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Abstract The purpose of this study was to analyse the
comorbidity between headache and epilepsy in a large
series of children with headache (1,795). Fifty-six cases
(3.1%) suffered from idiopathic headache and idiopathic or
cryptogenic epilepsy or unprovoked seizures. There was a
strong association between migraine and epilepsy: in mi-
graineurs (46/56) the risk of epilepsy was 3.2 times higher
when compared with tension-type headache, without sig-
nificant difference between migraine with and without aura
(P = 0.89); children with epilepsy had a 4.5-fold increased
risk of developing migraine than tension-type headache. In
cases with comorbidity, focal epilepsies prevailed (43/56,
76.8%). Migraineurs affected by focal epilepsies (36/56)
had a three times higher risk of having a cryptogenic epi-
lepsy (27/36, 75%) than an idiopathic epilepsy (9/36, 25%)
(P = 0.003). In migraine with aura, epilepsy preceded
migraine in 71% of cases. Photosensitivity (7/56, 12.5%)
and positive family history for epilepsy (22/56, 39%) were
frequent in cases with comorbidity.
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Introduction

Migraine and epilepsy are both common neurological dis-
orders, although migraine is more frequent, and can occur
as comorbid conditions [1-6]. An association between
migraine and epilepsy has been demonstrated in several
studies, mainly based on adults affected by epilepsy [1, 5,
6]. In children an association between migraine and some
epilepsy syndromes has been reported, but data are con-
flicting and studies have been limited by the small numbers
of patients and to the lack of clearly stated diagnostic
criteria of childhood migraine [7].

The growing knowledge of the genetic bases of familial
hemiplegic migraine (FHM) [8] and the findings of epi-
leptic seizures occurring independent of the migraine
attacks in FHM families [9] have stimulated the interest on
the comorbidity between migraine and epilepsy.

The purpose of this study was to analyse the comor-
bidity between headache and epilepsy in a large series of
children and to find out possible correlations among the
type of headache, the type of epilepsy of probands and the
family history for headache and epilepsy.

Methods

This is a retrospective case—control study of 1,795 patients
under 18 years of age consecutively diagnosed as affected
by headache at the pediatric Headache Center of the
Department of Pediatrics of Padua Hospital between 1995
and 2008. We reviewed the medical records of all 1,795
patients, which contain pre-established questions concern-
ing family and personal history of headache, and past
medical history, which includes a section on seizures and
epilepsy. From the total study population, we identified 56
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patients with a diagnosis of idiopathic headache associated
with idiopathic or cryptogenic epilepsy or unprovoked
seizure. Patients with secondary headache or symptomatic
epilepsy were excluded from the study. The study protocol
and consent/assent forms were approved by our Institu-
tional Review Board.

All 56 children included in the research and their parents
were informed about the complete study protocol by letter
and subsequently were contacted by telephone. They were
asked to participate in a structured interview conducted in
2008 by a board certified child neurologist, regarding
headache, epilepsy, and “periodic syndromes” in their
child and other family members. Particular attention was
devoted to the clinical features of headache and epilepsy.
All 56 patients underwent brain neuroimaging (MRI or CT)
and EEG with electrode placement according to the
International 10-20 System. We reviewed all clinical,
electrophysiological, and neuroimaging data. Forty-one
patients were clinically reevaluated at a control visit in the
second semester of 2008, while the other 15 patients
participated only to the telephone clinical interview for
follow-up.

The diagnosis of headache was based on the Interna-
tional Classification of Headache Disorders (ICHD-II)
criteria [10]. The diagnosis of epilepsy was based on
clinical and EEG data and classified according to the
International Classification of Epilepsy and Epilepsy Syn-
dromes [11, 12]. Focal cryptogenic epilepsies were further
classified on the basis of the origin of epileptogenic focus
(frontal, temporal, parietal, or occipital lobe).

