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By definition, hallucinations occur only in the full wak-
ing state. Yet similarities to sleep-related experiences 
such as hypnagogic and hypnopompic hallucinations, 
dreams and parasomnias, have been noted since antiq-
uity. These observations have prompted researchers to 
suggest a common aetiology for these phenomena based 
on the neurobiology of rapid eye movement (REM) sleep. 
With our recent understanding of hallucinations in differ-
ent population groups and at the neurobiological, cogni-
tive and interpersonal levels, it is now possible to draw 
comparisons between the 2 sets of experiences as never 
before. In the current article, we make detailed compari-
sons between sleep-related experiences and hallucinations 
in Parkinson’s disease, schizophrenia and eye disease, at 
the levels of phenomenology (content, sensory modali-
ties involved, perceptual attributes) and of brain function 
(brain activations, resting-state networks, neurotransmit-
ter action). Findings show that sleep-related experiences 
share considerable overlap with hallucinations at the level 
of subjective descriptions and underlying brain mecha-
nisms. Key differences remain however: (1) Sleep-related 
perceptions are immersive and largely cut off from reality, 
whereas hallucinations are discrete and overlaid on veridi-
cal perceptions; and (2) Sleep-related perceptions involve 
only a subset of neural networks implicated in hallucina-
tions, reflecting perceptual signals processed in a function-
ally and cognitively closed-loop circuit. In summary, both 
phenomena are non-veridical perceptions that share some 
phenomenological and neural similarities, but insufficient 

evidence exists to fully support the notion that the major-
ity of hallucinations depend on REM processes or REM 
intrusions into waking consciousness.
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Introduction

Philosophers and scientists have long been fascinated 
by perceptual phenomena occurring around and during 
sleep, such as the hypnagogic and hypnopompic hallu-
cinations on the borders of  sleep and the dreams and 
parasomnias of  sleep. The similarities to “daytime” hal-
lucinations received much scrutiny over the centuries. 
The French researcher, Alfred Maury,1 noted a con-
tinuum of  form and cause between dreams and hallu-
cinations, and the English neurologist, John Hughlings 
Jackson,2 argued that strong “sensory discharges” were 
likely a common mechanism of  dreams and hallucina-
tions. Lhermitte3 elaborated further by designating the 
midbrain structures associated with peduncular halluci-
nations as the brain’s “dream centre.” Observations of 
sleep disturbances in clinical disorders associated with 
hallucinations (eg, schizophrenia and Lewy body disor-
ders) also prompted suggestions of  a common aetiology 
for both dreams and hallucinations,4,5 and the notion 
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that hallucinations may be the results of  “rapid eye 
movement (REM) intrusions” of  visual imagery into 
wakefulness.5–7

Despite these suggestions of  continuity at some level, 
a strict dichotomy between sleep-related perceptual phe-
nomena and hallucinations is still central to definitions 
of  hallucinations.8 The main objective of  this article 
is to revisit the status of  perceptual experiences that 
occur during sleep. This task will better distinguish the 
characteristics and properties specific to daytime hallu-
cinations from those that are general to sleep percep-
tions, and draw  upon information regarding underlying 
mechanisms.

We marshal empirical and theoretical work to address 
the questions:

1.	What mental functions are active during sleep?
2.	What are the similarities and differences in phe-

nomenological features, and in neuroanatomical 
and neurophysiological mechanisms, between sleep-
related perception and hallucinations? Specifically, 
are sleep-related perceptions closely related to hal-
lucinations in psychosis, neurodegeneration, or eye 
disease?

3.	Can hallucinations be conceptualized as REM dream 
intrusions? Or conversely: might night-time percep-
tions be reclassified as hallucinations?

This knowledge has the potential to refine our under-
standing of hallucinations, destigmatize hallucinations in 
clinical disorders, and point the way towards new treat-
ment approaches.

Hallucinations—Definition Issues

Hallucinations are perceptual experiences that are primar-
ily defined by their subjective reports rather than by their 
underlying neurobiological mechanisms. Three criteria 
converge in the majority of definitions.9 Hallucinations 
are: (1) perceptions (in the auditory, visual and/or other 
sensory modalities), (2) not elicited by a correspond-
ing stimulus from the outside world, and (3) unbidden, 
although this latter criterion is not a necessary criterion 
in all definitions.

There is no “archetype” for hallucinations. Halluc
inations can occur in any sensory modality with fea-
tures that are markedly different between each other. 
Furthermore, there is no clear demarcation between sen-
sory perceptions and misperceptions and evidence exists 
of a continuity between subjective perceptions (see exam-
ple for visual experiences, figure 1).

The auditory and visual modalities of hallucinations 
are the most commonly enquired about and reported, but 
have a varied presentation depending on the population 
group in which they are studied. For example, hallucina-
tions are prominent in people with schizophrenia spec-
trum disorders, Parkinson’s disease (PD), and eye disease 

(in which they are known as Charles Bonnet Syndrome 
[CBS]), each showing a distinct character.

