (derived by dividing the total number of physical

aggression by the total number of aggressions) was observed in RBD and

control subjects (71.5 versus 66.7 percent, respectively).

On the other hand, dreams of subjects with RBD expressed the same

amount of friendliness as dreams of control subjects, as revealed by various
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TABLE 8.1

Dream Characteristics of Patients with RBD and Control Subjects

RBD Controls h P

N
RBD

N
Controls

Characters

Male/Female % 63% 57% +.11 .49243 83 67

Familiarity % 52% 65% -.26 .06523 108 93

Friends % 17% 19% -.04 .77890 108 93

Family % 35% 45% -.21 .13205 108 93

Dead & Imaginary % 01% 01% -.04 .76691 129 95

Animal % 19% 04% +.52 .00013 129 95

Social Interaction Percents

Aggression/Friendliness % 86% 44% +.93 .00007 97 23

Befriender % 63% 71% -.19 .72192 7 7

Aggressor % 29% 00% + 1.14 .00251 61 8

Physical Aggression % 73% 55% +.40 .19606 94 12

Social Interaction Ratios

A/C Index .81 .12 + 1.63 129 95

F/C Index .08 .18 -.22 129 95

S/C Index v .00 .11 —.26 129 95

Dreams with at Least One:

Aggression 66% 15% + 1.08 .00000 101 69

Friendliness 12% 22% -.27 .08800 101 69

Sexuality 00% 09% -.62 .00007 101 69

Misfortune 15% 17% -.06 .71660 101 69

Good Fortune 00% 01% -.20 .21069 101 69

Success 03% 10% -.28 .07673 101 69

Failure 07% 09% -.08 .59232 101 69

Striving 10% 19% -.25 .10550 101 69

Source: Neurology, Oct. 11; 65(7):1010-1015. Fantini et al. Reprinted with permission from Lippincott,

Williams, & Wilkins.

Notes: Bonferroni correction was applied for multiple testing. Level of significance was set at a = 0.002;

RBD = REM sleep behavior disorder; N RBD = total number of elements occurring in the category,

for the RBD group; N Controls = total number of elements occurring in the category, for the control

group.

indicators. When assessing the type of activities, dreams of subjects with

RBD showed an overall higher percentage of physical activities and a

reduced frequency of visual activity.

An unexpected feature of RBD dreams was the very high frequency of

animal characters (19 percent versus 4 percent) that were almost invariably

involved in aggressive interactions. Interestingly, none of the patients with

RBD had a “dream with at least one element of sexuality,” in contrast to

what was observed in control subjects (0 percent in RBD versus 9 percent
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TABLE 8.2

Subtypes of Aggression in RBD and Controls Dreams

RBD % CTRL %
a

P

Total Aggression 41.0 100 5.7 100

Physical 29.3 71.5 3.8 66.7 <0.0001

Non-physical 11.7 28.5 1.9 33.3

Dreamer involved 36.9 90.2 5.1 88.4 <0.0001

Dr. as aggressor 9.0 24.2 0.0 0.0 0.01

Dr. as victim 16.9 45.9 4.2 83.6 0.0005

Dr. as reciprocal 8.2 22.3 0.3 6.6 0.01

Dr. as mutual 2.8 7.6 0.0 0.0 NS

Dr. self-aggression 0.0 0.0 0.5 9.8 NS

Witness 4.0 9.8 0.7 11.6 NS

Sex 16.7 2.25

M 16.1 96.2 1.2 55.6 0.008

F 0.6 3.8 1.0 44.4 NS

Source: Neurology, Oct. 11; 65(7):1010-1015. Fantini et al. Reprinted with permission from Lippincott,

Williams, &: Wilkins.

^Mann-Whitney U Test.

in controls). The latter is concordant with the observation that appetitive

behaviors, such as feeding or sexual, have never been observed as a manifesta-

tion of RBD, either in humans or in the animal model. Indeed, sexual

behaviors during sleep may be the manifestation of a NREM disorder of

arousal, but is likely never attributable to RBD.

No correlation was observed between each of the dream characteristics

and either age, duration, or frequency of RBD symptoms. Moreover, in both

groups, indicators of aggressiveness in dreams did not correlate with years of

education, years of retirement, or previous work.

DREAMS IN IDIOPATHIC AND SYMPTOMATIC RBD

The dreams reported by patients with idiopathic RBD (iRBD) seem not

to differ with those reported by patients with symptomatic RBD, which are

also action-filled and often violent. In the aforementioned study, 14 of 4

1

were affected by symptomatic RBD (sRBD; 12 men, 2 women; PD, n = 10;

MSA, n = 3; and DLB, n = 1). Their dreams shared similar characteristics

and same percentages of the majority of indicators with those of iRBD, with

the only exception of a lesser frequency of male characters (the percentage

of Male/Female characters ratio was lower in sRBD than in iRBD, namely

26 percent versus 78 percent, respectively) and of an absence of dreams
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with at least one element of striving” (expressed by the ratio of the sum of

dreamer-involved successes and failures divided by the total number of

dreams; 0 percent versus 15 percent). However, data were not conclusive,

since 10 patients of 14 with sRBD were taking either clonazepam [n — 4)

and/or dopaminergic drugs in mono- or polytherapy, and an effect of medi-

cation could not be excluded. Dopaminergic drugs are actually known to

potentially affect dream production (Pagel & Helfter, 1999).

AGGRESSIVE DREAMS AND DAYTIME AGGRESSIVENESS

After dream content collection, subjects completed the Aggression Ques-

tionnaire (AQ), a validated test developed to assess different aspect of aggres-

siveness, namely physical aggression, verbal aggression, anger, and hostility.

No between-group differences in daytime aggressiveness, as measured by the

total AQ scores, were found (69.9 in patients with RBD versus 73.8 in con-

trol subjects). However, when looking at the subtypes of daytime aggressive-

ness, patients with RBD showed lesser “Physical Aggressiveness” than control

subjects (16.5 versus 20.4) and no difference on Verbal Aggressiveness, Anger,

and Hostility. This result corroborates early observations of a discrepancy

between the aggressiveness displayed in dreams and the frequent placid and

mild-mannered temperament in patients with RBD (Schenck et al., 1986).

Interestingly, in patients with RBD, the amount of aggressiveness in dreams

inversely correlated with the measures of a^ressiveness during the day. Indica-

tors such as the percentage of “dreams with at least one aggression”, the Total

A^ressions/Total Characters ratio, and the A^ession/Friendliness ratio were

inversely correlated to the measures of daytime hostility, meaning that the

more patients had dreams with agression, the less they showed hostility dur-

ing daytime. Alternatively, it was the frequency of friendliness and family

characters in dreams that positively correlated with the levels of daytime hos-

tility. In a similar fashion, the percentage of “dreams with at least one misfor-

tune” correlated inversely with the daytime anger, meaning that those patients

with more dreams with misfortune were those showing less anger during day-

time. Finally, the percentage of “negative emotions” in dreams were strongly

negatively correlated with the measure of daytime total aggression and particu-

larly with physical agression, so that those patients with RBD having more

dreams with negative emotions were those less physically aggressive during the

day. Curiously enough, no correlations were found between dreams character-

istics and measures of daytime aggressiveness in control subjects.

Although the small size of sample is not suitable for statistical compari-

son, no gender difference was observed in any dream aggressiveness indica-

tors nor in AQ score.
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The inverse correlation found in RBD between aggression in dreams and

measures of daytime aggressiveness, in particular the level of hostility, could

somewhat corroborate early theories of a compensatory nature of dreams, in

which aspects of the personality neglected in waking life would be high-

lighted in dreams Qung, 1974). However, these results contrast with the

later established principle of continuity between dream content and waking

mentation. Indeed, several studies with dream journals showed that wide

individual differences in the frequencies of several Hall and Van de Costle

dream content indicators are in general continuous with the waking concep-

tions with past or present emotional preoccupations and interests of the

dreamers and with the level of their psychological well-being (Bell & Hall,

1971; Domhoff, 1996; Hall & Nordby, 1972; Pesant & Zadra, 2006). This

hypothesis has been also demonstrated by blind analyses of dream journals,

where nothing is known about the dreamer until she or he later answers

questions developed on the basis of the content analysis (Domhoff, 1996).

Furthermore, in several laboratory studies of children’s dreams, it was found

that children with more violence in their waking fantasies had more aggres-

sive interactions in their dreams (Foulkes, 1967; Foulkes, Larson, Swanson,

& Rardin, 1969).

STEREOn PIC DREAM COATEAT

Although studies of dream content in normal subjects have provided evi-

dence of a link bemeen dreaming and waking cognition, this seems not to

be the case in patients with RBD. Indeed, a striking aspect of dreams in

RBD is that patients share a highly stereotypic dream content. The elevated

occurrence of a human or animal aggressor threatening the dreamer or his

entourage, pushing him to engage in a defense activity, and even the similar-

ity of terms used by patients to describe the dream experience are very sur-

prising, considering the variety of their psychological profiles and personal

histories. In dreams of patients with RBD, in front of an assortment of set-

tings (such as outdoor settings, houses, work environments, and so on)

where continuity with the waking life may be recognized, there are a limited

variety of interactions, emotions, and characters.

It has been observed that the repetitive nature of dream content may sug-

gest several potential linkages between dream content and the neural net-

work for dreaming (Domhoff, 2001), and this could be particularly true in

the case of patients with RBD.

Several considerations could be made to explain the altered dream con-

tent in RBD. (1) The threat simulation theory and the release of ontogenically

early dream patterns. It has been proposed that the biological function of
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dreams would be to simulate threatening events and to rehearse threat

avoidance (Revonsuo, 2000). Normative data obtained in large samples of

the general population, including sporadic and recurrent dreams, as well as

nightmares, indicate that aggressions, negative emotions, misfortune, and

especially threatening events are overrepresented in dreams compared with

positive emotions and peaceful and nonthreatening activities. Furthermore,

threats usually coming from the ancestral human environment, namely phys-

ical aggression by wild animals or unfamiliar people, mostly of male gender,

are more frequent than currently experienced daytime threats. The bias to-

ward ancestral threats seems even greater in children’s dream reports. It has

been observed that children’s dreams are characterized by a higher rate of

aggression and a greater number of animal characters compared with adult

dreams, and that the frequency of both aggression and animals in dreams

decrease as a function of age. In a study about 600 dream reports from chil-

dren 2 to 12 years of age, animals accounted for 25 to 30 percent of all

characters in dreams reported by children 2 to 6 years old and for 15 per-

cent in those reported by children 7 to 12 years old, whereas in adult

dreams this percentage declines to 5 percent (Domhoff, 1996). Other studies

showed similar age-related decreases of this indicator (Van de Castle, 1983).

Interestingly, in their dreams children frequently describe animals that are

rarely or never encountered in the waking world (for example, snakes, bears,

monsters, spiders, tigers, insects, and so on). Aggression indicators such as

the aggression/characters ratio are also high in dreams of children 2 to 12

years old, with most of the aggression consisting of being attacked by ani-

mals. Based on these results, it has been hypothesized that dream activity in

children, containing wild animals, aggressions, and threats from an ancestral

environment to a greater extent than adult dreams, would be useful to the

development of threat-avoidance skills and would decrease with age

(Revonsuo, 2000). It is intriguing that dreams in RBD share with children

similar increased percentages of aggressiveness (expressed also by a higher A/

C ratio) and animal characters, compared to same-age and gender controls.

It has been suggested that RBD may originate from an inappropriate activa-

tion of the threat-simulation system, leading to an intensive threat simula-

tion during dreams and to a behavioral response (mostly adequate) to these

threats. On the other hand, increasing evidence indicates that chronic idio-

pathic RBD is an early manifestation of a more pervasive degenerative proc-

ess. In light of this, it may be hypothesized that chronic RBD, as a part of a

widespread neurodegenerative process involving the brain, would lead to a

release of archaic dream patterns.

(2) Dreams in RBD and the Activation-Synthesis Model. According to the

Activation-Synthesis model of dream generation recently revised into the
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Activation, Input, and Modulation model, phasic discharges from brainstem

generators activate either motor or perceptual, affective, and cognitive path-

ways, and these impulses are subsequently synthesized into dreams by the

forebrain (Hobson & McCarley, 1977; Hobson, Pace-Schott, & Stickgold,

2000). Thus, in RBD the known increase of phasic EMG activity may be

responsible of both motor behaviors and action-filled dreams. Dreams with

aggression and vigorous motor behaviors may be two manifestations of

hyperactivity of a common neuronal generator. In favor of this hypothesis

stands the fact that dream content changes significantly after administration

of clonazepam in patients with RBD. Besides a dramatic reduction of the

frequency and intensity of behavioral episodes, patients almost invariably

report changes in their dreams from stereotyped, violent, and intense to

more various, colored, and bizarre, therefore, closer to normal dreams. In

the aforementioned study, patients with RBD treated with clonazepam,

although less numerous, had higher percentages of familiar and family char-

acters when compared to drug-free patients with RBD and a trend toward

both reduced percentages of physical aggression and a lower ratio of Male/

Female characters (Fantini et al., 2005). Clonazepam is a benzodiazepine

with serotoninergic properties that is highly effective in controlling motor

disorder during sleep. In particular, clonazepam was found to significantly

reduce the percentage of muscle phasic activity during REM sleep in patients

with RBD (Lapierre & Montplaisir, 1992). The effect on dream content

might be exerted through a generic anxiolitic effect, but clonazepam was

found to be ineffective in treating nightmares in dreams disorder like post-

traumatic stress disorder (Cates, Bishop, Davis, Lowe, & Woolley, 2004).

Therefore, it seems far reasonable to hypothesize that changes in dream con-

tent may be mediated by its inhibiting effect on the sleep motor patterns

generator.

Developmental changes in phasic REM sleep parameters have been

described as a reflection of the maturation of the brainstem inhibitory sys-

tems. Erom birth to late childhood, both a shortening of REM sleep phasic

muscle activity and a decrease of simultaneous occurrence of REMs with

phasic muscle activity have been observed (Kohyama, 1996; Kohyama &
Iwakawa, 1990; Kohyama, Tachibana, & Taniguchi, 1999). Of interest, the

higher frequency of aggression and animal characters in children s dreams

compared to adult dreams, as well as their age-related decrease, appear to

parallel the developmental reduction in phasic REM sleep motor activity.

Furthermore, periodic leg movements during sleep (PLMS, stereotyped and

recurring movements of the lower limbs characterized by the extension of

the big toe and dorsiflexion of ankle, with occasional flexion of knee and

hip) are very frequent in RBD. They are included among phasic motor
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phenomena, and they are well represented during REM sleep in patients

with RBD (Fantini, Michaud, Gosselin, Lavigne, & Montplaisir, 2002). Of

interest, in iRBD PLMS index was found to correlate positively with some

indicators of aggressiveness in dreams, namely the A/C ratio and the per-

centage of dreams with at least one aggression (Fantini et aL, 2005). Taken

together, all these results support the notion of a link between phasic muscle

activity during REM sleep and dream content.

A recent very interesting study assessed differences of dream content in

dream reports collected after REM and NREM awakening, calculating the

number and variety of social interactions (McNamara, McLaren, Smith,

Brown, & Stickgold, 2005). These authors found that aggressive interactions

were more frequent in REM than NREM dream reports, while dreamer-

initiated friendliness was more characteristic of NREM than REM reports.

Thus, the authors hypothesized that different representations of social inter-

actions in dreams in the two-sleep state may reflect different neurochemical

patterns, with the REM state specialized in simulation of aggressive interac-

tion. On the other hand, it may be postulated that bursts of phasic motor

activity, as part of the physiological REM sleep processes (e.g., normal mus-

cle twitches), would be translated by the forebrain in action or movement-

filled dreams, and ultimately in dreams with more aggressive interaction

compared to dreams in NREM sleep, and that RBD is an accentuation of

this physiological phenomenon.

In summary, dreams in patients with RBD appear to be highly stereo-

typed and characterized by an elevated proportion of aggressiveness. Given

the peculiar neurophysiological characteristics of REM sleep in these

patients, it is possible that, in RBD, the exaggerated motor phasic discharges

prevail over other neurocognitive processes involved in dream synthesis and

would shape the dream content toward an increased level of those activities

implying abrupt and violent movements of the body, particularly of the

limbs. According to the Activation-Synthesis model, it may be hypothesized

that such phasic motor activation induced by brainstem locomotor pattern

generators would be preferentially translated by the cortical imagery genera-

tors in activities such as fighting or running, rather than more static ones.^

RBD may certainly provide us with a key to improve our understanding

about the mechanisms of physiological and pathological dream synthesis.

NOTE

1. Further studies are needed to better explore the causal relationship between the

exaggerated muscle activity during REM sleep and the increased aggressive content of

dreams in RBD.
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“Theory of Mind” in REM and NREM

Dreams

Patrick McNamara, Deirdre McLaren, Sara Kowalczyk,

and Edward F. Pace-Schott

Many dreams involve the dreamer in interaction with at least one other

being or person (Domhoff, 1996; Hall & Van de Castle, 1966). To interact

with another often involves attributions or inferences about the other. Most

fundamentally, we assume that the other person has a mind and possesses

beliefs, desires, and goals just as we do. Therefore, dreaming may involve the

attribution of intentionalitv toward other dream characters. To attribute

intentionality to other apparent “agents” is to assume that they have a mind

and are motivated by beliefs, desires, intentions, hopes, and fears like our

own.

To attribute mind to another is commonly called Theory of Mind

(ToM) attributions. Does the dreaming mind perform ToM attributions?

Certainly, instances of ToM attributions appear in dreams (Kahn & Hob-

son, 2005; Pace-Schott, 2001). Presumably, the dreaming mind creates char-

acters and then attributes mind and agency to those characters. Dream

memory like wake memory is likely a reconstructive and creative process.

Dream elements can be assembled within the dream using knowledge ele-

ments from semantic, autobiographical, and episodic memory stores to cre-

ate characters with motivations (and minds) independent of the dreamer s

motivations and desires. This is an extremely important fact that reveals

something fundamental about the capacities of the dreaming mind. It is ca-

pable of supporting the complex cognitive process called mind-reading.

Baron-Cohen (1997) has argued that mind-reading involves the interaction

of at least four separate cognitive systems. These are an intentionality detector

(ID), an eye direction detector (EDD), a shared attention mechanism (SAM),
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and a theory of mind mechanism (ToMM), The ID is a perceptual device

that interprets motion stimuli in terms of the primitive, volitional, and mental

states of goal and desire. According to Baron-Cohen, to see anything animate

moving, all that is required to interpret its movement is the attribution of goal

and desire. X is moving because its goal is to go over there or because it wants

something. The EDD detects the presence and the direction of eyes or eyelike

stimuli, and it infers that if another organism’s eyes are directed at something,

then that organism sees that thing. The EDD permits us to attribute percep-

tual states and, therefore, mind to other organisms. Interestingly, many

patients with autism, who are widely believed to be deficient in both dream

recall and in key theory of mind skills, do not allow or maintain eye contact

with another person.

