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a b s t r a c t

Migraine and epilepsy are distinct neurological diseases with specific clinical features and

underlying pathophysiological mechanisms. However, numerous studies have highlighted

the complex and multifaceted relationships between the two conditions. The relationships

between headache and epilepsy manifest themselves in different ways. Firstly, the clinical

diagnosis of these disorders may be challenging in view of possible overlapping. While post-

ictal headache is a frequent condition, ictal epileptic headache is a rare but challenging

diagnosis. Both situations raise the question of the pathophysiological mechanism of

headache triggered by seizures. Migraine aura and epilepsy can also exhibit overlapping

symptoms leading to their misdiagnosis, in particular in the case of visual aura. Secondly,

migraine with aura and epilepsy can occur as a co-morbid condition, particularly in familial

hemiplegic migraine (FHM). From a pathophysiological perspective, the identification

of genetic mutations in FHM has brought significant advances in the understanding of

dysfunctions of neuronal networks leading to hyperexcitability. The purpose of this review

is to present clinical situations encompassing headache and epilepsy that can be challeng-

ing in neurological practice and to discuss the underlying pathophysiological mechanism of

such interactions.

# 2021 Elsevier Masson SAS. All rights reserved.
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Some surprise may be felt that migraine is given a place in

the borderland of epilepsy, but the position is justified by

many relations, and among them by the fact that the two

maladies are sometimes mistaken, and more often their

distinction is difficult Gowers 1907 [1]
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1. Introduction

Migraine and epilepsy are distinct neurological diseases with

specific clinical features and underlying pathophysiological
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Table 1 – ICHD-3 diagnostic criteria for ictal epileptic
headache [4]).

A. Any headache fulfilling criterion C

B. The patient is having a partial epileptic seizure

C. Evidence of causation demonstrated by both of the following

1. Headache has developed simultaneously with onset of the

partial seizure

2. Either or both of the following

a. Headache is ipsilateral to the ictal discharge

b. Headache significantly improves or remits immediately

after the partial seizure has terminated

D. Not better accounted for by another ICHD-3 diagnosis

r e v u e n e u r o l o g i q u e x x x ( 2 0 2 1 ) x x x – x x x2
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mechanisms. However, the frequent co-occurrence of both

conditions in a single patient and possible clinical similarities

have been pointed out by Gowers since the beginning of the

20th century [1]. Numerous studies have since highlighted the

complex relationship between headache and epilepsy. A

recent review and meta-analysis have shown that the pooled

estimated prevalence of headache among patients with

epilepsy was 48.4%, including primary headache such as

migraine with or without aura (26%) and tension-type

headache (26.2%), and secondary headache such as seizure-

related headache (43.1%) [2]. There is an overall 52% increase

in the prevalence of migraine among patients with epilepsy

versus non-epileptic patients and an overall 79% increase in

the prevalence of epilepsy among migraine patients versus

non-migraineurs (see [3] for a systematic review and meta-

analysis). In clinical practice, the relationships between

headache and epilepsy can be encountered in different

situations.

The relationships between headache and epilepsy mani-

fest themselves in different ways. Firstly, the clinical diagnosis

of these disorders may be challenging in view of possible

overlapping. While post-ictal headache is a frequent condi-

tion, ictal epileptic headache is a rare but challenging

diagnosis. Both situations raise the question of the patho-

physiological mechanism of headache triggered by seizures.

Migraine aura and epilepsy can also exhibit overlapping

symptoms leading to their misdiagnosis, in particular in the

case of visual aura. Secondly, migraine with aura and epilepsy

can occur as a co-morbid condition, particularly in familial

hemiplegic migraine (FHM). From a pathophysiological per-

spective, the identification of genetic mutations in FHM has

brought significant advances in the understanding of dys-

functions of neuronal networks leading to hyperexcitability.

Thirdly, the fact that some antiepileptics drugs are effective at

preventing migraine attacks supports the hypothesis that

migraine and epilepsy share several common pathogenetic

mechanisms.

The purpose of this review is to present clinical situations

encompassing headache and epilepsy that can be challenging

in neurological practice. We will first present clinical features

of seizure-related headache, as well as their lateralizing and

localizing value and pathophysiological mechanisms. In the

second part of this article, we will focus on the clinical and

pathophysiological relationships between migraine with aura

and epilepsy. In the last part, we will present the antiepileptic

drugs that have a proven efficacy in the preventative

treatment of migraine.

2. Seizure-related headache

2.1. Definitions and characteristics

2.1.1. Ictal epileptic headache

2.1.1.1. Definition and clinical features. Headache can occur

during an epileptic seizure and diagnostic criteria of ictal

epileptic headache have been proposed both by the Inter-

national Classification of Headache Disorders (ICHD) [4] and by

the International League Against Epilepsy (ILAE) [5].
Please cite this article in press as: Demarquay G, Rheims S. Relationships
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According to the ICHD, ictal epileptic headache is caused

by and occurs during a focal epileptic seizure (Table 1) [4]. The

pain can be described by patients with migraine features or

tension-type headache-like features, though non-specific

headaches are also reported [6,7]. Ictal epileptic headache

can be diffuse or lateralized [6]. This symptom can represent

the only manifestation of the seizure (see the paragraph

below) or can be associated with other epileptic symptoms.