In schizophrenia, most hallucinations are auditory 
(“voices”) although hallucinations in other modalities 
also occur (Waters F, Collerton D, Jardri R, et al. Visual 
hallucinations in the psychosis spectrum and compara-
tive information from neurodegenerative disorders and 
eye disease. Schizophr Bull. 2014;40(suppl 4):S233–S245.). 
Hallucinations are often mistaken for veridical perceptions 
and interpreted as symbolic and personally meaningful. 
Importantly, they are often laden with affect, and believed 
to originate from external (nonself) sources.10 In PD, visual 
hallucinations are predominant, although auditory hallu-
cinations and hallucinations of sensed presence are com-
mon. Visual hallucinations often comprise formed complex 
percepts (eg, people, faces, animals, objects), or, less com-
monly, simple percepts (flashes, dots).11 Hallucinations in 
PD are usually perceived to be real and unpleasant, but not 
frightening.12 Finally, visual hallucinations can occur in 
healthy individuals with CBS. These individuals with eye 
disease commonly report simple hallucinations (shapes, 
lines, colors), but complex visual hallucinations also occur. 
These are often of intense color and rich in detail, and may 
include panoramic hallucinations. They are usually recog-
nized as non-veridical and do not lead to intense distress.

Consciousness and the Sleeping Brain

The notion of “clear consciousness” has been decisive 
in some definitions of hallucinations.9 Complicating this 
requirement, however, is the contemporary view that 
consciousness represents multiple and graded mental 
states,13,14 including several overlapping constructs such 
as sensory discrimination, perceptual awareness, focused 
attention, introspection, and volitional actions.13,14

In sleep, many of these mental functions remain active. 
During REM sleep (Box 1), pontine nuclei and choliner-
gic neurons preserve a high level of activity,15 and, in deep 

Fig. 1.  Fuzzy forms of visual experience. There are no clear 
boundaries between perceptions. Here, sensory perceptions 
overlap with illusions and voluntary internal images, 
hallucinations, and dreams.
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NREM, transient patterns of neural activation in brainstem 
structures16 resemble micro-wake “fragments.”17 The brain is 
still attentive to internal mental events, and processes involving 
early sensory selection and discrimination are intact.18,19 Key 
differences from waking states, however, are that: (1) aware-
ness to external stimuli is greatly reduced, (2) higher-level 
functions are suspended, and (3) meaningful interaction with 
the external world is lacking. Thus, sleep is not constituted 
by a mere state of brain quiescence, and the notion of “con-
sciousness” is too broad a construct to meaningfully inform 
our current understanding of sleep-related perceptions.

Phenomenology

Phenomenology of Sleep-Related Perceptions

A variety of perceptual experiences are common around 
and during sleep. The most common ones are hypnagogia 
and dreams.

Hypnagogia.  This term refers to fleeting perceptual experi-
ences that occur during the transition from wakefulness to 
sleep (hypnagogic hallucinations) and from sleep to wakeful-
ness (hypnopompic hallucinations).20 They are involuntary, 
spontaneous, of varying emotionality, and are found in up 
to 70% of the general population.21–24 Visual, auditory and 
tactile sensations are most commonly reported (alone or co-
occurring25). Visual phenomena (86% of all hypnagogia22,26) 
typically consist of kaleidoscopically changing—possibly 
entoptic—phenomena such as geometric patterns, shapes 
and light flashes. Images involving animals, people and faces, 
and scenes also occur and are described as “lifelike,” highly 
detailed and colorful. Voices and other sounds (phone, door-
bell, music) occur less commonly (8% to 34%22,26–28). They 
comprise vivid auditory impressions of words or names, peo-
ple talking, and environmental or animal sounds.29 Somatic 
experiences also occur (25% to 44%21,22), including bodily 
distortions, feelings of weightlessness, flying or falling, and 
a sense of presence in the room.30 Hypnopompic hallucina-
tions are usually continuations of dream sequences during 
the first seconds or minutes of wakefulness.

Dreams.  Dreaming occurs during a physiological sleep 
state which is accompanied by a continuous stream of 

Box 1: Sleep Essentials

	 Briefly, sleep comprises 2 states, NREM (N1, N2, 
N3) and REM, which alternate cyclically. Humans 
enter sleep through NREM stage 1 (N1) sleep, and 
NREM (N2, N3 or “deep sleep”) alternates with 
REM throughout the night in cycles of approxi-
mately 90 minutes. Specific hypothalamic nuclei, 
especially those in the preoptic area, and thalamo-
cortical loops, play a major role in the onset and 
progression of NREM sleep. During REM sleep, 
brainstem cholinergic projections are known to 
play an important role in the generation of this 
sleep stage.

	 A prominent property of neural networks is their 
tendency to engage in oscillatory activity at multi-
ple frequency bands. Sleep stages are defined by the 
specific proportion of different rhythmic electro-
encephalographic (EEG) activity. EEG activity is 
commonly subdivided in 5 major frequency bands: 
the delta (<4 Hz), theta (4–8 Hz), alpha (8–13 Hz), 
beta (14–30 Hz) and gamma (>30 Hz) frequency 
bands. During sleep, a sigma band is also described 
(11–16 Hz).