These two mechanisms, the ID and the EDD, can construct dyadic repre-

sentations such as Agent wants X, Agent has goal Y (in the case of ID); and

Agent sees X, and Agent is looking at Y (in the case of EDD). From Baron-

Cohen’s point of view, they are not, however, sufficient to account for more

complex representations such as Agent A sees that Agent B sees X. For such

a representation, Baron-Cohen argues that we need a shared attentional

mechanism (SAM).

The SAM builds triadic representations that specify the relations among

an Agent, the Self, and a (third) Object, which can be another Agent. Such

triadic relations would have the form of “Agent sees that I see X” or “You

and I see that we are looking at the same object.” The ToMM uses input

from the other subcomponents of the system to specialize in detection of

specific mental states such as pretending, thinking, knowing, and believing,

in which agents are represented as having attitudes toward propositions.

Although the process of mind-reading, as explicated by Baron-Cohen, is

clearly complex, the dreaming mind appears to be capable of supporting this

cognitive process (Pace-Schott, 2001).

The dreaming brain-mind, however, is composed of at least two distinct

substates: rapid eye movement (REM) and non-REM sleep (NREM). The

contrasting brain and neurochemical activity patterns of REM and NREM
suggest that representation of social interactions, and thus of mind-reading

instances in “dreams” associated with the two sleep states may differ. REM
sleep involves periodic, significant reductions in forebrain serotoninergic and

noradrenergic activity along with selective activation of limbic and paralim-

bic neuronal circuits, including the lateral hypothalamus, amygdala, parahip-

pocampal and medial and orbitofrontal cortices, but not the dorsolateral

prefrontal cortex (Braun et al., 1997, 1998; Maquet et al., 1996; Nofzinger,

Mintum, Wiseman, Kupfer, & Moore, 1997). Areas reactivated in REM
have been characterized by Nofzinger et al. (1997) as the “anterior
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paralimbic REM activation area” that they describe as a “bilateral confluent

paramedian zone which extends from the septal area into ventral striatum,

infralimbic, prelimbic, orbitofrontal and anterior cingulate cortex” (p. 192).

Interestingly, the neuroanatomy of REM may overlap to some extent

with the neuroanatomy of ToM. The medial prefrontal (paracingulate) cor-

tex, superior temporal sulcus, and temporal poles including the amygdala are

the areas most consistently activated in neuroimaging studies of ToM tasks

(Brune & Brune-Cohrs, 2006; Frith & Frith, 2003; Gallagher & Frith,

2003; Harris, Todorov, & Fiske, 2005). It has also been suggested that dif-

ferent anatomical circuits may subserve different elements of theory of mind

skills with the orbitofrontal cortex mediating ToMM processes themselves

(for example, Hynes, Baird, dc Grafton, 2006; Sabbagh, 2004).

Given that the limbic and paralimbic structures implicated in ToM skills

include manv of the same structures that have been shown to reactivate dur-

ing REM following relative quiescence in NREM (Braun et al., 1997, 1998;

Maquet et al., 1996; Nofzinger et al., 1997), we hypothesized that REM
would be able to support forms of mentation that contain frequent instan-

ces of mind-reading.

What about NREM? NREM is composed of four progressively deeper

substages. While positron emission tomographic (PET) studies of NREM
sleep states generally show a global decrease in cerebral energy metabolism

relative to REM, this metabolic decline is not as marked in Stage 2 NREM
as in deeper NREM Stages (3 and 4 slow wave sleep), and thus Stage 2

NREM sustains relatively higher levels of brain activation compared to

Stages 3 and 4 (Maquet, 1995, 2000). Indeed, a recent functional magnetic

resonance imaging (fMRI) study found that the frontal cortices were acti-

vated in Stage II NREM (Eoevblad et al., 1999), although this effect is not

as clear in PET studies (Braun et al., 1997). We can, therefore, expect some

amount of mentalizing to occur in Stage II NREM as well as in REM; how-

ever, the frequency and pattern of ToM instances should differ between the

two sleep states reflecting differing brain activation patterns associated with

the two sleep states. The differing brain activation profiles for the two sleep

states suggest different simulations of social interactions and mentalizing

capacity profiles as well. Indeed, in a recent investigation of type and inten-

sity of social interactions in REM and NREM dreams (McNamara, McLa-

ren, Smith, Brown, & Stickgold, 2005), we found that REM dreams were

more frequently associated with reports of aggressive social interactions,

while NREM dreams favored depictions of friendly social interactions.

For that study and for the present report, we used the Nightcap, a

home-based sleep-wake monitoring system (Ajilore, Stickgold, Rittenhouse,

& Hobson, 1995) to collect dream and waking mentation reports from
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healthy individuals in their home environments. We repeatedly sampled the

mental activity associated with REM sleep, NREM sleep, and waking in the

same 15 individuals as they behaved and slept naturally over a two-week pe-

riod. We then used a standardized dream content scoring system (Hall &
Van de Castle, 1966) along with a novel scale to identify and quantify ToM
in dream reports to analyze the frequency and content of mind-reading

instances in the reports collected from these individuals. We predicted

greater ToM instances in REM compared to NREM and waking reports.

We also predicted differing content-related ToM profiles for RTM and

NREM. The results are consistent with our predictions and clearly demon-

strate more frequent depiction of mind-reading in REM versus wake and

NREM reports, as well as dramatically different content profiles for REM
and NREM dreams containing ToMs.

METHOD

The data are drawn from a larger database of mentation during wake and

sleep states whose overall characteristics have been described in detail else-

where (Stickgold, Malia, Fosse, Propper, & Hobson, 2001). Dr. Stickgold

graciously gave us access to this database of sleep mentation reports for pur-

poses of this report. The study was approved by the local internal review

board for protections of the rights of human subjects, and all participants

signed an informed consent form. In brief, 15 undergraduate students (18-

22 years of age; 8 men, 7 women) carried a pager during the day and wore

the Nightcap monitoring system (Ajilore et al., 1995) at night for 14 days

and nights. Subjects verbally provided mentation reports via a portable tape

recorder four times each day when paged, as well as when they awoke from

sleep during the 14 nights. The subjects were instructed to describe in detail

their foregoing experiences when paged or awakened, including where they

(thought they) were, who else was present, and what they were doing, per-

ceiving, feeling, and thinking. Instrumental awakenings were performed by a

Macintosh computer that received continuous input from the Nightcap.

The Nightcap consists of a 25-mm X 8-mm piezoelectric eyelid move-

ment (EEM) sensor and a cylindrical, multiple mercury switch that detects

head movements (HMs; Ajilore et al., 1995). The Nightcap samples EEM
and HM sensors during each successive 250-ms interval, identifying an ELM
interval whenever a voltage in excess of lOmV is detected within an interval.

The sensor and associated circuitry are sensitive to REMs and twitches of

the levator palpebrae and orbicularis oculi (eyelid muscles), but not to the

slow eye movements (SEMs) characteristic of sleep onset. Sleep onset is nor-

mally scored as the start of a period of at least two 30-second epochs of
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ELM quiescence following waking or, when hypnogogic reports are col-

lected, after 15 seconds of ELM quiescence. The beginning of an NREM
sleep epoch is scored at the start of at least five minutes without ELMs or

HMs. NREM periods are characterized by no ELMs and HMs. REM sleep

is scored when ELMs occur but with few or no head movements. Nightcap

identifications of REM and NREM sleep states have been verified by con-

comitant electroencephalogram (EEG) studies (Ajilore et al., 1995), thus

demonstrating that it can accurately distinguish REM from NREM,
although the Nightcap cannot resolve stages within NREM.

Sampling of Sleep and Wake Reports

We used exactly the same sampling procedures as McNamara et al.

(2005). Briefly, the 200 sleep mentation reports and 100 wake reports were

selected in a semi-random fashion from a database of 1748 sleep and wake

mentation reports, provided to us by Dr Stickgold. The full database con-

tained 894 waking (W) reports, 338 sleep onset (SO) reports, 269 REM
reports, and 247 NREM reports. In order to approximate the overall norma-

tive values for the various Hall/Van de Castle content indicators, Domhoff

(1996, pp. 65-66) determined that a minimum sample size of 100 reports is

needed. We, therefore, pseudo-randomly selected 100 REM, 100 NREM,

and 100 wake reports from the overall Nightcap database and then calcu-

lated mean word count per dream for each of the three groups in an

attempt to equate mean word length per report across REM, NREM, and

wake reports. Because NREM dreams tended to be shorter in length than

REM or wake reports, we had to adjust the REM and wake report means to

the NREM means by repeated random samplings with replacement of

reports from the REM and wake pools until the three means were roughly

equated. Using this method, we obtained a dream series from NREM with a

mean word count per dream of 64.33 (standard deviation [SD] = 46.63),

and dream series from REM of mean 75.39 (SD = 37.85) and a wake report

series with a mean word count of 70.13 (SD = 20.20). We were successful

in equating report lengths across report types because mean word counts

across the three report types were not statistically different from one

another, F (2, 297) = 2.28; p = .103. Word count in all of these reports was

calculated by the method of Antrobus (1983), which eliminates fillers, repe-

titions, and pauses such as “ah,” “well,” and so on, as well as extraneous

descriptions (in dream reports) of waking events.

Given that our sampling procedure for the REM and wake reports was

not fully random, we wanted to assess the possibility that the nonselected

(eliminated) reports were significantly different from selected (target) reports
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in terms of key content variables. We, therefore, randomly selected and

scored 1 of 3 (33 percent) of the eliminated reports from each category

(REM, NREM, and wake). These “eliminated” reports did not differ signifi-

cantly from the length-matched or “target” reports in terms of character rep-

resentation or of major social interactions. For example, the Aggressions/

Character (A/C) indexes (number of aggressions per character) were 0.16,

0.11, and 0.06 for the target REM, NREM, and wake reports respectively,

and 0.17, 0.11, and 0.09 for the eliminated REM, NREM, and wake reports,

respectively. In terms of characters, the target and the eliminated reports

were also quite similar, with males comprising 47, 53, and 42 percent of the

characters in the target REM, NREM, and wake reports, respectively, and

46, 52, and 62 percent in the eliminated reports, respectively. In sum, the

target reports and the eliminated reports were reasonably similar in terms of

male and female characters and frequencies of aggressive interactions.

On average, subjects contributed about seven reports apiece to each of

the report types. After eliminating one subject who contributed only a single

report, mean number of reports contributed by each of the 14 remaining

subjects to the REM pool was 7.2 (SD = 3.2; range = 3-11); NREM pool

w as 7.1 (SD = 4.1; range = 3-11), and wake pool was 6.7 (SD = 3.5; range =

6-11).

Content Scoring

Domhoff and Schneider (http://www.dreamresearch.net) provide a

spreadsheet program, “DreamSat,” which allows for tabulation of dream

content scores and automatic computation of derived scales and percents

when using the Hall/Van de Castle scoring system. This spreadsheet pro-

gram greatly increases the reliability of results obtained with use of the sys-

tem. The Hall/Van de Castle system for scoring dream content (Domhoff,

1996; Hall & Van de Castle, 1966) is a standardized and reliable content

scoring system that consists of up to 16 empirical scales and a number of

derived scales useful for an analysis of social interactions in dream content

(Table 9.1). Three primary types of social interaction are scored: aggressive,

friendly, and sexual, with the ability to score subtypes as well (for example,

physical vAsus verbal aggression). Along with identification of the physical

settings within which these interactions take place, the character that initi-

ated the social interaction is identified as well as the target or recipient of

the interaction. The “characters” scale allows for classification of characters

known to the dreamer (for example, family members, friends, and so on), as

well as those unknown to the dreamer. Characters (known or unknown)

can also be classified as to gender, age, and relation to the dreamer. Our
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TABLE 9.1

Dream Variables According to the Hall and Van de Castle Method

Variables Meaning

Characters (Percent)

Male/kmale Total male characters/(male characters + lemale characters)

Familiarity Number of familiar characters/ (total familiar characters + total

unfamiliar characters)

Friends Known characters/all human characters

Family Family + relatives/familiar characters + unfamiliar characters

Dead and imaginary Number of dead and imaginary/ (familiar characters +

unfamiliar characters)

Animal Total animal/total characters

Social interaction

Aggression/friendliness Number of aggressive interaction/(total number of aggressive +

friendly interaction)

Betriender Dreamer as befriender/(dreamer as befriender + dreamer as

recipient)

Aggressor Dreamer as aggressor/dreamer as aggressor + dreamer as victim

Physical aggression Physical aggression/total aggression

Social interaction ratios

A/C Index Total number of aggressions/ total number of characters

F/C Index Total number of friendliness interactions/total number of

characters

S/C Index Total number of sex interactions/total number of characters

Settings (percent)

Indoor Indoor setting/(indoor + outdoor settings)

Familiar Familiar settings/ (familiar + unfamiliar setting)

primary use of all of these scales was to determine character frequencies and

number and types of social interactions while adjusting for various baseline

values in order to control for length effects.

Word Count Analyses

We used a computerized word count program known as Linguistic In-

quiry and Word Count (LIWC; Pennebaker, Francis, & Booth, 2001) to

assess word-related indicators of mind-reading, emotions, and social interac-

tions. For example, if the dreamer says that he thought that another charac-

ter was angry and planning to attack the dreamer, then the words

“thinking,” “angry,” and “planning” would all indicate at least one instance

of mind-reading. The LIWC program is able to tabulate these sorts of

words, thus providing an independent check on mind-reading content in
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dreams. The output from this program consists of a spreadsheet with total

number of words in each sample, as well as percentages of words in each of

target categories. LIWC 2001 is a well-validated instrument (Pennebaker

et al., 2001, and see www.liwc.net). For the purposes of the current study,

we had the program tabulate for REM and for NREM dreams the following

categories of words: cognitive mechanisms, social processes, and emotion.

The emotion category contains 615 words drawn from two subcategories

called positive emotions and negative emotions. Positive emotions is further

divided into two subcategories of “positive feelings” (for example, “happy,”

“joy,” and “love”) and “optimism and energy” (for example, “win” and

“excitement”). Examples of negative emotion words include “hate,”

“worthless,” and “enemy.” The category of negative emotion also includes

three subcategories of anxiety/fear (for example, “nervous”), anger (for

example, “hate” and “pissed”), and sadness/depression (for example, “cry”).

Note that we focused only on the superordinate categories for this study.

The target category, social processes, is made up of social pronouns (first-

person plural, second- and third-person pronouns), communication verbs

(“talk” and “share”), and references to family, friends, and other humans.

The cognitive mechanisms category (cause, know, ought) is made up of sub-

categories called causation (because, effect), insight (think, know, consider);

discrepancy (should, would), inhibition, (block, constrain), tentative (maybe,

perhaps), and certainty (always, never). We analyzed the overall indicator

cognitive mechanisms and the subcategory of insight because these two cog-

nitive categories seemed to us to best capture potential instances of mind-

reading. In addition to the overall social processes category, we analyzed the

“references to other people” category because these potentially contain

instances of mind-reading. Finally, as a check on overall level of semantic

content of REM versus NREM dreams, we had the program also tabulate

the number of “unique” words.

As a check on the reliability of the procedure, we compared the word

counts we obtained with the LIWC program published norms (available at

www.liwc.net). Because the norms are established on discourse passages aver-

aging 353 words per passage, we collapsed all the dreams obtained for each

subject into a single “dream passage” per subject per dream state (REM and

NREM). Thus, the values obtained for each subject are averaged across all

of that subject’s REM or NREM dreams (as stated above, that amounted to

about 6-7 dreams per subject per state). Thus, the mean word count for this

sample of dreams was 511—about 100 words greater than published norms.

Inspection of Table 9.2 will show that the means for each of the categories

we analyzed here approximate the published norms, thus increasing our con-

fidence in the reliability of the LIWC analyses. We hypothesized that
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TABLE 9.2

Mean Word in REM and NREM Dreams and in Published Norms

(www.liwc.net)

REM NREM p Value

Published

Norm
(Means)

Unique words 42.8 (7.4) 47.7 (17.2) .36 50.8

Cognitive mechanisms 7.0 (1.8) 8.2 T-9) .10 6.4

Insight 1.9 (1.1) 2.8 0-3) .09 2.0

Positive emotion 1.0 (.80) 1.4 (LO) .26 2.4

Negative emotion 1.2 (.80) 1.2 (.81) .86 1.6

Social processes 10.24 (2.1) 6.8 (3.0) .003** 8.8

References to other people 5.4 (1.8) 3.5 (2.1) .023* 5.0

*p < 0.05

< 0.01

relative to NREM dreams, REM dreams would evidence higher mean num-

bers of negative emotion, social process, and cognitive mechanism words.

Scoring of Specific ToM Instances

Instances of ToM activity were categorized as either “definite or

“potential.” We defined an instance of definite mind-reading as a situation

where the dreamer clearly said or thought what another dream character

was thinking or feeling. An example of a definite mind-reading instance is as

follows: she was sort of upset because the french fries had been covered. Typical

examples of potential mind-reading were scored when the scorer had to infer

that the dreamer was reading the mind of another dream character, such as

when the character was “trying to” or “wanting.” An example of a potential

mind-reading is as follows: were just wasting time trying to make the decision.

After discussion between members of the entire research team, we agreed

that no unanimous agreement could be reached concerning the status of

these potential instances of mind-reading, thus they were excluded from fur-

ther analyses. Only definite instances of mind-reading were including in the

analyses that follow.

Reliability of Scoring of ToM Content

Two members of our team (S.C. and D.M.) each scored half of the 300

target reports, with each individual scoring 20 percent of the 150 reports

originally assigned to the other scorer. Scorers were blind to the status of
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the reports that they scored (that is, whether they were a REM, NREM, or

wake report). By using the “method of perfect agreement” (Domhoff, 1996,

p. 28), we calculated interrater reliability (IRR) by dividing the number of

agreed upon classifications by the sum of all their classifications and arrived

at IRRs above 80 percent for all outcome measures.

With respect to assessing reliability of the scoring of dream content with

the Hall/Van de Castle categories, we compared the means of our REM and

NREM values for the major Hall/Van de Castle categories to the published

norms lor these same categories. Our obtained values for REM plus NREM
percents are nearly identical with the values of the published norms

(Domhoff, 2003, Table 3.2, p. 73).

Statistical Analysis

With respect to analysis of the Hall/Van de Castle categories and content

indicators, these are based on nominal rating scales. We, therefore, used tests

for the significance of differences between two proportions, as well as X

analyses to compare Hall/Van de Castle content indicators on REM-NREM
differences, REM-wake differences, and NREM-wake differences. We used

the DreamSat program to compute all of the scales, percent differences, and

certain p values we reported. The program also produces Cohen’s h statistic,

which is an effect size value for samples involving nominal measurement

scales. We used Bonferroni-corrected t tests to compare LIWC word count

means for REM and NREM dreams.

RESULTS

Word Count Analyses

Table 9.2 summarizes REM and NREM differences on word count cate-

gories indicating potential mind-reading processes (cognitive mechanisms),

emotions, and social processes. First, it should be noted that no differences

were found for a measure of semantic content (a count of “unique” words).

