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Sleep Neurology 

 What physiological changes accompany sleep? 

 How does the brain sleep? 

 Why does the human brain sleep? 

 Does it sleep differently from the brains of other 
animals? 

 What happens when the human brain is sleep 
deprived? 

 



Sleep Architecture 

 Sleep architecture is a term used to describe the 
division of sleep among the different sleep stages 
using specific EEG, EOG, and chin EMG criteria. It 
also involves the relationship of the individual 
sleep stages to each other . 

 Sleep can be differentiated into NREM sleep and 
REM sleep. NREM sleep can be further subdivided 
into stages 1, 2, 3, and 4 sleep. 

 NREM stages 3 and 4 sleep are often collectively 
referred to as slow wave or delta wave sleep. 

 



Definition of Sleep 

 Stages of sleep: 

 Stage N1 is drowsiness 

 Stage N2 is a bit deeper 

 Slow wave (Stage N3) or deep sleep is harder to wake-up 

from 

 REM is when most of your dreaming occurs 



Normal Sleep Hypnogram 

More REM as sleep continues 
 



General information 

 NREM and REM occur in alternating cycles, each lasting 
approximately 90-100 minutes, with a total of 4-5 cycles.  

 In the healthy young adult, NREM sleep accounts for 75-90% 
of sleep time (3-5% stage I, 50-60% stage II, and 10-20% stages 
III and IV). REM sleep accounts for 10-25% of sleep time. 

 Total sleep time in the healthy young adult approximates  
6-8 hours.  

 The newborn sleeps approximately 16-20 hours per day; these 
numbers decline to a mean of 10 hours during childhood. 

 In the full-term newborn, sleep cycles last approximately  
60 minutes (50% NREM, 50% REM, alternating through a 3-4 h 
inter-feeding period).  



General information 

 Pregnancy: 

 1st trimester (increase in total sleep time, daytime sleepiness 

and nocturnal awakening ) 

 2nd trimester (normal sleep )  

 3rd trimester (increased nocturnal awakening with subsequent 

daytime sleepiness and decreased total sleep time) 

 In the elderly: SWS decreases  and N2 compensatory 
increases, increase in latency to fall asleep and the 
number and duration of overnight arousal periods, 
time in bed increase with subsequent complaint of 
insomnia. 

    

 



TYPE OF  
SLEEP 

% Sleep For  
Infant 

% Sleep For 
Young Child 

% Sleep For 
Young Adult 

% Sleep For 
Elderly Adult 

Stage 1 < 5 % < 5 % < 5 % 8 -15% 

Stage 2 25-30% 40-45% 45-55% 70-80% 

 Slow Wave 
Sleep 

20% 25-30% 13-23% 0-5%

REM 
Sleep 

50% 25-30% 20-25% 20% 



Regulation of Sleep and Wakefulness 

 Two basic intrinsic components 

 1 Circadian rhythm (process C)  

 2 Sleep homeostasis (process S),  

 Sleep homeostasis is characterized by an increase in sleep pressure 
following sleep deprivation that is related to the duration of prior 
wakefulness followed by a decline in sleep need as sleep accumulates.  

 Circadian process There are two circadian peaks in wakefulness : one 
occurring (early evening) and a second peak (late morning). Sleep 
propensity is least during these peaks of circadian rhythms of arousal 
Greatest sleep propensity during periods of (overnight between 3:00 
and 5:00 am; early-mid afternoon between 3:00 and 5:00 pm).  

 Sleep inertia (process W), refers to the short-lived reduction of 
alertness that occurs immediately following awakening from sleep 
and disappears within 2 to 4 hours.  

 



Sleep as an active process 

 Electroencephalographic (EEG) recordings showed 
abundant neuronal activity in cortex during sleep 

  Therefore not passive neuronal quiescence 

 Pattern of the EEG was very different in sleep than 
in waking 

 Waves of activity, indicating synchronous firing of cortical 

neurones 

 Synchronising stimulus coming from sub-cortical areas 

 Reticular formation still seen as important 

 Several different levels of sleep 

 Sleep is a complex combination of different aspects 

 

 



Brain Activity During Sleep 

Awake 
Low amplitude high frequency EEG 

Light sleep 
Increasing amplitude decreasing freq. EEG 

Deep sleep 
High amplitude low frequency EEG 

Rapid eye movement (REM) sleep 
Low amplitude high frequency EEG 

 



Characteristics of sleep 

 Slow-wave sleep = NREM 

 Progressive decrease in spinal reflexes 

 Progressive reduction in heart rate and breathing rate 
 Reduced brain temperature and cerebral blood flow 
 Increased hormone secretion (e.g. growth hormone) 
 Synchronised cortical activity 

 REM sleep 

 Spinal reflexes absent 
 Rapid eye movements behind closed eyelids 
 Increased body temperature and cerebral blood flow 

 Desynchronised cortical activity 
 Dreams 



Autonomic Nervous System Physiology  

 Parasympathetic tone increase and sympathetic tone decrease 
during NREM sleep.  