	 N1 is comprised of marked and distributed changes 
including the disappearance of alpha rhythms and 
the progressive appearance of theta EEG activity.50 
N1 corresponds with drowsiness and constitutes a 
transitional state, with a gradual progression to N2 
and N3.52 Behavioral indicators include slow rolling 
eye movements, moderate decreases in muscle tone, 
and changes in sensory threshold and responses to 
external stimuli.

	 N2 occupies approximately half  of the total sleep 
time.15 N2 is defined by the appearance of waxing-
and-waning bursts of thalamo-cortical oscillations 
in the sigma frequency range, called sleep spindles, 
and high-amplitude waves in the delta range, called 
k-complexes. Muscular activity and conscious 
awareness of the external environment are further 
decreased, due in part to the gating mechanisms of 
spindle oscillations on sensory reactivity.

	 N3 is also called slow-wave-sleep (SWS), due to the 
abundance of high-amplitude waves in the delta 
range (also called slow waves).15 N3 corresponds 
to the deepest stage of sleep, and is defined by the 
presence of slow waves in more than 20% of the 
EEG epoch. Slow waves are cortically generated 
rhythms representing the alternation of neuro-
nal hyperpolarization and depolarization phases. 
Muscle tone and responsiveness to the environment 
are further reduced. Stage N3 has important restor-
ative functions, as slow waves play a central role in 
sleep homeostasis, as reflected by the boosting of 
slow waves after sleep deprivation. This is also the 

stage in which parasomnias such as night terrors, 
nocturnal enuresis, and sleepwalking occur.31

	 During REM sleep, the EEG is characterized by 
high-frequency waves and theta waves similar to a 
waking or N1 state.42,101 The most striking charac-
teristic of this stage is the presence of rapid ocu-
lar saccades along with a sustained state of muscle 
atonia. In addition, the instability of the autonomic 
nervous system during REM sleep leads to fluctua-
tions in heart rate and blood pressure. REM sleep is 
also the predominant stage during which the sleeper 
may experience vivid dreams.63
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perceptions, thoughts, and emotions.31 The dreamer typi-
cally experiences visual (100%), auditory (40%–60%), 
and somatic/tactile (15%–30%) percepts, and more rarely, 
smell, taste, pain, sexual sensations, and proprioceptive 
or kinesthetic sensations (1%32,33). Dreams typically fea-
ture visual images of people, faces, objects, animals, and 
scenes that are rich in shape and full of movement.33,34 
They may have nonsensical or bizarre contents35 that are 
usually readily accepted by the dreamer. Dreams can also 
include sounds and speech such as conversations with 
other people or people talking about commonplace, or 
unrealistic, matters.34 Dreams of entire scenes are very 
common. Dreams can evoke a range of intense emo-
tions,36 congruent with the dream’s content.37

A key feature of dreams is that they are immersive 
experiences in which the dreamer is at once actor and 
spectator. They may follow a narrative structure, some-
times involving a replay or combination of the day’s 
events, past experiences and fantastical elements. They 
are largely beyond the control of the sleeper (except dur-
ing episodes of lucid dreaming). Finally, since the person 
is only aware of dream contents upon waking, the phe-
nomenon is necessarily experienced in retrospect. Dreams 
are predominantly reported from REM sleep, but also 
happen to a lesser extent during non-REM sleep during 
which they may have a pseudo-quality that allows the 
dreamer to distance himself  from what he is dreaming.

Other Sleep-Related Perceptual Phenomena.  The incu-
bus phenomenon is a hypnopompic hallucination that 
refers to a group of nocturnal phenomena associated 
with hallucinations and sleep paralysis with a lifetime 
prevalence of around 30%.38 Somatic changes may also 
include experiences of floating, flying, and out-of-body 
experiences.30 The person feels awake but unable to move, 
perceives ominous sounds (such as approaching foot-
steps), feels movement in the bed, and then feels (and/or 
smells) a person, creature or unspecified entity climbing 
upon the chest, a smothering sensation, and sometimes 
even a physical or sexual assault.30 An intensely fright-
ening sensation usually accompanies this experience. In 
contrast to simple hypnagogic experiences, these events 
are typically accepted as vividly real, sometimes taken 
as assaults by human intruders but often interpreted as 
occult or metaphysical events.39 In schizophrenia, these 
features may become incorporated into the person’s delu-
sions and hallucinations. In contrast to dreams, incubus 
experiences occur in a semi-waking state and may be 
superimposed upon the perceptual world. Incubus expe-
riences have been associated with mixed REM and wak-
ing EEG.40,41

“Parasomnias” are sleep disorders characterized by 
undesirable behaviors with hallucinatory-like experiences 
as a clinical feature.42,43 Primary parasomnias can be cat-
egorized by the state of sleep during which they occur, 
including REM sleep (REM sleep behavior disorder), 

NREM sleep (sleepwalking, sleep terrors, confusional 
arousals) and a “miscellaneous category.” Amongst the 
latter is narcolepsy, which is characterized by sudden 
sleep episodes that can occur at any time. In narcolepsy 
associated with cataplexy, muscle weakness and vivid 
hypnagogic images suddenly co-occur.44 Of relevance, the 
prominence of these hallucinatory-like experiences can 
lead to a mistaken diagnosis of schizophrenia.45

