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Early genetic testing for neonatal epilepsy
When, why, and how?

The incidence of seizures is greatest during the
neonatal period, with an estimated rate of 2–4
per 1,000 live births. Although the majority of
seizures in the newborn are due to acquired brain
disorders, a substantial proportion are due to met-
abolic and genetic disorders causing neonatal- and
infantile-onset epilepsies. For decades, genetics has
played a critical role in identification and treat-
ment of seizures in the newborn and infantile
period.1,2 With newborn screening, disorders such
as phenylketonuria and biotinidase deficiency can
be identified before patients develop seizures. Early
identification and treatment prevents the develop-
ment of often severe epilepsy syndromes and asso-
ciated comorbidities. Detection and early
treatment will continue to improve as newborn
screening methods advance, whether based in
genetics or clinical observation: the first channel-
opathy that causes epilepsy was identified in fam-
ilies with benign familial neonatal convulsions in
the 1990s, before completion of the human
genome project and modern genomics.3

Advances in genomic technologies such as
microarray-based comparative genomic hybridization
and DNA sequencing have revealed hundreds of
heterogeneous pathogenic variants in patients with
neurodevelopmental disorders, including epilepsy.
Large-scale studies investigating the molecular basis
of human epilepsy syndromes using modern genomic
methods have identified many previously unknown
causes of epilepsy.4 The highest yield in many of these
studies has been in patients with early-onset epilepsy
syndromes. The genetically determined early-onset
epilepsy syndromes can be divided into groups based
on underlying mechanisms and pathways. A modifi-
cation of one such scheme divides these into synap-
topathies, channelopathies, mTORpathies, and other
genetic disorders causing malformations of brain
development and chromosomal anomalies.5 Many
of these patients have what are described as epileptic
or developmental encephalopathies. These disorders
are associated with persistent EEG abnormalities and
are frequently resistant to treatment with conven-
tional pharmacotherapy for seizures.

Clinical application of modern genomic technolo-
gies has many challenges. Multiple phenotypes may
be associated with pathogenic variants in a single
gene, whereas single phenotypes can be associated
with changes in multiple genes. Our understanding
and interpretation of the clinical import of any given
sequence variant falls along a gradient, ranging from
those in which the variant is almost certainly patho-
genic for a disorder to those that are almost certainly
benign. There are many tools, standards, and guide-
lines that aid in this process.6 To aid in interpretation,
genomic data from parents or other relatives are often
required. Coverage and reimbursement for clinical
genetic testing is complex and highly variable and
influenced by several factors such as clinical setting,
insurance coverage, and privacy concerns. There is
substantial variation among health care systems
throughout the world and in the United States there
is also regional variation.

This issue of Neurology® reports an important
study that identified a cohort of newborns with
neonatal-onset epilepsy diagnosed through the use
of modern neurodiagnostic guidelines.7,8 From
a group of over 600 newborns, the authors were able
to separate acquired causes of seizures and identify 79
(13%) with neonatal-onset epilepsy. This cohort
included patients with brain malformation, familial
epilepsy syndromes, and epileptic encephalopathies.
Despite using a heterogeneous approach to genetic
testing, this study identified that nearly three-
quarters of this cohort had pathogenic or likely path-
ogenic genetic causes for the epilepsies. The genetic
causes identified included several patients with de
novo pathogenic variants, which has important im-
plications for family planning and genetic counseling.
Also, many of the identified disorders have prognostic
implications both for treatment and risk of comorbid
neuropsychological and multisystem disorders. The
authors did not identify any vitamin-responsive neo-
natal epilepsies, but identified patients with specific
disorders that would allow enrollment in clinical
research protocols.

This study begins to address the questions of
when, why, and how genetic testing should be
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performed in early-onset epilepsies. The high yield
shown in this study clearly demonstrates that genetic
testing should be performed as early as possible in cer-
tain epilepsy phenotypes. The prospect for early diag-
nosis of potentially treatable disorders, the important
prognostic and genetic information for family plan-
ning and patient care, and the potential to avert fur-
ther unnecessary diagnostic testing are all reasons
why. The “how” will continue to be challenging
and dynamic. Continued work with our colleagues
in genetics and development of guidelines for this
population will be critical.

DISCLOSURE
The authors report educational grants from the American Epilepsy Soci-

ety and CURE. Go to Neurology.org for full disclosures.

REFERENCES
1. Pearl PL. Amenable treatable severe pediatric epilepsies.

Semin Pediatr Neurol 2016;23:158–166.

2. Wilmshurst JM, Gaillard WD, Vinayan KP, et al. Summary

of recommendations for the management of infantile

seizures: task force report for the ILAE Commission of

Pediatrics. Epilepsia 2015;56:1185–1197.

3. Biervert C, Schroeder BC, Kubisch C, et al. A potassium

channel mutation in neonatal human epilepsy. Science

1998;279:403–406.

4. Epi4K Consortium; Epilepsy Phenome/Genome Project,

Allen AS, Berkovic SF, et al. De novo mutations in epileptic

encephalopathies. Nature 2013;501:217–221.

5. Hur YJ, Koh S, Millichap J, Nangia S, Jennings LJ, Nordli

DR Jr. Clinical and electroencephalographic characteristics

of infantile-onset epilepsies caused by genetic mutations.

J Pediatr 2017;184:172–177.e171.

6. Richards S, Aziz N, Bale S, et al. Standards and guidelines

for the interpretation of sequence variants: a joint consensus

recommendation of the American College of Medical

Genetics and Genomics and the Association for Molecular

Pathology. Genet Med 2015;17:405–424.

7. Shellhaas RA, Chang T, Tsuchida T, et al. The American

Clinical Neurophysiology Society’s Guideline on Continu-

ous Electroencephalography Monitoring in Neonates.

J Clin Neurophysiol 2011;28:611–617.

8. Shellhaas RA, Wusthoff CJ, Tsuchida TN, et al. Profile of

neonatal epilepsies: characteristics of a prospective US

cohort. Neurology 2017;89:893–899.

Neurology 89 August 29, 2017 881

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/lookup/doi/10.1212/WNL.0000000000004287


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /TheCowboyFont
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 true
  /GrayImageMinResolution 300
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000410064006f00620065002000500044004600200064006f00630075006d0065006e0074007300200066006f0072000a002000200020002000200020002000200020002000200020002000200020002000200020002000200020002000200020005100750065006200650063006f007200200057006f0072006c00640020004d00690064006c0061006e0064>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




