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Psychiatric and Behavioural Disorders

in Children with Epilepsy:
an ILAE Task Force Report

Psychiatric/behavioural problems are common in chil-
dren with epilepsy, typically occurring in around
35-50% in epidemiological studies. They can affect the
quality of life of the children and their families to a
major degree. In many cases these problems create
more of a challenge than the epilepsy itself. Howe-
ver, there are relatively few high-quality studies in this
area.

This collection of papers is intended to represent one
step in a long journey towards addressing the lack of
information by drawing together the available data on
a number of key topics including epidemiology, the
relationships between epilepsy and several psychiatric
disorders, the role of the epilepsy itself, the effects of
antiepileptic drugs and surgery and the place of phar-
macotherapy.

Although there is relatively good information on epi-
demiology there is very little information on the
causes of and risk factors for psychiatric disorders in
childhood epilepsy that might give insight into early
diagnosis and prevention.

Despite the growing amount of research in gene-
tics, the impact on management has been minimal so
far. There is also very sparse high-quality randomised
controlled trial data on treatment of psychiatric disor-
ders in childhood epilepsy. Furthermore, with a few
exceptions, there is a striking lack of neuroimaging
studies in this field. These are areas that would benefit
from further attention and research.

The information in this report has been put toge-
ther by the members of the immediate past Child
Neuropsychiatry Taskforce of the Neuropsychology
Commission of the International League Against
Epilepsy, guided by the then chairpersons of the
commission: Andres Kanner and Marco Mula. The
immediate past Task Force was officially in place from
July 2009 to June 2013, although their work has conti-
nued since then, in relation to this publication and
updating all the papers. O

Frank Besag, Albert Aldenkamp, Rochelle Caplan,
David W. Dunn, Giuseppe Gobbi, Matti Sillanpaa
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Psychiatric and Behavioural Disorders
in Children with Epilepsy

(ILAE Task Force Report):
Epidemiology of
psychiatric/behavioural disorder

in children with epilepsy’

Matti Sillanpaa’, Frank Besag?, Albert Aldenkamp?3,
Rochelle Caplan?, David W. Dunn?, Giuseppe Gobbi®
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ABSTRACT - Psychiatric/behavioural problems can have a major effect on
quality of life. Epidemiological studies in Europe, Scandinavia and the USA
have confirmed a high rate of psychiatric disorder in children with epilepsy,
typically around 35 to 50%. In children with additional impairment, par-
ticularly those with intellectual disability, the rates are even higher, over
50%. Determining the causes of these high rates and deciding on the best
strategies, either for prevention or for optimal management, remain major
challenges.

Key words: epidemiology, population, psychiatric, behaviour
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Psychiatric and cognitive problems
in children with epilepsy can affect
quality of life to a major extent
(Hermann et al, 2012; Speechley
et al, 2012). Long-term follow-up
studies show that childhood-onset
epilepsy has a marked impact on

adult life (Sillanpaa et al, 1998;
Shackleton et al., 2003) even when
the epilepsy is not complicated by
intellectual disability or other neu-
rological impairments (Jalava et al.,
1997; Sillanpéa et al., 1998; Rantanen
et al., 2010; Sillanpas, 2010).

*Details of where this work has previously been presented.

Poster presentation only: at the 11th European Congress on Epileptology, Stockholm,
Sweden, from 29th June - 3rd July, 2014, organised by ILAE; and at the American Epilepsy
Society 68" Annual Meeting, Seattle, WA, USA, from 5" December — 9" December, 2014.
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Search strategy

In addition to studies already known to the authors, the
Medline/PubMed database was searched from incep-
tion until the end of March 2015 using the search
terms: epilep$ and (child$ or pediat$ or adolescen$)
and (behav$ or psychiat$) and (epidemiolog$ or pop-
ulation). Abstracts of likely relevance to the topic were
examined to select papers for final detailed review. Ref-
erence lists of included papers were searched for any
further relevant studies.

Epidemiological studies

The best way of obtaining accurate information on
the prevalence of behavioural/psychiatric problems
in children with epilepsy is to examine data from
well-designed, carefully-conducted epidemiological
studies on large populations of children. Several epi-
demiological studies have been published.

The classic UK Isle of Wight study (Rutter et al., 1970),
performed over 40 years ago, revealed that the rate
of psychiatric disorder in complicated epilepsy (chil-
dren with “lesions above the brainstem”) was 58%.
The comparable rates for controls were 7% and in
children with physical disability 11%. The prevalence
of psychiatric disorder in children with uncompli-
cated epilepsy was 38%. Uncomplicated epilepsy was
associated with specific underachievement in read-
ing in 18% compared with 7% of controls. Similar
results were reported by others (Stores, 1978; Long and
Moore, 1979). Thirty years later, the reported rates of
behavioural difficulties were largely similar (Davies et
al., 2003 — see later).

Sillanpaa (1992) performed a population-based study
of long-term illnesses in the western province of
Turku and Pori in Finland. Using stratified cluster sam-
pling of health centres, six of 32 health centres (total
population 516,000) were randomly chosen for the
study. The number of children aged 4-15 years in the
area of the six health centres totalled 21,108. Inten-
sive instruction and continuing guidance was given to
the health-centre staff. Any long-term illness (defined
as the minimum duration of six months, in accor-
dance with the National Health Service statutes) was
found in 532 children. To recognise behavioural dis-
turbance, the WHO classification (1980) was applied.
The staff were instructed on several occasions how to
apply the WHO criteria for behavioural disturbance
and the interpretations were discussed to minimise
inter-observer variation. Altogether, 96 children with
epilepsy were ascertained. The prevalence of life-time
epilepsy was 0.7%; 57% had been in one-year remission
at examination. Rates of neuropsychological comor-
bidities were remarkably high: intellectual disability

Epidemiology of psychiatric disturbance

(IQ <70) in 31%, specific learning difficulties but an
intact global intelligence in 23% and “minimal brain
dysfunction” in 10%; the rate of enuresis was also high
at 20%.

In a study performed four years after the baseline
(Sillanpaa, 1987), in children and adolescents then
aged 8-19 years, any behavioural disturbance was
found in 58% of children with epilepsy in com-
parison with 76%, 83%, 58%, 53% and 67% among
children with cerebral palsy, “minimal brain dysfunc-
tion”, asthma, diabetes or heart disease, respectively.
In matched controls, the corresponding behaviour was
found in 11%. The behaviour of children with epilepsy
was classified as “less polite” or “rude” in 6%, in
comparison with 10%, 12%, 6%, 2% and 7% among
children with cerebral palsy, “minimal brain dysfunc-
tion”, asthma, diabetes or heart disease, respectively.
In matched controls, the corresponding behaviour
occurred in 1%. Disturbed behaviour occurred often
or fairly often in 15% of children with epilepsy com-
pared with 5-17% among other children with the
above-mentioned illnesses and with 1% of controls.
Using the WHO “International Classification of Impair-
ments, Disabilities, and Handicaps”, disabilities and
handicaps were significantly higher in children with
epilepsy than in matched controls: communication
disabilities (28% vs 7%), situational disabilities (31% vs
16%), orientation handicap (11% vs 0.3%) and social
integration handicap (12% vs 1%). The rate of any
handicap was 21% compared with 1% among controls
(table 7).

Behavioural problems are more common in children
with uncomplicated epilepsy than in controls (Jalava
et al., 1997; Sillanpaa et al., 1998; Rantanen et al., 2010;
Sillanpdd, 2010). That difference seems to exist from
the very beginning of epilepsy.

Hoie et al. (2008) carried out an epidemiological study
of epilepsy in 6-12 year-old children in Norway. They
found a significantly higher prevalence of psychoso-
cial problems: 45% compared with 10% in controls.
They also found more executive function problems:
31% compared with 11% in controls.

Davies et al. (2003), in a study based on the 1999 British
Child and Adolescent Mental Health Survey, found
rates of psychiatric disorder that were remarkably sim-
ilar to those found in the Isle of Wight study (shown in
brackets). The overall rate of psychiatric disorder was
37% (38% for “uncomplicated epilepsy”), with a much
higher rate of 56% (58%) in complicated epilepsy, com-
pared with 9% (7%) in controls and 11% in children
with diabetes (11% in children with physical disability).
Alfstad et al. (2011) carried out a population-based
study in Norwegian children aged 8-13 years, using
the Strengths and Difficulties Questionnaire, par-
ent form. Of the 110 children with epilepsy, 38%
had psychiatric symptoms compared with 17% of

Epileptic Disord, Vol. 18, Supplement 1, May 2016
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Table 1. Using data from Sillanpéaa (1986) (see text for details of study).

Condition Epilepsy Matched Cerebral  “Minimal Asthma  Diabetes  Heart

controls palsy brain dys- disease
function”

% 58 11 83 58 53 76

Any behavioural disturbance

Y% 6 1 12 6 2 7

“Less polite” or “rude”

Y% 15 1 5-17

Disturbed behaviour

often or fairly often

controls (p<0.001). They also found that girls had
more emotional problems, whereas boys had more
peer-relationship difficulties and features of atten-
tion deficit hyperactivity disorder (ADHD). Additional
independent risk factors for developing psychiatric
disorder in children with epilepsy were low socio-
economic status and having other chronic diseases
such as asthma or diabetes.

In a study from the USA, Russ et al. (2012), using data
from the 2007 National Survey of Children’s Health
(NSCH), reported on the prevalence of psychiatric dis-
orders in children with epilepsy. This survey was on
a total of 91,600 children, from birth to 17 years. It
included 977 children who were reported by their par-
ents as having been diagnosed with epilepsy or seizure
disorder. Psychiatric disorders were statistically signifi-
cantly more common in childrenwith a currentseizure
disorder than in those who had never been diagnosed
with such adisorder. The respective figures for specific
psychiatric disorders were: ADHD 23% vs 6%, anxiety
17% vs 3%, conduct problems 16% vs 3%, depression
8% vs 2% and autism spectrum disorder 16% vs 1%. All
these differences were statistically significant (p<0.05).
Developmental delay 51% vs 3% was also significantly
more common (p<0.05).

In a community-based study in schools in Sussex, UK,
Reilly et al. (2014) reported that 80% of 85 children
with active epilepsy had neurobehavioural disor-
der and/or cognitive impairment. The most common
neurobehavioural comorbidities were ADHD (33%),
autism spectrum disorder (21%) and developmental
coordination disorder (18%). Cognitive impairment
(1Q<85) was diagnosed in 55% and intellectually dis-
ability (1Q<70) in 40%. Using the Autism Spectrum
Screening Questionnaire, Reilly et al. (2015) also char-
acterised autism spectrum disorder in more detail
and found that autistic features were more com-
mon in children with epilepsy regardless of cognitive
ability.

Prevalence at or before the onset
of the epilepsy

It has become increasingly apparent that more
children at diagnosis of epilepsy have neuropsycho-
logical problems than their peers (Rutter et al., 1970;
Bourgeois et al., 1983; McDermott et al., 1995). Several
publications, including the original study by Rutter et
al. (Rutter et al., 1970; Bourgeois et al., 1983; McDermott
et al., 1995), have made it clear that the lower the cog-
nitive ability, the higher the prevalence of psychiatric
disorder. For this reason, results on cognitive and psy-
chiatric problems will be reported together. Bourgeois
et al. (1983) followed the 1Q of children with new-
onset epilepsy at baseline (within two weeks from the
onset of epilepsy) and then annually. In 72 children,
the mean 1Q was not significantly different from the
siblings except for 11 who had a persistent decrease
in 1Q. Those children were treated with antiepileptic
drugs approaching the toxic range and had an earlier
age of onset of epilepsy than the others. Before the
initiation of drug therapy, the children with idiopathic
epilepsy had a higher 1Q, a better attention span and
better motor and psychomotor ability than those with
symptomatic epilepsy.

Rathouz et al. (2014) examined 69 children with new or
recent-onset epilepsy shortly after diagnosis and five
to six years later, with regard to intelligence, academic
achievement, language, executive function and psy-
chomotor speed, compared with 62 controls. Children
with epilepsy performed significantly less well than
their controls near the time of diagnosis; these findings
persisted virtually unchanged over time, without pro-
gressive deterioration or recovery. The observations
of Bonilha et al. (2014) on 39 children with new-
onset epilepsy, compared with 28 healthy controls,
suggested abnormal localized and bilateral hemi-
spheric network organization with localization-related
epilepsies and generalized epilepsies, respectively.
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In particular, children with epilepsy, low intelligence
level and poor executive function had a suboptimal
topographical structural organization with enhanced
network segregation and reduced global integration.
The same study group (Almane et al., 2014) showed that
behavioural problems and lower social competence
were significantly more common in children with new-
onset epilepsy compared with controls, regardless of
the type of syndrome.

Hoare (1984) studied possible differences in the preva-
lence of behavioural problems between new-onset
and chronic epilepsy. Based on parental behaviour
questionnaires, during the first three months from the
onsetof epilepsy, problems occurred in 45% compared
with 48% in children with chronic epilepsy. In controls,
only 10% had behavioural problems.

Dunn et al. (1997), in a study of 42 children, found
that those in whom the first seizure was followed by
additional seizures were at higher risk of behavioural
disturbances than children who had no further
seizures.

Fastenau et al. (2009), in a large community-based
cohort of 282 children, aged 6-14, with an 1Q of
70 or more, reported that 27% of children with a
single seizure had neuropsychological problems at
or near the onset of the epilepsy. Compared with
147 sibling controls, absence epilepsy, which was
associated with a doubling of risk, was almost as
strong a risk factor as multiple seizures, antiepileptic
drug therapy and symptomatic or cryptogenic seizure
aetiology.

Oostrom et al. (2003), in a study of 51 children aged
5-16 years with newly-diagnosed epilepsy (either idio-
pathic or symptomatic) and 48 healthy classmates as
controls, found significantly poorer performance asso-
ciated with epilepsy. On psychological examination of
the children with uncomplicated epilepsy (“epilepsy-
only”) within 48 hours of the onset and prior to
drug therapy, a significantly poorer achievement was
found in attention, reaction time, visual memory and
behaviour; poorer academic skills were also found in
the children with epilepsy but the difference did not
quite reach statistical significance (p=0.07).

Hermann etal. (2006) confirmed the results of Oostrom
et al. (2003), in 75 children with new-onset epilepsy.
Compared with 63 healthy controls, aged 8-18, a com-
prehensive neuropsychological test battery revealed
mild cognitive impairment in intelligence, language,
attention, executive function and psychomotor speed.
A structured interview with the parents revealed that
many kinds of individualised supportive education had
also been given to the children with epilepsy. Addition-
ally, prior to the onset of the epilepsy, children had
significantly higher rates of depressive disorder (23%),
anxiety disorder (36%) and ADHD (26%) than controls.

Epidemiology of psychiatric disturbance

There is some evidence that neuropsychiatricand neu-
robehavioural changes are present even before the
first epileptic seizure. These changes are to be sepa-
rated from the brief (typically from a few minutes to a
few days) prodromal affective and behavioural distur-
bances precedingasingle seizure or cluster of seizures
(Hughes et al., 1993; Bjoernaes, 2001).

Austin et al. (2001) carried out a controlled, prospec-
tive, population-based study of 224 children with
epilepsy aged 4-14 years and their 135 siblings.
Behavioural problems were assessed, based on
parental reports, in the six months before the first
recognised epileptic seizure. Parents rated the
behavioural changes on the Child Behaviour Check-
list. Total Behaviour Problem scores and Internalizing
Problems scores were significantly higher for children
who subsequently developed epilepsy than in those
who did not.

Hesdorffer et al. (2004) found that the risk of chil-
dren to meet DSM-1V criteria for ADHD was 2.5 times
higher than expected prior to the first spontaneous,
unprovoked seizure. Jones et al. (2007) compared 53
children, aged 8 to 18 years, with recent-onset epilepsy,
less than one-year duration, with a comparison group
of 50 healthy children. The children with epilepsy had
statistically significantly higher rates of depressive dis-
orders (22.6% vs 4%), anxiety disorders (35.8% vs 22%)
and attention deficit hyperactivity disorder (26.4% vs
10%). They also noted that a subset of children with
epilepsy (45%) had DSM-IV Axis | disorders before
the first recognised seizure. In addition to mood dis-
orders, academic problems have been shown to be
antecedents of childhood-onset epilepsy; about 25%
of children were in need of special educational ser-
vices even before the first diagnosed seizure (Oostrom
et al., 2003; Hermann et al., 2006). Against this back-
ground, itis particularly interesting to note the findings
of Saute et al., (2014) who reported decreased bilateral
cortical thickness and decreased volume of subcorti-
cal and brainstem structures in children with new or
recent-onset epilepsy and comorbid ADHD.

Rathouz et al. (2014) examined 69 children with new or
recent-onset epilepsy shortly after diagnosis and five
to six years later, with regard to intelligence, academic
achievement, language, executive function and psy-
chomotor speed, compared with 62 controls. Children
with epilepsy performed significantly less well than
their controls near the time of diagnosis; these findings
persisted virtually unchanged over time, without pro-
gressive deterioration or recovery. The observations
of Bonilha et al. (2014) on 39 children with new-
onset epilepsy, compared with 28 healthy controls,
suggested abnormal localized and bilateral hemi-
spheric network organization with localization-related
epilepsies and generalized epilepsies, respectively.
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In particular, children with epilepsy, low intelligence
level and poor executive function had a suboptimal
topographical structural organization with enhanced
network segregation and reduced global integration.
The same study group (Almane et al., 2014) showed that
behavioural problems and lower social competence
were significantly more common in children with new-
onset epilepsy compared with controls, regardless of
the type of syndrome.

Family clustering of behavioural
disturbance in epilepsy

Hermann et al. (2012) paid attention to the aggrega-
tion of behavioural problems in families of children
with epilepsy. There are several reports of disturbed
cognitive performance and behaviour in family mem-
bers (Oostrom et al., 2003; Hermann et al., 2006; Igbal
et al., 2009; Hesdorffer et al., 2012). This suggests that
underlying genetic factors might be playing a role
in causing both the behavioural disturbance and the
epilepsy, although other factors, including environ-
mental determinants, are certainly involved, at least
in some cases. These important issues continue to be
investigated.

Conclusions

Epidemiological studies in a number of different coun-
tries and over a long period of time have yielded
reasonably consistent results with regard to the rates
of psychiatric disorder in children with epilepsy, which
have ranged from around 35% to 50%. The prevalence
of psychiatric disorder in children with complicated
epilepsy, usually implying accompanying intellectual
disability, is much higher, well over 50%. Based on the
findings of these studies, it is clear that psychiatric
disorders in children with epilepsy represent a major
issue and that good management of these disorders
remains a major challenge. OJ
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studies?

TEST YOURSELF

(1) What is the approximate rate of psychiatric disorder in children with epilepsy reported in epidemiological

(2) What is the prevalence of psychiatric disorder in children with epilepsy and intellectual disability?
(3) What is the most common psychiatric disorder in children with epilepsy?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.

Epileptic Disord, Vol. 18, Supplement 1, May 2016

S7


http://www.ncbi.nlm.nih.gov/pubmed?term=Parental expectations for their epileptic children
http://www.ncbi.nlm.nih.gov/pubmed?term=A population-based analysis of specific behavior problems associated with childhood seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Not only a matter of epilepsy: early problems of cognition and behavior in children with epilepsy only - a prospective, longitudinal, controlled study starting at diagnosis
http://www.ncbi.nlm.nih.gov/pubmed?term=Neurocognitive functioning of preschool children with uncomplicated epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Cognitive development in children with new onset epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Neurobehavioral comorbidities in children with active epilepsy: a population-based study
http://www.ncbi.nlm.nih.gov/pubmed?term=Features of autism spectrum disorder (ASD) in childhood epilepsy: a population-based study
http://www.ncbi.nlm.nih.gov/pubmed?term=A national profile of childhood epilepsy and seizure disorder
http://www.ncbi.nlm.nih.gov/pubmed?term=Brain morphology in children with epilepsy and ADHD
http://www.ncbi.nlm.nih.gov/pubmed?term=Living with epilepsy: long-term prognosis and psychosocial outcomes
http://www.ncbi.nlm.nih.gov/pubmed?term=Social adjustment and functioning of chronically ill and impaired children and adolescents
http://www.ncbi.nlm.nih.gov/pubmed?term=Epilepsy in children: prevalence, disability, and handicap
http://www.ncbi.nlm.nih.gov/pubmed?term=Long-term prognosis of adults with childhood rolandic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Long-term prognosis of seizures with onset in childhood
http://www.ncbi.nlm.nih.gov/pubmed?term=Quality of life in children with new-onset epilepsy: a 2-year prospective cohort study
http://www.ncbi.nlm.nih.gov/pubmed?term=School-children with epilepsy at risk for learning and behaviour problems

‘ Psychiatric and Behavioural Disorders in
Children with Epilepsy (ILAE Task Force Report)

Epileptic Disord 2016; 18 (Suppl. 1): 58-515

Psychiatric and Behavioural Disorders
in Children with Epilepsy

(ILAE Task Force Report):

Epilepsy and ADHD’

Frank Besag', Giuseppe Gobbi?, Rochelle Caplan?3,
Matti Sillanpda*, Albert Aldenkamp >, David W. Dunn®

1 Mid Beds Clinic, East London NHS Foundation Trust, Bedford, UK

2 Institute of Neurological Sciences of Bologna, Child Neurology Unit, Bologna, Italy
3 Semel Institute for Neuroscience and Human Behavior, University of California,

Los Angeles, USA

4 Depts. Public Health and Child Neurology, University of Turku, Turku, Finland

5> Department of Research and Development, Epilepsy Center Kempenhaeghe, Heeze;
MHENS School of Mental Health & Neuroscience, Maastricht University, Maastricht,
The Netherlands

6 Riley Hospital Child and Adolescent Psychiatry Clinics, Indiana University School

of Medicine, Indianapolis USA

ABSTRACT - ADHD occurs in about 30% of children with epilepsy. The
causes of ADHD features include some antiepileptic drugs, the epilepsy
itself and underlying brain dysfunction. Management of the ADHD will
depend on the cause. Treatment with methylphenidate is effective in about
70% of cases; standard treatments with methylphenidate, dexamfetamine

Correspondence:

Professor Frank M C Besag
FRCP FRCPsych FRCPCH
Consultant Neuropsychiatrist
Mid Beds Clinic

24 Grove Place

Bedford MK40 3))
<frank.besag@elft.nhs.uk>

and atomoxetine are very unlikely to exacerbate seizures.
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ADHD is one of the more common
comorbidities of childhood epilepsy
(Dunn, 2014; Salpekar and Mishra,
2014). Itis typically reported in about
30% of children with epilepsy com-
pared to 3-6% of controls (Davies
et al., 2003; Hermann et al., 2007;
Fastenau et al., 2009; Russ et al., 2012;
Reilly et al., 2014b). It also appears
to be the most common disorder
in both pre-school and school-age
children with epilepsy (Socanski et
al., 2013), occurring equally in boys

and girls, in contrast to the pat-
tern in the general population, in
which there is a predominance of
boys. Approximately 70,000 school-
age children in the UK have epilepsy
and about 20,000 of these will have
both epilepsy and ADHD. However,
probably only a fraction are treated
for the ADHD. Reluctance to treat
may be related to diagnostic issues
but is more likely to be related
to concerns about possible seizure
exacerbation.

*Details of where this work has previously been presented.

Poster presentation only: at the 11th European Congress on Epileptology, Stockholm,
Sweden, from 29th June - 3rd July, 2014, organised by ILAE; and at the American Epilepsy
Society 68" Annual Meeting, Seattle, WA, USA, from 5" December — 9" December, 2014.
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Search strategy

In addition to studies already known to the authors, the
Medline/PubMed database was searched from incep-
tion until the end of March 2015 using the search
terms: epilep$ and (child$ or pediat$ or adolescen$)
and (attention deficit or ADHD). Abstracts of likely rel-
evance to the topic were examined to select papers for
final detailed review. Reference lists of included papers
were searched for any further relevant studies.

Epidemiology

Rate of ADHD in children with seizures

Hermann et al. (2007) studied 75 children aged 8-18
years with new or recent-onset idiopathic epilepsy and
compared them with 62 controls. ADHD was found in
31% of the children with epilepsy and in 6% of the con-
trols. Hesdorffer et al. (2004) carried out a population-
based study in Icelandic children under 16 years of age.
They found that ADHD was 2.5 times more common in
children with newly-diagnosed, unprovoked seizures
than in the controls. The ADHD was predominantly
inattentive in type. Seizure type, frequency, aetiology
or sex did not appear to be relevant factors. They sug-
gested that there might be a common antecedent for
both conditions. The study carried out by Dunn et al.
(2003) was on a different population, namely those who
had a history of epilepsy of at least six months dura-
tion. Of 175 children (90 male, 85 female), a total of 66
(38%) had ADHD of one type or another: 20 combined
type, 42 predominantly inattentive type and four pre-
dominantly hyperactive-impulsive type. Again, there
was an equal male to female ratio in the children with
epilepsy and ADHD. Sherman et al. (2007) reported on
a population of children with more severe epilepsy in
atertiary centre. Of 203 children, over 60% met screen-
ing criteria for ADHD. Of these, 40% had ADHD of the
inattentive type and 18% of the hyperactive-impulsive
type. Age of onset, epilepsy duration and seizure fre-
quency did not appear to be related to the severity of
inattention or hyperactivity-impulsivity.

More recently, Reilly et al. (2014a) found that, in a
population of 85 children with active epilepsy, 80%
had a DSM-IV-TR behavioral disorder and/or cognitive
impairment. Intellectual disability (IQ < 70) (40%),
ADHD (33%), and autism spectrum disorder (21%)
were the most common neurobehavioral diagnoses.
Ku et al. (2014) reported that after 11 years of
follow-up, the incidence rates of ADHD for a febrile
seizure (FS) cohort and a control cohort were 7.83
and 4.72 per 1,000 person-years, respectively. The FS
cohort was 1.66 times more at risk of ADHD occur-
rence (95% CI 1.27 to 2.18) than the control cohort.

Epilepsy and ADHD

The risk of developing ADHD increased in conjunc-
tion with the frequency of FS-related visits. From a
total of 198 children diagnosed with benign epilepsy
with centrotemporal spikes (BECTS) at the Asan Medi-
cal Center, South Korea, Kim et al. (2014) reported that,
in a cohort of 74 children (44 males) with neuropsycho-
logical examination, 48 (64.9%) had ADHD. A history of
febrile convulsions was more common in patients with
ADHD than in patients without ADHD (p=0.049).
Zhang et al. (2014) investigated the prevalence of
ADHD in 190 children with frontal lobe epilepsy, of
whom 161 had effective follow up. Of these, 59%
(95/161) had ADHD. They commented that 89.4%
(76/85) of the children with abnormal EEG discharges
on the most recent record had ADHD, whereas only
25% (19/76) with normal EEGs on the most recent
record had ADHD.

Rate of epilepsy in children with ADHD

Davis et al. (2010), using the 1976-1982 Rochester birth
cohort, identified 358 children with ADHD. Clinical
data were available to age 20 for 81.3%. They found
that children with ADHD were 2.7 times more likely
to develop epilepsy than controls. Although this did
not quite reach statistical significance (p=0.066), the
secondary analysis, when follow-up was censored at
18 years instead of 20 years, provided a higher pro-
portion of clinical data (89% of cases) and in this
analysis those with ADHD were 4.1 times more likely to
have epilepsy than controls (p=0.022, 95% confidence
interval 1.23-13.52). Cohen et al. (2013) carried out a
population-based study in Israel. The total study pop-
ulation was 284,419 children (mean age 9.4 years). The
prevalence of epilepsy was 0.5% and the prevalence
of ADHD 12.6%. Multivariate logistic regression with
epilepsy as the dependent variable revealed an odds
ratio for a child with ADHD having epilepsy of 2.4 (95%
confidence interval 2.1-2.7).

Socanski et al. (2013) conducted a retrospective chart-
review of children with ADHD who were evaluated
between the years 2000 and 2005. Of 607 children
with ADHD, 2.3% had a history of epilepsy; this is a
higher rate than expected in the general paediatric
population (0.5%). The majority of the patients had
easily-treated epilepsy. All patients with epilepsy and
ADHD were treated with methylphenidate (MPH); the
initial response to MPH was 85.7%.

It should be noted that the overall results of these
studies include children who had epilepsy before a
diagnosis of ADHD as well as those in whom epilepsy
was diagnosed after the diagnosis of ADHD. For exam-
ple, in the study by Socanski et al. (2013), the diagnosis
of epilepsy was made on average 1.8 years before the
ADHD assessment.
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Comorbid disorders

The rate of comorbidity in children who have either
ADHD or epilepsy is high. Consequently, a high rate of
comorbidity would also be expected in children who
have both conditions. Gonzalez-Heydrich et al. (2007)
found that 61% of 36 children with both epilepsy and
ADHD, aged 6 to 17 years, had a comorbid disorder:
36% had anxiety disorders and 31% had oppositional
defiant disorder. In this group of children, the com-
bined subtype with both inattentive and hyperactive
symptoms was the most frequent, occurring in 58%.

Possible causes of overactivity
in children with epilepsy

There are many possible causes of the features of
attention deficit hyperactivity disorder in children with
epilepsy, including the following:
— “Classical” ADHD;
— Other psychiatric disorders;
— Associated/underlying brain damage or dysfunction;
— Causes related specifically to the epilepsy including:
e Frequent epileptiform discharges: Rolandic dis-
charges, other focal discharges or generalised
spike-wave discharges;
e Postictal elevated mood;
e Interictal manic psychosis;
- Adverse effects of medication.

“Classical” ADHD

As already stated, in epidemiological studies, a high
proportion of children with epilepsy also have ADHD.
The reason for this is debated but in most cases no
other cause has been found and it has been concluded
that the most likely explanation is an underlying factor
causing both conditions (Hesdorffer et al., 2004). Some
studies have reported that children with epilepsy are
more likely to present with an inattentive form (Reilly,
2011) but this is not a universal finding.

Other psychiatric disorders

Other psychiatric disorders, not necessarily related to
the epilepsy, may present with features of ADHD but
careful assessment should distinguish them as being
different. These disorders include conduct disorder,
generalised anxiety disorder and elevated mood states
such as hypomania or mania.

Associated/underlying brain damage
or dysfunction

Associated underlying brain damage or dysfunction
may include global developmental delay and specific

frontal lobe damage or dysfunction. It is interesting
to note that patients who may not present with the
classical history of ADHD, including those with cere-
bral tumours, may nevertheless, in at least some cases,
respond to the standard medication prescribed for this
condition (Meyers et al., 1998).

Causes related specifically to the epilepsy

Frequent epileptiform discharges

Holtmann et al. (2003) examined the frequency of
Rolandic spikes in the EEGs of 483 ADHD children,
aged 2 to 16 years. Rolandic spikes were found in 27
(5.6%) of the ADHD children, which was significantly
(p<0.001) higher than the rate of 2.4% found in normal
children (Cavazzuti et al., 1980). ADHD in the children
with Rolandic spikes presented earlier; these children
had more hyperactive-impulsive symptoms. In a fur-
ther study, the same group (Holtmann et al., 2006)
studied 48 children 6.7 to 14.9 years of age of whom 16
had ADHD and Rolandic spikes, 16 had ADHD without
epileptiform discharges and 16 were healthy controls.
The ADHD children with Rolandic spikes performed
worse than the ADHD children without epileptiform
discharges and healthy controls in a variety of tests.
Rolandic spikes were associated with increased impul-
sivity, deficient inhibition and decreased interference
control.

