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ABSTRACT – Ring chromosome 20 syndrome is an epileptic and neurodevel-
opmental encephalopathy that occurs in children, characterised by a triad
of refractory frontal lobe seizures, recurrent non-convulsive status epilep-
ticus and frontal lobe-dominant paroxysmal discharges. However, details
of other clinical features associated with ring chromosome 20 syndrome
remain unknown. Here, we report two patients with ring chromosome 20
syndrome who had praxis-induced reflex seizures. Case 1 was an 11-year-
old girl who presented with seizures triggered by specific activities such as
mental and written calculations, writing, decision-making, recall, sudden
changes in routine or ambient temperature and bathing. During calcula-
tions, left frontal lobe-dominant, 3-Hz slow-wave bursts were observed on
EEG. Lacosamide effectively suppressed her tonic seizures. Case 2 was a
six-year-old boy who presented with seizures triggered by specific activ-
ities such as calculations, recall and bathing. During calculations, frontal
lobe-dominant, 3-Hz spike and slow-wave bursts were observed on EEG.
Although his epilepsy was refractory, gabapentin reduced the frequency of
focal seizures. In both cases, the hyperexcitability in the frontal lobe may

precipitated praxis-induced seizures.
characteristic triad, praxis-induced

of ring chromosome 20 syndrome.

-convulsive status epilepticus, praxis-

frontal lobe seizures, recurrent non-
convulsive status epilepticus (NCSE)
and typical EEG findings includ-
ing long-lasting, high-voltage slow
have spread to the motor cortex and
Therefore, in addition to the known
reflex seizures may also be a feature
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Ring chromosome 20 syndrome
(R20) is refractory epilepsy that
occurs in childhood. Classically, R20
is characterised by a triad of signs:
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mild to moderate intellectual dis-
ability, behavioural changes and
epilepsy (for a review see Genton et
al., 2019). Recently, the primary fea-
tures of R20 have been described
as the following three electro-
clinical characteristics: refractory

waves or frequent trains of theta
waves in the frontotemporal areas
(Gago-Veiga et al., 2018). However,
detailed cytogenetic and epileptic
mechanisms and clinical features of
R20 are still unknown. Conversely,
in patients with reflex epilepsy,
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eizures may be induced by specific conditions such
s reading and exposure to flickering light or unex-
ected touch (Ferlazzo et al., 2005). Seizures triggered
y current thoughts such as calculations and decision-
aking are referred to as praxis-induced seizures

Inoue et al., 1994), which are strongly linked to
diopathic generalised epilepsy, particularly juvenile

yoclonic epilepsy (Yacubian and Wolf, 2014).
ere, we report the cases of two patients with R20
ho were experiencing seizures due to factors such

s concentrated thoughts (e.g. performing calculations
r decision-making) and bathing or showering with
ot water. These two cases suggest that praxis-induced
eizures and hot water epilepsy may also be features
f R20. Furthermore, although seizures in patients
ith R20 are documented to be resistant to numer-
us drugs, these two patients responded to lacosamide
nd gabapentin. Informed consent was obtained from
he families of both patients before performing cyto-
enetic analyses.

ase studies

ase 1

n 11-year-old girl, with no significant medical or fam-
ly history, was born after an uneventful pregnancy
nd labour. She presented with episodes of staring,
ecreased responsiveness, ictal fear and sleep-related

onic-clonic seizures at the age of nine years. In partic-
lar, tonic seizures occurred approximately 10-15 times
er day. Seizures occurred during the day and night,
ut she always woke up with a tonic seizure in the
orning. Her developmental milestones were normal.

he triggers for seizures included performing both
ental and written calculations, writing, making deci-

ions, recall, sudden changes in routine or ambient
emperature and bathing. These triggers were accord-
ng to the observations of her parents. The patient tried
voiding these activities to prevent seizures and occa-
ionally appeared to experience fear during seizures.
nterictal EEG showed spontaneous 4-Hz spike and
low waves in the left frontal regions. Intermittent
hotic stimulation did not evoke photoparoxysmal
esponses. EEG monitoring over 24 hours revealed pro-
onged, 1.5-2-Hz spike and slow-wave complexes with

ild clouding of consciousness for around 20 min-
tes in the absence of motor manifestations, indicative
pileptic Disord, Vol. 22, No. 2, April 2020

f NCSE.
he patient’s physical and neurological examination
as normal. Her intelligence quotient was determined

o be 69 based on the Wechsler intelligence scale for
hildren-IV (WISC-IV). Chromosomal analysis led to
he diagnosis of R20 with 88% mosaicism. Array compa-
ative genomic hybridisation revealed no deletions or
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Praxis-induced reflex seizures in R20

uplications in any chromosomes, including chromo-
ome 20.
rain MRI revealed no abnormalities. Cerebral blood
ow by N-isopropyl-p-[123I]-iodoamphetamine (123I-