The Gradual Descent Hypothesis.  The “gradual descent 
hypothesis”46,47 suggests that the above phenomena con-
stitute a meaningful class of related phenomena sharing 
overlapping mechanisms.20,47–50 In support, neuroanatom-
ical and neurophysiological evidence shows that mental 
functions during sleep involve a reorganization of the 
same systems which function during the day.51 As the 
brain transits across the different sleep stages, progres-
sive changes occur in oscillatory neural activation and 
regional flow of information.42,47 EEG frequency and 
amplitude also gradually change according to the depth 
and stage of sleep. In addition, descriptions of mental 
events appear to follow a continuum, starting with wak-
ing thoughts, hypnagogic hallucinations (at sleep onset), 
dreams, and finally hypnopompic hallucinations (with 
the re-emergence of wakefulness). From light sleep (N1) 
to NREM and REM dream periods, internal representa-
tions gradually evolve, starting with visual images only, to 
which somatic and auditory images are added, followed 
by emotional contents with a narrative structure.20,25,50,52 
Moreover, the contents of sleep-related perceptions are 
roughly similar during REM and NREM sleep, although 
REM dreams are described as more vivid and intense, 
and involving a narrative.

Similarities and Differences in Phenomenology

Sleep-related perceptions and hallucinations arise in dif-
ferent contexts, the first during sleep and its transitions 
(ie, hypnagogia), and the second in the context of  real-
world perceptions. While there are limitations to direct 
comparisons between these phenomena, such compari-
sons are important so that overlapping and differential 
characteristics may be identified. Table  1 contrasts the 
key characteristics of  hallucinations against those of 
hypnagogia and dreams. It shows that both hypnagogia 
and dreams meet the 3 aforementioned core criteria of 
hallucinations (denoted as a “yes” in all the columns of 
table  1 rows 1–2). Beyond these 3 criteria, interesting 
similarities and differences exist between these 2 sets of 
experiences.

Phenomenological Similarities.  In hypnagogia, the con-
tents of visual percepts (highly detailed, colorful, and at 
times grotesque images of people or animals) are more sim-
ilar to visual hallucinations in CBS than to hallucinations 
in schizophrenia or PD. Also similar to CBS, the contents 
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of hypnagogia undergo rapid transformations and rarely 
invoke emotions. Auditory percepts in hypnagogia are, 
however, more similar to schizophrenia or PD compris-
ing words, sentences and conversational replays, together 
with a range of somatic percepts, although the contents are 
rarely as negative or anxiety-provoking as in schizophrenia.

In dream descriptions, the visual contents resemble the 
hallucinations of schizophrenia, PD or CBS. Complex 
scenes and action sequences, which are experienced as 
real and emotionally charged, resemble closely hallucina-
tions in schizophrenia and PD, although the panoramic 
scenes bear more resemblance to those in CBS. Similarly, 
dreams include a broad mix of auditory, somatic and 
other sensations ranging from simple (eg, amorphous 
sounds) to complex and fully formed representations (eg, 
conversations with people), which are similar to halluci-
nations in psychosis. Other elements akin to hallucina-
tions in acute psychosis include an acceptance of bizarre 
and implausible scenarios, disordered thought processes, 
and a lack of reality testing.53 The visual and auditory 
percepts of dreams thus include a summation of all day-
time hallucinations.

Phenomenological Differences.  While similarities exist, 
there are also important differences.

1.	Multisensory experiences (eg, simultaneous visual 
and somatic perceptions) are common in sleep-related 
perceptions, but they are rare in hallucinations, which 
commonly occur in a single modality, or different 
modalities in a sequence.

2.	 In dreams, the person is a direct participant, rather 
than a spectator, and experiences are almost entirely 
dominated by internal events.

3.	Sleep-related perceptions appear as if  they occur in 
the external world. This stands in contrast to hallu-
cinations where percepts are overlaid onto veridical 

perceptions,54 and coexist with the ongoing flow of 
thoughts. Hallucinations are also experienced as sepa-
rate (often foreign or nonself) percepts.

4.	Sleep-related perceptions rarely affect or change the 
person’s sense of self, personal narrative, or beliefs. 
Most are hermetically confined to sleep states and have 
little impact on daytime activities. Hallucinations, by 
contrast, are reflected upon, appraised, and reacted to, 
and assimilated with internal representations. This, in 
turn, informs top-down expectations and responsivity 
to sensory cortical activation.55

5.	Finally, dreams are often, but not invariably, forgotten 
when the person wakes up (“dream amnesia”), which 
differs prominently from hallucinations which are usu-
ally remembered well.

Altogether, at the level of contents and subjective 
descriptions, sleep-related perceptions show many simi-
larities with hallucinations. However, the lack of overlap 
and interaction with reality, separation from the flow of 
thoughts, and altered recollection, are key differences 
that differentiate them from hallucinations.

