
1

C
B
M
D
U
o
1
M
<

Progress in Epileptic Disorders
Epileptic Disord 2012; 14 (1): 12-21

Starting at the beginning:
the neuropsychological status
of children with new-onset
epilepsies*

Bruce P Hermann 1, Jana E Jones 1, Daren C Jackson 1,
Michael Seidenberg 2

1 Department of Neurology, University of Wisconsin School of Medicine, Public Health,
Madison WI, USA
2 Department of Psychology, Rosalind Franklin University of Medicine and Science,
North Chicago IL, USA

Received January 23, 2012; Accepted February 16, 2012

ABSTRACT – This review examines the neurodevelopmental contribution
to the cognitive and behavioural complications of epilepsy. Following a
brief review of the lifespan complications of childhood epilepsies, attention
turns to cognitive, psychiatric and social correlates of childhood epilep-
sies reported in population-based and tertiary care studies. The focus then
becomes the neurobehavioural status of children with new-onset epilepsy;
a point in time not confounded by the effects of years of recurrent seizures,
medications, and social reactions to epilepsy. Recent research shows that
abnormalities in cognition, brain structure and behaviour are present at
or near the time of diagnosis. Further, careful history taking indicates that
neurobehavioural problems may be present in advance of the first seizure
suggesting the potential influence of epileptogenesis, antecedent neuro-
developmental abnormalities, genetic and environmental susceptibilities,
and other risk factors. This becomes the substrate upon which to charac-

eatment on subsequent neurodevel-
ggestions for future clinical care and
terise the effects of epilepsy and its tr
opment. The review concludes with su
research.
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While defined by the presence of
recurrent seizures, epilepsy can be
associated with abnormalities in
cognition, psychiatric status, and

social-adaptive behaviours that are
now referred to as neurobehavioural
comorbidities. These complications
of epilepsy have a long history.

* Updated following presentation and discussion at the Progress in Epileptic Disorders
Workshop on “Neuropsychology in the Care of People with Epilepsy” held in Toronto,
Canada. The workshop was partly supported by an educational grant from UCB. Full
proceedings in: Helmstaedter C, Hermann B, Lassonde M, Kahane P, Arzimanoglou A,
eds. John Libbey Eurotext editions, 2011, Montrouge (France).
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ariously referred to as the psychosocial complications
r burden of epilepsy, problems in cognition,
motional-behavioural status and social function were

nvestigated empirically, beginning early in the past
entury when people with epilepsy were often
egregated in colonies or other specialised treatment
acilities (Fox, 1924; Wallin, 1912), and subsequently
xamined by epileptologists seeking to provide a
ore representative picture of the consequences

f epilepsy in community-dwelling patients (Lennox,
960). These have been a focus and an ongoing con-
ern of national commissions (DHEW, 1978), public
ealth agencies including the Centers for Disease
ontrol (Austin et al., 2006), and national and interna-

ional health organisations including the International
eague Against Epilepsy, World Health Organization
2001), Institute of Medicine of the National Academies
2011), and others (White House, 2000). At the
IH/NINDS Curing Epilepsy Conference (2007), pre-

enting or reversing the comorbidities of epilepsy
as identified as a new major research benchmark

rea, joining established research benchmarks to cure
xisting epilepsy and prevent epilepsy and its pro-
ression. While undeniably a critical complication
f the epilepsies, the aetiology and course of the
eurobehavioural comorbidities remain to be fully
haracterised.
he focus of this paper is on children with epilepsy;
hat we have learned about the origin and develop-
ent of neurobehavioural comorbidities and where
e need to go in order to better understand, treat, and
revent these problems. We will first briefly review
everal trends that have been identified regarding
ognitive and other neurobehavioural comorbidities
f epilepsy and their potential neurodevelopmen-

al roots, and then move to what has been learned
hrough studying children with epilepsy at or near the
ime of the onset of their epilepsy.

