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Dravet syndrome (DS) is an epilepsy of infantile onset, usually related to a mutation in gene sodium
channel alpha 1 subunit, that leads to different typological seizures before the first year of life. Although
most research has focused on the clinical description of the syndrome, some recent studies have focused
on its impact on cognitive development, identifying both motor disorders and visual-processing deficits
as basic factors affected in adults and children with DS. In this article, we designed a cross-sectional
study to examine the cognitive phenotype of children affected by DS from a neurodevelopmental
perspective. We report measures for both basic (auditory perception, visual and phonological proces-
sing, motor coordination) and higher order cognitive processes (verbal production, categorization, and
executive function) in two age groups of DS children (M = 8.8 and M = 14.1) and control children of
the same chronological age. Results showed an important cognitive delay in DS children with respect to
controls in both basic and higher order cognitive abilities, with a better general outcome in tasks that
required processing visual material (visual memory and categorization) than in tasks involving verbal
material. In addition, performance of DS children in certain basic tasks (visual memory) correlated with
performance on complex ones (categorization). These findings encourage promoting an early identifica-
tion of not only clinical but also cognitive features in DS children from very early stages of develop-
ment in order to optimize their neurodevelopmental outcome.

Keywords: Dravet syndrome; Brain development; Working memory; Verbal production; Executive
function.

Dravet Syndrome (DS) is a rare form of epilepsy characterized by recurrent seizures that
appear in an apparently healthy child. The complex characterization of the syndrome
onset during first year of life by febrile, afebrile, clonic, and tonic-clonic seizures, and
further repetitive mainly myoclonic seizures (Dravet, 1978; Dravet, Bureau, Oguni,
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Fukuyama, & Cokar, 2005) has led to an increasing interest in its clinical causes as well
as in its neurological outcomes. Clinical evaluations have shown that the mutation of the
sodium channel alpha 1 subunit (SCN1A) affects the phenotype in at least 80% of cases
(Claes et al., 2009; Depienne et al., 2010). Although only one third of children show this
mutation, it is one of the main markers used for diagnosis (Stenhouse, Ellis, & Zuberi,
2013). This mutation reduces sodium channel activity in inhibitory cortical and hippo-
campal interneurons, particularly in GABAergic (gamma-aminobutyric acid) interneur-
ons involved in the regulated firing of neural patterns and neural excitability (Martin
et al., 2010; Yu et al., 2006). The lack of regulated neural activity, together with an
extreme sensitivity to temperature, seem to be the main underlying causes of seizures
and epileptiform discharges in childhood (Hattori et al., 2008; Oakley, Kalume, Yu,
Scheuer, & Catterall, 2009; Sánchez-Carpintero, 2011). During the last decade, most
studies have focused on the clinical description of the syndrome to help identify
prognosis factors and to prevent seizures with appropriate medical treatment.
However, few studies have explored the neurodevelopmental cognitive pattern of
children that experience such seizures (see Ragona et al., 2011) in order to clarify the
impact of the syndrome on cognitive abilities that lag behind brain maturation during
these critical years.

Much of the understanding of the underlying mechanisms of cognitive development
and cognitive impairments comes from comparisons between impaired and normal devel-
oping children in different domains (Elman, 2005; Karmiloff-Smith, 1998). These com-
parisons rest on the assumption that the progressive development of brain connections
lead to increasing and more sophisticated cognitive abilities (Bunge, Dudukovic,
Thomason, Vaidya, & Gabrieli, 2002; Nagy, Westerberg, & Klingberg, 2004), and that
delayed or impaired neurocognitive outcomes could be tied to disruptions or unusual
patterns of connections during brain development (Fair, Posner, Nagel, Bathula, & Costa,
2010; Frith & Happe, 1998; Wang, Hesselink, Jernigan, Doherty, & Bellugi, 1992). Thus,
the behavioral outcomes of a disrupted brain can be compared to the behaviors expected
from a normal developing one. It is important to note that the earliest developmental
stages seem to be crucial in this time course, since the functionality of the nervous system
takes place with the myelination of oligodendrocytes even 1 or 2 months before birth and
extends gradually to the frontal lobe by 9 months of postnatal age (Paus et al., 2001). The
arborization of dendrites and axons during this period delimits the emergence of different
functions. For instance, subcortical-somatosensory areas develop primarily during the first
year of life (Huttenlocher, 2009), whereas connectivity to other brain areas increases from
12 months on, following a posterior-anterior direction. If higher order abilities are
attributed to increased connectivity across medial and frontal cortical areas in the brain
(Johnson, 2001; Levitt, 2003), the result of aberrant brain development could impact
different aspects of perception, memory, and executive function with different manifesta-
tions across ages (see, for example, Frith, 2001). Epileptic syndromes can be addressed
from this neurodevelopmental framework, taking into account that they are often extre-
mely disruptive to development.

Several studies have previously examined the cognitive delay associated with
epilepsy in young children (Aldenkamp et al., 1996; Mandelbaum & Burack, 1997),
showing that epileptic syndromes lead to a general impairment in basic cognitive abilities
like attention, speed of processing, and working memory (Aldenkamp & Arends, 2004).
However, the special characterization of epileptiform discharges in DS does not allow the
generalization of these previous results to this specific population, because seizure onset
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before one year and the recurrent emergence and variability of seizures throughout early
infancy in DS make it an exceptional case (Dravet 2011).

