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Headache, epilepsy and photosensitivity: how are they connected?
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Abstract Although headache and epilepsy have often
been associated, the precise electroclinical and patho-
physiological interaction between these disorders and in
particular its relations with photosensitivity is as yet to be
fully understood in adults or children. The association
between headache and epilepsy commonly occurs in all
types of epilepsy and not only in occipital epilepsy. Gen-
erally, peri-ictal headache is often neglected, regardless of
its severity, because patients are more concerned about
their seizures. Altered cerebral cortex excitability may be
the link between these two conditions and photosensitivity
shows this. The physician should bear this association in
mind when dealing with epileptic and migraine patients so
as to be able to offer such patients an accurate diagnosis
and appropriate treatment; this should be borne in mind
when declaring epileptic patients ‘seizure free’. To date
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neither the International Headache Society nor the Inter-
national League against Epilepsy mention that headache/
migraine may, on occasion, be the sole ictal epileptic
manifestation. Lastly, studies designed to investigate the
triggering role of photosensitivity in both headache and
epilepsy are warranted.
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Introduction

Although we do not yet fully understand the underlying
mechanisms shared by headache, epilepsy and photosen-
sitivity, all three conditions are related to intermittent
changes in brain excitability and are known to facilitate
each other. This interaction emerges, for example, from
EEG abnormalities and related clinical phenomena evoked
by intermittent photic stimulation (IPS), which can induce
photoparoxysmal EEG responses (PPR), migraine and
epileptic seizures.

Since epileptic patients are usually more concerned
about their seizures than about headache, headache symp-
toms are often neglected by both patients and treating
physicians. This might explain why these disorders are
generally viewed as two separate paroxysmal diseases that
are considered to express, at most, epidemiological and
clinical comorbidity [1-12].

Only in idiopathic occipital lobe epilepsies, a subgroup
of epilepsies, is the close association between migraine and
epilepsy acknowledged [13-18]: both occipital epilepsies
and migraine are characterized by visual aura followed by
headache and other autonomic symptoms. Recognition of
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headache as an epileptic manifestation per se represents a
challenge yet [19-21].

The aim of this article was therefore to review the lit-
erature on the clinical and EEG characteristics of peri-ictal
headache in children with epilepsy, and to discuss the
temporal and etiopathogenetic relationships between
headache, epilepsy and specifically photosensitivity.

Definitions

In this review, we have used the following definitions:

e Headache is pain located above the orbitomeatal line.

e Migraine is a recurrent headache disorder that mani-
fests itself in attacks lasting 4—72 h; typical character-
istics of migraine are unilateral location, pulsating
quality, moderate or severe intensity, aggravation by
routine activity and association with nausea and/or
photophobia and phonophobia. In children, migraine
attacks may last 1-72 h [22].

e Epilepsy is a chronic neurological condition character-
ized by recurrent manifestations of excessive and/or
hypersynchronous, usually self-limited activity of neu-
rons in the brain [23].

e Photosensitivity is an epileptic reaction to visual
stimuli. A distinction can be made between the
epileptiform EEG responses to IPS during an EEG
recording (the so-called photoparoxysmal responses:
PPRs) and clinical signs and symptoms, either evoked
by IPS or by visual stimuli in daily life, such as disco
lights, TV and video games. PPRs are abnormal, highly
heritable, electroencephalographic responses of the
cortical human brain to specific flash frequencies or
other visual stimuli. If a PPR is found, the patient is
considered IPS-sensitive or photosensitive. Visual sen-
sitivity is defined as the susceptibility to seizures, which
are triggered by the physical characteristics of visual
stimuli and not by their perceptual properties, i.e.,
reflex seizures induced by the cognitive effects of
visual stimuli [24].