The mean unique word count for REM dreams was 42.8 (7.4) and for

NREM was 47.7 (17.2). The norm is 50.8 (Table 9.2). Table 9.2 reveals

that there were no significant differences between REM and NREM dreams

for the categories of cognitive mechanisms or emotion. Consistent, however,

with the Hall/Van de Castle analysis, there were significantly greater mean

numbers of words indicating social processes in REM (10.2 [2.1]) compared

to NREM (6.8 [3.0]; p — .003) dreams. Interestingly, references to other

people were significantly more frequent in REM (5.36 [1.8]) than in NREM
(3.5 [2.1]; p = .024).
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Frequencies of Mind-Reading by State

REM reports were three times as likely to contain instances of mind-read-

ing as were wake reports and 1.3 times as likely as NREM reports. Of 100

reports per state, there were 39 instances of mind-reading in REM reports,

29 in NREM reports, and 12 in wake reports.

Associations of Mind-Reading in REM Dreams

Table 9.3 presents the content profiles of REM dreams with and without

instances of ToMs. When REM dreams had at least one instance of a ToM,

they were significantly more likely to contain depictions of familiar male

characters but types of social interaction (for example, aggressive versus

friendly) did not distinguish the two dream types. For example, the male to

female ratio for REM dreams with ToMs was 65 percent, whereas the same

ratio for dreams without ToMs reached only 31 percent {h = —0.69; p =

.001). Similarly, the “familiarity percent” (a measure of the extent to which

characters were familiar to the dreamer) for REM dreams with ToMs was

61 and 47 percent for REM dreams without ToMs {h = —0.28; p = .037)

and the “friends percent” was 46 percent for REM dreams with and 24 per-

cent for REM dreams without ToMs {h = —0.46; p = .001). There were no

significant differences, however, between ToM dreams and non-ToM

dreams in the extent to which family characters were depicted in the dream

(10 percent versus 16 percent, respectively; /? = 0.19; p = .15).

With respect to the impact of REM dream ToMs on depictions of social

interactions, there were no significant differences between ToM and non-

ToM dreams in the extent to which social interactions of various types were

depicted in the dream (Table 9.3). Only the content indicator aggressor

percent” approached significance with non-ToM dreams tending to depict

an aggressor more frequently than did ToM dreams (83 percent versus 40

percent, respectively; h = 0.93; p = .054). No reliable differences between

ToM and non-ToM dreams in depictions of physical settings (in which the

dream took place) were detected.

Association of Mind-Reading in NREM Dreams

Unlike the case for REM dreams, virtually no significant content differ-

ences emerged between NREM dreams with, and NREM dreams without

ToMs (Table 9.4). Animal percent was the sole exception to this rule (7

percent for ToM dreams versus 0 percent for non-ToM dreams; h = —0.54;

p = .001). NREM dreams with and without ToMs evidenced roughly equal
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TABLE 9.3

REM Dreams with and without ToMs

Characteristics

REM with

ToM

REM
without

ToM

Cohen’s h:

REM
without

ToM versus

REM with

ToM

p Value:

REM without

ToM versus

REM with

ToM

Male/female 65% 31% -0.69 .oor*

Familiarity 61% 47% -0.28 .037"

Friends 46% 24% -0.46 .001""

Family 10% 16% +0.19 .153

Dead and imaginary 0% .02% +0.26 .049"

Animal .02% .02% -0.01 .943

Social interaction

Aggression/friendliness 74% 50% -0.50 .141

Befriender 33% 71% +0.78 .159

Aggressor 40% 83% +0.93 .054

Physical aggression 25% 25% 0 1.000

Social interaction ratios

A/C Index .22 .10

F/C Index .09 .07

S/C Index .00 .02

Settings

Indoor 58% 48% -0.21 .468

Familiar 60% 68% +0.18 .610

Notes: A/C index = total number of aggressions/total number of characters; F/C index = total number

of friendliness interactions/total number of characters; ratios do not use the h statistic.

> < 0.05

< 0.01

ratios of male/female characters, familiar characters, friends, and family

members. Similarly, no significant differences in profiles of social interac-

tions or of physical settings emerged between the two dream types.

Comparison of REM and NREM ToM Dreams

When we compare content profiles of REM dreams with ToMs to content

of NREM dreams with ToMs (Table 9.5), we find that although character

profiles do not distinguish REM from NREM dreams, social interactions pro-

files do. Specifically, indicators of aggressive content are significantly higher

among REM than among NREM dreams (74 percent versus 38 percent for

the aggression/friendliness percent, h = —0.73, p - .035; and 40 percent

versus 0 percent for the a^ressor percent, h = —1.37, p — .008), while the
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TABLE 9.4

NREM Dream Characteristics with and without ToMs

Characteristics

NREM with

ToM
NREM

without ToM

Cohen’s h:

NREM without

ToM versus

NREM with

ToM

p Value: NREM
without ToM
versus NREM
with ToM

Male/female 55% 50% -0.10 .673

Familiarity 51% 46% -0.10 .553

Friends 38% 39% +0.01 .934

Family 10% .03% -0.31 .061

Dead and imaginary .00% .00% 0 1.000

Animal .07% .00% -0.54 .oor*

Social interaction

Aggression/ friendliness 38% 20% -0.41 .435

Betriender 86% 100% +0.78 .261

Aggressor .00% .00% 0 1.000

Physical aggression 20% 14% -0.15 .758

Social interaction ratios

A/C Index .12 .10

F/C Index .13 .09

S/C Index .00 .00

Settings

Indoor 53% 57% +0.07 .822

Familiar 67% 80% +0.30 .509

Notes: A/C index = total number of aggressions/total number of characters; F/C index - total number

of friendliness interactions/total number ol characters; ratios do not use the h statistic.

**p < 0.01

indicator of friendly social interactions was lower for REM (33 percent) versus

NREM dreams (86 percent; h — 1.14; p = .041).

DISCLSSIOrV

We found that attributions of the mental states of dream characters

occur particularly frequently in RE-M versus non-REM dreams. In addition,

REM dreams that contained instances of ToMs were distinguished by

greater numbers of dreamer initiated aggressions against male characters who

were familiar to the dreamer. Compared with NREM dreams with ToMs,

REM dreams with ToMs contained higher amounts of aggressive content

and lower amounts of friendly interactions. By contrast, NREM dreams
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TABLE 9.5

REM versus NREM Dream Characteristics with ToMs

Characteristics

REM with

ToM
NREM

with ToM

Cohen’s h:

NREM with

ToM versus

REM with

ToM

p Value:

NREM
with ToM

versus

REM with

TOM

Male/female 65% 55% -0.20 .360

Familiarity 61% 51% -0.20 .192

Friends 46% 38% -0.15 .325

Family 10% 10% +0.02 .870

Dead and imaginary 0% 0% 0 1.000

Animal 2% 7% +.26 .068

Social interaction

Aggression/friendliness 74% 38% -0.73 .035*

Befriender 33% 86% + 1.14 .041*

Aggressor 40% 0% -1.37 .008**

Physical aggression 25% 20% -0.12 .750

Social interaction ratios

A/C Index .22 .12

F/C Index .09 .13

S/C Index .00 .00

Settings

Indoor 58% 53% -0.11 .732

Familiar 60% 67% +0.14 .743

Notes: A/C index = total number of aggressions/total number of characters; F/C index = total number

of friendliness interactions/total number of characters; ratios do not use the h statistic.

*p < 0.05

**p < 0.01

with ToMs never had the dreamer engaged in aggressive interactions with

other dream characters. Instead, NREM dreams with ToMs featured the

dreamer engaged in friendly interactions with other dream characters.

Word count analyses confirmed a higher number of social interactions

and processes in REM compared to NREM dreams but did not reveal

greater numbers of mind-reading-related words in REM versus NREM
dreams. The word count analyses suggested a greater number of references

to “other” characters in REM versus NREM dreams.

In short, although REM dreams are associated with greater numbers of

ToMs, when ToMs appear in REM dreams they are associated with dreamer

initiated aggressive interactions with familiar male characters, and when they
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appear in NREM dreams they are associated with dreamer initiated friendly

interactions with both male and female characters.

What might explain this pattern of results? As reviewed in the beginning

of this chapter, the brain regions that reactivate during REM are associated

with amygdalar, limbic, and paralimbic sites, some of which have been plau-

sibly linked to circuits that mediate aggressive behavioral states/actions in

rats and nonhuman primates (Maquet & Franck, 1997). The activation of

similar functional circuits in humans may promote emergence of aggressive

impulses along with associated mental simulations congruent with those

impulses. The lack of activation in these aggression-related circuits in

NREM would perhaps explain the lack of dreamer-initiated aggressive social

interactions in NREM, but it would not help us explain the relative increase

in “befriender” interactions in NREM compared to REM. The dream con-

tent data in our view point to an activation of filiative-related brain proc-

esses during Stage II NREM sleep. Whatever the functional neuroanatomy

of REM and NREM may ultimately turn out to be, we find in our analyses

that instances of mind-reading are elicited by differing types of simulations

of social processes in the two sleep states, aggression in REM and friendli-

ness in NREM.
It is interesting that REM-related ToMs were preferentially elicited when

the dreamer was the aggressor rather than when the dreamer was a victim of

an aggression. The dreamer-initiated aggression, furthermore, was typically

directed against a familiar male character. According to the Fiall/Van de

Castle norms, about 50 percent of characters in dreams are familiar to the

dreamer. Of course, this fact implies that the other 50 percent of dream

characters are strangers or unidentifiable. In an early study of over 1,000

thousand dreams. Hall (1963) reported (1) that strangers in dreams were

most often male, (2) that aggressive encounters were more likely to occur in

interaction with an unknown male than with an unknown female or a fa-

miliar male or female, and (3) that unknown males appeared more fre-

quently in dreams of males than of females. Using the Hall/Van de Castle

system, Domhoff (1996) looked at the role of “enemies” in dreams. Enemies

were defined as those dream characters who typically interacted (in greater

than 60 percent of the cases) with the dreamer in an aggressive manner.

Those enemies turned out to be male strangers and animals. Interactions

with female strangers are predominantly friendly in the dreams of both

males and females. Schredl (2000) reports that almost all murderers and sol-

diers in dreams are male. Domhoff (2003) has shown that when male

strangers appear in a dream, the likelihood that physical aggression will occur

in that dream far exceeds what would be expected on the basis of chance. In

short, male strangers signal physical aggression against the dreamer.
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Yet, we found that although instances of mind-reading were in fact asso-

ciated with aggressive social interactions, at least in REM dreams, ToMs

were not as strongly associated with male strangers as with male familiars. It

appears then, that although many dreams involve the dreamer on the receiv-

ing end of an aggression, typically from a male stranger, the dreamer does

not report that he or she attempted to read the mind of the aggressor.

Instead we get mere observations or reports along the lines of “I was being

pummeled by some huge man I had never seen before.” Nothing is said

about the emotions or intentions of the aggressor. Instead, the dreamer uses

his/her ToMM capacities to read the mind of a potential victim—a victim

moreover who is familiar to the dreamer. REM-related ToMs, in short,

occur more often when the dreamer himself or herself is the aggressor and

the victim is someone known to the dreamer.

Lest we conclude that ToM capacities are activated only in service to

social aggression, the content analyses of NREM dreams revealed a strikingly

contrasting picture. Here, we find ToMs occurring most often when the

dreamer was befriending someone. No instances of dreamer-initiated aggres-

sion occurred in NREM.
What do these findings tell us about ToM capacities more generally?

Taken together, the pattern of associations of ToMs in REM and NREM
dreams suggests that ToM capacities are used as a tool to facilitate social

goals of the dreamer. This, of course, is not too surprising or informative.

What is surprising and interesting is that the two sleep states appear to spe-

cialize in the types of social goals and the types of ToMs they simulate for

the dreamer. Presumably, ToM processes elicit separate neurocognitive net-

works depending on the goals (aggressive versus friendly) of the agent. Inde-

pendent neuroimaging and neuropsychologic investigations of ToM
processing capacities and processing deficits suggests that ToM capacities

are, in fact, mediated by a widely distributed network of contrasting brain

sites. Many of these sites are included in what Brothers (1990) has termed

the “social brain.” This social cognition network minimally involves the

medial prefrontal cortex and anterior cingulate, temporal poles, and amyg-

dala and the superior temporal sulcus (for example, Blakemore et al., 2003;

Castelli, Happe, Frith, & Frith, 2000; Fletcher et al., 1995; Gallagher et al.,

2000; Goek Grafman, Sadato, & Hallett, 1995; Vogeley et al., 2001). Social

cognition and theory of mind skills have also been associated with orbitofron-

tal cortex (Hynes et al., 2006; Stone, Baron-Cohen, & Knight, 1998), diverse

areas in the right frontal lobe (Stuss & Anderson, 2004; Stuss, Gallup, Sc

Alexander, 2001), cerebellum (Calarge, Andreasen, Sc O’Leary, 2003; Grezes,

Frith, Sc Passingham, 2004), right and left temporo-parietal junction (Saxe Sc

Kanwisher, 2003; Saxe Sc Wexler, 2005), posterior cingulate/precuneus, and
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areas in the thalamus, hypothalamus, hippocampus and midbrain. As men-

tioned earlier, many of the foregoing sites of the “social brain” are also acti-

vated during REM and NREM sleep. That is one reason why we expected to

Hnd ToMs in dreams. It may be that separate functional circuits can be iden-

tified for aggressive and friendly social interactions particularly when ToM
capacities are involved.

What might our findings tell us about the nature and function of

dreams? First, at a minimum our results suggest that both REM and NREM
dreams have the capacity to support very high-level cognitive functions (for

example, ToM). More importantly, our results may carry implications for

current theoretical models of dreaming. To our knowledge, no current

theory of dreaming (with the possible exception of McNamara, 2004) would

predict differential ToM representation in REM versus NREM dreams. The

finding that dreamers use ToM capacities more often when they are aggress-

ing against male familiars would be particularly hard to accommodate for

some theories.

Revonsuo (2000), for example, suggests that the evolutionary purpose of

dreaming is to simulate threat so as to practice its detection and avoidance.

This author notes that such rehearsal might have had a high selective value

in the humans’ ancestral environment where both intra- and interspecies

aggression against humans was commonplace. Drawing upon the Hall and

Van de Castle database, Revonsuo notes both the predominance of

unknown males in aggressive encounters in dreams of both men and women,

the contrastingly often-friendly nature of encounters with female strangers,

as well as a much greater percentage of animals in children’s dreams that

decreases with age from 4 to 18 years. In addition, many animals in the

dreams of young children of a fearsome nature are far out of proportion to

children’s actual encounters. We assume that the dreamer treats dream char-

acters and male familiars as absolutely real, thus ToM capacities would be

predicted to be recruited to deal with what is perceived as a real threat in a

presumably aggressive encounter. Such practice would presumably allow one

to meet threats more efficiently during waking life. Yet, what we found was

that dreamers are not as likely to use ToM capacities when they are being

victimized as when they are aggressing against familiar others. If dreaming

represents a time when humans simulate threats and how best to deal with

them, one would expect that dreamers would call upon one of the most

effective tools available to them to deal with the threat (that is, ToM). Yet,

they apparently do not do so. This finding, therefore, calls into question

basic presuppositions of the threat simulation theory.

We conclude that the study of ToM capacities of REM and NREM sleep

demonstrates that dreaming is capable of supporting high-level cognitive
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capacities, and that the two sleep states specialize in the types of cognitive

capacities they support and the social interactions they simulate.
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Dreams and Dreaming

in Disorders of Sleep

Sanford Auerbach

The pursuit to examine the nature of dreams and dreaming in disorders of

sleep carries some interesting problems. First, one must confront the issue of

definitions. This carries the inherent problem of deciding whether to empha-

size the “meaning of content” or simply the general features of dream form,

such as changes in duration, intensity, timing, or emotional valence. At the

outset, it might be fair to note that an exploration of the impact of sleep dis-

orders on the interpretation of the meaning of dreams will not be addressed

in this chapter. Along the same line, it is often tempting to consider rapid eye

movement (REM) sleep as being synonymous with the dreaming state.

Clearly, this type of definition falls short. It not only fails to recognize that

dreaming cannot be considered synonymous with REM sleep, but it also fails

to consider the variation in subjective recall that cannot be extracted from a

simple analysis of the polysomnogram. The second issue is the need to recog-

nize that disorders that contribute to sleep disorders, such as other medical or

neurological conditions may be associated with elements of stress and anxiety.

As we shall note, stress and anxiety may have an independent impact on

dreams and dreaming. Efforts to sort out these components may often be

lacking. The third problem emerges from the facts that although the disci-

plines of dream research and sleep disorder research have a common origin,

they have evolved along distinct lines. Those interested in disorders of hyper-

somnia or sleep-related breathing disorders rarely address the dreams in their

subjects in the same detail as elements of the neurophysiology or neuroanat-

omy. Similarly, dream researchers tend to emphasize the examination of

dreams in otherwise normal individuals. The methodology of these different
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groups of researchers is quite distinct. These concerns are not intended to dis-

courage the interested reader; they are merely set down as cautions in the

exploration of dreams and dreaming in disorders of sleep.

DEFirVITlONS

It would be nice to start with a precise definition of dreams and dream-

ing, a definition that would permit simple quantification and measurement.

Although there is agreement that dreams are phenomenological, a precise

definition has eluded researchers. Efforts by a joint effort of the Association

of Professional Sleep Societies and the Association for the Study of Dreams

failed to produce a consensus (Pagel et al., 2001). For the purposes of this

review, it is important to keep in mind that any definition will also have to

encompass the diverse literature on the topic of dreams in disorders of sleep.

This literature spans many decades and researchers with diverse background.

Therefore, for the purposes of this chapter, we shall consider mentations or

any subjectively experienced cognitive events associated with sleep. This will

also include mentations associated with wake-sleep transitions.

METHODS OF DESCRIPTION

Descriptions of dreams can proceed along several lines. Before looking at

the impact of sleep disorders on dreams, we must first consider the methods

of description. Historically, the focus can be placed either on the detail and

meaning of the content or on the form of the content. The former will not

be addressed in this review. The “form of the content” refers to features

such as quantity, timing, or general intrinsic patterns such as stereotypy or

bizarreness. It is possible to develop definitions that will allow one to gener-

alize across populations. Detail of content is often linked to personal experi-

ence, cultural background, and so forth. Such an approach has limited value

in discussions of disease states.

1. Timing: There is a growing literature that supports the chronobiology of dream-

ing; certainly, the timing, intensity, and quality of dreams appear to follow pat-

terns that recognize the short ultradian rhythms, the established 24-hour circadian

rhythms,' a 12-hour circasemidian rhythm, and a gender-based 28-day circatrigin-

tan rhythm (Nielsen, 2005). In this context, it is useful to keep in mind that

dreams may vary according to different rhythms. Unfortunately, studies of dreams

in sleep disorders have been restricted to disruptions of circadian rhythms.

2. Quantity or intensity. Several descriptions can be found where a recall of dreams

has either increased or decreased in quantity. The decreases have been referred to

as either a “global cessation” of dreaming (GCD) or a more modest.
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“impoverishment” of dreaming. At the other extreme, excessive dreaming has

also been described.

3. Quality. Several features or qualitative changes have also been described in the

dreams associated with sleep disorders. At times, this may take the form of ster-

eotypy with a repetitive form.