In fact, several studies have shown that children with DS typically exhibit manifes-
tations such as ataxia, poor motor development, and visual function deficits (Brunklaus,
Dorris, & Zuberi, 2011; Cassé-Perrot, Wolf, & Dravet, 2002; Chieffo, Ricci, et al., 2011),
as well as to abnormal interictal encephalography (Korff et al., 2007). In addition,
recurrent myoclonic seizures — extremely brief and barely discernible muscle contrac-
tions—that are typical from the second year of life seem to lead to more severe cognitive
deficits. In view of the findings from longitudinal studies, the onset time of cognitive
decline is approximately 2–3 years (Cassé-Perrot et al., 2002). For example, Chieffo et al.
conducted an assessment of five cases. The age of infants ranged from 6 to 10 months,
and the follow-up mean duration was 33.8 months. The authors observed that four of the
evaluated kids showed impaired ocular activity (few fixations, low acuity, slow shifts) and
low eye-hand coordination abilities (see also Dravet, 2011), and that these children were
the ones showing cognitive decline throughout development. In another 6-year follow-up
study of 12 children (age range 4–6) the same authors observed that the cognitive delay
attained mainly hand-eye coordination, visual function, and language. Interestingly, the
psychomotor delay was greater than the language delay, in which the deficit was mani-
fested in production rather than comprehension. In addition, verbal working memory and
executive function impairments were observed, as well as language production deficits.
Using a larger cohort (age range 6–42), Brunklaus, Ellis, Reavey, Forbes, and Zuberi
(2012) observed that, among the patients studied for a 5-year period, the most relevant
developmental outcomes were motor disorders such as hypotonia, ataxia, spasticity, and
dyskinesia (36%), behavioral problems (46%) as well as some autistic features (33% of
the cohort). Noteworthy, the presence of a motor disorder (as well as abnormal interictial
EEG in Year 1) was a strong predictor of a worse developmental outcome in this study.
Two important conclusions can be drawn from these studies. First, early absences,
myoclonic seizures, and early presence of subcortical (e.g., visual, motor) dysfunctions
may be related to further cognitive decline in DS children (Brunklaus et al., 2012; Ragona
et al., 2010). Second, these findings support the suggestion that the syndrome may involve
greater cognitive impairment with increasing age (see also the cross-sectional assessment
of Catarino et al., 2011), probably due to disrupted connectivity between posterior and
anterior regions.

However, there is still an ongoing debate about the general cognitive pattern
involved in DS (Ragona et al., 2011). In addition, most studies have focused on basic
abilities reliant on subcortical areas. There is to date little evidence about the execution of
complex cognitive abilities in DS children, such as verbal production, categorization, and
inhibition—all dependent on interconnectivity between subcortical, temporo-parietal, and
frontal regions. Stevens (2009) describes the delay of DS children with respect to normal
developing children in such abilities and the relation between higher order and basic
abilities. From a neurodevelopmental perspective, both basic and higher order processes
should be examined at different chronological ages, when behaviors that lag behind such
processes are expected to show up.

To this aim, we designed a cross-sectional study in which we examined a broad set
of cognitive processes and the relationship between early and late developing abilities in
a sample of DS and control children of the same chronological age. Two age groups
were selected to compare the developmental pattern in DS and controls through the
following tasks: (a) auditory detection, visual memory, phonological working memory
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and motor tapping to test earlier developing processes and (b) vocabulary production,
categorization, and inhibitory control to test higher order processes that lag behind
earlier developing ones.

GENERAL METHOD

Participants

We recruited 4 DS children from 8 to 10 years (M = 8.8) and 4 DS children from 11
to 16 years (M = 14.1), as well as 8 control children of the same chronological age for this
study. The DS participants were selected from a larger pool of 27 children previously
diagnosed by hospital physicians and recruited from the Spanish Dravet Foundation. All
the parents from the foundation provided details about the clinical and cognitive history of
the children as part of the recruitment. The neuropsychological examination at the hospital
included information about motor skills, language, and general IQ, providing general
information about the delay1. Our selection was based on the following criteria: (a)
SCN1A mutation present, (b) seizure reported before the first year of age, and (c) EEG
findings consistent with DS. Children who did not fit Criteria a, b, or c were excluded
from the testing, and those who had severe motor impairments were also excluded from
the analysis, since they were not able to complete the tasks, although they tried to do so.
The clinical and neuropsychological characterization of the participants is described in
Table 1. Both control and DS children came from the same region and socioeconomical
background. All of them were native speakers of Spanish.

Tasks Designed to Measure Basic Processes: Materials and Procedure

Auditory Detection Task. This task was designed to test auditory perception and
phonemic discrimination2. We focused on the early perceptual level since speech perception
is based primarily on well-defined phonological representations that children will need to
internalize and produce. Children of 7 months are already able to detect different phonemes
as well as stress patterns in their language (Curtin, Mintz, & Christiansen, 2005) and a good
ability to discriminate phonemes is related to language and reading development. We
employed a very simple same-different judgment paradigm (Friedrich & Friederici, 2006)
to test whether DS children were sensitive to different phonemic contrasts. To that aim, a list
of 80 pairs of syllabic sounds was created. In 40 of the trials, both syllables in the pair were
the same (20 bilabial: 10 ba-ba and 10 pa-pa; and 20 dental: 10 da-da and 10 ta-ta). In the

1As seen in Table 1, not all the children were run on the same neuropsychological batteries at
the hospital. We tried to run the Kaufman brief intelligence test (Kaufman, 1990) in our lab to get a
concrete measure of each child´s mental age. However, none of the children were able to complete
the task, and they did not pay enough attention to do the logical section without the help of the
experimenter. For this reason, it was estimated that all children had a mental age below 5 to 9 years
of their chronological age (ranging from 2 to 3 years in the younger group and from 3 to 6 in the
older group, approximately), although this was an approximate calculation. For this reason, it was
impossible to create a proper mental-age control group and we decided to use the chronological-age
control group only.

