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Abstract
Objective: It is now well appreciated that Benign Epilepsy with Centrotemporal Spikes
(BECTSormoregrecently ECT)Ss associated with a range of cognitive and behavioral
disturbances=Bespite our improved understanding of cognitive functionirtgGi 8, there
have beento date no efforts to quantitatively synthesize the available literature within a

comprehensive cognitive framework.

Methods: The present systematic review and rratalysis was conducted according to
PRISMA guidelines. Fortywo casecontrol samples met eligibility criteria comprising a
total of 1237 children with BECTS and 1137 healthy control ekitdUnivariate, random-
effects metaanalyses were conducted on eight cognitive factors in accordance with the
CattellHorreCarrol (CHC) model of intelligence.

Results: Overall, children with BECTS demonstrated significantly lower scores on
neuropsycholgical tests across all cognitive factors compared to healthy controls. Observed
effects ranged from 0.42 to 0.81 pooled standdation units, with the largest effect for
longterm storage and retrievdblf) and the smallest effect for visual procegdiGv).

Significance: The results of the present metaalysis provide the first clear evidence that
children with. BECTS display a profile of pervasive cognitiNculties and thus challenge
current copceptions of ECTS as a benign disease or of lispeific or localized cognitive

effect.

Keywords BenignRolandic epilepsy, Childhood epilepsy, Focal epilepsy,
neuropsychology, cognition

[Main text]

Rolandic Epilepsy (RE) is the most common form of childhood idiopaticil f
epilepsy, estimated @ccount for up to 1% of all childhood epilepsy case®vith the
typical age of onset of 6-10 years of age, patients with RE experience relativedy arit
focal seizures with retained awareness, prasgpredominately as nocturnal, hefacial

motor seizures with sensory features that can secondarily geaefddia historically
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referred to as Benign Epilepsy with Cenfremporal Spikes (BECTS), the EEG marks the
presence of stereotypédjh voltage blunt spiketow wave discharges in the centro
temporalrelandig region? Current understanding classifies the etiology of BE@s
provisionallysunknowriWhile there is a presumed genetic underpinning, tentatively related
to the centreemporal spike coponent, poor concordande monozygotic twins indicage

that genetiefactors aret paramount.As such, epigenetic and environmental factors may
account fortherexpression of the epileptic syndrome.

Although atypical expressiorsin manifest, the characteristicatignign nature of the
condition is_appreciated in relation to the tendency for patients to achieve complete seizure
remission in.the overwheiing majority of patient§ However, given the pervasive and often
frequent oceurrence of interictal cortical hygxeitability, notably active during sleegnd
more generallyover the course of a sensitive developmental period, a host cfIstiveie
explored the impact of BECTS on behavior and neuropsychological functiodisguch a
series of studies have revealed elevated prevatdramgnitive deficits, behavioral
disturbancelearning disorders, specific langudaggairment speecksound disorders and
educational andcademigroblemsfor children with BECTS®® Accordingly, revised
terminology aveid the erroneous implicationtloé benign nature of the condition, replacing
“benign?with selflimited. Henceforth we will use the abbreviation ECihlace of
BECTS Children with ECTS are also at higher risk of developing ADHD symptoms and
externdizing.behaviors compared to contr§i¥. Rates of psychopathology atevated
with studies"@€monstrating 64.3%and 81%" of ECTSchildrendisplaying at least one
DSM-1V defined psychological disorder diagnosed with the respective D&M-Kiddie
Schedule for Affective Disorders and SchizophrenisS&BS)criteria, Given the increased
risk of a range bdisruptions it is not surprising that quality of life &so reduced in these
children®

In relation to cognitive outcomes, a common contention in the literattivatigeneral
intellectual funetioning in children with ECTIS within normal limitsalthough belovtheir
healthypeers. Systematic reviews have indicatedtabledifficulties associatedith verbal
and visual memory and attention directegrocesses, although most reviews also report
disturbances in other cognitive domains suchrasessing speedisuo-spatial skills, visue

motor coordination and executive functioniny.
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A research focus on language funotand processing of verbal and auditory
information stems from the apparent association between the location of epilepttority
in ECTS and a cortical region critical for language functioning, that is, the Rolagion®
Accordinglyssstudies have implicated a variety of different expressive and receptive language
processes,;some arguing for widespread language dysfuietitife others advocate
circumseribedlanguage deifis.° This line of reasoning has prompted sorasearchers to
propose that'memory deficits may even result from a dysfunctional language system, suc
that there iis difficulty in encoding and organizing the verbal information intoamefor
long-term storagée®

To our knowledge, there has been one effort to quantitatively synthesis cognitive
outcomes iN"ECTS wherel8mith Bajomo and Pal (201%5¢cently conducted a meta
analysis omrlanguage and literacy skills in children with ECTS. The authorsrioadetatéy
largedifferencean all factoraspects of language function reviewettluding single-word
reading, phonological processing, expressive and receptive language. Whiletthet@mi
(2015) review is an importanbntribution providingclear evidence of an increased
likelihood of language deficits in children with ECTSsistill unclear where these deficits
sit in the broader neuropsychological profile. It is also noteworthy that therawtid not
assess for methodological quality of stuffies

Although there is a consensus that children with ECTS are at a higher risk of
cognitive impairment, explaining and attributing the findings is also not so cleaimpact
of various specific or broader diseastated featureBave been exploredor exanple age of
onset? electrophysiological characteristics (8eand anticonvulsant medication effects
(see’) etc.{ cognitive impairment in epilepsy is like multifactorial phenomendi
Nevertheless, a coherent understanding of the profile of cognitive deficits, groundedgn str
psychometric theory, may provide a necessary cornerstone for exploring the apparent
heterogeneity of deficits.

