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Functional 
brain imaging 
in sleep 
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Neuroimaging in Sleep
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Functional neuroimaging methods for 
assessing brain function during sleep
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Neuroimaging in Normal Human Sleep
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Neuroimaging Insights into the 
Pathophysiology of Sleep Disorders
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Functional Neuroimaging of Normal Human 
Sleep: Wakefulness

18F-FDG-PET 15O-PET

Cerebral 
glucose 
metabolism 
: Prefrontal 
and parietal 
lobes (both 
on the medial 
wall and 
convexity) 

Regional 
cerebral blood 
flow (CBF) 
during awake
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Normal Human Sleep: NREM Sleep
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Functional Neuroimaging of Normal Human 
Sleep: NREM Sleep

Dang-Vu, TT. Sleep Disorders Medicine 2017 
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Functional Neuroimaging of Normal Human 
Sleep: NREM sleep

18F-FDG-PET in NREM shows hypometabolism over prefrontal, parietal and temporal cortex. and thalamus 

Dang-Vu, TT. Sleep Disorders Medicine 2017 Regions where relative metabolism is less in NREM sleep than in waking.
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Functional Neuroimaging of Normal Human 
Sleep

18-F-FDG-PET

Cerebral glucose metabolism 

Whole-brain metabolic rates in the waking condition were intermediate between those in REM and nonREM sleep

Metabolic rate higher throughout the cortex in REM than nonREM sleep, cingulate and frontal cortex, thalamus, and 
visual association
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Functional Neuroimaging of Normal Human 
Sleep: NREM

Dang-Vu, TT. Sleep Disorders Medicine 2017 
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Functional Neuroimaging of Normal Human 
Sleep: NREM sleep

15O-PET rCBF correlated with EEG during NREM 
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Functional Neuroimaging of Normal Human Sleep: NREM sleep
fMRI correlated with EEG during NREM 

thalamus, anterior 
cingulate cortex and 
insula 

brainstem, cerebellum, 
parahippocampal gyrus, 
inferior frontal gyrus, 
precuneus and posterior 
cingulate gyrus 

Dang-Vu TT; etal., SLEEP 2010 

PET correlates of 
spindles

PET correlates of slow 
waves. (stage 4) NREM 
sleep

rCBF during NREM 
sleep shown to 
negatively correlate 
with sigma power in 
the thalamus 
bilaterally.

Slow wave activity 
recorded at the scalp 
negatively correlated 
with rCBF in several 
brain areas (thalamus, 
brainstem, cerebellum, 
anterior cingulate, and 
orbitofrontal cortex).

13

Normal Human Sleep: REM sleep
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Normal Human Sleep: Functional 
neuroimaging in REM sleep
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Functional Neuroimaging of Normal Human 
Sleep: REM sleep

Increase rCBF during REM sleep
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Functional Neuroimaging of Normal Human 
Sleep: REM sleep

REM Sleep shows hypermetabolism 
§ Ventral striatum, subgenual, pregenual and dorsal 

anterior cingulated cortex, medial prefrontal cortex, 
supplementary motor area (SMA) and primary 
sensorimotor cortex

§ Basal forebrain, basal ganglia, premotor cortex, 
cerebellum, insular cortex, mesial temporal cortex 
including the hippocampus, amygdala, and uncus, and 
brainstem reticular formation

18F-FDG-PET
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Functional 
Neuroimaging 
of Normal 
Human Sleep: 
REM sleep

Regional brain activity in subcortical 
mesopontine and thalamic regions 
during human REM sleep is in 
keeping with our current 
understanding of sleep generation in 
animals

REM sleep is generated by neuronal 
populations of the mesopontine 
reticular formation that activates the 
thalamic nuclei, which in turn activate 
the cortex
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Functional Neuroimaging of Normal Human 
Sleep: rCBF in NREM and REM

NREM REM

Decreased rCBF in NREM and REM sleep

15O-PET

Dang-Vu, TT. Sleep Disorders Medicine 2017 

inferior and middle 
dorsolateral 
prefrontal gyri, the 
inferior parietal 
cortex, and the 
posterior cingulate 
cortex and precuneus
were the least active 
brain regions

Frontal (in particular 
dorsolateral and 
orbital prefrontal 
cortex) 

Parietal cortex 
A lesser extent in 
temporal and insular 
cortices
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Functional Neuroimaging of Normal Human 
Sleep: 