4. Emotional valence. Fear and bizarreness have been described with the changes in

dream associated with a variety of disorders. It is quite reasonable to assume that

a systematic inventory of dreams associated with disorders of sleep might also

include other descriptions.

STRESS AND DREAMS

Disorders of sleep carry stress to the individual. Most of the sleep disor-

ders described in this chapter have evolved in the context of an associated

medical or psychiatric disorder. Each of these associated disorders may create

additional stress. It is not unreasonable to assume that stress can result in an

alteration of dreams. Therefore, before proceeding with a description of

dreams in disorders of sleep, it is critical to have some idea of the changes

encountered in nonspecific stress.

Several studies have emphasized the impact of stress on the content of

dreams. The usual finding is to note that the elements of the stressful expe-

rience are incorporated into dream content. Health-related stressors intrud-

ing into dream content have been described in patients awaiting surgery

(Berger, Hunter, & Lane, 1971), burn patients (Raymond, Nielsen, Lavigne, &
Choiniere, 2002), and women with painful menses (Bucci, Creelman, &
Severino, 1991). Another study (Duke & Davidson, 2002) suggested that the

stress of pending exams led to an increase in dream recall among students, even

though the finding was not clearly replicated (Delorme, Lortie-Lussier, & De

Koninck, 2002). Similarly, during a particularly stressful period, stockbrokers

were found to display a correlation between their stress levels and negative

dream features, including recurring nightmares (Kroth, Thompson, Jackson,

Pascali, & Ferreira, 2002). This is also consistent with other observations

on the impact of stress on the activation of recurring dreams (Brown &
Donderi, 1986; Cartwright, 1979; Zadra, O’Brien, & Donderi, 1997-

1998). This has been noted to be particularly true for negative recurring

dreams (Zadra, 1996).

In addition to naturalistic observations, several experimental studies have

supported the observations that stress may influence the content of dreams

and activate a tendency to experience recurring dreams. Similar findings have

been demonstrated with pain (Nielsen, McGregor, Zadra, Ilnicki, & Ouellet,

1993), fluid deprivation (Bokert, 1967), intellectual stressors (Koulac,
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Prevost, & De Koninck, 1985; Stewart & Koulack, 1993), and unpleasant

movies (De Koninck & Koulac, 1975).

In addition to nonspecific stress and its impact on dream content and

quality, one needs to also consider the impact of depression. Many of the

disorders of sleep are associated with chronic illness. Chronic illness, in turn,

carries an implicit association with depression and affective disorders.

Reviews of the relationship between dreams and depression can be found

elsewhere (Benca, 2005). There are two features that need to be highlighted.

The first is the association between depression and apparent REM pressure

with a shortened REM latency, increased REM density, increased REM
activity, and increased REM percentage of total sleep (Kupfer et ah, 1984;

Kupfer, Reynolds, Ulrich, & Grochocinski, 1986; Nofzinger et ah, 1991;

Vogel, Buffenstein, Minter, & Hennessey, 1990). This would suggest a shift

in dream timing, especially if one places an emphasis on the dreams associ-

ated with REM sleep. The observation of increased REM density is curious,

but the implication for dreams or other disorders of sleep is still speculative.

The second factor is the apparent circadian phase advance that has been

proposed as a component of the underlying relationship between depression

and sleep (Armitage, Hoffmann, & Rush, 1999; Riemann, Berger, & Voder-

holzer, 2001; Wehr & Wirz-Justice, 1981). Again, the implication for our

discussion is the impact on the timing of dreams and dreaming.

rVIGHTMARES

The nightmare is generally considered to be a frightening dream that

awakens the sleeper. As with any definition, there is room for controversy.

In particular, some argue that a disturbing dream, even in the absence of an

awakening, should be considered (Halliday, 1987; Zadra & Donderi, 2000).

The argument is based upon several observations. For instance, patients with

psychosomatic disorders do not always report awakenings, despite the sever-

ity of the nightmare (Levitan, 1976; Van Bork, 1982). Furthermore, in

patients with chronic nightmares, the intensity or associated distress of the

nightmare does not correlate with the reported awakenings. In fact, it is not

uncommon for these patients to report that the nightmare is not associated

with an awakening (Zadra & Donderi, 2000). Finally, in those patients

reporting both bad dreams and nightmares, the emotional intensity of the

bad dream may approach that of the nightmare in almost one-half of the

cases (Zadra & Donderi, 2003). As a consequence, the definition has shifted

to simply reflect disturbing mental experiences (Hall, 1955).

The lifetime prevalence rate for nightmares is difficult to determine but is

considered to be quite high. Pursuit nightmares are fairly common and noted
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to be 92 percent for women and 85 percent for men (Nielsen & Zadra,

2005). Attack dreams may carry a prevalence ranging between 67 and 90 per-

cent (Harris, 1948; Nielsen & Zadra, 2005). Age is a factor as well. Overall,

the prevalence is greater in childhood; increasing through the first decade and

then decreasing through young adulthood (Fisher, Pauley, & McGuire, 1989;

Salzarulo & Chevalier, 1983). This prevalence then seems to increase gradu-

ally over the subsequent decades to the point where 68 percent of older adults

may report nightmares at least “sometimes” (Partinen, 1994).

Various surveys indicate that the higher prevalence of nightmares in

childhood is matched by a higher frequency in those who did experience

nightmares. Surveys suggest that in the 5- to 12- year-old group nightmares

occurred at least monthly in 20 to 30 percent (Fisher et al., 1989). Defini-

tions lor measuring frequency and intensity vary across studies. For instance,

in one study, a problem was identified if the nightmares persisted for more

than three months, and the prevalence in children ranged from 22 to

41 percent across the first decade (Salzarulo Sc Chevalier, 1983). In another

study, the prevalence in children was noted to be 5 to 30 percent in cases

where the nightmare frequency was described as often or frequent, but 30 to

90 percent when they occurred sometimes (Partinen, 1994).

Gender differences emerge in the reporting of nightmares. These differ-

ences have been reported in adolescents (Nielsen et al., 2000), young adults

(Coren, 1994; Tan Sc Hicks, 1995), middle-aged adults (Hublin, Kaprio,

Partinen, Sc Koskenvuo, 1999; Low et al., 2003), and in the general popula-

tion (Claridge, Clark, Sc Davis, 1997; Nielsen & Zadra, 2005). Interestingly,

these gender differences have not been apparent in studies of children

(Fisher et al., 1989; Fisher & Wilson, 1987; Muris, Merckelbach, Cadet, Sc

Moulaert, 2000; Vela-Bueno et al., 1985). A longitudinal study by Nielsen

and colleagues (2000) demonstrated a marked divergence between 13 and

16 years of age. In those reporting nightmare frequency as “often,” the prev-

alence in girls almost doubled (2.7 to 4.9 percent), whereas the prevalence in

boys dropped from 2.5 to 0.4 percent.

Interpretation of all of these studies must keep in mind that results may

vary according to the frequency and intensity of nightmares that are identi-

fied. For instance, if one looks at reports of one or more nightmare per

month in young adults, several studies indicate a prevalence of 8 to 30 per-

cent (Belicki Sc Cuddy, 1991; Levin, 1994; Wood Sc Bootzin, 1990). On

the other hand, if one looks at reports of often or always then the preva-

lence appears to drop to 2 to 5 percent (Partinen, 1994).

It is often assumed that the presence of nightmares carries an increased

association with elements of psychopathology (Chivers Sc Blagrove, 1999;

Levin Sc Fireman, 2002; Nielsen et al,. 2000; Schredl, 2003; Zadra Sc
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Donderi, 2000). Surprisingly, this relationship does not always seem to hold

(Belicki, 1992; Wood & Bootzin, 1990). Several factors seem to account for

these discrepancies, including the variable nature of the associated psychopa-

thological features, the variability in the distress associated with these night-

mares, and the coping style of the individual. For instance, it is generally

accepted that if one uses the Minnesota Multiphasic Personality Inventory

that lifelong sufferers of frequent nightmares tend to manifest more psycho-

pathological symptoms than matched controls (Berquier Sc Ashton, 1992;

Levin & Raulin, 1991). Hartman, however, emphasized that these affected

individuals fell into different subgroups and that personality subtypes were

associated with different nightmare prevalence (Hartmann, 1989; Hartmann,

Elkin, & Garg, 1991). Distress is another factor that needs to be considered.

Frequency and distress have been demonstrated to not be equivalent (Belicki,

1992; Wood Sc Bootzin, 1990). It appears that it is the distress factor that

correlates most closely to extent of psychopathology, especially anxiety and

depression (Wood Sc Bootzin, 1990). Finally, coping style needs to be consid-

ered as one examines the relationship between nightmare report and psycho-

pathology. As one might anticipate, a dysfunctional coping style leads to

increased distress and associated psychopathology (Agargiin et ak, 2003).

Syndrome of Recurring Nightmares

This syndrome is associated with recurring or frequent nightmares charac-

terized by a recurrent theme. It is not uncommon that they are associated

with increased frequency of dreaming. At least a subset of recurring night-

mares has been linked to complex partial seizures (Penfield Sc Erickson, 1941;

Solms, 1997). Some of these recurring nightmares have been considered to be

manifestations of these seizures. On the other hand, recurring nightmares

may be independent of any obvious epileptic activity. These latter recurrences

tend to be less stereotyped and usually depict unpleasant conflicts and stresses

that may vary over time (Cartwright, 1979; Zadra, 1996). Although some of

these less well-stereotyped recurrences reflect significant trauma or psychopa-

thology, many do not. It is not uncommon to encounter recurrent themes of

being chased or threatened in some manner or being confronted with a natu-

ral disaster. Dreams with less recurrence and described as recurrent themes or

recurrent contents are not so clearly associated with psychopathology and

may reflect adaptive functions (Domhoff, 1993).

The Impact of Drugs and Alcohol on Dreams and Nightmares

Several classes of drugs and alcohol have been shown to influence dreams

and nightmares (Thompson, 1999). Medications found to most often
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influence nightmares include: sedative/hypnotics, beta-blockers, and amphet-

amines. Among catecholaminergic agents, the dopaminergic agents and some

of the dopamine-blockers have also been associated with vivid dreams and

nightmares. Among the antidepressants, buproprion leads to more vivid

dreams and nightmares than most of the others. The selective serotonin

reuptake inhibitors are of particular interest since they tend to decrease

dream recall, but also increase dream intensity and bizarreness (Pace-Schott

et ak, 2001). The nocturnal administration of tricyclics and neuroleptics also

tend to increase the recall of frightening dreams (Flemenbaum, 1976; Stray-

horn Sc Nash, 1978)

Withdrawal of barbiturates (Firth, 1974; Kales, Bixler, Tan, Scharf, Sc

Kales, 1974) or alcohol (Fdershon, 1977) has been associated with the devel-

opment of vivid dreams and nightmares. In both cases, this phenomenon

has been associated with the REM rebound, which occurs from the sudden

cessation of a potent REM suppressant. In fact, the vivid and macabre

dreaming associated with alcohol withdrawal may be central to the delirium

tremens (DTs) of acute alcohol withdrawal (Fdishikawa et ak, 1981). The

underlying pathophysiology for the explanation of the vivid dreams and

nightmares encountered in drug withdrawal is not clearly understood (Pace-

Schott et ak, 2001).

SLEEP-RELATED HALLLCINATIONS

The distinction between dreams and sleep-related hallucinatory phenom-

ena can be challenging. Nevertheless, these dream-like phenomena can be

seen as the core of several apparent disorders of sleep.

Terrifying FI>pnagogic Hallucinations

Terrifying hypnagogic hallucinations (TFiFls) are terrifying dreams simi-

lar to those in REM sleep. These are thought to be distinct from the vivid

dream-like activity that may occur at sleep onset and is thought to be associ-

ated with light stages of NREM sleep (Dement Sc Kleitman, 1957; Eoulkes

Sc Vogel, 1965; Gastaut Sc Broughton, 1967; Vogel, Foulkes, Sc Trosman,

1966). After a sudden awakening at sleep onset, there is prompt recall of

frightening content (American Sleep Disorders Association, 1997). These

are generally thought to be correlated to the presence of a sleep onset REM
period (SOREMP). In particular, these include narcolepsy-cataplexy syn-

drome with the incidence of about 4 to 8 percent (Partinen, 1994), but also

other factors that might promote the early emergence of REM sleep in a

sleep period. These can include sleep deprivation or the sudden withdrawal
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of agents that may have previously suppressed REM sleep. It has been noted

that these may be associated with heightened level of anxiety because of the

vivid nature and the fact that they may be associated with a degree of sleep

paralysis (Nielsen, 2005). THHs may actually create enough anxiety that

they may be associated with sleep-onset insomnia.

Hypnagogic and Hypnopompic Hallucinations of Narcolepsy

Early descriptions of narcolepsy usually reference the sleep-onset (hypna-

gogic) or awakening (hypnopompic) hallucinations. These are usually associ-

ated with a degree of sleep paralysis and usually include vision. These

hallucinations may include simple forms changing in size. Images of animals

or people may present transiently and may involve color. Auditory features

may vary in complexity from simple sounds to elaborate melodies. At times,

they may be quite realistic. At times, the individual may experience a variety

of unusual somatic sensations including changes in location of body parts or

a sense of elevation or floating (Guilleminault Fromherz, 2005). At any

rate, any of these hallucinations may be associated with anxiety and lead to

THHs.

Sleep Paralysis Associated With Hallucinations

The discussion of THHs and the hypnagogic/hynopompic hallucinations

of narcolepsy noted that these hallucinations may be associated with a

degree of sleep paralysis. Sleep paralysis is an inability to move during the

transition into or out of sleep. Sleep paralysis likely represents the persist-

ence of REM sleep atonia into wakefulness and is extremely common in

nonnarcoleptics, occurring in more than 33 percent of the general popula-

tion (Partinen, 1994). It may be familial, and it is more common in the set-

ting of sleep deprivation and being in the supine position (Cheyenne, 2002;

Ohayon, Zulley, Guilleminault, & Smirne, 1999; Takeuchi, Fukada, Sc

Sasaki, 2002). It is noteworthy that hypnagogic hallucinations are not neces-

sarily accompanied by sleep paralysis. Nevertheless, sleep paralysis is of

import in this discussion because it is generally accompanied by vivid hypna-

gogic hallucinations. In one university sample, it was noted that almost all

(98.4 percent) experienced hallucinations in associations with hallucinations

(Spanos et al., 1995).

The relationship of sleep paralysis and hypnagogic hallucinations carries

an additional historic note. It seems that the original use of the term night-

mare was to denote the combination of sleep paralysis and hypnagogic hallu-

cinations (Mahowald & Ettinger, 1990).
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Sleep Starts

Sleep starts (hypnic myoclonus, myoclonic jerks, hypnic jerks, hypnagogic

jerks) refer to brief, phasic contractions of the limbs or trunk that occur at

sleep onset. They may be associated with brief, vivid dream events. A com-

mon event is the sensation of falling. Brief sensory flashes, as well as complex

hypnagogic images may also accompany sleep starts. Sleep starts are quite

common and considered to be a normal phenomenon, with a prevalence of

60 to 70 percent (American Sleep Disorders Association, 1997). Neverthe-

less, severe starts may interfere with sleep onset (Broughton, 1988). Sleep

starts are considered to be similar to the exploding head syndrome, which is

associated with a sudden loud auditory sensation with or without a bright

flash (Pearce, 1989).

CHAXGES lA OEAMm
GCD

In 1883, Charcot reported a case with a loss of visual imagery and visual

dreaming. Over the years, several observations have been made about the

general topic of the cessation of dreaming, and these have been reviewed by

Solms (1997). When asked, almost a third of patients with “neurological ill-

ness” reported a GCD. In general, parietal lobe involvement seemed be par-

ticularly implicated in GCD. Unfortunately, 43 percent had nonlocalizing

or diffuse pathologies. A total of 42 percent of those reporting GCD also

had parietal lobe lesions, and another 7 percent had adjacent lesions (Solms,

1997), a finding consistent with earlier observations (Doricchi & Violani,

1992). Frontal lobe involvement was implicated in about 8 percent of the

patients with GCD (Solms, 1997), a finding consistent with a study of

schizophrenics with frontal lobotomies (Jus et al., 1973). Additional case

studies have provided some clues to the possible lateralization of this effect.

Studies of patients with hemisperectomies have implicated the left hemi-

sphere in the recall of dreams. The right hemispherectomy was associated

with relative preservation of dream recall, and the left hemispherectomy was

associated with a significant impoverishment of dream recall (McCormick

et al., 1997; McCormick, Nielsen, & Peito, 1998). Additional neuropsycho-

logical studies have been consistent with these findings (Antrobus, 1987;

Greenberg & Farah, 1986).

Solms (1997) actually attempted to clarify the nomenclature surrounding

the concept of GCD. Flistorically, GCD was considered as synonymous

with the Charcot-Wilbrand syndrome. In fact, he distinguishes two forms.

The first is the form attributed to Charcot’s initial description and is best



referred to as the syndrome of nonvisual dreaming with an associated loss of

visual imagery and visual dreaming in the context of normal dreaming. It

arises exclusively from damage to the medial occipito-temporal region. Solms

also considers four distinct variants.

1. The first is a complete cessation of visual dream-imagery, which is actually the

variant initially described by Charcot. It is linked to bilateral medial occipito-

temporal lesions and an associated visuospatial short-term memory deficit. As one

might expect, this variant may be associated with other syndromes linked to similar

bilateral lesions such as prosopagnosia, topographical agnosia, or some form of

visual agnosia.

2. The second is a cessation official dream-imagery and was first described by Tzsa-

vara (1967). This variant is associated with similar lesions with involvement of

the fusiform gyri bilaterally. As one might expect, it is usually associated with

prosopagnosia or the inability to recall familiar faces.

3. The third variant can also be predicted by the location of these bilateral lesions.

The cessation of color-dream imagery was described by Sacks and Wasserman

(1987). The associated lesions are again bilateral mesial occipito-temporal lesions

with involvement of the fusiform gyri bilaterally, but perhaps more posteriorly.

As one might anticipate, this syndrome is usually accompanied by cerebral achro-

matopsia, which is a central impairment in hue discrimination.

4. The fourth variant is a cessation ofkinematic dream-imagery

.

Although the lesion

is in a similar location to the other variants, only the right hemisphere is impli-

cated. First described by Kerr and Foulkes (1981), it is typically associated with

impoverished kinematic imagery and visuospatial short-term memory deficit.

The second form of the Charcot-Wilbrand syndrome actually refers to the

more proper GCD. Early descriptions of this syndrome have been attributed

to Wilbrand (1887) and Muller (1892). Although this form has been associ-

ated with diffuse lesions such as hydrocephalus, there is also an association with

focal lesions. It is this form that follows the pattern of parietal lobe involve-

ment as noted above, although Solms emphasizes the inferior parietal localiza-

tion and notes that it can be seen with either right- or left-sided lesions. Deep,

bifrontal lesions have also been implicated and have been noted to be a com-

mon occurrence in patients undergoing prefrontal lobotomies (Frank, 1946).