Brain Functions and Systems

Brain Functions and Systems in Hypnagogia 
and Dreams

The neurobiology of sleep-related perceptions is typi-
cally examined by focusing on the sleep states in which 
they most frequently occur (Box 1). Thus, hypnagogia 
are associated with NREM Stages 1–3, and dreams with 
REM sleep, since 75% of all dreams are experienced dur-
ing REM sleep.42,56 Other sleep-related phenomena are 
similarly examined in terms of REM/NREM.

Neurobiological knowledge regarding NREM and 
REM sleep states can be used as a basis for comparisons 
of commonalities and differences with hallucinations. In 

Table 1.  Comparison of the Phenomenological Features of Sleep-Related Perceptions and Hallucinations in Schizophrenia Spectrum 
Disorders, Parkinson’s Disease, and Charles Bonnet Syndrome (Differential Features are Boldfaced)

Dreams Hypnagogia
Hallucinations  
in Schizophrenia

Hallucinations 
in Parkinson’s 
Disease

Hallucinations in 
Charles Bonnet 
Syndrome

1. Non-veridical perceptions  
(not elicited by a corresponding 
external stimulus) and sensory modality 
implicated

Yes Yes Yes Yes Yes
100% Visual;  
40% Auditory; 
15% Somatic

86% Visual;  
8% Auditory;  
44% Somatic

30% Visual; 
75% Auditory; 
10%–20% Somatic

100% Visual; 
50% Auditory

100% Visual;  
5% Auditory

2. Unbidden, reduced volitional control Yes Yes Yes Yes Yes
3. Perceptual range Immersive scenes; 

Panoramic scenes;
Isolated elements  
in a scene

Elements in  
a scene

Elements in  
a scene

Elements in  
a scene; 
Panoramic scenes

4. Emotional contents Yes No Yes Yes No
5. Superimposed on veridical perceptions No Sometimes Yes Yes Yes
6. Association with memory Poorly recalled Poorly recalled Well recalled Well recalled Well recalled
7. Appraisal, significance, false beliefs No No Often Often Seldom
8. Attribution to external agent No No Yes No No
9. Daytime interference No No Yes Yes Yes
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common to hallucinations, which include spontaneous 
perceptions in different sensory modalities and reduced 
volitional control (rows 1–3 in table 1), one might antici-
pate primary and secondary sensory cortices activation, 
and disrupted recruitment of the prefrontal cortex in 
sleep-related perceptions. The presence of emotional con-
tents in some hallucinations and dreams also implicates 
the limbic system (row 4).

By contrast, hallucinations are superimposed onto verid-
ical perceptions (row 5), whereas REM dreams occur in dis-
sociated sleep states, suggesting that the 2 phenomena might 
differ with respect to the processing of incoming sensory 
information. Furthermore, hallucinations are associated 
with good memory recall and, in psychosis, with external 
attributions and negative appraisal/beliefs (rows 6–8), sug-
gesting “whole brain” involvement and integration particu-
larly involving temporal, parietal and frontal interactions, 
which might be lacking in sleep-related perceptions.

Regional Brain Activation and Neurotransmitter Action 
During NREM and REM Sleep.  As the brain moves 
from NREM to REM sleep stages, progressive changes 
occur in neural activation and regional blood flow. 
Processing of external stimuli (auditory, tactile, and 
somatic in nature) still occurs intermittently in NREM 
sleep, and is gradually extinguished during REM sleep.

During NREM, cortical responsivity to external stim-
uli remains high, particularly during the production of 
K-complex oscillatory modes.57,58 Furthermore, surges 
of activation occur in the brainstem and cortical areas 
(inferior frontal gyrus, precuneus, parahippocampal 
gyrus),42,59 providing a window of cortical reactivity to 
incoming sensory stimuli.60 This suggests that, during 
NREM sleep, sensory information continues to be trans-
ferred and encoded in a similar way to the brain when 
awake—at least at the level of primary cortices.57,58 Such 
cortical responsivity may be enhanced in individuals with 
common hypnagogia.57 As sleep progresses, reactivity to 
and awareness of external stimuli decrease. Perceptual 
activity becomes progressively autonomous.20,48–50 The 
brain then increasingly focuses inwards18 and becomes 
less constrained by input from the external environment.

During REM sleep, neural firing is sustained and of 
high frequency,36 and localized to specific cortical and 
subcortical areas.42,52 Multiple neurotransmitters are 
implicated in this stage, including high levels of acetyl-
choline (ACh), low levels of serotonin (5HT), and ele-
vated levels of GABA.61–63 The release of ACh by neurons 
in the midbrain is particularly important for creating a 
chain of events which includes the release of intrinsic sen-
sory activity and lowered recruitment of prefrontal cor-
tex (see figure 2). The sequence of steps following ACh 
release is as follows:

1.	Activation of  ascending projections to the thala-
mus (dorsal pathways), and particularly to thalamic 

regions connected to the temporal and occipital cor-
tices, acting to increase cortical signaling responsible 
for perceptual release.64,65 It has been speculated that 
such activity in the primary and secondary sensory 
cortices is responsible for the spontaneous release of 
perceptual images during sleep.61,66 In support, EEG 
spectral power in the alpha band shows modula-
tion over sensory cortical areas (particularly occipi-
tal regions) which appears to correlate with visual 
dreams.67

2.	Activating influences arising from the thalamus then 
send signals to the limbic, parahippocampal and 
related thalamic pathways which operate to process, 
transfer and modulate the above cortical activity.