MP) single-photon emission computed tomography
SPECT) indicated increased tracer uptake in the left
rontal area during NCSE. In contrast, N-isopropyl-
-[123I]-iomazenil SPECT and fluorodeoxyglucose-
ositron emission tomography revealed no significant
ndings.
arbamazepine, valproic acid, levetiracetam, lamot-

igine, zonisamide and gabapentin were ineffective
n controlling the seizures. However, lacosamide
reatment decreased the tonic seizures from 10-
5 times per day to 1-2 times per week and
educed the spike and slow-wave complex bursts
n frontal areas observed on EEG. Before and after
he treatment, the patient had no behavioural abnor-

ality and showed no deterioration. After two
ears, the frequency of tonic seizures remained
t 1-2 times per week owing to lacosamide, and
n the interictal EEG, paroxysmal discharges were
ompletely suppressed, however, seizures were not
ompletely controlled. Although the administrated
est was not a systematic examination, EEG moni-
oring conducted when the patient was performing
alculations revealed left frontal lobe-dominant high-
mplitude slow-wave activity of approximately 3 Hz,
owever, no discernible seizures were induced

figure 1A).

ase 2

he second case was a six-year-old boy with no
ignificant medical or family history of disease. No
omplications were reported during his mother’s
regnancy and delivery. His developmental milestones
ere normal.
t three years of age, the patient experienced seizures
efore going to sleep and walked around and stamped
is feet during seizures. Various seizures (focal

mpaired awareness seizures, oral automatism and
ocal-to-bilateral tonic-clonic seizures) occurred 10 or

ore times a day. The seizures occurred during certain
ctivities, such as performing calculations, attempt-
ng to recall a particular thing and bathing. These
riggers were according to the observation of his par-
nts. The patient appeared fearful during the seizures.
215

ehavioural abnormalities such as emotional instabil-
ty and aggressiveness were noted after the seizures
ubsided.
nterictal EEG showed sporadic 4-Hz spike and
low-waves in the left frontal regions. Intermittent
hotic stimulation did not evoke photoparoxysmal
esponses. EEG monitoring over 24 hours revealed
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Figure 1. (A) Calculations performed by the patient during EEG recordings in Case 1. The patient was asked a mathematical question
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What is 64 divided by 3?” and asked to perform the calculation. W
n the left frontal area (arrow). The clouding of consciousness or
y the patient during EEG recordings in Case 2. The patient wa
erform the calculation. While performing, 3-Hz spike and slow-
rea (arrow). Discernible seizures were not observed.

rolonged spike and slow-wave complexes, predom-
nantly in the frontal lobe, with mildly decreased
esponsiveness and no motor manifestations, indica-
ive of NCSE.
he patient had no dysmorphism and normal neu-
ological examinations. His intelligence quotient was
etermined to be 66 based on the WISC-IV. The patient
as diagnosed with R20 with 63% mosaicism. Array

omparative genomic hybridisation revealed no dele-
ions or duplications in any chromosomes, including
hromosome 20. Brain MRI and cerebral blood flow
16

23I-IMP SPECT revealed no abnormalities.
arbamazepine, valproic acid, rufinamide,

acosamide, perampanel, ethosuximide and pheny-
oin were ineffective in controlling the seizures.
owever, in addition to carbamazepine, lamotrig-

ne and levetiracetam, gabapentin decreased the
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performing, 3-Hz slow-wave bursts were detected for 10 seconds
ernible seizures were not observed. (B) Calculations performed
ed a mathematical question “What is 12 plus 8?” and asked to
complex bursts were detected for 20 seconds in the left frontal

requency of focal seizures from 10 times/day to
wo times/week. Nevertheless, the behaviour of the
atient had gradually become aggressive. When the
atient did not get what he wanted, he raised a strange
oice and began to break things around him. After a
ear, the frequency of focal seizures (focal impaired
wareness seizures and focal-to-bilateral tonic-clonic
eizures) remained 2-3 times per week owing to
abapentin, and on the interictal EEG, paroxysmal
ischarges were completely suppressed; however,

he drug did not completely control the seizures.
Epileptic Disord, Vol. 22, No. 2, April 2020

lthough the administrated test was not a systematic
xamination, EEG monitoring conducted when the
atient was performing calculations revealed left

rontal lobe-dominant high-amplitude spike and the
low-wave activity of approximately 3 Hz, however, no
iscernible seizures were induced (figure 1B).
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iscussion

ypically, seizures in patients with common epilepsy
re triggered by fatigue or drowsiness. In contrast,
n the two cases presented here, the seizures were
nduced during certain activities such as performing
alculations, concentrated thoughts and bathing. In
oth cases, the frontal lobe-dominant high-voltage
low waves were observed on EEG while the patient
erformed calculations, suggesting epileptogenicity of
raxis-induced seizures in the cortex. If the patients
ad not been treated with effective drugs, such
s lacosamide or gabapentin, the task of calculat-
ng would have continued to cause praxis-induced
eizures. Reports on known R20 cases regarding trigger
actors revealed that video games, psychological stress
nd bathing were seizure-inducing factors (Takahashi
t al., 1995; Inoue et al., 1997; Gomes et al., 2002;
alçin et al., 2006; Watson et al., 2015; Vignoli et
l., 2016). One case study reported in detail that
ental calculation elicited a high-voltage spike-wave

hythm without any clinical symptoms (Takahashi et
l., 1995). Similarly, we confirmed findings that the
rontal lobe-dominant high-voltage slow waves were
bserved when both the patients performed the
alculations.
raxis-induced seizures have an underlying ictogenic
echanism associated with hyperexcitability of the

unctional anatomical central nervous system network,
hysiologically subserving visuomotor coordination

