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Introduction

T

he history of sleep medicine and sleep research
is a history of remarkable progress and
remarkable ignorance. In the 1940’s and 1950’s
sleep had been in the forefront of neuroscience, and
then again in the late 1990’s there has been a resurgence
of our understanding of the neurobiology of sleep.
Sleeping and waking brain cycles can now be studied by
sophisticated neuroimaging techniques which have shown
remarkable progress by mapping different areas of the
brain during different sleep states and stages.
Electrophysiologic research has shown that even a single
neuron sleeps, as evidenced by the electrophysiologic
correlates of sleep-waking at the cellular (single cell) level.
Despite recent progress, we are still groping for answers
to two fundamental questions: What is Sleep? and Why
do we sleep? Sleep is not simply an absence of
wakefulness, nor is it just a suspension of sensorial
processes but is the result of a combination of a passive
withdrawal of afferent stimuli to the brain and functional
activation of certain neurons in selective brain areas.
The discovery of human electroencephalography (EEG)
in 1929 and REM sleep in 1953, and studies to elucidate
consciousness and wakefulness in the 1930’s and 1940’s,
are the driving forces in our recent understanding of
sleep. This chapter outlines a general overview of sleep
in order to understand the nature of sleep and its
○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

Address for correspondence:

Dr. S. Chokroverty, MD, FRCP, FACP
Professor and Co-Chair of Neurology;
Chairman of Clinical Neurophysiology and Sleep
Medicine; Program Director of Clinical
Neurophysiology and Sleep Medicine; NJ
Neuroscience Institute at JFK; Seton Hall University,
Edison, NJ, USA
Indian Journal of Sleep Medicine (IJSM), Vol. 2, No. 2, 2007

○

function, as well as physiological and anatomical
substrates.

Definition of Sleep, Sleep Architecture
and Sleep Stages
The modern sleep scientists define sleep on the basis of
behavioral and physiological criteria. Behavioral criteria
(Table 1) include lack of mobility or slight mobility,
closed eyes, characteristic sleep posture, a markedly
reduced response to external stimulation and a reversible
unconscious state. Physiological criteria (Table 1) are
based on the findings of EEG, electro-oculography (EOG)
and electromyography (EMG). Based on physiological
criteria, sleep is divided into two states with independent
controls and functions: non-rapid eye movement
Table 1: Behavioral and physiological criteria of
wakefulness and sleep
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(NREM) and REM sleep (Table 2) alternating in a cyclical
manner throughout the night, each cycle lasting
approximately 90 to 110 minutes during the normal sleep
in adults (four to six cycles are noted). The first third of
normal sleep is dominated by slow wave sleep (Stages 3
and 4 of NREM sleep or SWS), and the last third is
dominated by REM sleep. The first REM cycle is short,
and the last REM cycle (toward the end of the night or
early hours of the morning) is generally the longest and
can last up to an hour.
Table2: Sleep States and Stages

NREM sleep accounts for 75-80% of sleep time in
adult humans and is subdivided into four stages based
mainly on EEG criteria. Stage 1 NREM comprises 38% of sleep time; Stage 2 NREM occupies 45-55%,
and Stage 3 and 4 make up 15-20% of total sleep time.
In Stage 1 NREM sleep, the alpha rhythm (8-13 Hz),
characteristic of wakefulness, diminishes to less than 50%
in an epoch (typically a 30-second polysomnographic
tracing) and a mixture of slower theta rhythms (4-7 Hz)
and beta (greater than 13 Hz waves) appear (Fig. 1).
Slow, rolling eye movements may be noticed at this time.

