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Abstract

Dravet syndrome is a rare severe epilepsy syndrome associated with slowing of psychomotor development and behavioral
disorders from the second year onwards in an apparently normal child.

Among cognitive impairments, visuo-spatial, sensorimotor integration and expressive language deficits, are consistently
described. Although many authors independently suggested hypotheses to frame Dravet cognitive atypical development
(dorsal stream vulnerability impairment, cerebellar-like pattern, sensorimotor integration deficit) a unified theoretical
framework is still lacking.

We performed a scoping review of literature to map the state of the art on Dravet syndrome cognitive and behavioral
developmental profile and summarize evidence on the main suggested theoretical frameworks.

An online databases search was carried out on PubMed, Scopus, PsycInfo and MEDLINE to identify papers focusing on
cognitive deficits and/or behavioral abnormalities in Dravet syndrome published between 1978 and 15" March 2020. The
Preferred-Reporting-Items-for-Systematic-Reviews-and-Meta-Analyses extension for scoping review (PRISMA-ScR)
guidelines were followed. Twenty-one papers were selected and charted by three independent reviewers based on
predefined data extraction and eligibility forms.

Eighteen studies assessed global intelligence quotients reporting variable degree of cognitive impairment. Eleven of these,
analyzed single subitems contribution to global cognitive scores, revealing consistent higher impairment in performance
scales compared to verbal ones. Studies assessing specific cognitive functions showed deterioration of early visual
processing, fine and gross motor abilities, visuomotor and auditory-motor integration, spatial processing, visuo-attentive
abilities, executive functions, and expressive language.

Behavioral abnormalities, assessed in 14 studies, underline a prevalence of autistic-like traits, attention and hyperactivity
disorders, slightly improving with age.

The cognitive profile in DS, as well as some of the behavioral and motor abnormalities, may be enclosed within a unified
theoretical framework of the three main hypotheses proposed in literature: a pervasive sensorimotor integration deficit,

encompassing an occipito-parieto-frontal circuit (dorsal stream) dysfunction and a cerebellar coexistent deficit.
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Key Points
e DS is a complex developmental encephalopathy characterized among the other symptoms by cognitive

stagnation and behavioral disorders

e A comprehensive theoretical framework helping understanding DS cognitive/behavioral picture to guide future

research is still lacking

® A sensorimotor-integration impairment encompassing a visuo-dorsal-stream dysfunction and a coexistent

cerebellar deficit can explain DS cognitive outcomes

e Future research should deeply inquire these aspects and disentangle their relative contribution to the disease

INTRODUCTION

Dravet syndrome (DS), previously known as severe myoclonic epilepsy in infancy (SMEI), is a complex and rare
developmental encephalopathy, with an estimated prevalence between 1/15.000 and 1/40.000 '2, first described by
Charlotte Dravet in 1978 3. According to the International League against Epilepsy (ILAE) classification * Dravet
syndrome manifests with drug resistant “febrile and afebrile generalized and unilateral, clonic or tonic—clonic seizures,
that occur in the first year of life in an otherwise apparently normal infant” °, later on associated with myoclonic and
absence seizures and occurrence of epileptic status. Based on seizure semiology, two forms have currently been
recognized: the typical SMEI and the borderline form (SMEIB), characterized by lack of myoclonic seizures and atypical
absences °.

At least 80% of subjects carry familial or de novo mutations of the sodium channel al subunit (SCN1A) gene .

From the second year of life, cognitive stagnation, associated with neurological signs and behavioral disorders,

become evident, leading to a progressive pervasive developmental delay 3.
Many neuropsychological phenotypes are reported, ranging from mild specific deficits to extremely severe global
impairment. Visual impairments and visuo-motor deficits in DS usually manifest precociously and anticipate higher order
cognitive developmental abnormalities, such as visuo-constructive abilities, attention, language production and executive
functions, in contrast with a better preservation of visual object recognition, memory and language comprehension 3% in
line with a dorsal-ventral cognitive dissociation.

Behavioral disorders are common and often characterized by hyperactivity, attention deficits, autistic traits, as well as
aggressiveness and opposition '!.

The pathophysiology underlying such a wide spectrum of neuropsychological features is not fully understood. Three
main theoretical frameworks are independently assumed by authors to explain DS cognitive and behavioral profile: the
dorsal stream vulnerability hypothesis 2 the cerebellar-like pattern '* and the sensorimotor integration deficit 415,

According to DS dorsal stream vulnerability hypothesis, based on the cognitive dual stream hypothesis '®, an initial
manifestation of visual deficits precedes the decline of visuo-motor dorsal pathway skills, which are more selectively and
severely involved than ventral stream functions. The asymmetric involvement of the so called visual “dorsal pathway”
functions, opposed to the “ventral” ones, is consistently reported in literature 215, The dorsal pathway encompasses

visually guided behaviors (fine and gross motor abilities), visual motion processing, sensorimotor integration functions,

spatial coding and visual-attentive processes while ventral pathway is associated with object recognition, memory



functions and language comprehension abilites'®. A similar asymmetry in the two cognitive pathways involvement was
reported in other genetic syndromes (Williams, Prader Willi, fragile-X), leading to the concept of genetic involvement as
crucial in the cognitive pattern besides the epilepsy 3!2. A recent study found indeed an high degree of expression of some
genes, including SCN1A, along the brain’s visuo-motor integration network, connecting its malfunctioning with the
genetic mutations !7.

The cerebellar-like pattern hypothesis has also been suggested to link the cognitive impairments and the genetic
SCNI1A mutations. Experimental studies on DS mice models showed decreased excitability of inhibitory cerebellar
Purkinje neurons likely to explain many of the motor and cognitive deficits observed '*!8: ataxia, poor motor coordination,
impairment of executive functions, spatial cognition, language and autistic-like behaviors.

Lastly, the sensorimotor integration hypothesis refers to the complex process at central nervous system level, which
allows to accomplish specific motor responses based on the integration of multiple sources of sensory information 2.
These integrative processes, especially visuo-motor and auditory-motor integrations, are frequently impaired in DS,
suggesting the sensorimotor integration deficit as a likely theoretical framework. According to this model, an integration
deficit can explain the observed visuo-motor and visuo-constructive impairments as well as the productive language
dysfunctions consequent an auditory-motor deficit >~ Gait and postural abnormalities are interpreted as the result of
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abnormal proprioceptive and vestibular integration °, while behavioral abnormalities are associated with precocious

visuo-motor integration deficits limiting social learning abilities and communication efficacy 2?2,

The principal aim of this scoping review is to summarize literature’ cognitive and behavioral findings on DS to collate
evidences in favor or against the three main suggested rationales and propose a unified theoretical framework. Future
researches, as well as clinical practice, could benefit from this understanding to design new effective rehabilitative
approaches.

Toward this aim, the following research question was formulated: What are the evidences in favor or against the main

hypotheses to frame Dravet syndrome neurocognitive developmental phenotype?