Impoverishment of Dreams

Impoverishment of dreams can be considered in different subgroups. There

are several older studies that predate the development of modern criteria

for identifying dementia and Alzheimer’s disease. As a consequence, some

of these observations may be misleading. For instance, a study from 1975
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demonstrated a progressive loss of dream recall from REM sleep as the disease

progressed from mild to severe (Kramer, Roth, & Trinder, 1975). This seems

quite reasonable in view of independent observations that REM sleep

decreases with the progression of Alzheimer’s disease. In another study of sub-

jects with Korsakoff s psychosis from chronic alcoholism, there was evidence

of diminished dream recall, despite near-normal REM sleep time (Greenberg,

Pearlman, Brooks, Mayer, & Hartmann, 1968). Obviously, it is somewhat dif-

ficult to distinguish a specific dream-recall disorder from a more generalized

amnesic disorder. In a similar fashion, patients with amnestic disorders from

mild encephalitis were also found to have impoverished recall upon awakening

from REM sleep when compared to normal expectations (Torda, 1969). Per-

haps it is more reasonable to consider the review of GCD by Solms (1997)

where impoverishment is considered as a partial form of global cessation.

There has been an additional attempt to link impoverishment of dreams

with alexithymia. Alexithymia refers to a difficulty in verbalizing emotions,

literally, to a lack of a lexicon for describing feelings. In general, there had

been a tendency to link alexothymia with psychosomatic illness. It was in this

population that diminished dream recall and an absence of affect was noted

(Apfel & Sifneos, 1979; Levitan, 1978; Sifneos, 1973). In other studies, it was

noted that nocturnal asthma patients with a high incidence of alexothymia

had an impoverishment of dream recall from REM awakenings (Monday,

Montplaisir, Sc Malo, 1987). In studies of a Finnish population, it was also

noted that alexothymic subjects tended to report colorless dreams (HyyppT

Lindholm, Kronholm, Sc Lehtinen, 1990) and that nonclinical alexothymics

reported less fantastic dreams when compared to controls (Parker, Bauer-

mann. Sc Smith, 2000). Other studies have suggested a correlation between

high alexothymia scores and dreams with macabre or nightmarish content

(Levitan Sc Winkler, 1985). Unfortunately, attempts to delineate the poly-

somnographic correlates of alexothymia have only produced inconsistent

results (Bazydlo, Lumley, Sc Roehrs, 2001; De Gennaro et al., 2002).

Posttraumatic stress disorder (PTSD) is another disorder with evidence

that suggests an impoverishment of dream recall (Lavie, 2001; Pillar, Malho-

tra. Sc Lavie, 2000). In a study of PTSD with disturbed dreaming, it was

noted that dream recall occurred at a rate of 42 to 54 percent in subjects

with PTSD compared to 89 to 96 percent for controls (Kramer, Schoen, Sc

Kinney, 1984). Furthermore, even a “well-adjusted” group of subjects with

PTSD had reduced dream recall from REM sleep when compared to either

less well-adjusted or control groups (Kaminer Sc Lavie, 1991). On the other

hand, these findings have not always been replicated, and impoverished

dreaming has not been recorded (Dow, Kelsoe, Sc Gillin, 1996; Lavie,

Katz, Pillar, Sc Zinger, 1998). Several explanations have been offered for the
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possible impoverished dream recall in PTSD. Some have noted the linkage

with alexothymia, which has been associated with dream recall impoverish-

ment (Fukunishi, Tsuruta, Hirabayashi, & Asukai, 2001; Fiyer, Woods,

Summers, Boudewyns, & Harrison, 1990) Hyperarousal and emotional

numbing are features common to both groups (Badura, 2003). Another pos-

sibility is that suppression of dream recall may be part of a successful coping

mechanism (Kaminer & Lavie, 1991).

Other disorders have also been associated with dream recall impoverish-

ment. In particular, patients with temporal lobe epilepsy have demonstrated

reductions in dream recall (Epstein, 1979). Furthermore, it was noted that

dream recall after awakening from REM sleep was marked by reduced and

less varied emotions. Although medication effects need to be considered, it

also appears that seizure type may play a role. In particular, patients with

generalized seizures have a lower dream recall than patients with complex

partial seizures. Lateralization effects were not demonstrated (Bonanni,

Cipolli, ludice, Mazzetti, & Murri, 2002).

Excessive Dreaming
\

At times, patients may report that their dreams are too abundant, too

vivid, or unrelenting. Epic dreaming is the term proposed to describe com-

plaints of both excessive dreaming (“dreaming all night long”) and daytime

fatigue (Schenck & Mahowald, 1995; Zadra & Nielsen, 1996). These

patients describe the sense that they are dreaming continuously through the

night. A total of 90 percent of patients report these epic dreams on a nightly

basis, and 70 percent of these dreams have been associated with nightmares,

although arousals are not a frequent occurrence (Schenck & Mahowald,

1995). Fatigue and feelings of distress are not uncommon features. Although

the dreams are usually quite repetitive, they are not rich in detail. The

underlying patholophysiology remains uncertain. Reported cases have usually

been female. Polysomnographic studies have not revealed any specific distur-

bances (Schenck & Mahowald, 1995).

Excessive dreaming may also be induced by withdrawal from certain med-

ications. In particular, this has been noted with agents that are considered

REM suppressants with relatively short half-lives. Eor instance, excessive,

vivid, and early-onset dreaming have been documented following withdrawal

from tricyclic antidepressants (Dilsaver & Greden, 1984) or short half-life

serotonin reuptake inhibitors such as paroxetine or fluvoxamine (Belloeuf,

Le Jeunne, & Hugues, 2000).

Excessive dreaming has also been described in patients with cerebral lesions

(Solms, 1997). Eeatures include an increase in frequency and vividness of
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imagery. In some cases, the dreaming may become almost continuous as seen

in epic dreaming, although there may still be periods of awakening. Cases have

been described post cingulotomy (Whitty & Lewin, 1957) and with fatal fami-

lial insomnia (Lugaresi et al., 1986). In general, lesions of the anterior limbic

system have been implicated in these cases (Solms, 1997).

DREAM STEREOTYPY

Recurrent dream themes are normal in the general population (Nielsen

et al., 2003). It is not uncommon to see recurrent themes like pursuit threat

and assault. At times, these features may take on a highly repetitive nature

and become quite disruptive. Although difficult to quantitate, the degree of

stereotypy may become an issue.

Epileptic Dream Stereotypy

Epilepsy may be associated with recurring dreams or disorders of arousal

and parasomnias. At times, the distinction between seizure manifestation

and primary sleep disorder may be distressful (Boiler, Wright, Cavalieri, &
Mitsumoto, 1975; Epstein, 1964; Epstein & Hill, 1966; Synder, 1958). Even

frontal lobe epilepsy has been noted to mimic nightmares (Scheffer et ak,

1995). Nevertheless, the primary issue to be addressed is the stereotypy asso-

ciated with epilepsy. Obviously, this discussion overlaps with the earlier dis-

cussion on recurring nightmares.

The stereotypy associated with epilepsy can be manifest in one of several

ways. In some cases, elements of the seizure such as the aura may become a

feature of the recurring dream. Another observation is that recurring dream

themes may occur in proximity to seizures. Stereotypy may also suggest ster-

eotypy by a linkage between recurring nightmares and seizures. (Epstein,

1964; Epstein, 1979; Reami, Silva, Albuquerque, & Campos, 1991)

Attempts have also been made to assess a lateralizing effect in epileptic

dream stereotypy. A recent review of 19 published cases of epileptic patients

with dream stereotypy and known epileptic lateralization was performed to

assess a possible effect. Of the 19 cases, 12 had a right hemisphere focus, 2

had a left-sided focus, and 5 were bilateral. These findings were suggestive,

but not conclusive (Solms, 1997).

Migraine Dream Stereotypy

Migraine disorders are also characterized by stereotypy, and it should not

be surprising that migraineurs should experience dream stereotypy. Little has



been written on the topic, but an early study suggests recurrence of dreams,

often with brilliant colors and at times horrijfying (Zadra & Nielsen, 1996).

DRKAM-REALITY CONFUSIONS

The syndrome of dream-reality confusion was first described in 1957 by

Whitty and Levin. It is characterized by a difficulty in distinguishing dreams

from reality (Solms, 1997). It is not uncommon that there is an associated

increase in frequency of dreams. Symptoms may overlap with epic or exces-

sive dreaming, with a continuation of dreams across intervening periods of

wakefulness. There may also be an increase in nightmares. This syndrome

has been associated with lesions of the anterior limbic system (Solms, 1997).

It has also been described in association with lesions that may involve the

third ventricle, such as a colloid cyst (Solms, 1997). The syndrome may also

be seen in association with other disorders of the frontolimbic system, such

as executive system dysfunction.

Intensive care unit (ICU) dream delirium can also be considered as

another form of dream-reality confusion. This is a well-known syndrome

characterized by vivid, sometimes terrifying nightmares, with an inability to

clearly separate dream content from reality. Confounding variables such as

medication effects and sleep deprivation make it difficult to clearly define

the parameters of this syndrome. Bizarre and terrifying nightmares have

been noted to be a frequent feature (Schelling et ak, 1998). Factors contrib-

uting to emergence of the nightmares include length of stay in the ICU
(Rundshagen, Schnabel, Wegner, & Schule am Esch, 2002) and exposure to

benzodiazepines (Noble et ak, 1990). ICU dream delirium is usually consid-

ered to be a part of the so-called ICU psychosis or ICU confusional state.

REM BEHAVIOR DISORDER

REM behavior disorder (RBD) is characterized by excessive motor activ-

ity during REM sleep. A cardinal feature of normal REM sleep is the rela-

tive muscle atonia that is a component of the tonic background. In RBD,

the loss of muscle atonia may actually lead to a state where the patient will

enact the movements associated with a concurrent dream or nightmare

(Mahowald & Schenck, 2005; Schenck & Mahowald, 1996a). The degree of

dream enactment may vary across the night. Partial expression of many

dreams may be suggested by the presence of elevated levels of muscle tone

and phasic electromyographic activity with phasic motor movements. Inter-

estingly, it has also been noted that patients may not always have dream

recall on awakening from episodes of executed “dream” behavior. This lack
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of recall has been attributed to a variety of factors, including the age of the

patient and the possibility of a comorbid neurologic disorder. Despite these

limitations, most patients will report that their dreams become more vivid,

violent, and action filled, and are experienced as nightmares (Schenck &
Mahowald, 2002). The associated dreams may be quite varied, but they are

usually stereotyped in structure and emotional content (Mahowald &
Schenck, 2005; Schenck, Bundlie, Ettinger, & Mahowald, 1986). The most

frequent pattern is that of vigorous defense against attack. These may repre-

sent defense against attack by people or animals. Sporting themes and

friendly social encounters are also not uncommon (Mahowald & Schenck,

2005). Other dreams have included sensations of movement or lack of

movement (Schenck & Mahowald, 2002). The latter may be exemplified by

a sensation of being stuck and unable to move.

RBD has been associated with a variety of neurodegenerative disorders,

most specifically, the alpha synticleinopathies that include Parkinson’s dis-

ease and Lewy body dementia. It has also been encountered in the context

of medication side effect or withdrawal. This includes alcohol withdrawal or

caffeine excess (Schenck & Mahowald, 2002). Treatment involves removal

of the offending agent, if possible. Otherwise, clonazepam is recommended.

Clonazepam is thought to suppress some of the abnormal motor behaviors

and, perhaps, reduce some of the recurrence of abnormal behaviors and

nightmares (Culebras, 1992; Schenck & Mahowald, 1996b).
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Metacognition, Recognition, and

Reflection while Dreaming

David Kahn

Consciousness is state dependent. If we want to learn about the brain basis

of consciousness, we need to look at how consciousness changes when the

state of the brain changes. We learn about the brain basis of consciousness

bv observing how the mind is affected when the brain changes because of

accidents of nature, such as a stroke. We can also learn about the brain basis

of consciousness through the normal process of dreaming where anatomical

changes do not occur but functional changes do. In dreaming, functional

changes in the brain occur naturally without any change to the underlying

physical structure. What then are the functional changes that occur in the

brain during the dreaming stages of sleep? And how does the mind respond

to these functional changes in the brain during dreaming? Research into

how the brain-mind changes during dreaming should lead to a better under-

standing of the brain basis of consciousness.

To do this research, researchers have looked at the phenomenology of

dreaming by asking subjects to provide dream reports of their subjective expe-

riences during the dream. And, specifically, if the researchers are interested in

a particular aspect of consciousness during dreaming, the researchers may ask

the dreamer not only to provide dream reports but to also answer specific

questions about what occurred in the dream. For example, if the researcher is

interested in characterizing thinking during dreaming, the subject may be

asked to pay attention to her thinking during the dream and to describe and

compare this thinking during the dream with her wake-state thinking.

The complementary method to obtaining first person reports of dreams

is to obtain objective data on the functional changes that occur in the brain
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during dreaming. This has been done through the use of electroencephalo-

gram (EEG), magnetoencephalograph (MEG), brain imaging techniques

such as positron emission tomography (PET) and functional magnetic reso-

nance imaging (fMRI), as well as through the use of methods to uncover

changes in the chemistry of the brain during dreaming. Ideally, researchers

from both camps work together on the same team. Researchers who have

characterized unique aspects of dream reports, and thereby indirectly of the

dream itself, will share these findings with researchers who have obtained

objective data on changes that have occurred in the brain during dreaming.

In this way it is possible to correlate the observed changes in the brain that

occurred during dreaming with the subjective experience of dreaming. Doing

this would lead to a better understanding of the brain basis of consciousness

during dreaming.

This chapter reports on the results of research into the ways we think

during dreaming compared to wake-state thinking. We explore the question,

how is thinking during dreaming the same and how is it different than

thinking when awake? We do this by exploring dream reports and objective

data on chemical and functional connectivity changes in the dreaming brain.

The correlation between first-person reports of dreams and data on brain

changes during dreaming suggests a model for the brain basis of state-

dependent thinking as a self-organizing process of cognitive elaboration.

ABILITY TO REFLECT ON IMPLAESIBILITY DURING DREAMING

If we discover something that seems out of place when we are awake, we

are usually aware of a discrepancy between what we expect and what actually

is, and we try to make sense of the discrepancy. For example, if we see an

old friend who now has blond hair and not the red hair we expected her to

have, we assume she changed her hair color. Likewise, if we see a letter on

our desk that we do not remember placing there, we try to think of how it

got on the desk. Maybe someone else in the household put it there or we

just forgot that we put it there ourselves. What is common in these two

examples is that the discrepancy is noted and dealt with in some way. We
reflect on the unexpected and try to resolve it.

This is pften not the case in a dream. A study on reflective consciousness

was conducted by Kahn and Hobson (2003) where it was shown that dis-

crepancies and implausibility are often not noticed while dreaming. The

study was undertaken to investigate our ability to recognize implausibility

while dreaming and to compare this with our ability to recognize implausi-

bility when awake. In this study, participants were asked to write down their

dreams immediately upon awakening from a dream. The participants were
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also instructed to create a dream log to record all characters that appeared

in the dream; tor example, Mom, Dad, my brother, my friend Joe, a nurse, a

girl, my dog Fluffy, and so on. The dreamer was asked to note any and all

discrepancies between the character that appeared in the dream and the

character it represented in real life, if it did. The participants were asked to

distinguish between discrepancies that were noted during the dream and

those noticed only upon awakening from the dream. Doing this, the dream

acted as its own wake-state control in the comparison between characters as

they appeared in the dream and as they actually are in real life. For example,

if Mom appeared in the dream in a miniskirt but in real life she always

wears below-the-knee skirts, a discrepancy would be recorded in the way

Mom appeared in the dream and the way Mom appears in real life. If Dad

is screaming and shouting in the dream but never does so in waking life,

that would be recorded as a discrepancy with his real-life behavior. If the

dreamer’s boyfriend has a beard in the dream but does not in real life, that

too would be recorded as a discrepancy with his real life appearance. The

study investigated the question as to when the dreamer noticed these dis-

crepancies, during the dream or only upon waking from the dream. We
hoped to learn more about how we think while dreaming by learning when

the discrepancies are noticed and which are more likely to go unnoticed. By

comparing the way discrepancies are reported during dreaming to changes in

brain connectivity during dreaming, we are able to learn about the brain-

mind relationship as well.

In the Kahn and Hobson (2003) study, there were twelve participants,

eight women and four men who were graduate students taking a course on

the neuropsychology of dreaming at the Harvard University Extension

School. They ranged in age from the mid-twenties to the mid-forties. The

twelve participants handed in 106 reports over a two-week period, with a

mean of almost nine reports per person (standard deviation [SD] = 1.3; me-

dian = 8 reports). The mean number of words per report was 257 (SD = 194;

median = 199), and the mean number of characters explicitly appearing in a

report was four (SD = 2.2; median = 3.4). Incidentally, the large number of

dream characters (five when the dreamer is included) reflects the social nature

of dreaming. This is in agreement with previous findings on the social nature

of dreaming, for example, Domhoff, 1999 and Hall and Van de Castle, 1966.

For dream characters that represented people from real life, the partici-

pants were asked to record any discrepancies, illogicality, or inappropriateness

of character during the dream narrative compared to the character s real-life

counterpart and to note whether these were noticed during the dream. The

participants were given choices that ranged from not finding any discernable

differences between the dream and real life character to finding major
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differences. If differences were found, participants were to select from a list of

choices. The choices included: the dream character had a different name than

the person in real life, the dream character was a blend of two or more known

real-life characters, and the dream character engaged in behavior different

from that of the person represented in real life. Other choices were: the mor-

tal status of a dream character was different from that of the real person, the

appearance of the dream character was different than the real person’s appear-

ance, and the gender of the dream character was different than the gender of

the person represented. The most common implausibility that was noticed

both during the dream and outside the dream was in the character’s behavior

(30.3 percent relative to other implausibility within the dream, 27.2 percent

relative to other implausibility upon awakening). Thus, a dream character’s

actions and behavior were most likely to deviate from their real life actions

and behavior. This result is similar to that found by Revensuo and Tarkko

(2002) in their study on dream bizarreness.

Why does the dreamer get the behavior of a person known to him in real

life so often wrong in the dream, or at least report a behavior that is not

expected from that character’s likely wake-state behavior? One approach to

this question has to do with dream interpretation, asking what this altered

behavior has to teach the dreamer. This is, of course, a valid approach, but

one not addressed here. The other approach, which is the focus of this chap-

ter, is to ask what this discrepancy in behavior tells us about the way we

think while dreaming. While dreaming there is, in a sense, “freedom” to

make up actions and behaviors for ourselves and for our dream characters.

This “freedom” is pressed upon us because we cannot accurately access epi-

sodic, biographical, and autobiographical memory. The dreaming mind is

thus unconstrained by veridical memory data; instead dreams use all sources

and combinations of memory data. These often exhibit temporal and spatial

order that do not correspond to real life. Dream characters whose real life

counterparts are from one era can appear in another era in the dream.

Dream characters whose real life counterparts are from one locale can appear

in another locale in the dream. Dream characters whose real life counter-

parts are from one social group or culture can appear in another social group

or culture in the dream.