The duration of ictal headache may vary from seconds or

minutes to hours or days in patients with status epilepticus.

The term ‘‘hemicrania epileptica’’ was previously used to

characterize ictal epileptic headache ipsilateral to the seizure

[8]. In the current classification, hemicrania epileptica is

considered as a very rare variant of ictal epileptic headache

[4].

According to the ILAE, ictal epileptic headache is classified

as a ‘‘focal sensory seizure with cephalic sensation, characte-

rized by a sensation in the head such as light-headedness or

headache’’ [5]. The term of cephalic aura is also used to refer to

‘‘abnormal sensations of the brain’’ [9] that can be more or less

painful, such as dizziness, lightheadedness, electrical shock-

like feelings, head numbness, and pressure [10]. To our

knowledge, no formal definition differentiates ictal epileptic

headache with tension-type headache-like features and

cephalic aura, even though this latter is frequently associated

with frontal aura [9] [11,12]. Contrary to the definition of ictal

epileptic headache (Table 1) [4], focal sensory seizure with

cephalic sensation and cephalic aura usually refers to diffuse

headache.

2.1.1.2. Pure ictal epileptic headache: a diagnostic challenge. -
Rarely, headache represents the sole manifestation of the

seizure; this condition is called ‘‘pure ictal epileptic heada-

che’’. Overall, 35 patients with pure epileptic headache have

been reported so far [6]; [13,14] but this condition may be

underestimated. Indeed, ‘‘pure ictal epileptic headache’’ has

no specific clinical characteristics and can mimic migraine or

tension-type headache [6,15]. Accordingly, diagnostic confir-

mation requires to observe the concomitant focal epileptic

discharge on electroencephalograph (EEG) monitoring. The

head pain usually lasts from a few seconds to a few minutes.

In rare cases, pure ictal epileptic headache can last hours,

corresponding to the only symptom of a nonconvulsive

status epilepticus [16,17]. Headache can be bilateral, ipsila-

teral or contralateral to the epileptogenic zone (see [6] for

review).
 between migraine and epilepsy: Pathophysiological mechanisms and
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Table 2 – ICHD-3 diagnostic criteria for post-ictal epileptic
headache [4]).

A. Any headache fulfilling criterion C

B. The patient has recently had a partial or generalized epileptic

seizure

C. Evidence of causation demonstrated by both of the following:

1. Headache has developed within three hours after the epileptic

seizure has terminated

2. Headache has resolved within 72 h after the epileptic seizure

has terminated

D. Not better accounted for by another ICHD-3 diagnosis

r e v u e n e u r o l o g i q u e x x x ( 2 0 2 1 ) x x x – x x x 3
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2.1.2. Post-ictal epileptic headache
2.1.2.1. Definition and clinical features. Post-ictal headache

refers to head pain caused by and occurring within three hours

after an epileptic seizure [4] (Table 2). The rate of post-ictal

headache ranges from 21.3% [18] to 46.3% [19]. According to a

recent meta-analysis, the pooled estimated prevalence of

post-ictal headache is 43.1% [2]. In a recent longitudinal study,

post-epileptic headache occurred after all seizures in 46.4% of

patients, frequently in 37.1% and rarely in 7.6% [19] while

another study showed that headache occurred in more than

50% of seizures in the majority of patients [20].

Headache can present with migraine features or tension-

type headache-like features. Post-ictal headaches with

migraine features are reported by 34 to 48% of adult patients

while tension headache-like symptoms are described by 35%

of patients (see for review [21]). Pain intensity is usually

moderate-to-severe with a pain score rated between 6.1 and

6.3 on visual analogic scale (VAS) [21]. A recent meta-analysis

found a mean weighted frequency of post-ictal headache and

post-ictal migraine of 33% and 16% respectively [22]. Post-ictal

headache is more frequently reported after generalized

seizures than focal seizures) [19,21,23,24]. Post-ictal heada-

ches are also common in children, lasting minutes to hours

and more likely to occur after generalized seizures [25]. In

patients with focal epilepsy, post-ictal headache occurs more

frequently in occipital lobe epilepsy than in frontal lobe

epilepsy [24].

2.1.2.2. A frequent but untreated headache. As discussed

below, post-ictal headache might be helpful for better

localizing the seizure onset zone. However, post-ictal heada-

che should foremost be recognized in order to propose an

appropriate treatment. While post-ictal headache is a fre-

quent symptom, this painful condition remains frequently

underestimated and, most importantly, undertreated [20].

