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ABSTRACT - Aim. We present three patients with epilepsy of infancy with
migrating focal seizures treated with the ketogenic diet.

Methods. Between February 1, 2012 and January 31, 2014, three patients
who met the diagnostic criteria for migrating focal seizures in infancy at
our department were placed on the ketogenic diet and followed for a min-
imum of seven months.

Results. Two of the three children responded well to the ketogenic diet.
One of these patients became seizure-free and his neuropsychological
performance also significantly improved. The other child had a seizure
reduction of 75% to 99% with only weekly seizures and moderate psy-
chomotor improvement. For these two patients who responded well to the
ketogenic diet, hospital admission was not required. The remaining patient
had a seizure reduction of less than 50%. Tolerability of the diet was good
in all three patients.

Conclusion. Early treatment with the ketogenic diet should be considered
for epilepsy of infancy with migrating focal seizures to control seizures and
status epilepticus, and avoid progressive cognitive impairment.
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Epilepsy of infancy with migrating
focal seizures (EIMFS) is a well-
defined and rare epileptic syn-
drome, characterized by an onset of
multifocal seizures before 6 months
of age and a typical ictal EEG pat-
tern, consisting of seizures that arise
independently and sequentially
from both hemispheres (Coppola
et al, 1995). The seizures are
refractory to antiepileptic drugs
(AEDs) and cause subsequent severe

intellectual disability (Coppolaetal.,
1995; Caraballo et al., 2008).

Several reports have focused on
seizure control or reduction with
the use of different AEDs, such as
levetiracetam, adrenocorticotropic
hormone (ACTH), benzodiazepines,
stiripentol, rufinamide, and potas-
sium bromide, alone or in combina-
tion, with variable results (Caraballo
et al., 2008; 2014a; Djuric et al., 2011;
Vendrame et al., 2011).
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Figure 1. (A) A 22-month-old boy with seizure onset with right posterior temporo-occipital theta rhythms that propagated to the
same regions in the contralateral hemisphere. (B) Twenty seconds later, the ictal EEG recording shows theta rhythms in the left

parieto-occipital regions.

Recently, EIMFS has been described to be related to
different genesin sporadicand familial cases (Lee et al.,
2012; Poduri et al., 2013; Striano et al., 2014), suggesting
genetic heterogeneity.

The ketogenic diet (KD) has been successfully used
in children with a variety of seizure types and epilep-
tic syndromes, especially epileptic encephalopathies
(Kossoff et al., 2008; Caraballo et al., 2011). Here, we
present three patients with EIMFS and provide a com-
prehensive evaluation of KD therapy.

Case studies

Patient 1 was a 20-month-old boy with migrating focal
clonic seizures from 20 days of life, either alternating
between hemispheres or affecting a single hemi-
sphere, characterized by clonic facial movements, res-
piratory changes, and cyanosis. The first interictal EEGs
did not show significant alterations. During follow-up,
the seizure frequency increased, with a migrating pat-
tern (figure 1 A and B) and status epilepticus. MRI,
metabolic screening, and karyotype were normal.

The boy received phenobarbital, carbamazepine,
lorazepam, valproic acid, and levetiracetam in differ-
ent schemes, with partial response. At eight months,
he developed epileptic spasms. Vigabatrin was added
initially with a good response. However, a month
later, he had brief focal seizures characterized by eye
deviation and desaturation. He developed hypotonia,
microcephalus, and visual disturbances. At 13 months

of age, the KD was started and the patient remained
seizure-free after seven months of follow-up, with
excellent tolerance of the diet. Two of four AEDs could
be discontinued. The video-EEG recording did not
show any ictal events. Neurocognitive development
significantly improved.

Patient 2 was a 29-month-old boy with weekly focal
clonic seizures from 30 days of life. At two months
of life, the focal seizures significantly increased and
additionally he developed complex focal migrating
seizures, either alternating between hemispheres or
affecting a single hemisphere. The first interictal EEGs
showed a mildly disorganized background rhythm
without paroxysms. The seizures, showing the same
migrating pattern and frequent status epilepticus,
became refractory to AEDs, requiring prolonged hos-
pitalisation and sometimes admission to the intensive
care unit. The seizures did not respond to classic and
new AEDs, including bromides. An ictal EEG confirmed
the characteristic migrating pattern (figure 2 A and B).
Repeated brain MRI did not show abnormalities. The
boy developed marked hypotonia, microcephaly, and
global psychomotor impairment. Metabolic screening
and karyotype were normal. No genetic studies for the
EIMFS were performed.

At 19 months of age, the KD was started with a par-
tial response. Seizure frequency decreased by less
than 50%, but mild improvement of neurocognitive
development was observed and his quality of life
improved after 18 months on the KD, associated with
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Figure 2. (A) An 18-month-old boy with seizure onset with left parieto-occipital theta rhythms. (B) One minute and 20 seconds later,
the ictal EEG recording shows rhythmic spikes and waves in the right occipital region.

levetiracetam and topiramate treatment. During the
period on KD, the AEDs were reduced from four to
two. The last video-EEG recording showed a significant
reduction of the ictal events.

Patient 3 was a 4 year, 10-month-old girl who had iso-
lated seizures during sleep at three weeks of life. The
episodes repeated one month later. A month and a
half later, seizure frequency markedly increased to
200 episodes, daily. The seizures were characterized
by eye and head deviation and eyelid twitching, fol-
lowed by eye and head deviation to the opposite
side and chewing movements. Different AEDs, such
as topiramate, clobazam, vigabatrin, phenytoin, and
phenobarbital, were tried, but the girl did not respond
to any.