All the data were entered into a database and analyzed
with SAS statistical package (9.2 version). Data were
analyzed by a chi-square statistic technique and, in case of
low sample, by the exact Fischer test. We calculated
measures of association between variables expressed by the
odds ratio (OR), for which the confidence interval (CI) to
95% was determined; for each test the level of significance
was set at 0.05.

Results

Information concerning headache and seizures was
collected from 1,795 headache patients under 18 years of
age consecutively diagnosed at the Headache Center of
the Department of Pediatrics of the University of Padua
between 1995 and 2008 (Table 1). Fifty-six patients
(N = 56/1,795, 3.1%) were identified as having comor-
bidity between primary headache and idiopathic or cryp-
togenic epilepsy or unprovoked seizures. There were 20
males (35.7%) and 36 females (64.3%) with a male-
to-female ratio of 1:1.8. The average age at headache
onset was 8.6 years (range 3-17 years, SD 4.3 years),
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Table 1 Clinical characteristics of our population

N %o
Sex
Male 835 46.5
Female 960
Total 1,795
Migraine 957 533
MO 836
MA 121
Male to female ratio (M/F) 1/1.1
Tension type 686 38.2
ETTH 621
CTTH 65
Male to female ratio (M/F) 1/1.3
Other headache types 152 8.5
Other primary headaches 132
Headache attributed to psychiatric disorder 14
Secondary headaches 6 0.3
Seizures 68
Cases selected® 56 3.1

 Inclusion criteria: idiopathic or cryptogenic epilepsy or unprovoked
seizures

MO migraine without aura, MA migraine with aura, ETTH episodic
tension type headache, CTTH chronic tension type headache

while the average age at epilepsy onset was 7.8 years
(range 1-24 years, SD 4.0 years). In 25 subjects (44%)
epilepsy preceded headache, in 16 subjects (28.6%) head-
ache started in the same year of epilepsy, and in 15 cases
(27.4%) headache preceded epilepsy. In patients affected
by migraine with aura (MA), epilepsy preceded migraine in
71% of the cases.

Headache

A total of 46 out of 56 subjects (82.1%) had migraine, with
a second level of diagnosis of migraine without aura (MO)
in 69.6% (N = 39) and of MA in 12.5% (N = 7) of cases
while 10 subjects (17.9%) had episodic tension type
headache (ETTH); no other types of headache were
reported.

Among the 1,795 patients, comparing the distribution of
headache type in cases, respectively, with and without
epilepsy, we found that the prevalence of migraine in cases
with epilepsy (N = 46/56, 82.1%) was significantly higher
compared to cases without epilepsy (N = 911/1739, 52%)
(P = 0.0006). The risk of migraine in patients with epi-
lepsy was on average 4.5 times higher compared to the risk
of ETTH, without a significant difference between MO and
MA (respectively, 4.6 and 5.0, P = 0.89). The ratio
between MA and MO was 1:5.6 (N = 7/39).
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Nineteen out of 56 cases (34%) had post-ictal headache,
fulfilling the ICHD-II criteria (7.6.2) [10]. Many patients
(N = 16/19, 84%) with post-ictal headache had migraine
attacks independent of epileptic seizures; however, mi-
graineurs did not have an increased risk of post-ictal
headache compared to patients with ETTH (P = 0.58).
Among the seven patients with MA, nobody experienced
episodes of migralepsy.

Epilepsy

Epilepsy was significantly more frequent in migraineurs
(N = 46/957, 4.8%) than in patients with ETTH (N =
10/686, 1.5%) (P = 0.0001). The risk of epilepsy (OR) in
migraineurs was 3.2 times higher (CI of 95% = 1.7-6.2)
compared to patients with ETTH and did not differ sig-
nificantly between MO and MA cases. The most frequent
type of epilepsy was focal epilepsy (N = 43/56, 76.8%)
among which focal cryptogenic epilepsies prevailed
(N = 32/56, 57.1%) (Table 2). The distribution of epilepsy
type (focal idiopathic, focal cryptogenic, generalized, and
isolated seizures) did not differ between migraine and
ETTH (P = 0.77), neither between MO and MA
(P =09).