Fig 1: Polysomnographic recording shows stage I non-rapid eye
movement (NREM) sleep. Electroencephalograms (top 10
channels) show a decrease of alpha activity to less than 50% and
low-amplitude theta and beta activities. Electrooculographic
channels show slow rolling eye movements. Rest of the montage is
the same as in Figure 6.
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Vertex sharp waves begin to appear towards the end of
Stage 1 NREM sleep. Stage 2 NREM sleep begins
normally about 10-12 minutes after Stage 1 NREM. Stage
2 NREM is characterized by sleep spindles (12-18 Hz,
mostly 14 Hz) and K complexes intermixed with vertex
sharp waves (Fig. 2). The background rhythm consists
of a mixture of theta and delta waves (less than 4 Hz)
comprising less than 20% of the epoch. During Stage 3
NREM, delta waves occupy 20-50% of the epoch (Fig.
3) and in Stage 4 of NREM, delta waves occupy more
that 50% of the epoch (Fig. 4). Stage 3 and Stage 4
NREM sleep are grouped together as slow wave sleep.

Fig 2: Polysomnographic recording shows stage II non-rapid eye
movement (NREM) sleep. Note 14-Hz sleep spindles in the
electroencephalographic channels seen prominently in C3-A2 and
C4-A1 intermixed with delta waves up to 2 Hz and 75 ìv in amplitude
occupying less than 20% of the epoch. See Figure 6 for description
of the rest of the montage.

Fig 3: Stage III non-rapid eye movement (NREM) sleep in this
segment of polysomnogram. Electroencephalograms (top 10
channels) show 20% to 50% of the epoch occupied by delta
waves as defined in Figure 2. See Figure 6 for description of the
rest of the montage.
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REM sleep begins 60-90 minutes after the onset of
NREM sleep. EEG during REM sleep is characterized
by fast rhythms and theta waves, some of which may
have a characteristic sawtooth appearance (Fig. 5).
Fundamental characteristics of REM sleep are the
presence of rapid eye movements and markedly
diminished or absent muscle activities. These traditional
scoring criteria will soon be modified (a committee
appointed by the American Academy of Sleep Medicine

Fig 4: Polysomnographic recording shows stage IV non-rapid eye
movement (NREM) sleep. More than 50% of the epoch in the
electroencephalograms (top 10 channels) consists of delta waves as
defined in Figure 2. See Figure 6 for description of the rest of the
montage.

Fig5: Polysomnographic recording shows rapid eye movement (E<)
sleep. Electroencephalograms (top 10 channels) show mixed
frequency theta, some alpha, and low-amplitude beta activities
intermixed with sawtooth waves (middle of the recording) seen
prominently in C3-A2 and C4-A1 derivations. Rapid eye movements
are seen in electrooculographic channels. Chin electromyogram
shows marked hypotonia, whereas Tib electromyogram shows phasic
myoclonic bursts
Indian Journal of Sleep Medicine (IJSM), Vol. 2, No. 2, 2007
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is working to revise the original staging criteria), and
NREM sleep will be divided into three stages. REM
sleep will not be subdivided into tonic and phagic stages.
In a normal adult, there is an orderly progression from
wakefulness to sleep onset to NREM sleep and finally
REM sleep. Relaxed wakefulness is characterized by a
behavioral state of quietness and a physiologic state of
alpha and beta frequencies on EEG (Fig. 6), waking eye
movements and increased muscle tone. NREM sleep is
characterized by progressively decreased responsiveness
to external stimulation accompanied by slow eye
movements, followed by EEG slow activity associated
with sleep spindles and K complexes as well as decreased
muscle tone. REM sleep state is characterized by further
reduction of responses to stimulation, absent muscle tone
and low amplitude fast EEG activity mixed with distinct
sawtooth waves (sharp-contoured waves at 2-7 Hz).
Sleep macrostructure consists of sleep states and
stages, sleep cycles, sleep latency, sleep efficiency
(duration of total sleep time to total time in bed expressed
in percent) and wake after sleep onset, whereas sleep
microstructure includes momentary dynamic phenomena
such as arousals, K complexes and sleep spindles and
cyclic alternating pattern (CAP). The CAP indicates
sleep instability, whereas frequent sleep arousals signify