Yacubian and Wolf, 2014). Additionally, the hyperex-
itability of the sensorimotor cortex linked to other
reas by the corticocortical pathways is necessary
o trigger seizures, and the hyperexcitability can be
ctivated by the thinking process (Inoue and Zifkin,
004). As the current cases exhibited hyperexcitabil-
ty in the frontal lobe, the hyperexcitability may have
pread to the motor cortex through transcortical tracts
nd precipitate praxis-induced seizures by external
r internal stimuli. R20 can easily progress to NCSE,

n which frontal lobe-dominant, high-voltage, slow
r theta waves are revealed on EEG; therefore, the
lectrical activity in the brain appears to be in a cons-
ant state of hyperexcitability. Susceptibility to seizures
nduced by external or internal stimuli, such as those
n praxis-induced reflex seizures, may be a feature
f R20.
lthough the patient in Case 1 had various triggers,
uch as writing, making decisions, sudden changes
pileptic Disord, Vol. 22, No. 2, April 2020

n routine and ambient temperature, the patient
n Case 2 had no such triggers. It is important to
onsider the seizure or background to understand
he specificity of the triggers. However, a limitation
f this study was that these triggers could not be
etermined accurately because the examinations

o
I
w
p
a
c

Praxis-induced reflex seizures in R20

ere not systematic (they consisted of interviews with
he parents of the patients). Furthermore, regarding
ther complex triggers such as speaking/reading,
emory, emotion, non-cognitive movement or more

lementary sensory-motor activities, it is difficult to
xplain the whole mechanism based on hyperex-
itability of the functional network in the multiple
obes. To elucidate the complex mechanisms between
arious precipitations and epileptogenic foci, appro-
riate neurophysiological examinations during each

riggering task would be required.
oth patients presented herein exhibited ictal fear. A
tudy on R20 reported ictal fear in 13 of 25 cases (52%)
nd terrifying hallucinations in six of 24 patients (25%)
Vignoli et al., 2016). Intracranial EEG analysis during
eizures with ictal fear suggested the involvement of
he amygdala (Biraben et al., 2001). In this study, both
atients were found to have epileptogenic zones in

he frontal lobe, as assessed using ictal EEG or 123I-IMP
PECT, which may have spread to the amygdala
hrough transcortical tracts and have caused ictal fear.
otably, R20 is refractory to treatment with most
rugs. A combination of valproic acid and lamot-
igine was reportedly helpful in treating seizures in
atients with R20 (Vignoli et al., 2009). This combi-
ation should also be considered as patients grow
lder because NCSE usually increases in frequency

n patients with R20 when they reach adolescence.
n addition, only one case of R20 was reported to
enefit from lacosamide (Onder and Tezer, 2016). In

he current cases, lacosamide and gabapentin were
ffective in each patient, respectively. The mecha-
ism of action of lacosamide is the prevention of
hannel opening via slow inactivation of components
f voltage-gated sodium channels (Onder and Tezer,
016). Gabapentin reduces potassium-evoked excita-
ory amino acid release by inhibiting P/Q-type calcium
hannels (Fink et al., 2000), and promptly elevates
rain gamma-aminobutyric acid (GABA) levels (Petroff
t al., 2000). Lacosamide is an exclusive slow sodium
hannel blocker; gabapentin has the same pharma-
ological function as a calcium channel inhibitor
f low-voltage activated type (e.g. lamotrigine) and
as the same GABAergic inhibition as valproic acid.
lthough we cannot determine whether the observed

esult was due to the combined effect of drugs or
reciprocal action between the drugs, lacosamide

nd gabapentin combined with valproate acid and
amotrigine should be considered for the treatment
217

f patients with R20.
n conclusion, R20 should be considered in patients
ho present with the characteristic triad as well as
raxis-induced reflex seizures. The clinical history
ssociated with potential factors triggering seizures
an easily be overlooked. Although lacosamide and
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abapentin combined with valproate acid and lamot-
igine may be useful for the treatment of R20, further
tudies are needed to validate the efficacy of this com-
ination of drugs. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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(3) What were the effective drugs for the patients with rin

Note: Reading the manuscript provides an answer to all q
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uestions. Correct answers may be accessed on the
“The EpiCentre”.

http://www.epilepticdisorders.com/


<<
  /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
  /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

  /Description <<
    /FRA <>
    /ENU <FEFF00530065007400740069006e006700730020006f00660020004a004c00450020002d002d00200043006f0072006c00650074005f00500072006500730073005f00560038>
  >>
  /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