However, among migraineurs with focal epilepsy, the
risk of having a cryptogenic epilepsy was about three times
higher than an idiopathic epilepsy (P = 0.003). In the
subjects affected by migraine and focal cryptogenic epi-
lepsies (N = 27), those originating in temporal and
occipital lobes (N = 16) prevailed on frontal epilepsies
(N = 6) (P = 0.006).

On interictal EEG during intermittent photic stimulation
(IPS), seven (N = 7/56, 12.5%) patients had a photopar-
oxysmal response (PPR), two of whom also had a photo-
convulsive response. PPR was characterized by generalized
discharges in most of the cases (N = 6/7, 85.7%), and only

one patient had bilateral discharges on occipital regions
during IPS.

An ictal EEG recording was performed in 14 (25%)
patients, and half of them (7/14) had focal seizures recorded.
In particular five cases presented focal seizures with paros-
sistic activity on left temporal (1/5), left central (1/5) with also
an electrical status epilepticus during slow sleep on EEG,
frontal bilateral (1/5), right frontal (2/5) and two cases had a
focal epileptic status (1 right temporo-occipital, 1 right fronto-
temporal). In the remaining seven cases, two had palpebral
myoclonia, four had absences (one of whom absence status),
and one had subtle focal seizures during ictal EEG.

In other six cases a post-ictal EEG recording was
obtained.

Family history of migraine and epilepsy in probands

A positive family history of headache and migraine was
found respectively, in 73.2% (N = 41/56) and in 66%
(N = 37/56) of our cases. In the latter, 81% (N = 30/37) had
atleast one-first-degree relative affected by migraine, mainly
on maternal than on paternal lineage (respectively, N =
23/30, 77% vs. N = 8/30, 27%). All first-degree familial
MA cases (N = 3/56) were exclusively of maternal origin.
There was not any statistical significant correlation between
the positive family history of migraine and the type of
headache or epilepsy of the probands. A positive family
history of non-symptomatic epilepsy was found in 39%
(N = 22/56) of probands and 12.5% (N = 7/56) of probands
had at least one-first-degree relative affected by epilepsy.

Discussion

In previous studies, the prevalence of migraine in epileptic
populations was estimated to be 8-24% [1, 2, 5, 6] and the

Table 2 Distribution of headache diagnosis on the basis of type of epilepsy

Total Migraine Episodic tension
N = 56 (%) N = 46 (%) type headache
N =10 (%)
Focal cryptogenic epilepsy 32 (57.1) 27/32 (84) 5/32 (16)
Site determined 27 22/27 5/5
Frontal 9 6/9 3/9
Temporo-occipital 18 16/18 2/18
Site not determined 5 5127 0/5
Focal idiopathic epilepsy 11 (19.7) 9/11 (82) 2/11 (18)
Rolandic 9 7/9 2/9
Occipital 2 2/2 0/2
Idiopathic generalized epilepsy 10 (17.9) 8/10 (80) 2/10 (20)
Isolated unprovoked seizures 3(5.3) 2/3 (67) 1/3 (33)
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risk of migraine was 2.4 times higher among adults with
epilepsy than in those without [1, 5, 6]. The prevalence of
migraine in children with partial epilepsy was 21% in
benign rolandic epilepsy and 17% in cryptogenic/symp-
tomatic epilepsy [7].

In the last 20 years, few studies have been performed
concerning the comorbidity between headache and epi-
lepsy in children [3, 4, 7, 13—17] and the majority of them
are based on series of subjects affected by epilepsy [3, 4, 7,
13, 14, 16, 17]. Due to the different methodologies used
they are quite difficult to compare. To our knowledge, this
is the first study that evaluated the occurrence of epilepsy
in a large series of children affected by headache, using
the recent ICHD-II criteria [10] and with a longitudinal
follow-up.