 During arousals, sympathetic tone increase in bursts. 

 During tonic REM sleep, Parasympathetic tone increase even 
further whereas sympathetic tone reaches its lowest level. 

 During phasic REM sleep sympathetic tone transiently increases. 

 Muscle tone is maximal during wakefulness but decrease during 
NREM sleep and decrease even further during REM sleep.  

 During REM sleep, myotonic bursts (phasic twitches ) as 
evidenced by intermittent surges in EMG. 

 Overall decrease in upper airway dilator muscles during NREM  
sleep, the reduction is even greater during REM sleep . 

 

 



Cardio-vascular  physiology in sleep 

 Heart rate decreases during NREM sleep  but fluctuate greatly 
during REM sleep . 

 Brady-tachycardia seen during phasic REM sleep is due to 
variations of both parasympathetic and sympathetic activities.  

 Cardiac output decreases during both NREM and REM sleep. 

 Pulmonary blood pressure increases slightly during sleep.  

 Arterial blood pressure decreases by 10% during NREM sleep 
during phasic REM sleep fluctuate due to sympathetic 
activities.  

 Cerebral blood flow decreases 5-20% during NREM sleep 
during REM sleep an increase in blood flow by up to 40% 

 



Endocrine  physiology in  sleep 

 Melatonin release peaks during sleep.  

 Growth hormone peak 90 minutes after sleep onset 
(closely associated with slow wave sleep). 

 Cortisol secretion is independent of sleep. Its peak is  
in the early morning. 

 Thyroid stimulating hormone decreases during sleep. 

 Testosterone increases during sleep. 

 No relation between GTH ,LH, FSH  and sleep . 

 Prolactin level increases during sleep.    

 



Brain Mechanisms Controlling Sleep 

 Sleep is promoted by a complex set of neural and 
chemical mechanisms 

 Daily rhythm of sleep and arousal 

 Supra-chiasmatic nucleus of the hypothalamus (body clock) 

 Pineal gland’s secretion of melatonin 

 Light is called a Zeitgeber, a German word  meaning 
time-giver because it set the supra-chiasmatic clock 

 Altering light/dark cycles produces phase shift and 
entrainment 

 

 



In A Nutshell 

 The neural circuitry underlying regulation of sleep and 
wakefulness is discrete yet interdependent. 

 Arousal systems that are inhibited by sleep promoting neurons 
in turn disrupt sleep processes to return to wakefulness. 

 Ponto-mesencephalic ascending pathways mediate alertness 
and cortical arousal of the forebrain. 

 One pathway innervates the thalamus and the second extends 
into the posterior hypothalamus and forebrain. 

 Key cell populations within the ascending system are the 
following:  
 Cholinergic neurons of the pedunculo-pontine and latero-dorsal 

tegmental nuclei. 
 Noradrenergic neurons from the locus coeruleus. 

 
 



In A Nutshell 

 Serotoninergic neurons from the dorsal and median raphe 
nuclei. 

 Dopaminergic neurons of the ventral peri-aqueductal  
grey matter. 

 Histaminergic neurons of the Tuberomamillary nucleus (TMN). 
 Lateral hypothalamic peptidergic neurons containing Melanin 

Concentrating Hormone or Orexin/ Hypocretin. 
 



 A modest number of cells in the 
lateral hypothalamus are the sole 
source of orexin or hypocretin in 
the human brain.  

 Their sprawling projections reach 
all regions of the arousal network, 
with the largest being to LC and 
TMN. 

 These neurons fire during 
wakefulness and are silent during 
NREM and REM sleep. 

 

 



The Ascending Arousal System 

 In sum, cholinergic neurons and monoaminergic cells 
populations form one distinct ascending arousal 
system, which is paralleled by the second peptidergic 
arousal system of the orexin/hypocretin nuclei in the 
lateral hypothalamus. 

 These discharge in a coordinated and stereotypic 
manner, to promote cortical arousal, each making 
unique but overlapping and somewhat redundant 
contributions to sustain wakefulness. 

 During sleep these circuits are blocked by the neurons 
of the VLPO. 

 

 



VLPO efferents secrete GABA & Galanin Inhibitory 
neurotransmitters 



Projections of VLPO to main components of the ascending 
arousal system 







Adenosine & Sleep Induction 







Components Of Sleep-Wake Circuitry 



I've always envied people who sleep easily. Their 

brains must be cleaner, the floorboards of the 

skull well swept, all the little monsters closed up 

in a steamer trunk at the foot of the bed.      