e The term migralepsy was introduced by Lennox and
Lennox in 1960 (although they attributed it to Dr
Douglas Davidson) to describe a condition wherein
“ophthalmic migraine is followed by symptoms char-
acteristic of epilepsy” [25]. The term itself comes from
the combination of the terms migraine and epilepsy.
Since then, approximately 50 cases of migralepsy have
been described, the majority of which have been the
object of debate. Panayiotopoulos [26], in particular,
argued that although “there should be no reason why
epileptic seizures, so vulnerable to extrinsic and
intrinsic precipitating factors, could not be susceptible
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to cortical changes induced by migraine and vice
versa”. Most of the reported cases of migralepsy are
complicated and do not have an unequivocal migraine—
epilepsy sequence; they may thus be considered as
genuine occipital seizures that resemble migraine with
aura and are characterized by visual aura, headache and
other autonomic symptoms [27]. Headache itself may
even be the epileptic “aura” of a seizure, as has been
shown in the case description of a patient with partial
status epilepticus in occipital lobe epilepsy [19, 27].

e Migralepsy has been included in the ICHD-2 and ILAE
classifications. Despite the skepticism surrounding the
concept of migralepsy, in which two separate disorders
are presumed to occur in succession, migraine-triggered
seizures have been included in the recent ICHD-II
(1.5.5) as a complication of migraine based on the
fulfillment of two criteria [22]: (a) for migraine with
aura; (b) for the occurrence of an epileptic attack during
or within 1 h of a migraine aura. However, migralepsy
is not included in the currently used International
League Against Epilepsy (ILAE) seizure classification
dating from 1981, or in recent recommendations of the
ILAE Commission on Classification and Terminology
(2009) [21, 28-30].

e Seizure-related headache (SRH) may be pre-, post- or
peri-ictal, i.e., they may precede, follow or occur in
temporal proximity of the actual seizure manifestations.

e Hemicrania epileptica is recognized by ICHD-2 clas-
sification (coded as 7.6.1) as an “ictal headache”
(ipsilateral to the ictal EEG discharge) “synchro-
nously” with a seizure (partial epileptic seizure)
recognized by ILAE classification.

e The term “ictal epileptic headache” [19, 21, 28-30]
recognizes headache as “the sole epileptic phenome-
non” without any other associated ictal epileptic signs/
symptoms recognized by ILAE.

Comorbidity of migraine and epilepsy
Epidemiology of comorbidity

Individuals with epilepsy are 2.4 times more likely to
suffer from migraine than their relatives without epilepsy
[3]. Baulac [5] found an epilepsy prevalence of 5.9% in a
population of 1830 migraine patients. In another study, the
prevalence of epilepsy in people with migraine ranged
from 1 to 17%, with a median of 5.9%, which is substan-
tially higher than the 0.5% prevalence of epilepsy in the
general population [6, 12].

Marks and Ehrenberg [7] found that 79 out of 395 (20%)
patients with epilepsy also had migraine, according to the
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first International Headache Classification (IHS). In the
vast majority of patients with both disorders (84%), the
attacks occurred independently. However, they did recog-
nize that migraine aura symptoms very often resemble
symptoms of an epileptic seizure.

Very recently, Toldo et al. [1] demonstrated again the
strong association between migraine and epilepsy: indeed,
they found that the risk of epilepsy in migraineurs was 3.2
times higher than in subjects with tension-type headache,
with no significant difference between migraine with and
without aura. Focal epilepsies prevailed in cases charac-
terized by comorbidity (76.8%). Migraineurs affected by
focal epilepsies (36/56) were three times more likely to
develop cryptogenic epilepsy (75%) than idiopathic epi-
lepsy (25%).

Peri-ictal headache in epilepsy

According to their temporal relationship to the epileptic
attack, peri-ictal headaches can be divided into pre-ictal- or
post-ictal. Inter-ictal headache occurs by definition
between two epileptic seizures. The boundaries between
these three subtypes are often not well defined and also in
clinical practice difficult to discriminate. In 100 consecu-
tive patients with pharmacologically refractory partial
epilepsy, 11 reported pre-ictal headache of which 7 had
early pre-ictal headache (up to 30 min before seizure onset)
and 4 had prodromic pre-ictal headache (24 h to 30 min
before seizure onset). Pre-ictal headache was ipsilateral to
the seizure focus in all but one case and had migrainous
features in four cases [31]. Pre-ictal headache has also been
reported in previous studies [31-35] as having a lateraliz-
ing value.