Usually, neurologists and patients focus their attention on

seizures and not on post-ictal symptoms. A study revealed

that only 30% of attacks were treated with analgesic

medications [20], even for postictal headache of four hours

or longer duration. Other studies reported an even lower rate

of analgesic use. In Wang et al., none of the 469 patients with

post-ictal headache used analgesics [26] whereas another

study found that despite a mean post-ictal headache of

300 min and a mean VAS score of 5.9 � 2.3, most of the

patients did not treat head pain [27]. According to Förderreu-

ther et al. [20], patients do not treat their post-ictal headache

because they worry about taking more tablets and do not have

a specific prescription.
Please cite this article in press as: Demarquay G, Rheims S. Relationships
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In practice, clinicians should pay more attention to post-

ictal epileptic headache. First, we should ask patients

specifically about post-ictal symptoms, in particular patients

with occipital lobe epilepsy or generalized epilepsy, and define

the type and the duration of the headache. Secondly, an acute

treatment should be considered in patients with disabling

headache. Analgesics such as paracetamol or non-steroidal

anti-inflammatory drugs (NSAIDs) can be effective but severe

and long-duration headache with migraine-like features may

require specific treatments. In patients with disabling post-

ictal headache with migraine features non-responsive to

analgesics, triptans can be effective at relieving acute pain

[28,29].

2.1.3. Pre-ictal epileptic headache

The term ‘‘pre-ictal headache’’ is used to characterize

headache starting before the onset of the seizure [27,30].

Some authors distinguish prodromal pre-ictal headache that

occurs 24 h to 30 min before seizure onset and early pre-ictal

headache that occurs within 30 min of seizure onset [7,31].

Pre-ictal epileptic headache is not included in the current

International Classification of Headache Disorders. Moreover,

distinguishing pre-ictal headache from headache that would

correspond to initial subjective symptoms triggered by the

epileptic discharge may be difficult.

2.2. What is the lateralizing and localizing value of
seizure-related headache?

2.2.1. Lateralizing value
In patients with temporal lobe epilepsy, peri-ictal headaches

(including pre-ictal, ictal and post-ictal headaches) may have

a lateralization value when the pain is ipsilateral [7,32,33]. A

first study conducted in 60 patients with temporal lobe

epilepsy and 60 with extratemporal epilepsy found that peri-

ictal headache was more likely to be ipsilateral to the seizure

focus in patients with temporal lobe epilepsy (27/30 patients)

than in patients with extratemporal epilepsy (2/17 patients)

[33]. In another study conducted in 100 patients with mesial

temporal lobe epilepsy with hippocampal sclerosis, 72

patients suffered from peri-ictal headache [32]. Among the

42 patients with unilateral headache–including interictal and

peri-ictal headache–the pain was ipsilateral to the seizure in

31. More recently, an interview of 400 patients with drug-

resistant focal epilepsy undergoing presurgical evaluation

found a strong association between headache side and

seizure focus lateralization for both peri-ictal and inter-ictal

unilateral headache and both temporal and extra-temporal

lobe epilepsy [7].

2.2.2. Localizing value
Fewer studies have evaluated the possible localizing value of

seizure-related headache. Cephalic aura seems to be a

common aura in frontal lobe epilepsy. For Palmini and Gloor

[11], cephalic aura was found in 24% of patients (n = 49) with

frontal epilepsy but only in 12% (n = 5) with temporal epilepsy

and in 3% (n = 1) with parieto-occipital epilepsy. Cephalic aura

was reported respectively in 35% (n = 9/26) of patients with

refractory frontal lobe epilepsy (35%) [34] and in 7.8% (n = 6/76)

of frontal aura [9]. In a stereoelectroencephalography (SEEG)
 between migraine and epilepsy: Pathophysiological mechanisms and
.neurol.2021.06.004
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study performed in 11 patients with subjective signs and

premotor epilepsy, three patients reported cephalic aura:

‘‘electrical sensation in the head, sometimes in the whole

body, epigastric sensation’’ ‘‘cephalic sensation like a weight

on the head, dizziness’’, ‘‘indefinable sensation in the head’’

[35].

An important orientation element is the headache dura-

tion. Although occipital seizures can rarely be associated with

headache of brief duration [36], the majority of patients with

headaches related to parieto-occipital or occipital seizure

present with long duration migraine-like headache associated

with phono-photophobia and/or nausea, which can evolve to

non-convulsive status epilepticus mimicking a migraine

attack lasting hours or even days [16,37,38]. Similarly, post-

ictal headache is frequently associated with occipital epilepsy

[24] and is also common in idiopathic childhood occipital

epilepsy of Gastaut [39]. In contrast, frontal or temporal lobe

epilepsy are associated with brief headaches (Table 1) [6].