2Several tasks were discarded because of the at-chance error rate of DS kids. Children were
unable to properly complete the following tasks: phoneme categorization and phoneme deletion
(phonological level), auditory lexical decision, comprehension of causal events (linguistic level),
and the Stroop task (automatic reading).
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other 40 trials, both syllables were different from each other, and the type of sound was
counterbalanced across trials (five ba trials were matched to pa, and five to da, and so on)
so that all possible combinations were constructed.

In all tasks, children were tested individually in a quiet room and the experiment
was run using DMDX (software designed to run psycholinguistic experiments primarily
but currently used to test different cognitive abilities behaviorally; Forster & Forster,
2003). Response times were measured from target onset until the participant’s response. In
this experiment, a fixation cross (+) was presented for 800 ms in the center of the screen
on each trial. Next, the syllable pair was presented auditorily with the question “Are these
the same? “Ba –ba.” No new stimulus was presented until a response was provided. The
intersyllabic time was controlled across stimuli and was 30 ms. Participants were
instructed to respond verbally “yes” or “no” to each question. The experiment was
designed this way to avoid extra difficulties derived from having to press a button for
“yes” and “no” responses, due to the motor control problems observed in DS children.
Voice responses were recorded using a microphone connected to the computer. Trials were
randomized in each experiment.

Visual Memory Task. This task examined the ability of children to retain visual
information. Evidence shows that children before age 5 rely more on visual cues to retain
information, and, from five years on, they start relying also on verbal information for
recall (Conrad, 1971). This shift has been observed in several studies that have examined
visual memory (Hitch, Halliday, Schaafstal, & Schraagen, 1988). Based on the paradigm
of Hitch et al., we presented a set of 24 trials that each consisted of four pictures presented
horizontally in a row. All pictures belonged to basic categories of medium frequency
(M = 29). In half of the trials, one of the four pictures was a verbal distractor (phonolo-
gically overlapping, e.g., “oveja-oreja”) and, in the other half, the distractor was visual
(physically similar, e.g., “bomb-pineapple,” see Figure 1). Targets and distractors were
paired in frequency (M = 29 for both verbal and visual distractor condition).

A fixation cross (+) was presented for 500 ms in the center of the screen, and then a
target image was presented for 1000 ms. Then the screen remained blank for 6000 ms.
Afterwards, the image with the four pictures was presented. The experiment was con-
ducted with a tactile screen, so that the child was instructed to touch the image that had
been presented previously. The position of the target was counterbalanced across both
conditions, and to that aim four lists were created, so that children could see the same
target in the four different positions. Trials were randomized for each experiment. The
time from the appearance of the four candidates until participant’s response and the
response position on the screen were recorded.

Phonological Working Memory Task. The number of items that can be
retained in phonological memory over a period of time is said to provide a measure of
an individual´s memory span. This capacity is related to IQ measures and increases with
age (Ellis & Hennelly, 1980). Based on the classical paradigm of Hulme, Thomson, Muir,
and Lawrence (1984; see also Hulme & Tordoff, 1989), we examined the verbal memory
span presenting sets of words auditorily that had to be repeated by the child in the same
order. For this purpose, six high-frequency words were selected (M = 230). The words
were casa, luna, gato, agua, mesa, and niño.
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A fixation cross was presented on the screen for 500 ms. Afterwards, the child
would listen to a set of words ranging from two to six items. After four correct trials with
two items, the child passed to the next level with three items and so on. If one of the four
trials was not correctly recalled, the task was finished and the assigned memory span was
the previous one. The time elapsed from word to word was always 1000 ms, and from
trial to trial 10,000 ms.

Motor Tapping Task. We examined motor coordination with a simple tapping
standardized task that consisted of pressing a button on the keyboard as many times as
possible for 15 ms. In this task, a fixation cross was presented on the center of the screen
for 800 ms. Afterwards, a 110 Hz tone sounded. The child was instructed to press a key

Figure 1 Examples of trials in the Visual Memory task.
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on the computer as fast and as many times as possible until hearing the same tone again.
The second tone was presented after 15 seconds. The number of taps and the intertap rate
were measured.

Tasks Designed to Measure Higher Order Processes: Materials and

Procedure

Executive Function. Executive function refers to the ability to plan, to monitor,
and to coordinate both action and cognitive processes. The development of working
memory is highly dependent on executive function as it implies the maintenance of
certain information in memory while being handled and processed (Barkley, 1997). It
can be measured by simple tasks that account for control of action—giving a response
after a certain stimulus— and inhibition—avoiding a response after a certain stimulus
(Durston et al., 2002). More complex tasks can also examine cognitive flexibility and the
ability to change response criteria using rule-shifting tasks (see Zelazo, Muller, Frye, &
Marcovitch, 2003). In this experiment, we only examined the first ability, adapting the
task of Durston et al. Specifically, we used characters of the “Sponge Bob” cartoon, which
are familiar to Spanish children, instead of the characters from the “Pokemon” series used
in the original study. Four characters of the cartoon were presented as targets, each
repeated 12 times. The child was asked to give a response to these four characters. The
character of Sponge Bob appeared 48 times and under this condition the child had to
withold a response. Due to the motor problems observed in the DS children, instead of
pressing a key, they were asked to give a vocal response.