The available researchlimited by severamethodological factors’ Many studies
include 'small sample sizesre inconsistenh their inclusionor exclusion criterialack
control groups or are poorly controllemt, fail to adequately report data. As a result, studies
have increased risks of samplisgectrunor reporting biases. In addition, several studies
assessed limited scope of cognitive ability, thereby increasing the likelihood of

confirmation bias or attributing poor performancéoializeddysfunction. As such, mixed
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findingsarereportedacross the cognitive factors and a clear picture of the
neuropsychological profile iECTS remains to be elucidated.

There have been to date no efforts to quantégtisynthesize the available literature
within a cohesive and comprehensive cognitive framework. Accordingly, the current study
conducedasystematic review and medaalysis on cognitive outcomes in children with
ECTS, in acecordance with a widely acceptsamprehensivand empiricallyalidated
framework-of-cognitionthe CattellHorn-Carrol (CHC)model of intelligencé®*?’ The CHC
model has been recently applied to examining cognitive functioning in idiopathénetic
generalized epilepsy and has been shown to provide a rational, parsimonious taxonomy of
cognitive abilities in diverse neuropsychological batteries, including executieéidn?®°
We hypothesized thathildren with ECTSvould exhibit deficits in cognitive functioning
comparedorhealthy controland we further explored the magnitude of any difficulti¥e
investigated whether there is a particular profile of neuropsychologicaldoaatihich are
preferentially affected, and we explore whether any methodological or clinitatfaan

explain the variability in cognitive effects between studies.

Methods
Protocolregistration
The systematic review protocol was registered with the International Prospective
Register of Systematic Reviews (PROSPERO: registration nugi®ed2015024457 The
review was'€onducted according to PRISMAdglines !

Search strategies

A search for articles was conducted using Medline and Scopus databases for articles
published Up to and including 3bf December 2016<eywords were ented in terms of
syndrome(rolandic epilepsybenign epilepsy with centrotemporal spikeECTSBCECTS
BRE or BECRJsand neuropsychological outcomesdnitive, cognition, neuropsychology,
neuropsyehological, intelligence, language, memory, attengagutive function The
reference lists of eligible articles were also searched for additional studies.
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Selection criteria

Studies adhering to all of the following eligibility criteria were included: (a)
original research published in a peeviewed journal, (b) asecontrol or cohort studies with
both a samplesef participants with a diagnosis of ECTS and a healthy agedehtatctiel
group (c) participants were between the ages1f gears of agat testingto facilitate group
homogeneity"and comparability of outcome measures, (d) outcomes includedtangf
cognitive funetioning measured by published neuropsychological tests. Studies were
excluded if (a) the patient group contained those with rolandic discharges vethositive
clinical history_of seizures (b) the patient group included a heterogeneous sample ¢icepilep
syndromes, (c)_the control group was a non-epilepsy diagnosis-positive sample (rather tha
healthy controls);d) full-text article was not available or not availabl&mglish; € means
and standard-deviations for test data were not availgbferences included in the systematic

review and metanalysis are identified in the reference list with an asterisk.

Data Extraction

Neuropsychological test data was extracted from the included studiedaonrthef
test means and,standard deviations. Tests were classified in accordance with the CHC model
broad factor.in.which the test was deemed to load most hidétgils of the clssifications
are available in the supplementary matefiabt allocation to CHC factor was drawn from
the latent variable or factor structure of tests as presented in prior literature and the judgement
of two independent raters (SW and SHpre precisely, tests were allocated using the
detailed operational definitions of CHC constructs by McGrew (20@&acilitate
continuity between studiemsany tests were allocatéal their respective factors congist
with the previous review houghman, Bowden and D’Souza (203%5The CHC model of
intelligence is the most comprehensive and empirically validatste! of human
cognition®***TheCHC frameworkfunctions on dierarchical, threstratum model.
Foremost, an_overarching factor of general intellectual functio@hgrderscoreseveral
broad coganitive abilities including, however not limited to, acquired knowlgdge fluid
reasoning Gf), working memory capacitydsm), processing speec§), and longterm
storage and retrievaB{r; seeTable )*°. Further, zhost of narrow abilities are subserved

under the broad factors.
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While the CHC framework does not explicitly refer to ‘executive functions’, temam
to be a construct of importance fmany researchers and cliniciafi#s such, the CHC
modéd accounts for tests of executive functiorsaseral broadtratum abilities or as a
conflation ofwvariousCHC factors’>*° Lexical retrieval, otherwise referred to as verbal
fluency, is also.commonly regarded as an executive function. In traditional CH§, theor
fluency is eonceptualised as a narrow abilitystf however recent investigation suggests
that fluency'may be best represented as an independent broad factor; represteietiad
processes(independent of encodifgccordingly,the current sidy conceptualised fluency
(Gr) as a broad stratum ability.