David Benioff 

 



“If sleep does not serve some vital function, it is the 

biggest mistake evolution ever made”- 

Allan Rechtschaffen 



Sleep Functions: Waste Debridement, Memory 
Consolidation & Emotional Salience 





Glymphatic Insights In A Nutshell 

 Unidirectional flow of CSF along the interstitium 
mediated by the glymphatics occurs only in sleep and it 
abates on arousal (mediated by adrenergic tone) 

 Supine and lateral sleeping postures optimize glymphatic 
function and prone sleeping reduces efficiency by 40% 

 Voluntary exercise and low dose alcohol enhance 
glymphatic efficiency 

 Head injury, diabetes mellitus, strokes (especially 
lacunar), and obstructive sleep apnoea impair glymphatic 
efficiency 

 Glymphatic function excretes beta-amyloid and tau in 
normal asymptomatic individuals 

 





Astrocyte Functions  in Sleep 



The Astrocyte: A Quiet But Industrious Renovator  
In Sleep 

 The unidirectional flow of CSF during glymphatic activation in 
sleep is mediated by a gating structure, Aquaporin-4 located 
on the foot process of the astrocyte. 

 The sleep homeostasis driven by adenosine accumulation is 
dependent on astrocytic production and streaming onto A1R 
adenosine receptors. 

 Astrocytes also regulate neuronal slow oscillations in cortical 
pyramidal cells. 

 ANLS: astrocytes take up glucose, metabolize it to lactate and 
shuttle it to neurons via mono-carboxylate transporters. 

 This is pivotal for sleep associated memory consolidation. 

 

 











Synaptic Homeostatic Hypothesis 





The Functions Of Human Sleep 

 Several studies reveal that NREM sleep is responsible for 
memory consolidation, a complex process that involves transfer 
of data from temporary storage in the hippocampus that occurs 
in daytime to permanent storage in the frontal and parietal 
neocortices. This occurs during the phase of slow wave sleep, 
reflected in the EEG as sleep spindles and K complexes. 

 Recent studies imply that REM sleep is responsible for emotional 
salience/health, and REM deprivation produces anxiety and 
cyclothymic mood dysfunction. REM consolidates emotional 
memories 

 The final function of sleep is waste clearance of brain 
metabolites, e.g. amyloid and tau via the GLYMPHATIC SYSTEM, 
activated exclusively in sleep and suppressed during 
wakefulness. 

 



The Functions Of Human Sleep 

 The Synaptic Homeostatic Hypothesis: postulates that the 
key function of sleep is to prune and sculpt synapses 
acquired during daytime cerebral experiences and 
functioning from a large collection of all data to a 
moulded and useful archive of synapses which will 
constitute memories of the daytime experiences.  

 These memories to be archived and stored are selected 
by a process being understood as based on thresholds of 
synaptic frequency and intensity. The actual regulatory 
processes are not fully understood. 

 This integrates processes of restoration and repair of CNS 
architecture. 

 



Sleep functions 

 Memory consolidation. 

 Emotional Salience. 

 Protective behavioral adaptation  

 Biochemical waste debridement: beta-amyloid & 
phosphorylated tau.   

 Energy conservation.  

 Body growth: restorative physiology.  

 Regulation of immune function: NK cells 

 Energy Homeostasis and weight regulation  

 



Animal Kingdom Sleep Duration 



Uni-hemispheric Slow Wave Sleep 

 A phenomenon observed in the animal and avian 
kingdom wherein survival requires a watch-out for 
predators during sleep 
 Dolphins 

 Whales 

 Porpoises 

 Manatees 

 Fur Seal 

 Sea Lion 

 Numerous Bird Species 

 





The Effects of Sleep Deprivation 

 Excessive daytime drowsiness 

 Impaired memory and cognitive functioning: loss of 
speech fluency, risk assessment failure, inability to 
appreciate humour 

 Higher vulnerability to seizures despite compliance 
with AEDs 

 Increase in generalized anxiety and vulnerability to 
extreme irritability: Chronically could lead to psychosis 

 Altered immunological competence and enhanced risk 
of immune mediated disorders 

 Change in dynamics of leptin, ghrelin, ad resultant risk 
of obesity and insulin resistance and atherosclerosis 

 















Alzheimer’s Disease & OSA: shared pathogenicity 





Take Home Messages 

 The neuroscience of sleep has undergone a revolutionary 
understanding of its fundamental biological basis, and the 
anatomical basis of its key postulated purpose. 

 There has been an explosion in scientific endeavours to 
unravel the pathological consequences of poor sleep 
physiology.  

 Sleep aberrations are perceived as an acquired lifestyle 
disorder of these current times that may lead to 
neurological holocaust within a few decades. 

 ‘Winter is truly coming’ if we ignore/disregard sleep 
physiology. 

 