The children were instructed to name the characters appearing on the screen, but to
be quiet when the character was Sponge Bob. Each character appeared on the screen after
a cross signal of 800 ms, and the character remained for 3000 ms. Voice responses were
recorded using a microphone connected to the computer.

Verbal Production Task. There is no experimental evidence about the abilities of
DS children in language tasks. Of particular interest is language production, taking into
account the observed poor motor execution. We examined verbal production ability in a
picture-naming task, in which 28 concrete medium frequency pictures (M = 36) were
selected from the Pérez and Navalón (2003) picture database. From these pictures, 14
began with a simple consonant-vowel (CV) syllable, and 14 began with a complex
consonant-consonant-vowel (CCV) syllable cluster. Word frequency was paired in both
conditions (M = 36). Subsets of pictures were also paired with respect to the initial phoneme
(for a word with a simple cluster “barco,” there was a complex cluster pair “brazo”). The
phonemes used were b, c, d, f, g, p, and t (two words for each phoneme per subset).

The pictures were displayed on the screen for 5000 ms after a 500 ms fixation
cross (+). Voice responses were recorded using a microphone connected to the compu-
ter. Experimenters were instructed to transcript each response and to categorize it as
correct or incorrect.

Categorization Task. Categorizing is a complex ability that implies making
inferences from perceptual and functional properties of objects. It is said to be one of
the major constraints of learning, since it implies attending to similarities of different
objects, treating them as somehow equivalent or labeling them with the same name
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(Neisser, 1987). Finding similarities is a rapid and holistic way to understand the world.
This categorization —grouping recurrent evens to form a unique prototype—involves
other basic processes such as visual perception, discrimination, and inference. According
to recent evidence, children start creating basic categories (e.g., car) attending to physical
properties and physical similarities because the rely more on visual cues before 15 months
(Mandler & Bauer, 1988), but, from this age on, they start categorizing by attending to
functional aspects so that they can start creating supra-categories like “vehicle” (Mandler
& McDonough, 1993; Pauen, 2002). We examined whether this was also the case for DS
children using a simple category-to-sample match paradigm (Friedrich & Friederici, 2006;
Mandler, Bauer, & McDonough, 1991). In this task, children listened to a supra-category
name while four pictures were presented linearly on the screen. The category could be
high frequency (e.g., bird), medium frequency (e.g., vegetable) or low frequency (e.g.,
tool). There were six trials for each supra-category. From the four pictures presented, one
was a basic exemplar of this supra-category, and, in half of the trials (three out of six
trials), one was a visually similar distractor, whereas, in the other half, one was a distractor
that shared a property (another animal for bird, sharing the “living” property; a fruit for
vegetable, sharing the “edible” property; and a toy for tools, sharing the “utilitary”
property). This way, 24 pictures were selected for the category “bird,” 24 for the category
“vegetable,” and 24 for the category “tool.” Picture frequencies were paired across
categories (M = 15, M = 15, and M = 16 for the pictures belonging to the condition
bird, vegetable, and tool, respectively). Pictures were rotated across the four positions so
that position could not be the factor explaining the results. Four counterbalanced lists were
created for this purpose.

The experiment was conducted using DMDX and a tactile screen. A fixation cross
signal (+) was presented for 500 ms in the center of the screen, and then a category name
was heard through headphones while four images were presented. These remained on the
screen for 10,000 ms. The children were instructed to touch the exemplar that corre-
sponded to the name they were hearing through the headphones.

RESULTS

Auditory Detection Task

Analyses of variance (ANOVAs) were conducted based on the subjects’ error
rate based on a 2 (Group: DS, control) × 2 (Age: young, old), × 2 (Type Of Contrast:
same, different) on the percent of correct responses3. A significant group effect was
found, F(1, 8) = 5.88, p = .04, MSE = 915.2. Nonetheless, it should be taken into
account that the proportion of errors in DS children was near chance: DS children
were correct in the 54% of trials (SD = 4.1) with no differences across ages or
conditions. Control children were correct in 100% of trials (SD = 0.0) showing a
ceiling effect. Percentages of correct detection per group are included in Table 2. No
interaction was found with age or with type of contrast. These results imply that
perception and detection of phonemes were severely disrupted in DS children and that
this disruption persisted with age. Interestingly, none of the groups showed greater

3Due to the nature of the sample, we conducted a Kruskal-Wallis analysis first. As the results
mimic the ones obtained with the parametric tests, we decided to report the standard and commonly
used ANOVA results.
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sensitivity for sound discrimination of the same phonetic group (ba-pa, both bilabials)
or different phonetic group (ba-da, bilabial-dental).

Visual Memory Task

ANOVAs were conducted based on the subjects’ median correct response latencies
and error rates based on a 2 (Group: DS, control) × 2 (Age: young, old) × 2 (Type of
Distractor: verbal, visual) × 4 (List: 1, 2, 3, 4). List was included as a dummy variable in
the ANOVAs to model the variance due to the lists (Pollatsek & Well, 1995).