3.	Finally, inhibitory neurotransmitters such as 5HT and 
glutamate are released in the basal forebrain (ventral 
pathways). These act to “decrease” signal propagation 
to prefrontal areas, particularly the dorso-lateral pre-
frontal cortex (DLPFC).51,63 This is thought to operate 
as a thalamic “gate”18 by restraining signal propaga-
tion within a limited circuit involving mostly posterior 
regions.18,51,63 Suspended interactions between primary 
and association areas are also a hallmark of REM 
sleep.50,64,65 The apparent disengagement of prefrontal 
executive areas is an important finding, as it implies 
a lack of inhibitory influences on perceptual release, 
along with restriction of information processing 
within a limited set of neuroanatomical loops.68 Such 

Fig. 2.  Changes in the brain during sleep modulated by 
acetylcholine (ACh) input.45 Brainstem neurons (localized in the 
pedunculopontine [PPT] and laterodorsal tegmental [LDT] nuclei 
of the midbrain) release ACh which prompts the activation of 
ascending projections to the thalamus. This is accompanied by 
generalized activation of limbic, parahippocampal, and other 
thalamic pathways. This cholinergic enhancement is followed by 
major glutamatergic release to basal ventrolateral preoptic area 
(VLPO), and it has the simultaneous effect of decreasing the 
recruitment of prefrontal areas and of the inferior parietal cortex.
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disengagement of frontal functions has also been used 
to explain the dreamer’s reduced self-awareness and 
the bizarreness of some dream contents.51

Interaction Between Brain Networks (Resting-State 
Networks).  Analyses of resting-state networks (RSNs) 
are helpful to examine interactions between functionally 
integrated regions of the brain. Findings during sleep 
are consistent with the above findings of state-dependent 
reorganizations during NREM and REM, and a gradual 
decrease in interactions between occipital, parietal and 
prefrontal regions.69

In NREM sleep, much RSN connectivity is preserved: 
one study,60 ie, reported connectivity levels between the 
Default-Mode Network (DMN) and Sensory Networks 
similar to wakefulness, and consistent with the experi-
ence of mind wandering.60,70 Connectivity to the Dorsal 
Attention Network remains high during NREM, but 
connectivity to the Central Executive Network (CEN) is 
slightly reduced.60

During deep NREM sleep (stage N3 or slow-wave sleep), 
the DMN appears to decouple, causing desynchronization  
between anterior and posterior DMN hubs.70,71 A  simi-
lar decoupling has been observed in Alzheimer’s Disease, 
and interpreted as providing an index of functional per-
turbation and disruptions of brain connectivity.72

During REM, the anterior and posterior DMN nodes 
recouple (similar to waking), although in the context of 
anticorrelations between unimodal sensory areas and 
higher-order areas (including DMN). This is in line with 
the concept of a “closed-loop” system where internal sen-
sory activations are disconnected from prefrontal high-
order control.68,71

Other Perceptual Phenomena During Sleep.  A brief  look 
at perceptual phenomena and their neural correlates dur-
ing specific sleep conditions is helpful to understand the 
mechanisms of perception during sleep. Sleep stage 3 
(slow-wave sleep) is the stage in which NREM parasom-
nias (such as night-terrors, nocturnal enuresis and sleep-
walking) occur. Sleepwalking is associated with increased 
brain activation in the precuneus and cerebellum, along-
side decreased prefrontal cortical activation.73 This has 
been interpreted as reflecting a dissociative state combin-
ing mixed arousal and sleep-like patterns, while altered 
prefrontal activity prevents fully conscious awareness. 
Changes in associative visual areas during wakefulness 
might also predispose sleepwalkers to experience visual 
percepts during sleep.74

Similarities and Differences in Brain Functions and 
Systems

In summary, the similarities and differences in the neu-
robiological underpinnings of sleep-related perceptions 
and hallucinations are as follows:

Similarities in Brain Functions and Systems.

•• The thalamo-cortical circuit described in models 
of sleep regulation and dreams (involved in percep-
tual release mechanisms) is also implicated in com-
plex hallucinations of neurodegenerative disease and 
psychosis66,75–77;

•• Increased cortical activation in primary and secondary 
sensory cortices is consistent with perceptual images 
in hallucinations and sleep-related perceptions (rows 1 
and 3, table 1);

•• In both sleep-related phenomena and hallucinations, 
the thalamus is activated (potentiated by ACh in sleep), 
and the brain is focused inwards and selectively atten-
tive to internal experiences19;

•• Limbic activity is thought to contribute to affective 
salience and emotive contents of both sleep-related 
perceptions78 and hallucinations in psychosis (row 4);

•• Finally, in both phenomena, a possibility exists of spon-
taneous “sensory discharges” arising from a process of 
deafferentiation. Cortical deafferentiation is produced 
by ascending brainstem cholinergic projections activated 
under conditions of reduced perceptual input, result-
ing in a failure of the brainstem to deactivate.79 During 
sleep, this would occur due to the suppression of exter-
nal signals (eg, eyes closed), resulting in intrinsic sensory 
excitability. Deafferentiation is also a prominent model 
of hallucinations in disorders of sensory pathways such 
as eye disease, where it is thought to occur because of 
the loss of incoming sensory input in the visual sensory 
pathways. This model is more often difficult to apply to 
sensory compound hallucinations, which often involve 
multiple modalities, although a transient loss of syn-
chrony across distant cortical networks80 is a possibility.