Socanski et al. (2010) examined EEGs from 517 out
of a total of 607 children attending the only centre
diagnosing and treating ADHD in an area of Norway.
Epileptiform abnormalities were found in 39 (7.5%). Of
these, 21 (53.9%) were generalised, 16 (41%) were focal
and 2 (5.1%) had both focal and generalised abnor-
malities. Of the total group, nine (1.7%) had Rolandic
spikes. A previous history of epileptic seizures was
reported in 14 (2.5% of the children) and was more
common in those who had epileptiform abnormalities.
It is interesting to note that Becker and Holtmann
(2006) also reported that the EEGs of children with
ADHD demonstrated increased theta activity and
decreased alpha activity compared with normal con-
trols. These changes are generally considered to be a
non-specific indication of brain dysfunction.

Sinzig and Gontard (2005) analysed EEGs of 8,132 chil-
dren and adolescents retrospectively. A new diagnosis
of absence seizures was made in only 12 of these
(0.44%) in the first centre and none in the second. They
concluded that there was a minimal occurrence of
absences in child and adolescent patients and that this
was therefore not the main differential diagnosis that
has to be considered in children with ADHD. However,
they added that it was important to regard absence
seizures as a rare differential diagnosis. Based on the
experience of at least one of the current authors, in
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specialist centres, children certainly can present with
ADHD symptoms because of very frequent absence
seizures or epileptiform discharges.

Kanazawa (2014) found epileptiform discharges in
22.1% of 145 children with newly diagnosed ADHD
for whom follow up was at least 3 months; those with
1Q<70 were excluded. Kim et al. (2014) reported that
bilateral centrotemporal spikes on the EEG were more
common in patients receiving ADHD medication than
in patients with untreated ADHD (p=0.004). Moreover,
patients with frequent seizures prior to diagnosis
and patients with a high spike index (>40/min) on
sleep EEG at diagnosis had significantly lower visual
selective attention (p<0.05). Children with BECTS
had a high prevalence of ADHD; frequent seizures
or interictal epileptiform abnormalities were closely
related to impairment of visual selective attention. The
authors concluded that there is the need for ADHD
or attention-impairment screening in children with
BECTS.

Elevated mood states

Children and teenagers who present with postictal
elevated mood or interictal manic psychosis certainly
have some features of ADHD. However, the history
should distinguish clearly between these states and
ADHD. For example, in the case of postictal elevated
mood changes the history of recent seizures, typically a
cluster, is characteristic and usually diagnostic. Above
all, for both postictal and interictal elevated moods,
the nature of the condition is intermittent, in contrast
to the persistence of the ADHD symptoms. However,
it should be noted that interictal elevated mood states
may persist forlong periods, for example several weeks
or months (Kanemoto et al., 1996).

Antiepileptic drugs

Antiepileptic drugs, including the benzodiazepines
(Sheth et al., 1994), phenobarbital (Domizio et al., 1993)
and vigabatrin (Ferrie et al., 1996) can cause symp-
toms of ADHD in children, although there is a lack
of consensus in the literature (Adverse cognitive and
behavioural effects of antiepileptic drugs in children,
p. 55-67). It is important to consider not only adverse
effects of individual drugs but also adverse drug
interactions. For example, if lamotrigine is added to
carbamazepine in someone who is unable to express
their experiences verbally and the patient develops
diplopia and/or dizziness (Besag et al., 1998), they may
present with distressed and overactive symptomatol-
ogy. Treatment of these symptoms with ADHD medica-
tion would be entirely inappropriate; this situation can
readily be resolved by decreasing the carbamazepine
dose. Again, the history should distinguish this situa-
tion clearly from the ongoing symptoms of ADHD.

Epilepsy and ADHD

Should children with both epilepsy
and ADHD be treated for the ADHD?

In the past there has been considerable reluctance
to treat ADHD in the presence of epilepsy because
of the concern of possible seizure exacerbations. Are
these concerns justified by the evidence? What are
the ADHD treatments of choice in children with both
conditions?

The first step in the management of the child with
epilepsy and ADHD must be to consider the possi-
ble causes already described. The management might
need to be very different, depending on the cause. For
example, if frequent absence seizures are causing the
ADHD symptoms, additional or different antiepilep-
tic medication may be appropriate. In contrast, if the
child is overactive because of the adverse effects of
antiepileptic medication, medication reductions or a
change in antiepileptic medication rather than increas-
ing antiepileptic medication will be appropriate.

If the diagnosis of ADHD is confirmed, the first-line
treatment, regardless of whether the child has epilepsy
or not, remains methylphenidate (MTA Cooperative
Group, 1999). Controlled-release or extended-release
methylphenidate has advantages in many children,
based on the usual criteria: avoidance of peaks and
troughs in effect and convenience of once-daily
administration, although sometimes a top-up dose
of methylphenidate is required later in the day. If
methylphenidate is well-tolerated but not effective,
there are theoretical reasons why dexamfetamine
might be more effective (Faraone and Buitelaar, 2010).
The second-line treatment is atomoxetine (Michelson
et al., 2001). Third-line treatments include clonidine
(Connor et al.,, 1999) and, particularly in children
with learning disability and autism spectrum disor-
der in addition to the epilepsy, low-dose risperidone
(Aman et al., 2004). Neither clonidine nor risperidone
is licensed for treating ADHD in children but both
may be of benefit. Clonidine is particularly valuable
in children who have difficulty sleeping or who have
a degree of oppositional-defiant disorder (Connor
et al., 2000). This can be used in combination with
methylphenidate; the reports of deaths with this com-
bination were almost certainly not the result of the
medication itself (Popper, 1995). Carbamazepine occa-
sionally appears to be effective in the treatment of
ADHD symptoms when other drugs have not been
effective (Silva et al., 1996). It is not licensed for this
indication.

How safe are these drugs for treating ADHD in children
with epilepsy? What is the risk of seizure exacerba-
tion? The British National Formulary (2013) states the
following in relation to methylphenidate and dexamfe-
tamine, respectively: “caution — epilepsy (discontinue
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if increased seizure frequency) =", “caution — history
of epilepsy (discontinue if convulsions occur) =". What
does the published evidence reveal with regard to pos-
sible seizure exacerbations?

One of the most frequently-quoted studies is that
of Gross-Tsur et al. (1997) on 30 children with ADHD
and epilepsy, aged 6.4 to 16.4 years. For the first two
months they were treated with antiepileptic medi-
cation only. Methylphenidate was added in the next
two months. None of the 25 children who were
seizure-free had attacks with methylphenidate. Of five
children with active seizures, three had an increase
in seizures and the other two had no change or a
reduction in seizures. There were no statistically sig-
nificant changes in seizure control. If children with
active epilepsy were treated with any additional medi-
cation, or indeed with no additional medication, the
expected outcome would be that some might have
fewer seizures, an approximately equal number would
have more frequent seizures and some would have
no change in seizure frequency. This is almost exactly
the outcome that was reported in the study by Gross-
Tsur et al. It would appear that no conclusions can
be drawn from the study or, perhaps more accurately,
it could be concluded that methylphenidate has no
major effect on seizure control. The same authors also
reported that there were no significant EEG changes
with the methylphenidate and that, in terms of the
ADHD symptoms, 70% derived benefit. They con-
cluded that methylphenidate was effective in treating
children with epilepsy and ADHD, and added that
it was safe in children who were seizure-free. They
commented that “caution is warranted for those who
are still having seizures while receiving AED therapy”,
although it would appear that they had no evidence
whatsoever from the results of their own study to sup-
port this statement.

Hemmer et al. (2001) presented results on 234 chil-
dren with complicated ADHD of whom 36 (15.4%) had
epileptiform abnormalities. 40% of the abnormal EEGs
had Rolandic spikes. 60% of the abnormal EEGs had
other focal abnormalities. 205 of the 234 (87.6%) were
treated with stimulant medication. Seizures occurred
only in the treated group; 1/175 patients with normal
EEGs had seizures and 3/30, i.e. 10% (95% confidence
interval 0%, 20.7%), with epileptiform discharges.
Seizures occurred in two of the 12 children (16.7%)
with Rolandic spikes. It is very difficult to draw any
conclusions from these results other than that children
with epileptiform abnormalities on the EEG are more
likely to have seizures than those who do not, regard-
less of what treatment is given. The authors stated the
following conclusions. “These data suggest that a nor-
mal EEG can be used to assign children with ADHD
to a category of minimal risk of seizure. In contrast
an epileptiform EEG in neurologically normal children

with ADHD predicts considerable risk for the even-
tual occurrence of seizure. The risk, however, is not
necessarily attributable to stimulant use.” A similar
conclusion might be drawn from the study by Socanski
et al. (2013) (see earlier), who found that epileptiform
abnormalities were more common in children with
ADHD than in the general population, suggesting that
childrenwith ADHD are more atrisk of having epilepsy.
Gucuyener et al. (2003) compared 57 patients who
had ADHD and active seizures with 62 patients who
had ADHD and EEG abnormalities before and after
treatment with methylphenidate. They found that the
seizure frequency did not change from baseline. The
EEG appeared to improve, leading them to state that
methylphenidate had a beneficial effect on the EEG.
They concluded that methylphenidate is safe and
effective in children with ADHD and concomitant
active seizures or EEG abnormalities.

Santos et al. (2013) carried out a small study on 22
children (16 males, six females, mean age 11 years
two months). An increased seizure frequency was
noted in four patients, of whom one withdrew for
this reason. After three months of treatment with
methylphenidate, 73% no longer had clinically sig-
nificant symptoms of ADHD. They reported that
methylphenidate reduced the seizure severity. They
concluded that low-dose methylphenidate was safe
and effective in treating ADHD in resistant epilepsy,
although it should be noted that results from a small
study cannot necessarily be generalised to other
populations.

There have been several reviews on ADHD and
epilepsy (Dunn and Kronenberger, 2005; Baptista-Neto
etal., 2008; Torres et al., 2008; Hamoda et al., 2009; Parisi
et al., 2010), all of which have drawn broadly the same
conclusions, namely that there is no evidence that
methylphenidate causes seizure exacerbations when
used to treat ADHD in people with epilepsy.

It can be concluded that both evidence and opin-
ion suggests that previous concerns about methyl-
phenidate causing seizure exacerbations in children
with epilepsy and ADHD were probably not justified.
Traditionally, dexamfetamine has been considered to
be even less likely to worsen seizure control and it
has even been suggested that it might improve seizure
control.

Safety of other drug treatments
for ADHD

Wernicke et al. (2007) reviewed two independent Eli
Lilly databases: the Atomoxetine clinical trial base and
the Atomoxetine post-marketing spontaneous adverse
event database. The crude incidence rates of seizure
adverse events were between 0.1 and 0.2%; there was
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no significant difference between atomoxetine and
placebo. These authors concluded that, although chil-
dren with ADHD are increasingly recognised as being
at an elevated risk of seizures, treatment of the ADHD
with atomoxetine does not appear to elevate this
risk further. In a cohort study of the risk of seizures
in a non-epilepsy paediatric population treated with
atomoxetine, McAfee et al. (2013) compared 13,398
individuals initiated on atomoxetine with 13,322 initi-
ated on stimulant medication and found no increased
seizure risk with atomoxetine (relative risk 0.72, CI
0.37, 1.38). Torres et al. (2011), in a small study of 27
patients with epilepsy treated with atomoxetine, noted
that there were no discontinuations because of seizure
exacerbation. In another small study of 23 patients,
Mulas et al. (2014) found no evidence of seizure exacer-
bation in children with epilepsy treated with stimulant
or non-stimulant medication.

Risperidone is used in children with intellectual dis-
ability and behavioural problems who are often on the
autism spectrum and have features of ADHD (Aman et
al., 2004). Gonzalez-Heydrich et al. (2004) studied the
seizure risk in 21 young people with epilepsy and psy-
chiatricdisorders, mean age 12 years, who were treated
with risperidone 2.4 + 3.5 mg/day. They reported that
the psychiatric symptoms improved in 71% and the
seizures were no worse in any patient.

Conclusions

ADHD is under-diagnosed and under-treated in chil-
dren with epilepsy.

There is a broad differential diagnosis for the causes of
ADHD symptoms in children with epilepsy, including
the epilepsy itself and some antiepileptic drugs. The
management of ADHD in the child with epilepsy will
depend on the cause.

Approximately 30% of children with epilepsy have
ADHD and about 70% of children with ADHD and
epilepsy will benefit from standard treatment such
as methylphenidate; there appears to be no firm evi-
dence that the usual treatments for ADHD are likely to
exacerbate seizures. [
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and epilepsy?

actually have ADHD?

TEST YOURSELF

(1) What is the prevalence of ADHD in children with epilepsy?

(2) Is there any sound evidence to indicate that methylphenidate exacerbates seizures in children with ADHD

(3) What factors can be responsible for the characteristics of ADHD in children with epilepsy who do not

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.
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ABSTRACT - A high proportion of children with epilepsy have autism spec-
trum disorder. Although estimates vary, depending both on the population
studied and the definitions used, a figure of around 20% has typically been
reported. Autism can have a major impact on the life of the child and fam-
ily. Despite the importance of this comorbidity and although many studies
have been performed, a full understanding of the possible links between
epilepsy and autism remains elusive. In a minority of cases, for example
in the Landau-Kleffner syndrome, the autistic features can be the result of
the epilepsy itself. However, there has been a failure to demonstrate that
the epilepsy itself plays a major role in most cases. The current evidence
seems to point to a common underlying predisposing factor. The discovery
of a growing number of genetic defects leading to both conditions would
support this explanation of the link.
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The rate of epilepsy in people with
autism is high and the rate of autism
in people with epilepsy is also high
(Tuchman and Rapin, 2002; Amiet
et al., 2008; Mouridsen et al., 2011).
The association between epilepsy
and autism has been the subject
of much debate and much con-
troversy (Besag, 2009; Spence
and Schneider, 2009). Particular

attention should be drawn to the
papers by Tuchman and co-workers
(see later), in which the subject of
epilepsy and autism has been exam-
ined extensively. There is still no
clear consensus with regard to the
cause of the association between
the two conditions, although many
possible mechanisms have been
proposed.

*Details of where this work has previously been presented.

Poster presentation only: at the 11th European Congress on Epileptology, Stockholm,
Sweden, from 29th June - 3rd July, 2014, organised by ILAE; and at the American Epilepsy
Society 68" Annual Meeting, Seattle, WA, USA, from 5" December — 9" December, 2014.
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Search strategy

In addition to studies already known to the authors, the
Medline/PubMed database was searched from incep-
tion until the end of March 2015 using the search
terms: epilep$ and (child$ or pediat$ or adolescen$)
and (autism or autistic). Abstracts of likely relevance
to the topic were examined to select papers for final
detailed review. Reference lists of included papers
were searched for any further relevant studies.

Epidemiology

The prevalence of epilepsy in childhood is around 4-7
per 1,000 (Sillanpad, 1992) and the prevalence of autism
spectrum disorder (ASD) is approximately 1% (Baird
et al., 2006b). Estimates of the prevalence of epilepsy
in autism range widely, from approximately 2 to 40%
(Woolfenden et al., 2012), depending not only on the
group of subjects studied but also on the criteria and
ascertainment used both for the diagnosis of epilepsy
and, particularly, the diagnosis of autism/ASD. Further-
more, the prevalence will depend on the age at which
the subjects are studied. There are two peaks of onset
of epilepsy associated with autism, the first in infancy
and the second in the teenage years. This implies that
the childhood prevalence is likely to be lower than
the prevalence in the late teenage years. Some stud-
ies quote point prevalence and others quote lifetime
prevalence; the latter will clearly be higher. The rate
of misdiagnosis of epilepsy is high, typically around
20-25% (Jeavons, 1983; Uldall et al., 2006). The diagno-
sis of autism is subjective, since there is no laboratory
test for the condition. Interviews, questionnaires and
observational instruments are all subject to error. Most
of the studies on the prevalence of autism and epilepsy
have not been prospective and have been on selected
samples, rather than being population studies. The
prevalence of autism also depends very much on the
level of intellectual ability (Amiet et al., 2008).

Steffenburg et al. (1995) carried out a population study
in Goteborg, Sweden, on cohorts of children aged
6-9 years and 10-13 years. Ninety-eight children met
the criteria for intellectual disability (mental retarda-
tion) and active epilepsy. Twenty-four subjects (27%)
had “autistic disorder” and a further 10 (11%) had
“an autistic-like condition”. Of the 90 children exam-
ined, 53 (57%) had at least one additional psychiatric
diagnosis, the most common being ADHD. A subse-
quent study by the same group (Steffenburg et al.,
1996) showed that the prevalence of autism increased
with age, up to 10 years. At 10 years, the prevalence
of autism alone was 8%, of autism with severe men-
tal retardation but no cerebral palsy 27% and autism
with severe mental retardation and cerebral palsy 67%.

Epilepsy and Autism

Clarke et al. (2005) based a diagnosis of autism on the
autism screening questionnaire (ASQ) in atertiary care
clinic. Of the 97 ASQ questionnaires that were prop-
erly completed, 32% fulfilled the criteria for ASD. The
children in this study were aged 2-18 years (mean age
12.7 years). However, the questionnaire return rate was
only one-third, implying that the results might not have
been typical of the whole sample of children attending
the clinic. Danielsson et al. (2005) carried out a further
study on the population of individuals identified with
epilepsy born from 1962 to 1984 in Goteborg. They
found that 30% of 120 individuals with autistic disor-
der or “autistic-like condition” had epilepsy at some
point in their lives. By the time of this study, six (5%)
of the 120 individuals had died and six (5%) had par-
ents who did not want to participate. The remaining
108 subjects (77 male and 31 female, mean age at study
25.5 years, range 17-40 years) were included. Amiet et
al. (2008) reviewed all data available from published
reports from 1963 to 2006 on autism and epilepsy. They
carried out meta-analyses and found that the pooled
prevalence of epilepsy was 21.5% in autistic subjects
with intellectual disability compared to 8% in those
without intellectual disability. The male to female ratio
of autism with epilepsy was approximately 2:1 in con-
trast to the male to female ratio of autism without
epilepsy which was 3.5:1. Epilepsy was more likely to
occur in girls with autism (p<0.001). Turk et al. (2009)
compared two groups of 60 children, aged 7-17 years,
with autism spectrum disorder: one with epilepsy (ASD
+ epilepsy) and the other without (ASD only). The
male to female ratio was 6.5:1 in the ASD-only group
but only 2:1 in the ASD + epilepsy group. The group
with ASD + epilepsy were more likely to have had a
later diagnosis of ASD and, in contrast to what might
have been expected, were no more likely to be aloof
and passive than the ASD-only group. As might have
been predicted, the ASD + epilepsy group had more
motor difficulties, developmental delays and challeng-
ing behaviours, in keeping with previous findings.
Although the investigators endeavoured to recruit all
children with autism in a given geographical area, the
groups were not very well matched, implying that
the results cannot confidently be generalised to other
populations.

Berg et al. (2011) carried out a community-based,
prospective, long-term, follow-up study of children
enrolled when first diagnosed with epilepsy by pae-
diatric neurologists in the state of Connecticut from
1993 to 1997. Parents were interviewed at five and nine
years after the initial recruitment into the study. For
the majority of the children (489/613), an interview was
carried out at both these times. In addition, medi-
cal and other records were scrutinised. It should be
noted, however, that no standard autism screening
instrument was used, nor were the children examined
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personally to determine whether they had autism.
Twenty-eight were classified as definitely or proba-
bly having ASD, 26 by parental interview and two
through medical records only. One of the children had
Rett syndrome and all of the 28 had ASD before the
onset of epilepsy. In another 24 children the diagnosis
(although not necessarily the initial onset of symp-
toms) of ASD was identified after the children had
been recognised as having epilepsy. There were a fur-
ther 28 children who were identified by the parent
or from the medical records as having possible ASD
that were excluded on further scrutiny. A further 21
children had autism-spectrum-disorder-like features
but did not have definite or possible ASD. The over-
all prevalence of ASD was 5% (95% confidence interval
3.2-6.9%). In those with an estimated 1Q of 80 or greater,
the prevalence was 2.2% (95% confidence interval 0.8-
3.6%) compared with 13.8% (95% confidence interval
8-19.5%) in those who had an IQ of less than 80. In the
bivariate analysis, male gender, early age of onset, 1Q
less than 80 and West syndrome were all associated
with ASD. The same parameters, apart from West syn-
drome, were all associated with autistic-like features.
On the basis of multiple logistic regression, the follow-
ing characteristics were correlated with ASD in 27 of
these children with this diagnosis (excluding the one
child with Rett syndrome): a history of West syndrome,
prevalence ratio 3.4, 95% confidence interval 1.36-8.65,
p=0.009, intellectual impairment, prevalence ratio 5.08,
95% confidence interval 2.15-12.0, p= 0.0002 and male
sex, prevalenceratio 2.22,95% confidence interval 0.97-
5.07, p=0.06. The following factors were independently
associated with ASD in children with no history of West
syndrome: intellectual impairment, prevalence ratio
4.46, 95% confidence interval 1.93-11.25, p= 0.0006 and
male sex, prevalence ratio 3.71, 95% confidence inter-
val 1.24-11.1, p= 0.02. The authors concluded that West
syndrome appeared to have a strong and specific asso-
ciation with ASD. Apart from this association, the main
risk factors for ASD in children with epilepsy seemed
to be the same as in the general population, although
there did appear to be a small increased risk of this dis-
order associated with childhood-onset epilepsy in the
absence of cognitive impairment. However, it should
be noted that the numbers, when stratified, were quite
small and the confidence interval for ASD occurring in
those with an 1Q of more than 80 was 0.8-3.6%; this
implies that, although the prevalence was 2.2%, which
is higher than the most recent estimates of autism
prevalence in whole population studies, the confi-
dence interval overlaps with the figure for autism in
the general population.

Matsuo et al. (2010) studied 519 patients with epilepsy,
aged 2-43 years (median 11 years), followed up at
the paediatric department of a children’s hospital.
All of these patients had the first seizure before

18 years of age. Seventy-nine patients (15.2%) had
ASD, which included autism, Asperger syndrome and
pervasive developmental disorder not otherwise spec-
ified (PDD-NOS). The most frequent age of onset of
seizures was 4 years. The epilepsy onset was before
10 years of age in 85%. ASD was detected after the
onset of epilepsy in 47%. The authors pointed out that
eight of these 29 cases had been overlooked for more
than five years; most of these had high-functioning
ASD. The most frequent seizure type was complex
partial (dyscognitive) seizures (68%). Paroxysmal EEG
abnormalities in the frontal area were recorded in
about half of the cases. They concluded that complex
partial (dyscognitive) seizures with frontal paroxysms
occurring from 1 to 9 years of age seemed to be char-
acteristic of epilepsy associated with ASD. They also
drew attention to the fact that their study did not
show a second peak of epilepsy onset in teenagers
with ASD but this was because the clinics were mainly
for children of less than 15 years of age. The male to
female ratio of idiopathic ASD was 3 to 1 and of sec-
ondary ASD was 2.4 to 1. They stated that this was
consistent with other studies suggesting that epilepsy
might be more prevalent in females with ASD than in
males with ASD because these ratios are lower than the
male to female ratio of autism quoted for the general
population.

Bolton (2011) carried out a long-term follow-up study
of individuals who were diagnosed with autism in
childhood. The study was performed when the sub-
jects were at least 21 years of age. Of this group of 150
individuals, 22% had developed epilepsy, the majority
after 10 years of age. However, it should be noted that
those with a history of infantile spasms or those with
severe or profound intellectual disability (mental retar-
dation) were excluded. The group with epilepsy was
compared to those in the same clinic population who
did not develop epilepsy. Both verbal and non-verbal
ability were lower in the epilepsy group. As in other
studies, the gender ratio was more equal in those with
epilepsy (39% female) than in those without epilepsy
(24% female).

Jokiranta et al. (2014) identified cases of autism spec-
trum disorder through the Finnish Prenatal Study
of Autism and Autism Spectrum Disorders, which
included data on 4,705 children. They examined
associations between epilepsy and various types
of autism spectrum disorder, including childhood
autism, Asperger syndrome and pervasive develop-
mental disorders (not otherwise specified). Each case
was matched to four controls. They found that epilepsy
was associated with autism spectrum disorder in all of
the autism spectrum disorder groups, after adjusting
for covariates. However, the association was stronger
in the group with intellectual disability, especially
females.
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Woolfenden et al. (2012) carried out a systematic
review of two outcomes in autism spectrum disorder:
epilepsy and mortality. They found 16 studies in which
the percentage of those with autism who had devel-
oped epilepsy was measured after at least 12 months
of observation. In two of the studies, for which the
age at follow-up was under 12 years, the majority of
subjects did not have intellectual disability and the esti-
mate of the percentage having epilepsy at follow-up
was 6.1% (95% confidence interval 3.8-9.0%). In nine
of the studies, the majority of subjects did have intel-
lectual disability and the age at follow-up was 12 years
or more; the pooled estimate of the percentage hav-
ing epilepsy at follow-up was 23.7% (95% confidence
interval 17.5-30.5%). It is interesting to note that these
figures are very comparable with the previous analysis
by Amiet et al. (2008), namely 8% and 21.5%, respec-
tively (see earlier). Woolfenden et al. also examined
the effect of gender; three papers provided this data:
3-10% of females had epilepsy compared to 13-29% of
males.

Causes of autism in children
with epilepsy

This subject has been discussed by a number of
authors, notably Tuchman and co-workers (Tuchman
et al.,, 2010; Tuchman and Cuccaro, 2011; Cuccaro
et al., 2012; Tuchman, 2013). As previously discussed
(Besag, 2009), the cause of the link between epilepsy
and autism might be framed in the following three
questions.

— Can epilepsy result in autistic features?

— Can autism cause epilepsy?

— Could there be underlying causes or conditions that
predispose both to autism and epilepsy?

These questions will be discussed in turn.

Can epilepsy result in autistic features?

There are many anecdotal reports of this, demon-
strated clearly by the resolution or reduction of autistic
features when the epilepsy, manifesting as seizures
and/or epileptiform abnormalities, is treated success-
fully — see later. One of the reasons that there has
been such an intense interest in the possibility that
epilepsy might play a role in the causation of autism
is the finding that 15-40% of children with autism
regress, i.e. lose skills, within the first three years of
life, raising the question of whether some subtle man-
ifestation of epilepsy might be playing a role (Baird
et al., 2008). Although the rate of epileptiform abnor-
mality in the EEG of subjects with autism is high,
there seems to be no association with regression,
as demonstrated by Chez et al. (2006). They carried
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out a retrospective review of 24-hour ambulatory EEG
data from 889 patients with autism spectrum disorder
and found that 540 (60.7%) had abnormal epilepti-
form activity in sleep. The epileptiform discharges
were most frequently localised over the right tempo-
ral region. Eighty of 176 patients treated with valproic
acid had normalisation of the EEG and an additional
30 showed improvement on the EEG. As discussed in
the paper on epilepsy syndromes (see later), Roulet-
Perez et al. (1993) described an acquired epileptic
frontal syndrome in four children with continuous
spike waves in slow-wave sleep (CSWS) who had men-
tal and behavioural regression. They commented that
the pattern of behavioural and cognitive disturbance
was similar to that found in some autistic-like dis-
orders but they also drew attention to the similarity
to the features of frontal lobe syndrome, more com-
monly described in adults. Deonna and Roulet (2006)
have stated that it is disappointing that after a period
of 10-20 years during which there has been a hope
of finding epilepsy as a possible cause of autism
there has been a growing absence of evidence of
a direct causal link. Tharp (2004) reviewed the data
and concluded that there was no justification to sup-
port the use of antiepileptic medication or surgery
in children with pervasive developmental disorders,
i.e. that there is no evidence that treatment to elim-
inate EEG spikes would have a therapeutic effect on
the behavioural abnormalities of autism. Baird et al.
(2006a) carried out an audit of sleep EEGs in 64 children
(18-48 months) with autism, none of whom had a his-
tory suggestive of epilepsy. Thirty-nine had regressive
autism. Twenty showed some epileptiform abnormal-
ity. Although the authors found that there was no
statistically significant difference in epileptiform activ-
ity in those who showed regression compared with
those who did not, it should be noted that the per-
centage of abnormal EEGs was higher (38.5%) in those
who had set-back compared with those who did not
(20%) and, although the overall difference was not
statistically significant (p=0.07), the p value was not
far above 0.05, raising the possibility that larger num-
bers might have revealed a statistically significant
difference.

There are major methodological difficulties in endeav-
ouring to assess the role of epileptiform discharges
in autistic regression. A daytime EEG may not pick
up abnormalities that are clinically significant. Twenty-
four-hour monitoring or, at least, sleep monitoring is
recommended. Furthermore, if the regression takes
place over a short period of time and the EEG is car-
ried out after the period of regression, it would not be
surprising if the EEG abnormality were largely “burnt
out” by that stage, resulting in a false negative result.
This area, which has been one of great controversy,
remains open to debate.
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Can autism cause epilepsy?

The second possibility is that autism might cause
epilepsy. No reasonable hypothesis appears to have
been put forward to suggest causality in this direction.

Could there be underlying causes or conditions
that predispose both to autism and epilepsy?

The third possibility is that there is an underlying dis-
order or abnormality leading both to epilepsy and
to autism (Brooks-Kayal, 2010; Tuchman and Cuccaro,
2011). The finding that the majority of children with
epilepsy who have autism are also in the intellectual
disability range (1Q less than 70) offers strong support-
ive evidence to this suggestion. However, it should be
noted that, as indicated earlier, there appears to be a
small increase in epilepsy in those who have autism
but do not have intellectual disability (Amiet et al,,
2008). More recent genetic work suggests that a num-
ber of gene defects might be associated both with
epilepsy and autism. This issue has been discussed in
some detail by Tuchman and Cuccaro (2011). Particular
attention should be drawn to the review by Betancur
(2011), which has the thought-provoking title Etiologi-
cal heterogeneity in autism spectrum disorders: more
than 100 genetic and genomic disorders and still count-
ing. In that review, data is provided on 103 disease
genes and 44 genomic loci reported in subjects with
autism spectrum disorder or autistic behaviour. She
points out that these genes and loci have all been
causally implicated in intellectual disability, indicating
that these two conditions share a common genetic
basis. Furthermore, she has made the important point
that the findings illustrate that autism is not a single
condition. She reports that the most common single
gene mutation in subjects with autism spectrum disor-
ders is Fragile X syndrome (FMR1), present in about2%
of cases. A number of other monogenetic disorders in
which ASD can occurinclude tuberous sclerosis (TSCT,
TSC2), neurofibromatosis (NF1), Angelman syndrome
(UBE3A), Rett syndrome (MECP2) and PTEN mutations
associated with macrocephaly and autism. Rare muta-
tions identified in synaptic genes include NLGN3,
NLGN4X, SHANK3 and SHANK. A large number of
other genetic disorders are included in that review.
Particular attention has been drawn to copy number
variants (CNVs). These can include microdeletions and
microduplications with variable expressivity and/or
incomplete penetrance. Those associated with neu-
rodevelopmental disorders include 1q21.1, 15q13.3,
16p13.11, 16p11.2 and 22q11.2.