Fig 6: Polysomnographic recording showing wakefulness. Top 10
channels show posterior dominant 10-Hz alpha activity intermixed
with some low-amplitude beta rhythms in the
electroencephalogram (International nomenclature). A2, right ear;
A1, left ear. Waking eye movements are seen in the electrooculogram
of the left (Lt) and right (Rt) eyes referred to linked ear. Chin
electromyography (EMG) shows much tonic activity. Oronasal,
oronasal airflow; chest, respiratory effort—chest; abdomen,
respiratory effort—abdomen; snoring, this channel shows no
snoring artifact; ECG, electrocardiogram; SaO2, oxygen saturation
by finger oximetry.
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Table 3: Physiological changes during wakefulness, NREM sleep, and REM sleep

NREM = non–rapid eye movement; REM = rapid eye movement; + = mild; ++ = moderate; +++ = marked; ++++ = very marked; – = absent.

sleep fragmentation. The CAP is characterized by a
repetitive EEG pattern in a cyclical manner noted mainly
during NREM sleep. A CAP cycle consists of an unstable
phase (Phase A) and a relatively stable phase (Phase B)
each lasting between 2 and 60 seconds. Phase A of CAP
is marked by an increase of EEG activity with
contributions from both synchronous high amplitude slow
and desynchronized fast waves in the EEG standing out
from a relatively low amplitude slow background. Phase
A is associated with an increase in heart rate, respiration,
blood pressure and muscle tone. CAP rate and arousals
both increase in older individuals and in a variety of
sleep disorders. A non-CAP (i.e., a sleep period without
CAP) is thought to indicate a state of sustained stability.

Ontogeny of Sleep
There are dramatic changes in the requirements of sleep
from infancy to old age. Newborns have a polyphasic
sleep pattern with 16 hours of sleep per day in the first
few days of life. By 3-5 years of age, sleep requirements
fall to about 10 hours per day. The polyphasic sleep
patterns of newborns change to the biphasic pattern in
preschool children. Adults exhibit a monophasic pattern
with an average duration of 7 ½ to 8 hours per night;
however, this reverts to a biphasic pattern in elderly
persons. In the newborn, REM sleep occupies about
50%, but by 6 years of age this is decreased to the normal
adult pattern of 25%. By three months of age, NREM/
Indian Journal of Sleep Medicine (IJSM), Vol. 2, No. 2, 2007
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REM cyclic pattern of sleep is noted and sleep spindles
begin to appear generally by six to twelve weeks. K
complexes are noted at about six months of age. Sleep
in the elderly is characterized by an attenuation of the
amplitude of delta waves, reduction of slow wave sleep
stage and repeated awakenings, including early morning
awakenings. The percentage of REM sleep in normal
elders remains relatively constant, and the total duration
of sleep time within 24 hours also is generally not different
from that of young adults because older individuals often
nap during the daytime, compensating for lost sleep
during the night.

Phylogeny of Sleep
Sleep is present in both mammals and non-mammals,
but sleep architecture and sleep stages differ. Both
vertebrates and invertebrates display sleep/wakefulness
and basic rest/activity cycles (BRAC). Mammalian sleep
shows REM/NREM sleep stages and cycles, excepting
dolphins, porpoises, and Australian Spiny Anteaters
which do not have REM sleep; however, there is recent
evidence indicating that the echidna (spiny anteaters)
may have REM sleep. Another characteristic is that the
dolphin’s brain may show sleep in one half while wakeful
activities are seen in the other half of the brain. This
rhythm then reverses after 30 to 60 minutes in the two
halves of the brain. Birds also have NREM/REM sleep
cycles, but they are very short in duration. Sleep is also
noted in reptiles and fish as well as invertebrates, such
as insects, scorpions and worms, based on behavioral
criteria.