In children, the prevalence of headache was higher than
in adults: in 101 children (aged 5-18 years) with general-
ized tonic—clonic or partial seizures peri-ictal headaches
were reported by 41% (29%, post-ictal only; 5%, pre-ictal
only; 7%, both). Clear migrainous features were present in
50% of pre-ictal and 58% of post-ictal headaches. Most
children described bilateral headaches [36].

Post-ictal headache may be of the migraine type, tension
type or unclassified type of headache [32, 37, 38]. Several
researchers have pointed out that post-ictal headache
symptoms resemble those of migraine; they include
pounding pain and accompanying nausea, photophobia and
phonophobia in a significant proportion of patients
(41-56%) [10, 35, 39, 40]. Previous reports have suggested
that migraine-type headaches often occur during post-ictal
periods in epilepsy syndromes, such as occipital lobe epi-
lepsy [41-43]. In a recent study, Ito [44] found that the
incidence of post-ictal headache was significantly higher in
patients with generalized tonic—clonic seizures than in those
with other types of seizures, thus confirming the findings of

a number of previous studies [10, 37, 39, 40, 45, 46].
Generalized tonic—clonic seizures were more frequently
followed by other post-ictal headaches than by migraine-
like post-ictal headache, a finding that is in keeping with
other reports [33, 39]. It is possible that the generalization of
the seizure discharge may induce other pathophysiological
changes in the whole brain structure. In another study [9]
conducted on a cohort of 227 adult patients with a mean
seizure frequency of 2.46 per month, 50 patients (22%) said
that they had at least one headache episode, 45 (19.8%) had
an inter-ictal headache, 11 (4.8%) a peri-ictal headache,
while 5 (2.2%) had both an inter-ictal and peri-ictal head-
ache. Neither the prolonged course nor the severity of epi-
lepsy is likely to have an impact on post-ictal headache.
Post-ictal headache may also occur after complex partial
seizures originating in the temporal lobe [35, 47]. In the
study by Ito [44], the occurrence of migraine-like post-ictal
headache was significantly related to the region of the
epileptogenic focus: occipital lobe epilepsy was strongly
correlated with migraine-like post-ictal headache. The
occipital lobe is deemed to be the brain structure most
responsible for the development of migraine [47, 48].
Although post-ictal headache was less frequent in patients
with temporal lobe epilepsy, migraine-like post-ictal
headache occurred more frequently than other post-ictal
headaches. The posterior temporal cortex locate close to
the occipital cortex and the anatomic connections between
the mesial temporal structures and occipital lobe are
abundant [49, 50]. When both the temporal lobes and
occipital lobes are firing, the structures related to migraine
symptoms may rapidly become involved [47-50].
Regarding “ictal epileptic headache”, alone or associ-
ated with other ictal epileptic manifestations, it should be
borne in mind that headache may be associated with ictal-
sensory and motor features more frequently than the liter-
ature suggests; indeed, this association might be strongly
underestimated owing to impaired consciousness during
complex partial seizures with or without secondary gener-
alization. In this respect, an ictal EEG (during the migraine
attack) should be recommended in every migraine patient,
even in subjects who are not known to be epileptic. During
an inter-ictal EEG (or video-EEG) recording, particular
attention should always be paid to the ictal onset of the
clinical EEG findings (and not the EEG abnormalities
alone, which are relatively common) during IPS, performed
according to the standardized international protocol [28].

Role of photosensitivity
Although occipital lobe epilepsy already has much in

common with migraine (visual aura, positive and negative
ictal signs and autonomic disturbances such as pallor and
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vomiting), the photosensitive variant of occipital epilepsy
and photosensitive epilepsy in general have even more
similarities: in addition to the above, a high prevalence in
women (female:male 3:2) and a sensitivity to flickering
light stimuli and striped patterns with provocation of
attacks is found.

