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ABSTRACT - A 4-year-old girl with intractable epilepsy due to left-side
hemispheric cortical dysplasia underwent a hemispherotomy. She was
seizure-free after the surgery. EEG showed persistent abundant epilep-
tiform activity over the left (disconnected) hemisphere, including ictal
patterns that neither generalised nor had clinical correlates. Antiepilep-
tic medication was completely withdrawn four years following the surgery.
One week after the withdrawal, she developed episodes of intense
left-sided hemicranias (ipsilateral to the surgery) with vomiting and photo-
phobia that did not resemble her habitual seizures and were unresponsive
to non-steroidal anti-inflammatory drugs. Video-EEG showed association
of the headache attacks with ictal patterns over the disconnected hemi-
sphere. Brain MRl revealed increased signal changes in the left hemisphere.
Attacks responded promptly to i.v. midazolam and carbamazepine at a low
dose. Mechanisms underlying peri-ictal headache originating in the discon-
nected hemisphere are discussed. [Published with video sequences]
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with epileptic activity is a seldom
reported phenomenon that has
attracted increasing attention in
recent years (Parisi et al, 2012;
Cianchetti et al., 2013). The third
edition of the International Clas-
sification of Headache Disorders
(ICHD-III) defines ictal headache
as occurring during a partial
epileptic seizure, ipsilateral to the
epileptic discharge and remitting

seizure has terminated (Headache
Classification Committee of the
International Headache Society,
2013).

The aetiology of ictal headache,
particularly in patients exhibiting
headache as the sole manifesta-
tion of the epileptic seizure, is
unclear. Ictal headache manifests
with diverse symptomatology. No
specific type of EEG pattern or
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location have been attributed to ictal headache in
patients with symptomatic or idiopathic epilepsy.
Regions of epileptiform EEG activity associated with
ictal headache include central, parietal, and temporal
regions, as well as deep structures, such as the hippo-
campus or amygdala, and generalised ictal activity is
also reported on EEG (Cianchetti et al., 2013).

We report on a patient after successful hemisphero-
tomy, who developed headaches in relation to ictal
activity in dysplastic brain tissue in the disconnected
hemisphere that responded to a subtherapeutic dose
of carbamazepine.

Case report

The patient had intractable epilepsy from the age of
3 months. She presented with multiple seizure types,
both with and without impaired consciousness, always
associated with variable right-sided motor symptoms
(versive, tonic and clonic). She had mild right-sided
hemiparesis and central-type hypotonia. EEG consis-
tently showed no differentiation and reactivity over the
left hemisphere with frequent left-sided epileptiform
activity (sharp waves, spikes, and irregular spike-
wave complexes) originating from different regions
of the left hemisphere and secondarily propagated to
the right side. No independent right-sided spikes or
seizure onsets were recorded. Brain MRI revealed left-
sided hemispheric cortical dysplasia which was more
prominent in the posterior part of the hemisphere,
with no features of hemimegalencephaly. Multiple
antiepileptic drugs (VPA, PB, PRM, TPM, VGB, PHT,
DZP, and CBZ, in different combinations) were ineffec-
tive. Neuropsychological testing revealed moderate
intellectual disability, mainly with communication and
behavioural problems.

The patient underwent left-sided hemispherotomy
from the vertical approach (performed by Olivier Dela-
lande) at the age of 4 years. Histopathology was focal
cortical dysplasia type Ilb. She was seizure-free after
the surgery and showed marked cognitive progress.
Initial right-sided hemiplegia gradually improved.
Postsurgical MRI confirmed the complete discon-
nection of the left hemisphere. Postoperative EEGs
repeatedly showed frequent spikes as well as ictal pat-
terns over the disconnected hemisphere that did not
propagate to the right side or show clinical correlates.
Anticonvulsant medication was gradually reduced:
PHT, PB, and TPM were withdrawn and the patient was
treated with carbamazepine monotherapy. Four years
after the surgery, the remaining low dose of carba-
mazepine (75 mg per day) was withdrawn.

One week after the withdrawal of carbamazepine,
the patient was admitted for episodes of left-sided
hemicranias. She suffered from multiple daily attacks