Headaches occurring during epileptic aura (i.e. subjective

manifestations triggered by the epileptic discharge at the

onset of a focal seizure) could also point to a seizure origin in

the temporal or frontal regions. In a study including patients

who underwent video-EEG monitoring, six out of 831 (0,7%)

experienced headache as an aura [15]. Five of them suffered

from temporal lobe seizures and one from central seizure. The

headache was diffuse in one patient, bifrontal in one patient,

ipsilateral to the focus in three patients and contralateral in

one patient. In patients suffering from temporo-mesial

epilepsy with hippocampal sclerosis, headache was reported

in 3% of auras [40].
Fig. 1 – Occurrence of a focal status epilepticus in a severe hemip

18-year-old man was brought to the emergency department for

drowsiness. EEG on admission (a) showed right delta activity. S

seizures affecting the left side of the body. EEG (b) showed foca

performed during the status epilepticus showed an increased s

matter in the right hemisphere. Genetic analysis confirmed the

Please cite this article in press as: Demarquay G, Rheims S. Relationships
clinical implications. Revue neurologique (2021), https://doi.org/10.1016/
2.3. Pathophysiology of seizure-related headache

The pathophysiological mechanism of seizure-related heada-

che is still a matter of debate and can vary depending to both

the origin of the seizure and the nature of the headache. Long

duration headaches with migraine-like features occurring

during either status epilepticus (ictal headache) or after the

seizure (post-ictal headache) may reflect the activation of the

trigeminovascular system by the seizure. Mechanical and

electrical studies conducted in the middle of the 20th century

described dura mater, venous sinuses, meningeal and pial

arteries as pain-sensitive intracranial structures [41,42]. These

findings and further studies on neuropeptide-containing

trigeminal nerves led to the description of the trigeminovas-

cular system (see [43] for review). Alternatively, brief epileptic

headache could reflect cortical symptoms elicited by the

epileptic discharge. SEEG studies have shown that headache

can be induced by stimulations. The earliest studies conduc-

ted by Penfield and colleagues mentioned that ipsilateral or

contralateral headache to the stimulated side could exceptio-

nally be evoked by cortical stimulations [44]. The authors

stated that ‘‘these painful sensations are to be looked upon as

evidences of referred pain from stimulation of the brain as an

organ. This would seem to be contradictory to the statement (.)

that the brain is insensitive’’ [44]. Further studies reported

headache in patients with drug resistant epilepsy in response

to stimulation of the insula [45] and rhinal cortex [46]. A recent

study including more 16,000 cortical stimulations performed

in 266 patients who underwent a SEEG showed that headache

was evoked in 1.3% of cortical stimulations, mostly during the
legic migraine attack in a patient with ATP1A2 mutation. An

 a severe migraine attack with left hemiplegia and

ix days after admission, he developed recurrent clonic

l status epilepticus affecting the right hemisphere. MRI (c)

ignal and swelling of the cortex and juxtacortical white

 diagnosis of familial hemiplegic migraine (FHM2).

 between migraine and epilepsy: Pathophysiological mechanisms and
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temporo-frontal limbic stimulations [47]. Pain was more

frequently described as bilateral (42.31%) than ipsilateral

(16.83%) or contralateral. The pathophysiology of headache

triggered by electrical stimulations is still unknown, but the

hypothesis of a meningeal spread of the electrical stimulation

is unlikely when the pain is bilateral or contralateral to the

electrical stimulation. Triggered-headaches by SEEG stimula-

tions and ictal headache may reflect either somatosensory

pain caused by activation of the central network in pain or an

autonomic response resulting from activation of the central

autonomic network [47,48].

3. Epilepsy and migraine with aura

3.1. Coexistence between epilepsy and hemiplegic
migraine

The most obvious link between migraine and epilepsy

conditions is observed in patients with FHM, a rare autosomal

dominantly inherited subtype of migraine with aura. FHM is

caused by mutations in three main genes CACNA1A (FHM1),

ATP1A2 (FHM2) and SCN1A (FHM3) which all encode ion

transporters (see for review [49]). Mutations of the pre-

synaptic protein PRRT2 have also been identified in patients

with hemiplegic migraine [50,51]. Attacks of hemiplegic

migraine include both: reversible motor weakness ranging

from mild paresis to complete hemiplegia and; reversible

visual, sensory, and/or speech/language symptoms [4].

Contrary to migraine with non-hemiplegic aura, subjects

with FHM mutations can also1 present cerebellar ataxia and

paroxysmal features including recurrent coma or epilepsy.