What conclusions can be drawn about the cause of
autism? The first conclusion should be that the search
for a single cause is unlikely to be successful, regard-
less of whether the subjects have epilepsy or not,

since autism, as already stated, appears to represent a
number of different conditions with common clinical
characteristics. There are likely to be multiple causes
but identifying at least some of these might be helpful
in management.

The management of children
with epilepsy and autism

The management of the child with epilepsy and autism
basically consists of managing each of these conditions
as they would be managed on their own, with cer-
tain notable exceptions. Rarely, a child may lose skills
because of electrical status epilepticus of slow wave
sleep (ESES)/continuous spike-waves in slow-wave
sleep (CSWS). As stated in previous reviews, although
the Landau-Kleffner syndrome of acquired epileptic
aphasia is a rare condition, it provides an interesting
model in this context, since it is reported that 20-
30% of these children do not have obvious seizures
(Caraballo et al., 2014). Despite this, antiepileptic treat-
ment with medication or with surgery such as multiple
subpial transection (Morrell et al., 1989) can be highly
effective if implemented early. ESES/CSWS does not
always present with regression of language skills; it
may present with loss of other skills. Again, treatment
to abolish the epileptiform abnormality may result in
partial or substantial return of the lost skills. Apart
from these important exceptions, standard manage-
ment for both epilepsy and autism spectrum disorder
should be implemented. Notwithstanding these com-
ments, Robinson (2012) has pointed out that there
are several reports of reductions in emotional lability,
aggression, impulsivity and self-injurious behaviour
with a number of antiepileptic drugs including car-
bamazepine (Gillberg, 1991), valproic acid (Nass and
Petrucha, 1990; Plioplys, 1994; Childs and Blair, 1997),
divalproex sodium (Hollander et al., 2006), lamotrig-
ine (Uvebrant and Bauziene, 1994) and topiramate
(Hardan et al., 2004). However, most of these reports
are single cases or open trials. Although the study by
Hollander et al. (2006) was a double-blind, placebo-
controlled trial of divalproex sodium against placebo,
the number of participants with autism spectrum dis-
order (13) was small and the duration of the trial
(eight weeks) was relatively short. They reported a
statistically significant group difference in improve-
ment in repetitive behaviours (p= 0.037) and a large
effect size (1.616). They acknowledged that this was
a preliminary study. It should be noted that carba-
mazepine and sodium valproate/divalproex sodium
are well-established mood-levelling drugs and it is
consequently quite likely that any beneficial effect
was through the mood-levelling properties rather than
the antiepileptic effects. Topiramate is an antiepileptic
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drug with multiple modes of action; it is not sur-
prising that it has been reported as showing both
deleterious and beneficial effects on mood in various
studies. Although the main role of antiepileptic drugs
in children with autism and epilepsy is to control the
seizures, in those who have mood disorders, choosing
a medication that also has mood-levelling properties
may be of benefit. Whether any additional benefit is
derived from suppression of epileptiform discharges
remains very much open to debate, as discussed else-
where (Deonna and Roulet, 2006; Besag, 2009).

Both epilepsy and autism are associated with higher
rates of coexisting psychiatric/behavioural problems.
Viscidi et al. (2014) examined the association between
epilepsy, autism spectrum disorder and maladaptive
behaviours in 139 children. These were the children
from the group of 2,645 subjects with autism spec-
trum disorder from the Simons Simplex Collection,
of whom 139 additionally had epilepsy. The children
with autism spectrum disorder who also had epilepsy
had more autism symptoms and more maladaptive
behaviours than those without epilepsy. However,
they found that, after adjusting for 1Q, only hyper-
activity symptoms remained statistically significantly
increased (13% higher) in the group of children with
epilepsy. In the children who also had intellectual
disability, the children with epilepsy had significantly
more irritability (20% higher) and hyperactivity (24%
higher) symptoms.

Future research

The area of genetics research has expanded to an
extraordinary degree over recent years; this is true for
genetics research into autism as it is into many other
conditions. The results are complex but tantalising.
Whether they will give precise guidance on manage-
ment except in a small minority of cases remains to be
seen.

Despite the disappointment expressed by Deonna and
Roulet (2006), a large-scale prospective study in which
24-hour EEG, or at least an overnight/sleep EEG is per-
formed in children as soon as any sign of regression
becomes evident, might still be worthwhile. The evi-
dence so far seems to indicate that such a study would
identify only a very small number of children with
epilepsy or epileptiform discharges, including electri-
cal status epilepticus of slow-wave sleep, as the cause
forthe autism. However, if the clinical features of these
children can be characterised, this could imply that,
at least for this small subgroup, prompt and effective
treatment might prevent further regression and allow
some return of function.

Research into specific disorders in which autism is
frequent, such as tuberous sclerosis complex, Rett
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syndrome and Fragile X syndrome, although interest-
ing, have so far not yielded results that can be applied
more generally to the management of autism. Nev-
ertheless, continued research in these areas would
appear to be worthwhile. An area of increasing interest
is the role of neuronal antibodies in causing epilepsy
and a number of psychiatric/psychological changes
(Irani et al., 2011; Vincent et al., 2011). The role of neu-
ronal antibodies in the complex relationships between
epilepsy and autism is yet to be elucidated.

At present it must be concluded that, despite extensive
research, there are still many unanswered questions
regarding the relationships between epilepsy and
autism. O
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Epilepsy and Autism

TEST YOURSELF

(1) What is the approximate prevalence of autism in young people with epilepsy by the end of the teenage
years?

(2) What disease complex is associated with a high rate of infantile spasms and autism?

(3) What is the most common relationship between epilepsy and autism: epilepsy causing the autism, autism
causing the epilepsy or some underlying factor predisposing to both disorders?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.
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ABSTRACT - Anxiety and depression are relatively common in children with
epilepsy: anxiety has been reported in 15-36% and depression in 8-35%
of patients. In some cases these conditions may be related specifically to
the epilepsy or its treatment. For example, some antiepileptic drugs are
known to be associated with depression in adults and are likely to have
a similar effect in young people. Emotional reactions to the epilepsy, for
example anxieties and social phobia related specifically to the seizures,
might be expected and require appropriate management. However, there
is a growing recognition of the bidirectional relationship between epilepsy
and psychiatricdisorders, including depression, largely based on adult data.
Cognitive behavioural therapy and serotonin reuptake inhibitors are used
for treatment of both anxiety and depression in children with epilepsy.
There is a need for greater understanding of the causes of these conditions
in young people and there is also a need for better evidence for optimal
treatment.

Key words: anxiety, depression, antiepileptic drug, cognitive behavioural
therapy, antidepressant
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adverse effect on quality of life but data on optimal
treatment of anxiety and depression in children with
epilepsy is limited.

Search strategy

A search was made using Ovid Medline for articles
using the following terms: (anxiety or depression) and
epilepsy and (childhood or adolescence) until March
2015. In addition, the references in review articles were
used to identify articles missed in the Medline search.

Epidemiology

An increased prevalence of anxiety and depression
in children with epilepsy has been found in both
clinic-based and population-based studies. A British
epidemiological survey reported emotional problems
in 16.7% of children with complicated epilepsy, 16% of
children with uncomplicated epilepsy, 6.4% of those
with diabetes mellitus and 4.2% of healthy controls
(Davies et al., 2003). In a long-term follow-up of chil-
dren with new-onset seizures seen approximately nine
years after their first seizure, Berg et al. (2011) noted
depression in 13% and anxiety in 5% of children. In a
large nationwide survey from the United States, Russ
et al. (2012) found anxiety in 17% of children with cur-
rent epilepsy, 9% of children with past seizures and 3%
of controls, and depression in 8% of those with cur-
rent epilepsy, 7% of children with past seizures and
2% of controls. Reilly et al. (2014), in a community-
based study of children 5-15 years of age attending
schools in Sussex, UK, found rates of 13% for anxiety
and 7% for depression, using DSM-IV-TR criteria. They
also made the point that very few of these children,
only 1% for both disorders, had been diagnosed before
the study had been performed, suggesting thatin many
children with epilepsy, anxiety and depression may go
undiagnosed.

The reported prevalence figures from samples
obtained in epilepsy clinics are, as might be expected,
higher than those from epidemiological surveys.
Studies from clinics have reported a prevalence of
depression of 20-29% (range 9.6-36.5%) of children
with epilepsy (Ettinger et al., 1998; Thomé-Souza et al.,
2004; Dunn et al., 2009; Roeder et al., 2009) and a preva-
lence of anxiety of 27-36% (16-48%) (Ettinger et al.,
1998; Alwash et al., 2000; Jones et al., 2007; Dunn et al.,
2009). The variation in prevalence is most likely due
to differences in populations and measures. The low-
est prevalence for depression and epilepsy, 9.6%, was
foundin children and adolescents 9-14 years of age that
had normal ability to mild intellectual disability. The
diagnosis of depression was based on a checklist using
strict DSM-IV criteria completed by parents (Dunn
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et al., 2009). In comparison, the sample with a preva-
lence of depression of 36.4% consisted of children and
adolescents 4-18 years of age. Approximately half of
the sample had an 1Q of less than 70 (Thomé-Souza et
al., 2004). The study reporting a prevalence of depres-
sion of 36.5% had a predominantly African-American
population aged 6-17 years. The diagnosis of depres-
sion was based on a 13-item self-report questionnaire
(Roeder et al., 2009). For anxiety, the lowest preva-
lence figure in clinical samples, 16%, was reported in
a study of patients 7-18 years of age whose parents
completed a 37-item anxiety disorder questionnaire
(Ettinger et al., 1998). The highest prevalence of 48%
was from a study of adolescents and young adults
aged 14-24 years recruited from an epilepsy clinic
in Jordan. The diagnosis of anxiety was based on a
clinical interview (Alwash et al., 2000). It seems likely
that adolescents report more symptoms of anxiety
and depression than parents observe. Caplan et al.
carried out a series of studies on psychopathology
in children with epilepsy, from clinics or from the
community. In a study of 101 children with complex
partial (dyscognitive) seizures and 102 controls, aged
5.1 to 16.9 years, Caplan et al. (2004) found a rate
of affective/anxiety disorder of 14% in children with
epilepsy compared to 3% in controls. In a further
study, Caplan et al. (2005) included 100 children with
complex partial (dyscognitive) seizures and 71 chil-
drenwith childhood absence epilepsy. They found that
children with epilepsy were five times more likely to
have anxiety or depression than controls and that anx-
iety was more often reported than depression. Jones
et al. (2007) studied 53 children, aged 8-18 years, 31M,
22F, with new-onset epilepsy, defined as a diagnosis
of epilepsy within the past 12 months, who had no
other developmental disabilities (for example, devel-
opmental delay or autism) from paediatric neurology
clinics in two large mid-western medical centres in the
US. They were compared with age-matched and sex-
matched first-degree cousins (where available). The
rate of depressive disorder was 22.6% compared with
4%, p=0.01, and the rate of anxiety disorder was 35.8%
compared with 22%, p<0.05. Caplan et al. (2008) stud-
ied 69 children with specifically absence epilepsy. They
found a rate of anxiety/depression of 29%. Of the 20
subjects identified, 15 had an anxiety disorder, four had
depression and one had both conditions.

Phenomenology of anxiety and
depression in children with epilepsy

The symptoms of anxiety and depression seen in chil-
dren and adolescents with epilepsy are similar to those
found in peers without seizures (Plioplys, 2003). In
comparison to adults, children and adolescents with
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depression may be more irritable and moody, and
children with anxiety may be tearful, clinging, or have
tantrums. In a study of children 6-16 years of age with
childhood absence epilepsy, Vega et al. (2011) found
that the most common symptoms of anxiety were wor-
rying, nervousness and negativity, and of depression
were tearfulness, sadness and becoming easily upset,
all symptoms that would be expected in a child without
epilepsy who was experiencing anxiety or depression.
Some symptoms may relate specifically to epilepsy.
Brief episodes of anxiety or fear can occur as an aura
in children with focal epileptiform discharges from
the temporal lobe or, less often, from the frontal
lobe (Chiesa et al., 2007). Children with epilepsy may
have anxieties related to their seizures. Approximately
one-third of children with new-onset seizures report
worrying about having another seizure and about talk-
ing to others about their seizure condition (McNelis
et al., 1998). It seems likely that having recurrent
seizures would lead to separation anxiety or social
phobia but the data is limited. One study, from two
university-based epilepsy clinics, found separation
anxiety in 6% of children with epilepsy and 3% of ado-
lescents with epilepsy; social phobia was found in 2%
of children and 5% of adolescents with epilepsy (Dunn
et al., 2009). A second university-based clinical study
found separation anxiety in 32% and social phobia in
24% of the children with epilepsy and anxiety (Jones
etal., 2015). Prevalence was higher than the 3.5% preva-
lence of separation anxiety and 1% rate of social phobia
reported in epidemiological surveys of children in the
general population (Costello et al., 2003).

Ictal and postictal depression has been described in
adults with epilepsy (Kanner et al., 2004) but seems to
be less common in children and adolescents. Similarly,
an interictal dysphoric disorder has been reported in
adults (Mula et al., 2008) but descriptions of interictal
dysphoric disorder in children are not available.

Causes of anxiety and depression
in children with epilepsy

Several risk factors for anxiety and depression in child-
hood epilepsy have been identified. The prevalence of
anxiety in patients with epilepsy seems to be similar in
childhood compared to adolescence but depression is
more common in adolescents than younger children
with epilepsy (Reilly et al., 2011). The gender difference
of increased prevalence of anxiety and depression
in adolescent girls seen in psychiatric populations is
inconsistent and much less pronounced in adoles-
cents with epilepsy (Reilly etal., 2011; Jones et al., 2015).
The risk of anxiety and depression is increased in chil-
dren with epilepsy and lower IQ, language delays or
decreasing scores on neuropsychological assessment

(Buelow et al., 2003; Caplan et al., 2005; Austin et al.,
2010).

Specific epilepsy-related factors do not seem to be a
major factor in the causation of anxiety or depression.
Age of seizure onset and seizure type or syndrome
have not been consistent risk factors for anxiety or
depression (Plioplys, 2003; Ekinci et al., 2009; Reilly
et al., 2011; Jones et al., 2015). Anxiety and depression
are more common in those with persistent seizures
than in children or adolescents with well-controlled
epilepsy (Berg et al., 2011). Symptoms of depres-
sion may occur as an adverse effect of GABA-ergic
antiepileptic drugs such as phenobarbital, tiagabine
or vigabatrin and have been associated with levetirac-
etam, topiramate and zonisamide (Kanner and Dunn,
2004). Depression may also follow discontinuation of
lamotrigine, valproate and oxcarbazepine (Ketter et al.,
1994; Barry et al., 2008). Anxiety has been associated
with felbamate, levetiracetam and zonisamide (Mula
and Sander, 2007; Weintraub et al., 2007). Most of the
data relating to depression and anxiety associated with
antiepileptic drugs has been in adults and has yet to be
confirmed in children and adolescents (Adverse cog-
nitive and behavioural effects of antiepileptic drugs in
children, p. 55-67).

The psychological response to illness may be a signifi-
cant contributor to internalizing problems. Dunn et al.
(1999) found that the adolescent attitude toward ill-
ness and external or unknown locus of control were
predictors of depression. Wagner et al. (2009) showed
that hopelessness was an important factor in the asso-
ciation of epilepsy with depression in children and
adolescents. Similarly, the adverse effect of seizures
on the family may contribute to anxiety and depression
in the child with epilepsy. Limited emotional support,
poor communication, inadequate support of child
autonomy and maternal depression are family factors
that have been associated with depression in children
and adolescents with epilepsy (Dunn etal., 1999; Austin
etal., 2004; Rodenburg et al., 2006; Ferro and Speechley,
2009). One recent study found that parents of chil-
dren with a first seizure had elevated levels of anxiety
whereas an increased prevalence of anxiety was seen
in children and adolescents with chronic seizures,
suggesting that anxiety is not immediately transferred
from parent to child (Save-Pedebos et al., 2014).
There is emerging evidence thata common underlying
condition may predispose children and adolescents
to both epilepsy and anxiety or depression. Kanner
(2005) has suggested that abnormalities in serotonin
or norepinephrine neurotransmitters, or dysfunction
in frontal or temporal lobes may be involved in the
aetiology of both epilepsy and depression. Jones et
al. (2015), using structural MRI found enlargement of
the amygdala and thinner cortex in the prefrontal and
orbitofrontal regions, similar to that found in patients
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with anxiety without epilepsy. Genetic studies have
shown a sharing of genetic risk factors in psychiatric
disorders (Cross-Disorder Group of the Psychiatric
Genomics, 2013) and neurodevelopmental disorders
(Girirajan et al., 2012).

The association between behavioural problems and
epilepsy may be bi-directional. A population-based
study from Iceland of patients that were 10 years of age
and older who had unprovoked seizures found that
depression was a risk factor for subsequent seizures
(Hesdorffer et al., 2006), and a survey of hospitalized
patients, 33.3% of whom were less than 15 years of
age, found that anxiety and depression predicted sub-
sequent seizures (Adelow et al., 2012). Hesdorffer et
al. (2012) have shown a familial clustering of uncompli-
cated epilepsy and behavioural disorders. In contrast,
there was no association between family history of
unprovoked seizures and behavioural problems when
the probands had complicated seizures. Jones et al.
(2015) also found that anxiety and depression were
common in family members of children with epilepsy
and anxiety.

The management of children with
epilepsy and anxiety and/or depression

Kanner (2013) and Mula (2013) have pointed out the
limited systematic data for the treatment of depres-
sion and anxiety in adults with epilepsy. There are even
fewer controlled trials for internalizing disorders in
children with epilepsy. As a result, practitioners must
base treatment on clinical reasoning and the results
of treatment trials conducted with children experienc-
ing anxiety and/or depression without epilepsy (see
consensus statement by Barry et al., 2008).

Although suicidal ideation/plans appear to be com-
mon in children with epilepsy and are associated with
depression and anxiety, suicidal acts appear to be rare.
For example, in the study by Caplan et al. (2005) in
children with complex partial (dyscognitive) seizures
and absence epilepsy, there were high rates of affec-
tive and anxiety disorder diagnoses (33%) and suicidal
ideation/plan (20%) but no suicidal acts.

A reasonable first step in treatment is the assessment
for possible reversible causes of anxiety or depression.
Recent additions or changes in AEDs should prompt
review for possible psychiatric adverse effects of med-
ications. Medication adherence should be assessed
and seizure control reviewed with a goal of complete
seizure control without unacceptable psychiatric or
other adverse effects.
Asecondstepintreatmentiseducation of the childand
family. The data to support psychosocial treatments is
limited by small sample sizes and inadequate outcome
measures (Wagner and Smith, 2006), but series studies
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have shown that educational programs increase
knowledge of epilepsy, reduce parental anxiety and
improve child sense of competence (Lewis et al., 1990;
Lewis et al., 1991; Tieffenberg et al., 2000; Wohlrab et al.,
2007).

Cognitive behavioural therapy (CBT) has been used
successfully in children and adolescents with anxiety
and depression. Although no controlled trials are avail-
able in children and adolescents with epilepsy and
anxiety or depression, one group has shown CBT to
be effective in preventing the onset of depression in
adolescents with epilepsy. Martinovic et al. (2006) com-
pared CBT to treatment as usual in 104 adolescents
with epilepsy. At nine-month follow up, symptoms of
depression decreased in the CBT group and depres-
sive disorder developed only in adolescents in the
control group. Two studies with small sample sizes,
seven participants in Snead et al. (2004) and nine in
Wagner et al. (2010), reported the efficacy of interven-
tions utilizing psychoeducation and CBT techniques.
Snead et al. (2004) were able to show a trend for
improved quality of life but no statistically significant
change in measures of anxiety or depression. Wagner
et al. (2010) found improvement in knowledge and
self-efficacy but no change in symptoms of depres-
sion. In a pilot study of CBT for children with epilepsy
and anxiety, Blocher et al. (2013) reported reduction in
symptoms of anxiety and depression at the end of the
12 weeks of therapy and at three-month follow up. A
systematic review of randomized controlled trials of
CBT and case series in people with epilepsy found
evidence of effectiveness for reducing symptoms of
depression in people, mostly adults, with epilepsy but
limited effect on improving seizure control (Gandy
etal., 2014).

In children and adolescents with moderate to severe
anxiety and/or depression, psychotropic medication
should be considered. No controlled trials are avail-
able for children with epilepsy and anxiety or
depression. One open-label trial reported that fluoxe-
tine and sertraline were effective and safe in children
and adolescents with epilepsy and depression. The
sample consisted of 36 patients 6-17 years of age. All
36 patients had improvement in symptoms of depres-
sion and only two patients had a worsening of seizures
(Thomé-Souza et al., 2007).

Treatment trials of adults with epilepsy and anxiety or
depression, and randomized controlled trials of med-
ication for anxiety and depression in children without
epilepsy can be used as a guide for best treatment
options. The selective serotonin reuptake inhibitors
(SSRIs) are the first-choice medications. In the US, flu-
oxetine, sertraline and fluvoxamine are approved for
treating anxiety in children; fluoxetine is approved for
children and adolescents and escitalopram for adoles-
cents with depression. The SSRIs and the serotonin
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norepinephrine reuptake inhibitors (SNRIs) are used
off-label for anxiety and depression in children and
adolescents. The SSRIs and the SNRIs do not reduce
seizure threshold and may even lessen the chance of
seizures (Alper et al.,2007). Fluoxetine and fluvoxamine
are inhibitors of cytochrome P450 enzymes and may
cause elevations of phenytoin, carbamazepine and
valproate levels. Phenobarbital, phenytoin, and carba-
mazepine also induce CYP enzymes and may lower the
serum levels of SSRIs and SNRiIs.

Pregabalin has been recommended as a first-choice
treatment for generalized anxiety disorder in adults
with epilepsy but no data exists for treatment of
children with anxiety and epilepsy (Mula, 2013). The
tricyclic antidepressants have not been effective in the
treatment of childhood depression and have shown
inconsistent effect in the treatment of childhood
anxiety. The tricyclic antidepressants, in particular
clomipramine, may lower seizure threshold and thus
should be used cautiously if at all in children with
epilepsy and anxiety or depression. Bupropion is an
aminoketone antidepressant that may lower seizure
threshold at higher doses and is not recommended for
children with epilepsy. There are no convincing data to
recommend the use of benzodiazepines or buspirone
in children with epilepsy and anxiety.

Conclusions and recommendations
for future research

Anxiety and depression are common in children
and adolescents with epilepsy, affecting one-quarter
to one-third of patients. Multiple epilepsy-related,
psychological and genetic-familial factors have been
implicated in causing anxiety and depression in
patients with epilepsy. Understanding of the genetic
and biological factors underlying the combination
of epilepsy and emotional problems is developing
rapidly and may lead to new therapeutic options.
Currently, serotonin reuptake inhibitors and cogni-
tive behavioural therapy are accepted treatments,
although studies in populations with epilepsy are
limited. Adequate studies of both behavioural and
pharmacological treatments for anxiety and depres-
sion in children and adolescents with epilepsy are
missing and are clearly needed to enhance quality of
life in these patients. O
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with epilepsy?

TEST YOURSELF

(1) What is the reported prevalence of anxiety in children with epilepsy?
(2) What is the rate of depression that has been reported in children with epilepsy?
(3) Is there a firm evidence base for the efficacy of CBT for the treatment of anxiety or depression in children

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.
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ABSTRACT - Psychosis related to epilepsy or antiepileptic treatment can
occur in teenagers and very rarely in children. Postictal, interictal and
antiepileptic-drug-induced psychosis have all been reported in young
people. Whether ictal psychosis occurs in this age group remains open
to debate. Neuronal antibody encephalitis such as anti-NMDA receptor
encephalitis can present with seizures and psychosis, both of which can
resolve with prompt, appropriate immunotherapy. In addition, there have
been several reports in which the terms psychosis or psychotic features
have been used loosely to describe behavioural disturbance in children
with epilepsy; in these cases there have apparently been no diagnostic fea-
tures of psychosis, implying that these terms should not have been used.
The management of epilepsy-related psychosis in young people is simi-
lar to that in adults. Antipsychotic medication should not be withheld if
it is needed on clinical grounds. If the psychosis has been induced by
antiepileptic medication then a medication review is necessary.

Key words: psychosis, postictal, interictal, antiepileptic drug, schizophre-
nia, affective

Clark et al. (2012) carried out a pop- between epilepsy and psychosis.
ulation study of children born in The total sample was of 9653 fami-
Helsinki between 1947 and 1990, lieswith 23,404 offspring. Those with
which demonstrated a shared risk epilepsy had a 5.5-fold increased

*Details of where this work has previously been presented.

Poster presentation only: at the 11th European Congress on Epileptology, Stockholm,
Sweden, from 29th June - 3rd July, 2014, organised by ILAE; and at the American Epilepsy
Society 68" Annual Meeting, Seattle, WA, USA, from 5" December — 9" December, 2014.
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risk of having a broadly-defined psychotic disorder
and almost an 8.5 fold increase in the risk of having
schizophrenia. There was clustering of the association
between epilepsy and psychosis in families, suggest-
ing a strong genetic link. Individuals with a parental
history of epilepsy had a twofold increase in risk of
developing psychosis; individuals with a parental his-
tory of psychosis had a 2.7 fold increase in the risk
of having generalised epilepsy, indicating a reciprocal
relationship between the two conditions.

Most of the reports of psychosis associated with
epilepsy are in adults. Lax Pericall and Taylor (2010)
identified 17 individuals in a retrospective study of
young people under 19 years of age with epilepsy
who developed psychosis. Compared with young
people who had psychosis without epilepsy, those
with epilepsy had a higher rate of neuropsychological
problems such as intellectual impairment or autism.
In contrast to the situation for adults, the psychosis
was not specifically associated with temporal lobe
epilepsy or mesial temporal sclerosis. The individ-
uals had a variety of seizure types and structural
abnormalities.

Although many papers report psychosis or “psychotic
features” in children with epilepsy, in a large pro-
portion of these reports no formal diagnosis has
been made and the term is being used loosely to
describe behaviour that cannot easily be explained;
no evidence for features such as hallucinations, delu-
sions or thought disorder are provided. However,
psychosis does occur in young people with epilepsy
and appears to have the same causes as psychosis
in adults. Psychosis is rare in children (as opposed
to teenagers) in the general population and this also
holds true for children with epilepsy. Psychosis in
teenagers with epilepsy can be postictal, interictal,
antiepileptic-drug-induced or post-surgery. Whether
ictal psychosis occurs in teenagers remains open
to debate. To these categories should, of course,
be added psychosis that appears to be unrelated
either to the epilepsy or its treatment; however, there
are difficulties in distinguishing this category clearly
from others. First, it may be difficult to distinguish
it from the classical so-called “interictal psychosis”.
Second, as already stated, there appear to be under-
lying genetic links between epilepsy and psychiatric
disorder, particularly schizophrenia; there is good
epidemiological evidence for a bidirectional relation-
ship between epilepsy and psychosis (Wotton and
Goldacre, 2012; Adelow et al., 2012; Qin et al., 2005;
Clarke et al., 2012). The concepts of “alternative
psychosis” or “reciprocal psychosis” and “forced nor-
malisation” will also be discussed in what follows. The
various causes and categories of psychosis in chil-
dren and teenagers with epilepsy will be considered
in detail.

Search strategy

The Medline/PubMed database was searched from
inception until the end of March 2015 using the search
terms: epilep$ and (child$ or pediat$ or adolescen$)
and (psychosis or psychotic or schizopren$). Abstracts
of likely relevance to the topic were examined to
select papers for final detailed review. Reference lists
of included papers were searched for any further
relevant studies.

Ictal psychosis

The phenomenon of psychotic features that are a
direct effect of the seizure and last only for the duration
of the seizure activity has been described by Kanemoto
et al. (2012) in adults but there appear to be few, if any,
reports in teenagers. In the experience of the authors,
some children with frequent absence seizures have
such fragmented thought processes that their speech
mightbe interpreted as resembling the formal thought
disorder of schizophrenia. However, this should not
be interpreted as psychosis; it is potentially treatable
epilepsy. It is not accompanied by hallucinations or
delusions.

Interictal psychosis

There is confusion surrounding this term. Strictly
speaking, it should refer to psychosis that occurs
between seizures but in no clear time relation to them
(in contrast to postictal psychosis, in which there is a
cleartime relationship to the seizures—see later). How-
ever, in the literature the term “interictal psychosis” is
frequently used to describe psychosis with onset sev-
eral years after the patient has become seizure free, as
described in the classical paper by Slater and Beard
(1995) in adults. Strictly speaking, this phenomenon
might better be termed “post-epilepsy psychosis”,
since the onset is not until after the patient has been
seizure free for many years. However, the term interic-
tal psychosis appears to have become well-established
in this context and it would not be practicable to
change the terminology at this stage. True interictal
psychosis, that is psychosis between the seizures but
having no clear time relationship to them, can also
occur, but is infrequent (Caplan et al., 1991; Caplan et
al., 2004).

Adachi et al. (2012), in their study of 155 patients with
320 interictal psychosis episodes, noted that the age
range was 14 - 66 years, implying that some of the
patients were teenagers, although the mean age of
onsetwas 30.9 years. The interval between the onset of
epilepsy and the first interictal psychosis episode was
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18.3 years (0 - 55 years). Although this was not a pop-
ulation study, the pattern reported is consistent with
clinical experience: interictal psychosis is much more
commonly reported in adults but can sometimes occur
in teenagers, even in the earlier teenage years.