In terms of the extraction of neuropsychological test data:

e Whereasingle study reported on multiple tests reflecting the same underbyaiag b
CHCfactor (i.e. digit span and block spaach test was extracted and pooled within
the(study for the respective factoe(Gsm).

e Where a test included multiple outcomes for the same set of stimuli, a single
representative outcome was chosen (i.e. RAVLT aelagcallfor RAVLT).

e \Where.sepata neuropsychological test data was reported for subgroups within a
study (i‘es EEG focd$>* AED presenc®; IED presence® etc.), data for each group
was-extracted and pooled within the study.

e Wheretest datavascollected andeported across multiple tirgoints, information
was-extractedor patients and controls at the first tipeint only>***°Given the
paucity of longitudinal studies, data in the current study was restricted to outcomes
during'the active epilepsy phase.

e Where a study inclied multiple control comparisons (i.e. community controls and
patient sibihgs)°, community controls were selected preferentially.

o Wherethere were multiple papers containing overlapping, duplicate samples with
overlapping neuropsychological testsingle paper was chosen. This decision was
basedon the most comprehensively reported and representative-oapever,
where there wermultiple papers with duplicate samples containing different
neuropsychological tests, measurdifferent cognitivefactors, both papers were
included and considered as a single study (e.g. Riva et al, 2008 and Vago et al., 2008;
Lopes et al.2013 and Lopes et al., 2014).
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A number of clinical variables were also extracted from included studies. This included
case and control sample sizase of ILAE diagnostic criterianean sample age of epilepsy
patients; mean sample age of epilepsgeizureonset centratemporal spike focus and
proportion ef-ehildren on angpileptic medication (AED). Where descriptive statsti
weren’t provided but individual patient data was presented, means and standardndeviat
were computediWhere enough data was available, rreigression analyses were conducted

on clinicalwvariables

Statistical analysis

Meta analyses were conducteidh Comprehensive Metafalysis Version 2 software
(CMA).* Effectisizes were computed for each study and pooled for each cognitive factor.
That is, eachrstudy produced an effect size reflecting the magnitude of Standardized Mean
Difference (SMD) in neuropsychological test data between children with BEEQ@ healthy
control childrenStandard guidelines were used for interpreting effect size magnitude (SMD
= 0.20,small effectSMD = 0.50moderate effecSMD = 0.80/arge effect ***° Point
estimate interpretation was supplemented with the associated SMD confidence irftervals.
each cognitivesfactor, a random effects rreatalysis was conductedhd@ random effects
model providedan estimate of the overall mean effect size and its d@emde interval, under
the assumption that the studiesreconducted independentfy and that each reflect a
randomsample.ocognitiveabilitiesand patients.

Theddistribution okffect sizegrom the included studs was examined with Q test for
each factosueh'that a significant Q statistic rejects the assumption of homogeneity.
Importantly, a norsignificant Q does not necessarily equate consistency among effects nor
does the Q statistic provide a reliable measure of magnitude for between study
heteogeneity”* Computatiorof tausquared T?) provided a measure of the dispersion or
variance of true effects between studiBurther, the | squaredf) statistic wasomputed,
which describesithe percentagedidpersionin effect estimates that is duertal rather than

spurioust?
Assessment of Methodological Quality

No gold standard assessment of methodological study quality for observational

researchrurrently exist$® The current study adopted the Newca&iteawa Scale (NOS) as a
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tool to quantify the methodological quality of included studiéghe NOS is an instrument

that assesses the quality of non-randomized observational studies and has beemiexgblem

in severabublished systematic reviews and/or matalyses including casmntrol and

cohort studieskhe scale incorporates a star system in which each study can receive up to a
maximum of nine stars if all criteria have been satisfied within three categmiestion,
comparabilityand exposure/outcome.

Therselection variables address the validation and representativeness of both the cases
and controls, thereby providing a measurement of selection bias. Alternatorafyakability
determines sample matchingteria, that is, whether a given study controlled for age and/or
some additional factor by design. The third variable exposure, foremost evaluatedithe qua
(i.e. blinding)"and similarity of test data ascertainment as to help reduce possible performance
bias. In addition, the exposure variable also addresses sample representativeness via assessing
whether a/study provides adequate information regarding sample response ratesdor test
(i.e. descriptions of noresponse or refuséd-participate rates)

While research suggests that it possesses adequatetéssieliability, interater
reliability is typically poor and others have even questionedtidity of the itemé® As
such, it's applieation in the current study was to quantify methoda@lbgiality as a relative
measurerather than an absolute measure of quality. Quality assessment was further examined
for any additional risks of bias not otherwise captured by the NOS. To assess fatjmurblic
bias, funnel,plots were generated for eadmndove factor in which standard error of the

intervention effect estimate was plotted against study sample size.
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Results
Study Demogr aphics

After remeving duplicate articles (see Figure 1), 437 papers were screened for
eligibility. Sereening on the basi title and abstract excluded 297 papers. Of 140 remaining
studies, forty met the eligibility criteria. Two additional papers were identified as duplicate
samples; although containing data flifferent cognitive factord **and were therefer
included anditreated as osample of ECTS children. Subsequent to initial screening, many
studies were excluded because of comprising a mixed epilepsy sample or samples with
centrotemporal spikes without epilepsy (n=8), full text not available (n=13) or urideaia
English (n=4), no control group (n=24) or a repilepsy positive diagnosis control group (i.e.
migraine omerigheral nervous system disorders; n=3), insufficient data reporting (n=18), no
neuropsychoelogical tests used or tests which were not astegublished neuropsychological
tests(n=11), older patient sam@€>16 years, n=3), or were a sample described in another
paper (n=15)Where data was incomplete, not reported or full text was unavailable, authors
were contacted via email to requestadathis resulted in the additional inclasiof data from
only one_study?’