The EEG showed unilateral slow activity that migrated
to the other hemisphere and disappeared in the
initially affected hemisphere. MRI, CT, and neu-
rometabolic screening were normal. Two months later,
the introduction of levetiracetam reduced seizure fre-
quency from 25 to 30 daily episodes during sleep.
Seizures further reduced to 20, a day after adding
zonisamide, one year and three months later. The
patient developed microcephaly, hypotonia, language
impairment, and eye-tracking difficulties. MRI showed
cortical and central atrophy. Three years after seizure
onset, while on valproic acid, levetiracetan, zon-
isamide, and lorazepam, seizure frequency again
increased, and at 19 months of age, the KD was
started. Seizures reduced from five to seven a day
and some days she was seizure-free. Currently, the
girl continues on the diet after 20 months with
a seizure reduction of 75-99% and excellent toler-

ance of the diet. While on the KD, the number of
AEDs was reduced to two. The video-EEG record-
ings, as well as neurocognitive development, have
significantly improved.

Discussion

We describe three patients who presented with
AED-refractory EIMFS before 5 months of age and who
were treated with the KD. Two of them responded
very well to the diet; one became seizure-free and
the other had a seizure reduction of 75-99% after 8
and 18 months of follow-up, respectively. In these two
children, neurocognitive development significantly
improved. The third patient had a seizure reduction of
less than 50%, but in this patient, neurocognitive per-
formance moderately improved. In all three patients,
the KD was well tolerated.

InEIMFS, seizures are markedly drug-resistantand out-
come is generally poor. Nevertheless, some patients
may respond favourably to bromides, ACTH, stiripen-
tol associated with clonazepam, and levetiracetam
(Caraballo et al., 2008, 2014a; Djuric et al., 2011;
Vendrame et al., 2011). In addition, vagus nerve stimu-
lation and the KD have also been tried, but with, up to
now, poor or inconclusive results (Coppola, 2013).
The KD has been successfully used for children with a
variety of encephalopathies, including Lennox-Gastaut
syndrome, West syndrome, epilepsy with myoclonic
atonic seizures, Dravet syndrome, Landau-Kleffner
syndrome, Tassinari syndrome, and FIRES (Kossoff et
al., 2008; Caraballo et al., 2011). EIMFS is included in
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the group of epileptic encephalopathies that respond
well to the KD, as has been demonstrated in two
of three cases that were similar to Dravet syndrome,
one of the most severe epileptic encephalopathies
(Caraballo, 2011). Focal status epilepticus frequently
occurs in patients with EIMFS, and recently an excel-
lent response of patients with focal status epilepticus
to the KD has also been published (Shein et al., 2012;
Caraballo et al., 2014b).

Larger series of patients with EIMFS should be studied
with longer follow-up to demonstrate the role of KD in
the treatment of this severe epileptic encephalopathy.

Conclusion

The KD is a good option for patients with refrac-
tory seizures and should therefore be considered
earlier in the treatment scheme for patients with
EIMFS.

A better recognition of EIMFS will enable adequate
and vigorous treatment to be initiated in order to
improve prognosis. [

Supplementary Data.
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TEST YOURSELF

(1) What is the aetiology of Epilepsy of Infancy with Migrating Focal Seizures?
(2) Is Epilepsy of Infancy with Migrating Focal Seizures a refractory epilepsy syndrome?
(3) Could the KD be a therapeuticalternative for patients with Epilepsy of Infancy with Migrating Focal Seizures?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.

Epileptic Disord, Vol. 17, No. 2, June 2015

197


http://www.epilepticdisorders.com/
http://www.ncbi.nlm.nih.gov/pubmed?term=Non-pharmacological treatments of Dravet Syndrome: focus on the ketogenic diet
http://www.ncbi.nlm.nih.gov/pubmed?term=Migrating focal seizures in infancy: analysis of the electroclinical pattern in 17 patients
http://www.ncbi.nlm.nih.gov/pubmed?term=Long-term follow-up of the ketogenic diet for refractory epilepsy: multicenter Argentinean experience in 216 pediatric patients
http://www.ncbi.nlm.nih.gov/pubmed?term=Epilepsy of infancy with migrating focal seizures: six patients treated with bromide
http://www.ncbi.nlm.nih.gov/pubmed?term=Ketogenic diet in pediatric patients with refractory focal status epilepticus
http://www.ncbi.nlm.nih.gov/pubmed?term=Malignant migrating partial seizures in infancy
http://www.ncbi.nlm.nih.gov/pubmed?term=Migrating partial seizures in infancy: a malignant disorder with developmental arrest
http://www.ncbi.nlm.nih.gov/pubmed?term=The efficacy of bromides, stiripentol and levetiracetam in two patients with malignant migrating partial seizures in infancy
http://www.ncbi.nlm.nih.gov/pubmed?term=Optimal clinical management of children receiving the ketogenic diet: recommendation of the international ketogenic diet study group
http://www.ncbi.nlm.nih.gov/pubmed?term=A case of malignant migrating partial seizures in infancy as a continuum of infantile epileptic encephalopathy
http://www.ncbi.nlm.nih.gov/pubmed?term=SLC25A22 is a novel gene for migrating partial seizures in infancy
http://www.ncbi.nlm.nih.gov/pubmed?term=Therapeutic hypothermia for refractory status epilepticus in a child with malignant migrating partial seizures of infancy and SCN1A mutation: a case report
http://www.ncbi.nlm.nih.gov/pubmed?term=Genetic heterogeneity in malignant partial seizures of infancy
http://www.ncbi.nlm.nih.gov/pubmed?term=Treatment of malignant migrating partial epilepsy of infancy with rufinamide: report of five cases


<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /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