Reaction times showed that DS children were slower than control children both in
the visual distractor condition (M = 2847 ms, SD = 744; M = 1872 ms, SD = 609,
respectively) and in the verbal distractor condition (M = 2887 ms, SD = 1108;
M = 1773 ms, SD = 572, respectively). However, the group difference between DS and
controls did not reach significance, F(1,8) = 0.52, p = .65. The same pattern was found
with the error rates (p = .38). DS children committed more errors than controls in the
visual (M = 23%, SD = 19.0; M = 14%, SD = 2.4, respectively) and in the verbal distractor
condition (M = 20%, SD = 9.7; M = 16%, SD = 2.4) but the difference was not significant.

These results show that there was no strong evidence for a difference between the
groups. In fact, DS children were not at chance, since the error rates in this group were
within 10% of the controls. In addition, the lack of interaction between group (DS,
control) and age implies that DS children were executing the task as expected for a
child older than 5, and that the execution of the task was probably mediated by the
preferred processing modality of each child rather than by a general cognitive mechanism
(visual or verbal) that constrains decisions differently in DS or control children. Further
observations are described in the Discussion section.

Phonological Working Memory Task

ANOVAs were conducted based on number of words remembered based on a 2
(Group: DS, control) × 2 (Age: young, old) design. Results showed a main group difference,
F(1, 12) = 29.82, p < .001, MSE = 4.2, DS children had a lower span than control children
(M = 2.0, SD = 0.7; M = 3.25, SD = 0.5, respectively). This effect did not interact with age.
Values for visual memory and phonological working memory are presented in Table 3.

Table 2 Percentage of Correct Detection of Sound Pairs for DS and Control Children of Both Age Groups.

Auditory Detection

% Correct Same Sound Pair % Correct Different Sound Pair

Dravet
Young 53.0 (3.1) 55.0 (4.8)
Old 55.1 (5.2) 51.0 (3.2)

Control
Young 100.0 (0.0) 100.0 (0.0)
Old 100.0 (0.0) 100.0 (0.0)
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Motor Tapping Task

ANOVAs were conducted based on the subjects median number of taps and intertap
latencies based on a 2 (Group: DS, control) × 2 (Age: young, old) design. DS children
pressed the key fewer times than controls (M = 30.1, SD = 17.6; M = 73.8, SD = 2.8,
respectively), F(1, 12) = 47.70, p < .01, MSE = 1914.7, and with a greater intertap timing
(M = 553 ms, SD = 356; M = 220 ms, SD = 28), F(1, 12) = 6.28, p = .028,
MSE = 75,622.3. There was no interaction with age. These results —summarized in
Table 4—show that basic abilities, such as visual memory, working memory, and motor
development, are significantly impaired in Dravet children compared to children of the
same chronological age. This is in line with other studies that reported similar impairment
in DS samples (Brunklaus et al., 2011). In addition, we showed that working memory was
also significantly impaired. Due to the implication of working memory in most higher
order cognitive skills (Barkley, 1997; Klingberg, 2010; Schweitzer et al., 2000), we
believe that the observed perceptual, motor, and memory impairment in DS children are
key factors in understanding the cognitive pattern in this population.

Executive Function

ANOVAs were conducted based on the participants’ positive action and negative
inhibition responses based on a 2 (Group: DS, control) × 2 (Age: young, old) design. For
positive responses (giving a naming response to all the characters that were not Sponge
Bob), there was a significant difference between DS and controls, F(1, 12) = 168.51, p <

Table 3 Results on the Visual Memory Task (Mean and Standard Deviations for reaction times in milliseconds
and percentage correct response), and on the Verbal Working Memory Task (number of words remembered).

Visual Memory Phonological Working Memory

RT % Correct

Visual Verbal Visual Verbal Word Span

Dravet
Young 2592 (999) 2877 (1170) 75.0 (23.5) 75.0 (15.2) 2.0 (0.8)
Old 3101 (490) 2896 (1046) 79.2 (14.4) 85.4 (4.2) 1.8 (0.5)

Control
Young 2164 (608) 1808 (272) 79.2 (4.2) 77.1 (4.8) 3.0 (0.5)
Old 1580 (610) 1737 (870) 93.8 (4.2) 91.7 (0.2) 3.8 (0.5)

Table 4 Tapping Rate (in ms) and Number of Taps in the Motor Tapping Task.

Motor Tapping Task

Tapping Rate No. of Taps

Dravet
Young 551.3 (507.9) 32 (17.4)
Old 557.0 (204.4) 31 (17.7)

Control
Young 245.6 (52.4) 65 (4.6)
Old 174.0 (4.5) 84 (1.0)
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.001, MSE = 98.4. The percentage of correct responses was lower in Dravets (M = 30.1,
SD = 13.2) than in controls (M = 94.6, SD = 4.6). Also inhibitory capacity was smaller in
DS children as compared to controls, F(1, 12) = 61.93, p < .001, MSE = 74.4. DS children
inhibited responses in a lower percentage of trials (M = 63.3%, SD = 10.2%) compared to
controls (M = 97.2%, SD = 4.9%). In addition, this inhibitory capacity interacted with age
F(1, 8) = 5.15, p = .040, MSE = 893.6. The inhibitory capacity in control children was
similar in the 8 to 10 age range group and in the older age range group of 11 to 16, p =
.87; whereas in the DS group the percentage of correctly inhibited responses was lower in
the younger than in the older group (M = 54.8%, SD = 5.5%; M = 71.8%, SD = 14.8%), F
(1, 8) = 8.41, p = .028, MSE = 101.7. These results are summarized in Table 5.