(up to 10 episodes per day) of intense headache,
localised to the left temporal region, lasting for up
to one minute. Nausea, vomiting, and photopho-
bia accompanied some of the attacks. The patient
did not complain of other difficulties and did not
present seizures resembling those before surgery.
Video-EEG monitoring (see figure 1 and video
sequence) during the headache attacks showed an
almost continuous suppression-burst pattern over the
left side (i.e. disconnected hemisphere) and long-
lasting recruiting ictal patterns (usually lasting for
several minutes) that originated predominantly from
the left central-parietal region, and less frequently
from the left temporal and occipital regions. No inde-
pendent epileptic activity was observed over the right
hemisphere. Propagation of ictal patterns to the right
could be explained by volume conduction because
of high voltage of left-sided patterns and immediate
normalisation of the background activity on the right
after their cessation, in contrast to a postictal flat-
tening of EEG activity on the left. In the majority of
the attacks, ictal EEG activity preceded headache for a
number of seconds (up to2 minutes); in afew episodes,
the headache started shortly after the ictal pattern
manifestation. No other manifestations of seizures
were identified and the patient responded normally
during attacks. Brain MRI (figure 2) revealed a pro-
gression of signal changes (hyperintense in T2w and
FLAIR images) in cortical and subcortical regions of
the lefthemisphere. Headache attacks did not respond
to non-steroidal anti-inflammatory drugs (NSADs), but
immediately resolved after i.v. midazolam (continuous
infusion, 20 mg/day). A low dose of carbamazepine
(150 mg/day) was reintroduced and the patient was
rendered headache-free even after midazolam discon-
tinuation after one week. Video-EEG performed after
one month still showed almost continuous epilepti-
form activity over the left hemisphere, but decreased
amplitude of spikes. Ictal patterns occurred less fre-
quently with the same characteristics as described
above, but with shorter duration and, importantly,
were not associated with clinical manifestations. The
patient has remained on the low dose of carba-
mazepine without clinical complications. Her mental
development has proceeded.

Discussion

Headache attacks in our patient were clearly asso-
ciated with epileptiform activity in the disconnected
hemisphere. Features of the headache (i.e. brief
duration, symptoms of migraine, and the temporal
association between headache onset and termina-
tion of ipsilateral ictal EEG patterns) were compatible
with hemicrania epileptica, as described by Isler
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Figure 1. Interictal and ictal EEG recordings at the time of
headache attacks.

(A) Seizure onset (from the left posterior quadrant on scalp EEG).
(B) Evolving ictal EEG pattern during the headache attack show-
ing the spread of ictal activity. (C) Interictal abnormality with flat
non-organised background activity over the left hemisphere and
central left/midline spikes.

Longitudinal bipolar montage; amplitude: 150 uV/cm; speed:
10 mm/s.

Peri-ictal hemicrania after complete hemispherotomy

and colleagues (1987), and ictal headache, defined
by ICHD-IIl. Furthermore, the headache attacks
responded to AED therapy, but not NSADs.
Preoperative absence of any headaches in the setting
of medically intractable seizures, including seizures
without impaired consciousness, would suggest that
either ictal headaches did not exist before the oper-
ation, or they did exist, in which case they would be
the most pharmaco-responsive of all the ictal symp-
toms. Our patient did not complain of the headaches
before the brain surgery. Severe painful sensations,
as observed at the time of ictal headaches, would
most probably have not been overlooked even in a
preverbal child. Development of ictal headaches as
a new seizure type after the operation seems less
likely as the headaches appeared one week after
the AED withdrawal and remitted with the use of
a small dose of CBZ. Also, EEG findings recorded
during ictal headaches were only quantitatively dif-
ferent from the EEG activity after the treatment with
CBZ (lower-voltage spikes and shorter and less fre-
quent ictal patterns). Considering the epileptic basis
of the headache episodes in our patient, postoperative
brain MRI was evaluated. Signs of complete hemi-
spherotomy were confirmed. Dissection of the
pathways of internal capsule prevented sensorimotor
manifestations from the disconnected hemisphere.
Disconnection of the corpus callosum pathways pre-
vented spreading of the ictal activity contralaterally
and sensorimotor manifestations from the preserved
hemisphere. Nevertheless, we can not rule out that
propagation of the ictal discharge in the dysplastic
hemisphere could cause ictal headache, particularly if
we accept that the ictal headache pre-existed but was
suppressed by a low dose of carbamazepine.
Peri-ictal headache has been previously associated
with activation of the trigeminovascular system.
Cortical spreading depression (CSD), an electro-
physiological phenomenon that was proposed to
induce activation of the trigeminovascular system
and migraine (Moskowitz et al, 1993), was shown
to accompany epileptic discharge (Fabricius et al.,
2008). After surgery, perivascular intracranial and
meningeal neuronal branching remained preserved
in the disconnected hemisphere. This supplies noci-
ceptive innervation, provided by axons originating
in the ipsilateral trigeminal ganglion, mainly through
the ophthalmic trigeminal division. However, tempo-
ral association between the headache attacks and ictal
discharge indicates involvement of neuro-mediated,
rather than inflammatory-mediated, mechanisms and
circulatory malfunction, underlying migraine pain. Fur-
thermore, headaches in our patient did not respond
to NSADs, but were well controlled by CBZ. In an
experimental study, oxcarbamazepine, a derivative of
CBZ, did not suppress the CSD (Hoffmann et al., 2011).
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Figure 2. Brain MRI of the patient.