Circadian Rhythm and Chronobiology
of Sleep
The term circadian rhythm is derived from the Latin
word circa which means about and dies which means
day. The cycle lasts approximately 25 hours instead of
24 hours of day/night cycle. The existence of circadian
rhythms was first observed in 1731 when the French
Astronomer de Mairan noted that a heliotrope plant’s
leaves closed at sunset and opened at sunrise even when
the plant was kept in darkness. This observation suggests
that an internal clock controls the 24-hour rhythm. The
site of this biological clock has been located in the paired
suprachiasmatic nuclei of the hypothalamus above the
optic chasm. Time isolation experiments have shown
that daily rhythms exist in many physiological processes
Indian Journal of Sleep Medicine (IJSM), Vol. 2, No. 2, 2007
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such as sleep, basic rest activity, body temperature and
neuroendocrine secretions. The most important of these
other rhythms is body temperature rhythm which,
although independent of the circadian rhythm of sleep/
wakefulness, follows it closely. Dysfunction of circadian
rhythm results in some important human sleep disorders.
The molecular basis of the mammalian circadian clock
is beginning to be identified. A total of 8-9 genes (clock,
par, bmal, etc.) and their protein products have been
identified within the circadian clock system and they
are still evolving. Remarkable progress has been made
in the past few years in identifying key components of
the circadian clock in both fruit flies (Drosophila) and
mammals. The molecular mechanism of two human
circadian rhythm disorders – advanced sleep phase
syndrome (ASPS) and delayed sleep phase syndrome
(DSPS) – has been uncovered by applying gene
sequencing techniques. ASPS seem to be due to a
mutation of the hper 2 gene (a human homologue of the
period 2 in Drosophila) causing advancing of the clock
(i.e., alteration of the circadian timing of sleep
propensity). DSPS is due to polymorphism of hper 3
gene.
Regulation of sleep/wakefulness is modulated by
homeostatic and circadian patterns. The homeostatic
factor refers to the increased propensity for sleepiness
with longer periods of prior wakefulness, whereas the
circadian factor refers to variations in physiologic
alertness and sleepiness (timing, duration, and other
characteristics) that vary cyclically with time of day.
There are two very highly vulnerable periods of sleepiness:
2-6 a.m., especially 3-5 a.m. and 2-6 p.m.; the former is
stronger than the latter. The timing of the physiologic
sleepiness (mid-afternoon and early morning hours)
depends on circadian factors. The highest number of
sleep-related accidents has been observed during this
period. It has been recently suggested that the
suprachiasmatic clock and the genes may also affect sleep
regulation and sleep homeostasis independent of
circadian rhythm generation. This is based on the
findings of anatomical projections from the
suprachiasmatic nucleus to lateral hypothalamic neurons
containing hypocretin (wake-promoting) peptide and
anterior hypothalamic ventrolateral preoptic (VLPO)
containing sleep-promoting neurons, as well as on
experimental evidence. Experimental studies in mice
using knockout mice lacking core clock genes and those
with mutant clock genes suggested that circadian clock
genes may also affect sleep regulation independent of
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circadian rhythm generation.
The role of various sleep factors in maintaining
homeostasis has not been clearly established. Several
cytokines such as interleukin-1, interferon alpha and
tumor necrosis factor promote sleep. There are other
sleep factors which increase in concentration during
prolonged wakefulness and infection. It has been shown
that adenosine can fulfill the major criteria for the neural
sleep factor that mediates this somnogenic effect of
prolonged wakefulness. There are several other
endogenous compounds which may serve as sleep factors
and include delta sleep-inducing peptides, muramyl
peptides, cholecystokinins, arginine vasotocin, vasoactive
intestinal peptide, growth hormone-releasing factors and
somatostatin.