Differences in Brain Functions and Systems.  The pat-
tern of interconnections between brain functional regions 
appears to differentiate sleep-related perceptions from hal-
lucinations, creating a point of difference with regards to 
the transfer of information between functional networks.

Compromised signal propagation to the prefrontal cor-
tex appears common to both phenomena, explaining the 
failure of top-down control and inhibitory influences in 
hallucinations (row 2, table 1),81,82 but the point of rarity 
may lie in the extent and severity of this disconnection.

•• In REM sleep, connectivity between higher-order 
association and prefrontal areas, and unimodal sen-
sory areas, is entirely suspended68 and characterized 
by closed-loop circuits. This characteristic feature of 
REM sleep perhaps promotes the continuous stream 
of perceptions with bizarre and fantastical elements 
reported during dreams. With waking hallucinations, 
by contrast, connectivity between anterior frontal 
and posterior sensory regions is generally retained, 
although typically abnormally modulated83,84 and more 
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precisely delineated. Similarly, connectivity of DMN 
with other networks may be unstable or weakly con-
nected, but nonetheless functionally active.85 In sup-
port, some level of top-down integration is necessary 
in hallucinations to account for appraisals and beliefs 
(row 7) and daytime dysfunctions (row 9);

•• During hallucinations, the planum temporale is acti-
vated and correlated with the experience of a sensory 
signal originating in external space (row 8, table 1).86 
This activation may assist in amplifying signals to 
acquire external qualities, and is absent during sleep.

Neurotransmitters.  Findings from neurotransmitter 
action studies appear less clear-cut than imaging findings. 
There is convergence for ACh as a key neuromodulator in 
sleep-related perceptions, and as a trigger for visual hallu-
cinations in PD, dementia and delirium.19 One difference is 
that hallucination models posit for the role of “low” ACh 
levels (contrasting with “high” ACh levels in REM sleep, 
although ACh levels are low in NREM sleep), or at least a 
dysfunction in cholinergic neurotransmission. This appar-
ent contradiction may be resolved if we consider the possi-
bility of irregular ACh surges in PD and psychosis.80 Such 
irregular ACh surges would produce spontaneous (and 
transient) activation of the brainstem,61 perhaps explain-
ing the episodic nature of hallucinations in contrast with 
the prolonged and steady narrative structure of dreams.

Serotonin and glutamate are both intimately related in 
both sleep-related perceptions and hallucinations. A fall 
in 5HT levels (and a reciprocal relationship with ACh) 
has consistently been implicated in hallucinations,87–91 
and GABAergic neurons are overactive in psychotic dis-
orders,92 although evidence is sparse and contradictory in 
Lewy body dementia and PD.93,94

GABA is also intimately related to dopamine, whose 
role in sleep-related perceptions is not as clear-cut as that of 
other neurotransmitters considered here, although a rise in 
cortical dopamine activity during sleep has been causally 
linked to emotive dreams and nightmares.63,91 Dopamine 
levels have a prominent role in models of disorders like 
schizophrenia and PD,95 including hallucinations.96

Overall, there are many similarities in neurotransmit-
ters between sleep-related perceptions and waking hallu-
cinations, although the balance of neurotransmitter levels 
appears to be different. In REM sleep, sustained and high 
ACh levels from the forebrain and tegmental nucleus are 
important, whereas low ACh levels (or possibly transient 
ACh release) seem to characterize hallucinations. Serotonin 
and glutamate are implicated in all conditions, and dopa-
mine in the emotive contents of dreams and hallucinations.

The “REM Dream Stage” and “REM Intrusion” 
Hypotheses of Hallucinations

Because of the resemblance between dreams and hal-
lucinations, and because REM sleep disorders usually 

co-occur with clinical conditions in which hallucina-
tions are common (ie, schizophrenia and PD), it has been 
claimed that the REM dream stage and hallucinations 
may have common underpinnings.2,97 A  related theory 
suggests that hallucinations represent an intrusion of 
REM dreams into waking life.5–7

There is great appeal in an overarching and common 
theory for these phenomena. Support for these theories, 
however, would require a demonstration that hallucina-
tions share the same mechanisms and underpinnings as 
the REM dream stage. As shown above, however, REM 
dreams (1) do not fully capture the phenomenological 
complexity of hallucinations, (2) might appear to acti-
vate only a small number of functional networks, and 
(3) include a different balance of neurotransmitters,  
suggesting that REM dreaming processes are unlikely to 
co-occur during the waking state.