METHOD
We adopted the PRISMA-ScR checklist for Preferred Reporting Items for Systematic reviews and Meta-Analysis

extension for Scoping Reviews 2°. After data extraction and in light of the extreme heterogeneity of the assessed cognitive

domains and neuropsychological test, we opted for a scoping review 242>

Eligibility Criteria

Inclusion criteria were: be full length papers, peer-reviewed, original research articles, written in English, and published
between 1978, year of the first publication on Dravet syndrome 3 and March 15" 2020. Included papers involved human
participants, meeting the ILAE diagnostic criteria for Dravet syndrome * and assessed behavioral disorders or at least one
of the following cognitive functions: visual processing, phonological processing, visuo-motor processing, visuo-spatial
abilities, visuo-attentive abilities, working memory, executive functions, language, measures of general development
and/or intelligent quotients. Cognitive evaluations needed to be carried out by mean of standardized neuropsychological
tests.

Single case studies, animal studies, and papers not meeting the inclusion criteria were excluded.

(See Appendix 1).



Information Sources

A systematic literature search on Dravet syndrome neuropsychological characterization was conducted by the first
reviewer (MB). The electronic databases Scopus, PubMed, PsycInfo and MEDLINE, were consulted by adapting the
following key words to better meet each database searching features: Dravet syndrome, severe myoclonic epilepsy in
infancy, cognition, neuropsychology, neuropsychological phenotypes, autistic features, autism spectrum disorder. Detail
search queries for PubMed are reported in Appendix 1.

The electronic database search was supplemented by screening

reference lists of each retrieved paper and scanning relevant reviews. Final search results were exported into MENDELEY

bibliographic software package to keep track of the articles and apply deduplication procedure.

Selection of Sources of Evidence

To increase consistency in paper selection, three reviewers (MB, AH, KV) independently evaluated the identified articles.
A fourth reviewer (ADF) revised papers in case of disagreement on data extraction and inclusion. A first screening based
on titles and abstracts led to the identification of 36 papers, which underwent full text examination.

Of these, 15 were excluded for the following reasons: three were not full-lengths original research articles (editorials and
internal progress reports); 7 were reviews that we used for screening potentially missing papers of interest; 2 didn’t assess
any of the outcomes of interest; 3 didn’t utilize standardized neuropsychological assessment tools. See Figure 1 for full

selection procedure process.

Data Charting Process and Data Items

Reviewers jointly designed an ad hoc data charting form covering all relevant variables to answer research question by
adapting the one proposed in Cochrane handbook for systematic review 2° (see Appendix 1).

The extraction form comprised a first part devoted to the identification of general article information and organizational
aspects of the review: reviewer identity, date of reviewing, title of the paper, first author’s name, publication year, country
of origin, journal, publication type and a short article description.

The second part includes eligibility criteria and reasons for exclusion. Articles were selected as eligible based on type of
publication, sample characteristics, assessment method, and outcomes of interest.

Eligible papers were eventually charted by extracting the variables of interest: sample characteristics (e.g., sample size,
age of participants, diagnostic criteria, treatments), type of study design (e.g., longitudinal, cross-sectional, etc) cognitive
domains assessed and assessment procedures (specific neuropsychological tests, test batteries, questionnaires, etc).

Cognitive and behavioral data were eventually summarized and discussed in light of the three hypotheses.

RESULTS

Synthesis of the results

Outcomes were grouped according to cognitive domain assessed : general intellectual/developmental quotient; lower
order cognitive functions (visual processing, phonological processing, fine and gross motor functions); sensory-motor
integration (visuo-motor and auditory-motor integration); higher order cognitive functions (visuospatial abilities,
language comprehension, attention, executive functions), and behavioral outcomes. For each domain, we reported the

assessment method and the main findings.



Study characteristics
Studies included were heterogeneous in terms of study design (7 cross-sectional, 3 longitudinal retrospective studies, 10
longitudinal prospective studies and 1 family cohort study), participants age (=6 months- 60 years), cognitive assessment

tools, and assessed domains (See table 1).

Table 1.

Assessed cognitive and behavioral domains and assessment tools

Cognitive Domains N° studies Assessment tools

Wechsler intelligence scales (WISC IIT; WISC IV; WISC-R; WPPSI; WAIS) 272
Griffiths mental developmental scales (GMDS) *°

Brunet-Lézine Developmental Scale (BL) *!

Intellectual/Developmental 17 Raven’s Colored Progressive Matrices (RCPM) 3

quotient Bayley scales of infant and toddler (II and III editions) *

Psychoeducational profile (PEP-3) **

McCarthy Scales of Children’s abilities (MSCA) *°

Gesell Developmental Schedules (GDS)*

Developmental Test of Visual perception (DTVP) ¥’
Fixation shift test *

TNO random dots Stereogram Tes
Teller acuity card procedure
Cambridge crowding cards *
Form and motion coherence tests *
Shape matching *

Embedded figures *

Frostig cats’ silhouette task **
Harris Test of lateral dominance *!

t39

Visual processing 6

Same-different judgement paradigm *?
Phonological and morphosyntactic accuracy test **

Movement ABC test *

Peabody Developmental Motor Scales *°

Motor subscale of the Bayley Scales of Infant and toddler Development (III) 33
Gross/Fine motor abilities 2 The Bruininks-Oseretsky Test of Motor Proficiency (BOT)

Harris Test of lateral dominance *'

Semi-quantitative psychomotor score (SQPS)*

Early motor control scales **

Phonological processing 2

Motor tapping task '
Visuomotor integration 10 The Beery-Buktenica Developmental Test of Visual-Motor Integration *°
Trail-Making Test (TMT-A) *°

Verbal language test (VLT) *!

Boston naming test >

Batteria per I’analisi dei Deficit Afasici (BADA) >

French scale for language (Epreuves pours I’examen du langage
Auditory-motor integration First Language test *

(language production) Semi-quantitative psychomotor score (SQPS) #’

Dysarthria rating scale *°

Diagnostic Evaluation of Articulation and Phonology *

Test for reception of grammar *

Expressive vocabulary test 3

)54

Corsi Test >

Trail-Making Test (TMT-A) %

Block design *°

Rey Osterrieth Complex Figure copy

Visuospatial abilities 5

Verbal language test (VLT) *!

Peabody Picture Vocabulary Test — Revised (PPVT-R)®!