Demographic and disease related variables were varied across the included studies
and studies.were mixed in terms of the reported variables. Included studies reflected a wide
range of different laguages and cultural backgrounds. The total sample consisted of 1188
children with.ECTS and 107egbntrol participants. The mean age of the BECTS samples was
9.82 (.96) with'enly three studies not reporting mean sampl&ae In total 30 studies
reported on‘age of onset, with mean age of onset ranging from 4.17 ko3t6studies
defined age of onset in terms age at first seizure, however some defined it in terms of age of
epilepsy onset (l.e. age at diagnosis) while other studies were uhuleartantly, age of
onset is often difficult to estimate given the nature of the semiolBlgren studies included
ECTS samples who were not on any anticonvulsants at the time of neuropsychological
assessment amdoststudies contaed some proportion of ECTS children who were on an
anticonvulsant, predominately monotherapy w#inbamazepinesulthiame or valproate
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Study Quality

The overall quality rating score, as per the NOS, ranged from 1 to 9, with a mean
score of 54 (SD,= 1.68ge supplementary materiat table ofindividual study NOS quality
ratings). Oyerall, the quality of studies was moderate with many studies deatiogstr
several potential methodological sources of bias. In terms of the selection of cases and
controls; studies' were mixed in their potential for selection and representativexseSerbi
patient samplesto be considereell defined and externally validatestudies were to 1)
explicitly refer to the use of International League Against Epil¢jhgyE) diagnostic criteria
OR otherwise_explicitly refer to each core ILAE criter{omcluding:presence of stereotyped
high voltage blunt centrtemporal spikes which actiteduring sleep, normal background
EEG,expeaienced typical BECTS seizures ama other neurological features) and 2) provide
externalreference telectrophysiologicainformation. Overall, 6% of studies met these
conditions for case definition and validation. However, around half (45%) of the included
studies failed to sample consecutively or provide clear information regarding théenspofipl
the patient group (i.&ll cases in a defined catchment/s or tim@ne) and thus potentially
pose risks of sampling bias.

Potential.sources of representativenessdwnatdlie in the variability of inclusion and
exclusion criteria, differing across studies. Included studese mixedn terms of excluding
based on 1Q, with exclusid® rangingfrom >60 to >90. Giverthatpoorer cognitive
function is_.somewhat expected in this population, exclusased oroverall intellectual
function could likely underestimate cognitive ooiines in these children. Likewise,
exclusionofieasedased ormpsychiatric cemorbidity (i.e. presence of developmental disorder
or clinically significant psychopathology), ass an exclusion criterian 15 studies, could
also lead to misrepresentation of cases given the high prevalence psycbmatibidity in
this population> 134

In relation to control samples, many studies were unclear on the sampling (47%) and
health status details (2) for control participants. The case and control samples were
typically'well matched for age on design, or otherwise revealedigaificant differences.
Moreover, around half of the samples (58%) also matched subjects for an adthtitoral
most commonly gender or socioeconomic status A significant source of bias existed in the

non-blinding, or non-reporting, of casentrol status during assessment. This was notably
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poor given that the status of children with ECTS is not readily apparent. As sudtyfies
blinded test administrators of casentrol statis (25%), with most of these studies reflecting
computerized assessment. Positively, most studies used the same neuropsyttesbgga
methods forbeth cases and controls (90%). Evidence of reporting bias was evideny as ma

studies failed to'commenn response rate (38%).

Results of Meta=Analyses

Random effects metanalyses for all cognitive factors revealed a significant
standardized mean difference indicating poorer cognitive function in childte®@TS,
with effect sizes ranging from moderatelarge(see table three)

Data‘forithe factor of general intellectual ability, as indexed by the CHGQr facwas
pooled from2%&tudies.All these studies included only one measure of overarching cognitive
function. Most studies assessed this faetih the Wechsler full scale 1Q, with some
variation in the edition used. The standardized mean difference revealed a moderate effect
indicating significantly lower general intellectual ability children with ECTS compared to
normal controls (SMD-0.62, 95 % CIH0.83 to —0.41, p <.001). The acquired-knowledge
factor (Gc) contained théighest number of studies (k929 his factor assessed a widege
of tests@xamining language skills, verbal functioning and overall acquired knowledge,
comprising a range of narro@c abilities. The metanalysis for Gc showedraoderate
effect size between children with ECTS and contr8MD —0.79, 95 % CI-1.00 to —0.57, p
<.001).There was a similar, althoudgrge effecsize,between cases and controls for long-
term storagesand retrieval base@mory functionGlr), pooled from 12 studies (SMB0.81,

95 % CI-1.13 to —0.48, p <.001)Relatedly, results from the fluency factor showed a similar
moderatdarge effect size (k=10, SMB0.79, 95 % CI —1.18 to —0.40, p <.001).

Fluid reasoning (k=27, SMB0.54, 95 % CI —0.74 to —0.33, p <.001), speed of
information processing (k=22, SMBD.60, 95 % CI —0.85 to —0.34, p <.001) and shae+m
memory(k=18,,SMD—0.52, 95 % CI —0.80 to —0.24, p =.001) factors revealetbderate
standardized ' mean differerscbetween children with ECTS and controls. Visual processing
demonstrated a significant, although small effect showing poorer processing iarchiltr
ECTS compared to controls (k=12, SMD.42, 95 % CI —0.71 to —0.13, p <.001) Despite
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the observed differences in the effect size point estimates, all cognitive factors differed
significantly from zero and displayed overlapping confidence intervals.