What is the relationship between interictal psy-
chosis and reciprocal (alternative) psychosis? The
terms “reciprocal psychosis” and “alternative psy-
chosis” can be used interchangeably. Again, there is
some confusion amongst practitioners about termi-
nology, particularly between reciprocal psychosis and
forced normalisation. Reciprocal psychosis is the phe-
nomenon of “seizures better, psychosis worse” and
“seizures worse, psychosis better (resolved)”. This is
a purely clinical phenomenon and does not require
any EEG investigation to confirm it. In contrast, the
phenomenon of “forced normalisation” can only be
diagnosed with the aid of the EEG. It refers to the
situation of “EEG better, psychosis worse” and “EEG
worse, psychosis better (resolved)”. The phenomena
of reciprocal psychosis and forced normalisation are
clearly related but they are not identical. To add to
the confusion, sometimes the EEG can appear to be
worse (in terms of epileptiform discharges), not bet-
ter when the psychosis is worse. Some might argue
that this could represent “ictal psychosis” but with no
other obvious seizure-related clinical phenomena, it
would be difficult to apply this diagnosis. A further
difficulty arises when psychosis appears after the pre-
scription of an antiepileptic drug. Has the psychosis
arisen because the seizures have suddenly been con-
trolled, in which case it could be viewed as a reciprocal
psychosis, or is this an antiepileptic-drug-induced psy-
chosis, that has arisen because a specific antiepileptic
drug with psychosis as an adverse effect has been pre-
scribed? Psychosis precipitated by vigabatrin (Canovas
Martinez et al., 1995), topiramate (Reith et al., 2003) or
levetiracetam (Kossoff et al., 2001) can occur in young
people. There was a suspicion, soon after some of
the newer antiepileptic drugs became available, that
slow escalation when the drug was first prescribed
would be associated with a lower rate of psychiatric
adverse events. This was subsequently shown to be the
case in adult practice by Mula et al. (2003). Does this
imply that some of the cases of psychosis attributed
to antiepileptic drugs were actually cases of recipro-
cal psychosis that resulted from the seizures being
controlled too rapidly or were these cases of a gen-
uine drug-induced psychosis that was independent of
seizure control? Was the decrease in the likelihood
of psychosis by slow introduction of the antiepilep-
tic medication simply an example of what is seen
with many other adverse effects of antiepileptic drugs,
namely that following the rule of “start low, go slow”
greatly reduces the frequency of adverse effects? It
is not always easy to distinguish between these two

Epilepsy and psychosis in children

situations of alternative psychosis and drug-induced
psychosis. The fact that certain antiepileptic drugs are
particularly associated with psychosis might be taken
as indicating that it is, indeed, the drugs themselves
that are responsible but this would only be a sound
argument if it could be shown that other antiepileptic
drugs that were equally rapid and effective in control-
ling seizures did not precipitate psychosis to the same
extent. Such data are difficult to collect; the numbers
arevery small when stratified for possible confounding
factors such as type of epilepsy, concomitant medica-
tion, personal or family history of psychiatric disorder
(Qin et al., 2005) and various other issues. In addi-
tion, interictal psychosis in which the EEG is worse,
not better, can occur in children and teenagers with
epilepsy (Caplan et al, 1991). It appears that drug-
induced psychosis can also occur in young people, as
described later, although the debate about whether
some of these cases represent “alternative psychosis”
will remain.

Although most of the psychosis cases that are drawn
to the attention of the clinician are schizophreni-
form psychoses, manic psychosis can also occur in
teenagers with a history of epilepsy. In the expe-
rience of the authors, this has been the so-called
“interictal psychosis”, which is not truly interictal but
follows many years after the seizures have ceased to
occur. This type of manic psychosis can be recurrent.
It can respond well to sodium valproate, prescribed
not as an antiepileptic drug but as a mood-levelling
drug, in the experience of at least one of the current
authors.

Postictal psychosis

This phenomenon has been well described in adults
(Kanemoto et al., 1996) but can also occur in teenagers.
The usual situation is that a teenager with epilepsy
but with no previous history of psychosis has a clus-
ter of seizures, after which he/she has delusions or
hallucinations. The situation for teenagers is less well
documented than it is for adults but the current
authors have had experience of cases as young as 14
years of age. The adult data indicate that the indi-
vidual may not develop the psychosis immediately
following the cluster of seizures; it can develop after
an interval of up to three days or sometimes longer.
Whether this “lucid interval” described for adults can
also occur for teenagers remains unclear. Postictal psy-
chosisis generally thoughtto be self-limiting and, if not
severe or distressing either to the individual or family,
might not warrant treatment. In practice, short-term
treatment may be indicated. An atypical antipsychotic
drug such as risperidone is usually chosen. This
may be continued for a few weeks and then slowly
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decreased, monitoring the patient for a re-emergence
of the psychotic symptoms. Postictal psychosis can
be recurrent and it is important to warn the family
of this possibility so as to ensure prompt treatment
on future occasions. They should be informed of the
need to monitor for possible signs of the psychosis
after subsequent clusters of seizures; the psychiatrist
should agree an arrangement with the family to ensure
prompt re-assessment, with treatment if required. This
will reduce the duration and probably the extent
of any distress experienced by the individual and
family.

Antiepileptic drug-induced psychosis

Both topiramate and vigabatrin can induce psychosis
in teenagers with epilepsy. The current authors have
seen examples of both these situations in their own
teenage patients.

There have been occasional reports of psychosis pre-
cipitated by other antiepileptic drugs. Youroukos et al.
(2003) reported the case of a 12-year-old girl with idio-
pathic partial seizures with secondary generalisation
who developed psychosis 10 days after levetiracetam
was added to sodium valproate. Kossoff et al. (2001)
published four case reports of psychosis develop-
ing after the commencement of levetiracetam; one
of the four was a child of 9 years of age and the
other three were teenagers. The psychosis manifested
as hallucinations and/or delusions. After the leve-
tiracetam was discontinued the psychosis resolved
promptly. Hirose et al. (2003) reported a single case
of apparent reciprocal psychosis (described by the
authors as “forced normalisation”) with severe psy-
chotic features after zonisamide was commenced in
a 5-year-old girl with previously uncontrolled seizures
that became completely controlled with this drug. Her
mental state did not resolve when the zonisamide
was discontinued. She improved gradually following
the prescription of fluvoxamine but the seizures also
reappeared.

As already discussed, the risk factors that apply to
adults probably also apply to teenagers. Psychosis fol-
lowing the prescription of at least some antiepileptic
drugs will probably be much less common now that
the importance of starting at a low dose and escalat-
ing the dose slowly have been emphasised (Mula et
al., 2003). Again, drawing on the adult data, it would
be wise to ensure careful monitoring of any teenager
who has a personal or family history of psychiatric dis-
order. In such cases the starting dose and escalation
rate should be particularly slow and specific enquiry
should be made about abnormal phenomena such as
delusions or hallucinations during the early phase of
treatment. There are no firm guidelines for how to

manage this situation if abnormal mental phenomena
develop after the prescription of antiepileptic medi-
cation. Some might stop the antiepileptic medication
altogether, provided the risk of a serious seizure exac-
erbation is not too great, whereas others would try
a dose reduction, possibly followed by even slower
re-escalation. In practice, when psychosis develops
after the introduction of a drug, the individual or fam-
ily, recognising the association between the drug and
the psychosis, is highly likely to request that it be
replaced by another antiepileptic drug. Continuing
the suspect antiepileptic drug and treating the drug-
induced psychosis with neuroleptic medication would
not usually be recommended. The general principle
of avoiding treatment of the adverse effects of one
drug by prescribing another drug, if at all possible,
should apply. However, each case must be managed
individually.

Psychosis following epilepsy surgery

Although psychosis is reported following temporal
lobectomy in adults (see Macrodimitris, 2011 for a
review) - there appears to be a dearth of studies in
children and teenagers. The occasional occurrence
of post-temporal lobectomy psychotic features in
teenagers seems to follow the pattern described in
some adult series: onset and persistence in the early
weeks after surgery, followed by resolution in the
longer term. This is in keeping with the experience
of the current authors. However, there is a lack of
data to confirm whether this anecdotal information
is a true reflection of the likely sequence of events.
Krayem et al. (2014) described a single case report of
an 11-year-old girl who required repeated admission
from 9 years of age for psychosis after right tem-
poral resection at 3 years of age for an astrocytoma
but this case was complicated by recurrence of the
tumour.

Neuronal antibodies

In recent years there has been an increasing recog-
nition of the importance of neuronal antibodies
presenting with seizures, psychosis and other clin-
ical features. These are well described in landmark
papers by Vincent, Dalmau and others (Vincent et al.,
2011; Dalmau et al., 2008). In particular, anti-NMDA
antibody encephalitis can present with seizures and
psychosis. The series of a hundred cases of this condi-
tion published by Dalmau et al. (2008) included both
children and adults. A recent case report (Slettedal
et al, 2012) described a school-age girl (exact age
not stated) who had seizures affecting the left side
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of her face and left arm, together with a psychiatric
presentation of anxiety, aggressive behaviour and
delusions. Her condition worsened, despite treatment
with carbamazepine and chlorpromazine. She did not
respond to steroids or intravenous immunoglobulin
but there was an immediate improvement when she
was treated with plasmapheresis in the ninth week of
the illness, followed by gradual recovery. The authors
summarised the five phases of anti-NMDA recep-
tor encephalitis: the prodromal phase, the psychotic
phase, the non-responsive phase, the hyperkinetic
phase and gradual recovery. The importance of recog-
nising neuronal antibody encephalitis and treating it
promptly with appropriate immunotherapy cannot be
over-emphasised. This is an extraordinary situation in
which both the epilepsy and psychosis can be cured
with medical treatment.

Conclusions

Epilepsy-associated psychosis of various types can
occur in teenagers and very rarely in children. It
is quite clear that interictal and postictal psychosis
occur. It is less clear whether ictal psychosis can
occur in children or teenagers. Neuronal antibody
encephalitis such as anti-NMDA receptor encephali-
tis can present with seizures and psychosis; prompt
treatment with appropriate immunotherapy can be
curative in such cases. Psychosis in association with
the prescription of some antiepileptic drugs can also
occur in children and teenagers. Although the data on
teenagers with psychosis is somewhat limited, there
seems every reason to recommend starting at low
doses and escalating the dose slowly when antiepilep-
tic drugs that have a documented association with
psychosis, such as vigabatrin and topiramate, are being
prescribed. If the psychosis is drug-induced, a review
of the antiepileptic medication is indicated. If the
psychosis is not drug-induced and requires neurolep-
tic treatment, this should not normally be withheld
on the basis of possible seizure exacerbation. For
most antipsychotic drugs, the risk of seizure exacer-
bation is very low, with the exception of clozapine,
which would not be prescribed as first-line antipsy-
chotic medication in any case. For postictal psychosis,
the antipsychotic treatment can be withdrawn slowly
when the psychotic features have resolved but further
antipsychotic treatment might be required for future
episodes of postictal psychosis. The uncommon sit-
uation of manic psychosis can sometimes be treated
satisfactorily with mood-levelling antiepileptic medi-
cation, such as sodium valproate. It is important to
emphasise that antipsychotic treatment should not be
withheld if the psychosis is associated with signifi-
cant risk or if it is causing distress to the individual

Epilepsy and psychosis in children

and/or their family. Prompt, effective treatment s likely
to decrease the duration and degree of such distress
greatly. [J
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TEST YOURSELF

(1) Has AED-associated psychosis been reported in both children and teenagers with epilepsy?
(2) Does post-ictal psychosis occur in teenagers with epilepsy?
(3) What factors are likely to increase the risk of AED-associated psychosis in teenagers with epilepsy?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.
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ABSTRACT - The categorisation of the childhood epilepsies into a number
of different syndromes has allowed greater insight into the prognosis,
not only with regard to seizure control but also in relation to cognitive
and behavioural outcome. The role of genetics in determining both the
syndrome and the behavioural outcome remains promising, although the
promise is still largely unfulfilled. The behavioural/psychiatric outcome of
a selection of the large number of childhood epilepsy syndromes is pre-
sented. The rate of autism in West syndrome, particularly in children who
have tuberous sclerosis with temporal tubers, is high. In Dravet syndrome
there is a loss of skills, with an associated increase in behavioural problems.
The frequency of both subtle and overt seizures in the Lennox-Gastaut
syndrome almost certainly accounts for the apparent poor motivation;
however, a marked improvement in seizure control with treatment can
also result in behavioural problems, probably as a result of the “release
phenomenon”. A number of cognitive problems can arise in the so-
called “benign” syndrome of epilepsy with centrotemporal spikes (BECTS)
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Sweden, from 29th June - 3rd July, 2014, organised by ILAE; and at the American Epilepsy
Society 68" Annual Meeting, Seattle, WA, USA, from 5" December — 9" December, 2014.
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and the rate of ADHD is high. Autistic features and ADHD have been
described in the Landau-Kleffner syndrome and other syndromes asso-
ciated with electrical status epilepticus of slow-wave sleep (ESES). Early
effective treatment may reverse some of these features. There is clear evi-
dence forabehavioural syndrome in relation to juvenile myoclonic epilepsy
(JME), inwhich both clinical descriptions and functional neuroimaging indi-
cate frontal lobe deficits.

Key words: West syndrome, Dravet syndrome, Lennox-Gastaut syndrome,
Rolandic, Landau-Kleffner syndrome, juvenile myoclonic epilepsy

There has been an increasing recognition, over recent
years, of the importance of the classification of child-
hood epilepsy into syndromes, not only to provide
insight into the treatments that are most likely to be
effective and the prognosis of the seizures but also
with regard to the likely outcome in terms of cognition
and behaviour. Because over 40 epilepsy syndromes
and related conditions are listed in the proposed Inter-
national League Against Epilepsy classification (Engel
and International League Against Epilepsy, 2001), it
is not possible to discuss the behavioural manifes-
tations of each of these. Furthermore, the quality
of behavioural information available is currently still
limited. A few of the most frequently occurring and
important syndromes will be discussed.

The importance of the behavioural implications of syn-
drome classification could be considered in two broad
categories: first, the behavioural effects of epilepsy
syndromes and second, the behavioural associations
of childhood syndromes (“behavioural phenotypes”)
in which epilepsy occurs as a prominent feature. The
second category includes a very large number of syn-
dromes and will not be discussed here. However,
in view of the extraordinary advances in genetics,
particularly with the advent of array comparative
genomic hybridization (array CGH), it is appropriate
to draw attention to the growing number of genetic
defects that are being recognised as being associated
with epilepsy, intellectual disability and psychiatric
problems. Galizia et al. (2012) examined adults with
treatment-resistant epilepsy, most of whom had intel-
lectual disability and at least some of whom had
psychiatric disorders from childhood. The patients
were drawn from two independent London hospitals.
They identified copy number variants (CNVs) “judged
to be of pathogenic significance” in 13.5% (7/52) and
20% (5/25) of the patients. These were on a variety of
chromosomes including chromosomes 15 (four cases),
16 (three cases), 1,9, 6 and 4. Bartnik et al. (2012) also
found a large number of CNVs in their study of 102
patients with epilepsy, many of whom had develop-
mental abnormalities. Battaglia and colleagues (2008;
2010) have drawn attention to the invdup(15) or idic(15)
syndrome, the clinical features of which include early
central hypotonia, intellectual disability, autistic or

autistic-like behaviour and epilepsy; seizures gener-
ally start between six months and nine years and a
variety of seizure types can occur. Hesdorffer et al.
(2012) examined familial clustering of epilepsy and
behavioural disorders in 308 probands with childhood
onset epilepsy. The DSM-oriented scales for affective
disorder, anxiety disorder, conductdisorderand oppo-
sitional defiant disorder were significantly associated
with afamily history of unprovoked seizures. They con-
cluded that their results supported the concept that
behavioural disorders might be a manifestation of the
underlying pathophysiology involved in the epilepsy.
With regard to the genetics of specific epilepsy syn-
dromes, the situation remains that a single genetic
defect can be associated with more than one syn-
drome and more than one genetic defect can be
associated with a single syndrome. A discussion of
the behavioural associations with specific epilepsy
syndromes now follows. Descriptions of each of the
syndromes will not be provided, because most of this
information is available in a previous review (Besag,
2004).

Search strategy

The Medline/PubMed database was searched from
inception until the end of March 2015 using the
search terms: epilep$ and (child$ or pediat$ or ado-
lescen$) and (behav$ or psychiat$ or psychol$) and
([name of syndromel]). Abstracts of likely relevance
to the topic were examined to select papers for final
detailed review. Reference lists of included papers
were searched for any further relevant studies. The
ILAE website section on epilepsy syndromes was exam-
ined for any further information.

West syndrome

The cognitive and behavioural outcome of West syn-
drome has been reviewed by Guzzetta (2006) and in
other previous reviews of the behavioural outcome
of epilepsy syndromes (Besag, 2004). Jambaque (1994)
reviewed the neuropsychological outcome. Intellec-
tual disability has typically been reported in around 70
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to 80%. Riikonen and Amnell (1981) reported that 28%
had psychiatric disorders with autism and hyperkine-
sis in equal numbers. The deterioration in cognition
and behaviour appear to coincide with the onset of the
severe EEG abnormality of hypsarrhythmia. Against this
background, it might be expected that the cognitive
and behavioural outcome would depend on prompt
treatment. The study by O’Callaghan et al. (2011) on
77 infants showed clearly that the earlier the onset
of the spasms and the longer the delay to treatment,
the worse the outcome in terms of Vineland adaptive
behaviour scales at 4 years of age.

There is a marked association between tuberous scle-
rosis and infantile spasms; the rate of autismin children
who have both these conditions appears to be par-
ticularly high. For example, Hunt and Dennis (1987)
stated that 58% of those who had both West syn-
drome and tuberous sclerosis remained autistic. When
West syndrome occurs in babies with tuberous scle-
rosis the rate of seizure freedom with vigabatrin is
very high. Jambaque et al. (2000) showed that when
these babies were treated with vigabatrin both the
mental age and the behaviour improved. Bolton et
al. (2002) showed that autism is more likely to occur
in children with tuberous sclerosis who had both
infantile spasms and temporal lobe tubers, again sug-
gesting that early treatment of the infantile spasms
might improve not only cognition but also the psychi-
atric outcome. Similar conclusions were drawn from
the study by Eisermann et al. (2003) for the treat-
ment of infantile spasms in Down syndrome and by
Bombardieri (2010) for babies who had tuberous scle-
rosis. There was a significant correlation between
treatment lag, cessation of spasms and developmen-
tal quotient (p = 0.003) and with the score of autistic
features (p = 0.04). For the group of patients who were
treated within two months (N = 8), the response to
treatment was more rapid (p = 0.002), the DQ was
higher (p = 0.004) and the score of autistic features was
lower (p = 0.006). All these studies give a clear indica-
tion that early treatmentis more likely to be effective in
terms of controlling the spasms and is also more likely
to be associated with a better cognitive and psychiatric
outcome.

Dravet syndrome (severe myoclonic
epilepsy of infancy)

Brunklaus et al. (2011) carried out a study on qual-
ity of life and behavioural/psychiatric problems in 163
patients with Dravet syndrome. They screened for
psychiatric/behavioural problems using the strengths
and difficulties questionnaire (SDQ). The results
were as follows: conduct problems 35%, hyperactiv-
ity/inattention 66% and peer relationship problems

Behavioural associations of epilepsy syndromes

76%. It should be noted, however, that the SDQ is
not a particularly suitable instrument for children
with more severe intellectual disability. Acha et al.
(2014) found significant neurodevelopmental delay
in patients with Dravet syndrome in both basic and
higher-order cognitive performance. The impairment
was greater in verbal abilities than in tasks that required
processing visual material. Relative deficits in verbal
abilities can influence both behaviour and the strate-
gies used to manage behaviour. Nabbout et al. (2011)
treated 15 patients with Dravet syndrome using the
ketogenic diet; 66% had a decrease in seizure fre-
quency of 75% or more. The authors said that not
only was the seizure control improved but hyperac-
tivity and behavioural disturbance also improved. This
was a small study with promising results, suggesting
that a larger trial would be worthwhile. Genton et
al. (2011) carried out a long-term outcome study on
24 patients with Dravet syndrome. Five (21%) died.
They commented that some patients “had a major per-
sonality disorder, labelled autistic or psychotic”. Only
three of the 24 patients lived independently. Because
the seizures are often resistant to treatment, poly-
therapy tends to be used; Casse-Perrot et al. (2001)
have commented that the polytherapy may contribute
to the deterioration in cognition and behaviour. On
the other hand, the deterioration in cognition and
behaviour seems to coincide with the onset of EEG
abnormalities, again raising the question of whether
early effective treatment might lead to an improved
outcome.

Lennox-Gastaut syndrome

Considering the severity of this syndrome, which
involves frequent seizures of multiple types that are
generally highly resistant to treatment, the data, both
in terms of seizure outcome and behavioural distur-
bance remain extraordinarily sparse (Arzimanoglou
et al., 2009; Cross and Neville, 2009; Hancock and
Cross, 2009). Most of the studies have been on mixed
groups of patients and have not used standardised
behavioural measures. Mikati et al. (2009) assessed
quality of life changes after vagus nerve stimulation
in 16 patients with the Lennox-Gastaut syndrome, 11
of whom were children; the total group scored sig-
nificantly higher in the social domain (p = 0.039). It
is not surprising that they found that improvement in
quality of life was significantly associated with seizure
reduction (p = 0.034). Similar results were obtained in
an earlier study by Majoie et al. (2001) on 16 children
with “Lennox-like syndrome”, who found that there
were moderate improvements in mental functioning,
behaviour and mood. Boyer and Deschatrette (1980)
stated that a diagnosis of primary autism was made
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in nine children with the Lennox-Gastaut syndrome.
Roger et al. (1987) carried out a large long-term study
of 338 patients, who were followed into adulthood.
They stated that 62.4% had an unfavourable outcome
and that 20.4% had fairly rare partial seizures and
neurological or psychiatric symptoms. Septien et al.
(1992) found that two children with the Lennox-Gastaut
syndrome had a frontal behavioural syndrome with
hypokinesia, distractibility, aggressiveness and alex-
ithymia; after they underwent an anterior two-thirds
corpus callosotomy in the early teenage years they
improved with regard to frontal-lobe syndrome fea-
tures within two months of the surgery. Keiffer-Renaux
et al. (2001) reported that behavioural problems were
frequent in the first year of the seizure disorder; these
problems were said to have included hypokinesia,
with the inability to pursue an activity for more than
a few minutes and autistic or psychotic features in
some patients. It is highly likely that the hypokinesia
described was a direct result of the frequent seizures
that commonly occur in this syndrome. Some of the
reports of behavioural disturbance when the seizure
frequency is significantly decreased probably repre-
sent the “release phenomenon”; this situation can
occurwhen someone who has been disabled by severe
epilepsy for a long period becomes much more able
as a result of successful seizure control but has not
yet learned how to use their new-found ability in an
acceptable way (Besag, 2001).

Benign childhood epilepsy with
centrotemporal spikes (BECTS)/
Rolandic epilepsy

Although this syndrome generally has a good outcome
in terms of seizure control by the mid-teenage years,
the previous impression that the outcome was also
good in terms of behaviour and cognition was not
accurate. There are now many papers demonstrating
thatanumber of cognitive deficits and asignificant rate
of psychiatric disorder, especially ADHD, can occur in
association with this syndrome (Heijbel and Bohman,
1975; D’Alessandro et al.,, 1990; Weglage et al., 1997;
Staden etal., 1998; Croona et al., 1999; Massa et al., 2001;
Giordani et al., 2006; Northcott et al., 2007; Taner et al.,
2007; Lillywhite et al., 2009; Goldberg-Stern et al., 2010;
Overvliet et al., 2011; Sarco et al., 2011; Genizi et al,,
2012; Jurkeviciene et al., 2012; Raha et al., 2012; Filippini
et al., 2013). It is also recognised that this syndrome
lies on the spectrum with CSWS/Landau-Kleffner syn-
drome (Gobbi et al., 2006; Raha et al., 2012). Massa et
al. (2001) have put forward the persuasive argument
that the past statements that the syndrome was benign
were based on retrospective studies that excluded chil-
drenwho did not have a benign outcome. They carried

out a detailed prospective study on 35 children who
fulfilled strict diagnostic criteria for BECTS. They were
recruited immediately after the first seizure and were
followed up for at least six months after the full nor-
malisation of the EEG. In addition to carrying out a very
detailed battery of psychometric tests, they classified
educational performance impairments, behavioural
disorders and social-familial problems into mild = 1,
moderate = 2 or severe = 3. They then divided the
35 children into two groups: Group | with no relevant
social-familial problems (score <2) and Group Il who
had developed serious difficulties impairing quality of
life at home and at school (score >3). Group Il had a
poorer outcome on a wide variety of measurements,
including educational performance, behavioural dis-
orders, IQ during the course of the epilepsy, recovery
1Q, auditory-verbal deficit, visual-spatial deficit and
attention deficit. In particular, 10/25 (40%) in Group |
had behavioural disorders (all mild, score =1), whereas
10/10 (100%) in Group Il had behavioural disorders (3
mild, 3 moderate and 4 severe). At onset, 4/25 (16%)
of Group | had attention deficit compared with 8/10
(80%) of Group Il. During the course of the epilepsy
10/25 (40%) of Group | had attention deficit (all mild)
whereas 10/10 (100%) of Group Il had attention deficit
(2 mild, 4 moderate, 4 severe). In the recovery phase
5/25 (20%) in Group | had attention deficit (all mild)
compared with 4/10 (40%) in Group Il (2 mild, 2 severe).
Yung et al. (2000) examined the learning and
behavioural problems of 78 children with centrotem-
poral spikes, 56 of whom had a history of clinical
seizures compatible with BECTS and 22 of whom had
centrotemporal spikes without clinical seizures. Eigh-
teen of the 22 children who did not have clinical
seizures were referred for psychiatric or behavioural
problems and the other four were referred for sus-
pected seizures that were not confirmed on video EEG
monitoring. Three of the children had “atypical clinical
features”, including language disorder and regression.
Eight out of the 78 (10%) had a borderline 1Q (70 —
80), 7 (9%) had mild intellectual disability (IQ < 70).
Twenty-four (31%) had behavioural problems, includ-
ing inattention/distractibility, hyperactivity, aggression
or oppositional behaviour. Thirteen (17%) had spe-
cificlearning disability in reading, arithmetic or written
expression, according to state of Georgia/South Car-
olina special education criteria. Forty-four of the 78
had neither behavioural norlearning difficulties. Three
of the 78 had developmental or acquired aphasia;
all three of these children had BECTS. In the group
with BECTS, 12% had intellectual impairment, 14% had
behavioural problems and 14% had a specific learning
disability. It should be noted that the children without
clinical seizures had a greater proportion of prob-
lems (36% intellectual impairment, 73% behavioural
problems and 23% specific learning disability) but this
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is almost certainly because of the referral bias since
those without obvious seizures were more likely to
be referred because of behavioural/psychiatric prob-
lems. Referral bias is a limitation of this study but
one of the strengths of the publication is the detailed
information provided on a number of the individual
cases.

Giordani et al. (2006) examined cognition and
behaviour in 200 children with BECTS presenting for a
trial of antiepileptic medication, implying that this was
aselected group. The scores forall seizure groups were
within the average range for intellectual and memory
functioning. However, the simple partial seizure (focal
seizure without impairment of awareness) group per-
formed relatively worse on verbal learning. For those
with complex partial (dyscognitive) seizures, parental
report suggested greater psychosomatic and learning
complaints.

Connelly et al. (2006) carried out a detailed neu-
ropsychological common language and quality of life
assessment in 30 children with BECTS. They used
the Child Behaviour Checklist (CBCL), classifying
behaviour into clinically abnormal, borderline clini-
cal or normal, according to established methodology.
The competence summary scores were: normal 72%,
borderline 7% and abnormal 21% (p < 0.0005). The
problem behaviour summary scores were: normal
67%, borderline 23% and abnormal 10% (p =0.016) [The
normative data for the Child Behaviour Checklist com-
petence summary score are: borderline 3%, abnormal
2%. For problem behaviour, the normative data are
borderline 8%, abnormal 10%]. Using the Child Health
Questionnaire, the psychosocial summary score on 29
of the children revealed amean of 41.41 (standard devi-
ation 10.24, z-score -4.63, p < 0.0005) [For the Child
Health Questionnaire the normative data mean is 50
with a standard deviation of 10].

Filippini et al. (2013) examined the longer-term effects
of epileptiform discharges during non-rapid-eye-
movement (NREM) sleep in 33 children with BECTS
who were monitored for at least two years. They
showed that the children were at higher risk for
residual verbal difficulties and that the abnormal
neuropsychological development was significantly
correlated with a greater frequency of epileptiform
discharges during NREM sleep. This might suggest
that allowing such epileptiform discharges to conti-
nue long-term might also affect behaviour, although
behavioural measures were not reported in this study.
Besseling et al. (2014) studied the structural and func-
tional connectivity in BECTS. They found an impaired
synergy between structural and functional devel-
opment, especially in the youngest study subjects,
suggesting delayed brain network maturation. The
behavioural implications of these findings have yet to
be determined.

Behavioural associations of epilepsy syndromes

The Landau-Kleffner syndrome

The acquired aphasia in the Landau-Kleffner syn-
drome occurs because of the development of verbal
agnosia, apparently in association with electrical sta-
tus epilepticus of slow-wave sleep or continuous
spike-waves in slow-wave sleep (ESES/CSWS). It is
not surprising that children who lose the ability to
understand speech are liable to exhibit behavioural
problems. A number of case reports and small series
describe behavioural/psychiatric problems, including
aggression, sleep disorders, hyperkinesia and autistic
regression (Forster et al., 1983; White and Sreenivasan,
1987; Hirsch et al., 1990; Zivi et al., 1990; Beaumanoir,
1992; Lopez-lbor et al, 1997). Several papers have
also discussed the relationship between autism,
epileptiform discharges and the Landau-Kleffner syn-
drome (Nass et al.,, 1999; Tuchman, 2000; Deonna
and Roulet, 2006; Besag, 2009). This subject has been
reviewed by Deonna and Roulet-Perez in their book
(2005). Nieuwenhuis and Nicolai (2006) reviewed the
pathophysiological mechanisms of the cognitive and
behavioural disturbances that can occur in this syn-
drome. Shinnar et al. (2001) prospectively identified
177 children with language regression, some of whom
had the Landau-Kleffner syndrome, and stated that
88% met the criteria for autism or had autistic features.
Overvliet et al. (2010) have reviewed the relationships
between nocturnal seizures/epileptiform discharges
and language impairment.

Several publications have emphasised the impor-
tance of early effective treatment. Medical treatments
include steroids, sodium valproate, benzodiazepines,
sulthiame and intravenous immunoglobulin. Surgi-
cal treatment with multiple subpial transection can
be of great value when medical treatment has failed
(Behavioural effects of epilepsy surgery, p. 68-76). In
the series published by Robinson et al. (2001), no child
who had ESES for more than three years had a normal
language outcome. This study, and a number of others,
have indicated that the longer the ESES continues, the
poorer the outcome in terms of language recovery and
consequently the poorer of the outcome is likely to be
in terms of behaviour. This implies that the longer the
delay in providing early effective treatment, the more
likely it will be that there will be long-term cognitive
and behavioural problems. As discussed in previous
reviews (Besag, 2004), this raises the question of when
surgical intervention, in particular multiple subpial
transection (Morrell et al., 1989), should be considered.
Some children recover spontaneously, although there
may be some residual language deficit, whereas others
have permanent severe language deficits. If surgery is
carried out too early, it may have been unnecessary
but if it is carried out too late, the child may be left
with serious problems that could have been avoided.
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Other syndromes involving
ESES or CSWS

The International League Against Epilepsy provides
a description of a syndrome that involves CSWS or
ESES but is not the Landau-Kleffner syndrome. An
extract from the definition of “epilepsy with contin-
uous spike-and-waves during slow-sleep (other than
LKS)” follows. “There is a constant and severe dete-
rioration in neuropsychological functions associated
with the disorder, and language capacity can be
particularly affected. Patients may also show a pro-
found decrease in intellectual level, poor memory,
impaired temporospatial orientation, reduced atten-
tion span, hyperkinesis, aggressive behaviour, and
even psychosis. Motor impairment, in the form of
dyspraxia, dystonia, ataxia, or unilateral deficit, has
been emphasised as one of the outstanding distur-
bances occurring in this syndrome. There is a strict
association between the pattern of neuropsycholog-
ical derangement and the location of the interictal
focus (...)".