Batteria per I’analisi dei Deficit Afasici (BADA) >

French scale for language (Epreuves pours I’examen du langage) 3
First Language test

Conversational speech sample

Language comprehension 10

Bell’s Cancelation Test — Revised (BVN 5-11) ¥

Attention 5 Teddy bear cancellation test *

‘Working memory 4 Phonological working memory task




Visual memory task

Semantic unrelated list

Digit span (from WPPSI/ WISC) 2%

Inhibition task ¢

Category-to-sample match paradigm *

Executive functions 4 Tower of London

Porteus Maze test (from WPPSI/ WISC) 272

Trail-Making Test (TMT-B) *°

Pervasive developmental disorder in mental retardation (AVZ-R) ®
Maladaptive behavior scale for institutionalized individuals with ID (SGZ)”
Temperamental scale for individuals with ID (TVZ) "'

Achenbach Child Behavior Checklist (CBCL)™

Autism Behavior Checklist (ABC)”

Behaviour and Autism traits 14 Childhood Autism Rating Scale (CARS) 7

The Autism Diagnostic Observation Schedule (ADOS) 7

the Autism Diagnostic Interview (ADI) 7

Diagnostic Interview for Social and Communication Disorders (DISCO) 7’
Conners’ Rating scale (CRS) 7®

Vineland Adaptive Behavior Scales, Second Edition (VABS- II)”®

Global cognitive assessment
General intellectual/developmental quotients were assessed in 18 out of 21 studies.
The following scales were used: Wechsler intelligent scales, adapted to the age at testing (13 studies); Griffiths’ mental
scales (9 studies); Brunét-Lezine (BL) Developmental Scale (4 studies); Gesell Developmental Scales (1 study,®);
McCarthy Scales of Children’s abilities (1 study, ®'); Psychoeducational Profile, Third Edition (PEP- 3) (1 study,®). In
two studies Raven’s Colored Progressive Matrices were used as an alternative measure to test intelligence, when children
were hardly collaborative 8384,
All the 17 studies report variable degree of developmental delay/intellectual disability ranging from low average
intellectual quotient to profound intellectual disability (see Table S1). In the study which report them, test’s subitems
analysis revealed greater contribution of the performance intellectual quotient (PIQ), compared to the verbal intellectual
quotient (VIQ) in determining the global intellectual disability. Particularly, 11 out of 18 papers highlight severe
impairment in visual, fine motor, gross motor, visuo-motor, visuospatial and receptive language functions. The remaining
7 studies don’t clearly report single subitems scores.

Of 7 studies inquiring the relation between epilepsy features (semeiology and frequency of seizures) and intellectual

disability, 3 highlighted the relation between myoclonic and/or absence seizures with a worse cognitive outcome #7838,

10,86

Two studies found correlation between higher seizure frequency and worse cognitive outcome whereas 2 did not

found any clear association %%,
Two studies examining the relation between autism and IQ found significantly higher proportion of profound

intellectual disability in those children additionally diagnosed with autism 382,

Behavioral assessment
Behavioral abnormalities have been evaluated in 14 out of 21 studies with the following scales:
Achenbach Child Behavior Checklist (8 studies); Vineland Adaptive behavioral scale (5 studies); Autism Diagnostic
Interview (ADI) (2 studies); The Autism Diagnostic Observation Schedule (ADOS) (2 studies); Conner’s Comprehensive
Behavior Rating Scale (CBRS), Pervasive developmental disorder in mental retardation scale- revised (AVZ-R),
Maladaptive behavior scale for individuals with ID (SGZ), Temperamental scale for individuals with ID (TVZ), Autism
Behavior Checklist (ABC), Childhood Autism Rating Scale (CARS), and Diagnostic Interview for Social and
Communication Disorders (DISCO) in 1 study (see Table S2).

Among the 14 papers, 7 reported autistic-like traits, 6 attention deficits and 6 hyperactivity disorders. Externalizing

behaviors, especially hyperactivity, impulsivity and aggressiveness are more often observed than internalizing behaviors

6



(anxiety, depressive-traits and overcontrolled behaviors), with the exceptions of two studies finding the opposite pattern
13,85.

Two studies reporting the longitudianl evolution of behvioral abnoramlities found a gradual decrese in behavioral
disorders from adolescence to adulthood 33 and from the first evaluations (mean age: 21.7 months) to the last follow up
(mean age: 6 years and 6 months) ¥, especially releated to hyperactivity traits.

Three studies investigating comorbidity between DS and autism spectrum disorder (ASD) found resepectively 23.3%,
39.3% and 61.5% of people with DS additionaly diagnosed with ASD 3828 Qther 8 studies reported the presence of
pervasive autistic-like traits comprising poor eye contact, ritualistic behaviors, narrow interests, speech delay, adherence
to routine and poor ability to express emotions. However, in some of these studies, authors underline a relative
preservation of socialization capacity and excessive familiarity with strangers, which contrasts with the typical autistic

pattern %8,

Specific cognitive functions assessment
1. Low level cognitive functions: (visual processing; phonological processing; gross/fine motor abilities)
Seven papers out of 21 clearly report evaluations of visual processing (4 studies), phonological processing (2 studies) and
fine/gross motor abilities (2 studies) (see Table S3).
Two of the 4 papers assessing visual processing abilities highlight variable degrees of impairment in different sub-

12,89

scores tested, ranging from abnormal to normal scores . The other 2 report general pervasive visual perceptual

impairment in all the assessed children 3%
Two studies examining phonological processing abilities underline impairments in both phonological perception and
detection, specifically: near chance correctness (54%) in a same-different judgement paradigm, persistent with age, in

14 and abnormal scores in the phonological accuracy

contrast with 100% correctness of healthy age-matched controls
subitem of the First Language Testa (TPL) (5 out of 10 evaluated children, mean Z score = -2.53, SD= 0.45) '°.

The two studies assessing fine and gross motor abilities show delayed motor development in the majority of children
older than 2 years. In the first study, gross and fine motor delay are reported respectively in 7 out of 7 patients and in 11
out of 13 patients *° while in the other, abnormal fine and gross motor abilities are observed respectively in the 75% and

37.5% of cases 3.

2. Sensorimotor integration (visuo-motor integration; auditory-motor integration)

A total of seven papers analyze sensorimotor integration abilities in DS. Of these, 5 specifically examine visuo-motor
integration abilities and 5 auditory-motor integration abilities (language production).

All the 5 papers inquiring visuo-motor integration abilities report extremely poor performances. Four papers assessing
visuo-motor development through the Beery-Buktenica Developmental Test of Visual-Motor Integration report mean Z
scores of — 2 standard deviations below the mean 2387 n a study, the execution of a finger tapping task showed fewer
number of taps and higher inter-tap latencies, compared to healthy age-matched controls !4,

All the 5 studies assessing language production abilities report dysfunctions in naming and repetition, reported to oral
sensorimotor impairment rather than semantic dysfunctions, resulting in imprecise articulation, omission errors and poor

phonological and morphosyntactic accuracy *7138791 (see Table S4).

3. High level cognitive functions (language comprehension; attention; working memory; executive functions)

Seven studies report results on the assessment of language comprehension, attention, memory and executive functions.

15,87,91

Language comprehension abilities tested in 3 studies resulted mainly in the range of normality with few exceptions
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12,13.87.89 a5 well as executive

showing borderline level of impairment. Visual attention abilities, assessed in 4 studies
functions %% resulted defective. More in detail, the Teddy Bear Cancellation test and the Bell’s cancellation Test
scores resulted on average lower than 2 standard deviations under the mean, with few borderline scores exceptions.
Significantly worst performance is reported in DS compared to controls in a go/no-go task both in terms of correct
action execution (% of correct responses in DS Group: M= 30.1, SD= 13.2, vs. Control group: M = 94.6, SD = 4.6) and

13.87 resulted

inhibitory capacity (p<.001) '*. The performance on the Tower of London test, as assessed by 3 studies
impaired as well.

