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Hemiplegic migraine (HM) is an uncommon type of migraine which is classified into sporadic and familial 

subtype. The noticed electroencephalogram (EEG) findings during HM attack are diffuse slowing 

contralateral to the weakened limb, but are usually normal in asymptomatic states.

A 52-year-old woman who suffered from headache accompanying right arm weakness and aphasic 

symptoms admitted to our hospital. She underwent total five times of EEG including 2 times before 

admission. Only the last EEG exam after 24 hours of sleep deprivation (SD) showed intermittent slowing 

and higher amplitude of positive occipital sharp transients (POSTs) on the left parieto-occipital area. 

Here, we report a case with HM who revealed abnormal EEG findings after SD, which was not observed 

in the routine EEG study without SD. (2016;6:100-103)
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Introduction

Hemiplegic Migraine (HM) is a rare type of migraine which in-

volves reversible motor weakness and other aura symptoms. The dis-

ease is divided into familial and sporadic form by genetic studies or 

clinical history. Although gene mutation such as CACNA1A, ATP1A2 

and SCNA1A were known to be related with familial hemiplegic mi-

graine (FHM), there are no special diagnostic tool or guideline for 

sporadic hemiplegic migraine (SHM).1 

A recent study has suggested that Electroencephalogram (EEG) 

may be used for determining charateristics of migraine and reported 

that increased beta band of T3, F7, O1 and O2 channels in migraine 

patients.2 Other literature presented that patients with migraine 

showed more common spikes than the control group. During attacks 

of basilar migraine, unilateral or bilateral delta waves are recorded 

frequently.3 As in cases with HM, there have been a few findings of 

EEG reported as slow sharp waves and diffuse slowing with epilepti-

form discharges during hemiplegic migraine attack.4-6 However, 

these EEG of hemiplegic migraine were performed without sleep 

deprivation (SD). In the present case, we report a SHM patient who 

showed specific EEG findings after SD that were not observed during 

routine EEG without SD.

Case

A 52-year-old women visited our hospital due to severe headache 

during the evening mass. She had a history of migraine for two years 

that occurred about ten times per year. The headache was accom-

panied by symptoms of right arm weakness, confusion and motor 

aphasia which started with a duration of one year. These symptoms 

started with the headache simultaneously and usually persisted less 

than a few hours. On admission day, she complained with pres-

sure-like pain on the head diffusely that was aggravated by loud 

noise or activity of daily living. Her headache was accompanied by 

right arm weakness and mild motor aphasia that were developed 

simultaneously. She had no family history of HM, and the CACNA1A 

gene mutation was negative. Neurologic examination showed right 

arm paresis (MRC grade IV~V-), mild confusion and motor aphasia. 

The magnetic resonance imaging (MRI) revealed no specific findings 

except focal vascular dilatation on the right posterior communicating 

artery (Fig. 1). Her headache and aura subsided gradually and dis-

appeared after 4 hours. She was admitted for further evaluation of 

recurrent headache. She had been taken medical treatment for pro-

phylactic and symptomatic control with propranolol 10 mg twice a 

day, flunarizine 5 mg once a day, tofisopam 50 mg twice a day, tra-

madol 37.5 mg and acetaminophen 325 mg daily. She underwent to-
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Figure 2. The EEG after sleep deprivation. A. Medium amplitude of 5-6 Hz theta slowing on the left parieto-occipital area (arrow). B. Slowing on the left 

parieto-occipital area during photic stimulation (arrowhead). EEG, electroencephalography.
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Figure 1. Brain magnetic resonance imaging and angiography (MRI and 

MRA) showing with non-specific findings. (A) Diffusion-weighted imaging 

during headache and neurological deficit. (B) Fluid-attenuated inversion 

recovery imaging. (C) Diffusion-weighted imaging. (D) Intracranial MRA. (E) 

Extracranial MRA. (B-E) Imagings during symptom-free period. MRI, 

magnetic resonance imaging; MRA, magnetic resonance angiography.

tal five times of EEG including two times that had been done before 

admission and only the last EEG was performed with SD. Every EEG 

was performed in symptom-free state for about 30 minutes, includ-

ing activation process such as hyperventilation and photic 

stimulation. The previous four EEG revealed no specific abnormal 

findings. However, the last EEG which was performed after SD 

showed intermittent medium amplitude of 5-6 Hz theta slowing on 

the left parieto-occipital area which was also partially seen during 

photic stimulation (Fig. 2). Additionally, more prominent large ampli-

tude of POSTs was observed on the left occipital area during sleep 

stage I (Fig. 3). Her headache was resolved during hospitalization 

and she became symptom free after three months of follow-up.

Discussion

The patient in the present case suffered from headaches accom-

panied by reversible motor aphasia and right arm weakness, lasting a 

few hours that satisfies the criteria of HM. We could diagnose the pa-

tient as SHM because of the aforementioned symptoms and the ab-

sence of familial history with HM (Table 1). Gene mutations of 

CACNA1A, SCN1A, and ATP1A2 can cause FHM and we inves-

tigated only CACNA1A gene mutation in the present case that re-

vealed negative result.7 However, gene mutation is not one of the im-

perative criteria for SHM according to the beta version of the third 

edition of International Classification of Headache Disorders.1 The 

pathophysiologic mechanism of HM is not well known. Cortical 

spreading depression is an important factor to explain HM. 