Dang-Vu, TT. Sleep Disorders Medicine 2017 

Cerebral glucose metabolism (CGM) and 
regional cerebral
blood flow (CBF) during 
• deep NREM sleep (first column)
• REM sleep (second column)
• wakefulness (third column).
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Functional Neuroimaging of Normal Human 
Sleep: REM sleep
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Functional Neuroimaging of Normal Human 
Sleep: REM sleep
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Default-mode network during sleep
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Neuroimaging of Sleep Disorders
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Functional Neuroimaging in Sleep Disorders
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Functional Neuroimaging: Idiopathic Insomnia
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Functional Neuroimaging: Idiopathic Insomnia
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Functional Neuroimaging: 
Idiopathic Insomnia

Insomnia patients showed increased global CMRglu during 
transition from waking to sleep onset as compared to healthy 
subjects, suggesting there is an overall cortical hyperarousal in 
insomnia

Metabolic increase in ascending reticular 
activating system, hypothalamus, thalamus, 
insular cortex, amygdala, hippocampus, 
anterior cingulate, and medial prefrontal 
cortices
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Functional Neuroimaging: Narcolepsy

§ Human narcolepsy has been found to be associated with 
reduction in or loss of the hypothalamic peptide hypocretin 
(also called orexin) implicated in arousal systems
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Functional Neuroimaging: Narcolepsy
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Functional Neuroimaging: Narcolepsy

hypermetabolism in 
narcolepsy–cataplexy in fully 
awake condition in the limbic 
cortex specifically in the 
anterior and mid cingulate 
cortex, in the right cuneus and 
lingual gyrus.
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Functional Neuroimaging: OSA

§ OSAS may lead to functional and structural brain 
alterations. 

§ Functional alterations such as sleep 
fragmentation often associated with 
neuropsychological deficits that can be 
reversible after treatment of OSAS
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Functional Neuroimaging: OSA
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Functional Neuroimaging: OSA
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Functional Neuroimaging: OSA

18FDG PET showed decrease in brain metabolism involved precuneus, the middle and 
posterior cingulate gyrus, and the parieto–occipital cortex, as well as the prefrontal cortex.
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Functional Neuroimaging: OSA

Functional MRI in 
OSAS patients 
during a 2-back 
working memory 
task was associated 
with reduced 
dorsolateral 
prefrontal activity

while verbal learning 
was associated with 
increases in frontal 
cortex, thalamus and 
cerebellum. 

Regional gray matter 
loss in OSAS 
patients. VBM results 
in OSAS patients 
revealed gray matter 
loss 

left hippocampus or 
extending to regions 
involved in cognitive 
functions and motor 
regulation of the 
upper airway 
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Functional Neuroimaging: RLS

§ PLM characterized by periodic episodes of 
repetitive and highly stereotyped limb 
movements that occur during sleep 

§ While these movements disturbed sleep and 
can result in awakening, patients mostly 
unaware of movements or even that their sleep 
disturbed.

37

Functional Neuroimaging: RLS
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Functional Neuroimaging: RLS

BOLD increases 
during RLS. 

Cerebellum and 
thalamus are more 
activated (fMRI) when 
RLS patients 
experience leg 
discomfort 

Cortical gray matter 
changes in RLS. 

VBM in RLS patients 
revealed bilateral gray 
matter increase in the 
pulvinar 
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Functional Neuroimaging: PLM 
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Functional Neuroimaging in Sleep walking
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Functional Neuroimaging in Sleep walking

Bassetti et al. 2000, The Lancet) 
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Functional Neuroimaging : RBD

o A sizeable proportion of patients with RBD will 
develop extrapyramidal disorders, Lewy body 
dementia (LBD), and multiple system atrophy

o A strong association between RBD and a-
synucleinopathies, often preceding clinical onset 
of neurodegenerative disease
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Functional Neuroimaging : RBD
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Functional Neuroimaging: RBD

Metabolic changes 
during REM sleep, 
patients with RBD 
show 

• Decreased blood 
flow (SPECT) in 
the pons and 
superior frontal 
regions,

• Increased activity 
in the pons, 
putamen and 
hippocampus 
during rest at 
wake

Patients with RBD 
have lesions 
affecting the dorsal 
mesopontine
tegmentum 
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Functional Neuroimaging in RBD:
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Functional Neuroimaging in RBD: who 
develop/or not develop synucleinopathy

Dang-Vu et al. 2012, American Academy of Neurology 
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