Verbal working memory (digit/word span, forward and backward) and spatial working memory (Corsi test, forward
and backward) tasks appeared to be impaired '>%’, while a visual memory task * did not found any significant differences

between controls and DS group (see Table S5).

DISCUSSION
This review highlights the paucity of literature within this topic, characterized by methodological and clinical
heterogeneity and small cohort sample size.

Variable degrees of global cognitive impairment, ranging from mild (IQ = 50-69) to profound (IQ<20) as assessed by
general developmental/ intelligent scales, emerged. No unequivocal relation between the degree of global cognitive
impairment and seizure type or frequency could be recognized '%#783858 Therefore, the assumption of a purely epileptic
etiology of cognitive deterioration in DS should be re-discussed 4783,

The 11 papers analyzing the relative contribution of the tests’ subitems in determining the global intellectual
retardation revealed significantly worse scores in performance Wechsler’s subscales (picture completion, block design,
matrix reasoning, digit symbol coding, symbol search) and in the hand-eye coordination and gross-motor subscales of the
Griffiths’ and Brunet Lézine developmental scales. Verbal comprehension and memory scores (VIQ of the Wechsler
scales, hearing-language and personal-social subitems of Griffiths’ and Brunet Lézine developmental scales) appear less

98491 whose IQ scores,

compromised. However, these findings need to be interpreted with caution when referred to infants
assessed by Griffiths scales, rely primarily on performance subitems and motor abilities.

The verbal-performance cognitive asymmetry is confirmed also by the assessment of specific cognitive function. Low
level cognitive functions comprising visual processing, phonological detection/discrimination as well as fine and gross

motor abilities, resulted impaired from very young age '>148-9 and often herald a progressive abnormal development of

14,89 12-15,87.91

higher order cognitive functions , such as visual attention, motor inhibition and executive functions

Visuo-motor and auditory-motor integration abilities resulted extremely poor and characterized by average Z scores
of - 2 SD below the mean 213879,

In 14 papers pervasive behavioural abnormalities, slightly improving with age, are reported 8%, mainly comprising
autistic-like traits, attention deficits and hyperactivity disorders.

This complex picture fits with all the three proposed hypotheses. According to the sensorimotor integration model,
DS cognitive outcomes may be explained by a deficient integration process across various sensory modalities, such as
vision, hearing and proprioception, which in turn, prevents correct motor programming and execution. Among the brain
structures involved in these processes are the ones constituting the dorsal stream pathway (occipital-parieto-frontal
circuits),whose function is linked to the integration of multiple sensorimotor experiences into a unified model of the
outside world and of the body in the world **. The progressive deterioration of early visual processing abilities in DS,
gradually spreading to visuo-motor integration, spatial information processing, visuo-attentive abilities, and executive

functions follows the dorsal stream vulnerability hypothesis. However, the observed sensorimotor integration deficits are

not limited to the visual dorsal stream. The same pattern emerges in the language domain 3, in which the motor aspects
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of the speech production (dorsal-temporo-frontal sensorimotor mapping of sound into articulation) are significantly more
affected than the semantic processing (ventral-temporo-frontal-lexical semantic pathway) ®!4. These poor performances
in visuo-motor and auditory-motor integration manifest from the first developmental stages, rather than maturing later as
a consequence of an abnormal developmental process, and seem responsible for both cognitive and motor disharmonic
development 3.

Abnormalities in visual and language sensorimotor systems were observed in other genetically based clinical pictures,
such as Williams syndrome, Fragile-X syndrome and Prader-Willi syndrome, leading to the hypothesis of a genetic role
in the determination of the cognitive outcome >3, Indeed, a family study investigating the contribution of SCN1A
mutation to DS neuropsychological phenotype revealed variable involvement of visuo-motor abilities among three
generations of mutation carriers, despite the great heterogeneity in seizure severity and global neuropsychological
functioning observed .

The sensorimotor integration hypothesis can thus account for the majority of the reported cognitive alterations but also
for some behavioural and gait motor abnormalities *’.

Sensorimotor impairment is reported as a causative factor in the development and maintenance of autistic-like traits
21.22_ Particularly, an early deficit in visuo-motor integration can limit social learning abilities and communication efficacy,
leading to unusual motor processing and poor coordination of eye contact with speech and gesture 2%,

Accumulating evidence suggests the fundamental role of sensory integration process in determining the final gait

t °, whereas others authors define gait a sensorimotor function per se '®. One of the reviewed papers directly

outpu
suggests the disruption of the sensorimotor integration of vision, proprioception, and vestibular inputs as the core process
leading to later emergence of DS gait abnormalities and postural instability '°.

Papers advocating a cerebellar involvement as causative factor of DS cognitive and behavioural outcome are not in
contrast with a sensorimotor integration deficit. A cerebellar involvement is likely to coexist '*% as highlighted by the
similarities observed between DS cognitive outcomes and the cerebellar-like cognitive dysfunctions, characterized by
language production and visuo-spatial organization abnormalities as well as attention, working memory and executive
functions deficits. Some neurological cerebellar signs, as ataxia and hypotonia, are frequently reported and linked with
the SCN1A genetic mutation thought to affect Purkinje cerebellar neurons excitability %.

DS neuropsychological pattern mimicking cerebellar cognitive affective syndrome alone cannot explain the whole
picture: the early visual deficits are not fully compatible with a pure cerebellar deficit neither can explain all the variety
of motor and behavioral abnormalities observed. Moreover, given the complexity of the epileptic and clinical

manifestations we cannot exclude the involvement of neocortical and subcortical areas other than the cerebellum.

CONCLUSION

In light of existing evidence, the sensorimotor integration deficit hypothesis, enclosing dorsal stream vulnerability
hypothesis, can account for the majority of the cognitive/behavioral disability in DS, but also of autistic-like traits and
gait abnormalities development. The cerebellar involvement is likely to contribute as well but cannot account alone for
the global picture. Figure 2 summarizes the final unified theoretical framework we propose.

Future research should specifically address the sensorimotor integration deficit and the cerebellar signs to disentangle
their relative contribution in determining the final cognitive/behavioural phenotype and planning new rehabilitation

approaches targeting both motor and cognitive domains.

LIMITATIONS

The methodological heterogeneity of the included studies, and the small amount of literature within this topic, prevented
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a clear DS cognitive profile extraction. In addition, as the majority of studies reported just global intelligence scores, we

couldn’t clearly analysis single sub-item contribution in all the included papers.
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Appendix 1

1. PubMed search strategy

Queries Pubmed

ltems
Search | Quer
Y found
#6 #4OR #5 68
#5 #1 AND #3 Filters: Humans, English 46
#4 #1 AND #2 Filters: Humans, English 28
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Figure 1. Flow chart of the systematic literature search
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Figure 2. Unified theoretical framework
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Three main theoretical frameworks have independently been proposed by authors to explain DS cognitive and
behavioural profile. This review aims to propose a unified literature-based theoretical framework, to better understand
DS cognitive characterization and guide future researches.