All jmeta-analyses revealed significant Q statistics, indicating the presence of
significant heterogeneity between studies. The | squsegdtic ranged from 64.84 to 80.36,
demonstrating.that a substantial percentage of the variability in effect estimates was due to
heterogeneity"between studies. Visual inspection of funnel plots for each cogattive f
revealed approximately symmetric plots and thus no clear evidence of publicasi@@ebia
Supplementary Materidbr funnel plots).

To examine sourced variability between studiesgveraimetaregression analyses
were undertaken with CMA on clinical variables (mean age at assessment, mean age of onset,
proportion“ef'sample on anticonvulsants), study quality (overall NOS quality rating) and
studyexclusion-criterisbased onQ (codedcategoricallyaseither Yes or No) and/or presence
of psychiatric or developmental disordeodedcategoricallyas either Yes or No; see table
two). Given the variability in the reporting of clinical informatiorseparate meteegression
was run far each variable across each cognitive factor, as opposed to analyses with multiple
factors, to ensure an adequate number of studies per analysis. Adjusting for multiple
comparisons;all analyses were rggnificant (allp’s>.001). The total NOS rating was
found torexplain.30% of the variance in effect sizes betweglies in the shoiterm
memory Gsn) factor, which approached corrected significance (Q (1) = 6.04, p = .014,
R?=.30), showing larger effects for studies with higher quality.
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Discussion

Summary statement main results

While it is the general consensus that children with ECTS have poorer
cognitive outcomes compared to controls, this is the first study to systematically
review'and'quantitatively synthesize the literature in terms of a comprehersilet
of cognitionwAll cognitivefactors assessed, covering many of the major broad
cognitive factors commonly assessed by clinicians and rese&fcfiaevealed
significant effects indicating poorer outcomes in ECTS children compared thyhealt
controls. More precisely, theognitive factors of Acquired Knowledg&¢) and
Long-term'Storage and Retriev&lf) demonstrated large effects while the remaining
factorsrof*General Intelligenc&), Fluid Intelligence Gf), working memory capacity
(Gsm), Processing Spee@$), Visual Processing@v) and Fluency@r) showed
effects’in the moderate range. Despite the observed differences in the effect size point
estimates, all cognitive factodéffered significantly from zerahus indicating likely
deficits,and displayed overlapping confidence interv@gerall, the results of the
present metanalysis indicate that children with ECTS display a variable profile of
diffuse cognitive deficitand thus challenge current conceptions of ECTS as a benign
disease or of limited specific or localized cognitive effect
Resultsin.context of literature

To date, a common assertion is that children with ECTS display normal-range
IQ on a‘background afpecific cognitive difficultied*® The results of the present
quantitative synthesigdicatethat these children have poorer outcome®ss a range
of cognitivefactors,compared to healthy peers, notwithstanding difficulties in the
overarchingactor of general intellectual functioning. Interestingly, the observation of
normal+ange 1Qin children with ECTSnay be at least partially attributed to many
studies excluding childrelpased otow 1Q.

Language dysfunctiois recurrently raiseds an issue of conceimtheECTS
literature®®?% ®’In a recent metanalysis Smith, Bajomo and PgR015) reported
poorer auditory processing, single-word reading and expressive and receptive
language in children with ECTS compared to control data, with moderate sfest

The findings of the present analysis similarly revealedgelaffect for poorer
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outcomes in thacquiredknowledgeGc factor— a broad construct reflecting acquired
verbal knowledge and languabased abilitie$* Not surprisingly, many of the
studies;included in Smith et al. (2012) and the cuiGaThetaanalyss were
overlapping:, Smith et al. (2012) showed moderate effects for n&oahbilities
(expressiveand receptive function) as welhaditory processing3a) and reading
ability (Grw)"The current findings extend the findingflsSmith et al. (2012),
supportingsthe notion of widespread cognitive deficits associated with ECTS.

In addition to language deficitsystematic reviews have concluded that
children wth ECTS display worse memdfjand attentional functionirigcompared
to normal controlsAs such, the results of the present study provide quantitative
supportforithese contentions, in addition to poorer cognitive outcomes in other major
cognitivesfactors, including visual processing, verbal fluency, processing speed and
fluid reasoning. Interesigly in the latter qualitative review, Kavros et al (2008)
allocated different tests within attentibased theory. The authors concluded that
there was deficit in all theoretical attention systems including alerting, orienting and
executive networks, thereby suggestive of a widespread functional cortical
disturbanee/ Within a comprehensive model of cognition, the same types of
“attentional tests” were assigned predominately to CHC factors related tdesiort
memory Gsm), processing spee§) andfluid intelligence Gf). In this way, the
conflation.of the attentional factors within the Posner model framework is avoided.

koughman, Bowden and D’Souza (2014) showed a comparable profile of
diffuse cognitive difficulties in individuals with idiopattigenetic generalized
epilepsy (IGE) compared to controls, which was largely independent of IGE subtype.
However,IGE represents a heterogeneous epileptic syndrome for which there is a
generalizectlectrophysiological disturbance, whereas ECTS refleitisahepileptic
syndrome with a characteristic presentation and a circumscrieetdoghysiological
disturbancé:Considering the focal nature of ECTS, both types of epilepsy
demonstrate a pattern of diffuse, yet variable, cognitive deficits. Indeed, research has
shown that different forms of childhood focal epilepsies with different locations of
electrophysiological disturbance are associated with widespread cognitiveltis,

including childhoodrontal lobe epileps¥ and temporal lobe epilep&This
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converging evidencmay suggest @onsiderable impact of the overhing epileptic
disease process.