hildhood epilepsy matters

iven the diverse medical, social, psychiatric, cogni-
ive, and quality of life complications of the adult
pilepsies (Téllez-Zenteno et al., 2005, 2007; Kobau
t al., 2008; Hinnell et al., 2010; Ottman et al., 2011; Jalava
nd Sillanpää, 1996) and their associated direct and
ndirect costs (Begley et al., 2000; Jennum et al., 2011),
nterest has accelerated in understanding the origin,
pileptic Disord, Vol. 14, No. 1, March 2012

evelopment and trajectory of these complications.
t least three sets of evidence suggest a significant
eurodevelopmental contribution.
irst there is the indirect evidence linking the risk of
omorbidities to the age at onset of recurrent seizures.
or example, by studying adults with chronic epilepsy,
any neuropsychological reports have shown that an
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Cognition in new-onset childhood epilepsy

arlier age at onset of recurrent seizures is associat-
d with poorer cognitive function, compared to later
nset (Dikmen et al., 1975, 1977; Dodrill and Matthews,
992; Lennox, 1960; Hermann et al., 2002; Kaaden
nd Helmstaedter, 2009). This same relationship has
een reported in some but not all neuropsychological
tudies of younger patients with complex partial and
ther types of seizures (O’Leary et al., 1981; Schoenfeld
t al., 1999; Cormack et al., 2007). Complimenting these
ognitive studies are neuroimaging investigations of
rain structure. This is a much more limited source of

iterature, however, an adverse impact of childhood,
ompared to adulthood, onset of epilepsy has been
hown in reductions in whole brain volume among
atients with a history of complicated febrile convul-
ions (Theodore et al., 2003), altered volumes of the
orpus callosum, whole brain white and/or grey matter
issue, and specific disrupted patterns of white matter
onnectivity in individuals with childhood, compared
o adult-onset, chronic partial epilepsy (e.g. Hermann
t al., 2002, 2003; Kaaden et al., 2011; Riley et al., 2010;
eber et al., 2007).

econd is the compelling evidence that childhood-
nset epilepsy impacts the course of life. An important

ndication of the public health significance of child-
ood epilepsy is its association with adverse outcomes

n later youth and adulthood. This impact is reflected
n the international literature published during the
ast 30 years with studies emanating from the UK,
anada, Finland, Japan, Australia and the Netherlands.
ollectively, these reports include both uncontrolled

Lindsay et al., 1979a, 1979b, 1979c; Wakamoto et al.,
000; Camfield et al., 1993; Harrison and Taylor, 1976;
icallef et al., 2010) and controlled community and

opulation-based investigations (Jalava et al., 1997,
alava and Sillanpää, 1997; Kokkonen et al., 1997; Wirrell
t al., 1997; Sillanpää et al., 1998; Shackleton et al., 2003;
oponen et al., 2007; Geerts et al., 2011), as well as

ong-term (adult) follow-up of national birth cohorts
Cooper, 1965; Ross et al., 1980; Britten et al., 1986; Ross
nd Peckham, 1983; Chin et al., 2011).
everal aspects of this literature are important:
) Groups of children with epilepsy have been follow-
d prospectively for up to 30 or more years in
ontrolled investigations (e.g. Sillanpää et al., 1998;
hackleton et al., 2003);
) Problems in a diversity of major life outcomes have
een reported including rates of marriage, employ-
ent, income, psychiatric status, independent living
13

tatus, and other critical aspects of quality of life;
) While it would not be surprising that children
ith severe and complicated epilepsies exhibit poor

ifespan psychosocial outcomes (Lindsay et al., 1979a,
979b, 1979c), most, but not all (e.g. Wakamoto et al.,
000) investigations report adverse lifespan outcomes
n persons with intact intelligence, so-called “benign
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pilepsies”, and even persons with remitted childhood
pilepsy who are no longer treated with antiepilep-
ic medications (Camfield et al., 1993; Wirrell et al.,
997; Sillanpää et al., 1998; Jalava et al., 1997, Jalava and
illanpää, 1997);
) The causes underlying these adult outcomes and the
actors associated with favourable versus unfavourable
utcomes remain to be fully clarified. These poor

ifespan outcomes are variably associated with clinical
pilepsy features (e.g. seizure control);
) While rarely considered as predictor variables,
dverse lifespan outcomes have been found to be
ssociated with histories of neurobehavioural comor-
idities such as early learning/cognitive and psychiatric
roblems (Lindsay et al., 1979c; Camfield et al., 1993;
okkonen et al., 1997; Koponen et al., 2007) includ-

ng what is now called attention-deficit/hyperactivity
isorder (ADHD) (Lindsay et al., 1979c).
inally, an important set of background data involves
he direct examination of comorbidities among chil-
ren with established epilepsy (Lassonde et al., 2000;
leissner et al., 2002; MacAllister and Schaffer, 2007).
his literature benefits from both population-based
nd careful tertiary care investigations.