HP=hypothesis



Supplementary material

Table S1
Global cognitive outcomes
First Year N“ Age Developmental/intelligent quotient Outcomes
author subjects assessment (tests)
TIQ: mean=63.3; SD=12,1; median=61.5;
range=48-78
Battaglia, | 5.5 0 Frrri’omn tflsyf(frlsf vyg gslil VIQ: mean=77.5, SD= 11.28, median=61.5 range
Domenica . s . . 59-91
years Griffiths’ mental scales (in 1 child) PIQ: mean=5637, SD=11.10, median=52.5;
range=44-72
Wechsler scales revised DQ range:
Cassé- From 11 months | Brunét-Lezine (BL) Developmental 1121 mon.thq' 60-100
Perrot, 2011 20 to 16 years and 7 Scale 3 vears 4 m nth -5 vears 10 months: 32-70
Catherine months McCarthy Scales of Children’s years & months-> years onths:
abilities 6-16 years: 20-40
First NPSY: 9
Chieffo, | o\ i m"r‘:lt(l:;;"s 42 e g_sé VIQ and Griffiths language items > PIQ and hand
Daniela © Follow up end: 4 Griffiths’ mental scales eye coordination/ performance items
years to 10 years
case 1: GQ from 105 (6 months) to 88 (30
. . months)
fmlf:zt gfiﬁs © case 2: GQ from 92 (10 months) to 79 (45
Chieffo 24 months f;‘;ﬂtg-s)cq from 95 (12 months) to 51 (39
Daniel § 2011b 5 Follow up-end: Griffiths’ mental scales h'
aniela from 30 to months)
51months case 4: GQ from 110 (24 months) to 80 (51
months)
case 5: GQ from 102 (10 months) to 94 (51
months)
30 months +6 months :
GQ: mean=87.5; SD=16.28; median=90;
range=58-108
Rz 2 geers 107 5 years and 8 months to 7.8 months:
Chieffo, 2016 13 cars and 8 WISC IIT TIQ: mean=69.75; SD=18,13; median=68;
Daniela Y months Griffiths’ mental scales range=45-105;
VIQ: mean=79.12; SD=20,68; median=80);
range=46-110;
PIQ: mean=62.25; SD=19,79; median=59;
range=41-96;
o ID (% number of adolescent subjects ):
Ad‘;;s mean ase: Mild ID: 26,5%
y Wechsler scales Moderate ID: 41,2%
Darra, 2019 34 Adolescents Griffiths’ mental scales Severe ID: 29,4%
Francesca mean age: Raven’s Colored Progressive ID (% number of adult subjects):
16 years and 3 Matrices Mild ID: 14%
months Moderate ID: 36%
Severe ID: 22%
. . ID (% number of subjects):
Li, Bing From 4.1 years to (Chrieeze Wechsler puiellizgy ol Mild to moderate MR: 43.2%
(%) 2011 37 for Children (C-WISC) )
Mei L2 Gesell Developmental Scales SRS <
Profound MR: 13,5%
Up to 2 years
DQ/IQ: mean=79.5, SD=12.0, range=64-105
Age 2- 3 years
WPPSI DQ/IQ: mean=73.3, SD=15.0, range=36-105
Nabbout From 9 months WISC IV After 3 years
Ri ? 2013 67 to 24 years Brunét-Lezi DQ/IQ: mean=48.0, SD=18.9, range=30-69
ima runét-Lezine (BL) Developmental BL subit <6):
Scale subitems (age _ )
Hand-eye coordination: mean = 62.0, SD = 16.8
Language: mean =72.3, SD = 17.6
Socialization: mean=73.4, SD = 15.8
Posture: mean = 76.5, SD = 16.9




TIQ: mean= 54.08; SD=9.89; median= 53;

From 10 years 6 WISC-III range= 39-69 (7 not tested; | RCPM=41)
Olivieri, 2016 20 months WAIS VIQ: mean= 60.42; SD=10.51; median= 62.5;
Giorgia to 19 years 11 Raven’s Colored Progressive range= 39-78 (8 not tested)
months Matrices PIQ: mean= 54.58; SD=13.32; median= 52.5;
range= 36-76 (8 not tested)
% number of subjects (PEP-3):
No risk of delay: 3.3%
High risk of delay: 20%
Very high risk of delay: 23%
Subitems:
FM moderate-severe level: 90%; mean=56;
range=36-92
_ Psychoeducational Profile, Third GM moderate-severe level: 90%; mean=52;
Ouss, Lisa | 2019 3 From 2 to 7 years Edition; PEP- 3 range=29-89
’ VMI moderate-severe level: 70%; mean=57,
range=32-114
EL moderate-severe level: 63%; mean=48;
range=18-80
RL: mean=57; range= 16-90
CVPYV moderate-severe level:80%; mean= 60;
range=26-97
AE moderate-severe level: 43.3%
WALIS average 1Q:
. 4 subjects carriers of the SCN1A mutation without
8 family . . .
_ members seizures mellmfestatlon.: mean= 95; range= 90-102
Passamonti, 2015 carrvin From 5 to 73 WPPSI 1 subject diagnosed with GEFS+: 90
Claudia ® S Crlr\Iyl i years WAIS 1 subject diagnosed with FS: 92
B 1 subject diagnosed with DS: 45
WPPSI:
1 subject diagnosed with PEFS+: 95
ID (% number of subjects):
6 months- 6 years
Mild delay: 33.33%
Moderate: 20%
Severe:13.33%
Ragona, From 4 months Wechsler scales 7y_e ars-l()years
Francesca® | 2010 37 to 28 years Griffiths’ mental scales Mild: 50%
Moderate: 33.33%
Severe:16.66%
Older than 10 years
Mild:12.5%
Moderate: 12.5%
Severe: 75%
dGQ (12 months-60 months)
mean= 32.31; median=30.5; range=6-77
GQ at 12 months:
. mean= 88.46; SD=14.56; median=84.5; range=56-
Ragona, From 1 year to 5 Griffiths’ Mental Scale 113
Francesca ) 2 2 ears Brunét-Lezine Developmental scales
y B GQ at 60 months:
mean= 56.15; SD=22.09; median=55.5; range=16-
102
Griffiths’ Mental scales:
GD: Mean=79; median=80; range=52-104
Locomotor: mean= 76; median= 80; range= 44-
97
Personal-social: mean= 85.45; median= 94;
range= 49-117
First evaluation: Hearing and language: mean= 80.91; median=
. 4 years Griffiths’ Mental Scale 86; range= 41-115 e .
Ricci, Y . Eye and hand coordination: mean= 75.27;
Daniela 2015 5 Last evaluation: WPPSI median=71; range=41-100
from 6 years 10 WISC III ’

months to 8 years

Performance: mean= 75.91; median= 81; range=
36-96

Practical reasoning: mean= 76; median= §2;
range= 53-93

WPPSI /WISC III:

TIQ: mean=64.71; SD=10.73; median=64;
range=48-81;

VIQ: mean=76, SD= 10.85, median=74; range




60-91
PIQ: mean=58.14, SD=11.26, median=56;
range=41-73

From 11months

Patient 1 DQ:

T1 (11 months) = 66;

T2 (24 months) =50

T3 (36 months) =56,70

T4 (47 months) =46

T5(7 years and 6 months)=30
Patient 2 DQ:

T1 (23 months) = 66,8

T2 (31 months) =62,3

T3( 39 months) =59

T4 (63 months) =48,2

T5 (80 months) =41,4

T6 (8 years and 6 months) = 33
Subitems:

to 7 years A. locomotor
Riva, Daria | 2009 2 Griffiths’ Mental Scale Patient 1: 65 -60 - 61.10 -47.9 -27.2
From 23 months Patient 2: 74 — 63.3 — 56.4 — 38 —32.5 28
to 8 years B. personal-social
Patient 1: 53 — 66 — 54.20 —47.9 - 27.8
Patient 2: 66 — 56.7 — 55.1 —49.2 —43.8 - 32
C. hearing and language
Patient 1: 78 — 52 —51.40 — 42.6 — 22.8
Patient 2: 32 —48.3 -47.4 -37.3 -30-26
D. eye-hand coordination
Patient 1: 62 — 50 — 52.80 — 42.6 — 30.5
Patient 2: 70 — 68.3 — 53.8 — 54 — 47.5 - 36
E. performance
Patient 1: 76 — 50 — 63.90 — 48.9 — 40
Patient 2: 92 — 76.7 — 82.1 - 63.5 - 52.5 - 42
F. practical reasoning
Patient 2: 47.6 —40 — 34
Turner WISC 1V, TIQ: mean= 64.83; SD=18.74; median=63.5;
’ From 15 months Wechsler Abbreviated Scale of range=40-95
Samantha J. | 2017 26 . .
* to 28 years Intelligence—II Severe ID: 8 participants not able to complete the
battery (1Q<40)
TIQ: mean=46.87; SD=10.23; median=42;
range= 40-73
Villeneuye, 2014 21 From 6 to 10 WISC I and TV VIQ: mean=54.47; SD=10.93; median=51;
Nathalie years range= 45-74
PIQ: mean=53.87; SD=11.76; median=46; range=
41-82
Global DQ
1 year to 3 years: DQ range 60-95%
3-6 years: DQ significantly lower
1\\2] olfth 2006 20 Az 1] e Brunét-Lezine Developmental scales | >6 years: DQ range 25-40%
arkus to 16 years

Subitems
Poor visuomotor skills: DQ range=15-35%
Results of language subtest more heterogeneous

TIQ= total intelligent quotient; VIQ= verbal intelligent quotient; PIQ= performance intelligent quotient; DQ= developmental quotient; GQ= Griffith’s global quotient; ID= intellectual

disability; IQ= intelligent quotient; MR= mental retardation; FM=fine motor; GM= gross motor; VMI= visual motor imitation; EL= expressive language; RL= receptive language; CVPV=

cognitive verbal/preverbal; AE= affective expression; (*) Global scores and subitems scores are not clearly reported;




Table S2

Behavioral outcomes

First author | Year l\.I° Age Developmental/intelligent quotient Outcomes
subjects assessment (tests)
i 4 s (3 CBC (% number of subjects)
Battaglia, 2013 9 months to 13 Achenbach Child Behaviour Checklist | Behavioural abnormalities (66,7%):
Domenica (CBC) Internalization=abnormal (22,2%)
years Externalization=abnormal (44,4%)
ASD in 61.5% patients
AVZ-R (PDD):
AVZ-R (Pervasive developmental 46.15% PDD; 7.7% uncertain; 46.15% no PDD
disorder in mental retardation) SGZ:
Berkvens, 2015 13 From 18 years | SGZ (maladaptive behaviour scale for | 38.46% maladaptive behaviour; 30.77%
Jessica, J.L. to 60 years individuals with ID) average score; 30.77 lower scores than other
TVZ (temperamental scale for institutionalized patients
individuals with ID) TVZ:
46.15% difficult temperament; 46.15% average
score; 7.69% above average
First NPSY: 9
months to 42 Scores not clearly reported:
Chieffo, months Achenbach Child Behaviour Checklist | Attention and Hyperactivity problems at earlier
. 2011, a 12 . .
Daniela Follow up end: | (CBC) ages becoming negative at outcome;
4 years to 10 Withdrawn scale Z scores < -2
years
First NPSY: Scores not clearly reported:
from 6 months .. k .

o {0 24 months . ‘ . Abnf)rmahtles found in 3 qut of 5 patients )
Chieffo, 2011. b 5 Follow up-end: Achenbach Child Behaviour Checklist | starting from 30 months of age in the following
Danicla ’ p-end- 1 (cBO) CBC subscales:

from 30 to .
withdrawn
51months

sleep
attention
Adolescents group
CBC: 73% of patients show behavioural or
psychiatric disorders;
Behavioural disorders mild or moderate in:
attention; anxiety; perseveration; rule breaking;
aggressiveness
Severe:
obsessive compulsive behaviours (13 patients)

Adults mean autistic features and psychosis (5 patients)

AR AR | T @G e e et | AGT i
Darra, (CBO) CBC: 52% severe behavioural disorders;
Francesca U el Alg;lliszergs Vineland Adaptive Behaviour Scale Behavioural disorders:
& (VABS-II) Attention deficit, obsessive, and oppositional
16 years and 3 . .
‘months disorder (12. p.atlen.ts) .

Marked autistic traits (11 patients)
Psychosis (2 patients)
VABS-II:
58% of patients show abnormal scores in:
communication (median age equivalent: 5.3
years);
Daily living (median age equivalent: 5.9 years);
Socialization (median age equivalent: 4.9
years).




From 4 years 1

ABC Autism Behaviour Checklist
CARS (Childhood Autism Rating
Scale)

ADOS (The Autism Diagnostic

24.3% of patients diagnosed with ASD:
Average ABC scores: 81.1

Average CARS scores: 36.4

autistic features:

Speech delay, narrow interests, and no
emotional reciprocity in 100% of patients;
Adherence to routine in 88.9% of patients;