Moreaver, ECTS is an agetkfined epilepsy with a fairly circumscribed age
of onset,which tends to remit in adolescence. It is therefore clear thaatiaatal
factors are important in the development and expression of the di$daseas
normalendogenous neural activity interacts with the environment to foster cognitive
development; recurrent epileptiform activity will also likely influence anerfate
with brain development. Greater neuroplasticity in children in combination with less
functionally._specialized neural networks sets the scene for a more dynamic influence
of pathological processé§As well, it is increasingly recognized that cogwet
functions;especially higkevel multidetermined intellectual abilities are broadly
representedy complex neural network$ Recent evidence with resting stdlédR|
demonstrates systemic brain disorganization in ECTS such that reduced functional
connectivity in the Rolandic region influences large scale brain netwotlsssuch,
this hypothesis of widespread cortical dysfunction in ECTS is compatible with the

current cognitive findings.

Study limitations

One must consider the appropriateness of addressing cognitive functioning at
the levelof broad stratum abilitiesn overarching limitation inherent to this
approach ofidata synthesis is the conflation of narrow abilities into underlying late
constructsand therefore the inability to reveal any potentially narrow, rapeeific
deficits?” However, limited available studies with small sample sizes and the diversity
of neuropsychological tests used, somewhat impedes the feasibility of synthesizi
narrowerabilities which are assessed less relialy.well, not all general
intelligence measures include processing speed (e.g., the WASI) and this limitation is
a caution onrinterpretation of the general intelligence effects, which are trait
heterageneous.

Although itwas not surprisingiven the disparate body of literature, the
effects for each cognitive factarere associated with significaméterogeneity
between studied he current paper was not able to quantitatively explain the observed

heterogeneitpetween studies. The various metgression analysése. proportion
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of sample population on medication, mean age, mean age of onset, study exclusion
criteria)did not demonstrate any significant effects while aotimg for multiple
comparisonskmportantly, these analysasust be viewed with caution, given that they
were restricted to analyzing the moderators at the betsteey level and therefore

do not account for any withistudy variance.

Interestingly at the individual study levslgnificant @e of onset effects, such
that earlierrage of onset is associated with poorer outcomes, were régealed
language functiort? ®” "longterm storge and retrieval memoiy’® processing
speed® working memory and fluid intelligencé***®These findings were not
without contention, with other studies failing to find any significant age of onset
related effects™>>***"The disparity in findings between studies could, for example,
be anotherpossible explanation ¥any effects were not revealed at the study level.

Another limitation that warrants consideration is the overall moderate
methodological quality of included studies. The available studies dispiayedal
potential biases, including sampling, represiregaessand reporting biases, which
could have resulted in inaccurate estimation of effect sizes. Across most cognitive
factors overalINOS quality NOS ratings were not significantly related to the
variability between studie# singleeffect approaching significare, showed that
studies with higher methodological quality were associated with larger effect sizes for
the Gsmfactor While it is possible that this finding represents a Typaor due to
the high'number of analyses performed, it &lighlights the need for better quality
researchuintthe study of this common conditihile it is acknowledged that there is
variability in primary study goals and focus as well as the function of cognitive
assessment, it is argued that the underlying quality factors including selection,
comparability and exposure apply to every study such that any discrepancies in
quality on the basis of study goal/focus may be a function of inadequate reporting
rather than.emission of the quality variabl8sidieswith sample sizes that were in
the range of included studies were excluded on the basis of no control group.
Thereforethe presenmeta-analysis is based on a smaller sample of published studies.
It is noted that while normative data is critical for interpreting individual patient
results, control samples grant a greater level of controledesneous variables (e.g.,

demographic, testing environment, and cohactdrs) in a clinicatesearch context.
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Future studies should ensure consistency in the measnotend reporting of
disease variables, diagnostic criteria as well as sampling methods. Representativeness
of sampling would be improved with consecutive recruitment. Given the nature of
nocturnalssemiologyesearchershould be blinded to casecontrol status to reduce
experimenter bias. Additionally, studies should carefully consider the irapact
exclusioncriteriawhich couldotherwiseémpede the representativenessiofdy

findings.

Further implications and future directions

Across a.comprehensive range of different cognitive abilities, the standardized
mean differences ranged betwe@rb0 and -0.81, in favor of healthy controls. In
more clinically applicable terms, this difference corresponds to an ap@exifrb to
12ypoint reducton in IQ for children with ECTS compared to their healthy peers on
average, a notrivial difference.Thus despite the observation of normal range
standard scores at the group letet “individual” is at a higher risk of experiencing
cognitive difficultiescompared to their healthy peev§e assert thaesearctsimply
reporting that children with ECTS tend to have 1Q’s broadly in the “average” or
“normal”.rangemay be underestimating the real differences from their pdérs.
also important to consider the substantial heterogeneity of effect sizes between studies
for all cognitivefactors. Thuswhile children with ECTS armore likelyto experience
poorer gognitive outcomes, such high variability suggests that cognitive dysfunction is
not unequivocal sequelae of the disea8s with normal individual differences, the
cognitive profile of strengths and weaknesses in children with ECTS also afgpears
be variableBeyondstudies that aggregate patientcomes, reports of individual
ECTSpatients tearly reveal the heterogeneity of cognitigifficulties.®® As such, iiis
imperative that an increased risk of cognitive difficuliregenerals recognized and
monitored.inrthese childrermportantly, thiscomprehensive synthesis of the data
showsclinicians the effects of the condition are pervasive, even in light of recent
revisions in conceptualization of effects