The results show that DS children have a lower control of action than normal
developing children of the same chronological age. Interestingly a significant difference is
observed between young and old DS children’s capacity to inhibit a response. Whereas
control children show a great inhibitory capacity by the age of 8 and maintain it at the age of
14, older DS children show a low but better inhibitory capacity than young DS children.

Verbal Production Task

After the task was completed, we checked that all of the children knew the name of
the pictures and that errors were due to the production of the word —retrieval failure at the
beginning or producing the first sound and stopping before continuing—rather than to the
fact that they did not know the name. A preliminary analysis showed that there were no
differences between CV- and CCV-cluster production. Hence, ANOVAs were conducted
based on correct production rate on a 2 (Group: DS, control) × 2 (Age: young, old) design.
Correct responses were considered when the name was pronounced without error. The
percentage of errors in DS children was 46% (SD = 20.5), whereas in controls it was 17%
(SD = 12.2), F(1, 12) = 4.86, p = .040, MSE = 1273.1. In addition, this percentage was
similar for complex (M = 56%, SD = 29.5; M = 18%, SD = 17.5, in DS and controls,
respectively) and simple clusters (M = 42%, SD = 20.5;M = 15 %, SD = 12.2, see Table 6).

Due to the fact that children actually reported the correct name of the pictures
afterwards, these errors might be attributed to articulatory difficulties related to their lack
of motor abilities, rather than a poor knowledge of the objects in their environment, at
least of those that belong to the basic exemplars they usually interact with. The observed
poor production could be due to two reasons: (a) a poor motor coordination that leads to a

Table 5 Percentage of Correct Action (yes response) and Inhibition (avoiding response)
Response in the Go-No/Go Task.

Executive Function Task

Action Inhibition
% correct % correct

Dravet
Young 26.0 (12.3) 54.8 (5.5)
Old 34.3 (14.1) 71.8 (14.8)

Control
Young 91.6 (4.2) 97.0 (4.8)
Old 97.5 (5.0) 97.5 (5.2)
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poor articulation and (b) a poor working memory that leads to a difficult access to the
word in the lexicon and, consequently, to an impaired vocal production.

Categorization Task

ANOVAs were conducted based on the correct detection rate for a 2 (Group: DS,
control) × 2 (Age: young, old) × list (1, 2, 3, 4) design. The results showed that, in
general, DS children showed poorer categorizing ability, F(1, 8) = 20.2, p = .009,
MSE = 928.5. For the low-frequency category “tool,” the percentage of correct responses
in DS and controls was 62.5% and 90%, respectively (SD = 17.7; SD = 13.3),
F(1, 8) = 3.02, p = .09. For the high-frequency category “bird,” these percentages were
79.4% and 100%, respectively (SD = 8.9; SD = 0.0), F(1, 8) = 16.2, p = .007,
MSE = 426.2, and 47.9% and 89.5%, (SD = 8.9; SD = 0.0) for the medium-frequency
category “vegetable,” F(1, 8) = 22.5, p = .003, MSE = 305.8. In addition, group interacted
with age in this category, F(1, 8) = 8.1, p = .029, MSE = 1227.1. DS in the younger group
showed better performance than in the older group, F(1, 8) = 8.1, p = .029, MSE = 1111.1
(M = 16.6, SD = 19.4, and M = 16.6, SD = 19.4, respectively), whereas controls showed
the same proportion of correct responses in both groups (M = 83.36, SD = 0.0, and
M = 83.3, SD = 0.2, respectively). There was no interaction with type of distractor.

As observed in Table 7, control children showed stable categorization abilities
across ages and types of categories, with performance reaching a ceiling effect of the

Table 6 Percentage of Correct Word Production for Dravet and Control Children of
Both Age Groups.

Verbal Production Task

CV CVV
% Correct % Correct

Dravet
Young 69.0 (17.3) 51.5 (34.3)
Old 46.6 (23.6) 35.2 (24.8)

Control
Young 78.0 (40.3) 78.6 (24.7)
Old 93.6 (4.4) 87.1 (5.3)

Table 7 Percentage of Correct Selection of Exemplar for Low-, Medium-, and High- Frequency Basic
Categories in the Categorization Task.

Categorization Task

High-frequency Medium-Frequency Low-Frequency
Bird Vegetable Tool

% Correct % Correct % Correct

Dravet
Young 80.0 (9.3) 16.6 (25.2) 58.3 (11.8)
Old 75.0 (8.5) 66.7 (13.7) 66.7 (23.6)

Control
Young 100.0 (0.0) 83.3 (0.0) 68.3 (2.4)
Old 100.0 (0.0) 83.3 (0.2) 80.0 (11.8)
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exemplars in the high-frequency category. Again, Dravet children showed a big delay with
respect to controls. A significant difference between the two age groups indicated (as with
inhibitory abilities) that categorization abilities were better in the older Dravet group than
in the younger Dravet group with respect to controls. However, results in the older Dravet
group showed a big variability, particularly in tasks that involved higher order abilities.
This issue will be further considered in the “Discussion” section.