Photosensitive epilepsy patients have seizures provoked
by visual stimuli such as flickering sunlight, disco lights,
TV, etc. [51]. During IPS in the EEG laboratory, an epi-
leptiform EEG reaction or so-called PPR can be elicited in
these patients with the highest prevalence in adolescents.

In EEG studies in 137 children and adolescents affected
by primary headache [52], specific EEG abnormalities
were reported in 11.7% of the subjects, with a significantly
heterogeneous distribution across the groups. Children
affected by migraine with aura, in particular, exhibited a
higher occurrence of specific inter-ictal abnormalities
(43.5%); a PPR was detected in over one-third of the
migraine with aura subgroup, which is a far higher figure
than that reported in a healthy population of children
(1.4%) and in epilepsy patients in general (5%) [53]. In
another study that investigated the PPR frequency and type
in 263 primary headache-affected children and adolescents
between 7 and 18 years of age, Wendorff et al. [54] found
that the PPR frequency did not differ significantly in the
three main types of headaches, ranging from 6.7% (ten-
sion-type headache) to 8.9% (migraine without aura).
However, PPR proved to be most frequent (17.6%) in the
migraine with aura group of patients under 12 years of age,
and in 7 out of 17 patients with both migraine and PPR,
photogenic stimuli were the most frequent triggering fac-
tors of the migraine attack, compared with 10 out of 100
controls (p < 0.01).

As regards the possible role of photosensitivity in both
headache and epilepsy, a striking example is our reported
case of a 14-year-old photosensitive girl. Her first gen-
eralized tonic—clonic seizure was preceded and followed
by a 3-day epilepticus status migrainosus, which resolved
only after intravenous administration of diazepam; con-
tinuous EEG recording during the diazepam infusion
showed suppression of the epileptiform discharges over
the right occipital region, while the headache resolved
completely [19]. The “migraine” status in that girl had
been caused by prolonged television viewing (a new,
large-screen television) and visiting an exhibition that
contained a lot of strong visual stimuli, such as huge
boards with dark black text on a super white background
and a variety of primary strong colors in various pictures
by artists. Recent publications described “pediatric con-
fusional migraine” cases in which valproate was effica-
cious. However, they did not investigate whether there
was also photosensitivity [55, 56].
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The likelihood of an ictal (epileptic) headache appears
to be greater when both migraine and epilepsy occur in the
same family [27, 30]. Photic stimulation during EEG
recording in patients with a history of headache and with a
family history of migraine and epilepsy may contribute to a
correct diagnosis and optimal care of the patient [30]. It can
be very difficult to discriminate between photosensitive
epilepsy and migraine with clinical history alone, because
sensitivity to light (photophobia) and provocation by strong
lights are difficult to disentangle for the patient as well as
the treating physician.

Propagation of PPR is associated with increased excit-
ability of the occipital cortex [57]. In this regard, it should
be borne in mind that the accumulated burden of migraine
seems to cause slight alterations in the physiology of the
visual cortex and an increase in alpha rhythm variability up
to 72 h before the next migraine attack [58].

Phosphenes may occur following electrical stimulation
of the retina, optic nerve or visual cortex, as well as during
and after IPS. Moreover, IPS induces “flashes and phos-
phenes” as well as migraine and seizures. Flashes, phos-
phenes and other positive or negative visual manifestations
are often part of the clinical picture in migraine and
occipital epilepsy. Neurons of the retina and cortex are
sensitive to ionizing agents, to which they respond with
transient functional changes. In this regard, the phosphenes
described by astronauts during space missions are compa-
rable to those experienced by the totally blind and by
sighted subjects with migraine or epileptic seizures that
originate in the visual cortex [59].

