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ABSTRACT - We report a child who developed myoclonic status epilepti-
cus (MSE) at four months of age, associated with rhythmic high-amplitude
delta and superimposed (poly) spikes (RHADS), harbouring a GABRB2 (B2
subunit of the GABA A receptor) variant. The patient was treated under a
presumptive diagnosis of neonatal-onset Alpers syndrome (AS) and under-
went targeted sequence analysis for POLGT (polymerase gamma 1) and
subsequentwhole-exome sequence analysis (WES). The patient is currently
a 10-year, eight-month-old boy, suffering from daily MSE associated with
RHADS and severe global developmental delay from early infancy. Although
POLGT mutation was negative, WES revealed a de novo missense variant
of GABRB2 (NM_021911.2: c.784G>T, p.[Val262Phe]). Based on a review of
case series with GABRB2 variants, we found that five of the 18 cases shared
the clinical and EEG characteristics associated with our patient. In sum-
mary, this de novo GABRB2 variant was associated with an AS phenotype,
characterized by treatment-resistant MSE and RHADS, and may represent
an alternative aetiology for neonatal-onset AS without POLGT mutation
[Published with video sequencel.
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Alpers syndrome (AS) is an early-onset neurodegen-
erative disorder with a poor prognosis, characterized
by the triad of developmental regression, intractable
epilepsy, and hepatic dysfunction (Sofou et al., 2012;
Rose and Al Khalili, 2019). The neuropathological
examination demonstrates neuronal loss, status spon-
giosus, and astrocytosis, affecting the cerebral cortex
(Harding et al., 1986). The most common age at onset
is between one month and six years of age, although
a few prenatal- and adult-onset cases have been
reported. Asan early symptom, epileptic seizures resis-
tant to antiepileptic drug (AED) treatment develop in
the form of focal, multifocal or myoclonic seizures
evolving into epilepsia partialis continua (EPC) or
myoclonic status epilepticus (MSE), which markedly
increase in frequency over months or years (Wolf et al.,
2009; Rose and Al Khalili, 2019). Among the laboratory
findings, the emergence of rhythmic high-amplitude
delta with superimposed (poly) spikes (RHADS) was
demonstrated to be specific for this syndrome (Boyd
et al., 1986; Wolf et al., 2009; van Westrhenen et al,,
2018). In order to make an early diagnosis and avoid the
use of sodium valproate (VPA), which may accelerate
fatal hepatic failure, the POLGT (polymerase gamma 1)
mutation testis recommended (Saneto et al., 2010). We
report a child presenting with daily MSE and RHADS,
associated with a de novo missense variant of the 32
subunit of GABA A receptor (GABRB2).

Case study

The patient is currently a 10-year, eight-month-old boy.
His family history was unremarkable. He was born by
Caesarean section uneventfully due to pelvic position
at 38 weeks of gestation. His birth weight, length, and
head circumference were 2,880 g (-0.18 SD), 47.6 cm
(-0.45 SD), and 33.0 cm (-0.30 SD), respectively, which
were appropriate for his gestational age. After birth,
he was crying a little and feeding poorly. At the one-
month medical check-up, hypertonia, poor feeding,
poor weight gain, and ptosis were noted. He main-
tained a rigid posture with flexion of both arms at
the elbow and extension of both legs, and became
opisthotonic during the traction manoeuvre. At four
months of age, rhythmic myoclonus affecting his face
and extremities developed which gradually increased
in frequency (see video sequence). At 10 months of
age, he was transferred to another hospital for further
examination and microcephaly (-3.6 SD), hypotonia
and no neck fixation, mild rigidity, and frequent rhyth-
mic myoclonus of the extremities were observed. At
the age of one year and seven months, he underwent
gastrostomy and Nissen’s operation because of dis-
abling gastroesophageal regurgitation.

At three years and two months of age, he was referred
to our hospital. He was 95 cm (+ 0.28 SD) tall,

GABRB2 mutation, MSE and RHADS

weighed 13.9 kg (+ 0 SD) and had a head circum-
ference of 43.5 cm (-4.0 SD). He was unable to hold
his head or sit and had marked generalized hypo-
tonia with mild spasticity of the extremities. He had
ptosis, no visual fixation or following, and no lan-
guage ability. Sensory stimulation, such as sudden
touch or sudden noise, easily provoked the rhythmic
myoclonus of the face and all four extremities syn-
chronously lasting for several minutes to a few hours.
Polygraphic analysis demonstrated that the rhythmic
myoclonus corresponding to RHADS localized to both
midfrontal-central-parietal regions (figure TA). In addi-
tion, the jerked-locked back-averaging revealed that
the RHADS-polyspike component was time-locked to
myoclonic EMG potentials and preceded their onset by
8 msec. (figure 1B). He had no respiratory compromise
nor autonomic symptoms during the attack, and no
postictal EEG slowing after the seizures. Thus, the
rhythmic myoclonus was considered to be either bilat-
eral EPC or MSE. He also had daily autonomic seizures
originating from the left or right temporal region.
The interictal EEG exhibited persistent diffuse slow
waves with multifocal spikes, frequently interrupted
by RHADS during wakefulness, and an intermittent
suppression-burst (SB) pattern during sleep (figure 2).
On brain MRI, moderate brain atrophy with diffuse
T2 high intensity in the white matter was observed
(figure 3).