The importance of this syndrome is the recognition
that CSWS or ESES can present with a wide variety of
deficits, not necessarily involving language — in con-
trast to the Landau-Kleffner syndrome. The similarity
with the Landau-Kleffner syndrome is that CSWS or
ESES occurs and may coincide with a marked deteriora-
tioninfunction thatis, in at least some cases, reversible
with antiepileptic medication or surgery (examples fol-
low). The other characteristic that the two syndromes
have in common is that obvious clinical seizures do
not necessarily occur; although recognisable seizures
are often part of the syndrome, the child may have a
deterioration in function without havingany currentor
past clinical seizures. The difference between the two
syndromes, as already stated, is that language function
is not necessarily involved in the CSWS syndrome.
Because ability may become acutely impaired in this
syndrome, as for the Landau-Kleffner syndrome, it is
notsurprising that many of these children present with
behavioural disturbance. Although several papers
reportbehavioural disturbance that resolves with reso-
lution of the CSWS, in most cases very few details of the
behaviour itselfare provided and, in general, standard-
ised behavioural measures, during the acute phase of
the CSWS and after this has resolved, are generally not
available. Some of the reports that follow illustrate the
variety of neurocognitive deficits that can occur in this
syndrome.

Roulet-Perez et al. (1993) described an acquired epilep-
tic frontal syndrome in four children with CSWS
who had mental and behavioural regression. They
commented that the pattern of behavioural and cog-
nitive disturbance was similar to that found in some

autistic-like disorders but they also drew attention
to the similarity to the features of frontal lobe syn-
drome, more commonly described in adults. They
made the important point that the deficits are poten-
tially reversible and referred to the similarity to the
Landau-Kleffner syndrome but with a different area
of the brain being affected. Eriksson et al. (2003)
described a striking case of visual agnosia accompa-
nying occipito-temporal CSWS in an 8-year-old boy
with sporadic seizures. There were no focal neurolog-
ical signs. Visual acuity was intact. An MRI scan was
normal. However, EEGs showed ESES/CSWS. Atten-
tion and executive functions were intact. There were
no memory problems. He had normal global intelli-
gence but major deficits in visual perception. Guzzetta
et al. (2005) examined the cases of 32 patients with
prenatal or perinatal thalamic injuries. Twenty-nine
had “major sleep EEG activation”. Twelve had CSWS.
Behavioural problems were greater in patients with
“true CSWS”. Improvement in behaviour was in par-
allel with the disappearance of the CSWS. Aeby et
al. (2005) assessed the effect of add-on levetiracetam
on the EEG, behaviour and cognition of 12 patients
with CSWS. In seven of the 12 (58%) the EEG was
improved with the levetiracetam. Neuropsychological
evaluation showed an improvement in three of the
seven; the other four patients could not be tested
because of the severity of the cognitive impairment.
They commented that behaviour was improved in all
seven patients. They also remarked that two patients
improved in neuropsychological evaluation despite
the lack of EEG improvement. Taner et al. (2007) car-
ried out a detailed comparison study between 30
children with CSWS, 42 children with BECTS, 23 chil-
dren with absence epilepsy and 40 healthy controls.
There were high rates of ADHD (43.5-53.3%) and
pervasive developmental disorder (43.5-70%) in all
the epilepsy groups, in sharp contrast to the con-
trol group. The most striking differences were in
the high rate of intellectual disability in the CSWS
group (33.3%) compared to the other two epilepsy
groups: absence epilepsy (4.35%) and BECTS (11.9%).
The rates of conduct disorder (27%) and anxiety dis-
orders (30%) were also notably higher in the CSWS
group than in the other groups but it should be
noted that the overall numbers were small, implying
that these differences should be viewed as being of
doubtful significance. There were, however, statisti-
cally significant differences in all three WISC-R 1Q
measures (verbal 1Q, performance 1Q and full-scale
1Q) between the CSWS group and both the absence
group and the BECTS group. This raises the question
of whether the higher rate of some of the psychi-
atric disorders in the CSWS group might have been
accounted for, at least in part, by the lower cognitive
ability of this group. Saltik et al. (2005) found that a
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number of clinical features indicated the development
of ESES in a group of 16 children with idiopathic par-
tial epilepsies. These features included an increase in
seizure frequency, addition of new types of seizures,
appearance of cognitive/behavioural changes or a
progression in EEG abnormalities. Behavioural and
psychiatric problems occurred in 81% (13/16); these
included anxiety, depression, distractibility, hyperac-
tivity, impulsivity and being easily frustrated. After
remission of the ESES, three of the 13 patients had
an excellent recovery, one was diagnosed as having
the Landau-Kleffner syndrome, and nine patients per-
formed better but did not achieve premorbid levels.
Nikanorova et al. (2009) evaluated the ketogenic diet
as treatment in five children (8-13 years of age) with
CSWS refractory to conventional antiepileptic drugs
and steroids. CSWS resolved in one patient. There
was mild decrease in the spike-wave index in another
patient. There was no response in the other three
patients. The authors noted that, in two patients, there
was an improvementin attention and behaviour. Kallay
et al. (2009) demonstrated that an acquired frontal
syndrome in association with CSWS was reversible
by hemispherotomy at 5 years of age. Battaglia et al.
(2009) similarly demonstrated that CSWS with refrac-
tory epilepsy from early injury to the thalamus resolved
completely with functional hemispherectomy in two
children, followed by progressive improvement in
both cognition and behaviour. Seegmuller et al. (2012)
carried out a long-term follow-up study of 10 adoles-
cents and young adults who had had cognitive and
behavioural regression with CSWS. The mean follow-
up period was 15.6 years (range 8-23 years). None of the
patients recovered fully but the marked behavioural
disorders resolved in all but one of the 10. Three
patients who had had a frontal syndrome during the
active phase of CSWS had only mild residual executive
and social cognition deficits. The outcome correlated
with the duration of the CSWS, emphasising the rec-
ommendation that early effective treatment should be
implemented.

The prominence of autistic features in association with
CSWS has been emphasised by a number of workers
(Tuchman, 2000; Deonna and Roulet, 2006). The classi-
fication of a specific acquired frontal syndrome with
CSWS, as described in some of the reports presented
earlier, has also been suggested (Roulet-Perez et al.,
1993).

Itisworth repeating that notall the children with CSWS
have clinical seizures. The implication is that if cogni-
tion and behaviour deteriorate in a child, even if there
is no history of seizures, unless another cause can
be found, there is a strong argument for requesting
overnight EEG monitoring.

Behavioural associations of epilepsy syndromes

Juvenile myoclonic epilepsy
(Janz syndrome)

This has traditionally been considered to be a syn-
drome with a good outcome, both with regard to
seizures (provided antiepileptic treatment is contin-
ued) and other aspects, despite the fact that the
original publication by Janz and Christian (1957),
over 50 years ago, confirmed more recently by Janz
(2002), stated that many patients had attractive but
unstable, suggestible and unreliable, rather imma-
ture personalities, often resulting in an inadequate
social adjustment. Janz (2002) has pointed out that
these features could be attributed to frontal lobe dys-
function and that neuroimaging studies appear to
have confirmed this hypothesis. Risk-taking behaviour
has been associated with microstructural alterations
within frontal lobes of patients with juvenile myoclonic
epilepsy (JME) (Wandschneider et al., 2013). Long-term
follow up studies, for example the population-based
study of Camfield and Camfield (2009), have indicated
that some patients have seizures that are resistant to
treatment and a number of studies have determined
that a considerable proportion of those with JME have
psychiatric/personality disorders (Janz and Christian,
1957; Trinka et al., 2006; Moschetta et al., 2011; de Araujo
Filho et al., 2013). By definition, this syndrome is not
usually considered as presenting before around 12
years of age, although it appears that a proportion
of children who have absence seizures subsequently
develop JME. It would be of great interest to carry
out a prospective study examining psychiatric and per-
sonality traits on a very large cohort of children with
absence seizures to determine whether those who
subsequently develop JME differ, with regard to their
psychiatric profile, from those who do not. These data
are currently sparse; most of the psychiatric dataare on
adults or mixed groups with relatively few teenagers. In
asmall sample of 19 children aged 8-18 years with new-
onset JME, Lin et al. (2014) prospectively studied the
maturational trajectories of brain and cognitive devel-
opment in comparison with 57 healthy controls. At
baseline, the cognitive abilities in the children with JME
were similar to or worse than in controls; their cogni-
tive abilities did not reach the level of healthy controls
at two-year follow-up across most of the cognitive
areas tested. MRI scans revealed significant abnormal-
ities in cortical volume, thickness, and surface area in
fronto-parieto-temporal regions. With regard to the
personality traits, it might be reasonable to expect that
the adult data would be of relevance to teenagers as
well; the results from some studies have suggested that
there mightbe grounds for this contention, e.g. Igbal et
al. (2009), whereas others do not, indicating that these
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traits might become more prominentwith the duration
of the epilepsy (see later). Psychiatric disorders such as
psychosis, on the other hand, are likely to present in
late adolescence or adulthood, often with no indica-
tion of pre-existing childhood or early teenage traits.
For these reasons, the adult data on personality dis-
order will be presented but the adult data on other
psychiatric disorders will, in general, not be discussed
in this review. It should be noted that not all the papers
have stated the age range of the population studied.
Perini et al. (1996) reported that the rate of psychiatric
disorder in 18 patients with JME was 22%. Devinsky et
al. (1997) carried out tests of frontal lobe functioning
in 15 patients with JME who had a normal 1Q; their
performance was variable, with some patients show-
ing marked impairment and others none. Concept
formation-abstract reasoning and mental flexibility,
cognitive speed and planning, and organisation were
particularly affected. Gelisse et al. (2001) studied a
mixed group of teenagers and adults (age range 15-
70 years, mean 33 years) and found that 24 patients
(15.5%) had persisting seizures despite adequate ther-
apy and lifestyle. Psychiatric problems were strongly
associated with seizure resistance: 58.3% in the resis-
tant group compared with 19% in the non-resistant
group (p = 0.0026). Trinka et al. (2006) also studied a
mixed group of adults and teenagers (age range 15-63
years). They used the Structured Clinical Interviews for
DSM-IV (SCID-I and SCID-II). 33% had one or more
psychiatric disorder. Personality disorder was diag-
nosed in 23%. de Araujo Filho et al. (2007) compared
the frequency of psychiatric disorders in 100 patients
with JME compared with 100 healthy matched controls.
They also used the DSM-IV SCID-I and SCID-II. Psy-
chiatric disorders were diagnosed in 49 patients with
JME. Anxiety disorder was diagnosed in 23 patients
and mood disorder was diagnosed in 19 patients. Per-
sonality disorders were diagnosed in 17. The majority
of these had cluster B personalities with the charac-
teristics of impulsivity, humour reactivity, emotional
instability and difficulty accepting social rules, factors
that are remarkably similar to the original description
by Janz and Christian (1957).

Plattner et al. (2007) used the Youth Self Report (YSR)
and the Weinberger Adjustment Inventory (WAI) in
25 of 38 patients who agreed to participate and com-
pleted the assessments. The YSR revealed that JME
patients had twice the amount of psychiatric symptoms
compared to age-matched norms. Psychopathological
symptoms increased with the duration of the JME. The
WAI revealed decreased self-restraint; the longer the
duration of the JME the less the self-control.

Igbal et al. (2009) compared a group of eight sibling
pairs, one of whom had JME and the other of whom
did not, with 16 matched controls. The group of JME

patients and their siblings differed significantly from
controls on measures of phonemic and semantic ver-
bal fluency and also scored significantly higher on
the Dysexecutive Questionnaire, indicating that they
were much more likely to have features associated
with executive dysfunction. The authors interpreted
these results as suggesting that both the patients and
their siblings might have similar underlying dysfunc-
tion of cortical and subcortical structures responsible
for these functions. It is interesting to compare these
results with those of other studies, for example that
of Plattner et al. (2007), that indicated that measures of
frontal lobe dysfunction appeared to increase with the
duration of the JME.

Pulsipher et al. (2009) compared 20 children with
recent-onset JME with 51 healthy controls and 12
children with BECTS, using quantitative magnetic
resonance imaging (MRI) and subtests from the Delis-
Kaplan Executive Function System (D-KEFS) and the
Behaviour Rating Inventory of Executive Function
(BRIEF). They found that executive functions were
impaired in the JME patients compared both to the
controls and to the children with BECTS. The patients
with JME had significantly smaller thalamic volumes
and more frontal cerebrospinal fluid than controls and
BECTS subjects.

de Araujo Filho et al. (2009b) carried out magnetic reso-
nance spectroscopy studies comparing 16 JME patients
who had cluster B personality disorders (see earlier)
with 41 JME patients who had no psychiatric disorder
and with 30 healthy controls. A significant reduction
of the N-acetyl-aspartate/creatinine ratio was observed
mainly in the left frontal lobe in the group of JME
patients who had the personality disorder. The same
group (de Araujo Filho et al., 2009a) carried out a vol-
umetric MRI study in 16 JME patients with cluster B
personality disorder compared with 38 patients with-
out any psychiatric disorder and 30 matched healthy
controls. Significant reductions were observed in the
posterior region of the corpus callosum in the JME
group with personality disorder relative to the other
groups.

Guaranha et al. (2011) studied 65 consecutive JME
patients, 45 of whom (61.5%) achieved good seizure
control and 25 of whom (38.5%) became seizure free.
They compared these with the remainder who had
moderate or poor seizure control. Those with persis-
tent seizures presented at a younger age at epilepsy
onset (12.6 +3.33 years compared with 15.4 = 5.47 years,
p = 0.015) and had a higher prevalence of personality
disorders (25% compared with 4%, p = 0.029) together
with higher scores on the State-Trait Anxiety Inventory
(45.9 £ 11.31 compared with 3.66 £+ 11.43, p = 0.011).
Moschetta et al. (2011) examined personality traits in a
mixed group of adults and teenagers, most of whom
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were adults (mean age 26.57 years, standard deviation
8.38) and 42 matched controls. They used the Temper-
amentand Character Inventory (TCI). The JME patients
had significantly higher scores on Novelty Seeking (p
= 0.001) and Harm Avoidance (p = 0.002) and signifi-
cantly lower scores on Self-Directedness (p = 0.001).
They concluded that patients with JME had a higher
expression of impulsive personality traits. The same
group, Moschetta and Valente (2012), evaluated their
42 patients and a control group using the Digit Span
tests (forwards and backwards), Stroop-Color Word
Test, Trail Making Test, Wisconsin Card-Sorting Test,
Matching Familiar Figures Test and Word Fluency Test.
The JME patients showed specific deficits in working
memory, inhibitory control, concept formation, goal
maintenance, mental flexibility and verbal fluency. Of
the whole group of JME patients, 83% had moderate or
severe executive dysfunction. Attention and executive
impairment was correlated with a higher frequency
of seizures and the presence of psychiatric disorders.
Executive dysfunction correlated with a longer dura-
tion of epilepsy.

There is now a large body of evidence confirming the
original observations of Janz and Christian (1957) that
certain personality traits are much more common in
patients with JME and that these reflect both structural
and functional frontal lobe deficits. At what age these
are present and to what extent other factors, such as
duration and severity of the epilepsy, play a role remain
subjects that require further investigation.

Conclusions

Although there is great variability within each of the
childhood epilepsy syndromes, there is a growing
body of evidence indicating that the identification of
the epilepsy syndrome can be of prognostic value not
only in terms of seizure control but also in providing
an indication of the likely behavioural and cognitive
outcome. This knowledge empowers clinicians and
families, helping them to gain a greater understand-
ing of the child as well as assisting in the planning of
management and resources. O
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both clinical findings and neuroimaging?

TEST YOURSELF

(1) Why is the classification of epilepsy into the appropriate syndrome of relevance with regard to
behavioural/psychiatric disturbance in children with epilepsy?

(2) For children with a history of West syndrome and tuberous sclerosis complex, what additional anatomical
abnormality is associated with the risk of developing autism?

(3) In which epilepsy syndrome is there considerable evidence for frontal lobe dysfunction, on the basis of

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.
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ABSTRACT - A subtle behavioural or cognitive manifestation of epilepsy
can be defined in two ways. First, epileptiform discharges not presenting as
obvious seizures may nevertheless affect cognition and/or behaviour. Sec-
ond, the actual seizures may be obvious but the way they affect cognition or
behaviour may not be. There is a growing body of evidence indicating that
the epileptiform discharges in benign epilepsy with centrotemporal spikes
can affect behaviour and cognition. The focal discharges in other forms
of epilepsy can also be associated with behavioural change. The Landau-
Kleffner syndrome, the CSWS syndrome, transitory cognitive impairment
and transient epileptic amnesia provide further examples of cognitive
and behavioural manifestations resulting from subtle manifestations of
the epilepsy. Prompt, effective antiepileptic treatment with medication or
surgery can improve behaviour and cognition in at least some cases.

Key words: Rolandic, centrotemporal, absence, transitory, ESES, CSWS

Although some authors have, over behaviour and cognition of chil-
many vyears, drawn attention to dren with epilepsy (Marston, 1992;
the importance of subtle manifes- Marston et al, 1993; Aldenkamp,
tations of epilepsy in affecting the 1997, Deonna and Roulet-Perez,

*Details of where this work has previously been presented.

Poster presentation only: at the 11th European Congress on Epileptology, Stockholm,
Sweden, from 29th June - 3rd July, 2014, organised by ILAE; and at the American Epilepsy
Society 68" Annual Meeting, Seattle, WA, USA, from 5" December — 9" December, 2014.
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2005; Binnie and Besag, 2011), it is perhaps the grow-
ing number of papers reporting such effects in the
syndrome of benign epilepsy with centrotemporal
spikes (BECTS) (see later) that has provided com-
pelling evidence. This raises the controversial issue
of whether children with epileptiform discharges in
the EEG but who are not necessarily having obvious
seizures should be treated with antiepileptic medica-
tion (Besag, 1995). However, there are other situations,
apart from BECTS, in which subtle manifestations of
epilepsy can affect behaviour and cognition. This topic
has been reviewed elsewhere (Besag, 2011). The cur-
rent paper will draw on previous reviews, as well as
discussing some of the more recent data.

Search strategy

In addition to papers already known to the authors, the
Medline/PubMed database was searched from incep-
tion until the end of March 2015 using the search
terms: epilep$ and (child$ or adolescen$) and (subtle
or ESES or CSWS or TCl or transitory cognitive impair-
ment). Abstracts of likely relevance to the topic were
examined to select papers for final detailed review. Ref-
erence lists of included papers were searched for any
further relevant studies.

Definitions

A subtle behavioural or cognitive effect of epilepsy
has been defined as an effect that is not immediately
obviously attributable to an epileptic seizure (Besag,
2011). This does not necessarily imply that the epilep-
ticactivity itself is “subtle”. For example, some children
have very frequent nocturnal seizures; although the
seizures might be obvious (if someone is awake to
observe them), the fact that the child is tired, irrita-
ble or functions poorly the following day because of
this nocturnal epileptic activity might not be correctly
attributed to the seizures. In other cases the epilep-
tic activity itself is subtle. The classical example is the
child with absence seizures, who might not be recog-
nised as having epileptic seizures at all, although these
might not only affect behaviour and function but can
also have safety implications (Wirrell et al., 1996). Exam-
ples of subtle behavioural manifestations of epilepsy
include not only absence seizures but also transitory
cognitive impairment, frequent localised epileptiform
discharges, electrical status epilepticus of slow wave
sleep (ESES) or continuous spike-wave discharges in
slow-wave sleep (CSWS), transient epileptic amnesia
and postictal effects. Some of these examples will
be discussed in more detail. These are all examples
of what has been termed “state-dependent impair-
ment”, a concept that has been defined elsewhere

(Besag, 2011). In summary, state-dependent cogni-
tive or behavioural impairment is potentially treatable
and reversible, in contrast to permanent impairment,
which is not. The most recent system of epilepsy
classification (Berg and Millichap, 2013) has drawn
attention to the concept of “epileptic encephalopa-
thy”, in which the epileptiform discharges themselves
can affect cognition and behaviour. Debate about the
terminology continues; some might prefer to reserve
the term “encephalopathy” for conditions in which a
clearer structural or metabolic brain pathology can be
identified.

Frequent absence seizures

In the past it has been suggested that children with
absence seizures have no behavioural or cognitive
problems. The publication by Caplan et al. (2008) on
69 children with absence seizures reported a high
rate of both cognitive and behavioural disturbance.
These data have been confirmed by Masur et al.
(2013), Thio (2013) and Bernson-Leung and Mazumdar
(2014). Furthermore, EEG monitoring has shown that
some children have not only hundreds of spike-wave
episodes per day but, in some cases, thousands of
such episodes daily (Besag, 2011). These can have a
major effect on their ability to interact with the world
around them, with both behavioural and cognitive
consequences.

Frequent localised discharges

Frequent left temporal discharges have been associ-
ated with aggressive behaviour. Surgical removal of
the focus can result in marked behavioural improve-
ment. Serafetinides (1965) reported on 100 consecutive
temporal lobectomy patients at the Maudsley Hos-
pital, the majority of whom had childhood-onset
epilepsy and underwent the surgery under 19 years
of age. They compared aggressive and non-aggressive
patients; there was a predominance of left temporal
epileptiform foci in the aggressive group. In several
cases the surgery cured not only the epilepsy but also
the aggression. However, no convincing replication of
these results could be found and one recent study
failed to confirm this finding (Andresen et al., 2014).

Frequent frontal discharges can be associated with a
major deterioration in behaviour; in the experience
of at least one of the authors, surgical removal of
an active left frontal epileptiform focus can result
in a major improvement in behaviour, although fur-
ther evidence for this is required. Some support
is provided by the recent favourable outcome fol-
lowing frontal lobe resections in children reported
by Andresen et al (2014). A related, but apparently

S50

Epileptic Disord, Vol. 18, Supplement 1, May 2016



clinically distinct situation has been described by
Fohlen et al. (2004), who described “behavioural
epileptic seizures” in eight children with frontal
lobe epilepsy. They carried out prolonged, invasive
video-EEG monitoring in this group of children. The
“behavioural epileptic seizures” manifested as a vari-
ety of clinical phenomena, including mood change,
sudden agitation, unexpected quietness and subtle
change of awareness on awakening. The children had
a number of other seizure manifestations, some of
which were more obvious and some which were not,
including clonic facial/eyelid movements, head and
eye deviation, staring, drop attacks, facial erythema,
smiling, laughing and apnoea.

The best documented situation of surgical treatment
of frequent localised epileptiform discharges is that
of surgical treatment of children or teenagers with
an abnormal cerebral hemisphere as the source of
such discharges. Either anatomical or functional hemi-
spherectomy have been reported as resulting in major
behaviouralimprovements in well-established reviews
(Goodman, 1986; Lindsay et al., 1987; Pulsifer et al.,
2004).

Van Bogaert et al. (2012) reported that functional
neuroimaging evidence suggests that interictal epilep-
tiform discharges may impact cognition, either
through transient effects on brain processing mech-
anisms or through more long-lasting effects, leading
to prolonged inhibition of brain areas distant from,
but connected with the epileptic focus (i.e. a remote
inhibition effect). Sustained interictal epileptiform
discharges may also impair sleep-related learning
consolidation processes.

Transitory cognitive impairment

This phenomenon has been described and reported
in detail, notably by Binnie and colleagues (Aarts
et al., 1984; Binnie and Marston, 1992). An epilepti-
form discharge that does not appear to be manifesting
as an obvious seizure can cause transitory impair-
ment of cognitive function. It has been shown (in
left-hemisphere-dominant individuals) that left-sided
discharges can impair language function and right-
sided discharges can impair visuo-spatial function
(Aarts etal., 1984). It has also been shown that transitory
cognitive impairment can affect psychosocial function
(Marston et al., 1993). In an extensive review of the lit-
erature, Aldenkamp and Arends (2004) concluded that
the concept of transitory cognitive impairment (which
they term “transient cognitive impairment”) was still
valid, but a refinement of methodology had shown
that a large proportion of presumed transitory cogni-
tive impairment could be attributed to subtle seizures,
while interictal epileptic activity accounts for a much

Subtle behavioural manifestations of epilepsy

smaller part of the cognitive effects than previously
thought. This opens the debate on what constitutes
an epileptic seizure. If the latter is defined as any clin-
ical manifestation of an epileptiform discharge then
transitory cognitive impairment is another example of
subtle seizure activity. Gonzalez-Garrido et al. (2000)
examined transitory cognitive impairment in 58 chil-
dren with epilepsy, aged 8 to 12 years compared with
20 healthy children. Paroxysmal discharges in the EEGs
were found in 87.9% and 5% of the two groups, respec-
tively. Transitory cognitive impairment was detected
in 36.2% of the children with epilepsy. Fonseca et al.
(2007) assessed transitory cognitive impairment in 33
children with benign childhood epilepsy with cen-
trotemporal spikes. Only two of the children made a
significantly greater proportion of errors during the
rolandic spikes. They concluded that transitory cog-
nitive impairment occurred in only a limited number
of their cases and did not impair school performance.
More recently, Nair et al. (2014) evaluated the EEGs of
60 consecutive children with focal or interictal spike-
and-wave discharges using power spectral analysis to
determine if there were any changes in power spec-
tra that continued after the interictal abnormalities.
They concluded that effects of interictal activity on
EEG rhythms appear to be transient and confined to
the duration of the interictal discharge; interictal EEG
discharges seem temporarily to alter neural activity
during the duration of the spike-and-wave discharge
but there was no evidence that alterations of spectral
power continued immediately beyond the duration of
the discharge.

Transient epileptic amnesia and
accelerated long-term forgetting

The initial reports of transient epileptic amnesia were
in adults (Butler et al., 2009). It presents as recurrent
transient episodes of memory loss; it can be associ-
ated with accelerated long-term forgetting (ALF) and
autobiographical memory loss. Gascoigne et al. (2012)
demonstrated that children with idiopathic general-
ized epilepsy (IGE) may present with ALF, which is
related to epilepsy severity. They suggested that their
findings might support the notion that the epilepsy
or the seizures themselves might disrupt long-term
memory consolidation. In another study, Gascoigne
et al. (2014) compared 23 children with temporal
lobe epilepsy (TLE) and 58 healthy controls of sim-
ilar age, sex distribution and socioeconomic status.
They reported evidence of ALF in children with TLE,
which could not be explained by poor performance
on standard memory tests. Additionally, these authors
suggested that the developmental trajectory of long-
term memory in children with TLE is similar to that of
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short-term memory and that deficits emerge gradually,
implying that older children are more likely to present
with long-term memory deficits.

Electrical status epilepticus of slow wave
sleep (ESES) or continuous spike-waves
of slow-wave sleep (CSWS)

The best-known example of major behavioural and
cognitive changes occurring in association with ESES
is the Landau-Kleffner syndrome of acquired epileptic
aphasia (Landau and Kleffner, 1957). This syndrome
usually presents after language acquisition but before
6 years of age. The child loses the ability to recognise
speech (verbal auditory agnosia), which may be
followed by a more generalised auditory agnosia with
the inability to recognise environmental sounds as
well. Expressive language can be profoundly affected,
probably because the child cannot understand his
or her own speech. The waking EEG typically has
frequent multifocal epileptiform discharges, usually
in the temporal areas. The overnight EEG may show
electrical status epilepticus of slow-wave sleep (ESES),
in which at least 85% of slow-wave sleep is replaced
by spike-wave discharges. Approximately 30% of
children with the Landau-Kleffner syndrome do not
have a history of obvious seizures but do have the
EEG abnormalities. The seizures usually resolve by
the early to mid-teenage years but the language
recovery is very variable; some individuals are left
with profound language impairment (Fandino et al.,
2011; Caraballo et al.,, 2014). It is not surprising that
a number of behavioural disturbances have been
described in this syndrome, including autistic fea-
tures and features of attention deficit hyperactivity
disorder.

The International League Against Epilepsy recog-
nises a syndrome of CSWS which can present with
major impairment in abilities other than language
(Subtle behavioural and cognitive manifestations of
epilepsy in children, p. 49-54). The suggestion in older
publications was that the cognitive and behavioural
impairments in children with the Landau-Kleffner
syndrome (and, by implication, children with other
impairments associated with ESES/CSWS) are not
amenable to antiepileptic treatment. The evidence
over recent years has shown that this is not the
case. Medical treatment with steroids, sodium val-
proate, levetiracetam, sulthiame, benzodiazepines and
immunoglobulin can be effective in atleast some cases
(Kramer et al., 2009). The surgical technique of multiple
subpial transection, developed by Frank Morrell (1989),
can result in dramatic improvement in speech. How-
ever, if treatment is delayed, the outcome is unlikely to
be very favourable, as shown by Robinson et al. (2001).

The role of slow-wave sleep in normal cortical plastic-
ity during critical developmental periods has recently
been reviewed by Issa (2014). He discussed how dis-
ruption of slow-wave sleep by electrographic seizures
could affect cortical maps and the development, orga-
nization and functional connectivity of the thalamic
structures. Bolsterli Heinzle et al. (2014), in a retro-
spective study, calculated the slope of slow waves
(0.5-2 Hz) in the first hour and last hour of sleep
of 14 patients with CSWS. The authors reported that
there was no overnight change of the slope of slow
waves in the “focus”, while in “nonfocal” regions the
slope decreased significantly. This difference in the
overnight course resulted in a steeper slope in the
“focus” compared to “nonfocal” electrodes during
the last hour of sleep. Spike-wave density was cor-
related with the impairment of the overnight slope
decrease: the higher the spike-wave density, the more
hampered the slope decrease. Since the overnight
decrease of the slope was shown to be closely related
to the recovery function of sleep, and such recovery
is necessary for optimal cognitive performance during
wakefulness, the authors suggested that the impair-
ment of this process by spike-waves is a potential
mechanism leading to neuropsychological deficits in
CSWS.

Conclusion

The effect of subtle manifestations can be profound.
Recognition of these effects of epilepsy, followed by
early, effective treatment mightavoid many of the asso-
ciated cognitive and behavioural problems. [J
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TEST YOURSELF

(1) What psychiatric disorder appears to be associated with the frequent epileptiform discharges in so-called
benign epilepsy with centrotemporal spikes?

(2) Is there any evidence for epileptiform discharges causing cognitive or behavioural problems in children
with epilepsy, in the absence of obvious epileptic seizures?

(3) What syndrome, in which memory loss may vary, has been reported in children and adults with epilepsy?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.
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ABSTRACT - The literature was evaluated for cognitive and more general
behavioural effects. We distinguished the older antiepileptic drugs (AEDs),
from the newer and newest AEDs. The striking finding was the lack of infor-
mation on children. From the available evidence it would appear that there
may be negative cognitive effects with phenobarbital, phenytoin, topira-
mate and zonisamide, and adverse behavioural effects with phenobarbital,
valproate, gabapentin, topiramate, levetiracetam and zonisamide. There is
inconclusive data on ethosuximide, clobazam, vigabatrin, felbamate, pre-
gabalin, stiripentol, rufinamide, lacosamide and retigabine. The following
drugs appear to be neutral with regard to cognitive effects: valproate, car-
bamazepine, gabapentin and oxcarbazepine. Carbamazepine appears to be
neutral with regard to behavioural effects. Positive cognitive effects have
been reported with lamotrigine and levetiracetam. Positive behavioural
effects have been reported with lamotrigine. Recommendations are
provided.
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Search strategy

PubMed was searched for all articles from inception
up to January 2015 using the Medical Subject Head-
ing (MeSH) terms “Antiepileptic drugs”, “Epilepsy”,
“Behaviour”, “Cognition”. Also, in combination with
“Cognition and Behaviour”, all individual AEDs were
entered. Limits were set at: “All child 0-16 years” and
“English”. Case reports were subsequently removed.