Physiological Changes in Sleep
A variety of physical changes occurs during NREM and
REM sleep that are different from those noted during
wakefulness. Profound changes occur in the autonomic
nervous system, causing important physiologic alterations
in the respiratory and cardiovascular functions (Table
3). Profound hemodynamic changes (unstable blood
pressure and heart rate, and progressive decrease in
cardiac output causing maximum oxygen desaturation
and periodic breathing, and intermittent increase of
sympathetic activity during REM sleep) may explain
increasing mortality during the early morning hours,
especially in patients with cardiopulmonary disease.
These hemodynamic and sympathetic alterations may
initiate increased platelet aggregations, plaque rupture
and coronary arterial spasm which may trigger
thrombotic events that cause myocardial infarction,
ventricular arrhythmia, and even sudden cardiac death
and stroke. Sleep-related alveolar hypoventilation and
increased upper airway resistance may predispose
susceptible individuals to upper airway occlusion and
obstructive apnea. Patients with neuromuscular
disorders, chronic obstructive pulmonary disease, and
bronchial asthma may be affected adversely from such
hypoventilation. Asthmatic attacks may be exacerbated
at night as a result of bronchoconstriction during sleep.
There are also important physiologic changes during sleep
in the gastrointestinal system, endocrine, renal and sexual
functions as well as in thermal regulation. Body
temperature begins to fall at the onset of sleep and reaches
its lowest point during the third sleep cycle. Thermal
regulation is maintained during NREM sleep but is non-
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existent in REM sleep.

Functional Neuroanatomy of Sleep
The neuroanatomic substrates for REM sleep, NREM
sleep and wakefulness are located in separate parts of
the central nervous system. There are no discreet sleeppromoting centers, but the sleep/wake stages are
produced by changes of interconnected systems rather
than by discreet centers. The methods to characterize
sleep/wake generator sites include lesion, stimulation,
ablation, intracellular (neuronal unit recording), C-fos
immunoreactivity (C-fos or immediate early gene is a
nuclear protein released during activation of neurons)
and neuroimaging mapping of neuronal networks.

Neuroanatomical substrates of REM sleep
Transection experiments through different regions of the
midbrain, pons and medulla clearly show the existence
of REM sleep-generating neurons in the pontine cat. A
transection at the junction of the pons and midbrain
produced all the physiologic findings compatible with
REM sleep in the section caudal to that transaction,
whereas in the forebrain region, rostral to the section,
the recording showed no signs of REM sleep. After a
transection between the pons and medulla, structures
rostral to the section showed signs of REM sleep, but,
in structures caudal to the section, there were no signs
of REM sleep. After a section at the junction of the
spinal cord and medulla, REM sleep signs are noted in
the rostral brain areas. Finally, transection at the
pontomesencephalic and the pontomedullary junctions
produced an isolated pons that showed all the signs of
REM sleep. The pons is, therefore, sufficient and
necessary to generate all the signs of REM sleep. Neurons
in the pedunculopontine tegmental (PPT) and the
laterodorsal tegmental (LDT) nuclei in the
pontomesencephalic region are cholinergic and are the
REM-on cells which are responsible for REM sleep and
show high firing rates at this stage. The REM-off cells
are located in the locus coeruleus and raphe nucleus;
these cells are aminergic neurons and are inactive during
REM sleep.
Histaminergic neurons in the
tuberomammillary region of the posterior hypothalamus
can also be considered REM-off cells. Thus, the
cholinergic REM-on and the aminergic REM-off cells
are all located within transections in the pons. A
reciprocal interaction between REM-on and REM-off
Indian Journal of Sleep Medicine (IJSM), Vol. 2, No. 2, 2007
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neurons in the brainstem is thought to be responsible
for REM generation and maintenance. Cholinergic
neurons of the PPT and LDT projecting to the thalamus
and basal forebrain regions as well as to the medial
pontine reticular formation are responsible for activation
and generation of REM sleep. Aminergic cells seem to
play a permissive role in the appearance of REM sleep
state. Muscle hypotonia or atonia during REM sleep is
thought to depend on inhibitory postsynaptic potentials
generated by dorsal pontine interneurons sending
descending axons. The pathway from the perilocus
coeruleus alpha region ventral to the locus coeruleus to
the lateral tegmental reticular tract and then to the medial
medullary region (e.g., nucleus magnocellularis and
paramedianus) and the reticulospinal tract, projecting
to the anterior horn cells of the spinal cord, controls
REM sleep-induced muscle atonia. An experimental
lesion in the perilocus coeruleus alpha region as well as
in the medial medullary region produced REM sleep
without muscle atonia. In human REM behavior
disorder, causing dream-enacting behavior associated
with REM sleep without muscle atonia, a structural or
functional alteration of the pathway maintaining muscle
atonia during REM sleep is most likely responsible for
such disorder.