Mutations in FHM gene have been identified both in FHM and

in epilepsy. In affected families, patients can present both

epilepsy and hemiplegic attacks, epilepsy without migraine

attacks or hemiplegic attacks but no seizure [52]. Seizures can

occur during hemiplegic migraine attacks (Fig. 1). Unlike non-

hemiplegic migraine, severe FHM attacks can include variable

degrees of impaired consciousness, confusion, elevated

temperature and cerebral edema [49]. Focal seizures have

been reported during such severe hemiplegic attacks in

patients carrying CACNA1A and ATP1A2 mutations, but not

SCN1A (see for review [52,53]). Alternatively, seizures can

occur independently from familial hemiplegic migraine

attacks. Epilepsy can be focal or generalized without a clear

correlation between mutation type (CACNA1A, ATP1A2, SCN1A

and PRRT2) and the type of epilepsy. However, epilepsy seems

to occur frequently before the onset of the hemiplegic attacks

during childhood [53]. Moreover, the evolution of epilepsy has

a good prognosis in the majority of patients [52]. This good

evolution is particularly striking in FHM patients with SCN1A

mutations and strongly contrasts with Dravet syndrome, a

severe epileptic encephalopathy associated with other types

of SCN1A mutations.

The genetics of migraine is detailed in another article by

Anne Ducros of this themed issue dedicated to migraine.
1 Attacks of hemiplegic migraine include both reversible motor
weakness ranging from mild paresis to complete hemiplegia and
reversible visual, sensory and/or speech language symptoms

Please cite this article in press as: Demarquay G, Rheims S. Relationships
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Briefly, the gene CACNA1A codes for the a1 subunit of the

Cav2.1 P/Q type Ca2+ channel. FHM1 is generally associated

with missense gain-of-function mutations with increased

Ca2+ influx and enhanced glutamate release at cortical

synapses [54]. ATP1A2 encodes the a2 subunit of the

sodium-potassium ATPase pump mainly expressed in astro-

cytes. FHM2 mutations lead to impaired glial reuptake of

potassium and glutamate from the synaptic cleft [54]. Both a

gain of function of CaV2.1 and a loss of function of the a2 Na+/

K+ pump could lead to increased glutamate release from

excitatory synapses or decreased glutamate clearance by

astrocytes and consequently increase the propensity to

cortical spreading depression [53]. The SCN1A gene encodes

the a-subunit of voltage-gated sodium channel Nav1.1. Most of

FHM3 mutations cause a gain of function in NaV1.1 leading to

excessive excitability of glutamatergic neurons [53,55]. The

genotype-phenotype correlations seem to depend on the

functional effects of the SCN1A mutations rather than their

positions in the canal proteins [55]. Overall, hemiplegic attacks

and epilepsy can be generated by an alteration of the same

neural network, but to our knowledge, the precise mecha-

nisms that could generate epilepsy (mainly benign epilepsy in

childhood) and spreading depression in migraine aura are not

established [53].

3.2. Differential diagnosis of migraine with visual aura
and occipital epilepsy

3.2.1. Clinical characteristics
Occipital epilepsy and migraine aura can present both positive

and negative elementary visual symptoms (Table 3). The most

common symptoms of migraine aura include flashes of bright

light, phosphenes (small bright dots), foggy/blurred vision,

zigzag lines, scotoma [56,57]. Most auras have more than one

visual symptom [57]. The most characteristic symptom of

migraine aura is fortification spectrum (or teichopsia). The

most striking difference between occipital epilepsy and

migraine aura relies on the duration of the visual symptoms:

from seconds to minutes in epilepsy, from 5 to 60 min (mean

duration 30 min) in migraine aura [56,57]. In a study

comparing the clinical characteristics of migraine and

epileptic visual auras, the mean duration of aura was 56 s

in epilepsy and 20 min in migraine [58]. A cutoff duration

of � 5 min was discriminant to identify migraine patients

(100% sensitivity, 92% specificity). One exception that can lead

to an incorrect diagnosis is status epilepticus (see chapter

below 3.2.2). Regarding the clinical description of the aura, a

stereotypic lateralization and a horizontal drift of visual

symptoms points to an epileptic origin [58]. In contrast,

migraine aura can present with heterogenous clinical pre-

sentation within the same patient [59]. The majority of

migraine aura (76%) has a gradual onset [60], while epilepsy

is associated with a sudden onset of visual aura. Contrary to

previous reports [61], colorful aura may be encountered in

migraine aura [56,58]. Associated symptoms may also be

helpful to distinguish the two entities, such as the occurrence

of other epileptic symptoms or, on the contrary, migrainous

somatosensory, aphasic and/or hemiplegic aura. Migraine-

like headache with nausea/vomiting, photo-phonophobia

points to a migraine origin but it is important to recall that
 between migraine and epilepsy: Pathophysiological mechanisms and
.neurol.2021.06.004
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Table 3 – Key differences for differentiating visual auras in migraine and epilepsy.

Migraine aura Occipital lobe epilepsy

Duration May vary from 5 to 60 min (mean 20–30 min) Vary from seconds to minutes (typically < 5 min)

except status epilepticus)

Onset of symptoms Progressive Sudden

Variability in the clinical

presentation

Possible variability of visual symptoms and

alternated side between attacks

Homogeneous presentation and frequent

restriction of the visual sensation to one visual

field

Accompanying symptoms Somatosensory, aphasic and/or hemiplegic aura Other epileptic symptoms

Headache Frequent (migrainous or non-migrainous

headache) but aura without headache can occur

Rare but migrainous or non-migrainous headache

can occur especially after status epilepticus

r e v u e n e u r o l o g i q u e x x x ( 2 0 2 1 ) x x x – x x x6
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occipital epilepsy is frequently followed by a post-ictal

headache that can present with migraine-like features (see

chapter I.1.2).