The most striking result of the study was that character implausibility

often went unnoticed during the dream. During the dream, almost one

character in seven was recognized as having implausibility (43 out of 284

characters). This was during the dream, but what about after waking from

the dream? Upon waking from the dream, almost one in two dream charac-

ters (133 out of 284 characters) had an implausible feature that was noticed

compared to one in seven noticed during dreaming.
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TABLE 11.1

Kinds of Implausibility in Character Features per Character Recognized during

the Dream and upon Awakening

Kind of

Implausibility

Recognized Upon

Awakening %
Recognized During the

Dream %

Behavior 15.4 7.1

Feelings 10.5 1.2

Age 10.4 2.1

Relationship 4.5 0.2 (Trend)

Appearance 4.7 0.8 (NS)

(Total) 45.5 11.4

Source-. Adapted from Kahn & Hobson, 2003.

Table 11.1 provides a summary of different kinds of implausibility of

character attributes per character that participants most often reported as

having noticed. These included implausibility in a dream character’s behav-

ior, feelings, age, relationship, and appearance. It shows how often these dis-

crepancies were noticed during the dream versus outside the dream.

The first three entries, discrepancies in behavior, feelings, and age that

were noticed within the dream compared to only outside the dream were

statistically highly significant.

In order to illustrate the kinds of dream character implausibility that

dreamers recorded, the following excerpts from dream reports and the

dreamer’s accompanying comments are shown below.

I make the long journey home and run into my sister Joanne, who is worried

about Mother. She seems to have disappeared. Elaine Y. will take her apart-

ment. I run into my sister Carol who hugs me, tells me she is worried about

Mother and cannot find her. We run into Daddy, who is also worried. He

asks where I’ve been. . . . Suddenly we hear yoohoo, where are you . . .

Mimi turns the corner, chattering and pointing.

The dreamer recorded in her dream log that both her mother and father

were dead in real life (this mortal status discrepancy was not noticed during

the dream). The dreamer also recorded that the behavior of Mimi was

implausible, which was, however, noticed both in the dream and after

awakening.

A second excerpt from a dream is:

He was very friendly to me and I to him.
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The dreamer reported that this was opposite of real life, saying that the

character’s feelings were implausible. The dreamer reported noticing this

implausibility even during the dream.

Another excerpt from a dream is:

I went outside to play with a group of friends. We were a group of girls in

about the fourth grade . . . We formed into two teams. My friend Jenny was

on my team.

The dreamer said that the age of the friends and the team members were

implausible, but this was not felt to be implausible during the dream. Also

the relationship between the dreamer and Jenny was reported as implausible,

but it was not felt to be implausible in the dream.

And a final excerpt from a dream is:

A group of us are in the dining room of my house, which also appears to be

a convent. I am there with a group of novices. My mother, the mother supe-

rior notices a drip. We are aghast to discover that someone has sabotaged the

ceiling by puncturing one of the pipes. We see K walking away, we know she

has punctured the pipes.

The dreamer reported that age, relationship, and social role were all

implausible attributes of her mother. The subject also reported that the rela-

tionship of K to her, as well as K’s social role and her behavior were all im-

plausible. The dreamer reported not noticing any of this implausibility

during the dream.

The major finding of this study was that implausibility in dream charac-

ters often goes unnoticed while dreaming. Not until the dreamer wakes up

are the discrepancies between dream characters and their real-life counter-

parts recognized. The mind during the dreaming state seems not able to

reflect on the authenticity of the attributes of dream characters.

One contributing factor for this reduced ability to reflect on the veracity

of character attributes is that we are asleep and, therefore, it is not possible

to conduct reality checks on the accuracy of dream character portrayal. This

absence of reality checking, however, explains only part of the difficulty of

being unable to reflect on the accuracy of our dream characters. Dreaming is

it’s own reality that, in part, is determined by the diminished capacity to call

upon one’s internal memory for guidance. With no means to call upon

external cues while dreaming, the dreamer has to rely upon internal memory
for validation of dream character features. But, during dreaming the ability

to reflect upon the unfolding events occurs within the context of the dream

itself and access to biographical information stored in the dreamer’s memory
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is limited. In fact, it has been shown that episodic memory is almost com-

pletely absent during dreaming (Fosse, Stickgold, & Hobson, 2003).

Thus, there is a diminished capacity for reflective consciousness while

dreaming, and there is a diminished ability to critically reflect on the accu-

racy of the attributes the dream assigns to its dream characters. During

dreaming we are caught up in the experience of the dream because not only

is our ability to utilize external memory sources greatly reduced, but also our

access to internal sources is selective.

The brain basis for this may be the functional disconnection of the dorsal

lateral prefrontal cortex with most of the rest of the brain, as well as the

deactivation of large areas of the parietal cortex (Braun et al., 1997; Maquet,

2000; Maquet et al., 1996, 2000; Nofzinger et al., 2002). A functional dis-

connection of the prefrontal cortex would make the retrieval of episodic

memory difficult (Buckner & Koutstaal, 1998; Cabeza & Nyberg, 2000;

Rees, Kreiman, & Koch, 2002). Discrepancies between one’s dream and

real-life characters would, therefore, often go undetected.

There are also changes in the chemical neuromodulation of the brain

from aminergic to cholinergic. The reduction and eventual absence of sero-

tonin and norepinephrine in the forebrain as the subject goes from waking

to non-REM (NREM) to REM sleep dreaming may also help explain the

difficulty the dreamer has in noticing differences between his dream and

real-life characters. Error rates and loose associations increase in the absence

of serotonin and norepinephrine (Foote, Bloom, & Aston-Jones, 1983;

Mamelak & Hobson, 1989), with the result that discrepancies between

dream and real-life characters are likely to occur in the changed chemical

environment of the dreaming brain, as was found to be the case from these

first person dream report studies.

HOW SIMILAR IS THINKING IN DREAMING AND WAKING?

In the previous section we saw that we often are not aware of differences

between dream characters and their real-life counterparts while dreaming. If

we are aware, we often accept these differences and the dream goes on. In

this section, we want to look at thinking during dreaming more generally

(Bosinelli, 1995; Darling, Hoffman, Moffitt, & Purcell, 1993; Fosse, Stick-

gold, & Hobson, 2001; Fosse et al., 2003; Foulkes, 1962; Hunt, 1982, 1989;

Kahn & Hobson, 2005; Rechtschafen, 1978). When we do this, we discover

that there are at least two distinct components to cognition during dream-

ing. One component of cognition is somewhat similar to cognition when

awake, the other component is very different. The component that is differ-

ent is metacognition. By metacognition is meant the capacity to think about



our thinking and our behavior. When awake, we generally have little trouble

thinking about these. For example, I am now sitting at my computer typing

this section. I know that I am doing this, and I know that I know that I am

doing this. I can also stop for a moment and indulge myself in a bit of fan-

tasy about my upcoming trip to Maine, and, importantly, I can come back

from the fantasy and continue typing on the computer. In the dream-state,

by contrast, I am caught up in the dream and cannot control entrances and

exits from the unfolding scenes. Furthermore, my capacity to think about

the unfolding dream images is limited: as the dream images unfold, I accept

them more or less unconditionally; sometimes I completely accept the

unfolding narrative, at other times I wonder about incongruities and discon-

tinuities in the narrative. But unless I become lucid, I am not aware that I

am dreaming and I cannot think about or remove myself from the halluci-

nated fantasy being created by the mind-brain during dreaming. During

lucidity metacognition returns and may last for the whole dream, though

often for just a portion of the dream. Other chapters in this volume address

this interesting lucid state of dreaming. Here, we address thinking during

the more common nonlucid state of dreaming.

In the Kahn and Hobson (2005) study on thinking while dreaming,

twenty-six subjects participated. They were asked to submit dream reports

over a two-week period and to submit a dream report log in which they

would record whether they were thinking during the dream. In the study,

the mean number of dream reports from the 26 participants was 6.8 (SD =

3.2), with a mean number of words per report of 223 (SD = 1 12). If they

reported that they were thinking in the dream, they were asked whether

their thinking during the dream was similar to their wake-state thinking.

This reliance on the subjects themselves to report about aspects of their

dream experience is an example of the affirmative probe methodology.

When researchers use this methodology, they must be careful to minimize

demand characteristics that could potentially creep in to influence responses.

These demand factors were minimized by emphasizing to the participants

that there was no expected right answer and that their unbiased participa-

tion in this research was important. The advantage of the affirmative probe

methodology is that it helps ensure that the subjects pay attention to aspects

of the dream that may otherwise go unnoticed or be forgotten upon awak-

ening. In the cited study, researchers asked the dreamer to pay attention to

their thinking during the dream. When the subject awoke, he or she was

asked to record whether this thinking in the dream was similar to what it

would have been had the event of the dream occurred when the subject was

awake. The participants were also asked to record whether thinking about

the occurrence of the dream scene during the dream was similar to what it
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would have been had the scene occurred when the subject was awake. Thus,

the questions were able to probe both thinking within the context of given

premises and the thinking about the premises themselves.

The following is an excerpt from a dream to illustrate what is meant by

thinking within the context of given premises and thinking about the

premises.

I am suddenly in the car with my mother who came to pick me up from school.

I was happy. As we drive we end up at the Golden Gate Bridge which was here

in Massachusetts. ... I am now in a store. It looks more like my work at the B.

pharmacy. I am looking for my books ... I search the store wondering where I

could have put them. . . . My teacher is now my manager from work.

The dreamer said that had she been awake, she would have thought that

the Golden Gate Bridge is not in Massachusetts. This is an example of the

dreamer’s noncritical thinking about the dream scene while dreaming. Dur-

ing the dream she did not question the premises, in this case, the Golden

Gate Bridge being in Massachusetts. The dreamer, on the other hand

thought to look for her missing books, as she would have thought to do in

the wake state. This is an example of rational thinking while dreaming that

is similar to wake-state thinking. Later on in the dream, the dreamer

accepted that her teacher was now the manager at the B. pharmacy. This is

another example of noncritical thinking about the dream scene itself, the

scene in which her teacher is her manager from work.

How often thinking within and about a dream scene was similar to or

different than wake-state thinking is illustrated in Figures 11.1 and 11.2.

These figures show participants’ responses to questions about their think-

ing while dreaming. The figures show the number of participants who

answered yes (Y) or no (N) to the question of whether their thinking dur-

ing the dream was similar to what their thinking would have been had

they been awake.

Figure 11.1 shows the number of yes and no responses as to whether their

thinking within the dream scene was the same or was different than their wake-

state thinking. It shows that most subjects said that their thinking within the

dream narrative was similar to the way their thinking would have been had the

event occurred in real life. The results were statistically significant, (p < .01).

Figure 11.2 shows the number of yes and no responses as to whether their

thinking about the dream scene itself was the same or different than their

wake-state thinking. It shows that most subjects said that their thinking about

the dream event was not the same as it would have been had they been awake.

The results were statistically significant, (^><.01). Figure 11.2 may be inter-

preted to mean that metacognition is impaired during dreaming, that is, we



FIGURE 11.1

Thinking while dreaming. The mean number of yes (Y) and no

(N) responses per report that thinking within the dream scene

was similar to wake-state thinking.

Cell Bar Chart

Error Bars: ± 1 Standard Error(s)

FIGURE 11.2

Thinking while dreaming. The mean number of yes (Y) and no

(N) responses per report that thinking about the dream scene

was similar to wake-state thinking.

Cell Bar Chart

Error Bars; ± 1 Standard Error(s)
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are mostly unable to engage our wake-state critical thinking while dreaming,

we do not critically examine the premises within the dream. However, wake-

like thinking does occur as we participate in the dream adventure, even if this

adventure is bizarre by wake-state standards. Thus, while normal cognition is

more or less preserved during some aspects of dreaming, our metacognitive

capability is impaired during dreaming. There thus seems to be two compo-

nents to thinking in dreams, in one our ability to think within a dream event is

more or less preserved, but our thinking about the hallucinatory experience is

ven^ diherent than it is in the wake-state.
j

However, even though one aspect of cognition (thinking within a dream

event) seems to be more or less preserved during dreaming, it too is different

than wake-state thinking. It is true that the presence of rational thought

within a dream scenario seems to stand in sharp contrast to the irrational

thinking present in the acceptance of irrational behavior. But, in fact, even

so-called rational thought is altered during the dream-state because of the

cognitive acceptance of irrational situations. Because of this acceptance of

irrational situations, even “rational” thinking during dreaming is different

than wake-state thinking as the following example of inherently faulty logic

during a dream illustrates:

I am swimming in my bathing suit to a lecture in a very fast moving river. I

note how difficult it would be to get back against the current.

Logical thinking seems to be preserved in that the dreamer thinks it

would be more difficult to swim back upstream against the rapidly flowing

river. This is what the dreamer would think had he been awake. But, the

logic is inherently faulty in that he worries about swimming back against the

current but does not question swimming to the lecture in the first place.

In contrast, the following is a wake-state excerpt:

I got off the shuttle bus as usual and walked to the entrance but found the

door locked. It never had been locked before. I almost immediately realized

that it must be locked because it is the day before July 4 and the building is

more than likely celebrating the holiday both days, the day before as well as

the actual day itself

This is an example of logical thinking and deduction that occurred dur-

ing the wake-state on why the door to my office building was locked the

day before the July 4 holiday.

The brain basis for the loss of metacognition is undoubtedly related to

the deactivation of both the precuneus and the dorsal lateral prefrontal cor-

tex (DLPFC) during dreaming. The precuneus-DLPFC circuit is activated
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whenever an episodic or autobiographical memory is retrieved. With only

limited access to episodic or autobiographical memory, knowledge about the

world and us is limited, as is our history and the history of others in our

world. This limitation may very well account for our difficulty in thinking

about our thinking and in distinguishing fact from fantasy.

RECOGNITIOfV OF DREAM CHARACTERS WHILE DREAMING

We saw that our ability to reason about our reasoning and our ability to

think critically is impaired relative to wake-state thinking during dreaming.

Can we learn more about how we think while dreaming by exploring how
we recognize our dream characters in the dream? During a dream, we often

know characters from our waking life. How we recognize them may shed

light on our thought processes during the dream. Do we recognize dream

characters while dreaming in the same way as when awake? If not, how do

we recognize dream characters while dreaming, and what does this tell us

about the way we think during dreaming? It turns out that although we rec-

ognize people we know by their face, appearance, and behavior when awake,

during a dream we also recognize them by just knowing who they are. Sub-

jects often state “I recognized the person by just knowing who it was.” This

is true both for known characters (Mother, my friend Joe, my daughter

Emily), as well as for generically defined characters (policeman, soldier, doc-

tor) and whether they appear explicitly or only implicitly in the dream. In

fact, dream characters are recognized as often by “I just knew who it was” as

by their face, their appearance, or their behavior during a dream. The impor-

tance of this response is that this “just know” response is a significant way

of recognizing characters while dreaming, even when the dreamer does not

recognize the character in any other way. This tells us as much about how
characters are not recognized as to how they are recognized. This, in turn,

informs about the way thinking occurs during dreaming.

In the study on recognition of dream characters by Kahn, Stickgold,

Pace-Schott, and Hobson (2000), 320 dream reports were analyzed from 33

participants, 13 men and 20 women. There was an average of 9.7 dream

reports per subject having an average word length of 237. The reports con-

tained an average of 3.7 dream characters. These participants ranged in age

from the late teens to the elderly who were enrolled in a course on the psy-

chobiology of dreaming at the Harvard University Extension School. The

participants were asked to submit dream reports over a two-week period.

They were also asked to submit a dream log in which they were to list all

the characters that appeared in their dream reports. For these characters,

they were to record whether the dream character was known to them from
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their wake life, whether the dream character was only generically identified

in the dream, lor example, by their social role in the dream, or whether the

dream character was totally unknown (a girl, a man, a woman).

Subjects reported that 48 percent of dream characters were known to the

dreamer, 16 percent were unknown to the dreamer, and the dreamer generi-

cally identified 35 percent. This result tells us that we mostly dream about

people we know, next most often we dream about people that play a role in

society (the generically identified dream characters), and least often we dream

about people that are unknown to us in our waking life. In addition to this

type of identification into known, generic, and unknown categories, partici-

pants in the study were asked whether they recognized dream characters from

real life, and if so, how. Recognition of people is often related to how we

think about them. If recognition is different in dreaming than it is when

awake, we should be able to learn how thinking in dreams compares to think-

ing when awake for character recognition. The choices given to subjects were

recognition by a character’s face, by the character’s appearance, by the charac-

ter’s behavior, or by “just knowing whom it was.” The dreamer could report

using more than one of these categories. Table 11.2 shows how often charac-

ters that were identified as known to the subject were recognized by one of

the above recognition categories and how often characters that were only

generically identified were recognized by one of the recognition categories.

For characters identified as known to the dreamer, the face category was

cited most often (45 percent) as the basis for recognition. This is not terri-

bly surprising. In the wake-state, face recognition is also very often used to

identify an individual. By contrast, the percentage of times that face was

cited dropped to 9 percent for characters only generically identified by the

TABLE 11.2

How Dream Characters Were Recognized

Recognition

Category

Percentage of Times

Category Was Cited

for Characters Known

to the Dreamer

Standard

Error %

Percentage of Times

Category Was Cited

for Characters

Generically Identified

Standard

Error %

Face 45 5.4 9 3.0

“Just Know” 44 5.0 40 4.3

Appearance 32 5.8 39 4.1

Behavior 21 4.4 38 4.1

Can’t Recall 2 3

Source-. Adapted from Kahn et al., 2000.
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dreamer, as would be expected since these were not acquaintances of the

subject in real life. Also to be expected, dream characters that were generi-

cally identified by their social role were very often recognized by their

appearance (for example, their uniform) or by their behavior (directing traf-

fic). What is more interesting is the number of times subjects said they rec-

ognized a character by a sense of just knowing who they were. This

occurred equally often for both known and genetically identified dream

characters.

Part of the reason for the “just know” response may simply be the fact

that we do not actually see our characters or observe their behavior when

dreaming as we do when awake. When dreaming, we see dream characters

in our “minds eye,” which may not be as sharp as physically seeing someone,

so we must rely on a sense of just knowing as ways to recognize individuals.

While this may be true, as our goal is to investigate the brain basis for con-

sciousness, in general, and for thinking in particular, we suggest that recogni-

tion of characters depends upon the prevailing chemistry of the brain, upon

the brain’s overall activation level, and upon the specific regions of the brain

that are preferentially activated or deactivated during a state of conscious-

ness. The “just know” category of recognition of dream characters is as a

direct consequence of the diminished accessibility of other ways of recogniz-

ing dream characters. And this diminished ability to use wake-state means

for character recognition is because of the change in the state of the brain.

One reason facial recognition of dream characters is not used more often

during dreaming is because of specific changes in the brain during dreaming

that affect facial recognition. There are specific areas in the prefrontal cortex

that are needed for face recognition (Scalaidhe, Wilson, & Goldman-Rakic,

1997). Recognition of individuals’ faces requires the activation of these pre-

frontal areas, as well as the activation of areas in the extrastriate cortex speci-

alized for face perception (fusiform gyrus). In addition, there must be neural

communication with the heteromodal association areas for face identifica-

tion. But, activation of prefrontal areas and neural communication with het-

eromodal areas are reduced during dreaming. Prefrontal and parietal regions

of the brain operate at levels that are much lower than wake-state levels dur-

ing the REM and NREM stages of sleep (Braun et ak, 1997, 1998; Maquet

et al., 1996; Nofzinger, Mintun, Wiseman, Kupfer, & Moore, 1997). In

addition, while dreaming, the brain’s chemistry changes from the high wake

levels of the neuromodulators serotonin and norepinephrine to levels so

small as to be virtually undetectable during the REM stage of dreaming

(Hobson, 1988).