Older AEDs

Phenobarbital (PB)

PB has been used for the treatment of epilepsy since
the discovery of its antiepileptic effect by Hauptman in
1912 (Kumbier and Haack, 2002). The main antiepilep-
tic mechanism of action is the increase of the duration
(not the frequency) of GABA-activated chloride ion
channel opening, hence potentiating GABA-mediated
inhibitory neurotransmission. PB can also activate the
GABA, receptor in the absence of GABA, which is
sometimes considered to be a mechanism leading to
its sedative properties (Kwan and Brodie, 2004).

One study reported no difference in global cognitive
function, as measured with the Wechsler Preschool
and Primary Scale of Intelligence (WPPSI), between PB
and placebo (Wolf et al., 1981). However, baseline test-
ing before the start of treatment was not performed;
the children were tested before the drug was discon-
tinued and again approximately three months later.
IQ, measured using the Bayley Scales, was signifi-
cantly lower in the PB group in toddler-aged children
randomly assigned to receive long-term (two years)
PB or placebo for febrile seizures (Farwell et al.,
1990). Six months later, after drug discontinuation, nor-
malisation was established. Three to five years later,
when these children had entered school and were
retested, there were no differences in 1Q between
those who had been treated with PB and the placebo
group (Sulzbacher et al., 1999). However, the PB group
scored lower than the placebo group on the reading
achievement from the Wide Range Achievement Test
(WRAT-R).

Cognitive and behavioural effects of PB in toddlers
were assessed in a randomized, placebo-controlled
study of those who had had a febrile seizure (Camfield
et al., 1979). After eight to 12 months of therapy there
were no differences in 1Q, as measured by the Bayley
scales, between PB and placebo. However, there were
some effects of PB on memory and on comprehen-
sion. Greater serum levels and length of treatment had
a negative impact on performance. Parents reported
behavioural changes in 43% of toddlers taking PB com-
pared with 20% taking placebo. Parents complained

about increased fussiness and a disturbance of sleep
(waking up in the middle of the night). Hyperactivity
was not seen in this study. However, Wolf and Forsythe
(1978) found that 42% of the children treated with PB
developed a behaviour disorder, usually hyperactivity.
In comparison with valproic acid, lower performance
was seen on measurements of cognitive function and
behaviour (Vining et al.,, 1987; Calandre et al., 1990).
After six months of treatment, children performed less
well on tests of neuropsychological function, in par-
ticular with respect to memory, while receiving PB
(Vining et al., 1987). After 9-12 months of treatment, the
increase found in 1Q scores for controls and VPA was
not found for PB (Calandre et al., 1990). Parental assess-
ment of behaviour of 21 children indicated impaired
behaviour for PB; children with PB were measurably
more hyperactive (Vining et al., 1987).

Compared to children treated with CBZ, children with
newly-diagnosed partial onset seizures treated with
PB did not differ on measures of cognitive function
or behaviour at six-month and 12 month follow-up
(Mitchell and Chavez, 1987). The behavioural effect of
PB was also compared with placebo in children under 2
years of age. Changes in behaviour were assessed with
a standard questionnaire completed by each mother
three and nine weeks after starting the drug (Bacon
et al., 1981). There were no differences in behavioural
outcomes between PB, phenytoin and placebo. How-
ever, after drug discontinuation, children who had
been taking PB exhibited more behavioural problems,
in particular uncooperative and demanding behaviour,
compared with children who discontinued PHT or
placebo.

In a study in rural India, no differences in behavioural
problems were also reported by Pal et al. (1998) in
comparison to PHT. Behavioural adverse effects were
assessed with the Conners parent rating scale for chil-
dren 6 years of age and above and with the preschool
behavioural screening questionnaire for younger chil-
dren. The frequency of behavioural problems was 30%
in both treatment groups.

In conclusion, the most convincing studies revealed
negative effects on both cognition and behaviour.
A broad range of cognitive functions was affected,
including higher-order functions such as memory.
Some studies even suggested that intelligence was
impaired by PB. The behavioural problems reported
ranged from hyperactivity to withdrawal or sedation.

Phenytoin (PHT)

PHT has been used as an antiepileptic drug since it
was first developed in 1938 by Merritt and Putnam.
For 20 years PHT was (together with PB) the universal
treatment for epilepsy. PHT has excellent antiepileptic
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properties and is used as a relatively broad-spectrum
AED. The main antiepileptic mechanism of action is
use-dependent (voltage-dependent and frequency-
dependent) sodium channel blocking. PHT binds to
the fast inactivated state of the channel, reducing high-
frequency neuronal firing. PHT has a stronger effecton
the sodium channel than CBZ, delaying recovery more
than CBZ. PHT may also have mild effects on the exci-
tatory glutamate system and on the inhibitory GABA
system.

Aldenkamp et al. (1993) used a drug-withdrawal design
and showed more impairment, specifically more
slowing of central information processing, for PHT
compared to CBZ in children with Rolandic epilepsy.
Forsythe et al. (1991) randomly assigned 64 children
to carbamazepine, phenytoin or valproate. Cognition
was assessed before commencing the drug and during
treatment. They reported that carbamazepine in mod-
erate dosage affected memory but this effect was not
found with either phenytoin or valproate.

Bacon et al. (1981) compared the behavioural effects
of PHT to placebo in children under 2 years of age.
Changes in behaviour were assessed using a standard
questionnaire completed by each mother, three and
nine weeks after starting the drug. At nine weeks, fewer
children taking PHT were reported as being shy or as
having fears about things than those taking placebo.
In conclusion, in contrast to reports in adults, the
cognitive and behavioural effects of PHT seem to be
limited. This opens the possibility that the reported
effects of PHT, such as slowing of central information
processing speed (Aldenkamp et al., 1993) are chronic
effects that only occur after long treatment periods.

Ethosuximide (ESX)

ESX was introduced in 1960 and has mainly been used
for the treatment of generalized absence seizures. ESX
modifies the properties of voltage-dependent calcium
channels, reducing the T-type currents, thereby pre-
venting synchronized firing. The reduction is most
prominent at negative membrane potentials and less
prominent at more positive membrane potentials.
Most of the effect is assumed to take place in thala-
mocortical relay neurons (Broicher et al., 2007).
Glauser et al. (2010; 2013) compared ESX to VPA and
LTG. They concluded that ESX is the optimal choice
for initial monotherapy in childhood absence epilepsy.
ESX was associated with fewer adverse attentional
effects, as measured with the Conners Continuous Per-
formance Test, compared to VPA, both after short-term
(16-20 weeks) and long-term (one year) treatment.

In conclusion, there is very little information about the
positive or negative cognitive or behavioural effects of
ESX, despite clinical experience for over half a century.

AED, cognition, behaviour

Carbamazepine (CBZ)

CBZ was first synthesized in the early 1950s and intro-
duced as an antiepileptic drug by Bonduelle in 1964
(Shorvon, 2009). In Europe, CBZ is used for treat-
ing complex partial (dyscognitive) seizures, with or
without secondary generalization. Approval by the
FDA for use in the United States followed much later
(1978) because of concerns about serious haematolog-
ical toxicity, namely aplastic anaemia (Donaldson and
Graham, 1965). The main antiepileptic mechanism of
action is similar to that of PHT with a less ‘slowing’
effect in the recovery state than obtained for PHT. The
mechanism of action is also voltage-dependent and
frequency-dependent.

Neurocognitive performance was evaluated in
seven children with symptomatic localisation-related
epilepsy who were seizure-free for at least two years.
They were tested prior to and at least 12 months after
discontinuation of CBZ (Riva and Devoti, 1999). Results
indicated that CBZ did not affect intellectual, memory
or attentional functions, or more complex frontal
functions. Nevertheless, after therapy withdrawal,
scores on frontal function tests improved. The authors
suggested that these functions might have been better
without CBZ therapy.

In a study by Forsythe et al. (1991) 64 children with
newly-diagnosed tonic-clonic or partial seizures (aged
5to 14 years) were randomly assigned to treatmentwith
CBZ, PHT or VPA. A control group was also included.
The children were assessed with cognitive tests before
starting medication and at one, six and 12 months after
starting treatment. CBZ adversely affected memory,
but VPA and PHT did not.

However, Trimble and Cull (1988) reported better
reaction times and scores on various cognitive tests
in children taking CBZ compared with those taking
VPA. Stores et al. (1992) evaluated the cognitive and
behavioural effects of VPA and CBZ in 63 children
with newly-diagnosed epilepsy compared to controls.
They were tested before starting treatment and one
month, six months and one year after starting treat-
ment, on standardised tests of intelligence, school
attainments, attention, memory and visuomotor func-
tion, together with parent and teacher questionnaire
information about various aspects of behaviour. CBZ
and VPA were equivalent, in being associated with no
reduction in intelligence or school attainments over
the first 12 months of treatment. Attentional differ-
ences were more consistently seen throughout the
repeated assessments, with lower sustained atten-
tion scores characterising the CBZ group. In addition,
poorer performance than controls was seen on the
pegboard measure of visuomotor coordination early
in the treatment with CBZ. Behaviour questionnaires
showed that at three and six months into treatment the
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CBZ group, surprisingly, had lower inattention scores
than controls (described by the authors as being an
anomalous result) but at 12 months of treatment no
differences were found.

When barbiturates (PB) were withdrawn in 45 chil-
dren because of chronic behavioural difficulties and
replaced by CBZ, general alertness and attentiveness
were improved four to six months later (Schain et al.,
1977).

Berg et al. (1993) randomly assigned 64 new cases of
childhood epilepsy to CBZ, PHT or VPA. Behavioural
measures were assessed before medication and after
one and six months of treatment. Those treated with
CBZ and VPA had minor behavioural difficulties after
one month of treatment, but these did not persist at
six months.

Eun et al. (2012) compared the behavioural effects of
CBZ to LTG as monotherapy for paediatric epilepsy.
Sixty-seven previously untreated children with partial-
onset seizures were treated with CBZ or LTG and
followed for 24 weeks. Externalizing behaviour prob-
lems improved in patients taking CBZ but there were
no differences between the two groups. The parent
report on the Conners scale showed an improvement
for carbamazepine compared to lamotrigine. Based on
this study, CBZ had a more favourable behavioural pro-
file than LTG.

In conclusion, there is much evidence that treatment
with CBZ is not complicated by serious adverse cogni-
tive or behavioural effects in children.

Sodium valproate (VPA)

VPA, a fatty acid, appears to have multiple mechanisms
of action (Loscher, 2002). Several studies have demon-
strated an effect on sodium channels that is different
from PHT or CBZ. An effect on T-type calcium chan-
nels has also been demonstrated. Recent studies have,
however, shown that a predominant effect concerns
the interaction with the GABAergic neurotransmitter
system. VPA may augment GABA release and block the
re-uptake of GABA into glial cells. VPA elevates brain
GABA levels and potentiates GABA responses, possibly
by enhancing GABA synthesis and inhibiting degrada-
tion. Theoretically, such mechanisms of action could
cause cognitive adverse effects. VPA is one of the most
effective drugs against generalized absence seizures.
In comparison to PB, differences were seen on mea-
surements of cognitive function and behaviour in
favour of VPA (Vining et al., 1987; Calandre et al., 1990).
Children receiving PB performed worse than those
receiving VPA on cognitive measurements, particu-
larly intelligence and memory. Furthermore, parental
assessment of behaviour indicated worse behaviour
for PB; more hyperactivity was reported for PB than

for VPA. In comparison to PHT, no differences were
found (Forsythe et al., 1991). In comparison to CBZ,
children treated with VPA had slower reaction times
(Trimble and Cull, 1988). Poorer performance than con-
trols was seen on the more complex digit symbol task
during the middle phase of the 12-month period of
treatment with VPA and lower focal attention scores
on cognitive tests (Stores et al., 1992). VPA negatively
affected attention, as measured with the Conners Con-
tinuous Performance Test, to a greater degree than did
either LTG or ESX (Glauser et al., 2010). Berg et al. (1993)
found that CBZ and VPA were associated with minor
behavioural difficulties after one month of treatment,
but these problems were not present at six months of
treatment.

In conclusion, there are few studies on the behavioural
and cogpnitive effects of VPA. There is insufficient infor-
mation to confirm the clinical impression that VPA is
sometimes associated with behavioural problems.

Clobazam (CLB)

CLB was reported to have antiepileptic activity by
Gastaut (1978). It is a 1,5 benzodiazepine which was
initially developed as an anxiolytic drug.

In a randomized, double-blind prospective study,
the cognitive and behavioural effects of CLB were
studied in comparison to standard monotherapy of
childhood epilepsy. Children with newly-diagnosed
epilepsy were assigned randomly to receive CLB,
CBZ or PHT. Neuropsychological assessments were
compared at six weeks and 12 months after commenc-
ing the study medication. There were no differences
between the CLB and standard monotherapy groups
on measures of intelligence, memory, psychomotor
speed, attention or impulsivity in the initial assessment
carried out when the dosage of medication had been
stabilized (after six weeks), or on the neuropsycholog-
ical measures at the one-year follow-up assessment. A
checklist of systemic and behavioural adverse effects
was completed by the attending paediatric neurol-
ogist, based on spontaneous and elicited parental
reports and physical examination at study entry and
at each follow-up visit at six weeks and 12 months.
Behavioural adverse effects were characterized as
externalizing (e.g. restless, aggressive) or internalizing
(e.g. depressed, withdrawn) in nature. There were no
differences in the frequency of internalizing or exter-
nalizing behavioural adverse effects between the CLB
and standard monotherapy groups. The authors con-
cluded that the cognitive and behavioural effects of
CLB were comparable to those of standard monother-
apy (Bawden et al., 1999).

In children treated with CLB for refractory epilepsy,
11% developed a severe behaviour disorder which was
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characterized by aggressive agitation, self-injurious
behaviour, insomniaand incessant motor activity. Most
of the affected children were developmentally dis-
abled (Sheth et al., 1994).

Jan and Shabat (2000), in a later study of CLB for refrac-
tory epilepsy in 31 children (21M 10F, 2 months to
15 years of age, mean 4.6 years), reported adverse
effects including excessive sedation, vomiting, irri-
tability, behavioural change and ataxiain seven (22.5%).
In conclusion, the few controlled data for CLB do
not indicate that it is associated with serious cogni-
tive effects, although behavioural effects have been
reported.

Newer AEDs

Vigabatrin (VGB)

VGB is an irreversible inhibitor of the GABA-
transaminase. It is one of the most effective agents
for treating infantile spasms and refractory complex
partial (dyscognitive) seizures (Marson et al., 1997). Its
clinical use is limited because of the frequent occur-
rence of peripheral visual field defects (Eke et al., 1997;
Kalviainen et al., 1999).

A review of the literature on VGB reported an inci-
dence of severe abnormal behaviour in controlled
trials in around 6% in children (Ferrie et al., 1996).
Thirteen children underwent psychometric and
behavioural evaluation before VGB initiation and at
a mean of three years on VGB treatment to evaluate
the long-term cognitive outcome of children whose
refractory spasms definitely disappeared when VGB
was given as an add-on drug (Jambaque et al., 2000).
The cessation of spasms with VGB was associated with
significant improvement of cognition and behaviour
in these children with tuberous sclerosis.

In the United Kingdom Infantile Spasms Study (UKISS)
neurodevelopment was assessed with the Vineland
adaptive behaviour scales (VABS) in children randomly
assigned to hormone treatment or VGB. At 12-14
months of age the mean VABS scores did not differ
between the two treatments. In infants with no iden-
tified underlying aetiology, the mean VABS score was
higher in those allocated to hormone treatment than
in those allocated to VGB (Lux et al., 2005). This dif-
ference persisted at 4 years of age: in those infants
with no identified aetiology, the VABS remained higher
for those allocated to hormonal treatment than for
those allocated to VGB (Darke et al., 2010). Increasing
waiting time to treatment was associated with decreas-
ing developmental score at four years in all infants
with infantile spasms after adjustment for the effects
of aetiology and treatment allocation (O’Callaghan
et al., 2011). This research group suggested that early
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identification with prompt diagnosis and treatment
of infants with infantile spasms may help to prevent
subsequent developmental delay and improve devel-
opmental outcome.

In conclusion, the interpretation of the behavioural
data for VGB is complicated by the conditions of
the studied children. These children can have seri-
ous cognitive and behavioural impairments from the
underlying aetiology. Comparison of successful treat-
ment with VGB to baseline is seriously complicated by
positive effects on seizure outcome.

Lamotrigine (LTG)

The main antiepileptic mechanism of action is to
block voltage-dependent sodium channels that result
in prevention of excitatory neurotransmitter release
(Meldrum, 1996). Clinical evidence indicates that LTG
is effective in most seizure types, suggesting that other
mechanisms might also play a role.

The effect on cognition of LTG was compared
to placebo in children with well-controlled or
mild epilepsy in a double-blind, placebo-controlled,
crossover study (Pressler et al, 2006). Forty-eight
children with well-controlled or mild epilepsy were
randomly assigned to add-on therapy either with
LTG followed by placebo or placebo followed by
LTG. Each treatment phase was nine weeks, with a
crossover period of five weeks. No cognitive impair-
ment was reported during active treatment compared
with placebo.

Eun et al. (2012) compared monotherapy with LTG and
CBZ in an open-label study of 84 children, of whom 67
(LTG 32 of 43, CBZ 35 of 41) completed the study. They
reported that children treated with LTG did not dif-
fer statistically in intelligence from those treated with
CBZ. There were no statistically significant differences
between the two groups in terms of externalising
behaviour but the parent report on the Conners scale
showed an improvement (p<0.05) in the CBZ group
compared to the LTG group.

Buchanan (1995) studied the effects of LTG in a mixed
group of children and adults with intellectual and phys-
ical disability, including 15 children (< 14 years of age).
He reported that LTG resulted in marked cognitive
improvement. Parental observations such as “marked
improvement in alertness”, “more part of the family”
and “brighter and trying to walk” demonstrated a pos-
itive impact of LTG on aspects of patient quality of life.
However, seizure control may have confounded these
results.

The experiences of physicians and parents of 119
children on long-term LTG treatment was evalu-
ated by conducting semi-structured interviews which
assessed changes of cognition and vigilance (Brodbeck
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et al., 2006). The majority of patients, physicians and
parents rated cognition and vigilance as unchanged
during therapy. If changes were reported, these were
more likely to be positive than negative for the patient
and were most prominent in concentration and vig-
ilance. Parent ratings were comparable to those of
physicians.

The Rutter Behavioural Scales (parent version) were
used by Fowler et al. (1994) to assess the behavioural
effect in 47 children who were treated with LTG.
Thirteen children passed from the disturbed to the
non-disturbed range and only two patients went from
the non-disturbed to the disturbed range.

Holmes et al. (2008) evaluated the effects on behaviour
and psychosocial functioning of LTG monotherapy
in children with newly-diagnosed typical absence
seizures. Health outcome assessments included the
Child Behaviour Checklist (CBCL) for ages 6-18, the
Children’s Global Assessment (C-GAS), and the Self-
Perception Profile for Children (SPPC). These were
completed at baseline screening and at the end of the
maintenance phase. The CBCL showed an improve-
ment in behaviour whereas the other measures were
unchanged from baseline.

In conclusion, only a few studies reported adverse
cognitive or behavioural effects and some evi-
dence suggests that LTG has beneficial effects on
behaviour, possibly through improved attention. How-
ever, seizure control may be a confounding factor.

Felbamate (FBM)

FBM was initially approved in 1993 for use as adjunctive
therapy in the treatment of partial and general-
ized seizures associated with the Lennox-Gastaut
syndrome in children. Following reports of aplas-
tic anaemia and hepatic failure associated with FBM
(French et al., 1999), its use was restricted to patients
with severe epilepsy who had responded inadequately
to other antiepileptic drugs. FBM is a broad-spectrum
antiepileptic drug; it is a use-dependent sodium
channel blocker and inhibitor of glutamate neuro-
transmission (Bialer et al., 2007).

No studies reporting the cognitive effects of FBM in
children were found.

The behavioural effects of felbamate were assessed
in 20 children aged two to 19 years with Lennox-
Gastaut syndrome (Gay et al., 1995). Parents completed
a questionnaire to evaluate behavioural change.
Improvements were noted in social functioning, intel-
lectual functioning, motor functioning, attention and
concentration, alertness, initiative and variability in
performance, and memory. After FBM was discontin-
ued, parents again completed the same questionnaire.
There was a tendency for these effects to reverse

when the drug was discontinued. However, these pos-
itive findings were probably related to better seizure
control.

In conclusion, there are no convincing data on the
cognitive or behavioural effects of FBM.

Gabapentin (GBP)

The main mode of action of GBP appears to be through
a selective inhibitory effect on voltage-gated calcium
channels containing the a,3-1 subunit (Sills, 2006). It
is used as second-line treatment for refractory partial
seizures with or without secondary generalization.
No cognitive studies for children were found.

There are several paediatric reports of prominent
behavioural change, including hyperactivity, irritabil-
ity, and agitation (Khurana et al., 1996; Holmes, 1997;
Morris, 1999). Mikati et al. (1998) compared twenty-six
children with intellectual disability and six normal chil-
dren, all with refractory partial seizures treated with
add-on GBP. Behavioural adverse effects were more
likely to occur in patients with intellectual disability
in comparison with the intellectually normal group.
Patients under 10 years of age, all of whom had intel-
lectual disability, were more likely to have behavioural
adverse effects than those who were over 10 years
of age. These children had attention deficit disorder.
Behavioural adverse effects resulted in discontinua-
tion of the medication in only three patients.

Tallian et al. (1996) reported two children treated with
GBP for refractory seizures who developed intoler-
able aggressive behaviour requiring dose reduction
or drug discontinuation. Wolf et al. (1995) described
three children with learning disability, one aged 7 years
and two aged 10 years, with refractory partial seizures
who developed severe behavioural problems while
receiving GBP. The children became hyperactive and
had explosive outbursts, consisting of aggressive and
oppositional behaviour. The behavioural problems
were sufficiently severe to require discontinuation of
GBP. Lee et al. (1996) reported seven children who
received GBP as adjunctive medication and devel-
oped behavioural adverse effects. Behaviours that
parents considered most troublesome were tantrums,
aggression directed toward others, hyperactivity and
defiance. All behavioural changes were reversible and
were managed by dose reduction or discontinuation of
GBP. All children had baseline attention deficit hyper-
activity disorder and developmental delay.

There is a suggestion that GBP may release or exacer-
bate pre-existing behavioural disturbances (Holmes,
1997). However, Besag (1996) did not confirm this
in a study of 14 children and teenagers, most of
whom had learning disability, treated with GBP for
resistant epilepsy. The Rutter Behaviour parent scales
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indicated that two subjects moved from the non-
disturbed range to the disturbed range and one moved
from the disturbed range to the non-disturbed range.
No differences were reported on the teacher scales. In
asubsequentanalysis with a control group, there were
no differences in behaviour when GBP was added to
the antiepileptic treatment.

In conclusion, there is no evidence for cognitive
effects related to GBP. The evidence concerning
behavioural effects is conflicting, with some studies
indicating behavioural deterioration in children with
pre-existing problems and one study revealing no such
deterioration.

Topiramate (TPM)

TPM is a sulfamate-substituted monosaccharide with
multiple mechanisms of action (White, 1997). It is
licensed as monotherapy and adjunctive therapy.
Kang et al. (2007) evaluated the cognitive and
behavioural effects of TPM and CBZ as monother-
apy for children with benign Rolandic epilepsy. After
28 weeks of treatment, 88 children (45 on TPM and
43 on CBZ) were retested with a neuropsychological
test battery. Two tests showed differences between
the two treatments; arithmetic test scores decreased
for TPM-treated children, compared with no change
for CBZ-treated children, and the maze test showed
more improvement for CBZ-treated children. Parents
and teachers rated behaviour for the six-month base-
line period and maintenance period for the 45 patients
on TPM and 42 patients on CBZ, using the Conners
Scales and the Child Behavior Checklist. No significant
changes were found but a larger change in the positive
direction was found for the CBZ-treated patients and
a negative trend for the TPM-treated patients.

Gerber et al. (2000) reported behavioural abnormali-
ties in 11 of 75 (14.6%) children up to 18 years of age,
between two weeks and four months after initiation of
TPM therapy. They suggested that a previous history
of behavioural problems and concurrent use of lam-
otrigine might be predisposing factors to behavioural
disturbance.

Ness et al. (2012) reported the behavioural effects of
adjunctive long-term TPM in 284 infants with a mean
age of 12 months (standard deviation 6.3 months). On
the Vineland Scales of Adaptive Behavior, a decline
occurred in both the composite and domain stan-
dard scores from pre-treatment baseline to endpoint.
However, individual domain raw scores increased,
indicating that infants progressed in their acquisition
of adaptive skill, but ata slower rate than the normative
population.

The behavioural effects of TPM were also evaluated
in children with intellectual disability in two studies.

AED, cognition, behaviour

Coppolaetal. (2008) added TPM to baseline antiepilep-
tic medication in 29 children and adolescents, aged
3-19 years, with intellectual disability. At baseline,
three months, six months, and 12 months, parents
of all patients completed the Holmfrid Quality of
Life Inventory. This inventory systematically evalu-
ates the following domains: alertness, concentration,
activation/tiredness, drowsiness, depression, aggres-
siveness and hyperactivity. Overall, TPM as an add-on
drug caused mild to moderate behavioural worsening
in about 70% of children and adolescents with mental
retardation and epilepsy. This global worsening per-
sisted after six (31%) and after 12 months follow-up
(20%).

In another study, 16 adolescents with epilepsy and
intellectual disability were assessed before and dur-
ing treatment with TPM using the Rutter Behavioural
Scales. There was a statistically significant increase in
behavioural disturbances on both the parent and the
teacher scales (Fowler et al., 1997).

In conclusion, in contrast to the studies on adults, only
limited information exists on the cognitive effects of
TPM in children. However, in view of the unequivocal
cognitive adverse effects in adults, it is recommended
that children who are treated with TPM should be
monitored carefully for such effects. TPM can cause
behavioural adverse effects, perhaps particularly in
children and adolescents with intellectual disability,
and these tend to persist over time, while they conti-
nue to take the drug.

Levetiracetam (LEV)

LEV is a broad-spectrum AED that has a novel proposed
mode of action, namely binding to the synaptic vesi-
cle protein SV2A (Lynch et al., 2004). It can be used as
adjunctive therapy or monotherapy.

Levisohn et al. (2009) evaluated the neurocognitive
effects of adjunctive LEV in children aged 4-16 years
with inadequately-controlled partial-onset seizures.
The results indicated that the effects on memory
and attention, as measured by validated and well-
standardized neurocognitive instruments, were no
different from placebo over the eight to 12-week treat-
ment period.

Schiemann-Delgado et al. (2012) investigated the cog-
nitive and behavioural effects of adjunctive LEV in
children aged 4-16 years with partial-onset seizures
using the Leiter-R International Performance Scale
and the Achenbach Child Behavior Checklist (CBCL).
Both tests showed an improvement from baseline at
weeks 24 and 48. The authors concluded that, in chil-
dren, adjunctive LEV was associated with long-term
stability in cognitive functioning and improvement in
behavioural functioning over time.
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de la Loge et al. (2010) reported the effect of adjunc-
tive LEV treatment on behavioural and emotional
functioning using the Achenbach Child Behavior
Checklist (CBCL) and the Child Health Questionnaire-
Parent Form 50 (CHQ-PF50). Parents completed these
questionnaires at baseline and after 12 weeks of
treatment. The CBCL showed a worsening of aggres-
sive behaviour in LEV-treated patients compared with
improvement for placebo-treated patients, leading to
similar results on the composite scores of externalizing
syndromes and total problems. The CHQ-PF50 showed
no differences.

Lagae et al. (2005) evaluated the effect of LEV in 77
children with a variety of childhood epilepsy syn-
dromes with both partial and generalized seizures.
A structured questionnaire was used to assess possi-
ble positive effects of LEV on alertness and behaviour.
In 25% of the patients, a positive effect on alert-
ness and/or behaviour was reported. Better alertness
typically indicated better verbal or non-verbal commu-
nication between the caregivers and the child. Better
behaviour in most children meant that the child could
be handled and structured more readily. In most cases,
the children were calmer.

A possible benefit of pyridoxine supplementa-
tion (vitamin Bg) in the treatment of LEV-induced
behavioural adverse effects in a paediatric population
has been suggested (Major et al., 2008).

In conclusion, existing studies do not demonstrate any
substantial effect on cognition. In contrast, there is
a suggestion of beneficial effects similar to LTG. The
studies on behaviour show conflicting results but do
not exclude the possibility of increased aggressiveness
and hostility, as shown in adults.

Tiagabine (TGB)

TGB increases synaptic GABA by inhibiting its uptake
into neurons and glia via inhibition of the GAT-1 GABA
transporter, resulting in enhanced neuronal inhibition
(Meldrum, 1996). It is approved by the U.S. Food and
Drug Administration (FDA) as an adjunctive treatment
for partial seizures in patients 12 years of age or older.
No published studies on the behavioural effects of TGB
in children were found.

Oxcarbazepine (OXC)

OXC is a 10-keto analogue of CBZ. It is indicated as
monotherapy or adjunctive therapy in patients with
partial and secondarily generalised seizures.

Tzitiridou et al. (2005) studied 70 patients, aged
5-11 years, with newly-diagnosed benign child-
hood epilepsy with centrotemporal spikes, who
were assigned to OXC monotherapy. Psychometric

assessment was performed at baseline and after
18 months of treatment. No cognitive effects were
demonstrated. Donati et al. (2006, 2007) investigated
the effect of OXC on cognitive function in children
aged 6-17 years with newly-diagnosed partial seizures
in an open-label comparison with standard antiepilep-
tic drug therapy (CBZ or VPA). Cognitive function and
intelligence results for OXC did not differ from those of
the other AEDs as monotherapy over a six-month treat-
ment period. No impairment in cognitive function was
observed in any treatment group over the six-month
period.

There is one case report in German of a 15-year-old girl
with tuberous sclerosis who developed rapid-cycling
bipolar disorder when treated with OXC (Hagenah et
al., 1999). However, tuberous sclerosis might represent
a special case and no conclusions can be drawn from
this single case report. More data are clearly needed.

In conclusion, OXC does not seem to induce negative
cognitive effects. No data on behavioural effects were
found.

Newest AEDs

Pregabalin (PGB)

As for GBP, the main mode of action of PGB appears
to be through a selective inhibitory effect on voltage-
gated calcium channels containing the ay8-1 subunit
(Sills, 2006).