3.2.2. Migralepsy
Migralepsy or migraine-aura triggered seizure is a debatable

concept that describes a condition in which an epileptic

seizure is preceded by an attack of migraine with aura. This

term was first used by Lennox and Lennox to characterize

‘‘ophthalmic migraine with perhaps nausea and vomiting

followed by symptoms characteristic of epilepsy’’ [62].

However, visual migraine aura and occipital seizures may

be mistaken one for the other, in particular in long-duration

seizures (occipital status epilepticus) that can additionally be

followed by a post-ictal headache. Occipital status epilepticus

consisting of elementary visual hallucinations that evolve to a

complex partial seizure or to secondary generalized seizure

could mimic migralepsy. In a review of 50 potential migralepsy

cases, most of the cases were questionable and suggestive of

occipital lobe seizures [63]. To our knowledge, no convincing

case with a concomitant EEG recording has been published.

4. Antiseizure drugs (ASD) in migraine

4.1. Which ASD are effective in migraine prophylaxis?

Among the available ASD, topiramate and sodium valproate

(VPA) are the most studied and effective treatments for

migraine prevention. However, both raise important issues in

women of childbearing age, which must be balanced with

their potential efficacy.

The effectiveness of VPA in the prevention of migraine was

first suggested in an open-label study [64] and was confirmed

in further placebo-controlled trials [65,66]. Other trials showed

that divalproex sodium is also effective in migraine prevention

[67,68]. Valproic acid is usually started at 25O mg/day with a

slow titration to reach 500 to 1000 mg/day [69]. Common side

effects include nausea, weight gain, somnolence, tremor,

alopecia and increased liver function enzyme levels (liver

function testing is recommended). As extensively shown, VPA

significantly increases the risk of severe fetal malformations

[70] as well as of cognitive deficits [71], mental retardation

and autism [72] in children exposed in utero. Accordingly,

VPA must not be prescribed for women with migraine of

childbearing age.
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Topiramate is an effective prophylactic medication for

episodic migraine [73,74] and chronic migraine [75], even in

the presence of medication overuse [76]. A meta-analysis

showed that topiramate was superior to placebo in the overall

mean reduction monthly number of headache day and was

more effective than placebo at reducing migraine days by

more than 50% [77]. Topiramate is usually started at 25 mg/day

with a titration by 25 mg/week or slower to reach 100 mg/day

(if necessary up to 200 mg per day). Common side effects

include paresthesia, weight loss, cognitive effects (word-

finding difficulties), depression, cognitive slowing, renal

calculi, acute myopia with secondary angle closure glaucoma.

Adverse events are more frequently reported by migraine

patients than epileptic patients [78,79]. Topiramate is

contraindicated in pregnant women and in those who wish

to become pregnant, in patients with glaucoma, severe

pulmonary disease, metformin use, hepatic disease, nephroli-

thiasis or renal failure. Topiramate must be used with caution

in patients with depression. Topiramate has also been shown

to increase the risk of severe malformations in fetuses

exposed in utero, especially when used in association with

other ASD [80]. Childbearing women must be clearly informed

of this teratogenic risk.

Other ASD could be effective for the preventive treatment

of migraine. Two meta-analyses concluded that levetiracetam

was effective in patients with episodic migraine [77,81].

Levetiracetam showed efficacy in chronic migraine in one

study, but was inferior to VPA [82]. Small-sized trials and a

meta-analysis suggest that lamotrigine is effective in the

prevention of migraine with aura [77,83] but there is not any

proof of efficacy in migraine without aura. Furthermore, it

should be noted that headache is a common side effect of

lamotrigine [84].

In contrast, other ASD commonly used in the treatment of

other painful disorders failed to prove efficacy in the

prophylactic treatment of migraine. A multicenter, double-

blind, placebo-controlled trial showed no difference between

oxcarbazepine and placebo in the mean change in the number

of migraine attacks [85]. Several trials demonstrated that

gabapentin was not superior to placebo [77].

4.2. Mechanism of action of ASD in migraine

The mechanism of action underlying the preventive effect of

ASD in migraine remains unknown. Preventive treatment may

target peripheral-dural or central trigeminovascular mecha-
 between migraine and epilepsy: Pathophysiological mechanisms and
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nisms involved in migraine pathophysiology. Animal studies

showed that intravenous topiramate inhibits neuronal firing

in the trigeminocervical complex and modulates trigemino-

vascular transmission within the trigeminothalamic pathway

[86–88]. More recently, VPA (as well as flunarizine, propranolol

and amitriptyline) was shown to inhibit ongoing and acute

nociceptive activation of central trigeminal neurons [89]. In

this study, lamotrigine did not inhibit ongoing spontaneous

trigeminocervical neuronal firing. Another study demonstra-

ted that topiramate can inhibit the CGRP secretion from

activated trigeminal neurons [90].