The scope of the current study was limited to investigating cognitive outcomes
during the adve epilepsy phasé pertinent clinical question queries the presence of

residual detriment in the recovery phase, that is, after seizure remission and
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normalisation of the EEG. Although limiteskveralstudies have explored the course
of cognitive outcaes in ECTS through prospective longitudinal or retrospective
follow-up designs, with mixed findings. A leading contentiaithis stageis that
cognitivesimpairment in ECTS can, and often does, fully recover alongside epilepsy
remission®2>>2®2 |n addition,there § some evidence which indicates a greater
likelihoedforresidual verbal/languadmsed deficits and poorer recovery that may be
associated-with greater severity and/ospree of atypical EEG featur&s® The
tendency for residudbc deficits perhapgesides from the greater likelihood of more
pronounced cognitive disruption in this factor.

However, t is critical to consider that alikéhe research exploring cognitive
outcomes‘in the activepilepsy phasdongitudinalstudies ar@lsomethodologically
limitedsforexample containingmall sample size¥ lack of control grougd2°%2
and/or loss to follow up*® Thus, tentative conclusions may be drawn at this stage
and a simple lack of statistically significant results ingb@&ntiness of available
studies could potentially lead to an underestimatiaesitiual difficultiesMore
recently,GarciaRamos and colleagu®dollowed the trajectory of cognitive
functioninguin a cohort of children with nesnset ECTS over the firtyears after
diagnosis Theyshowed that cognitive development continuedases and controls,
however group differences remained stablertime® That is, children with ECTS
continued.to.experience poorer cognitive outcoraksiveto their healthy pers.
Critically, only arounl half of the ECTS samplead achieved seizure remission at
follow-upsand EEG normalisationas not assessed.

More longitudinal research on cognitive outcomes beyond the active epilepsy
phase is needed. In children witlentified cognitive deficits, further studies
exploring the efficacy of clinical interventions for minimizing the effectpair
cognition both during the active phase and for epilepsy remission, either non-
pharmaceutical interventions or in conjunctiwith antiepileptic therapy, are
recommended. For example, Eom et al. (2016) pilotedwae®k exercise
intervention with ten children with BECTS and revealed significant improxesme
cognitive function and parental ratings of internalizing and behayooblems as

well as quality of life. This pilot data should be viewed with caution, given the small
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sample size and absence of a comparison group but should encourage further

controlled studies

Conclusions

Thedindings of the current study synthesize a somewhat disparate body of
literature.and challenge current modelspécific orlocalized cognitive dysfunction
in ECTS. Despite relatively larger effects seen for language based functions and
memory encoding, all cognitive abilities displayed overlapping confidence intervals
with paint estimates ranging from moderégge deficits. As expected, substantial
inconsisteney and heterogenaityeffectswas observed between studaesoss the
different,cognitive factordn conclusion, children with ECTS display a profile of
variablg diffuse cognitive deficits, consistent with a model of widespread cortical
dysfunction:

Key Points
e Children with ECTS show significantly poorer cognitive functioning relative
to healthy catrols, across all measured cognitive ability factors
e While effect sizes varied, point estimates and associated confidence intervals
indicated a profile of widespread and pervasive cognitive difficulties.
¢ Significant heterogeneity amongst studies suggested that sampling of patients
with.ECTSproduces variable results.
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Table 1.
Cattell-Horn-Carroll Model Factors (adapted from Newton & McGrew, 2010; Jewsbury &
Bowden, 2016).

Cognitive Factor Description

G An overarching factor of general intellectual function

Gc— Acquired The knowledge of the culture that is incorporated by individual’s vis-a-vis
Knowledge a process of acculturation. Gc is typically described as a person’s breadth

and depth of acquired knowledge of the language, information, and

concepts of a specific culture and/or the application of this knowledge.
is primarily a store of verbal or language-based declarative (knowing v
and procedural (knowing how) knowledge acquired through the invest
of other abilities during formal and informal educational and general lif

experiences. Historically it is often referred to as crystallized intelligen:

Gf - Fluid reasoning The use of deliberate and controlled mental operations, often in a flexi
manner, to solve novel problems that cannot be performed automatice
Mental operations often include drawing inferences, concept formatior
classification, generalization, generating and testing hypothesis, identi
relations, comprehending implications, problem solving, extrapolating,
transforming information. Inductive and deductive reasoning are genel
considered the hallmark indicators of Gf. Historically is often referred t

fluid intelligence.

Gsm- Short-term The ability to apprehend and maintain awareness of a limited number

Memory elements of information in the immediate situation. A limited-capacity
system that loses information quickly through the decay of memory tra
unless an individual activates other cognitive resources to maintain the

information in immediate awareness.

Gs- Processing Speed The ability to automatically and fluently perform relatively easy or
overlearned elementary cognitive tasks, especially when high mental

efficiency (i.e., attention and focused concentration) is required.

