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Rasmussen et al, Lancet Neurology 2018



Iliff et al, sci trans med 2012
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Glymphatic pathway and sleep

Wake suppresses influx Sleep improves clearance 

Xie L, et al. 2013;342:373–377.



Shokri-Kojori, PNAS 2018

1-night sleep 
deprivation

Amyloid-B



Intrathecal tracer injections

Slide courtesy of - l.hirschler@lumc.nl
16Ringstad et al. JCI insight. 2018

Eide et al. Brain. 2021

Sleep deprived

Sleep



M. Alzheimer

• Sleep-wake rhythm problems are prevalent
– Often one of the first symptoms

– Often the prime reason for 
institutionalization 

Weinshenker D. et al, Curr. Alzheimer Res. 2008, Fronczek et al, 

Neurobiol. Aging 2012, Naismith SL, et al.  J. Alzheimers Dis. 2014.



M. Alzheimer

suprachiasmatic
nucleus

Weinshenker D. et al, Curr. Alzheimer Res. 2008, Fronczek et al, Neurobiol. Aging 2012, Naismith SL, et al.  J. Alzheimers Dis. 2014; Swaab et al, Brain Research 1985 .

Ventrolateral
pre-optic
nucleus

Hypocretin
producing
neurons in the
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De Leon et al, J Nuclear Medicine 2017



Kang et al, Science 2009

Sleep deprivation

Amyloid-bèta depositions

APP-mice



Kang et al, Science 2009

Sleep improvement (?)

Amyloid-bèta depositions

APP-mice



Prevalence >60 years: ±35-55% 

Aβ

Amyloid Precursor Protein

(APP) 

Keage et al BMC Neurol 2009

Slide courtesy of Ellis van Etten (LUMC, Leiden)

Cerebral Amyloid Angiopathy
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Sleep and headache: Differential 
diagnosis

• Cluster headache1–3

• Paroxysmal hemicrania1–3

• SUNCT/SUNA1,2

• Migraine with/without aura2,3

• Hypnic headache1–3

• Exploding head syndrome3,4

• Secondary / Overuse / Apnoea / Hypertension / …1–3

1. Armand CE, et al. Migraine Mimics. 2019. Available at: https://practicalneurology.com/articles/2019-may/migraine-mimics [Last accessed September 2023]; 2. Headache Classification Committee of 

the International Headache Society (IHS). 2018;38:1–211; 3. Singh NN, Sahota P. 2013;15:704–722; 4. Sateia MJ. 2014;146:1387–1394.

https://practicalneurology.com/articles/2019-may/migraine-mimics
https://practicalneurology.com/articles/2019-may/migraine-mimics
https://practicalneurology.com/articles/2019-may/migraine-mimics
https://practicalneurology.com/articles/2019-may/migraine-mimics
https://practicalneurology.com/articles/2019-may/migraine-mimics


Hypnic Headache

• ‘Alarm Clock Headache’
• >50 year old
• Bilateral (66%) 
• 15 minutes - 4 hours
• Mild nausea 
• No

– autonomic features
– restlessness



Hypnic Headache: Differential
Diagnosis

Sleep Apnea

Hypertension

Hypoglycaemia

Analgetics Overuse

Secondairy Headache



Hypnic Headache & REM-Sleep?

Pinessi, et al. 2003



Sleep stage?

Holle, et al. 2013



Migraine and sleep

• Patients often report
• Sleep deprivation = trigger1,2

• Sleeping too long = trigger1,2

• Sleep can abort an attack1

• Sleep enhances effects of triptans3

1. Vgontzas A, Pavlović JM. 2018;58:1030–1039; 2. Singh NN, Sahota P. 2013;15:704–722; 3. Nesbitt AD, et al. 2014;34:756–766; 4. Houle TT, et al. 2012;153:2432–2440. 
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Cluster Headache: Timing of Attacks

De Coo, et al. 2019



Sleep & Stroke

• Sleep deprivation impairs
recovery after stroke

• Sleep apnea is a cardiovascular
risk factor

• Increased odds of sleep apnea
after stroke

• Screening/PAP-treatment?
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Sleep & Stroke

Bassetti et al, N
eurology, 2019



Javaheri et al, JAC
C

 2024
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Conclusions
• Neurodegeneration 

• Sleep deprivation might impair glymphatic clearance → raises amyloid-β burden, 
• Disturbed sleep-wake rhythm early symptom of Alzheimer’s disease

• Primary Headache Disorders 
• Tied to the sleep-wake cycle 
• Cluster headache, hypnic headache, migraine and exploding head syndrome 
• Sleep history essential to the differential diagnosis

• Sleep and Stroke 
• interact bidirectionally
• sleep deprivation impairs post-stroke recovery
• sleep apnoea is both a risk factor for stroke and more prevalent after it

Sleep is a modifiable factor across these conditions, opening potential avenues for 
screening and treatment in neurological practice
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Exploding Head Syndrome

• Feeling/hearing a bang
• Waking up / falling asleep

• Light flashes (10%)
• Fear/sweating

• Tachycardia
• Infrequent

• Irregular

Clomipramine / Flunarizine / Nifedipine / 
Topiramate / Carbamazepine / Methylfenidate / 

But most of all: don’t worry…!



Holle, et al. 2011



Hypnic Headache: Treatment

Lithium

Indometacin

Caffein

Melatonin

… (topiramate, flunarizine, gabapentin, verapamil, pizotifen, lamotrigine, valproate)

Silva-Neto et al. 2019



Pittsburgh Sleep Quality 

Index (PSQI)

*Numbers refer to the sources cited in the Stanyer et al. 2021 meta-analysis.1

1. Adapted from: Stanyer EC, et al. 2021;97:e1620–e1631; 2. Duan S, et al. 2022;13:955298.

Bad Sleep

*

1

2



Migraine Buddy: 
Big data on sleep

1. Adapted from: Stanyer EC, et al. 2023;24:123; 2. Photo source: King’s College London. Emily Stanyer. 
Available at: https://kcl-mrcdtp.com/students/emily-stanyer/ [Last accessed September 2023].

Attack

Chance

https://kcl-mrcdtp.com/students/emily-stanyer/
https://kcl-mrcdtp.com/students/emily-stanyer/
https://kcl-mrcdtp.com/students/emily-stanyer/
https://kcl-mrcdtp.com/students/emily-stanyer/
https://kcl-mrcdtp.com/students/emily-stanyer/


Migraine and chronotype
• Migraine patients often have an ‘early chronotype’

• Circadian distribution of attack onset

van Oosterhout WPJ, et al. 2018;38:617–625.



Rasmussen et al, Science 2024

Cortical Spreading Depression
(CSD, aura) is elicited in a 

migraine model

CSF is collected and exposed
to trigeminal ganglion neurons 

in other mice

CSF after CSD 
vs

‘normal CSF’ 

Trigeminal
ganglion



Miao et al, Nature Neuroscience 2024 

Clearance?

Sedation

Sleep

Wake
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