In humans, a placebo-controlled double-blind functional

magnetic resonance imaging study performed in healthy

subjects showed that topiramate decreases the activity in the

thalamus and in other pain processing areas and increases

functional coupling between the thalamus and several brain

regions such as the bilateral precuneus, posterior cingulate

cortex and secondary somatosensory cortex [91]. The authors

suggested that topiramate modulates nociceptive trigeminal

transmission in healthy subjects, attenuates the pain-related

activity of parts of the thalamo-cortical network and enhances

thalamic connectivity to the precuneus, posterior cingulate

cortex and SII. In contrast, no significant effect of metoprolol

on trigeminal pain processing was observed in a similar

experimental protocol [92]. Alternatively, ASD may target

mechanisms involved in cortical spreading depression. In

animal models, topiramate and VPA (as well as propranolol,

amitriptyline and methysergide) inhibit cortical spreading

depression frequency [93]. Conversely, oxcarbazepine does

not suppress cortical spreading depression [94]. Other studies

have measured central excitability changes in migraine

patients treated by ASD. The phosphene threshold measured

by transcranial magnetic stimulation increases after 1-month

treatment with VPA and is modestly correlated with the

reduction of migraine headache in patients with migraine

with aura, but not in patients without aura [95]. In patients

without aura, the reduction of headache frequency was found

to be inversely correlated with an increase of visual thresholds

but did not correlate with motor thresholds [96]. In contrast,

the measurement of cortical occipital excitability by trans-

cranial magnetic stimulation using an objective technique of

magnetic suppression of perceptual accuracy showed no

significant correlation between mean change in headache

frequency after topiramate treatment and mean change in

inhibition from baseline to optimal dose [97]. Future research

is needed for a better understanding of the mechanism of

actions and efficacy of ASD in migraine.

5. Conclusion

An abundant literature has highlighted the complex and

multifaceted relationships between migraine and epilepsy.

The clinical diagnosis of these disorders may be challenging in

view of possible overlapping. From a pathophysiological

perspective, the identification of genetic mutations in rare

forms of migraine and epilepsy has brought significant

advances in the understanding of dysfunctions of neuronal

networks leading to hyperexcitability. In addition, studies of

ictal epileptic headache may help to better characterize the
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underlying mechanisms of headache, in particular non-

migrainous headache that are still poorly understood.
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rhinal cortex in déjà vu and reminiscence of memories.
Neurology 2004;63:858–64. http://doi.org/10.1212/
01.WNL.0000137037.56916.3F.

[47] Hotolean E, Mazzola L, Rheims S, Isnard J, Montavont A,
Catenoix H, et al. Headaches provoked by cortical
stimulation: Their localizing value in focal epileptic
seizures. Epilepsy Behav 2021;122:108125. http://doi.org/
10.1016/j.yebeh.2021.108125.

[48] Parisi P, Belcastro V, Striano P. The Confirming Evidence for
Ictal Epileptic Headache. Headache 2019;59:1832–3. http://
doi.org/10.1111/head.13678.

[49] Russell MB, Ducros A. Sporadic and familial hemiplegic
migraine: pathophysiological mechanisms, clinical
characteristics, diagnosis, and management. Lancet
 between migraine and epilepsy: Pathophysiological mechanisms and
j.neurol.2021.06.004