Intracellular calcium influx significantly increased in the cerebral cor-

tex of a CACNA1A-transgenic mouse. Higher concentration of intra-

cellular calcium induces more excitable neuron which may result in 

excitotoxicity.8 

Specific EEG findings about HM patients are known to be charac-

terized by slow sharp waves on the hemisphere contralateral to the 

hemiplegic limb.4 Other researches showed diffusely slow and poly-

morphic theta activity with some epileptiform discharges over the 

cerebral hemisphere contralateral to the symptomatic hemiparesis.5,6 

Recent report revealed the temporospatial dynamics of EEG during 

the full duration of a sporadic hemiplegic migraine attack. They sug-
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Figure 3. Reference montage EEG. (A) Non-sleep deprived EEG (arrow). (B) Prominent POSTs showing on the left occipital area (arrowhead). POSTs, positive

occipital sharp transients; EEG, electroencephalography.

Hemiplegic migraine Patient

A. At least two attacks fulfilling criteria B and C Frequency of ten times a year

B. Aura consisting of both of the following:

1. fully reversible motor weakness Right arm weakness lasting about 4 hours

2. fully reversible visual, sensory and/or speech/language symptoms Intermittent motor aphasia that was fully recovered after 
several hours 

C. At least two of the following four characteristics

1. at least one aura symptom spreads gradually over ≥5 min, and/or two 
or more symptoms occur in succession

Not fulfilled

2. each individual non-motor aura symptom lasts 5-60 min, and motor 
symptoms last <72 hrs

Right arm weakness and motor aphasia lasting about 4 
hours

3. at least one aura symptom is unilateral Not fulfilled

4. the aura is accompanied, or followed within 60 min, by headache Headache and aura started simultaneously

D. Not better accounted for by another ICHD-3 diagnosis, and transient 
ischemic attack and stroke have been excluded.

Brain MRI & MRA was relatively normal

Table 1. Diagnostic criteria of hemiplegic migraine and application to the patient

gested that EEG slow waves may reflect recovery of cortical spread-

ing depression and large amplitude of slow waves during hemibody 

pain may be due to vasodilation of arteries.9 The EEG findings of the 

present case such as slow waves on the contralateral side of sympto-

matic limb and high amplitude of POSTs may also be explained by 

cortical spreading depression or vasodilation of arteries. However in 

the present case, the specific EEG findings revealed only after SD. 

Todd et al.7 reported SHM with permanent neurological deficits after 

sleep deprivation. They could not found the cause of permanent neu-

rologic deficits except suggesting irreversible neuronal damage and 

did not focus on sleep deprivation of the patient. SD may be a burden 

in brain functioning and might have induced severe hemiplegic mi-

graine or EEG changes in both cases. We tried to search other possi-

ble factors that might affect the EEG changes after SD. However, she 

had neither structural lesions on brain MRI nor histories of taking an-

tiepileptic or antipsychotic drugs.

Detection rate of interictal epileptiform discharges (IEDs) in pa-

tient with epilepsy are increased after SD that is explained by stabili-

zation of sleep instability and EEG cyclic alternating pattern.10-12 This 

case showed specific EEG changes in symptom-free state of SHM af-

ter SD. As the IEDs in patient with epilepsy are increased after SD, 

this may be also applied to SHM which could help clinical diagnosis. 

Conflict of Interest

The researcher claims no conflicts of interest.



Chan-Hyuk Lee, et al. Theta slowing after sleep deprivation in hemiplegic migraine 103

www.kes.or.kr

References

1. Headache Classification Committee of the International Headache 
Society (IHS). The international classification of headache disorders, 
3rd edition (beta version). Cephalalgia 2013;33:629-808.

2. Akben SB, Tuncel D, Alkan A. Classification of multi-channel EEG sig-
nals for migraine detection. Biomed Res 2016;27:743-8.

3. Sand T. Electroencephalography in migraine: a review with focus on 
quantitative electroencephalography and the migraine vs. epilepsy 
relationship. Cephalalgia 2003;23 Suppl 1:5-11.

4. Gastaut JL, Yermenos E, Bonnefoy M, Cros D. Familial hemiplegic 
migraine: EEG and CT scan study of two cases. Ann Neurol 
1981;10:392-5.

5. Vanmolkot KR, Stroink H, Koenderink JB, et al. Severe episodic neuro-
logical deficits and permanent mental retardation in a child with a 
novel FHM2 ATP1A2 mutation. Ann Neurol 2006;59:310-4.

6. Lebas A, Guyant-Marechal L, Hannequin D, Riant F, Tournier-Lasserve 
E, Parain D. Severe attacks of familial hemiplegic migraine, childhood 

epilepsy and ATP1A2 mutation. Cephalalgia 2008;28:774-7.
7. Schwedt TJ, Zhou J, Dodick DW. Sporadic hemiplegic migraine with 

permanent neurological deficits. Headache 2014;54:163-6.
8. van den Maagdenberg AM, Pietrobon D, Pizzorusso T, et al. A 

Cacna1a knockin migraine mouse model with increased susceptibility 
to cortical spreading depression. Neuron 2004;41:701-10.

9. Chastan N, Lebas A, Legoff F, Parain D, Guyant-Marechal L. Clinical and 
electroencephalographic abnormalities during the full duration of a 
sporadic hemiplegic migraine attack. Neurophysiol Clin 2016;46:307-11.

10. Fountain NB, Kim JS, Lee SI. Sleep deprivation activates epileptiform 
discharges independent of the activating effects of sleep. J Clin 
Neurophysiol 1998;15:69-75.

11. Giorgi FS, Perini D, Maestri M, et al. Usefulness of a simple sleep-de-
prived EEG protocol for epilepsy diagnosis in de novo subjects. Clin 
Neurophysiol 2013;124:2101-7.

12. Renzel R, Baumann CR, Poryazova R. EEG after sleep deprivation is a 
sensitive tool in the first diagnosis of idiopathic generalized but not 
focal epilepsy. Clin Neurophysiol 2016;127:209-13.