Lastly, the perception of migraine headache pain is
exacerbated by exposure to ambient light, compared with
the pain level in the dark, and hence photophobia occurs.
Photophobia is one of the most well-known features of
migraine (>80% of chronic migraineurs [60] and also very
often found in epilepsy-related headaches: in >50% of
cases it occurs in pre-ictal, post-ictal or even inter-ictal
headache [61]. The authors of one study recently postulated
that exacerbation of migraine headache by light is driven
by photic signals transmitted from the retina via the optic
nerve to central neurons that process nociceptive signals
from the meninges [62]. Those authors found that exacer-
bation of headache by light was preserved in blind mi-
graineurs who rely primarily on non-image-forming
photoreception, but was absent in those who lost their optic
nerve or eyes. They also found that light modulated the
activity of a subset of trigeminovascular thalamic neurons
that receive input from the retina and project to multiple
cortical areas [62]. The idea that intrinsically photosensi-
tive retinal ganglion cells are involved in migraine photo-
phobia is supported by the fact that light-induced
exacerbation of migraine headache was preserved in blind
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individuals who could sense light in the face of severe
degeneration of rod and cone photoreceptors [62].

Underlying mechanisms for the overlap
between headache, epilepsy and photosensitivity

From both a genetic [63—65] and clinical [19, 20, 30] point
of view, the concept of a “continuum”, or maybe even a
complete “overlap”, between headache and epilepsy is
gaining increasingly strong evidence-based support.
Indeed, a novel SCN1A L263V mutation in a family with
co-segregating hemiplegic migraine (FHM) and epilepsy
[65] and a Na™, K*-ATPase pump defect [66] have been
documented. Moreover, up to 75% of FHM families have a
mutation in the P/Q-type calcium channel Ca(v)2.1 subunit
CACNAIA gene on chromosome 19p13, while a candi-
date region of 9.95 cM (5.96 Mb) between markers
GATA152H04 and D9S253 located at chromosome 9q21-
g22 was identified in a large Belgian family with occipi-
totemporal lobe epilepsy associated with migraine with
visual aura [64].

A migraine/headache attack can originate at either the
cortical or subcortical level, whereas an epileptic focus
arises cortically and can only be modulated at the subcor-
tical level [28, 29, 67]. Two mechanisms have been
hypothesized to explain headache/migraine as a sole “ictal
epileptic manifestation” [21, 28, 68]: (1) a subclinical
epileptic discharge might activate the trigeminovascular
system, resulting in a migraine/headache without any other
associated cortical epileptic sign or symptom; (2) central
autonomic networks (whether cortical or subcortical) have
a lower threshold for epileptogenic activation than those
that produce a focal cortical semiology. For example, in the
Panayiotopoulos syndrome, ictal epileptic autonomic
symptomatology appears to pertain to any epileptogenic
cortical onset zone, be it occipital, frontotemporal or
frontal [69]. Therefore, seizures might remain purely
autonomic if ictal neuronal activation of non-autonomic
cortical areas fails to reach the symptomatogenic threshold.
This possible mechanism, first suggested for the Panayio-
topoulos syndrome, might represent another mechanism
that leads to headache/migraine as a sole “ictal epileptic
manifestation” [21, 28].

It should be stressed that, as occurs for autonomic
manifestations (vomiting, tachycardia, etc.), children are
far more likely to develop migraine as the sole epileptic
manifestation than adults. A clinical observation (not
published) is also that during extensive photic stimulation,
especially children with generalized PPRs complain of
headache. Why the occipital lobe stimulates autonomic
symptoms and signs to a much greater extent than other
cortical areas is still unknown. Although a correlation

between the microstructure and function of an area and its
connections has been established for many cortical regions,
particularly for primary sensory and motor areas [70], very
little is as yet known about the anatomofunctional path-
ways linking the cerebral cortex and cortico-subcortical
vegetative/autonomic neural networks.