opulation-based investigations

n regard to psychiatric status, the paediatric, psychi-
tric, epidemiological Isle of Wight study (Rutter et al.,
970) reported that 7% of children in the general popu-
ation exhibited mental health issues compared to
2% of children with non-neurological physical disor-
ers, 29% of children with uncomplicated epilepsy, and
8% of children with complicated epilepsy (i.e. struc-
ural brain abnormalities and seizures). Almost 30 years
ater, as part of the British Child and Adolescent Mental

ealth Survey, Davies et al. (2003) reported strikingly
imilar results and other controlled population-based
nvestigations have been supportive of these findings
Alfstad et al., 2011a, 2011b).
n regard to cognition, population-based data have
ddressed the status of global intelligence (Berg et al.,
008) and specific cognitive abilities including non-
erbal reasoning (Høie et al., 2005), executive function
Høie et al., 2006a), psychosocial problems (Høie et al.,
006b), and the combined burden of cognitive,
xecutive and psychosocial problems (Høie et al.,
008). Defining subnormal cognitive function as
onsistent with a full scale IQ <80, Berg et al.
4

2008) reported that in the Connecticut Study of
pilepsy (n=613), cognition assessed a median of
0.5 years after epilepsy onset was considered largely
ormal in 73.6% of children, with mild mental retar-
ation or worse in the remaining sample (26.4%).

ndependently predictive of level of function, was
ge at onset <5 years of age, symptomatic aetiology,
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pileptic encephalopathy, remission status, and cur-
ent antiepileptic drug (AED) status (Berg et al., 2008).
n their series of papers examining a population-based
ohort of children (aged 6-12) with prevalent epilepsy
n=198) and controls (n=126), severe non-verbal learn-
ng problems (<10th percentile), as assessed by the
aven Matrices, were found in 43% of children
ith epilepsy, compared to 3% of controls. These
roblems were especially common in children with
pilepsy characterised by remote symptomatic aetio-

ogy, undetermined epilepsy syndromes, myoclonic
eizures, early seizure onset, high seizure frequency
nd polytherapy (Høie et al., 2005). Comparable inves-
igations of executive function, school achievement,
epression and other comorbidities documented the
eurobehavioural burden carried by children with
pilepsy (e.g., Høie et al., 2006a, 2006b, 2008) as well
s preschool children with epilepsy including those
ith uncomplicated epilepsies (Rantanen et al., 2010,

011).

nvestigations from specialised centres

nvestigations from clinical centres examining children
ith established epilepsy provide complimentary

nformation and just a few examples from this exten-
ive literature follow below. Farwell et al. (1985)
xamined 118 children with epilepsy (aged 6-15) and
00 controls using the Wechsler Intelligence Scale for
hildren-Revised and the age-appropriate Halstead-
eitan battery. Various epilepsy syndromes were
epresented (eight with absence seizures only, eight
ith absence seizures and generalised tonic-clonic

eizures, 30 with generalised tonic-clonic seizures
nly, 31 with partial seizures only, 20 with partial
eizures and generalised seizures, 15 with atypical
bsence seizures, and six with minor motor seizures).
hey reported that Full Scale IQ was significantly lower

n the children with epilepsy and was related to seizure
ype. All seizure types were associated with lower
ntelligence compared to the healthy controls except
lassic absence only. Children with minor motor or
typical absence seizures had the lowest average FSIQ
70 and 74, respectively). They found a significant
nverse correlation between years with seizures and
ntelligence. A rating of neuropsychological impair-