We found a statistically significant association between
migraine and epilepsy in our series. In fact the prevalence
of migraine in cases with epilepsy (82.1%) was signifi-
cantly higher than in those without epilepsy (52%) and
children with epilepsy had a 4.5-fold increased risk of
developing migraine than tension-type headache.

In a prospective study on 50 children with epilepsy, 46%
had headache and 10 out of the 23 (43.5%) headache suf-
ferers had migraine [13]. Most patients with headache were
older than 10 years (54.5%) and had idiopathic epilepsy
(65.2%) [13]. Different from this study, we found that the
male-to-female ratio was significantly skewed in favor to
females (P = 0.03), most patients with headache and epi-
lepsy were younger than 10 years old (60%), and suffered
from cryptogenic epilepsy (60%) (Table 3). Moreover, a
positive family history for headache and migraine was
found in many cases (respectively, 73.2%, P = 0.0005;
66%, P = 0.02) (Table 3). In the majority (95%) of the
cases reported by Yamane et al. [13] the headache started
in the same year as or after the diagnosis of epilepsy; this
was also confirmed in our series.

In the literature a strong association between MA and
epilepsy has been suggested in both adults and children
[14, 15, 18]. In adults, the MA prevalence was more
elevated in cases with epilepsy (41%) compared to those
without (25.8%) [18]. In a case—control study on children,
the risk of unprovoked seizures was increased in MA
(3.7-fold) but not in MO cases [14]. Differently, in our
cases, MA did not increase the risk of epilepsy compared
to MO and the prevalence of epilepsy was similar across
the two groups of migraineurs (MO 5.4%, MA 5.8%).
Moreover, in the majority of our cases (71%) epilepsy
preceded MA and this finding is not consistent with a
causative role for MA in epilepsy, as previously suggested
[14]. It is more likely that MA and epilepsy share a
common antecedent factor.

The prevalence of epilepsy in migraineurs varies from 1
to 17%, with a median of 5.9% [1, 2], substantially higher
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Table 3 Comparison between our cases and other series reported in
the literature [13]

Characteristics Present study Yamane 2003
of patients > >
N=56 1y N=23 y

Gender
Female 36 P =10.03 13 P =0.376
Male 20 10

Age at headache onset
<10 years 34 P =0.13 5 P = 0.0001
>10 years 22 18

Type of epilepsy
Idiopathic 21 P=0.13 15 P = 0.0003
Cryptogenic 32 5
Symptomatic 0 3

Seizure type
Focal 43 P <0.0001 14 P =0.140
Generalized 10 9

Family history of headache
Positive 41 P =0.0005 12 P = 0.546
Negative 15 10
n.a. 0 1

Family history of migraine
Positive 37 P =0.02 n.a. n.a.
Negative 19

Family history of epilepsy
Positive 22 P =0.11 n.a. n.a.
Negative 34

Type of headache
Migraine 46 P <0.0001 10 P =0.132
Tension type 10 4
Not classified 0 9

Relationship between onset of headache and diagnosis of epilepsy
Before epilepsy 15 P =032 1 P =0.001
Same age 16 14
After epilepsy 25 8

Temporal relationship between headache and epilepsy
Yes 21 P = 0.06 9 P = 0.140
No 35 14

Type of temporal relationship between headache and epilepsy
Preictal 2 P =0.0002 2 P =0.157
Postictal 19 19

n.a. not available

than the population prevalence of epilepsy which is 0.5-1%
(http://www.who.int/topics/epilepsy). In a recent study on
134 children and adolescents with primary headache, the
overall prevalence of epilepsy or unprovoked seizures was
4.4% [15]. Among the three cases affected by epilepsy, two
had photosensitive epilepsy and one had temporal epilepsy
and they all suffered from MA [15].
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In our cases, the prevalence of idiopathic or cryptogenic
epilepsy or unprovoked seizures was 3.1% in headache
sufferers and 4.8% in migraineurs, similar to other reports
[2-4, 15]. Moreover, in migraineurs, the risk of epilepsy
was 3.2 times higher compared to subjects with ETTH, and
the risk of epilepsy was not increased in MA compared to
MO cases.