In the last decade, the roles of cortical spreading depres-
sion (CSD) and trigeminovascular system (TVS) activation
in the physiopathology of migraine have been clearly doc-
umented [71]. The “sine qua non” condition for headache
(pain phase) is TVS activation, which is believed to be the
only neural pathway that induces migraine (with or without
aura), while CSD (or, more rarely, subcortical spreading
depression) is responsible for TVS activation [72]. Epileptic
discharges and CSD stimulate each other in experimental
conditions [73]. The threshold required for the onset of CSD
has recently been suggested [21, 28, 29, 68] to be lower than
that required for an epileptic seizure. In other words, the
onset of epileptic seizure may facilitate the onset of CSD to a
greater degree than the onset of CSD facilitates the onset of
epileptic seizure. This may explain why, in the clinical
context, we are more likely to observe epileptic patients with
“comorbid” (peri-ictal and inter-ictal) migraine than
migraine subjects with “comorbid” epilepsy [28].

Another important evidence of overlap between epilepsy
and migraine is the current FDA approved use of AEDs
such as valproate (VPA) and topiramate (TPM) in migraine
patients [74].

TPM and levetiracetam (LEV) were recently found to be
able to normalize migraine-type impaired cortical excit-
ability [75]. Vice versa, drugs developed for migraine
prevention, such as the b-blocker propranolol, the Ca®"
channel blocker flunarizine and the tricyclic antidepressant
amitriptyline, do show some anti-epileptic effect [75].

Maybe, as in epilepsy, the imbalance between excitatory
and inhibitory transmission is selectively expressed in
brain regions also involved in the pathophysiology of
migraine, such as specific brainstem structures and cortical
areas. Although it is well known that AEDs exert their
anticonvulsant action by targeting these pathogenetic
mechanisms, the reasons why not all AEDs are equally
effective in the treatment of migraine are still unknown.

Another interesting finding is that valproate (VPA), one
of the most efficacious drugs in migraine prophylaxis, is
also the drug of first choice in epilepsy patients with
photosensitivity [76]. We have seen several photosensitive
patients with IGE, who showed headache complaints
related to visual stimuli again, after having withdrawn the
VPA medication (see also reference [30]).

In summary, a subclinical spontaneous (epileptic foci or
CSD) [21, 28, 29] or induced (IPS or other visual stimu-
lations) [30, 76] cortical event might, depending on the
cortical or subcortical neural network threshold and on the
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speed and direction of propagation, result in a seizure, in
migraine or in both. In exceptional cases, which occur
almost exclusively in childhood, the sub-clinical focus
might consist of an epileptic focus that activates the TVS,
thereby inducing migraine without any other known cor-
tical epileptic signs or symptoms [21, 28, 29, 68, 76].

Conclusion

The comorbidity of migraine and epilepsy is well known.
Epilepsy prevalence in a population with migraine is higher
than prevalence of epilepsy in the general population. Ictal
headache as the only manifestation of epileptic seizures is
very rare, and seizures associated with “migraine-like”
manifestations probably represent an epileptic event rather
than episodes with both migraine and epileptic mechanisms.
In all events with features of both types (migraine and epi-
lepsy), ictal EEG recordings should be performed to docu-
ment and demonstrate the real pathogenic mechanisms of
these episodes. The association between headache and epi-
lepsy commonly occurs in all types of epilepsy and not in
occipital epilepsy alone. Generally, peri-ictal headache is
often neglected, regardless of its severity, because patients
are more concerned about their seizures. Altered cerebral
cortex excitability may be the link between these two con-
ditions and photosensitivity shows this. The physician should
bear this association in mind when dealing with epileptic and
migraine patients so as to be able to offer such patients an
accurate diagnosis and appropriate treatment. To date, neither
the International Headache Society nor the International
League against Epilepsy mention that headache/migraine
may, on occasion, be the sole ictal epileptic manifestation.
This is also reflected in the ICHD-II criteria for the ‘‘hemi-
crania epileptica’’ classification (coded as 7.6.1), where ...
“the patient is having a partial epileptic seizure’’.

Based on the current knowledge and clinical experience,
migralepsy (coded in ICHD-II as 1.5.5 “migraine-triggered
seizure”), is highly unlikely to exist as such, but theoreti-
cally might. We therefore propose to delete this term until
clear evidence is provided of its existence.

Lastly, studies designed to investigate the triggering role
of photosensitivity in both headache and epilepsy are
warranted.

Conflict of interest None.
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