Correlational Analysis

Finally, we carried out a correlational analysis to test whether the outcomes
observed in DS fit the pattern assumed from the neurodevelopmental framework. Thus,
correlations between basic cognitive functions (auditory detection, visual memory, verbal
working memory, motor tapping) and higher order functions (verbal production, executive
control, categorization for vegetables) were examined based on mean % correct responses
for each measure, in both DS and control children. In DS children, the highest correlation
was found between visual memory and categorization, r = .901, p = .032, and between
motor tapping and executive control, r = .67, p = .049. Also, the correlation between
phonological memory and production was near significance, r = .68, p = .052.
Correlations in the control group were not significant.

DISCUSSION

Early onset and recurring seizures during childhood are critical features in DS, a
syndrome that can lead to a broad and severe cognitive impairment throughout develop-
ment. Previous studies have reported an important cognitive decline on basic processes,
such as perception, memory, and motor development (Caraballo & Fejerman, 2006;
Ragona et al., 2011; Wolff, Cassé‐Perrot, & Dravet, 2006). In our study, we tried to
provide a broad picture of the cognitive impairment involved in DS taking the nature and
time course of cognitive development into account. Our aim was to compare the neuro-
cognitive pattern of DS children in two age ranges with that of control children of the
same chronological age. Thus, we examined a large range of skills in a small cohort of DS
children to assess their performance in basic (early developed) and higher order (later
developed) cognitive abilities. Our study provides three major findings. First, the cogni-
tive delay in Dravet children with respect to control children of the same chronological
age involved both basic and higher order processes. Second, there seemed to be a relation
between early acquisition of basic abilities and subsequent development of complex skills.
Third, DS children showed greater outcome variability with respect to controls, particu-
larly in the older group.

Regarding the general neurocognitive pattern, our results confirm and extend pre-
vious findings about the delay involved in DS. When it came to basic abilities, control
children showed a ceiling effect in the perceptual task and performed significantly better
than DS children in almost all of the rest of the tasks. Perceptual auditory detection was
near chance in both DS age groups. The same occurred with motor tapping. In line with
previous studies, these seemed to be the most damaged functions, presumably because
they rely mainly on early developed brain regions. However, this should also be true for
the visual function (see Doria et al., 2010) and, interestingly, the measure for visual
memory in Dravet children was closer to that of controls. In addition, the old DS group
showed lower interference in the verbal distractor condition than in the visual distractor
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condition (although this difference was only numerical). This sign of cognitive load in the
visual domain can suggest that DS children in the older group were more sensitive to
visual information when dealing with iconic material and that their processing mode was
visual rather than verbal. This was in line with the poor execution in the verbal processing
tasks: auditory detection, phonological working memory, and word production.
Concretely, in the word-production task, the gap between DS and controls was particu-
larly evident in the older group. This could be due to two difficulties, namely, word access
before production and accurate articulation of the retrieved lexical item, which could be
more evident once children have acquired control and monitoring abilities. These findings
support language dysfunctions observed in other studies both at the coding (omissions,
distortions, and altered sequencing of phonemes reported by Chieffo, Battaglia,
et al., 2011) and output levels (disartria, phonemic production and spontaneous language
difficulties reported by Cassé-Perrot et al., 2002). These errors have been attributed to a
poor integration of auditory-motor information, probably due to a cerebellar dysfunction
(Battaglia et al., 2013). This lack of integration might therefore explain the poorest
performance of the DS group in the verbal domain.

One reason why our DS sample showed a better performance in tasks pertaining
visual processing—note, for example, that in the work of Battaglia et al. (2013) visual
abilities were more impaired than verbal ones—might be that synapse density in the visual
cortex reaches its peak mainly in the first 8 months. Thus, good visual abilities could be
either a sign of a preserved connectivity in the visual region (Huttenlocher, de Courten,
Garey, & Van der Loos, 1982), a compensatory effect of an early disrupted verbal system
(Sloutsky & Napolitano, 2003), or evidence for appropriate integration of perceptual
information to resolve tasks involving higher order abilities, as long as they were domain
specific. Another possibility is that the most impaired perceptual modality might be
related to the hemispheric location of the epileptic discharges. Some authors (Binnie,
Channon, & Marston, 1990; Wolff et al., 2005) have found that left-sided spiking might
involve greater impairment in the verbal than in the visual domain. Yet, no such relation
has been properly examined in DS. Concretely in our DS sample, most EEGs showed
multifocal bilateral discharges. This fact does not allow extracting any conclusion about
this relation in our cognitive pattern.

As to the higher order abilities, a large difference between DS and controls was
found in measures of executive function, production, and categorization abilities. This gap
was particularly evident in the executive function and categorization tasks in the old
group, due to the good performance of control children at this age. Note also that the
discrepancy between cognitive performance and chronological age on DS children has
been reported in previous studies (Chieffo, Battaglia, et al., 2011; Ragona et al., 2010).
Some authors argue that the increasing cognitive gap between Dravet children and
controls could be a result of the discrepancy between a stable mental age and an
increasing chronological age in the DS population (Chieffo, Battaglia, et al., 2011; see
Hermann, Seidenberg, & Jones, 2008; for this debate in other types of epilepsy). Taking
this fact into consideration, we believe that DS children could experience difficulties in
mastering complex skills due to the impaired basic abilities, a pattern that should be more
evident when they grow up.