The notion of intrusions into wakefulness requires a 
separate explanation. Evidence in support of a similar 
physiological breach comes from findings of “micro-
arousals” during the REM dream stage, arising from the 
presence of transient bursts of alpha spectral power last-
ing about 3 seconds.67 Cantero and Atienza98 speculated 
that these bursts might facilitate the connection between 
the dreaming brain and the external world, thus allow-
ing the person to awake briefly in this state and become 
briefly aware of dream contents. Evidence is still needed 
however, to show that “micro-sleep” during wake periods 
actually produce REM imagery experienced as if  awake 
(and with eyes open), rather than a temporary dissocia-
tion associated with a brief  return to a sleep state (and 
eyes closed). Altogether, although an attractive expla-
nation, the notion of REM dream intrusions requires 
further study.

Other evidence appears to argue against the notions of 
REM dream stage and REM intrusions:

•• Sleep disorders and hallucinations follow separate 
courses in clinical disorders, with sleep dysfunction pre-
ceding the onset of hallucinations and disease, some-
times up to several years,99 raising questions regarding 
additional mechanisms responsible for the triggering 
of hallucinations.

•• Theoretical models of hallucinations also do not clearly 
align with mechanisms of sleep-related phenomena. 
For example, some models of hallucinations focus on 
attempts by the brain to compensate for disrupted sen-
sory processing81 or to make sense of intrusive mental 
representations unconstrained by prefrontal cortical 
inhibition.82 In these models, hallucinations are the sec-
ondary by-product when sensory pathways are stressed 
or overactive, whereby sleep-related perceptions are 
primary events which occur as a direct consequence of 
ascending cholinergic projections during sleep.

•• Finally models of hallucinations posit a key role of top-
down mechanisms in making abnormal associations 
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(similarly to dreams) but also in dictating attentional 
expectancies, and assigning personal meaning and 
importance to stimuli (which contrasts with sleep).82

Altogether, there is currently insufficient evidence to fully 
support the notion that hallucinations comprise dream 
intrusions.

Conclusion

In this article, we reported on the similarities and differ-
ences between sleep-related perceptions and “daytime” 
hallucinations. An examination of the descriptive fea-
tures of sleep-related experiences shows that they meet 
the minimum criteria for hallucinations (non-veridical 
perceptions, unbidden). The brain is active during sleep 
and capable of producing spontaneous perceptual mate-
rial for which awareness is maintained, as shown by the 
rich array of vivid and multisensory images reported 
when individuals are awoken from sleep. Indeed, if  these 
experiences occurred during waking, aspects of them 
would undoubtedly be classified as hallucinatory.

Regarding the prominence of visual contents, they 
resemble hallucinations in peripheral eye disease (eg, 
CBS). However, the involvement of multiple modalities, 
complex and emotive contents, and a network involving 
primary, secondary, and subcortical structures, suggests 
greater similarities with hallucinations in central disor-
ders (neurodegeneration and psychosis).

Notwithstanding these similarities, there are important 
phenomenological differences with hallucinations. Most 
sleep-related perceptions are immersive and largely cut 
off  from reality, whereas many types of hallucination are 
discrete and appear as overlaid on regular sense percep-
tions, with the physical environment as a backdrop onto 
which hallucinated contents are projected. Such superim-
position of real and hallucinated events renders halluci-
nations truly distinctive: It makes people wonder if  their 
eyes/ears are playing tricks, and leaves them searching for 
an explanation.

Hallucinations may share greater underlying mecha-
nisms with hypnagogic experiences (which more closely 
reflect REM intrusions into waking state than dreams) 
given that external stimuli continue to be processed and 
reacted to during NREM sleep, albeit intermittently. 
During the short transition between sleep and wake, cor-
tical inhibitory control is reduced but sufficiently spo-
radic to allow conscious awareness. Hypnagogia may, 
therefore, be an intermediate phenomenon between REM 
dreams and hallucinations.

Neurobiological findings show that thalamocorti-
cal circuits, active during sleep as in wakefulness, serve 
as important modulators of internally generated per-
cepts. This suggests that sleep-related perceptions and 
hallucinations may rely on overlapping processes, and 
that unconstrained perceptions can arise spontaneously 
and be linked to sensory awareness without a need for 

top-down control, belief  systems and integration with 
conscious awareness.

One key point of difference between hallucinations 
and REM sleep-related perceptions, however, is that 
closed-loop circuits represent a fundamental signature 
of REM dreams.68 During REM sleep, spontaneous 
perceptual signals are immersive, processed in a subsys-
tem which is functionally dissociated from the external 
environment, and barred from higher-order processing. 
By contrast, whole-brain networks appear necessary to 
achieve hallucinations, although their interconnections 
may be abnormally modulated.100 This allows for maxi-
mum information-based exchange between brain areas, 
and the production of highly complex mental experiences 
which are overlaid over veridical perceptions and which 
include negative appraisals and misattributions.

Overall, phenomenological and neurobiological find-
ings show overlap between sleep-related perceptions and 
hallucinations. REM dreams, however, appear to occur 
in a sensory buffer and do not co-exist alongside regular 
perceptions and other thoughts limiting their usefulness 
as a model for most types of hallucinations. This finding 
can inform the operational definition of hallucinations, 
which should include the key characteristic that they 
appear as overlaid on veridical perceptions, therefore act-
ing as a differential feature from REM dreams.
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