Li, Bing Mei | 2011 37 month to 15 . Short temper in 77.8% of patients;
s 8 months Observation S.chedqle) . . Language regression (44.4%);
years ADI (the Autism Diagnostic Interview) guage reg ’
]S)(fcsigl(z)arde gf?n?iﬁﬁilcrggg\geszsiigers) No ASD patients:
) average ABC scores: 35.0
average CARS scores: 19.9
autistic features:
speech delay in 89.3% patients
CBC:
Abnormal sub scores (T-score between 60-70)
in:
Nabbout. From 9 months | Achenbach Child Behaviour Checklist | Attention
. ? 2013 67 to 24 years (CBO) Hyperactivity
Rima N
Conner’s scale
Conner’s scale:
Abnormal learning abilities (>70)
Hyperactivity
From 10 years Abnormal sub scores in:
Olivieri, 2016 20 6 months Achenbach Child Behaviour Checklist | Withdrawn (100%)
Giorgia to 19 years 11 | (CBC) Somatic complains (83.33%)
months Internalizing (100%)
Autistic features according to DSM-5, ADI-R
ADOS (The Autism Diagnostic and ADOS-2:
Observation Schedule) ASD in 39.3%;
Ouss, Lisa 2019 35 From 2 to 7 ADI (Autism Diagnostic Interview- SCD (social communication disorder) in 7.1%;
years Revised) neither ASD nor SCD in 53.6%
Vineland Adaptive Behaviour Scale VABS-II:
adaptive behaviour mean=75 (range= 56-105)
Ragona From 4 months Behaviour problems observed in 21/37 patients,
§ 2010 37 Observational/qualitative evaluation mainly attention deficit, hyperactivity and
Francesca to 28 years -
opposition
Achenbach Child Behaviour Checklist Attention deficit in 69.2%
Ragona, From 1 year to | (CBC) . .
Francesca UL 28 5 years Vineland Adaptive Behaviour Scale hyper.actl_wty 58%.
autistic-like behaviour 15.4%
(VABS-II)
From
11months to 7
. . years Achenbach Child Behaviour Checklist | SCOres not clearly reported:
Riva, Daria 2009 2 (CBC) Patient one: severely hyperactive
From 23 Patient two: autistic-like traits; hyperactive
months to 8
years
From 15 . . .
Sa’;r;e}}r; 7 2017 26 months to 28 X;l;e}l;sn_f;l;%dapnve =PTSRS Scores not clearly reported
years
Low adaptive and behavioural DQ in all the
children: DQ=50 + 3; range: 28— 76
Socialization skills were significantly higher
Villeneuve, 2014 21 From 6 to 10 | Vineland Adaptive behavioural scale than autonomy:
Nathalie years (VABS-II) 59 £3 vs. 43 £4; p=0.002, t-test, n = 20

Socialization skills were significantly higher
than communication:
59+3vs.50+£3;p=0.04;n=20

ASD= autism spectrum disorder; PDD= pervasive developmental disorder; SCD= social communication disorder; DQ= developmental quotient




Table S3

Low level cognitive functions

First Author

Year

N° subjects

Age

Visual processing/ Phonological processing/ Fine-Gross motor abilities

Acha, Joana

2015

Dravet Young:
From 8 to 10
years

Dravet Old:
From 11 to 16
years

Phonological processing (% correct):

Same sound pair (8-10 years): 53% (SD=3.1);
Same sound pair (11-16 years): 55.1% (SD=5.2)
Different sound pair (8-10 years): 55% (SD=4.8);
Different sound pair (11-16 years): 51.0% (SD=3.2)

Battaglia, Domenica

2013

From 4 years 6
months to 13
years

Visual processing (Z scores):

VPI=-2.02 (SD=0.61)

Fine motor abilities (ABC movement test)
Abnormal 75%

Gross motor abilities (ABC movement test)
Abnormal in 37.5%

Chieffo, Daniela

2011a

12

First NPSY: 9
months to 42
months
Follow up end: 4
years to 10 years

Visual processing (Z scores):

visual perception test (form completion, figure ground) = -2
Visual perception longitudinal data (Z scores):

age 4-5 years: -2.6 (SD=0.57)

age 6 years: -2 (SD=0)

age 7 years: -2 (SD=0)

age 8 years: -1.83 (SD=0.24)

age 9 years: -1.77 (SD=0.38)

Chieffo, Daniela

2011b

First NPSY:
from 6 months to
24 months
Follow up-end:
from 30 to
51months

Visual processing:

Ocular motility

Case 1: asymmetric at 18/24/30 months

Case 2: borderline at 24/32/39 months; abnormal at 45 months
Case 3: borderline at 12 months; abnormal at 32/39 months
Case 4: abnormal at 30/51 months

Case 5: normal at 10/30/42 months

Attention over distance:

Case 1: abnormal at 18/24/30 months

Case 2: abnormal at 24/32/39/45 months

Case 3: abnormal at 12/32/39 months

Case 4: abnormal at 30/51 months

Case 5: normal at 10/30/42 months

Acuity:

Case 1: abnormal at 18/24/30 months

Case 2: abnormal at 24/32/39/45 months

Case 3: 12/32/39 months

Case 4: abnormal at 30/51 months

Case 5: normal at 10/30/42 months

Visual fields:

Case 1: asymmetric at 18/24/30 months; borderline at 6/8 months
Case 2: abnormal at 32/39/45 months

Case 3: asymmetric at 32 months; abnormal at 39 months
Case 4: borderline at 30 months; abnormal at 51 months
Case 5: normal at 10/30/42 months

Fixation shift:

Case 1: abnormal at 6/8/18/24/30 months

Case 2: abnormal at 24/32/39/45 months

Case 3: 12/32/39 months

Case 4: abnormal at 30/51 months

Case 5: normal at 10/30/42 months

Stereopsis:

Case 1: not evaluated

Case 2: abnormal at 32/39/45 months

Case 3: not evaluated

Case 4: not evaluated

Case 5: not evaluated

Chieffo, Daniela

2016

13

From 24 — 36
months
to 4.3 — 7.8 years

Phonological processing (phonological accuracy subitem of the First
Language Test (TPL):

abnormal in 5/10 (mean Z score = -2.53, SD= 0.45)

borderline in 4/10 (mean Z score= -1.5, SD=0,19)

normal 1/10 (Z score= -0.33)

Ricci, Daniela

2015

From 4 to 8§ years

Visual Processing:

Visual total score: abnormal in 3/ 5 at the age of 2years; became normal in
all cases but 1

EF (Atkinson): 6 normal, 4 abnormal (10 results of 5 children)

SM (Atkinson): 9 normal, 1 abnormal (10 results of 5 children)
CD(Atkinson): 5 normal, 5 abnormal (10 results of 5 children)




VPI: 1 normal, 3 borderlines (4 results of 4 children)

Verheyen, Karen

2019

43

months

From 9 months
to 13 year 11

Fine motor development:

mean motor age equivalent= 52.4; median= 65; range=9-110
mean chronological age= 87.9; median= 100; range= 19-167
Gross motor development:

mean motor age equivalent= 46.7; median= 48; range= 12-92

VPI=visual perception test; EF=embedded figures; SM=shape matching; CD=contrast discrimination of the frosting cats