Thus, an early impairment of earlier acquired abilities might have a detrimental
effect on the acquisition of new skills. For example, in our sample, a good phonological
memory was related to better production abilities (supporting the planning + articulation
difficulty explanation; Battaglia et al., 2013). Likewise, a good visual memory was linked
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to better categorization skills, particularly if the verbal system was mostly impaired (note
the detrimental effect of the visual distractor in the old DS group). Especially interesting
was the relation observed between motor control and executive function—a good index of
brain maturation and cognitive development. This reflects the key role of motor control on
the enhancement of complex skills as reported in the literature (Brunklaus et al., 2012;
Cassé-Perrot et al., 2002; Chieffo, Battaglia, et al., 2011; Dravet 2011) and supports an
interactive view of brain development (Friston & Price, 2001; Uddin, Supekar, Ryali, &
Menon, 2011) according to which the emergence of cognitive functions relies on a
complex and increasing interaction of different brain structures.

Evidence of this complexity was the great intragroup variability, reflected in the
large standard deviations. In other words, some children in the DS sample were much
closer to their chronological-age counterparts than others. In the light of this finding, we
further considered several possible causes of this variability.

Although there is still an ongoing debate about the variables affecting phenotype in
DS children, evidence from different epileptic syndromes suggest that seizure frequency
and early age at onset could be crucial for cognitive delay. One of the reasons argued for
this is that brains in these conditions are less able to develop a functional reserve capacity
to cope with subsequent decline (Hermann, Seidenberg, & Bell, 2002). We examined
this possibility by illustrating the outcomes of all Dravet participants in each task (see
Figure 2). This figure gives account of the inconsistent cognitive outcomes among DS
participants with respect to controls. We considered the measures of each child across the
tasks, to check whether general outcomes could be related to typological characteristics of
the syndrome in each child. According to the clinical description in our young DS group,
Subject Y4 reported greater seizure duration, whereas Y11 and Y22 reported earlier onset
and greater seizure frequency during childhood. As seen in Figure 2, Y11 and Y22
showed the poorest inhibition, word production, motor tapping, and categorization out-
comes. With respect to the older group, O17 reported the greatest seizure durations, and
O13 and O17 showed the worse characterization regarding early onset and seizure
frequency. Again, these two children showed the poorest outcome in inhibition, word
production, motor tapping, and categorization. Additionally, children with later seizure
onset and small seizure frequency (Y4, Y14, O19) showed the most preserved phenotype.
These observations are in line with the findings of Wolff et al. (2006). In their sample of
DS children aged 11 months to 12.5 years, these authors found a correlation between
cognitive impairment and seizure frequency. Concretely, children that showed more than
five seizures per month showed the worse cognitive and behavioral outcome (see also
Rodin, Schmaltz, & Twitty, 1986; Thompson & Duncan, 2005; for evidence in epileptic
syndromes). Following this rationale, Y22, O13, and O17, should show the worst
performance in our sample. Indeed, this was actually the case, particularly in tasks that
require cognitive and motor control (inhibition, tapping) or processes that tackle diffuse
brain abilities (word production, categorization; see also Cassé-Perrot et al., 2002).

The same factors might play a role on the greater gap between DS and controls in
the older group. Although at first sight the characterization of severity might seem
greater in the younger than in the older DS group (earlier onset, greater mean seizure
duration, reported self-sufficiency score), the combination of onset and frequency in the
old group might have modulated the phenotype expression during development so that
children who met these criteria were more prone to manifest difficulties during the time
course of cognitive development. Yet, there is still a debate about the causes of cognitive
deterioration in the course of epilepsy (Pitkänen & Sutula, 2002) and about a possible
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decline with increasing age as a result of a greater total number of seizures (Dodrill,
2004). It has been argued that this deterioration seems to be slower after 20, due to the
fact that the amount of seizures decreases and seizure type (prevalently tonic-clonic)
tends to be less severe at this age (Genton, Velizarova, & Dravet, 2011). Overall, these
findings shed some light onto the possible key roles of seizure onset and frequency in
cognitive decline and phenotype variability also in DS (Catarino et al., 2011), although
there is still a debate about the impact of other factors such as medical treatment (see
Loring & Meador, 2004; but also Wolff et al., 2006) or idiopathic dysfunctions derived

Figure 2 Illustration of measure variability in Dravet and control participants across tasks. Participants are
represented in X-axis, while Y-axis represents % correct responses in all tasks but Intertap rhythm (time in
milliseconds), word span (number of words remembered from 1 to 4), and number of taps (amount of taps given
in 15 seconds). The remaining measures are presented in percentage of correct answers.
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from the expression of the SCN1A mutation on the observed maturational phenotype
(Brunklaus & Zuberi, 2014).

Taking all these factors into account, the potential limitations of our study (small
sample size and variability of the sample in terms of clinical characterization, see Table 1)
do not allow us to extract straightforward conclusions. However, our findings address the
importance of evaluating both basic and higher order abilities in DS children from a
neurodevelopmental perspective. On the one hand, all evaluated Dravet children showed a
general impairment in early and late developed skills, and this seems to be a common
cognitive marker for DS. On the other hand, the progressive manifestation of the cognitive
phenotype might be unique depending on clinical features of the syndrome and external
factors. To date, the complexity of the syndrome has made it difficult to establish an
explanatory model of the cognitive decline and variability observed in DS. Further long-
term studies with a larger population are needed to highlight this question in order to
provide a more comprehensive framework of the neurocognitive profile and a better
therapeutic management of DS children.
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