ent was compiled for all children and the youths with
pilepsy exhibited significantly more impairment than
ontrols. Children with epilepsy had been placed in
Epileptic Disord, Vol. 14, No. 1, March 2012

pecial education or repeated a grade in school almost
wice as frequently as controls.
olan et al. (2004) examined intelligence in 169

hildren with a spectrum of epilepsy syndromes
ncluding generalised idiopathic epilepsy (n=22),
eneralised symptomatic epilepsy (n=25), frontal lobe
pilepsy (n=34), temporal lobe epilepsy (n=40), central
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pilepsy (n=16), and focal epilepsy NOS (n=32).
hey demonstrated a pattern of mildly-to-moderately
epressed intellectual ability after accounting for
ovariates (age at onset, seizure frequency, and num-
er of medications). They concluded that, regardless
f epilepsy syndrome, children with epilepsy suffered

rom reduced intellectual efficiency as measured by
Q, particularly those children with remote sympto-

atic generalised epilepsy.
ormack et al. (2007) characterised a downward shift

n the distribution of intelligence in a sample of 79
hildren with temporal lobe epilepsy compared to the
ormal (expected) distribution. These children were
urgical candidates who underwent assessment as part
f the preoperative workup. Age at onset (earlier) was

he best predictor of intellectual impairment (IQ<79)
hich was present in 57% of the cohort. Children with
pilepsy onset in the first year of life had an especially
igh rate of intellectual impairment (84%). In regard

o specific cognitive domains, Schoenfeld et al. (1999)
emonstrated that among 57 children aged 7-16 years
ith complex partial seizures with a mean duration
f five years, mild generalised cognitive impairment
as evident across language abilities, verbal memory

nd motor functioning, compared to 27 sibling
ontrols.
eview of studies of cognition in children with
stablished chronic epilepsy have shown that a num-
er of epilepsy-related factors appear to contribute to

hese problems, including seizure frequency, recur-
ent seizures, age at seizure onset, duration of illness,
EDs, type of epilepsy, and EEG findings (cf. Jones
t al., 2010). However, across studies, the effects
f epilepsy-related variables are not inconsistently
eplicated and often variables such as family fac-
ors, pre-existing learning problems, psychopathology,
nd neuropsychological impairments are found to
e significant factors influencing academic under-
chievement, cognitive and linguistic deficits, as well
s behaviour problems in children with epilepsy (Jones
t al., 2010).
he questions that arise are when and why these
bnormalities exist and how they develop over time.
f cognitive abnormalities are present among chil-
ren with short duration of epilepsy, an important
uestion is whether they are apparent at epilepsy
nset or develop following the onset and treatment
f recurrent seizures. Further identification of neuro-
ehavioural abnormalities at the onset of epilepsy
pileptic Disord, Vol. 14, No. 1, March 2012

ould infer the presence of antecedent neurodeve-
opmental abnormalities or the effect of other factors.
xamination of children at or near the onset of their
pilepsy and following them over time would prove
specially informative and it is to these issues that we
urn for discussion.
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Cognition in new-onset childhood epilepsy

outh with new-onset epilepsy

arly investigations

rior to approximately 2000, a small number of studies
xamined cognition in children with new-onset
pilepsy (Bourgeois et al., 1983; Stores et al., 1992;
illiams et al., 1998; Kolk et al., 2001). Several of these

arly papers tested children at onset to serve as a drug
aïve baseline with which to assess subsequent treat-
ent or comparative drug effects (Stores et al., 1992;
illiams et al., 1998). Others focused solely on intelli-

ence and were primarily interested in characterising
linical seizure factors associated with prospective IQ
hanges, especially declines (e.g. Bourgeouis et al.,
983). These studies examined children with epilepsy
f various types, age ranges, test batteries, and clini-
al seizure characteristics. Comments that follow focus
nly on the baseline findings.
ourgeois et al. (1983) examined intelligence in 72
hildren with mixed epilepsies within two weeks of
iagnosis, aged 18 months to 16 years (with IQ 40+),
ompared to 45 siblings. The mean IQ of the children
ith epilepsy and matched siblings was 98 and 104.4,

espectively; lower in those with epilepsies, but not
ignificantly so. Children with idiopathic epilepsy had a
igher IQ than symptomatic (102.5 vs. 89.1) at baseline.
tores et al. (1992) examined 63 children (aged 7-
2) with new-onset epilepsy both before and after
nitiation of AED treatment, as well as 47 similarly
ged-healthy controls. Administered were measures of
pecific cognitive abilities (attention, memory, motor
nd psychomotor speed), general intelligence, and
eading and arithmetic performance. At baseline, prior
o AED initiation, the partial epilepsy group exhibited
ignificantly poorer attention (establish and focus) and
otor and psychomotor ability. Children with absence

nd other idiopathic generalised epilepsies exhibited
ewer significant baseline cognitive abnormalities
nd differences limited to motor/psychomotor speed.

variety of behavioural abnormalities were also
etected in the partial and generalised epilepsy groups
t baseline.

illiams et al. (1998) compared 37 children with new-
nset epilepsy (22 partial epilepsy and 15 primary
eneralised; aged 6-17) prior to initiation of AEDs and
control group of 26 children with new-onset dia-

etes using measures of attention and concentration,
emory, complex motor processing speed, and
15

ehaviour. The children with epilepsy performed more
oorly than the diabetic children across 9 of 11
easures, but none of the group differences were

tatistically significant.
olk et al. (2001) compared 14 healthy controls,
2 children with partial seizures, and 18 with
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ongenital hemiparesis and seizures (mean age of
ix years), the children with epilepsy were said to
e of normal psychometric intelligence. The NEPSY
as used for cognitive assessment which consisted
f 37 tests falling into five cognitive domains (atten-

ion and executive function, language, sensorimotor,
isuospatial, learning and memory). The children
ith new-onset partial epilepsy showed significantly
oorer performance across four of the five composite
ognitive domain scores.

ater investigations

his is an area of increased interest and several
ecent investigations have appeared. Oostrom et al.
2003) examined children (aged 5-16) with newly
iagnosed epilepsy (n=51) prior to the administration
f antiseizure medications (tested within 48 hours of
iagnosis). The children with epilepsy had at least

wo unprovoked non-febrile seizures of idiopathic or
ryptogenic cause, attended mainstream schools, and
ad no identified neurological disease, a diagnosis
f another chronic illness, or previous use of AEDs.
ontrols were healthy classmates invited by the child
ith epilepsy and/or their family (n=48). A comprehen-

ive test battery was administered which was reduced
hrough factor analysis to measures of attention,
eaction time, intelligence, academic skills, location
earning and behaviour. Significantly poorer perfor-

ance on the part of the children with new-onset
pilepsy was observed in the areas of attention, reac-
ion time, visual memory and behaviour, with a trend
p=0.07) of poorer academic achievement (Oostrom et
l., 2003).
ery comparable results were subsequently reported
y Hermann et al. (2006) who examined 75 children
ith new-onset localisation-related and idiopathic
eneralised epilepsy and 63 healthy controls, aged 8-
8. Research participants underwent a comprehensive
europsychological test battery, neuroimaging, and
tructured psychiatric interview. Similar to Oostrom
t al. (2003), they found a pattern of mild gene-
alised cognitive impairment evident across measures
f intelligence, language, attention, executive func-

ion, and psychomotor speed. Also examined through
structured interview with the parents of the chil-

ren with epilepsy and controls was the history of any
ducational services provided to the children for aca-
6

emic difficulties. Supportive educational services of
nterest included traditional individualised education
rograms, but also summer school, grade retention,
irected homework clubs, tutoring, and other services.
istory of academic problems was significantly more

requent in children with epilepsy versus controls (53%
s. 18%; p<0.001), with no difference between chil-

a
o
w
w
i
b
c

ren with localisation-related epilepsy (LRE) versus
diopathic generalised epilepsy (IGE) (44% vs. 58%;
=0.16). Moreover, rates of requirement for educa-