The protein, lactic acid and pyruvate levels on CSF
examination were normal. No abnormalities were
found for blood amino acids, urine organic acids, or
tandem mass screening tests. Array CGH results were
normal. Visual and sensory evoked potential studies
showed a normal response and poor separation of N20
component, respectively. Only a mild increase in liver
enzymes was found by liver function tests. Based on
the clinical and EEG findings, as well as the progressive
nature of the disorder, AS was strongly suspected. No
pathological or biochemical abnormalities were found
on muscle biopsy. At present, he receives artificial res-
piratory assistance and is cared for at home. MSE has
continued, and the suppression-burst EEG pattern has
gradually become dominant on EEG during sleep and
wakefulness.

Gene analysis

The targeted sequence analysis for POLGT was per-
formed at four years of age, but no pathogenic POLG1
variants were found. Atsix years and five months of age,
whole-exome sequencing was carried out, as previ-
ously described (Nakashima et al., 2019), for the patient
and his parents, which revealed a de novo GABRB2
variant (NM_021911.2: c.784G>T, p.[Val262Phe]) in the
patient. The variant was not observed in exome data of
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Figure 1. Polygraph of myoclonic status epilepticus (at three years and two months of age). The recording was performed at a sampling
frequency of 512 Hz using a digital electroencephalograph manufactured by Nippon DenshiKogyo and analysed by the FOCUS program
developed by Nippon Denshi Kogyo. (A) Rhythmic EMG discharges correspond to rhythmic high-amplitude delta with superimposed
(poly) spikes (RHADS) localized to both midfrontal-central-parietal regions with right-sided dominance. (B) The polygraph was averaged
(n=11) at the trigger point, placing the onset of myoclonic EMG potentials at the right deltoid muscle. As a result, the first spike
component of RHADS preceded the onset of myoclonic EMG potentials by 8 mseconds, suggesting that the myoclonic status epilepticus

was derived from the contralateral primary motor cortex.

575 in-house Japanese controls or gnomAD, another
database comprising 125,748 exome sequencing and
15,708 genome sequencing samples (Karczewski et al.,
2019). This variant was judged to be likely pathogenic
(PS2+PM2+PP3) according to the American College of
Medical Genetics and Genomics (ACMG) guidelines
(Richards et al., 2015).

Informed consent was received from all participants in
accordance with the Japanese regulations. The study
was approved by the institutional review boards of the
Yokohama City University School of Medicine.

Discussion

In our case, neurological abnormalities were already
observed in the neonatal period, and MSE appeared
from four months after birth, suggesting neonatal-
onset AS. Sofou et al. (2012) examined the phenotype-
genotype association in 19 patients meeting the clinical
definition of AS. When the phenotypes were com-
pared between the POLGT-positive mutation group
(n=6) and POLGT-negative mutation group (n=13), the
former group was characterized by a median age at
neurological onset of 6.5 months, pharmacoresistant
epileptic seizures as the first or second main clini-
cal symptom, and accompanying ataxia and stroke-like
episodes. On the other hand, in the POLG-negative

mutation group, symptom onset often occurred at
the perinatal stage, and microcephaly and spasticity
were common. EPC, status epilepticus, and myoclonus
were more often observed in the former group,
whereas neonatal seizures and infantile spasms were
more common in the latter group. Furthermore, liver
dysfunction was more severe in the former group.
In our patient, the clinical findings were similar to
those of the POLG17-negative mutation group, such
as neonatal onset and absence of POLGT muta-
tion, but the seizure characteristics were similar to
those of the POLG7-positive mutation group. A de
novo GABRB2 missense variant was identified as an
underlying cause.

To date, 18 patients with developmental disorders or
developmental and epileptic encephalopathies asso-
ciated with GABRB2 missense variants have been
reported, all exhibiting global developmental delay,
intellectual disability and epilepsy (Hamdan et al,
2017). As there have been no case reports of GABRB2
truncating variants or copy number variations, and a
loss of receptor function has also been confirmed
by functional studies in three patients with differ-
ent GABRB2 missense variants, it is possible that
dominant-negative effects of p.(Val262Phe) caused
the developmental and epileptic encephalopathy in
this patient (Ishii et al., 2017, May et al., 2018).
Detailed clinical information was described for 13
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Figure 2. Interictal awake and sleep EEG at three years and two months of age. During wakefulness, the EEG frequently showed RHADS,
localized predominantly to the bilateral central-parietal regions (A), whereas no physiological sleep discharges were observed on sleep
EEG (B), however, the suppression-burst pattern was noted as sleep progressed.

patients; two developed early myoclonicencephalopa-
thy (EME) and three others had myoclonic epileptic
encephalopathies (Hamdan et al., 2017; Ishii et al., 2017)
presenting with MSE. In addition, the descriptions of
EEG findings for two patients were similar to that of
RHADS.