And as discussed in the previous section, recognition of individuals

requires the activation of areas that allow access to autobiographical
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memory. In dreaming, some of the areas that allow known associations to

be made and autobiographical memory to be accessed are less activated than

in waking. These areas include the heteromodal cortices and the dorsolateral

prefrontal cortex, as mentioned above. Thus, recognition of a dream charac-

ter during dreaming must deal with a reduced ability to make associations

that relate the character’s face, behavior, and appearance with the part the

character played in the dreamer’s past and present life. Therefore, the

dreamer must often rely on just a sense of knowing whom a dream character

represents in real life.

FEELING AND THINKING IN DREAMING

There may be a way to tease out the “just knowing” response used as a

basis ol recognition of a dream character, discussed in the previous section.

One way to do this is to offer additional choices as bases for recognition of

dream characters. One additional choice, for example, is to use feelings that

are evoked in the subject by a dream character as a basis of recognition of

that character. We know that feelings are often reported to be present in

dreams (Kahn, Pace-Schott, & Hobson, 2002; Merritt, Stickgold, Pace-

Schott, Williams, & Hobson, 1994), and we do know that the emotional

centers of the brain are activated when dreaming (Braun et al, 1997;

Maquet et al., 1996; Nofzinger et al., 1997). In fact, subjects reported that

more than 80 percent of their dream characters evoked feelings in them

(Kahn et al., 2000). Interestingly, the feelings most often evoked by dream

characters in the dreamer were four, namely, affection, joy, anger, and anxi-

ety, the positive emotions being balanced by the negative ones.

Do feelings contribute to the dreamer’s ability to identify individuals in

the dream? Does the dreamer use his feelings for a dream character as a basis

for recognizing that character? And does the dreamer take account of the

dream character’s feelings for him to identify that character? One hypothesis

is that feeling-based reactions to a dream character are used as a basis for

character recognition in dreams, and that if dreamers were given that choice

they would choose the “just know basis less often. More broadly, feeling

may be important for knowing, in general. We do know that feeling plays

an important role in decision-making (Damasio, 1996).

The hypothesis that a feeling-based reaction toward a dream character

serves to identify that character even when behavior or appearance is not

used or goes unnoticed was tested by Kahn et al. (2002). In that study, there

were thirty-five participants, seventeen men and eighteen women, who were

enrolled in a Biopsychology of Waking, Sleeping, and Dreaming course at

the Harvard University Extension School. The majority of the students were
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in their 20s and 30s. The students submitted 320 dream reports over a two-

week period. The mean number of reports was 9.14 (SD = 6.14). The aver-

age word length was 229 (SD = 138). In addition to submitting dream

reports, they also submitted a list of all the characters that appeared in their

dreams. The mean number of characters per dream report was 3.9 (SD =

2.05). They identified their dream characters as either known to them from

their waking life, for example, my friend Susan, as only generically identified,

for example, a nun, or as an unknown dream character such as “a boy.”

The subjects were asked to record how their dream characters were recog-

nized. The subjects could choose from a list that included “I just know,” the

character’s appearance, the character’s behavior, and the social role played by

the dream character. Other choices for character recognition could be based

on logical deduction, as well as on the relationship between the dream char-

acter and the dreamer. Additional choices as bases of recognition included

the way the dream character made the subject feel, the way the dream char-

acter seemed to feel toward the subject, and the way the character seemed to

feel toward another dream character. Subjects could choose from a list of

emotions that included no feelings, fear, anxiety, anger, sadness, shame, dis-

gust, joy, affection, erotic, and “other” as a basis for character recognition

based on feeling.

In the character recognition study discussed in the previous section, sub-

jects were given only five choices to use as bases for recognition of dream

characters, whereas in this study, nine choices were given (appearance,

behavior, “just know,” feelings, logic, relationship, social role, can’t remem-

ber, and other). The addition of more choices changed the relative frequency

of choices used by subjects as the basis for dream character recognition. The

“just know” category of recognition was affected most. The “just know” cat-

egory chosen 11.9 percent of the time in this study compares with 31 per-

cent in the previous study where less choices were provided as shown in

Table 11.3.

Thus, when subjects were given more choices from which to pick as their

bases for character recognition, they chose “just know” less often. While

other ways of knowing took away from the “just know” response, the one

that took most of the responses from the “just know” one was the feeling

category (12.7 percent), as hypothesized. The feelings used as a basis for rec-

ognizing dream characters included feelings evoked in the dreamer by a

dream character (and feelings evoked in dream characters by the dreamer).

Feelings, then, are an important way of knowing. The still not fully

understood “just know” category is used when all else fails.

What we learn from this study is that the way individuals are recognized

while dreaming is often different than the way they are recognized when
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TABLE 11.3

How Known Dream Characters Were Recognized

Recognition Based on

Mean (relative to all

others %) Standard Error %

Appearance (including recognition by facial 44.5 3.7

features)

“Just Know” 11.9 2.6

Behavior 11.5 2.0

Logic 7.9 1.7

Feelings evoked in dreamer 7.8 1.3

Relationship 7.1 1.8

Feelings evoked in dream character 4.0 1.0

Social role 0.9 0.4

Feelings evoked in one character by another 0.9 0.4

character

Other 1.7 0.8

Can’t remember 1.2 0.6

Source-. Adapted from Kahn et al., 2002.

awake. The way we think and, in particular, the way we identify individuals

depends upon brain activity and brain chemistry. The findings on how

dream characters are recognized are consistent with the changed chemical

composition of the brain during dreaming (Freeman, 1995; Hobson &
Steriade, 1986; Steriade & McCarley, 1990). As discussed in the previous

section, there is a reduction of the neuromodulatory influences of serotonin

and norepinephrine in NREM dreaming and a complete cessation of their

influence during REM dreaming when bursts of cholinergic modulation pre-

dominate instead. With just cholinergic and little or no aminergic modula-

tion of the brain during dreaming, attention and volition give way to Active,

illogical, and emotionally charged imagery. This cholinergic predominance

and aminergic depletion in dreaming may contribute to the hallucinatory

imagery of dreams. And with the emotional limbic centers highly activated

and memory systems unable to fully participate during dreaming, it is not

surprising then that feelings were often used as a means of identifying dream

characters.

SELF-ORGAAIZATION AND CONCLUDING REMARKS

The brain is a complex nonlinear system of interacting neurons that are

always firing. In the wake mind-brain external sensory input often is enough

to override this cacophony of neuronal firing, although, even there, reverie

and random thought processes may result from the constant chatter of the
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neurons. These flights of fancy, however, are often recognized as such when

awake. In the aminergically deprived dreaming brain, however, the highly

nonlinear connectivity of neurons not subject to the restraints coming from

external sensory input are highly sensitive to internal influences. Such inter-

nal influences come from short- and long-term memories and from various

combinations of these memories, some of which may be illogically con-

nected, which would be dismissed (or enjoyed) as nonsense in the waking

mind-brain. With the dreaming brain’s susceptibility and sensitivity to inter-

nally generated input from its neuronal activity, thought structures are often

incongruously woven into the on-going dream narrative, as in the following

dream excerpt from the author:

Dream starts off as a cloak and dagger happening involving me doing things

as part of a, perhaps, spy network. Then this guy, a Mr. Vallarian, finds me
and is bringing me back to the U.S. where I will be prosecuted or something.

I am sad and ask him to go easy on me. Then I am to meet my father. Mil-

ton, and Henry at a restaurant called the Office. I and Mr. Vallarian are at a

hotel having a drink when my father, Milton, Henry show up. They are in a

good expansive mood. I tell Mr. Vallarian to please not tell my father that he

is taking me in. Mr. Vallarian is surprised that he knows one or more of

them. Mr. Vallarian expresses some surprise that my father is short, and notes

how tall Milton is. This is a bit surprising to me, recalling that Henry is the

tall one. We are all seated around small tables. My father is dressed in a very

nicely cut blue gray suit. I am afraid he will ask Mr. Vallarian what he does

for a living. Mr. Vallarian talks to who was Henry but who now looks more

like Uncle Storrobin. I am a bit surprised and wonder where he came from.

Upon awakening I commented that in the dream, I accepted three dead

people as alive (my father and his brothers Milton and Henry). I am, how-

ever, thinking somewhat like I would have had I been awake in my asking

Mr. Vallarian not to make my father upset by telling him that he is taking

me into custody. Some wake-like logic is preserved (it is logical for me not

to want to upset my father). This, however, is superficial compared to the

irrational acceptance of the whole scenario. In the dream, I accept the sce-

nario of going out to have a drink and dinner with the government agent

(and three relatives who in real life are dead). I also don’t question the logic

of them just happening to be overseas together and that Mr. Vallarian

knows one of them. And, though a bit surprised at the transformation of

one person into another during the dream, my logical dream mind does

accept the transformation. Some aspects of memory are preserved (for exam-

ple, my father being the short one) and some aspects of memory are dis-

torted (for example, Milton being the tall one, Henry was the taller one in
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real life). Other memories seem to just enter into the on-going narrative in

an ad hoc way; for example, the sudden appearance of Uncle Storrobin.

As illustrated in the above dream report, we see that thinking in dreams

can be very different than thinking when awake, and these differences are

consistent with the changed chemistry of the brain and the changed func-

tional circuitry during REM and NREM dreaming sleep as discussed in pre-

vious sections. An explanatory model for the production of dreams was

suggested in Kahn and Hobson, 1993, and Kahn et al., 2000, 2002, where it

was argued that self-organizing neuronal processes through which the firing

of neurons become correlated create the imagery and narratives of dreams.

What is self-organization? Self-organization essentially is what the name

implies. It is the emergence of structure through dynamic interaction

between the elements that make up that structure without an outside agency

directing the process. Self-organization often leads to surprising results; for

example, the formation of a structure where none existed before, often-called

order from chaos. Order from chaos is the creation of an ordered activity or

structure from the activity of elements that previously only exhibited chaotic

or random behavior. This happens when competition between elements

leads to cooperative behavior among the “winners” of the competition and

then to their amplification that eventually leads to the emergence of self-

organized behavior.

Are special conditions required for self-organization to occur? Under

what conditions will chaos lead to order? Certainly, elements may interact

without any structure or order emerging from this interaction. This is the

case when the elements are completely independent of each other and there

is no outside force constraining the elements to behave in a certain way.

Molecules of a gas are independent of each other and if no outside force is

present, no matter how long they interact with each other, ordered struc-

tures will not appear. However, if a force is applied that constrains the mol-

ecules to interact in specific ways, an ordered structure can appear. For

example, if pressure is applied to a gas so as to cause a phase change, the

interacting gas molecules will go over into a liquid state. Another example is

when independently moving water molecules are subject to a heat gradient.

If the heat gradient is sufficiently strong it will cause the freely moving water

molecules to form specific structures. The heat gradient causes long-range

forces to appear that connect and correlate activity between the water mole-

cules. Through these long-range forces, the water molecules form a convec-

tive cell structure, each cell made up of millions of once independently

moving water molecules (Nicolis & Prigogine, 1989).

On the other end of the scale of independently moving molecules are

molecules that do not move independently of each other at all. A highly
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structured crystal is an example of a structure that is not likely to undergo

self-organization into another structure without the application of strong

forces that are able to break the crystalline structure.

In between these two extremes of very high and very low independence

are the regimes of interdependence that allows some degree of coherence to

exist within a population of semi-independent elements. This is the regime

in which self-organization can most easily take place. This is because in

order for self-organization to take place it is necessary that elements have

the ability to establish relationships with each other so that they can become

integrated into an evolving structure. Elements must have the capacity to

develop coherence with their neighbors and they also need a degree of inde-

pendence that allows them the freedom to explore their environment.

Examples abound both in nature and in the inorganic world. In the inor-

ganic world, the laser is an example of the emergence of structure as a coher-

ent beam of light. This occurs through the cooperative behavior of photons

leading to the amplification and self-organization of a narrow frequency of

photons, the laser beam (Haken, 1981). In the organic world, the formation

of a termite’s nest from the interaction of semi-independently acting ter-

mites is an example of self-organization. From the initially semi-independent

movements oTthe insects to their eventual cooperation, a termite nest is

built. In humans, the emergence of a pattern in a dance in the absence of

direction from a choreographer occurs when each randomly moving dancer

is constrained by an instruction to keep an eye on one other randomly mov-

ing dancer. This instruction almost always leads to the formation of a spe-

cific moving spatial pattern among the dancers even though this pattern is

not spelled out beforehand.

The brain is also a candidate for a self-organizing system since it consists

of very many semi-independently acting neuronal cells. The brain consists of

an enormous number of cells (10^^), each making on the average 1000 con-

nections with each other. There is competition as to which synapses will

form and which will persist within this population of neurons. There is also

competition between excitatory and inhibitory neuronal populations.

Through this competition, a subset of the winning synapses in various

regions of the central nervous system become amplified as both short and

long-range coherence become established. This coherence leads to the emer-

gence of ordered activity, such as thought, feelings, and behavior.

Introduction of the concept of self-organization into brain dynamics is

important if we are to avoid the infinite regression of a homunculus within a

homunculus to explain brain processes. Infinite regression occurs when we

postulate an entity (homunculus) that directs other entities to do its bidding.

Who directs the first entity? Self-organizing systems do away with this by
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assuming that entities create their own structure. This is what Haken (1981)

calls circular causality, whereby the interacting elements cause their own struc-

ture to form, and the structure that is formed by the interacting elements con-

strains the very elements that caused it to form. For example, the interacting

termites form the termite’s nest, but once the nest is formed it constrains the

behavior of the insects that formed it by changing their subsequent behavior.

In the example ol the randomly moving dancers, the pattern that is formed

by the interacting dancers constrains the dancers that formed the pattern in

that they are no longer moving freely as they were before the pattern emerged.

In the example oi the self-organizing brain, the synapses and neuronal ensem-

bles that formed from the interaction of neurons now constrain those very

same neurons’ subsequent firing behavior. This is because the neurons that

previously had fired more or less independently are now subject to the firing

properties of the neuronal ensemble they helped create.

The behaviors, feelings, and thoughts that emerge in us as a result of our

previous actions constrain and influence the hirther emergence of new behav-

iors, feelings, and thoughts. In the wake-state, behaviors, feelings, and

thoughts are also constrained and influenced by input from the outside world,

but while dreaming with little input from the outside world, emerging behav-

iors, feelings, and thoughts are constrained and influenced almost entirely by

reference to our own internal milieu. Access to this internal milieu is different

than it is when awake. Not all memories are available; for example, episodic

memory is almost entirely absent while dreaming. Furthermore, those memo-

ries that are available often appear without regard to the temporal, spatial, or

logical order in which they were laid down in the wake mind-brain. The

result is the diminished capacity to reflect on implausibility, incongruity, dis-

continuity, and our acceptance (and sometimes enjoyment) of illogical think-

ing (by wake-state standards) as discussed in this chapter.
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Polyphasic sleep, avian, 61

Pontine reticular formation (PRF),

REM-on cells of, 75-77

Pontine tegmentum, 101

Ponto-geniculo-occipital waves (PGO),

8-9, 102; discontinuity and, 167

Positron emission tomography (PET):

brain region activation, SOf,

deactivation of dorsolateral areas, 27;

first physiological signs of human

sleep, 120; history, 11-12; inhibitory

processes, 17-18; limbic and

paralimbic structures, 101; research

about dreaming, 246

Posterior cortex: ascending activation,

132-35; deactivated areas during

REM, 102

Posttraumatic stress disorder (PTSD),

lack of dream recall, 231

Precuneus, deactivated areas during

REM, 102

Prefrontal cortex (PFC), 15/;

acetylcholine in, 22; circuits

interconnecting subcortical regions,

119; cognitive processes, 104;

deactivation of, 120; dopamine

release, 20; dorsal- and anterior-

medial (dmPFC), 118; importance in

EF, 117; neuromodulation in waking

and sleep, 123-25; noradrenaline in,

19; recovery sleep, 121; ventral and

medial (vmPFC), 118

Psychedelics, 92



Rapid eye movement (REM) sleep, 1;

activation-synthesis model,

74-75; activities during, 22-25; in

aquatic mammals, 63-64; cellular

models of expression, 71-83;

common neurochemical

background, \‘bt\ cortical and

subcortical limbic reactivation,

122-23; dreaming and, 85-86;

dream study and, 95-113; drugs

and, 85-93; emotions in,

163-65; functional neuroanatomy,

lOC^; in marsupials, 63; mentation

in, 157-58; modern neurobiological

history, 4; neural activity of

the subcortical brain, 73;

neuropharmacology, 86-87; in

placental terrestrial mammals,

64-67; recent developments, 78;

reciprocal interaction model,

73-74, 74/ 75-77, 76/ regional

cerebral activity, 95; sleep-related

mentation in, 54-55. See also REM
behavior disorder

Reciprocal interaction model, 73-74,

74/ 75-77, 76/

Recognition: and context, 159-60; of

dream characters while dreaming,

256-59, 257/, 26 U; while dreaming,

245-67

Recovery sleep, frontal area need for,

121

Reflection, while dreaming, 245-67

REM behavior disorder (RBD), 55,

234-35; altered dream content,

188-91, 190-91/; clinical forms,

187; dream characteristics, 190/;

idiopathic, 187-88, 191-92;

pathogenesis of, 186; REM-related

dreams in, 185-200; SSRl use and,

90; subtypes of aggression in, 191/;

symptomatic, 191-92

Reptiles, sleep in, 61

Responsiveness studies, history, 6

Schizophrenia: amygdala activation

during REM, 27; common
neurochemical background of REM,

15/; deactivation of dorsolateral areas,

27; intracerebral disconnection

processes, 26; orexin/hypocretin

relations, 29; relaxed EEG rhythms,

26; serotonergic and noradrenergic

neuron silence, 28

Sedatives, 87, 88-89

Selective serotonin reuptake inhibitors

(SSRIs), 90

Self-organization, in dreaming, 261-65

Serotonergic neurons, silence during

REM, 28

Serotonin (5-HT), 13-14

Shared attention mechanism (SAM),

201-2

Single cell recording technique, 72

Single photon emission computed

tomography (SPECT), transition

from NREM to REM, 122

Sleep and dreams, phylogeny of, 53-70

Sleep and wake reports, 205-6

Sleep deprivation, 53

Sleep disorders, dreams and dreaming

in, 221-43

Sleep mentation: incorporation of

external stimuli, 162-63. See also

Mentation

Sleep neurophysiology: hypofrontality in,

1 19-22; neuronal activity and, 72-73

Sleep onset, dreaming and, 85-86

Sleep paralysis, associated with

hallucinations, 228

Sleep patterns, across species, 57

Sleep rebound, 53; post-deprivation, 54

Sleep-related mentation (SRM), 54-57

Sleep starts, 229

Slow-wave activity, NREM, 53; avian,

62; dreaming and homeostatic

discharge, 173-74; first NREM
episode, 121; monotremes, 62;

reptiles, 61
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Slow wave sleep (SWS): mammalian,

61; unihemispheric, cetaceans, 63-64

Spontaneous confabulation: dreams and,

126-31; severe brain disorders, 127

Stereotypic dream content, 193-96,

233-34

Stimulants, 91

Strategic search/recall, 131-32

Stress, dreams and sleep disorders,

223-24

Subcortical brain: limbic reactivation in

REM, 122-23; neural activity, 73

Syndrome of recurring nightmares, 226

Temporal memory, dorsal and lateral

PFC, 117

Terrifying hypnagogic hallucinations

(THHs), 227-28

Thalamic nuclei, 101

Thalamocortical responsiveness, 7f
Theory of Mind (ToM), 201-20;

attributions, 201; comparison of

REM and NREM dreams, 212-13,

214/-; mechanism, 202; reliability of

scoring of content, 209-10; scoring

of specific instances, 209

Thinking: feeling and, in dreaming,

259-61; similarity during dreaming

and waking, 251-56, 25^
Threat simulation theory, content in

RED, 193-94

Timing, chronobiology of dreaming,

222

Top-down mechanisms, posterior cortex

in REM, 135-37

Total reported information, REM and

NREM sleep mentation, 171

Tubero-mammillary nucleus (TMN):

histamine, 78; waking, 78

Uncoupling, intracortical

disconnections, 26

Unihemispheric slow wave sleep

(USWS): birds, 61; cetacenas, 63-64

Urphantasien, 25

Ventral attentional network, 105

Ventrolateral preoptic nucleus (VLPO),

mediation of sleep, 78-79

Visual cortex, 169-70

Visual dream imagery, complete

cessation of, 230

Visual dream reports, 103

Visual imagery, 169-70

Waking: consciousness, 115-16;

neuromodulation of the PFC, 123-

25; similarity of thinking, 251-56,

254/

Word count analyses, 207-10, 209/^

Working, dorsal and lateral PFC, 117

Working memory, in EF, 117
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DEIRDRE BARRETT, PhD, is a clinical psychologist and Assistant Pro-

fessor of Psychology at Harvard Medical School. She is Past President of the

Association for the Study of Dreams, author of three trade books including

The Committee oj Sleep (Random House, 2001) and editor of Trauma and

Dreams (Harvard University Press, 1996). She is Editor-in-Chief of the jour-

nal Dreaming and a Consulting Editor for Imagination, Cognition, and Per-

sonality and the International Journal for Clinical and Experimental

Hypnosis. She is President of American Psychological Association’s Division

30, the Society for Psychological Hypnosis. Dr. Barrett has published dozens

of academic articles and chapters on dreaming, imagery, and hypnosis.