(A) Presurgical coronal FLAIR sequence consistent with a diagnosis of left hemispheric cortical dysplasia. (B and C) Immediate post-
surgical coronal FLAIR and axial T2w sequences showing complete disconnection of the left hemisphere. (D) Axial T2w sequence
performed at the time of headache attacks revealing enhanced signal changes of the grey and white matter of the left hemisphere.

Therefore, different pathophysiological mechanisms
underlying the headache attacks were involved. An
anti-nociceptive effect of CBZ is used for the treatment
of neuralgias (particularly trigeminal neuralgia), with
doses lower than those used for the anticonvulsant
indication. The pain relief is believed to be associated
with blockade of synaptic transmission (via voltage-
gated sodium channels) in the trigeminal nucleus. We
speculate that these mechanisms might contribute to
the effect of CBZ on the headache attacks in our
patient.

Brain imaging performed at the time of headache
attacks showed progression of the MR signal changes
over the left hemisphere. These findings were inter-
preted as possible oedematous changes due to
abundant epileptiform activity in the disconnected
hemisphere. A link between these MRI changes and
the headache attacks is controversial. Nevertheless,
ictal hyperperfusion in the epileptogenic brain tissue,

possibly further enhanced by the AED withdrawal, may
have aggravated chronic structural changes (i.e. dys-
plastic and postoperative changes) and contributed to
the onset of headaches.

We are aware of one case report of epileptic headache
in a patient after hemispherotomy. Fusco et al. (2011)
reported a seizure-free child after a right-sided hemi-
spherotomy due to Rasmussen encephalitis, who
developed migraine attacks two years after the surgery.
EEG showed association of the headache attacks
with increasing intensity and duration of epilepti-
form discharges over various locations (i.e. frontal and
occipital) of the disconnected hemisphere. Headaches
disappeared after intravenous application of diazepam
(Fusco et al., 2011).

There are both striking similarities as well as some dif-
ferences between this patient and the patient reported
here. We wish to emphasize that epileptiform dis-
charges and ictal patterns over the disconnected
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hemisphere were constantly present after the surgery
in both children. Headache was associated with
increased duration and intensity of ictal patterns.
Contrary to our patient, CBZ was ineffective for the
treatment of headaches in the patient with Rasmussen
encephalitis. Different underlying pathophysiology
(i.e. active inflammatory process vs. cortical dysplasia;
migraines vs. brief cephalic pain) might be related to a
different therapeutic effect in both patients.

Based on the experience with our patient, we would
approach the option of complete AED withdrawal
in hemispherotomy cases with intense epileptiform
activity over the disconnected hemisphere with
caution.

To summarise, ictal headache, as the sole manifesta-
tion of epileptic discharge, is rare and its underlying
pathogenic mechanisms have not yet been elucidated.
We believe that our case report of ictal activity-
associated headache contributes to the discussion
regarding such mechanisms. OJ
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Legend for video sequence

Video-EEG recording of a typical headache attack

The girl is lying on her back listening to her mother
reading a fairy tale. With the start of the ictal EEG
pattern, she indicates to the parents that she feels a
headache. After approximately one minute of ongo-
ing ictal pattern, she complains about an intense
headache and points at the button to signal to her
mother to mark the event. She then touches her left
temporal region, grins while closing the left eye,
turns her head to the pillow, and screams. Relief
from the headache after cessation of the ictal pat-
tern is apparent.

Key words for video research on
www.epilepticdisorders.com

Syndrome: focal non-idiopathic (localization not
specified)

Etiology: dysplasia (architectural)

Phenomenology: headache

Localization: hemispheric

Headache Classification Committee of the International
Headache Society (IHS). The International Classification of
Headache Disorders. 3rd Edition. Cephalalgia 2013;33: 629-
808.

Hoffmann U, Dilek6z E, Kudo C, Ayata C. Oxcarbazepine does
not suppress cortical spreading depression. Cephalalgia
2011;31:537-42.

Isler H, Wieser H, Egli M. Hemicrania epileptica: synchronous
ipsilateral ictal headache with migraine features. In: Ander-
mann F, Lugaresi E, eds. Migraine and epilepsy. Boston:
Butterworths, 1987 : 246-63.

Moskowitz M, Nozaki K, Kraig R. Neocortical spreading
depression provokes the expression of c-fos protein-like
immunoreactivity within trigeminal nucleus caudalis via
trigeminal mechanisms. | Neuroscience 1993;13:1167-77.

Parisi P, Striano P, Negro A, Martelletti P, Belcastro V. Ictal
epileptic headache: an old story with courses and appeals.
J Headache Pain 2012;13: 607-13.

Epileptic Disord, Vol. 16, No. 2, June 2014

217




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier (FOGRA27)
  /Description <<
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