http://dx.doi.org/10.1111/j.1526-4610.2010.01709.x
http://dx.doi.org/10.1111/j.1526-4610.2010.01709.x
http://dx.doi.org/10.1111/j.1526-4610.2010.01709.x
http://dx.doi.org/10.1111/j.1528-1157.1995.tb01067.x
http://dx.doi.org/10.1111/j.1528-1157.1995.tb01067.x
http://dx.doi.org/10.1111/j.1528-1157.1995.tb01067.x
http://dx.doi.org/10.1016/j.yebeh.2018.11.012
http://dx.doi.org/10.1016/j.yebeh.2018.11.012
http://dx.doi.org/10.1016/j.yebeh.2018.11.012
http://dx.doi.org/10.1016/j.seizure.2020.08.001
http://dx.doi.org/10.1016/j.seizure.2020.08.001
http://dx.doi.org/10.1046/j.1526-4610.2002.02154.x
http://dx.doi.org/10.1046/j.1526-4610.2002.02154.x
http://dx.doi.org/10.1016/j.yebeh.2010.06.023
http://dx.doi.org/10.1016/j.yebeh.2010.06.023
http://dx.doi.org/10.1016/j.yebeh.2010.06.023
http://dx.doi.org/10.1016/j.yebeh.2019.03.014
http://dx.doi.org/10.1016/j.yebeh.2019.03.014
http://dx.doi.org/10.1016/j.yebeh.2019.03.014
http://dx.doi.org/10.1136/jnnp.50.9.1148
http://dx.doi.org/10.1136/jnnp.50.9.1148
http://dx.doi.org/10.1136/jnnp.50.9.1148
http://dx.doi.org/10.1046/j.1440-1819.2003.01136.x
http://dx.doi.org/10.1046/j.1440-1819.2003.01136.x
http://dx.doi.org/10.1046/j.1440-1819.2003.01136.x
http://dx.doi.org/10.1177/0333102420977856
http://dx.doi.org/10.1177/0333102420977856
http://dx.doi.org/10.1177/0333102420977856
http://dx.doi.org/10.1016/j.seizure.2013.11.011
http://dx.doi.org/10.1016/j.seizure.2013.11.011
http://dx.doi.org/10.1111/ene.12049
http://dx.doi.org/10.1111/ene.12049
http://dx.doi.org/10.1212/wnl.47.4.1104
http://dx.doi.org/10.1212/wnl.47.4.1104
http://dx.doi.org/10.1212/wnl.47.4.1104
http://dx.doi.org/10.1017/s0317167100033771
http://dx.doi.org/10.1017/s0317167100033771
http://dx.doi.org/10.1017/s0317167100033771
http://dx.doi.org/10.1016/j.yebeh.2014.12.025
http://dx.doi.org/10.1016/j.yebeh.2014.12.025
http://dx.doi.org/10.1212/01.wnl.0000188820.17776.cd
http://dx.doi.org/10.1212/01.wnl.0000188820.17776.cd
http://dx.doi.org/10.1212/01.wnl.0000188820.17776.cd
http://dx.doi.org/10.1016/j.seizure.2011.02.014
http://dx.doi.org/10.1016/j.seizure.2011.02.014
http://dx.doi.org/10.1016/j.seizure.2011.02.014
http://dx.doi.org/10.1212/wnl.56.1.130
http://dx.doi.org/10.1212/wnl.56.1.130
http://dx.doi.org/10.1111/j.1528-1157.2000.tb00319.x
http://dx.doi.org/10.1111/j.1528-1157.2000.tb00319.x
http://dx.doi.org/10.1111/j.1528-1157.2000.tb00319.x
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0660
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0660
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0660
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0660
http://dx.doi.org/10.1016/j.yebeh.2011.10.007
http://dx.doi.org/10.1016/j.yebeh.2011.10.007
http://dx.doi.org/10.1016/j.yebeh.2011.10.007
http://dx.doi.org/10.1046/j.1526-4610.1996.3601053.x
http://dx.doi.org/10.1046/j.1526-4610.1996.3601053.x
http://dx.doi.org/10.1046/j.1526-4610.1996.3601053.x
http://dx.doi.org/10.1212/WNL.0000000000003492
http://dx.doi.org/10.1212/WNL.0000000000003492
http://dx.doi.org/10.1212/WNL.0000000000003492
http://dx.doi.org/10.1093/brain/awn162
http://dx.doi.org/10.1093/brain/awn162
http://dx.doi.org/10.1093/brain/awn162
http://dx.doi.org/10.1111/ene.12747
http://dx.doi.org/10.1111/ene.12747
http://dx.doi.org/10.1111/ene.12747
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0690
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0690
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0690
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0695
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0695
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0695
http://dx.doi.org/10.1016/S1474-4422(19)30185-1
http://dx.doi.org/10.1016/S1474-4422(19)30185-1
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0705
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0705
http://refhub.elsevier.com/S0035-3787(21)00607-X/sbref0705
http://dx.doi.org/10.1016/j.pain.2008.02.004
http://dx.doi.org/10.1016/j.pain.2008.02.004
http://dx.doi.org/10.1016/j.pain.2008.02.004
http://dx.doi.org/10.1212/01.WNL.0000137037.56916.3F
http://dx.doi.org/10.1212/01.WNL.0000137037.56916.3F
http://dx.doi.org/10.1212/01.WNL.0000137037.56916.3F
http://dx.doi.org/10.1016/j.yebeh.2021.108125
http://dx.doi.org/10.1016/j.yebeh.2021.108125
http://dx.doi.org/10.1016/j.yebeh.2021.108125
http://dx.doi.org/10.1111/head.13678
http://dx.doi.org/10.1111/head.13678
http://dx.doi.org/10.1111/head.13678
https://doi.org/10.1016/j.neurol.2021.06.004


r e v u e n e u r o l o g i q u e x x x ( 2 0 2 1 ) x x x – x x x 9

NEUROL-2474; No. of Pages 10
Neurol 2011;10:457–70. http://doi.org/10.1016/S1474-
4422(11)70048-5.

[50] Riant F, Roze E, Barbance C, Méneret A, Guyant-Maréchal L,
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