Neuroanatomical
wakefulness

substrates

of

The neuroanatomic substrates of wakefulness consist of
the ascending reticular activating system (ARAS),
cholinergic neurons, aminergic neurons and hypocretin
systems. Projections from the ARAS terminating in the
thalamus and thalamocortical projections to widespread
areas of the cerebral cortex produce cerebral cortical
activation during wakefulness. Extrathalamic projections
from the brainstem reticular neurons terminate in the
posterior hypothalamus and the basal forebrain region;
the latter, in turn, project to the cerebral cortex to
maintain wakefulness. The major neurotransmitter
pathways that regulate the wakefulness systems (ARAS
projecting to the thalamus, the hypothalamus and basal
forebrain) utilize the cholinergic, noradrenergic
dopaminergic and histaminergic neurons. Cholinergic
neurons in the LDT and PPT nuclei in the
pontomesencephalic region project to the thalamus,
posterior hypothalamus and basal forebrain region.
These cholinergic neurons fire at the highest rate during
wakefulness and during REM sleep but decrease their
Indian Journal of Sleep Medicine (IJSM), Vol. 2, No. 2, 2007

rates of firing at the onset of NREM sleep. Acetylcholine,
through both nicotinic and muscarinic receptors,
depolarizes and excites the thalamocortical projecting
neurons, promoting tonic firing. Cholinergic receptor
antagonists (e.g., scopoline) inhibit cortical activation.
Wake-promoting aminergic neurons include
noradrenergic neurons in the locus coeruleus,
serotonergic neurons in the dorsal raphe of the brainstem,
histaminergic neurons in the tuberomammillary nucleus
of the hypothalamus and possibly also dopaminergic
neurons in the ventral tegmental area, substantia nigra
and the ventral periaqueductal area. The role of
dopamine is uncertain, however, pharmacologic,
biochemical, and physiologic studies suggest that
dopamine probably through D1, and possibly through
D2 receptors along with noradrenergic system, promotes
wakefulness. Norepinephrine-containing locus coeruleus
neurons show their highest firing rates during
wakefulness, their lowest during REM sleep and
intermediate rate during NREM. Pharmacologic studies
suggest that posterior hypothalamic histaminergic
neurons also help maintain wakefulness. The excitatory
amino acids glutamate and aspartate are intermingled
within the ARAS and are present in many neurons
projecting to the cerebral cortex, forebrain and brainstem.
These excitatory amino acids are released maximally
during wakefulness. Recent discovery of hypothalamic
hypocretin neurons and their widespread CNS
projections have directed attention to the role of
hypocretin system mediating sleep/wake regulation. In
1998, deLecea and co-workers described two
neuropeptides in the lateral hypothalamic and perifornical
region which they named hypocretin 1 and hypocretin
2. Independently in the same year, Sakurai et al.
described two neuropeptides in the same region which
they named Orexin A (corresponding to hypocretin 1)
and Orexin B (corresponding to hypocretin 2). Shortly
after recognition, it was shown that these hypocretin
systems have widespread ascending and descending
projections to locus coeruleus, dorsal raphe, ventral
tegmental area, tuberomammillary nuclei of the posterior
hypothalamus, LDT/PPT, ventrolateral preoptic (VLPO)
nucleus of the hypothalamus, basal forebrain, limbic
system (hippocampus and amygdala), cerebral cortex,
thalamus (intralaminar and midline nuclei) and
autonomic neurons (nucleus tractus solitarius, dorsal
vagal nuclei and intermediolateral neurons of the spinal
cord). Hypocretin systems promote wakefulness mainly
through excitation of histaminergic, noradrenergic and
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serotonergic neurons. These systems also suppress REM
sleep through activation of the aminergic neurons (REMoff ) which in turn inhibit REM-generating neurons of
the LDT/PPT (REM-on).