Dr. Barrett’s commentary on dreams has been featured on Good Morning

America, The Today Show, CNN, Fox, The Discovery Channel, and Voice

of America. She has been interviewed for dream articles in the Washington

Post, the New York Times, Life, Time, and Newsweek. Her own articles have

appeared in Psychology Today, and her film review column “The Dream Vid-

eophile” is published in the magazine Dream Time. Dr. Barrett has lectured on

dreams at Esalen, the Smithsonian, and at universities across the United States

and in Russia, Kuwait, Israel, England, and Holland.

PATRICK McNAMARA, PhD, is Director of Evolutionary Neuro-

behavior Laboratory, in the Department of Neurology at the Boston Uni-

versity School of Medicine and the Veterans Administration New England

Healthcare System. Upon graduating from the Behavioral Neuroscience

Program at Boston University in 1991, he trained at the Aphasia Research

Center at the Boston VA Medical Center in neurolinquistics and brain-

cognitive correlation techniques. He then began developing an evolutionary

approach to problems of brain and behavior and currently is studying the



276 About the Editors and Coiitribiitors

evolution of the frontal lobes, the evolution of the two mammalian sleep

states (REM and NREM), and the evolution of religion in human cultures.

John S. Antrobus, PhD, is Emeritus Head of the Cognitive Neuro-

science subprogram of the PhD Program in Psychology, City University of

New York, located the City College of New York. He has published exten-

sively on dreaming as well as other forms of offline thought and imagery

throughout his career, authoring over 100 journal articles and editing two

books on these topics.

Sanford Auerbach, MD, is a behavioral neurologist and a board-certified

sleep specialist at the Boston Medical Center, where he has been the Direc-

tor of the Sleep Disorders Center and the Director of Behavioral Neurology.

He is also the Medical Director of the Sleep Disorders Center at Quincy

Medical Center, an affiliated facility. He is an Associate Professor of Neurol-

ogy, Psychiatry, and Behavioral Neurosciences in the Boston University

School of Medicine. Dr. Auerbach also serves as the Director of the Sleep

Fellowship Program at Boston Medical Center. Dr. Auerbach is a board-

certified sleep specialist who has been actively involved in the care of

patients with narcolepsy and other sleep disorders since he first became

Director of the Sleep Disorders Center in 1988. He has also served as the

Medical Director for the Electroneurodiagnostics Program at Eaboure Col-

lege. He has worked collaboratively with several investigators in the medical

center and has been quite active in promoting sleep medicine education

within the medical center and community. Dr. Auerbach has been actively

involved in research efforts at the Framingham Study and within the Boston

University Alzheimer’s Center. His research interests have covered a variety

of interests in sleep medicine and behavioral neurology.

Robert Barton, PhD, gained his PhD in primate behavior from St.

Andrews University. He is currently Professor of Anthropology and Direc-

tor of the Evolutionary Anthropology Research Group at the University of

Durham, United Kingdom. He uses phylogenetic comparative methods to

study the evolution of brains, physiology, and behavior. Recent work has

examined the evolution of neocortex size, the role of visual specialization in

brain evolution, ecological correlates of neural system evolution, and evolu-

tionary correlates of sleep in mammals.

Dr. Isabella Capellini’s research focuses on the evolutionary and behav-

ioral ecology of mammals, particularly ungulates. She graduated in Natural

Sciences in 2000 at the University of Milan (Italy) with a research study on

roe deer spatial behavior and mating system. She then pursued her interests

in evolutionary biology and obtained a PhD in Biology at the University of

Newcastle upon Tyne (United Kingdom) in 2004. Her doctoral research

project tested the proposed link between environmental variation and the



evolution of morphological divergence at low taxonomic level. Specifically,

she tested how natural anci sexual selection interacted in shaping divergence

in body size and sexually selected traits (horns and related fighting struc-

tures) in the hartebeest, a group of African antelopes. Since 2005, she has

been working as a postdoctoral researcher with Professor Robert Barton on

the “Coevolution of sleep, brain, and behavior” in collaboration with Dr.

Charles Nunn of Max Planck Institute in Leipzig, Germany, and Dr. Patrick

McNamara of the Boston University School of Medicine and VA New Eng-

land Healthcare System.

Dr. Thien Thanh Dang-Vu graduated at the University of Liege, Bel-

gium. He is currently a research fellow at the Cyclotron Research Center

(University of Liege), supported by the FNRS (Belgian National Funds for

Scientific Research). He works on sleep physiology, and especially on sleep

oscillations, using neuroimaging techniques: PET (positron emission tomog-

raphy) and mainly combined EEG/fMRI (functional magnetic resonance

imaging). His interests also include sleep medicine and pathophysiology of

sleep disorders. He pursues his residency in neurology at Liege University

Hospital.

Dr. Martin Desseilles graduated at the University of Liege, Belgium, and

he currently pursues his residency in psychiatry at Liege University Hospital.

He is a research fellow at the Cyclotron Research Center (University of

Liege), supported by the FNRS (Belgian National Funds for Scientific

Research). He works on mechanisms of visual attention in healthy subjects

and in several psychiatric disorders using neuroimaging techniques, including

fMRI (functional magnetic resonance imaging). His interests also include

sleep physiology (using PET—positron emission tomography), sleep medi-

cine, and pathophysiology of sleep disorders.

Maria Livia Fantini, MD, MSc, is currently Neurologist at the Sleep

Disorder Center, Department of Neurology, Universita Vita-Salute San Raf-

faele, Milan, Italy. Upon graduating from the Medical School at the Univer-

sity of Cagliari (Italy) in 1995, and completing the Residency in Neurology

at the same university, she was for three years a fellow at the Centre d Etude

du Sommeil et des Rhythmes Biologiques, Department of Psychiatry, at the

Universite de Montreal, where she earned a Master of Science Degree in

Biomedical Sciences under the direction of Professor Jacques Montplaisir.

Her main work has focused on movement disorders in sleep, particularly on

idiopathic Rapid Eye Movements Sleep Behavior Disorder (RBD) as an early

marker of neurodegenerative diseases. She showed that idiopathic RBD is

associated with waking EEG, autonomic and olfactory impairment, challeng-

ing the notion of a true idiopathic RBD. Most recently, she is studying the

relationship between neurophysiological abnormalities and altered dream



278 Aboiii the Editors and Ck>ntribiitors

content in RBD. She has published several articles on RBD and Periodic

Leg Movements and Restless Leg Syndrome. She is a certified “Expert of

Sleep Medicine” from the Italian Association of Sleep Medicine (AIMS).

Luigi Ferini-Strambi earned his degree in medicine at the State Univer-

sity in Milan, Italy. Dr Ferini-Strambi completed a fellowship in the Sleep

Disorders Center at the Baylor College of Medicine in Houston, Texas, in

1984. He is currently Director of the Sleep Disorders Centre, as well as

Head of the Sleep Medicine and Paroxysmal Events Unit of the Neurology

Department at the Vita-Salute San Raffaele University of Milan. Professor

Ferini-Strambi is also Co-Chair of the Department of Neurology at the Sci-

entific Institute H. San Raffaele in Milan. He is Associate Professor of Psy-

chology and Professor of Psychobiology of Sleep. He has authored nearly

170 scientific publications relating to various neurological topics, and is

Editor-in-Chief of the Newsletter of the Italian Association of Sleep Medicine

as well as Field Editor for the journal Sleep Medicine. Professor Ferini-

Strambi is a member of numerous editorial boards, associations, scientific

societies, and research committees in the field of sleep research.

Claude Gottesmann studied at the university of Paris, where he received

an education in Psychology, then in Neuroscience and Psychoanalysis. He

obtained his PhD in 1967. Since 1968, he has been working at the Univer-

sity of Nice.

Erica Harris completed her BA from the University of Virginia in Janu-

ary 2001, with a major in Psychology and a concentration in neuroscience.

After graduation, she worked at Duke University Medical Center on studies

involving at-risk youths and how they make successful transitions in school.

She then obtained her MPH from Boston University in January 2005, with

dual concentrations in Epidemiology and Social and Behavioral Sciences.

She is currently a Research Coordinator in the Department of Neurology at

the Boston University Medical Center. She works on a variety of projects

including sleep, Parkinson’s disease, dreams, the concept of the self, the fron-

tal lobes, and the relationship between religion and the brain.

J. Allan Hobson received his MD from Harvard Medical School, where

he is currently Professor of Psychiatry. Dr. Hobson has received many hon-

ors and awards, including admission to the Boylston Medical Society and

the Benjamin Rush Gold Medal for Best Scientific Exhibit, American Psy-

chiatrist Association, 1978, and the 1998 Distinguished Scientist Award of

the Sleep Research Society. His major research interests are the neurophysio-

logical basis of the mind and behavior, sleep and dreaming, and the history

of neurology and psychiatry. He has contributed numerous articles to scien-

tific journals and chapters to medical textbooks and is the author or coau-

thor of many books, including The Dreaming Brain (1988) and Sleep



(1989), The Chemistry of Conscious Estates (1994) and Consciousness (1998),

Dreaming as Delirium (1999), The Dream Drugstore (2001), Out of Its

Mind: Psychiatry in Crisis (2001), Dreaming: An Introduction to Sleep Science

(2002), 13 Dreams Freud Never Had (2005), and Angels to Neurones

(2005). Dr. Hobson is the creator of Dreamstage; An Experimental Portrait

of the Dreaming Brain, which toured internationally from 1980-84. Profes-

sor Hobson has held many visiting appointments, most recently as Invited

Lecturer at the Dipartimento di Psicologia, Universita’ di Bologna, Italy. He
lives in Brookline, Massachusetts, and Messina, Italy.

David Kahn received his PhD in Physics from Yale University. He is

currently on the faculty of Harvard Medical School in the Department of

Psychiatry. He is actively engaged in research to understand normal states of

the brain while dreaming. One outcome of this research is the further devel-

opment of a neuropsychology of dreaming that can be used as a solid basis

for a brain-based theory of psychiatry and normal mental experience. In his

research, he uses the phenomenological approach of asking subjects to report

on their experience. He then attempts to see how those results relate to

objective measures of the brain during dreaming found through EEG and

brain imaging. Dr. Kahn’s recent publications include the 2005 papers coau-

thored with Allan Hobson “State-dependent thinking: A comparison of

waking and dreaming thought” in Consciousness and Cognition, 14, 429-438,

and “Theory of mind in dreaming: Awareness of feelings and thoughts of

others in dreams” in Dreaming, IS, 48-57. In this latter study, it was found

that a theory of mind is state independent, suggesting that being aware of the

intentions of others may be crucial for survival of a social species like man. In

addition, stepping into the important dialog between brain scientists and theo-

logians, Dr. Kahn wrote a chapter “From Chaos to Self-Organization in the

book Soul, Psyche, Brain: New Directions in the Study ofReligion and Brain-

Mind Science published by Palgrave MacMillan in 2005.

Sara Kowalczyk completed her undergraduate degree at Syracuse Univer-

sity in 1998 with a major in psychology and minor in neuroscience. Her

postundergraduate research experiences led her to a variety of institutions

including the Montefiore Medical Center where she became familiar with

patient registries and Northwestern University where she coordinated a clin-

ical trial for patients with early-stage Alzheimer s disease and studied sleep

and circadian rhythms in mice. At Beth Israel Deaconess Medical Center,

she studied orexin and melanin concentrating hormone projections in the

hypothalamus and the role of these neurons on mouse sleeping patterns. She

completed extensive graduate coursework in neuroscience at Northwestern

University and medical science at Boston University, where she completed

her MA in 2003 with a concentration in mental health and human
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behavior. After graduating, Kowalczyk became interested in public health

while she was working at the Framingham Ffeart Study as a DNA research

coordinator. She will be graduating in 2007 from Boston University with an

MPH in biostatistics and epidemiology. Currently, Ms. Kowalczyk is the

research coordinator of the Autism Consortium at Boston Medical Center

where she is involved in developing a patient registry and has been able to

incorporate her passion for clinical research, public health, neuroscience,

human behavior, and patient advocacy.

Pierre Maquet received his MD degree from University of Liege, Belgium

(1986). He completed Residency Training in Neuropsychiatry in 1991. From

2000 to 2002, he was Research Fellow at the Wellcome Department of Imag-

ing Neuroscience (UCL, London, United Kingdom) where he conducted

functional MRI studies on sleep-related learning, in collaboration with Chris

Frith and Sophie Schwartz. He is currently Research Director at the FNRS
(Belgian National Funds for Scientific Research). He uses multimodal neuro-

imaging techniques combining EEC with PET and fMRI to better under-

stand the regulation and mechanisms of human sleep and wakefulness.

Deirdre McLaren received her Associates in Liberal Arts from Massachu-
\

setts Bay Community College in 2005. After graduation, she began pursuing

her BA at Framingham State College. She has been a Research Assistant at

the Evolutionary Neurobehavior Lab at the Boston VA Medical Center

where she worked on projects involving sleep, dreams, and Parkinson’s dis-

ease. She is currently a Research Assistant for MAVERIC at the Boston VA
Medical Center where she assists with projects concerning veterans’ health

and prostate cancer.

Charles Nunn is a research scientist at the Max Planck Institute for Evo-

lutionary Anthropology in Leipzig, Germany, and he holds an adjunct posi-

tion at the University of California at Berkeley. His research interests

include infectious disease, behavioral ecology, and phylogenetic comparative

methods. Dr. Nunn’s research focuses mainly on primates and other mam-
mals, and he is also interested in applying bioinformatics approaches to

address ecological questions.

Edward F. Pace-Schott, MS, MA, LMHC, PhD, is Instructor in Psy-

chiatry at Harvard Medical School in the Center for Sleep & Cognition,

Department of Psychiatry, Beth Israel Deaconess Medical Center. His cur-

rent and long-term research interests include: the neurobiological interac-

tions between sleep, higher cognitive function and emotions in the context

of psychopathology (especially the addictions), the effects of sleep and sleep

deprivation on higher cognitive functions and on declarative and emotional

memory, the neuropsychology and brain bases of dreaming and states of

consciousness, and sleep and dreaming in neurodevelopmental disorders.
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His current research is focused on the acute and long-term effects of psy-

chostimulant abuse on sleep and cognition using techniques of neuropsy-

chology, neurophysiology, and human behavioral pharmacology. He is also a

psychotherapist.

Manuel Schabus graduated at the University of Salzburg, Austria, where

he was working on attentional and memory processes in the scheme of EEG
brain oscillations. Following up on that, Mr. Schabus established a sleep lab-

oratory at the Department of Physiological Psychology where he did exten-

sive research on the sleep and memory consolidation hypotheses. Currently,

Mr. Schabus is postdoctoral fellow at the Cyclotron Research Center (Uni-

versity of Liege) using simultaneous recordings of EEC and fMRI to study

sleep mechanisms as well as sleep and cognition relationships. Besides this,

Mr. Schabus is involved in research on conscious states in comatose patients

and is undergoing training in client-centered psychotherapy.

Sophie Schwartz got an MSc (Biology^) from the University of Geneva,

Switzerland, and a PhD from the University of Lausanne, Switzerland. Dur-

ing her PhD, she spent two years at the University of California-Berkeley

(fellowship from the Swiss National Science Foundation, SNF), where she

studied cognitive aspects in dreams. She developed a neuropsychological

approach to normal dreaming, showing that some bizarre but typical fea-

tures in the dreams provide important information about cognitive processes

and brain functions in sleep. She then completed a three-year postdoctoral

fellowship (SNF) in London (Institute of Cognitive Neuroscience & Well-

come Department of Imaging Neurosciences), where she conducted func-

tional MRI studies on sleep-related learning in collaboration with Chris

Frith and Pierre Maquet, and on visual attention in collaboration with Jon

Driver and Patrik Vuilleumier. She is currently a group leader at the Depart-

ment of Neurosciences, University of Geneva (Laboratory for Neurology

and Imaging of Cognition, http://labnic.unige.ch). Using behavioral and

multimodal brain imaging methods, her team investigates how sleep, atten-

tion, and emotion can modulate memory and neural plasticity in adult

humans.

Erin J. Wamsley, MPhil, is a doctoral candidate in the City University

of New York Cognitive Neuroscience program located at the City College

of New York. Working with Professor Antrobus, she has actively studied

circadian and homeostatic contributions to dreaming and has published sev-

eral papers on these topics.
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