EPC is a variant of simple focal motor status epilepti-
cus in which frequent repetitive muscle jerks, usually
arrhythmic, continue over a prolonged period of

time. The jerks are often stereotyped, affecting single
muscles, muscle groups, entire limbs or large parts of
a hemibody. Previous clinical and electrophysiological
studies suggested that focal cortical myoclonus, EPC
and focal motor seizures, bilateral EPC, and MSE
comprise a spectrum from a single jerk to repetitive
jerks and clonic motor seizures, and from focal jerks
to generalized jerks through the intrahemispheric
and transcallosal spreading of abnormal sensorimotor
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Figure 3. Brain MRI (T2 weighted) at three years and two months
of age, revealing moderate brain atrophy with diffuse T2 high
intensity in the white matter.

cortical discharges (Donaldson et al., 2012). MSE in our
patient was easily provoked by sensory stimulation,
indicating a neurophysiological characteristic of
cortical-reflex myoclonus (Hallett et al., 1979).

According to the polygraphic study, the MSE
corresponded to RHADS recorded from both centro-
parietal regions. RHADS was first reported be a specific
EEG finding for AS in 1986 and has been confirmed by
many case series (Boyd et al., 1986; Wolf et al., 2009; van
Westrhenen et al., 2018). RHADS was characterized by
asymmetry between both hemispheres, intermittent

Legend for video sequence

Video-polygraph of myoclonic status epilepticus (at
three years and two months of age), showing rhyth-
mic myoclonus of the face and all four extremities
synchronously (myoclonic status epilepticus), last-
ing for several minutes to a few hours. Forcibly
raising both legs at times stopped or lessened the
myoclonic status epilepticus.

Key words for video research on

www.epilepticdisorders.com

Phenomenology: myoclonic status epilepticus
Localisation: rhythmic high-amplitude delta with
superimposed (poly) spikes (RHADS) localized to
both midfrontal-central-parietal regions with right-
sided dominance

Syndrome: epileptic encephalopathy not otherwise
classified

Aetiology: genetic disorder

appearance, a large slow wave with an amplitude
ranging from 200 to 1,000 nV and a frequency at 1 to
3 Hz preceded by small polyspike discharges. Some
mitochondrial diseases, such as myoclonic epilepsy
with ragged-red fibres (MERRF), mitochondrial myopa-
thy, encephalopathy, lactic acidosis, and stroke-like
episodes (MELAS) and AS, are widely known to often
associate with EPC, presumably affecting primary
sensorimotor neurons (Lamperti and Zeviani, 2016).
The GABRB2 variants are also suspected to excite
primary sensorimotor neurons through reduced
GABA inhibitory function (Ishii et al., 2017). In conclu-
sion, the GABRB2 variants are associated with an
AS phenotype characterized by treatment-resistant
MSE and RHADS. In addition, they may represent an
alternative aetiology of neonatal-onset AS without
POLGT mutation (Sofou et al., 2012). O

Supplementary data.
Summary  didactic  slides  are
www.epilepticdisorders.com website.

available  on the
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TEST YOURSELF

(1) What seizure types and EEG findings are specific to Alpers syndrome?

(2) What is the role of GABA-A receptors in the brain and what effect do GABA-A receptor mutations have
regarding the aetiology of epileptic encephalopathies?

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. 22, No. 4, August 2020

481


http://www.ncbi.nlm.nih.gov/pubmed?term=Variation across 141,456 human exomes and genomes reveals the spectrum of loss-of-function intolerance across human protein-coding genes
http://www.ncbi.nlm.nih.gov/pubmed?term=Myoclonus epilepsy in mitochondrial disorders
http://www.ncbi.nlm.nih.gov/pubmed?term=Rare coding variants in genes encoding GABAA receptors in genetic generalised epilepsies: an exome-based case-control study
http://www.ncbi.nlm.nih.gov/pubmed?term=Identification of de novo CSNK2A1 and CSNK2B variants in cases of global developmental delay with seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=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
http://www.ncbi.nlm.nih.gov/pubmed?term=POLG DNA testing as an emerging standard of care before instituting valproic acid therapy for pediatric seizure disorders
http://www.ncbi.nlm.nih.gov/pubmed?term=Phenotypic and genotypic variability in Alpers syndrome
http://www.ncbi.nlm.nih.gov/pubmed?term=Specific EEG markers in POLG1 Alpers' syndrome
http://www.ncbi.nlm.nih.gov/pubmed?term=Status epilepticus in children with Alpers' disease caused by POLG1 mutations: EEG and MRI features


<<
  /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 <>
    /ENN ()
  >>
  /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