Neuroanatomic substrates of NREM sleep
During the great epidemic of encephalitis lethargica in
the first quarter of the 20th century, von Economo noted
that patients with encephalitis lethargica, who had
excessive sleepiness, had pathological alterations in the
posterior hypothalamus, whereas those with severe
insomnia had predominant lesions in the anterior
hypothalamus. These findings immediately suggested
the existence of sleep/wake centers in the hypothalamus.
Sleep-promoting neurons are thought to reside in the
ventrolateral preoptic (VLPO) area of the anterior
hypothalamus as well as in the region of the nucleus
tractus solitarius in the medulla. VLPO neurons consist
of two subgroups: “tightly clustered” and “diffuse”
depending on their distribution pattern. The tightly
clustered neurons project to the tuberomammillary nuclei
and promote NREM sleep, whereas diffusely distributed
neurons project to the aminergic nuclei in the locus
coeruleus and dorsal raphe region of the brainstem,
participating in REM sleep. The VLPO neurons fire
actively during NREM sleep and their lesion induces
insomnia. The GABA- and Galanin-containing VLPO
neurons project to inhibit locus coeruleus, dorsal raphe
and tubermammilary aminergic nuclei which in turn
inhibit VLPO neurons. The contemporary theory for
the mechanism of NREM sleep suggests a reciprocal
interaction between two antagonistic neurons in the
VLPO (activation) of the anterior hypothalamus and
wake-promoting (inhibition) neurons in the
tuberomammillary nuclei of the posterior hypothalamus,
basal forebrain and mesopontine tegmentum. Reciprocal
interaction between sleep-promoting (activation) neurons
in the region of the nucleus tractus solitarius and wakepromoting (inhibition) neurons within the ascending
reticular activating system of the brainstem,
independently of the reciprocal interaction of the neurons
in the forebrain, also plays a role in the generation of
NREM sleep. The latter is the old reticular passive
hypothesis or the disfacilatation hypothesis of sleep. In
this model of passive theory sleep results from a cascade
of disfacilitation within the brainstem. The passive theory
originated in two classic preparations in cats by Bremer:
cerveau isole and encéphale isole. Bremer found that in
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cerveau isole preparation (e.g., midcollicular transection)
all specific sensory stimuli were withdrawn and the
animals were somnolent, whereas in encéphale isole
preparation (transection at C1 vertebral level
disconnecting the entire brain from the spinal cord) these
specific stimuli maintained activation of the brain and
the animals were awake. Moruzzi and Magoun postulated
that withdrawal of generalized activation from ARAS is
responsible for somnolence in cerveau isole preparation,
whereas activation of the midbrain reticular neurons
causing direct excitation of the thalamocortical
projections results in EEG desynchronization and
behavioral arousal. These observations support the later
suggestion of Steriade et al. that at the onset of NREM
there is a deafferentation of the brain because of blockage
of afferent information, first at the thalamic level, causing
the waking “open” brain to be converted into a “closed”
brain resulting from thalamocortical inhibition. This
passive reticular theory was challenged by the
experiments of Batini et al., producing the midpontine
pretrigeminal section which is only a few millimeters
below the section that produced cerveau isole
preparation. In this midpontine preparation there were
persistent EEG and behavioral signs of alertness,
suggesting that structures located in the brainstem
between cerveau isole and midpontine pretrigeminal
preparations are responsible for wakefulness. The active
inhibitory role of lower brainstem hypnogenic neurons
in the region of the nucleus tractus solitarius on the upper
brainstem ARAS was also clearly demonstrated by the
pretrigeminal midpontine preparation of Batini et al.
Thus both active and passive theories play a role in the
generation of NREM sleep; however, the contemporary
theory favors activation of VLPO neurons and inhibition
of posterior hypothalamic neurons containing histamine
and hypocretin. Reduced activity of the hypocretin
projections to the locus coeruleus noradrenergic, midline
raphe serotonergic, mesopontine dopaminergic and
tuberomammillary hypothalamic histaminergic cells may
also reduce the level of arousal causing sleepiness.
The role of the suprachiasmatic nuclei in the
regulation of circadian as well as homeostatic factors
determining initiation and maintenance of sleep has been
discussed above. Finally, recent advances in
neuroimaging studies, including positron emission
tomographic (PET) and single photon emission computed
tomographic (SPECT) scans, have been able to visualize
dramatic changes in function in cortical and subcortical
neuronal networks in different sleep states and stages,
Indian Journal of Sleep Medicine (IJSM), Vol. 2, No. 2, 2007
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advancing our understanding of the functional
neuroanatomy of sleep/wakefulness. PET scans have
shown marked activation of the amygdala and the anterior
cingulate region (part of the limbic system) during REM
sleep which is, of course, generated by the brainstem
neurons. In contrast, in NREM sleep, neuroimaging
techniques have shown declining function in the
thalamocortical circuits including association cortex of
the frontal, parietal and temporal lobes. Thus, the
brainstem and hypothalamic and forebrain sleep/wakepromoting neurons modulate functions of widespread
forebrain cortical areas, keeping in balance cortical and
subcortical tone to control sleep/wake regulation.