No studies on the cognitive or behavioural effects of
PGB were found.

Stiripentol (STP)

No studies on the cognitive or behavioural effects of
STP were found.

Rufinamide (RUF)

Rufinamide is a novel compound, structurally unre-
lated to other AEDs. The precise mechanism by which
rufinamide exerts its anti-seizure effect is unknown.
It can be used as adjunctive therapy in children and
adults with Lennox-Gastaut syndrome and in adoles-
cents and adults with partial seizures (Bialer et al.,
2007).

No studies on the cognitive or behavioural effects of
RUF were found.

Zonisamide (ZNS)

ZNS has multiple mechanisms of action, including
calcium and sodium channel inhibition and carbonic
anhydrase inhibition (Leppik, 2004). It can be used as
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adjunctive treatmentin refractory partial seizures, with
or without secondary generalized seizures in adults,
and may be effective in Lennox-Gastaut syndrome,
infantile spasms and progressive myoclonic epilepsy
(Henry et al., 1988; Suzuki et al., 1997; Kyllerman and
Ben-Menachem, 1998; Yanai et al., 1999; Lotze and
Wilfong, 2004; You et al., 2008).

A lower dose of ZNS had more cognitive and
behavioural benefits than a higher dose in children
with newly diagnosed epilepsy (Eun et al, 2011).
The Korean Wechsler Intelligence Scale for Children
— Third edition (KWISC-IIl) was used for cognitive
assessment and the Korean child behaviour checklist
(K-CBCL) was used to measure behavioural problems.
After 24 weeks of treatment with ZNS monotherapy,
there was a cognitive worsening in the high-dose
group but cognitive and behavioural improvement in
the low-dose group. There was a lower cognitive score
for the high-dose group than for the low-dose group
and improvements were greater in the low-dose group
than in the high-dose group.

ZNS has been used for many years in Japan and Korea
but experience in other countries is very limited.
There are a few case-reports, however, of behaviour
disturbances provoked by ZNS monotherapy in chil-
dren with epilepsy who are neither physically nor
mentally disturbed. ZNS-induced behaviour disorders
were reported in a 1-year-old girl and a 3-year-old boy
(Kimura, 1994). Two of the 27 children with idiopathic
epilepsy treated with ZNS monotherapy had behaviour
disturbances which occurred several years later (Hirai
et al., 2002). In one 14-year-old girl, selective mutism,
violent behaviour and lack of concentration devel-
oped. In the other case, a 15-year-old girl, obsessive
compulsive disorder (OCD) developed. Decreasing
the dosage of ZNS reduced the problems.

Miyamoto et al. (2000) suggested that care should be
taken in introducing ZNS in younger patients, par-
ticularly in children, because ZNS appeared to have
contributed to psychotic episodes in two children.
Furthermore, in children, obsessive-compulsive symp-
toms appeared to be related to psychotic episodes
during ZNS treatment. However, little detailed infor-
mation was provided.

In conclusion, limited information is available on ZNS.
It is not possible to draw any firm conclusions with
regard to the cognitive and behavioural effects of ZNS.

Lacosamide (LCS)

The molecular mechanisms of action of lacosamide
have not yet been clarified. Lacosamide is approved
as antiepileptic drug for patients 17 years or older
with partial epilepsy by the US Food and Drug
Administration.

AED, cognition, behaviour

There are sparse data on children. One study eval-
uated its use in 40 children with refractory epilepsy
and a mean age of 14.3 years (Yorns et al., 2014).
In most patients, lacosamide was added to the cur-
rent medication and in four patients lacosamide was
used as monotherapy. 37.5% had adverse effects and
seven patients discontinued treatment. The reasons
for discontinuation were because it was ineffective in
improving seizure control in four patients and because
of behavioural effects in only one patient. Another
study, Ijff et al. (2015), showed cognitive-enhancing
effects; however, this study was in adults.

Retigabine (RTG)

The primary mechanism of retigabine is through acti-
vation of KCNQ2 and KCNQ2/3 neuronal potassium
channels. Secondary mechanisms of action include
potentiation of GABA-evoked currents in cortical neu-
rons via activation of GABA, receptors (Treven et al.,
2015).

There is a lack of systematic studies on the cognitive
and behavioural effects of RTG in children.

Perampanel (PER)

Perampanel inhibits AMPA-induced increases in intra-
cellular Ca** and selectively blocks AMPA receptor-
mediated synaptic transmission, thus reducing neu-
ronal excitation. The drug is approved for use in the
European Union and United States (Shih et al., 2013).
Biro et al. (2015) carried out an observational, retro-
spective study of perampanel treatment on 58 young
people, 2 to 17 years of age with refractory epilepsy.
Behavioural changes (total n=14, of which eight were
aggression) were among the most frequent adverse
effects.

Rosenfeld et al. (2015) examined the data on adoles-
cents (12to 17 years of age) treated with perampanel for
refractory seizures in pooled, double-blind, placebo-
controlled trials. One hundred and forty-three of
the 1,480 patients were adolescents. Aggression was
reported in 8.2%.

There is a suggestion that behavioural change, includ-
ing aggression, might be dose-related but more data
are required.

Recommendations

Based on this review of the existing data some very
general recommendations can be provided. Table 1
summarises these recommendations:

The bold typeface indicates evidence for adverse
effects of antiepileptic drugs in children.
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Table 1. Recommendations for use of antiepileptic drugs in children, based on cognitive and behavioural
complications.

Caution Caution Inconclusive/ Neutral Neutral Positive Positive
cogpnition' behaviour? lack of data cognition3 behaviour? cognitive behavioural
effects effects
Older  Phenobarbital Phenobarbital Ethosuximide Valproate Carbamazepine
AEDs Phenytoin Valproate Clobazam Carbamazepine
Newer Topiramate Gabapentin Vigabatrin Gabapentin Lamotrigine Lamotrigine
AEDs Topiramate Felbamate Oxcarbazepine Levetiracetam
Levetiracetam Tiagabine
Newest Zonisamide  Zonisamide Pregabalin
AEDs Stiripentol
Rufinamide
Lacosamide
Retigabine

1 Caution cognition: sufficient data to recommend a careful monitoring of cognition in children because of the risk of potential

cognitive adverse effects

2 Caution behaviour: sufficient data to recommend careful monitoring of behaviour in children because of the risk of potential

behavioural adverse effects

3 Neutral: evidence exists for the absence of negative effects on either cognition or behaviour.

The first two columns provide AEDs that have shown
negative cognitive or behavioural effects, whereas the
lasttwo columns give drugs for which there is evidence
of positive effects on cognition and behaviour, respec-
tively. The two neutral columns give drugs that have
shown no cognitive or behavioural effects. The third
column indicates that no data for children were found
for 10 of the antiepileptic drugs; this lack of data is a
cause for concern.
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with phenobarbital?

TEST YOURSELF

(1) What prominent type of behavioural disturbance has been reported in some children with epilepsy treated

(2) What AED has been associated with overall improvement in behaviour in children with epilepsy?

(3) Islevetiracetam associated with only negative behavioural effects, only positive behavioural effects or both
negative and positive behavioural effects, in different children with epilepsy?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.
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ABSTRACT - There are relatively few studies of the behavioural outcome
of epilepsy surgery in children that have used standardised behavioural
measures before and after the procedure. Those investigations that have
used such measures are often on mixed groups with mixed pathology,
implying that the numbers, when stratified, are very small. They are also
often retrospective. Furthermore, because placebo surgery is generally
not an option, the studies have been open and they are usually uncon-
trolled. The few available data suggest that, although individual children
may benefit or deteriorate, there is little overall group effect of temporal or
extratemporal surgery on behavioural/psychiatric outcome. Hemispherec-
tomy has traditionally been associated with the expectation of marked
behavioural improvement but firm data are lacking. Multiple subpial tran-
section performed for electrical status epilepticus of slow-wave sleep in
the Landau-Kleffner syndrome can result in marked improvements in cog-
nition and behaviour. Vagus nerve stimulation appears to improve quality
of life and mood/behaviour but again the quality of the data has been ques-
tioned. There is a need for large, prospective, multicentre, collaborative
studies using standardised cognitive and behavioural measures before and
after surgery to provide an adequate database on the outcome of various
categories of procedures, pathologies and patients.
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In the past, the emphasis of antiepileptic treatment,
both with medication and surgery, has been on
seizure freedom. Over recent years the importance
of outcome in terms of other measures, particularly
with regard to cognitive and psychiatric issues, has
also been recognised. Quality-of-life measures have
been introduced before and after treatment to pro-
vide some indication of the overall success. This
brief review will focus on the positive and negative
behavioural/psychiatric effects of epilepsy surgery in
children and teenagers. Each section will commence
with the classical and/or larger studies.

Search strategy

Medline/PubMed was searched until March 2015 using
the following terms: (child$ or pediat$ or adolescen$)
and epilep$ and (behav$ or psychiat$ or psycho$) and
(surg$ or lobectomy or hemispherectomy or resection
or transection). The reference lists of key papers were
checked for additional studies. Smaller initial stud-
ies that have subsequently been overtaken by larger
or more comprehensive investigations have not been
presented. Publications reporting mixed groups of
patients undergoing different types of surgery with rel-
atively small numbers in any subgroup have also not
been reviewed here. The assistance of Professor Mary
Lou Smith and Professor Helen Cross, in advising on
relevant studies is also gratefully acknowledged.

Temporal lobe resection

Temporal lobe resection is the most frequently-
performed neurosurgical procedure in adults with
epilepsy. Much has been written on the psychiatric
evaluation in this population. However, temporal lobe
resections comprise only about 25% of epilepsy sur-
gical procedures in children (Harvey et al., 2008) and
there are few systematic studies of the psychiatric out-
come of this procedure in this group.

A classical study on temporal lobe epilepsy in child-
hood was that of Lindsay et al. (1984) who followed
100 unselected children between 1948 and 1982. Before
surgery, the nine surviving patients who had under-
gone temporal lobectomy had a variety of major
behavioural difficulties: four had been expelled from
school or threatened with expulsion, three had near-
suicidal depression, and four had been severely
aggressive. They were followed to adulthood, when
all were in regular work and none had any lasting psy-
chiatric or social difficulties. The conclusion reached
was that surgery could play a major beneficial role in
selected cases of childhood temporal lobe epilepsy.
A large and more recent study was that of McLellan
et al. (2005), who carried out a case-note review on

Behavioural effects of epilepsy surgery

all the 62 children in the epilepsy surgery program
at Great Ormond Street Hospital for Children, Lon-
don, UK, who underwent temporal lobe surgery for
medically-intractable epilepsy between 1992 and 1998.
The case notes were reviewed independently by a
paediatric neurologist and a child and adolescent
psychiatrist. Particular note was taken of psychiatric
assessments which had been carried out as part of the
pre-operative and post-operative investigations. Two
of the 62 children were excluded because they had
Rasmussen encephalitis. Of the remaining 60 children,
35 were male and 25 were female. Seventy-one tem-
poral lobe surgical procedures were performed. The
mean age at first operation was 10 years 7 months
(standard deviation 4 years 11 months, range seven
monthsto 17 years 11 months). The mean age at seizure
onset was 3.5 years. Thirty-three had hippocampal
sclerosis, eight of whom had dual pathology. Twenty-
three had a foreign tissue lesion. Six had cortical
dysplasia/microdysgenesis. Six had other pathology.
Cognitive ability was normal in 53% of the sample;
of the remainder, 8% had mild intellectual disabil-
ity, 22% had moderate intellectual disability and 17%
had severe intellectual disability. The median number
of seizures per month was 30 and the mean num-
ber of seizures per month was 98. Three children
were lost to follow-up. Of the remainder, using the
Engel (1993) classification, 60% had a class | outcome
(seizure freedom), 5% class Il (rare seizures), 16% class
Il (significant improvement in seizure control) and
19% class IV (no change or deterioration in seizure
control). The percentage of subjects with specific psy-
chiatric diagnoses before surgery and (in parenthesis)
after surgery were as follows: pervasive developmen-
tal disorder 38% (37%), attention deficit hyperactivity
disorder 23% (23%), oppositional defiant/conduct dis-
order 23% (23%), disruptive behaviour disorder — not
otherwise specified 42% (44%), emotional disorder
8% (21%), eating disorder 2% (4%), conversion dis-
order 2% (2%) and psychosis 0% (2%). 83% had a
diagnosis of a psychiatric disorder at any time: 72%
(43/60) before surgery and 72% (41/57) after surgery.
Some children acquired a diagnosis of psychiatric dis-
order and others no longer had a psychiatric disorder
after surgery. Apart from emotional disorder, which
appeared to be more frequent after surgery, there
was very little change in the other diagnoses, with
the exception of pervasive developmental disorder.
In 23 subjects who had this diagnosis before surgery,
two lost the diagnosis, 11 improved, in seven there
was no change and three deteriorated. None devel-
oped this diagnosis as a result of the surgery. However,
notwithstanding the improvement, the overall rate of
pervasive developmental disorder diagnosis remained
almost the same, namely 38% before the surgery and
37% after the surgery. With regard to predictors of
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psychiatric outcome, they found that there were gen-
erally no clear relationships between seizure freedom
post-operatively and any psychopathology, although
there was a suggestion that those who were seizure
free were more likely to lose a DSM IV diagnosis (24%)
than those who continued to have seizures (4%). How-
ever, in some of the children who were seizure free
post-operatively, new psychiatric disorders emerged.
The authors concluded that psychiatric assessment
should form an integral part of the overall manage-
ment and that both parents and children should have
careful counselling about the possible mental health
outcomes. Itis, perhaps, worth adding that attention to
post-surgical rehabilitation might also be worthwhile.
Children who have had to live with seizures for many
years mightfind it quite difficult, in some cases, to cope
with seizure freedom and with the implications for
added responsibility that this might bring, unless they
have appropriate support and rehabilitation (Wilson
et al., 2007).

One of the concerns that arises when considering
any epilepsy neurosurgery is whether cognitive losses
might cause more disadvantage than the ongoing
seizures. The recent retrospective cohort study by Lah
and Smith (2015) of 40 children who underwent tem-
poral lobectomy for temporal lobe epilepsy indicated
that this procedure was associated with a risk of only
a mild fall in aspects of semantic memory, specifically
naming and reading accuracy following left temporal
lobectomy; other areas of memory and literacy were
found to be unchanged. Similarly reassuring findings
were reported by Lee et al. (2015) in a retrospective
analysis of 20 children who underwenttemporal lobec-
tomy (eight dominant and 12 non-dominant). They
concluded thattemporal lobectomy in children did not
produce a significant decline in intelligence or mem-
ory. Lendt et al. (1999) tested 20 children (10-16 years
of age) before and three and 12 months after tempo-
ral lobe resections (10 right, 10 left). Overall memory
performance did not change after surgery, with five
children showing gains and four showing deteriora-
tion. Poor seizure control was linked to the memory
deterioration. Language performance and attention
improved significantly three months and one year after
surgery, respectively.

Skirrow et al. (2011) carried out a long-term outcome
study of temporal lobectomy in 42 children. The aver-
age post-operative follow-up period was nine years.
86% were seizure free and 57% were no longer taking
antiepileptic medication. They reported a significant
increase in 1Q after a follow-up of more than five
years, which was not found in a nonsurgical compari-
son group. Psychosocial outcome, including quality of
life was also better in the surgical group; these pos-
itive outcomes were more strongly associated with
seizure freedom than with the surgery itself. These

results emphasise the importance of a sufficiently long
period of follow-up before decisions are made about
the extent of any benefit of epilepsy neurosurgery.

Extratemporal focal surgery

The group at Great Ormond Street Hospital, Lon-
don, also analysed the results of psychopathology
in children before and after extratemporal surgery
(Colonnelli et al.,, 2012). Of the 102 children who
underwent focal resections outside the temporal lobe
between 1997 and 2008, adequate data were avail-
able on 71. The median age of seizure onset was 1
year (range: birth to 12 years, mean 3 years, stan-
dard deviation 3 years). The mean age at surgery was
9 years (standard deviation 5 years). The majority of
the resections were from the frontal lobe (73%). The
remainder were parietal (17%) and occipital (10%). A
detailed psychiatric assessment was carried out before
surgery by an experienced child and adolescent psy-
chiatrist. Post-operative psychiatric assessment was
carried out one year after the surgery. Psychiatric diag-
noses were based on the DSM 1V classification. The
rate of psychiatric diagnoses was remarkably similar
preoperatively 31/77 (44%) and post-operatively 32/71
(45%). The psychiatric diagnoses included: ADHD,
6% preoperatively, 10% post-operatively, oppositional
defiant disorder/conductdisorder, 13% preoperatively,
14% post-operatively, emotional disorder, 14% preop-
eratively and 17% post-operatively, autism spectrum
disorder, 13% preoperatively and 14% post-operatively,
disruptive disorder not otherwise specified, 20% pre-
operatively and 14% post-operatively. They pointed out
that, within the category of disruptive behaviour disor-
der, 13% preoperatively and 9% post-operatively had a
profile that was similar to the frontal lobe behaviour
that is described in adults. The behaviour was char-
acterised by one or more of the following features:
disinhibition, emotional lability, unpredictability, lack
of motivation, overactivity/underactivity.

Mental illness preoperatively was not associated with
a worse surgical outcome in terms of seizure con-
trol. All children who had a new psychiatric diagnosis
after surgery had undergone frontal lobe resection.
The psychiatric deterioration did not appear to be
related to poorer seizure control. They concluded,
from their study, that frontal lobe pathology appeared
to be related to a greater risk of psychopathology. In a
commentary on this paper (Besag, 2012) it was pointed
out that, although this was the largest published study
of extra-temporal lobe epilepsy surgery in children,
the numbers, when stratified, were quite small; there
appears to be a great need for international collabo-
ration, using standardised measures, to overcome the
problem of small numbers in any one group.
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Inamore recentstudy, Andresen etal. (2014) presented
results on 100 children, aged 6 to 16 years, who under-
went temporal or frontal lobe surgery. The frontal lobe
group had much poorer scores with regard to anhe-
donia and social concerns before the surgery than the
temporal lobe group but there were marked improve-
ments in the frontal group following the surgery. The
changes with temporal lobe surgery were very much
less. With regard to anhedonia, 63% of the frontal
group improved, whereas 8% of the temporal lobe
group improved. With regard to social concerns, 23%
of the temporal lobe group improved whereas 100% of
the frontal lobe group did so. With regard to aggressive
behaviour, 3% of the temporal lobe group improved,
compared with 9% who declined whereas 21% of the
frontal lobe group improved and none declined.

There have been previous studies of children under-
going extra-temporal surgery but the overall numbers
have tended to be quite small, implying that, when
stratified, the numbers would have been even smaller.

Hemispherectomy

Although previous reviews of hemispherectomy, for
example the early reviews carried out by Goodman
(1986) and Lindsay (1987), and a number of subsequent
papers (Beardsworth and Adams, 1988; Tinuper et al.,
1988; Devlin et al., 2003; Lettori et al., 2008) reported
a good behavioural outcome, established, standard-
ised behavioural measures before and after surgery
were generally not used. Devlin et al. (2003) studied
the outcome of hemispherectomy in 33 children who
had surgery from 0.33-17 years of age and had a median
follow-up of 3.4 years (range: 1-8 years). As in most
studies, there was a variety of pathology. They stated
that behavioural improvement was reported in 92% of
those who had preoperative behavioural problems. In
one of the most recent studies, Althausen et al. (2013)
carried out a questionnaire-based follow-up study on
patients who had had various types of hemispherec-
tomy surgery for a variety of pathologies. The total
group was 81 patients, of whom questionnaires were
returned for 61. All of the patients had at least one
year follow-up with a mean follow-up period of 9.4
years (1.1-19.4). They divided the patients into three
subgroups: early surgery, younger than 7 years at oper-
ation, intermediate surgery, 7-16 years at operation and
late surgery, older than 16 years at operation. There
were some striking differences between the groups,
notably 90% seizure freedom in the early group, 73%
in the intermediate group and 60% in the late group.
The overall behavioural improvement (N=>58) was 57%,
comprising 33% in the early group, 73% in the inter-
mediate group and 61% in the late group. However,
it must be noted that these results were based on

Behavioural effects of epilepsy surgery

retrospective evaluation through questionnaires and
not on standardised measures before and after
surgery. In contrast, Pulsifer et al. (2004) carried out
a long-term neuropsychological follow-up study of
71 patients who underwent hemispherectomy; in this
study, in addition to a number of cognitive measures,
the authors used the Child Behaviour Checklist (CBCL)
before and after the surgery. Twenty-five of the 71 (35%)
were female. The group was almost equally divided
between right and left hemispherectomies. The num-
ber with each underlying pathology and number who
were seizure free (in parenthesis) were: Rasmussen
encephalitis 37 (27), dysplasia 27 (12) and vascular 7
(7). With regard to quality-of-life measures, of the 41
patients who were able to respond, 20 (49%) rated
their life in the past month as “most happy” and
none rated their current life as “unhappy”. For Ras-
mussen encephalitis, the overall CBCL result before
surgery was 55.9 (standard deviation 9.9) and after
surgery was 53.8 (standard deviation 13.8). For dyspla-
sia, the overall CBCL result before surgery was 54.5
(standard deviation 9.3) and after surgery was 45.8
(standard deviation 9.1). For vascular aetiology, the
overall CBCL result before surgery was 60.0 (standard
deviation 8.9) and after surgery was 54.3 (standard devi-
ation 17.7). These are not major changes. However, the
authors pointed out that they did not find the extreme
disturbance before surgery that had been reported
in earlier studies, in which behaviours have been
described as “serious outbursts of temper” and “gross
behaviour disorder”, including “murderous aggres-
sion”. The cognitive improvements in the study carried
out by Pulsifer et al. were described as “modest”; most
of the 1Q improvements were less than 15 points with
only a few patients showing larger improvements.
Moosa et al. (2013) analysed the outcome of 115
hemispherectomy patients followed up for a mean
of 12.7 years (range 2-28 years). On the basis of a
simple structured outcome assessment, 54% had no
behavioural problems and a further 19% had mini-
mal behavioural problems with no impairment but
no baseline behavioural data were provided. Seizure
recurrence after hemispherectomy was the only factor
predictive of poor behavioural outcome.

Functional hemispherectomy has also been performed
on very young infants with severe epilepsy. Dorfer
et al. (2015) reported four cases (three female, one
male) of infants with “catastrophic epilepsy” who
underwent functional hemispherectomy at 2.4 to 4.2
months of age. Three of the four were completely
seizure-free after a median follow-up of 4.3 years
(range 1.3 to 7.9 years). Performing presurgical and
postsurgical behavioural measures on such young
infants or comparing a surgical group with a control
group would not be feasible/ethical but, in the light
of information available on the behavioural outcome
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and, indeed, the survival of such infants who have not
undergone surgery, it seems highly likely that the situ-
ation would have been improved by the surgery.

The consensus remains that hemispherectomy can
improve behaviour to a considerable degree, although
few studies have used standardised behavioural mea-
sures before and after surgery to confirm this. Families
should be informed that no definitive predictions of
outcome can be provided.

Multiple subpial transection

This procedure, developed by Frank Morrell (Morrell
etal., 1989), has mainly been used to treat children with
ESES/CSWS, notably those with the Landau-Kleffner
syndrome. Published data are very limited. Most case
series do not report detailed behavioural outcomes,
with the exception of the analysis carried out by Irwin
etal. (2001). They presented data on nine children with
the Landau-Kleffner syndrome (4 male, 5 female, age
range 5.5-10 years). All the children had behavioural
problems with inattention, hyperactivity and aggres-
sive, oppositional behaviour that occurred in several
settings. They were all either destructive and unman-
ageable or regressed and withdrawn. The authors
coded six different domains with the score of 0, 1 or 2,
to indicate whether the behaviour was normal, abnor-
mal or severely abnormal, respectively. This implied
that the most disturbed behaviour would have a score
of 12. The pre-surgery scores ranged from 8 to 10. The
post-surgery scores were initially 3 or 4 and, at the
longest possible interval available following surgery,
1 (four of the five children) and 4 (the remaining
child - the only one who required re-operation). They
commented that the most striking effect of surgery
was on behaviour. Following the surgery the chil-
dren became interested in communicating. Attention
span increased, hyperactivity resolved and the defiant
aggressive behaviour disappeared.

Hypothalamic hamartoma

The classical presentation of a hypothalamic hamar-
toma is gelastic seizures, precocious puberty and
behavioural problems. The behavioural problems can
include outbursts of uncontrolled anger (Ng et al,,
2011). The epilepsy is typically resistant to medical
treatment. Surgical treatment can result not only in
seizure control but also improvement in behaviour
(Ng et al., 2006; Ng et al., 2011). Ng et al. (2006)
reported the results of transcallosal surgical resec-
tion in 26 patients, most of whom were children
(mean age 10.0 years, range 2.1-24.2 years). Parents
reported improvement in behaviour in 23 patients
(88%) and improvement in cognition in 17 patients

(65%). Standardised behavioural measures were not
used, however. The same group also described a
study of four patients (three male, one female) who
underwent resection of hypothalamic hamartomas
for behavioural indications. They reported striking
improvements in the psychiatric comorbidity in all four
subjects. One of these subjects was said to have been
seizure-free before the surgery, again raising the ques-
tion of whether subtle epileptic activity might have
been playing a role, in this case affecting behaviour
adversely before the surgery.

Vagus nerve stimulation

Studies on the possible psychiatric benefits of
vagus nerve stimulation (VNS), mainly in adults, not
necessarily with epilepsy, have indicated possible
improvements in depression and anxiety disorders,
including obsessive-compulsive disorder (O’Reardon
et al., 2006; George et al., 2008). Several papers have
reported improved quality of life with VNS, without
providing specific behavioural measures. Mikati et al.
(2009) examined the effects of the VNS in a mixed
group of 16 patients, 11 of whom were children. Six had
the Lennox-Gastautsyndrome. They found that seizure
frequency reduction of more than 50% correlated with
improvementin total quality of life (p = 0.034). Zamponi
etal. (2011) examined the effect of VNS in 39 patients, 25
of whom had severe epilepsy with multiple indepen-
dentspike fociand 14 of whom had the Lennox-Gastaut
syndrome. They found that cognitive level and adap-
tive behaviour were unchanged but quality of life was
improved in half of the patients.

A number of publications have reported behavioural
improvement in children, although detailed
behavioural data have generally not been pre-
sented. Parker et al. (1999) examined the outcome
in all children who had insertion of a vagus nerve
stimulator for epileptic encephalopathies in one
centre over a two-year period. Sixteen children were
included but the device was removed in one because
of infection. They concluded that there were no
significant improvements in seizure frequency or
severity, nor was there any improvement in adaptive
behaviour during the first year for the group as a
whole but 4 children had “a worthwhile reduction
in seizure frequency”. Despite the lack of improve-
ment in adaptive behaviour, they commented that
there was an improvement in general behaviour.
Majoie et al. (2001) compared the situation six months
before vagus nerve implantation with six months
after the surgery in children with a diagnosis of the
Lennox-Gastaut syndrome. They reported a moderate
improvement in mental functioning, behaviour and
mood. The same group (Majoie et al., 2005) reported
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“moderate improvement in functioning, behaviour
and mood” in 19 children with malignant childhood
epilepsy resembling the Lennox-Gastaut syndrome
treated with VNS at 24-month follow-up. They also
commented that scores for mental age improved
independently of the seizure control but this again
raises the question of whether subtle manifestations
of the epilepsy might have been ameliorated by an
antiepileptic treatment.

Nagarajan et al. (2002) compared changes in quality of
life, sleep and behaviour at last review with that prior
to the VNS. The authors stated that, on a three-point
scale, 12 of 16 children and adolescents with refractory
epilepsy had improved quality of life with VNS and that
this correlated with improved seizure control. Parental
report indicated that behaviour was better in 12 chil-
drenand worse in two. Sleep was said to be unchanged
in11and improved infive. The authors reported that, in
two children who had “severe autistic traits”, a marked
decrease in these traits occurred with VNS. This is
in contrast to the findings of Danielsson et al. (2008)
who, in a small, open prospective two-year follow-up
study of eight children and adolescents with medically
intractable epilepsy and autism, found no benefits of
VNS on seizure frequency, cognition, autistic symp-
toms or behaviour. Kossoff and Pyzik (2004) reported
dramatic improvement in aggression, social interac-
tion and ambulation in three boys, aged 5-12 years with
generalised slow spike-wave discharges and refrac-
tory epilepsy who were treated with a combination
of topiramate and VNS. Hallbook et al. (2005b) exam-
ined the effect of VNS on cognitive ability, quality of
life, behaviour and mood in 15 children with medically
refractory epilepsy that were not eligible for epilepsy
surgery. They used the Child Behaviour Checklist,
DodrillMood Analogue Scale and the Birleson Depres-
sion Self-Rating Scale. A seizure frequency reduction
of 50% or more was recorded in 6/15 of the children.
Quiality of life was improved in 13/15, of whom 11 also
had improved seizure severity and mood; five, in addi-
tion, had an improvement in depressive parameters.
The same group (Hallb66k et al., 2005a) examined the
sleep structure in these 15 children. 10 children had
increased slow-wave sleep and, of these, eight had
improved quality of life. Eight were also said to have
had improved behaviour.

Wilfong and Schultz (2006) reported the outcome of
vagus nerve stimulation in seven girls (aged 1-14 years)
with Rett syndrome and refractory epilepsy. At 12
months 6/7 had a seizure frequency reduction of 50%
or more. Increased alertness was noted in all seven
patients but there was no change in mood or commu-
nication ability. You et al. (2007) examined the effect
of VNS in 28 children in Korea, using measures from
the Korean version of the Quality of Life in Child-
hood Epilepsy questionnaire. They compared baseline

Behavioural effects of epilepsy surgery

with follow up of at least 12 months. There were
improvements in memory in 9 (32%), mood in 12 (43%),
behaviour in 11 (39.3%), alertness in 12 (43%), achieve-
ment in 6 (21.4%) and verbal skills in 8 (28.6%).
Reports of the positive effects of vagus nerve stimu-
lation on psychiatric disorders have been questioned
because most of the studies have been open and
uncontrolled. Itis possible to carry out controlled trials
of vagus nerve stimulation by changing the stimulation
parameters. There is a lack of such studies in evaluat-
ing the positive or negative behavioural consequences
of vagus nerve stimulation in children.