ional services were comparably elevated in specific
yndromes of LRE (benign childhood epilepsy with
entrotemporal spikes=65%, other focal=52%) and
GE (absence=45%, juvenile myoclonic epilepsy=46%).
astly, children with recent-onset epilepsy exhibited an
levated rate of lifetime-to-date Diagnostic and Statis-
ical Manual of Mental Disorders, 4th edition (DSM-IV)
xis I disorders, compared to the healthy controls with
ignificantly higher rates of depressive disorders (22.6
s. 4%; p=0.01), anxiety disorders (35.8 vs 22%; p<0.05),
nd ADHD (26.4 vs 10%; p=0.01) with elevated but less
revalent rates of oppositional defiant and tic disor-
ers (Jones et al., 2007).
astenau et al. (2009) examined a large community-
ased sample of children with first recognised seizures

n=282, aged 6-14 years, IQ≥70) and 147 sibling con-
rols, characterising their neuropsychological and
cademic status. They found that 27% of children
ith a single seizure and up to 40% of those with

isk factors exhibited neuropsychological deficits at
r near onset. Risk factors for neuropsychological
eficit included multiple seizures (OR=1.96), use of
EDs (OR=2.27), symptomatic/cryptogenic aetiology

OR=2.15), and epileptiform activity on the initial EEG
OR=1.9). Absence epilepsy also carried increased
dds for neuropsychological impairment (OR=2.0).
cademic achievement appeared unaffected, suggest-

ng an opportunity for early intervention (see Dunn
t al. [2002] and McNelis et al. [2007] for additional

nformation regarding academic achievement in both
ew-onset and chronic cases from the Indianapolis
eries).
hise et al. (2010) examined 57 children (aged 6-17)
ith new-onset idiopathic epilepsies using measures
f new learning, memory, and attention. Seizures were
lassified as generalised convulsive (n=5), generalised
on-convulsive (n=18), or focal (n=34). They found
ttention to be a particular area of weakness. Children
ith generalised, non-convulsive seizures performed
orse than children with focal epilepsies on a measure
f short-term auditory memory. All groups performed
oorly on a test of visual-motor speed. The find-

ngs were viewed as suggesting intrinsic abnormalities
n children with new-onset, idiopathic epilepsy at
aseline.

n summary, cognitive, behavioural and academic
bnormality can be identified at or shortly after the
nset of childhood epilepsy, even among children
ith uncomplicated idiopathic epilepsies; children
Epileptic Disord, Vol. 14, No. 1, March 2012

ith “epilepsy-only” per Oostrom et al. (2003). Clin-
cally, this would imply that careful attention to neuro-
ehavioural status would be very appropriate in
hildren with new-onset epilepsies.
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Comorbidities” before epilepsy
ppears: neurobehavioural status
ntecedent to epilepsy onset

everal interesting findings suggest that cognitive, psy-
hiatric, and academic problems may antedate the
iagnosis of epilepsy and recognition of the first
eizure.
ustin and collaborators (Austin et al., 2001) examin-
d behavioural problems in children aged 4-14 with
ew-onset epilepsy (n=224) compared to 135 sibling
ontrols. Higher than expected rates of behaviour
roblems in the six months before the first recognised
eizure were found in the total seizure sample, with
2.1% being in the clinical or at-risk range. Rates were
ighest in children who had previous events that were
robably seizures, with 39.5% in the clinical or at-risk
ange. In a population-based investigation, Hesdorffer
t al. (2004) found children with a spontaneous unpro-
oked seizure to be 2.5 times more likely to meet
SM-IV criteria for ADHD before the first seizure.
imilar findings were subsequently reported by Jones
t al. (2007) who indicated that a subset (45%) of
hildren with epilepsy (45%) exhibited DSM-IV Axis I
isorders before the first recognised seizure, includ-

ng rates of ADHD, depression and anxiety antecedent
o epilepsy onset.
cademic problems antedating epilepsy onset have
lso been reported by several groups. Examining
he rate of provision of special school services of
iverse types for academic difficulties, approximately
5% of children with epilepsy received these ser-
ices even prior to their first recognised seizure (Berg
t al., 2005, 2011; Oostrom et al., 2003; Hermann et
l., 2006; McNelis et al., 2005). These psychiatric and
ognitive/academic problems imply the presence of
dverse antecedent effects that as of yet remain to be
dentified.
amily aggregation/clustering of cognitive and
ehavioural complications appears to be a promising
ath to pursue in order to account for some of this
ariance (Levav et al., 2002; Clarke et al., 2007; Iqbal
t al., 2009; Wandschneider et al., 2010; Hesdorffer et
l., 2012; Smith et al., 2012). In addition, neuroimag-
ng investigations have demonstrated abnormalities
n cortical and subcortical anatomy, white matter
ntegrity, and ventricular volumes in children with
ew-onset localisation-related and idiopathic gen-
pileptic Disord, Vol. 14, No. 1, March 2012

ralised epilepsies (Hutchinson et al., 2010; Jackson
t al., 2011; Pulsipher et al., 2009; Tosun et al., 2011).
hese baseline anatomical abnormalities, certainly
aking place prior to the onset of epilepsy, have been
hown to be related to the integrity of cognition
nd behaviour (e.g. Pulsipher et al., 2009, 2011). In
ddition, ongoing abnormal neurodevelopmental
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Cognition in new-onset childhood epilepsy

hanges in brain structure and connectivity in the
ontext of active epilepsy and treatment (Hermann
t al., 2010; Tosun et al., 2011; Pulsipher et al., 2011), as
ell as syndrome-specific anatomical abnormalities,

re reported (Lin et al., 2012; Pulsipher et al., 2009).
ow these effects influence cognitive and behavioural
evelopment remains to be fully characterised.

ecommendations for advancing
linical care and research

ased on the findings reviewed, several suggestions
or advancing clinical care and research were pro-
ided by the participants at the Toronto Conference
Helmstaedter et al., 2011). The suggestions for child-
ood cognition were as follows.

linical needs and directions

. It is clear that children with new-onset epilepsies,
ncluding those with idiopathic syndromes, exhibit
ognitive and behaviour problems at the time of
iagnosis. While there is an understandable focus on

he seizures themselves and the need for treatment,
here is also a need for timely, efficient, cost-effective,
nd clinic-friendly screening of cognitive, behavioural,
nd academic problems at the time of diagnosis,
referably before the initiation of medication treat-
ent. It would be helpful if there were a core uniform

attery used across epilepsy centres so that collabo-
ative clinical and research issues could be facilitated
e.g. EpiTrack Junior [Helmstaedter et al., 2010]). In
ddition, a core set of clinical information should also
e collected across centres. The NIH CDE approach

o developing these standard measures might prove
elpful.
. The literature pertaining to the neurobehavioural
omorbidities of new-onset epilepsy is largely descrip-
ive. A large number of problems have been identified,
ut there are no standard interventions to treat and
revent these complications. Such approaches could
enefit from standard techniques (such as Cogni-

ive Behavioral Therapy [CBT]) or take advantage of
nternet technology to provide access to treatment
e.g. CDC depression treatment) and standard sets of
nformation.
. A finer characterisation of the developmental course
f children with epilepsy is needed. The core test
attery could be re-administered at standard (to be
17

etermined) intervals in order to monitor develop-
ent of new neurobehavioural comorbidities and

heir relation to seizure variables (e.g. seizure fre-
uency) and medications, as well as to track the
evelopment of abnormal trajectories.
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esearch needs and directions

. There is agreement across centres that neuro-
ehavioural comorbidities may antedate the first
ecognised seizure and formal diagnosis of epilepsy.
his is observed in regard to academic/educational,
ocial, and psychiatric comorbidities. Why is this the
ase and what are the responsible factors and causes?
dentification of biomarkers would only serve to facili-
ate early identification and treatment.
. Familial aggregation of comorbidities. There is
merging evidence of aggregation of cognitive and
ehavioural problems in families with a child with
pilepsy. Greater clarification of this aggregation with
xamination of potential genetic and environmental
ontributions would be an important path to pursue.
. Greater examination of the correlates of specific
ognitive deficits and their structural, functional and
onnectivity-related patterns of underlying neurobio-
ogical abnormality, as well as development over time,
ould help us understand the mechanisms of these

ognitive disorders. �
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