Gv- Visual Processing The ability to generate, store, retrieve, and transform visual images an
sensations. Gv abilities are typically measured by tasks (viz., figural o1
geometric stimuli) that require the perception and transformation of vis

shapes, forms, images, and/or tasks that require maintaining spatial

This article is protected by copyright. All rights reserved



orientation with regard to objects that may change or move through sg

GIr — Long-term Storage The ability to store and consolidate new information in long-term mem

and Retrieval and later fluently retrieve the stored information (e.g., concepts, ideas,
items, names) through association. Memory consolidation and retrieve
be measured in terms of information stored for minutes, hours, weeks,
longer. Some GIr narrow abilities have been prominent in craativit

research (e.g., production, ideational fluency, or associative fluency).

Gf — Fluency-retrieval The ability to retrieve information from long-term storage. Gr is compo
of narrow abilities related to orthographic, semantic word and semanti
prose fluency ability. This factor is thought to primarily reflect retrieval

abilities independent of information encoding.
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. Characteristics of Included Studies

F

Author Manuscrip
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Study Overall n (pt) n (con) Age (pt) Age of AED use EEG foci ILAE Exclusion Criteria
NOS onset
Quality
Rating
R L B (@) Psychiatric
Disorder

Ayaz et al. (2013} 5 31 31 10.17 8.1 24/31 12 10 9 Y <70 N
Ayaz et al. (2013} 5 44 44 10.05 7.9 44/44 18 15 11 N4 <70 N
Baglietto et.al.(200%) 6 9 9 9.12 7.9 9/9 4 5 N/R N/R
Boatman et.al(2008) 5 7 7 10.07 7.25 nil 1 4 1 N/R <90 Y
Boscariolietal(201%) 3 12 16 11.56 417 N/R N/R Y <80 N
Cerminararetaly(2010) 7 21 21 9.86 3-12 nil 11 10 Y <85 Y
Ciumas et aby=(201%) 5 25 25 9.6 7.5 10/25 14 2 5 Y N/R N
Croona et alw(199%) 6 17 17 12.5 5.5 12/17 N/R N/R N/R Y
D’ Alessandro etal’(1990)% 4 44 9 10.7 5-9 Nil 11 18 15 N/R <80 N
Datta et al. (2018} 3 27 19 9.9 7.9 15/27 15 9 4 N/R N/R N
Filippini etal. (2016 5 15 15 8.8 - Nil 5 2 8 <80
GarciaRamos etial. (201%) 6 24 41 10.5 1.7 15/24 N/R <70 N
Genizi et al. (20159 8 15 15 10.5 7.6 14/15 - - 15 N/R N/R \4
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9.6

5.7

N/R

7.8
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&

Vago et al. (2008}
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Taner et al. (2007)
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N/R

7.54

N/R

8.4

8.13

7.94

9.6

9.5

7.8

6.97

N/R

N/R

nil

5/24

6/13

Nil

Nil

6/15

Nil

Nil

15/15

Nil

nil

6/22

12/20

14

16

18

12

14

N/R

N/R

13

15

N/R

N/R

N/R

N/R

N/R

N/R

N/R
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N/R

N/R

N/R

N/R

N/R
<80

N/R

N/R
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Wu et al. (2015Y 3 24

Xiao et al. (2015§ 2 73

Yang et al. (20153 6 90
Zhu et al. (2015§ 5

IED subgroup 20

Non-IED subgroup 23

18

73

90

28
28

9.8

9.7

8.47

9
10.22

N/R

N/R

7.09

6.95
7.48

nil

30/73

nil

11/20
17/23

33

34

13
11

N/R

30

32

6
10

10

21

1
2

<70

<75

N/R

<70

Note: NOS quality rating = Total Newcastle-Ottawa: quality ratiig= Yes, N = No, N/R = Not-reported, n (pt) = total number of BECTS children in study, n (con) = total number of contesi ehitudy,
Age (pt) = meanrage of BECTS children at testing, Age of onset = mean age of seizure/epilepsy onset for BECTS children, AED use = number of BECTS clafaleptiordani, EEG foci = location of
predominantelectroencephalographic CTS, R = Right hemisphere, L = Left hemisphere, B = Bilateral, ILAE = explicit reference to InternatioAghiresidtpilepsy diagnostic criteria, 1Q exclusion =

patient exclusion from study based on Intelligence Quotient, Psychiatric Disorder exclusion = patient exclusion from study based on preséaicie of pigxaiopmental disorder.
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Table 3. Summary Table of Meta-Analyses for each CHC factor

CHC
Eactor K N SMD CI- Cl+ (df) Q 12 Talf
G 27 812 -0.62 -0.83 -0.41 (26)106.79* 75.65 0.22
Ge 29 890 -0.79 -1.00 -0.57 (28)120.17* 76.70 0.25
Gf 27 763 -054 -0.74 -0.33 (26)94.17* 72.39 0.20
Gsm 18 483 -0.52 -0.80 -0.24 (17)67.26* 74.73 0.26
Gs 22 744 -060 -0.85 -0.34 (21)106.91* 80.36 0.28
Gv 12 312 -042 -0.72 -013  (11)31.29* 64.84 0.16
Glr %2 277 -0.81 -1.13 -048  (11)33.76* 67.20 0.21
Gr 10 298 -0.79 -1.18 -0.40  (9)39.42*  77.17 0.29

Note: K = number.of studies, N = number of children with BECTS, SMilandardised Mean Differendel-
= lower 95% confidence interval, Cl+ = upper 95% confidence, * = p<.001
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