Effect of timing of epilepsy
surgery on outcome

Steinbok et al. (2009) identified 116 children who
underwent epilepsy surgery in the first 3 years of
life. The most common aetiologies were cortical dys-
plasia (34), tumour (22) and Sturge-Weber syndrome
(19). Of the 107 patients in whom seizure outcome
was assessed more than one year post-operatively, 72
(67.3%) were seizure free. Developmental information
was available for 101 patients who had been followed
up for more than one year. 16 of these were devel-
opmentally normal before and after surgery. Of the
remaining 85, 47 (55.3%) were said to have improved in
development compared to the preoperative situation,
28 showed no change and 10 were worse. However,
formal neurodevelopmental assessments were com-
pleted before and after surgery in only 26 of these
patients. In the whole group of 85 children there
was a trend towards improvement in development
in the 56 who became seizure free compared with
those who continued to have seizures but the dif-
ference was not statistically significant (p = 0.2). The
authors, nevertheless, concluded that early surgery
may have a positive impact on development. Although
no behavioural measures were reported, there is a
strong link between developmental and behavioural
outcomes, with the implication that if early surgery
is associated with better developmental outcome it
is also likely to be associated with better behavioural
outcome. There is also a strong plausible argument
for stating that the longer the child lives with having
seizures, the more likely psychosocial impairmentis to
develop. This issue has been explored further by Lach
et al. (2010), who carried out a study on the impact
of paediatric epilepsy surgery on social inclusion in
young adults. In the 38 patients who were seizure free
in the previous 12 months, general social well-being
was significantly better compared with those whowere
not seizure free (32 patients) and those who had not
undergone surgery (31 patients). In a later study, the
same group (Smith et al., 2011) concluded that their
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results provided modest support for the suggestion
that seizure freedom after paediatric surgery is associ-
ated with a reduced risk for psychological distress in
early adulthood.

The same group (Elliott et al.,, 2012) also found that
seizure freedom after paediatric epilepsy surgery was
associated with an improved quality of life in some
domains. It is interesting to note that these results
are in contrast to the short-term follow up study
carried out by this group (Smith et al., 2004) when
they examined the cognitive, family function and psy-
chosocial outcomes one year after paediatric epilepsy
surgery and concluded that their findings challenged
the assumption that seizure freedom resulted in
an improvement in these domains, at least in the
short-term. However, the two-year follow-up results
suggested that improvement in social functioning
might take time to develop after epilepsy surgery
(Elliott et al., 2008). Widjaja et al. (2011) evaluated the
cost-effectiveness of paediatric epilepsy surgery com-
pared to medical treatment. They concluded that it
was a cost-effective treatment option in children with
medically-refractory epilepsy but it is interesting to
note that their model, while including costs associ-
ated with a number of factors, did not take account
of several other issues, including psychosocial effects.
Basheer et al. (2007) examined the outcome of hemi-
spheric surgery in children with refractory epilepsy.
Twenty-four children with a variety of pathologies,
including cortical dysplasia, infarction, Sturge-Weber
syndrome and Rasmussen encephalitis were included.
They stated that poor adaptive function was associated
with a longer duration of epilepsy, older age at time
of surgery and a history of infantile spasms. They also
concluded that early age at surgery was associated with
better adaptive outcome.

Conclusions

The spectrum of children coming to epilepsy surgery
is wide. The rate of psychiatric disorder in this group
is high and the benefits of surgery remain difficult
to assess. The behavioural outcome following both
temporal and extratemporal epilepsy neurosurgery in
childrenisveryvariable, with some childrenimproving
and others deteriorating. Early surgical intervention
and postoperative seizure freedom are associated with
a better adaptive outcome. The outlook for hemi-
spherectomy in behavioural terms appears to be
somewhat better than for other procedures, although
extensive data to confirm this impression remains elu-
sive. There is a strong argument for ensuring that
multicentre prospective data are collected on all forms
of epilepsy neurosurgery in children so that ade-
quate numbers can be obtained to allow a meaningful

statistical analysis, even after stratification into the
various subgroups according to age, gender, type of
pathology and other key variables. Collection of such
datamightallow more accurate prognostic predictions
for the behavioural outcome of epilepsy neurosurgery
in the future. O
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TEST YOURSELF

(1) In children with epilepsy and psychiatric disorder undergoing epilepsy surgery, are only positive effects
on behaviour, only negative effects on behaviour or both positive and negative effects on behaviour reported
in different children?

(2) Do reliable reports of group data show an overall beneficial effect, an overall deleterious effect or no
overall effect of epilepsy surgery on psychiatric disturbance in children with epilepsy?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.
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ABSTRACT - The most important factor in deciding whether psychotropic
medication should be prescribed is a meticulous assessment of the possible
causes of the behavioural/psychiatric disturbance. This assessment should
include a consideration of the possible roles of the epilepsy itself, treat-
ment of the epilepsy, associated brain damage or dysfunction, reactions to
the epilepsy and causes that are unrelated to the epilepsy or its treatment.
If the epilepsy itself or antiepileptic drug treatment are responsible for the
disorder then a review of antiepileptic medication is required. Contrary
to popular myth, most psychotropic medications are not contraindicated
in children with epilepsy. Treatment with methylphenidate, dexamfe-
tamine, atomoxetine, clonidine or low-dose risperidone are unlikely to
precipitate seizures. The selective serotonin reuptake inhibitors might
protect against seizures but some of these are powerful enzyme inhibitors,

*Details of where this work has previously been presented.

Poster presentation only: at the 11th European Congress on Epileptology, Stockholm,
Sweden, from 29th June - 3rd July, 2014, organised by ILAE; and at the American Epilepsy
Society 68" Annual Meeting, Seattle, WA, USA, from 5" December — 9" December, 2014.
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implying that careful monitoring to avoid antiepileptic drug toxicity is rec-
ommended. In many cases, the appropriate approach will be through other
interventions such as behavioural management or providing the young
person with empowering strategies, implying that psychotropic pharma-
cotherapy should not be the first-line treatment. However, if assessment
indicates that psychotropic medication is necessary, it can be of great

benefit.

Key words: postictal, absence, CSWS, anxiety, depression

Before considering pharmacotherapy, the first step
must be to assess the situation meticulously to
determine the cause or causes of the disorder.
There are several situations in which epilepsy-related
behavioural disturbance occurs when it is inappro-
priate to prescribe psychotropic medication (Besag,
2002b). A systematic approach is recommended, to
enable the clinician to make a rational decision about
when to prescribe psychotropic medication and when
to avoid doing so. Broadly speaking, the categories can
be subdivided as follows (Besag, 2002a).

1. The epilepsy itself.

2. Treatment of the epilepsy.

3. Reactions to the epilepsy.

4. Associated brain damage/dysfunction.

5. Causes also applicable to those who do not have
epilepsy.

Some of the psychiatric disorders that occur in chil-
dren with epilepsy could fall into more than one of
these categories, emphasising the importance of car-
rying out a careful assessment. For example, a child
with the features of ADHD might have these as a
result of inappropriate antiepileptic medication such
as a phenobarbital (Wolf and Forsythe, 1978) or as a
result of frequent absence seizures (Kaufmann et al.,
2009). Psychosis could be related to the epilepsy (cat-
egory 1 above) (Kanemoto et al., 1996), precipitated
by an antiepileptic drug, such as vigabatrin or topi-
ramate, (category 2) (Besag, 2001) or it could fall into
the category of causes also applicable to those without
epilepsy (category 5). The management of a postictal
psychosis, a drug-induced psychosis or a “functional
psychosis” would all be very different.

The indications for pharmacotherapy and other forms
of management relating to each individual category
will now be discussed. Recommendations are sum-
marised in table 1.

Search strategy

In addition to papers already known to the authors,
including those discussed earlier in this volume, the
Medline/PubMed database was searched from incep-
tion until the end of March 2015 using the search

terms: epilep$ and (child$ or adolescen$) and (behav$
or psychiat$) and treatment. Abstracts of likely rele-
vance to the topic were examined to select papers for
final detailed review. Reference lists of included papers
were searched for any further relevant studies.

The epilepsy itself

Prodrome

Prodrome is that period, typically lasting from about
half an hour to two days, sometimes longer, before a
seizure or cluster of seizures, during which mood and
consequently behaviour may be disturbed (Rajnaetal.,
1997). When the seizure occurs, the prodrome is ter-
minated. Parents often recognise prodrome but there
may be years of delay before any professional informs
them that this is part of the epilepsy and not simply
the child being “naughty”. This information can be
very valuable and empowering for families. There is no
established pharmacotherapy for treating prodrome
but if the seizures are completely controlled then
the prodromes should also resolve. There are two, as
yet unproven, possible consequences of antiepileptic
therapy relating to prodrome that are worthy of discus-
sion, although they are seldom mentioned. The first is
that it is possible for a child with well-established pro-
dromes occasionally to have a prodrome without the
following seizure. At first this might seem like a contra-
diction in terms. However, if the child goes through the
usual sequence of the prodrome heralding the seizure
but, just before the seizure is due to occur, some fac-
tor comes into operation raising the seizure threshold
to such an extent that the seizure does not occur, this
does not negate the fact that the phenomenon of the
prodrome has occurred. It is not uncommon for fami-
lies to describe the situation of a child who has regular
prodromes followed by seizures but occasionally has a
prodrome thatis not followed by a seizure. The second
situation that is seldom discussed is the possibility that
the prodromes might become worse when seizures
are partly controlled. The usual sequence of events is
that each prodrome resolves with the ensuing seizure;
however, if the seizure threshold is raised so the pro-
drome still occurs but the seizure does not, then the
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possibility arises that the prodrome might be more
prolonged, i.e. it is not terminated by the seizure as
soon as usual. If this situation were to occur, it mightbe
tempting to decrease the antiepileptic medication to
allow the seizures to return. However, there might, on
the contrary, be a case for more effective antiepileptic
treatment rather than less effective antiepileptic treat-
ment, the aim being not only to prevent the seizures
but also to prevent the prodromes.

It is not unusual to find parents stating that the
prescription of an antiepileptic drug has improved
seizure control but has also led to a deterioration in
behaviour. There are several possible causes for this
(also see later) but one possibility, particularly in a
childwith a history of prodrome, mightbe the situation
just described. There appear to be no data, however,
to show whether increasing antiepileptic medication
rather than decreasing it improves the behaviour in
such circumstances.

Aura

The aura is sometimes described as being the warning
of the seizure. An aura is actually a focal seizure with-
out impairment of awareness (simple partial seizure)
and is, consequently, not a “warning” but actually the
beginning of the seizure, before the epileptic activity
has spread further into the brain. Typical auras include
unpleasant sensations in the upper abdomen (the epi-
gastric aura) or the head (the cephalic aura). However,
auras can be experienced in almost any part of the
body or can affect a variety of the senses (e.g. olfactory,
visual), depending on the location of the epileptiform
discharge that is giving rise to the apparent sensa-
tion. Some auras manifest as indescribably unpleasant
feelings: dysphoric auras. Classical studies in adults,
including that of Lennox and Cobb (1933), have indi-
cated that auras are rarely pleasant and most of them
are unpleasant. One of the most common auras is the
epigastric aura (Gupta et al., 1983).

In some patients, multiple auras can occur in a single
day. This can be very distressing. Because the unpleas-
ant aura raises anxiety, a vicious circle may develop,
with the aura causing anxiety, lowering seizure thresh-
old, making the next aura more likely to occur, and
so on, repeatedly. An effective way to break into
this vicious circle is to treat with an oral benzodi-
azepine, prescribed not as an anxiolytic drug but as
an antiepileptic drug. This can resolve the situation
in a short period of time: as long as it takes for the
benzodiazepine to become absorbed into the blood-
stream and effective in the brain. With the advent of
buccal midazolam (Scott et al., 1999; Mcintyre et al.,
2005), this mode of treatment could be considered for
rapid control of repeated auras, if they are particularly
distressing.

Pharmacotherapy for childhood psychiatric disorders

Automatism

Automatism might be defined as an action that does
not appear to arise out of the will. In this sense, it is
“automatic”. Automatisms commonly occur in asso-
ciation with complex partial (dyscognitive) seizures
(Fenton, 1975). Automatisms can also occur in the pos-
tictal phase. Some automatisms may be misinterpreted
as aggressive behaviour. For example, automatisms in
association with frontal lobe seizures may involve the
flinging about of a single limb or cycling movements
of the lower limbs (Scheffer et al.,, 1995). If a carer
happens to be in the way of the moving limbs, the
patient may gain a reputation of being someone who
hits or kicks people. This could be misinterpreted as
very violent, wilful behaviour when, on the contrary,
it is totally involuntary. The importance of meticu-
lous history-taking cannot be over-emphasised in such
cases.

The key questions to ask in such a situation are as
follows.

First, was the person fully aware? Awareness is usu-
ally impaired in the automatisms of complex partial
(dyscognitive) seizures (Fenton, 1975).

Second, was the violence directed or was it sim-
ply the result of someone happening to be in the
way? Automatisms do not usually consist of directed
behaviour (Treiman, 1986).

Third, did the person recall what they had done after-
wards? Automatisms are not usually recalled (Fenton,
1975).

In terms of the pharmacotherapy of automatisms,
again, there is no specific psychotropic medication
that is recommended because the aim should be to
achieve better overall seizure control by optimising the
antiepileptic medication or, if appropriate, referring
the subject for epilepsy neurosurgery.

Postictal changes

One of the most common postictal changes is tired-
ness (fatigue) (Kanner et al., 2004), which can be
associated with irritability. It is not unusual for patients
to be confused after a seizure and, in their confusion,
they may misinterpret an individual who has come to
help them as someone coming to harm them, pushing
them away, possibly violently (Treiman, 1986). Disin-
hibition can also occur after a seizure; if the seizure
has involved the frontal lobes, the disinhibition can be
marked. Again, this can cause much confusion. If, for
example, the doctor or nurse witnesses postictal disin-
hibited behaviour they may, quite correctly, state that
this is not an epileptic seizure. If they have not been
aware of the preceding seizure, they might even inter-
pret this behaviour as being unrelated to the epilepsy
when, in fact, it is very much related to the preceding
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seizure and represents the period of recovery follow-
ing the seizure, the postictal recovery period.
Postictal mood changes can also occur (Kanner et
al., 2004). The patient may become elevated in mood
or become depressed after a seizure or cluster of
seizures. Pharmacotherapy is not usually appropriate
for postictal depression; the depression will usu-
ally have resolved before antidepressant medication
would have had time to become effective. Postictal
elevated mood is usually relatively mild and does not
require treatment. If severe postictal elevated mood,
potentially placing the patient or others at risk, were
to occur then the prescription of standard treatment
for acutely elevated mood, such as olanzapine, might
be appropriate.

Postictal paranoid schizophreniform psychosis can
occur, typically after a cluster of seizures, in suscep-
tible individuals (Epilepsy and psychosis in children
and teenagers, p. 31-36). Depending on severity, this
may require treatment. Postictal psychosis is well doc-
umented in adults (Kanemoto et al., 1996) but can also
occur in teenagers. The duration is typically up to a
few weeks. The postictal psychosis may recur after
subsequent clusters of seizures. If the psychosis is
distressing or is associated with risk, either to the indi-
vidual or to others, then treatment with neuroleptic
medication, such as risperidone, should be considered
and may be appropriate. This is sometimes withheld
because of a mistaken belief that there is a high
risk of precipitating further seizures. Serious seizure
exacerbations are unlikely to occur with the current
atypical antipsychotic drugs prescribed in the usual
doses (Pisani et al., 2002). The exception is clozapine
(Devinsky et al., 1991), which would not usually be
prescribed in this situation because it is reserved for
resistant psychosis; however, it should be noted that
there is good evidence to indicate that the seizure risk
with clozapine is dose/blood-level related (Varma et
al., 2011), implying that low doses might not be asso-
ciated with a high risk. Withdrawing the antipsychotic
treatment slowly once the psychotic symptoms have
resolved, and monitoring closely for any recurrence
of the psychotic symptoms, is a reasonable course
of action although, as already stated, further treat-
ment may be required after subsequent clusters of
seizures.

Interictal psychoses

These may be schizophreniform or affective, although
more commonly schizophreniform psychosis is
reported (Kanemoto et al., 1996).

The term interictal psychosis, as currently used, covers
two very different situations (Epilepsy and psychosis
in children and teenagers, p. 31-36). Strictly speak-
ing, the term should refer to a psychosis that occurs

between seizures but has no clear time relationship
to them. This type of interictal psychosis can cer-
tainly occur in teenagers with epilepsy. As is the case
for postictal psychosis, if the psychosis is causing
distress or is associated with significant risk, then
treatment with neuroleptic medication will probably
be indicated. This may need to be continued for
much longer periods than is the case for postictal
psychoses, however. The second situation covered
by the term interictal psychosis probably should cor-
rectly be termed "post-epilepsy psychosis” because
the onset of the psychosis is usually years after the
seizures have ceased to occur. The interval between
the resolution of the epilepsy and the onset of the
psychosis is typically at least a decade. Again, consid-
eration would be given to treating a schizophreniform
psychosis with neuroleptic medication if the indica-
tions already discussed applied. If such indications
applied to an affective psychosis then treatment with a
mood-levelling antiepileptic drug such as sodium val-
proate or carbamazepine might be indicated, although
in some instances neuroleptic medication may also
be prescribed if more rapid mood stabilisation is
required. This type of psychosis can be recurrent.

Focal epileptiform discharges

Temporal lobe epilepsy with onset in childhood can
be associated with aggression which, in classical
research, was said to respond to temporal lobec-
tomy (Serafetinides, 1965), suggesting that either the
epilepsy itself or epileptiform discharges were the
cause of the aggression. However, no recent con-
vincing studies confirming these original results were
found. In particular, the recent paper by Andresen et
al. (2014) did not appear to confirm the resolution of
aggression with either right or left temporal lobectomy
in children or teenagers.

Fohlen et al. (2004) have described ”behavioural
seizures” arising from the frontal lobe, revealed with
invasive EEG monitoring. Frontal lobe discharges can
result in disinhibited behaviour. These can be treated
either with medication or surgery. Removal of the
frontal lobe focus that is the source of the epilepti-
form discharges can improve behaviour remarkably,
in some subjects, in the personal experience of the
authors (unpublished work), and consistent with the
work of Andresen et al. (2014). They reported marked
behavioural improvements in children and teenagers
undergoing frontal lobe resections, although it should
be noted that their paper does not specifically doc-
ument frequent frontal lobe discharges before the
surgery.

The so-called benign epilepsy with centrotemporal
(Rolandic) spikes was previously considered to be
benign both from the point view of the prognosis
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for the epilepsy and in terms of any cognitive or
behavioural effects. However, over recent years, data
has shown that this condition can be associated with
a number of adverse cognitive effects and can also be
associated with attention deficit hyperactivity disorder
(ADHD) (Holtmann et al., 2003) (Behavioural and psy-
chiatric disorders associated with childhood epilepsy
syndromes, p.37-48). In such circumstances, treatment
of the epilepsy, together with EEG monitoring to check
whether the epileptiform discharges and any appar-
ently associated cognitive/behavioural problems have
resolved, would appear to be warranted. There is still
limited data to confirm this.

An extreme example of focal discharges is that
of hemispheric epileptiform discharges. A cerebral
hemisphere can be the source of such epilepti-
form discharges from a number of different causes,
including Rasmussen encephalitis, cortical malfor-
mations or vascular lesions. Pharmacotherapy with
antiepileptic medication is typically ineffective. Hemi-
spherectomy, involving either the anatomical removal
or the disconnection of the affected hemisphere
can render the subject free from both the seizures
and the behavioural disturbance. Several reviews,
incorporating many patients, have concluded this in
teenagers and in adults (Goodman, 1986; Lindsay et
al., 1987), although the data have been open to ques-
tion. The overall outcome depends very much on
pre-surgical abilities and ongoing or recurrent post-
surgical seizures (Moosa et al, 2013) (Behavioural
effects of epilepsy surgery, p. 68-76).

Absence seizures

In the past, absence seizures were said to have
occurred in children that had no accompanying cogni-
tive or behavioural problems but more recent studies
have indicated a high rate of psychiatric disorder,
including attention problems, anxiety, depression and
somatic complaints (Caplan et al., 2008; Vega et al.,
2011).

In addition, in some children, the absence seizures can
be very frequent. Prolonged monitoring over 24 hours
has shown that occasionally children can have not
only hundreds but thousands of spike-wave episodes
per day (Besag, 2011). In the most extreme case, the
child may be drifting in and out of nonconvulsive
status epilepticus. Although this has not been well
documented in the literature, research by the cur-
rent authors has shown that children who are having
such frequent absence seizures can have major prob-
lems with cognition and behaviour. It is not surprising
that frequent absence seizures may present with a
condition that mimics attention deficit hyperactivity
disorder, with the important difference that the fea-
tures of attention deficit are not necessarily pervasive

Pharmacotherapy for childhood psychiatric disorders

over time: the onset can be relatively sudden and
the time course can be variable. However, the most
important difference is that the features of ADHD in
this situation are usually treatable with antiepileptic
medication; if the cause is frequent absence seizures,
stimulant medication will probably not be required.
The situation is, however, complex because ADHD
is, in any case, common in children with epilepsy,
occurring in around 30% (Hermann et al., 2007),
and a large proportion of these children respond to
stimulant medication. If frequent absence seizures
are present or if frequent epileptiform discharges
are detected, then the first-line treatment should be
with antiepileptic medication. However, those chil-
dren with residual features of ADHD often respond
well to stimulant medication. Contrary to past con-
cerns, examination of the evidence indicates that there
is no contraindication to prescribing stimulant medi-
cation in children with epilepsy (Epilepsy and ADHD,
p. 8-15).

Treatment of the epilepsy leading to
behavioural or psychiatric disturbance

Phenobarbital, the benzodiazepines and sometimes
vigabatrin can result in gross behavioural disturbance,
especially in younger children (Adverse cognitive and
behavioural effects of antiepileptic drugs in children, p.
55-67). An ADHD-like pattern of behaviour can emerge,
which is reversible on discontinuing the medication.
However, it should be noted that discontinuing phe-
nobarbital or benzodiazepine drugs after prolonged
use can result in withdrawal seizures, implying that,
if these drugs have been taken for several months or
years, they should be decreased slowly. With regard to
the exact rate at which these drugs can safely be with-
drawn, there are no clear guidelines based on good
data. In practice, the withdrawal is usually planned to
take place over weeks or months, with close monitor-
ing for seizure exacerbations. If the seizure control
deteriorates during the drug withdrawal, it may be nec-
essary to reverse the most recent decrease, wait for
a few weeks and then withdraw the medication even
more slowly. Alternatively, it may be advisable to review
any concomitant antiepileptic medication to achieve
more stable control.

Vigabatrin and topiramate can precipitate psychosis in
both adults and teenagers (Besag, 2001). The work of
Mula et al. (2003) in adults has indicated that starting at
a low dose and escalating slowly is likely to minimise
this adverse effect. Patients with a personal or family
history of psychosis should be monitored particularly
carefully. There is also evidence that levetiracetam can
precipitate psychosis in young people (Kossoff et al.,
2001; Halma et al., 2014).
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Vigabatrin and topiramate (Besag, 2001) have also been
associated with depression in studies on adults but
there seems to be a lack of published data in teenagers
and children.

Reports on the behavioural adverse effects of
gabapentin in children are conflicting. Some publica-
tions suggest that gabapentin can be associated with
a deterioration of behaviour, particularly in children
with pre-existing psychiatric disorders, such as ADHD
(Khurana et al., 1996; Lee et al., 1996), whereas another
study (Besag, 1996) found no such deterioration and
behaviour in a group of teenagers with epilepsy, most
of whom also had intellectual disability.

With regard to antiepileptic treatments other than
medication, adult data indicate that vagus nerve
stimulation can have positive effects on psychiatric
symptoms, particularly depression (Klinkenberg et al.,
2012). There is limited data on psychotropic effects
of vagus nerve stimulation in children and teenagers
(Hallbook et al., 2005).

Epilepsy neurosurgery can result either in an improve-
ment or deterioration in behaviour. The results for
resective surgery are conflicting. As already stated,
hemispherectomy appears to be associated with
a marked improvement in behaviour, in at least
some cases, although firm evidence remains elusive
(Behavioural effects of epilepsy surgery, p. 68-76).

Reactions to the epilepsy

Limitations, for example the need for supervision
when taking a bath, prohibition from climbing trees
and other restrictions can, understandably, lead to neg-
ative reactions from the child. Pharmacotherapy for
any behavioural disturbance resulting from this cause
would be entirely inappropriate. Sensitive manage-
ment with careful explanation of why the limitations
have been imposed, with emphasis on what the child
can still do, despite the epilepsy, are appropriate
strategies.

Associated brain damage/dysfunction

The epidemiological work of Sillanpda (1992) indi-
cated that 31% of children with epilepsy in a region
of Finland had intellectual disability (IQ < 70). The
high rate of learning problems has been confirmed
in more recent studies (Reilly et al., 2014). The gen-
eral trend is that as the 1Q decreases, behavioural
problems increase. There are many possible rea-
sons for the intellectual disability that occurs in
a large proportion of children with epilepsy. In
some cases the same underlying brain condition
causes both the epilepsy and intellectual disability.
In a minority of cases prolonged status epilepti-
cus can cause brain damage with accompanying

intellectual disability and behavioural difficulties. In
a further subgroup, traumatic brain injury can cause
intellectual disability, epilepsy and behavioural prob-
lems. Each child needs to be evaluated individually.
The type of behavioural disturbance can fall anywhere
within a wide range, depending on the precise cause.
Pharmacotherapy can be helpful in some cases. If the
clinical presentation is one of impulsivity or ADHD,
stimulant medication is sometimes of benefit (table 7).
If the intellectual disability is in association with autism
then anxiolytic medication such as risperidone may be
of benefit (Mcdougle et al., 1998).

Some children have an uneven cognitive profile. A
child with disproportionately poor verbal skills may
become frustrated and lash out at other people. In
such circumstances, teaching the child how to use
their strengths to overcome their weaknesses can be
very empowering. This is not a situation in which phar-
macotherapy is likely to be appropriate.

Causes that also apply to children
without epilepsy

The rate of psychiatric disorder in the general child-
hood population is high, as demonstrated by a number
of epidemiological studies, revealing rates of around 7
to 10% (Rutter et al., 1970; Davies et al., 2003; Reilly et al.,
2014). Epilepsy does not protect the child against any
of the disorders that might otherwise occur. However,
in addition, as already stated, there is a high psychiatric
comorbidity in children with epilepsy. There are sev-
eral underlying reasons for this comorbidity, including
aprobable underlying genetic predisposition, the high
rate of intellectual disability in children with epilepsy
and other causes, already discussed. The key ques-
tion is whether the same treatments can be used for
children with epilepsy as are used in the general popu-
lation of children who have psychiatric disorders. The
associations between epilepsy and ADHD, autism, anx-
iety, depression and psychosis have been discussed
in separate papers in this issue. Broadly speaking, the
same medication that is used for psychiatric disor-
ders in the general childhood population can be used
for children with epilepsy, with few exceptions. Some
medications, for example imipramine and clozapine,
have been associated with seizure exacerbations in
adults with epilepsy but even in these cases, if the
dose is kept low, the probability of a serious seizure
exacerbation is likely to be small (Rosenstein et al.,
1993; Varma et al., 2011). However, in all cases, psy-
chotropic medication should only be considered after
careful assessment to ensure that the diagnosis is cor-
rect and that the apparent psychiatric disorder is not a
direct effect of ongoing seizures/epileptiform activity,
antiepileptic medication or environmental factors.
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Table 1. Recommended pharmacotherapy for psychiatric’/behavioural disorders.

Situation / Pharmacotherapy Comments
Issue
Prodrome No specific treatment. It is anticipated that The possibility that incomplete antiepileptic
complete seizure control should also control treatment could result in more prominent
prodrome. prodromes has been suggested but has not
been established
Aura Intermittent bouts of very frequent auras can There is a lack of published data to support

be treated with single doses or brief courses
of an oral benzodiazepine such as clobazam

this strategy, which appears to be effective in
practice

Automatism

Complete seizure control should also control
seizure-related automatisms.

Automatisms are not always recognised as
such; the importance of taking a meticulous
history cannot be over-emphasised.

Post-ictal Postictal psychosis may be self-limiting but if it Risk of seizure exacerbation with
psychosis is causing distress or associated with risk, antipsychotic medication is relatively low and
treatment with antipsychotic medication is related to dose. Clozapine can precipitate
indicated. seizures; however, again the effect is
dose-related.
Interictal May require longer-term treatment with (As above.) Risk of seizure exacerbation with
psychoses antipsychotic medication. antipsychotic medication is relatively low and
probably related to dose. Clozapine can
precipitate seizures; however, again the effect
is dose-related.
Focal Treatment with antiepileptic medication might Some evidence for significant behavioural
epileptiform be of benefit but surgical treatment in improvement after left temporal lobectomy or
discharges suitably-selected cases is definitive frontal lobe resection for frequent focal
discharges. Anatomical or functional
hemispherectomy can be associated both
with seizure freedom and behavioural
improvement
Absence Treat with standard anti-absence AEDs Lamotrigine is favoured because of positive
seizures psychotropic effects, although ethosuximide
is more effective. Avoid valproate in females
of child-bearing potential
ADHD Assess carefully (see text) but do not withhold Risk of seizure exacerbation with ADHD
standard ADHD medication such as treatment such as methylphenidate,
methylphenidate, dexamfetamine, dexamfetamine, atomoxetine or clonidine
atomoxetine or clonidine if indicated appears to be very low
Anxiety Low-dose risperidone can be highly effective. Low-dose antipsychotic medication is unlikely

associated with
autism
spectrum
disorder

Typically commence at 0.25 mg once or twice
daily, escalating every 3 to 7 days until
favourable response or until plateau reached,
keeping to minimum effective dose, typically
around 0.5 mg twice daily. Alternatives are
aripiprazole or olanzapine

to cause seizure exacerbations. Weight gain
can occur with all three antipsychotics,
tending to be greatest with olanzapine and
least with aripiprazole.
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Table 1. (Continued)

Situation / Pharmacotherapy Comments

Issue

Generalised Assess carefully and ensure that Seizure exacerbations are unlikely to occur

anxiety epilepsy-related causes, for example auras, with selective serotonin reuptake inhibitors,
are managed appropriately. If selective which might even raise the seizure threshold
serotonin reuptake inhibitors are indicated,
they should not be withheld

Depression If lifestyle limitations resulting from the As above - seizure exacerbations are unlikely
epilepsy are the cause of low mood, to occur with selective serotonin reuptake
antidepressant medication is unlikely to be of inhibitors, which might even raise the seizure
benefit. Talking therapy is generally favoured threshold
as first-line treatment in children and
teenagers but selective serotonin reuptake
inhibitors should not be withheld, if indicated.

Conclusions

The most important step in managing the child with
epilepsy and psychiatric/behavioural disorder is to
carry out avery careful assessment. The specific frame-
work suggested in this paper may actas asuitable guide
for carrying out such an assessment. Before consid-
ering psychotropic medication, the possible roles of
the epilepsy itself, antiepileptic medication, environ-
mental factors and other issues should be considered
carefully. If all these factors have been assessed care-
fully and managed appropriately, there are very few
contraindications for prescribing psychotropic medi-
cation. The wise prescription of such medication can
be of great benefitin appropriately selected cases. [
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TEST YOURSELF

(1) What is mandatory before the prescription of psychotropic medication in a child with epilepsy?

(2) Which psychiatric disorder occurs most commonly in children with epilepsy and responds to appropriate
psychotropic medication in a high proportion of cases?

(3) Which of the following medications are associated with a high risk of seizure exacerbation when
administered to children with epilepsy: selective serotonin reuptake inhibitors, low-dose risperidone,
methylphenidate, dexamfetamine?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The Epicentre”.

S86 Epileptic Disord, Vol. 18, Supplement 1, May 2016




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice




