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ORIGINAL

Ictal and interictal EEG findings in children
with migraine

Abstract We describe the electroencephalographic findings in
nine pediatric migraineurs during
the ictal phase of pain. We observed
abnormal patterns on electroencephalography (EEG) in seven
patients with migraine with aura
and in two patients with basilar
migraine. These patients were also
evaluated with EEG during
headache-free interval, at least 7
days after the ictal event; these
interictal findings were unremark-

Introduction
During the last 50 years, a variety of electroencephalographic abnormalities have been described in patients
with different types of migraine [1], with a reported incidence ranging from 11% to 74% [2–6]. The great majority of these studies referred to interictal electroencephalography (EEG) and mainly are based on adult
patients, while only a few EEG studies have been conducted during the acute phase of headache in children.
Several EEG patterns dependent on age, type of migraine
and clinical phase of symptoms have been reported. De
Carlo et al. [2] underlined that about 80% of 40 (32/40)
children and adolescents presented abnormalities in the
critical phase compared to 4.4% during the intercritical
period. Puca and de Tommaso [3] reported that the EEG
abnormalities in children were quite aspecific, while
more definitely altered EEG patterns consisting of spike
or high voltage delta activity had been observed in smaller series.

able, confirming the observations
reported in the literature. Finally,
we review migraine and its EEG
characteristics as reported in the literature, and discuss the value of
EEG performed during interictal
and ictal phases of migraine.
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Intercritical EEGs with aspecific abnormalities and no
neurophysiological differences between children migraineurs with and without aura, during the headache-free
period, have been described [2–4, 6–8].
Ramelli et al. [5] observed marked interhemispheric
alpha asymmetry, sometimes associated with an increment
of delta activity, during migraine attacks with sensorial or
visual aura, while during the acute attack of migraine without aura EEG usually revealed an increase of slow activity
on posterior regions. Other EEG patterns, including focal or
diffuse slowing that resolves several days after the attack
have been described even in rare migraine forms such as
hemiplegic or basilar migraine, during ictal phase [4, 5].
To clarify whether pediatric migraineurs exhibit electroencephalographic abnormalities and to further understand the diagnostic utility of such observations, we performed EEG during the acute and intercritical phases of
migraine attack in 9 young people referred consecutively
to the Emergency Pediatrics Department of the University
of Parma. Furthermore, we discuss our data on the basis of
the current literature exclusively focused on pediatric age.
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Patients and methods
We performed electroencephalography (EEG) in children and
adolescents referred consecutively in 2003 for acute migraine
attack to the Emergency Pediatrics Department. Migraine
headache was diagnosed according to the diagnostic criteria proposed by the International Headache Society [9]. EEG was performed at the Neurophysiology Laboratory of the Neuropediatric
Unit. In all patients, EEG was performed within 3 h of onset of
the headache attack (range, 0–3 h) and all subjects were still
symptomatic (suffering from head pain) during the EEG examination. After the EEG recording session, the patients were administered paracetamol to stop the acute attack. Subsequently, the
patients underwent physical and neurological examinations and
another EEG examination out of the acute phase (at least 7 days
after the attack and at least 10 days before the following attack).

EEG was performed on a 21-channel Nicholet machine. An
electrode cap based on the International 10–20 System for the lead
position was used, and each recording session lasted for a minimum of 40 min, with 3 min of hyperventilation and intermittent
photic stimulation (IPS) obtained with a flash frequency ranging
from 1 to 30 Hz. The electroencephalograms were evaluated visually by the same neurophysiologist (F.P.), and then inspected by
another physician (C.F.) blinded to the patients’ identities. There
was no interobserver variation in the interpretation of the traces.

Results
We present the EEG findings in 9 patients, including 6
girls and 3 boys, of mean age 12.9 years (Table 1). These

Table 1 Clinical characteristics and EEG findings in 9 pediatric patients with migraine
Patient

Sex Age, Diagnosis Duration Family Other
years
of pain, h history symptoms

Intensity Visual aura
of pain

Sensorial aura EEG findings

1

F

15

MA

3

No

No

Severe

Blurred vision Paresthesias of Delta-theta activity on right
of the left
left arm
occipital region
visual field

2

F

13

MA

4

No

No

Severe

No

3

M

16

MA

4

MA

No

Moderate Left temporal No
hemianopsia

Theta waves on right
parieto-occipital regions

4

F

14

MA

3

M

No

Moderate Blurred vision, No
zigzag pattern
of right visual
field

Delta-theta waves on left
temporal regions

5

F

10

MA

3

MA

No

Moderate Blurred vision, No
zigzag pattern
of right visual
field

Delta waves on left posterior
regions

6

F

14

MA

4

No

No

Severe

No

7

M

7

MA

4

M

No

Severe

Blurred vision No
of left visual
field

Delta-theta activity on right
occipital region

8

M

13

BM

6

MA

Vertigo,
dysarthria,
ataxia

Severe

Bitemporal
hemianopsia

No

Asymmetry of background
activity and high-amplitude
delta activity on right
occipital regions

9

F

14

BM

8

No

Vertigo,
Severe
dysarthria,
altered
consciousness

No

Paresthesias
of the arms

Asymmetry of background
activity and high-amplitude
delta activity on right
occipital regions

Paresthesias of Delta-theta activity on
left hemiface temporo-occipital regions
and tongue
(right)
Marked slowing during
hyperventilation

Paresthesias of Delta-theta activity on right
left arm
occipital region. Bursts of
sharpish transients at 7–10
cycles/s on central regions
Photodriving (right>left)
during IPS

MA, migraine with aura; BM, basilar migraine; M, migraine without aura; IPS, intermittent photic stimulation
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subjects had previously been referred to our headache outpatient clinic before being studied at emergency admission. Seven of these patients had migraine with aura and
two had basilar migraine. Two patients with migraine with
aura and one with basilar migraine had a family history of
migraine with aura (mothers suffering from headache). In
all subjects, the frequency of headache was >2 attacks per
month and the duration of each episode was >3 hours. No
patient was taking prophylactic pharmacological treatment for migraine.
We observed EEG abnormalities in all patients during
the acute phase (Table 1).
During acute attacks in patients with migraine with aura,
the EEG abnormalities were characterized by the presence
of an excess of focal slow activity in the delta or theta range
(Fig. 1). This was localized on the posterior (parietal and
occipital) or temporal regions, contralaterally to the symptomatic hemibody involved in the aura phase with no peculiar

differences regarding the type of aura (visual or somatic).
Moreover asymmetry of background activity was present
and we never observed any epileptiform transients. No other
clear abnormalities were observed except diffuse slowing
during hyperventilations in two patients and bilateral photodriving during IPS in a third patient.
The electroencephalograms recorded during the attack in
two patients with basilar migraine (Table 1) showed asymmetric background activity and irregular high-amplitude
delta activity over the right posterior regions (Fig. 2). This
pronounced, focal slow activity increased during hyperventilation, but no peculiar reaction upon IPS was seen.
In all patients, no EEG abnormalities were found during the headache-free interval, at least 7 days after the
acute headache attack and at least 10 days before the following attack. Furthermore, there were no abnormal findings on physical and neurological examinations during the
headache-free period.

Fig. 1 EEG pattern in patient n. 2 with migraine
with aura (female, 13 years). See delta activity
on the right posterior regions
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Fig. 2 EEG pattern in patient n. 8 with basilar
migraine (male, 13 years). See irregular highamplitude delta activity on the right posterior
regions

Discussion
Previous reports [3, 10, 11] described, in the intercritical
phase, an increased theta rhythm with an alpha interhemispheric asymmetry in patients with both migraine with
and without aura. These abnormalities have usually been
observed contralaterally to the hemibody clinically
involved. We used as controls the same patients during the
headache-free period, at least 7 days after the onset of
headache: no significant EEG abnormalities were
observed during interictal phase.
The literature [2, 3, 8, 12, 13] underlines the presence,
during the acute phase, of unilateral slowing and asymmetry of the dominant frequency in the alpha range that
our study only partially confirms. Moreover, background
EEG activity has been studied even by means of comput-

er-assisted quantitative analysis and revealed essentially
fluctuating abnormalities dependent on age, type of
migraine, and time from the last attack [3]. The main
quantitative EEG abnormalities reported [3, 6, 8] are the
slowing and asymmetry of the alpha frequency; specifically, during attacks of migraine without aura, the alpha
rhythm interhemispheric index is increased in frontal and
central regions, while with attacks of migraine with aura,
this alpha rhythm suppression is observed in the occipital
regions contralateral to the affected hemifield, with an
increase of delta activity on the posterior regions.
Minimal regional differences with lower power in alpha
range have also been reported in patients with classic
migraine during symptoms-free phase [14]. Furthermore,
Nyrke et al. [15], Jonkman and Lelieveld [16] and
Facchetti et al. [17] reported frequency asymmetries of
the alpha rhythm in patients with classic migraine.
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Schoenen et al. [18] showed no abnormalities in
migraineurs (with and without aura) who underwent spectral analysis and topographic EEG mapping in intercritical
phase. Sand [4] in his review confirmed that inconsistent
intercritical EEG findings have been reported; however a
pattern of increase alpha rhythm variability emerged from
the several studies analyzed.
In our sample we never disclosed EEG abnormalities
during the interictal phase, confirming that this diagnostic
procedure has no clear indication in this phase.
During the acute attack of migraine with aura,
Schoenen et al. [18] reported posterior-anterior spreading
of slow activity and depression of alpha or theta activity
contralateral to the neurological signs, while in patients
with common migraine, they recorded reduced alpha
activity over one occipital region, usually on the side of
the headache. Soriani et al. [19] reported the case of an 11year-old boy with recurrent migraine auras without
headache; ictal EEG recordings showed a continuous and
diffuse beta activity with disappearance of the alpha
rhythm and normal interictal EEG.
In our study, in the ictal phase, we observed an excess
of slow activity in the delta or theta range over the posterior regions, contralaterally to the symptomatic hemibody
involved in the aura phase with no peculiar differences
regarding the type of aura (visual or somatic). In two
patents we also noticed an asymmetry of the amplitude of
the alpha rhythm, during the acute phase of migraine with
aura. These findings seem to strengthen the data obtained
by cerebral blood flow studies, particularly in migraine
patients with aura, that show a reduction in regional flow
that generally begins in the posterior regions and spreads
anteriorly [20]. This observation suggests that we need to
use different diagnostic procedures to better investigate
cerebral blood flow during the attack.
A pronounced slowing during hyperventilation in
migraineurs has often been described; however, this
response is variable and frequently marked in children [3,
6]. The distinction between normal or abnormal response
is a personal point of view; in fact there are no strict criteria to follow on this regard, so we decided not to use the
findings during hyperventilation in this study.
The most intriguing EEG abnormality found in
patients with migraine is epileptic activity that was found
with an incidence ranging from 0.4% to 20% [11]. This
epileptic activity includes generalized and focal discharges during rest and during photic stimulation and
hyperventilation; high-voltage spike-wave complexes,
suppressed by eye opening, have been observed in
migraine with visual aura and also in basilar migraine,
childhood epilepsy with occipital paroxysm and benign
rolandic epilepsy [3, 6, 7, 21–25]. Panayiotopulos [26, 27]
reviewed clinical and EEG criteria of occipital epilepsy

and migraine with aura and concluded that if each characteristic of visual aura is identified (duration, color, shape,
size, location, movement, speed of development and
progress), the diagnosis is easy. Recently, Brinciotti et al.
[28] showed that the presence of specific clinical features
(amaurosis, scotoma and family history of migraine),
together with bilateral EEG abnormalities and no changes
during IPS, is related to migraine. Furthermore, some
authors [3, 6, 7] reported epileptic abnormalities in children suffering from chronic headache. In a recent report,
periodic lateralized epileptiform discharges (PLEDs) were
observed in adult patients with migraine [29]. We did not
see any epileptiform transients in our subjects during
attack or in the headache-free interval. However in our
cases the clinical and symptomatic history allowed us to
easily exclude a co-existence of headache and epilepsy.
Other EEG abnormalities have been reported in basilar
migraine, a variant of migraine with aura [5, 9, 30]. In
1961 Bickerstaff [31–33] described basilar migraine as a
type of migraine with aura, and in 1968 Slatter described
the EEG findings during the ictal phase [34]. Parain and
Samson-Dollfus [35] described an excess of beta activity
in the ictal EEG of children with attacks of basilar
migraine. Passier et al. [36] showed predominant delta
activity in the same patient during several attacks and normal activity between them. Ramelli et al. [5] showed diffuse polymorphic subdelta-delta activity in two patients
with basilar migraine and delta-theta activity predominant
over the occipital regions in another two subjects.
However, during ictal phase, bilateral high-voltage posterior slowing [37–42] and posterior delta slowing associated with spikes and sharp waves or posteriorly predominant sharp and slow wave complexes [43, 44] have also
been described. Finally, Pietrini et al. [45] reported an
unusual association of acute confusional migraine and
frontal intermittent rhythmic delta activity (FIRDA).
In our patients, EEG performed 3 h after symptoms
onset showed high-amplitude delta activity over the right
posterior regions with asymmetry of the background
activity. Once again, no abnormalities were found during
the interictal phase, in agreement with other studies.
In conclusion, our study confirms, in agreement with
other authors [2], that in the headache-free interval there
is no significant variation in EEG pattern in two different
types of migraine. We believe that in intercritical phase,
EEG does not add further information to the clinical and
neurological examination of a patient. EEG can be helpful
to rule out cerebral lesions such as inflammatory processes or cerebral tumors with a clear relationship to the clinical features. Moreover, EEG could be useful in the differential diagnosis between epilepsy and migraine in children with occipital epileptiform EEG abnormalities [28].
The EEG pattern in children with migraine observed by
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some authors could be explained by the possible persistence of critical abnormalities in the asymptomatic phase;
these are detectable in adults with migraine with aura and
in both types of migraine during juvenile age. This difference may be due to the electrophysiological instability of
juvenile age interacting with the basic mechanism underlying the disease, but which remains to be determined [3,
8]. However, we never observed abnormalities during the
interictal phase and this could be explained by the fact that
we performed the second EEG examination at least 7 days
after the acute phase.
We noticed some abnormalities during the acute phase
in migraine with aura and in basilar migraineurs. The evo-

lution of the EEG abnormalities that disappeared during
the headache-free interval in all patients and the clinical
findings suggest that we must avoid misinterpretation of
these features, bearing in mind that the slow activity during the migraine attack should not be necessarily identified
as sign of a structural brain lesion. These findings confirm
that performing a routine EEG examination during the
interictal phase is probably not useful, while ictal EEG
represents a valuable, noninvasive technique that can show
transient neuronal changes induced by migraine attack.
Acknowledgement We thank Professor L.A. Pini for his helpful
suggestions on earlier drafts of the manuscript.
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