Function of Sleep
Why do we sleep? The function of sleep remains the
greatest biologic mystery of all times. There are several
theories about the function of sleep (Table 4), but none
are satisfactory. There have been some recent advances
made in the molecular mechanism of memory
consolidation during sleep. Studies have revealed that
new memories can be strengthened by sleep. In other
words, sleep can rescue memories that are lost during
wakefulness during the daytime, and consolidated
memories can be re-consolidated when they are reactivated. Memory is stored in two stages: short-term
memory, which is labile, and long-term memory, which
is stable and consolidated requiring synthesis of new RNA
and proteins by the neurons. Recent studies have shown
clearly a significant contribution of sleep and wakefulness
in the development of memory consolidation. There is
suggestion that memory consolidation occurs during both
slow wave and REM sleep. There is a further suggestion
that REM/NREM sleep cycling is also important for
memory consolidation.

necessary to preserve CNS function. Despite all these
theories as listed in Table 4, we are still searching for
clues about the functions of sleep.

International Classification of Sleep
Disorders
In the new revised International Classification of Sleep
Disorders (ICSD-2), sleep disorders are classified into
eight broad categories (Table 5). Each of these eight
categories is subdivided into several disorders, and
pertinent diagnostic points are listed. An approach to a
patient with sleep complaints must begin with a
comprehensive knowledge of the ICSD-2 so that the
patient can be evaluated in a proper manner, paying
particular attention to the history and physical findings
before ordering laboratory tests.
Table 5: International Classification of Sleep Disorders
(ICSD-2)

Body and brain tissue restoration
Energy conservation
Adaptation

Thermoregulation
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2.

Sleep related breathing disorders

3.

Hypersomnias of central origin not due to
circadian rhythm sleep disorder, sleep related
breathing disorder, or other cause of disturbed
nocturnal sleep

4.

Circadian rhythm sleep disorders

5.

Parasomnias

6.

Sleep related movement disorders

7.

Isolated symptoms, apparently normal variants,
and unresolved issues

8.

Other sleep disorders

Appendix B. Other psychiatric and behavioral
disorders frequently encountered in the differential
diagnosis of sleep disorders
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