In children, the association between migraine and some
epilepsy syndromes, such as childhood epilepsy with
occipital paroxysms and benign childhood epilepsy with
centrotemporal spikes reported by some authors [2, 17, 19—
21], was not confirmed by subsequent studies [3, 22]. It has
been recently reported that partial epilepsies (benign
rolandic and focal cryptogenic/symptomatic epilepsy),
regardless of etiology, are associated with higher rates of
migraine in children [7].

Among our patients with comorbidity, focal epilepsies
prevailed (76.8%), and in migraineurs the risk of having a
focal cryptogenic epilepsy was threefold higher than idio-
pathic epilepsy.

A PPR was found in 12.5% of our cases with comor-
bidity, which is more elevated than the occurrence in
healthy individuals aged 6-18 (1.4%), in patients with
epilepsy (5%) and in children with idiopathic headaches
(mean 8%; 8.9% in MO, 7.8% in MA, 6.7% in TTH)
[15, 23-26].

A positive family history of headache and migraine was
found, respectively, in 73.2% and 66% of our cases. While
we found no significant correlation between the positive
family history of migraine and the type of headache or of
epilepsy of the probands, a positive family history for
epilepsy was present in 39% of our cases with comorbidity
and it was more elevated compared to other series (9.5%)
[15].

In the past years, three alternative models have been
proposed to explain the comorbidity between migraine and
epilepsy: (a) a simple unidirectional causal explanation; (b)
shared environmental risk factors; or (c) shared genetic risk
factors [6]. Similar to previous studies [16, 27-29], our
results are consistent with rejecting these three possibilities
because epilepsy preceded migraine in the majority of our
cases, and we did not find any statistical significant cor-
relation between the positive family history of migraine
and the type of headache or epilepsy of the probands.

Two rare conditions in which there is a complete
overlapping between headache and epilepsy and raise
problems of differential diagnosis are migralepsy and ictal
headache [30-33]. In both cases, EEG recording during the
headache attacks is essential for diagnosis. Migralepsy
(1.5.5 ICHD-II) is a particular condition wherein a seizure
occurs during or within 1 h after a migraine aura, and it can
mime occipital lobe seizures, which might be underrec-
ognized without EEG recording [30]. Rarely, headache

(not only migraine) might represent the sole ictal epileptic
manifestation, and the new term “ictal epileptic headache”
was proposed to be included in both classifications [31-
33]. In our series nobody experienced episodes of migra-
lepsy or ictal epileptic headache.

At present many authors believe that an increased brain
excitability might increase the risk of both migraine and
epilepsy and could explain the comorbidity [18, 28, 34,
35]. There is considerable interest in the possibility that
genetic polymorphisms in ion channels or in genes
encoding other molecules involved in the generation and
the maintenance of membrane contribute to epilepsy and
migraine susceptibility [35].

In conclusion, comorbidity between headache and
epilepsy is common in children and adolescents. Our
results confirm a strong association between migraine and
epilepsy, without significant difference between MO and
MA. Migraine is associated with higher rates of focal
epilepsies, in particular cryptogenic epilepsies. Recurrent
attacks of migraine do not seem to cause epilepsy, since
in the majority of our cases, and mainly in MA, epilepsy
preceded migraine. In cases with comorbidity, migrai-
neurs do not have a major risk of post-ictal headache
compared to tension-type headache sufferers. Photosensi-
tivity on EEG and positive family history for epilepsy are
frequent in children with comorbidity between headache
and epilepsy.

The analysis of the clinical relationship between head-
ache (especially migraine) and epilepsy could contribute to
understanding the pathogenetic mechanisms of these
two conditions, mainly when they are comorbid. Further
studies, based on the present diagnostic criteria of both
disorders [10-12], are needed.
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