Table S4

Sensorimotor integration functions

N°

months

First Author Year subjects Age Visuomotor integration/ Auditory motor integration
Visuomotor integration:
Median number of taps (8-10 years): M= 32, SD = 17.4
Young Dravet | Median number of taps (11-16 years): M= 31, SD = 17.7
group: From 8 | Median Inter-tap latencies (8-10 years): M= 551.3, SD=507.9
to 10 years Median Inter-tap latencies (11-16 years): M= 557.0, SD=204.4)
Acha, Joana 2015 8 Language production
Old Dravet % correct word production
group: From | CV (8-10 years): 69.0 %17.3)
11 to 16 years | CV (11-16 years): 46.6% (23.6)
CVV (8-10 years): 51.5% (34.3)
CVV (11-16 years): 35.2% (24.8)
From 4 years 6 Visuomotor integration:
Battaglia, Domenica 2013 9 months to 13 ]Eeery VMI z—score.' -2.18, SD=0.50
anguage production
years Naming (z scores): -2.03, SD= 0,99
Visuomotor integration:
. . Beery VMI z-scores at 3 years: mean=-2.38, SD=0.40
1::2;35?:4; Beery VMI z-scores at 4-5 years: mean=-2.47, SD=0.58
h Beery VMI z-scores at 6 years: mean=-2.19, SD=0.33 (evaluated in 3 subjects)
Chieffo, Daniela 2011a 12 months . | Language production
Follow up end: ) .
P Lexical naming
z-scores at 3 years: mean=-1.68, SD=0.95
years z-scores at 4-5 years: mean=-1.71, SD=0.74
z-scores at 6 years: mean=-0.96, SD=0.62 (evaluated in 3 subjects)
Language production
First assessment
From 24 —36 | Naming z scores: mean=-1.71, SD=1.18
e . months Outcome
Chieffo, Daniela 2016 13 to43-17.8 Naming z scores: mean= -1.63, SD= 0.62 (2 children not tested)
years Repetition z scores: mean= -1.56, SD= 0.81(2 children not tested)
Phonological accuracy: mean=-2.07, SD=0.64 (3 children not tested)
Morphosyntactic accuracy: mean=-2.29, SD=0.71 (3 children not tested)
Visuomotor abilities
From 4 to 8 Beery VMI: 1 borderline, 8 abnormal (9 results of 4 children)
Ricci, Daniela 2015 5 Block design (subtest WISC): 3 borderline, 1 abnormal (4 results of 4 children)
years Rey-Osterrieth Complex Figure copy: 1 borderline, 3 abnormal (4 results of 4
children)
Language production
7 patients: not able to cooperate
From 15 13 patient’s performance in the expressive vocabulary test: mean= 59.77;
Turner, Samantha J 2017 26 months to 28 patient s periormance In the expressive vocabulary test: 4
median= 59; range= 20-105
years (Normative data—mean 100, SD 15; scores 70 and below: ,2 SD below the
mean)
Visuomotor abilities
From 9 months | Beery VMI: mean motor age equivalent= 48.7; median= 31; range= 9-110
Verheyen, Karen 2019 43 to 13 year 11 | (17/22 results delayed in 16 children)

mean chronological age (months)= 79.6; median= 58; range= 11-167

CCV= consonant-consonant-vowel syllable cluster; CV= consonant-vowel syllable cluster; VMI= visuo-motor integration




Table S5

High level cognitive functions

First Author

Year

N° subjects

Age

Language comprehension; Attention; Memory; Executive functions

Acha, Joana

2015

Young Dravet
group: From 8
to 10 years

Old Dravet
group: From
11 to 16 years

Visual Memory task

Mean reaction times with visual distractors (8-10 years): 2592ms, SD=999//
error rate=75.0% (23.5)

Mean reaction times with visual distractors (11-16 years): 3101ms, SD=
490// error rate=79.2% (14.4)

Mean reaction times with verbal distractors (8-10 years): 2877 ms,
SD=1170// error rate=75.0% (15.2)

Mean reaction times with verbal distractors (11-16 years): 2896 ms,
SD=1046// error rate= 85.4% (4.2)

Working Memory:

number of items that can be retained in phonological memory (PWMT):
‘Word span (8-10 years): mean=2.0, SD= 0.8

Word span (11-16 years): mean=1.8, SD= 0.5

Executive Functions:

% correct control of action:

8-10 years=26.0 (12.3)

11-16 years= 34.3 (14.1)

% correct control of inhibition:

8-10 years= 54.8 (5.5)

11-16 years=71.8 (14.8)

% correct categorization:

High frequency word= 79.4% (8.9)

medium frequency word=47.9% (8.9)

low frequency word= 62.5% (17.7)

Battaglia, Domenica

2013

From 4 years 6
months to 13
years

Memory (short/long term):

Learning lists

Short term=4/9 abnormal

Long term= 5/8 abnormal (1 not performed)

Working Memory:

digit span forward= 6/9 abnormal

digit span backward= 2/9 abnormal

Visuo-spatial abilities

Corsi test forward=3/9 abnormal

Corsi test backward= 3/9 abnormal

Block design (z scores) = -2.04 (0.41)

Rey copy (z scores) = -2.49 (0.48)

Visuo-attentional abilities:

Bell’s Cancellation test-revised (z-scores) = -2.22 (0.83)
Executive Functions:

Tower of London (z scores) = -2.22 (0.52); (5 not performed)

Chieffo, Daniela

2011a

12

First NPSY: 9
months to 42
months
Follow up end:
4 years to 10
years

Working Memory:

Digit span (z scores) = < -2
Visuo-attentional abilities:

Teddy bear and selective visual attention from LEITER-R scale revised (z
scores) =< -2

Executive Functions (only 3 subjects)
Word fluency (z scores):

At 6 years = -0.83 (0.24) 2 children
At 7 years = -1.66 (1,42) 2 children
At 8 years = -2,11 (0,96) 3 children
At 9 years = -1.88 (0.84) 3 children
Tower of London (z scores):

At 6 years = -2.33 (0.94) 2 children
At 7 years = -2.33 (0.94) 2 children
At 8 years = -1.83 (1.18) 2 children
At 9 years = -2.12 (1.02) 3 children
Language:

Lexical comprehension (z scores):
At 3 years = -0.96 (1.05)

At 4-5 years=-1.71 (0.74)

At 6 years = -1,18 (0.54)

At 7 years = -0,93 (0,30) 3 children
At 8 years = -0,88 (0,19) 3 children




First NPSY:
from 6 months
to 24 months

Visuo-attentional abilities:
age 6 — 12 months: normal (3/5), abnormal (1/5);
age 30 — 51 months: normal (1/5), abnormal (4/5)

Chieffo, Daniela 2011b 5 Follow up-end: A . crers
from 30 to Visuo-spatial abilities: _ _
51months age 6-12 months: normal (3/5), borderline or immature (1/5);
age 30 — 51 months: normal (1/5), asymmetric (1/5), abnormal (3/5)
Pragmatic comprehension
normal 8/13), borderline (1/13), abnormal (2/13);
Word comprehension:
Fro;noi‘t‘h; 36 | normal 8/13, borderline 1/13, abnormal 3/13
Chieffo, Daniela 2016 13 043-78 Receptive language
§ : Sentence comprehension= normal (6/13), borderline (3/13), abnormal (1/13),
years .
3 children not tested
Global comprehension= normal (8/13), borderline (3/13), 2 children not
tested
Visuo-attentional abilities
Teddy bears cancellation test:
6 normal, 4 abnormal (10 results of 5 children)
The Bells Test
Ricci, Daniela 2015 5 From 4 to 8 1 !)orderlinc?, 3 ab'rl.(){mal (4 results of 4 children)
years Visuo-spatial abilities
Shape matching (Atkinson):
9 normal, 1 abnormal (10 results of 5 children)
Executive Functions
Porteus (subtest WISC III): 2 borderline, 1 abnormal (3 results of 3 children)
o | remis Rl
urner, Samantha J o017 mon;ezrtso 8 12 patients: mean= 59.17; median= 56.5; range= 20-100

1 patient: PPVT 76; TROG 71

VMT=visual memory task; PPVT= Peabody Picture Vocabulary Test; TROG= Test for Reception Of Grammar




