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Prevalence of Epilepsy

Typically Developing Population 1-2%

Autism Spectrum Disorder up to 35%

Prevalence of an Abnormal EEG

Autism Spectrum Disorder up to 80%
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Age and Gender Characteristics

Two Age Peaks:
Before age 5 years of age

Adolescents

Gender:
Just as likely in Girls as Boys
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Clinical Characteristics

More likely to have:
Another medical diagnosis

Lower Intelligence 

More speech problems

Less likely to
be Aloof

have Poor Eye Contact
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Long-term Studies
Adults diagnosed with Autism as Children

25%-38% had clinical seizures

Adults with Autism diagnosed 
with seizures as a child

Lower Intelligence 

More maladaptive behaviors

Higher rate of psychotropic medications
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Seizure and Mortality

uIn California during 2007 and 2009, crude death rates 
were 8.3 times higher for ASD individuals with epilepsy 
as compared to those with ASD without epilepsy. 

uThe highest standardized mortality ratios for individuals 
with ASD, both with or without mental impairment, were 
seizures. Interestingly, these high rates almost 
exclusively occurred after 20 years of age. 
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Seizures

Partial Generalized

Complex Partial

Seizure Types

Secondary Generalization
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Generalized (tonic-clonic) type Seizure

(from American Epilepsy Society)
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Partial Seizure (Right temporal lobe)

(from American Epilepsy Society)

Symptoms
•Focal motor seizures
•Staring Episodes
•Automatisms
•Auditory Agnosia
•Speech Arrest
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Causes of Seizure
in Autism



Brain Malformations

Onset at Birth

Microcephaly 

Development Delay 

Very few cases in idiopathic autism
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Important Causes: Metabolic Disorders

Mitochondrial Disorders
1.Hypotonia, epilepsy, autism, and developmental 
delay (HEADD syndrome) 12 cases (Filano 2002).

42% large mtDNA deletions or multiple deletions
75% Complex III Deficiency

2.15q11-13+ Complex III deficiency (Filipek, 2003)
3.Complex I+III deficiency (Poling, Frye et al., 2006)
4.ASD & Mito – 39% with seizures (Shoffner, 2009)
5.ASD & Mito – 20% with seizures (Weissman, 2009)

Relation to Complex III Deficiency ?
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Important Causes: Metabolic Disorders

Cerebral folate deficiency
Antibody blocks folate from entering the brain 
Early regression, decrease in head growth 

Testing
Antibody tests from several laboratories
Confirmation with Lumbar Puncture

Treatment
Treat with Folinic Acid 1-2mg/kg/day
Milk Free Diet
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Treatments of Seizure
in Autism



Antiepileptic Medications:
Controlled Trials in Autism 

but not for Seizures
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Levetiracetam in Autistic Children:
An Open-Label Study

THOMAS A. RUGINO, M.D.
Department of Pediatrics, Marshall University Joan C. Edwards School of Medicine, Huntington, West Virginia;

Children’s Specialized Hospital, Mountainside and Toms River, New Jersey

TERESA C. SAMSOCK, M.S.
Helping Hands Development Center, University Pediatrics, Huntington, West Virginia

ABSTRACT. The objectives of this study were to determine whether autistic children taking levetiracetam
(1) showed improvement in the areas of aggression, impulsivity, hyperkinesis, and mood instability, and
(2) showed a nootropic response. Ten white autistic boys ranging from 4 to 10 years were compared
pretreatment and while taking levetiracetam for an average of 4.1 weeks. Inattention, hyperkinesis, and
impulsivity were evaluated using the Achenbach Attention Problems scale, Conners DSM-IV Total scale, and
the Conners Attention-Deficit Hyperactivity Disorder Index scale, all of which showed statistically significant
improvements. Mood instability was measured with the Conners Global Index (CGI) Emotional Lability and
CGI Total scales, both of which showed statistically significant improvements. Aggressive behavior, as
measured with the Achenbach Aggression scale, showed statistically significant improvement only for
subjects who were not recently weaned from medications that reduce aggression (e.g., risperidone,
carbamazepine, desipramine). Levetiracetam may reduce hyperactivity, impulsivity, mood instability, and
aggression in autistic children with these problems. No nootropic effect was observed. J Dev Behav Pediatr
23:225–230, 2002. Index terms: levetiracetam, autism, children.

Autism is a pervasive neurodevelopmental disability that
typically appears during the first 3 years of life with
symptoms ranging from mild to severe. According to the
Centers for Disease Control and Prevention, autism occurs
in as many as 1 in 500 people, making autism the third most
common developmental disability.

Although the primary symptoms relate to the development
of social interaction and communication skills, autism is
commonly associated with mood and state regulation
difficulties with some or all of the following behaviors:
aggression, agitation, anger, hyperkinesis, and impulsivity.1,2

A number of medications, including anticonvulsants,
stimulants, benzodiazepines, tricyclic antidepressants, se-
lective serotonin re-uptake inhibitors, neuroleptics, central
alpha adrenergic agonists, and other medications have been
used to mitigate some of these associated symptoms of
autism. Unfortunately, none are consistently effective in
treating the core symptoms of autism, reports are often
mixed, and side effects commonly limit their use.3–5

Several anticonvulsants have demonstrated clinical efficacy
in treating mood instability, anxiety, and aggression.6,7 In
particular valproate, carbamazepine, topiramate, lamotri-
gine, and other anticonvulsants have been used to manage
aggression and mood disorders in children with autism and
the pervasive developmental disorders.8–11

Levetiracetam is a novel anticonvulsant with an unknown
mechanism of action and a unique profile of activity.12 It
is chemically unrelated to existing anticonvulsant drugs.
It has a pharmacokinetic profile that makes it easy to start
and easy to manage. Levetiracetam is primarily excreted
through the kidney, with little hepatic metabolism and no
interaction with the cytochrome P450 system.13 Less than
10% is protein bound; thus, it does not displace other
protein-bound medications.13 Therefore, the risk of drug
interactions is very low.13 It is well tolerated, with the most
common adverse reactions being mild to moderate (dizzi-
ness, flu syndrome, headache, infection, rhinitis, somno-
lence or sedation, asthenia).14,15 Dosing recommendations
are 13 to 54 mg/kg, with a recommended maximum of
3000 mg per day in divided doses.12 Because many of the
currently available anticonvulsants are used to treat asso-
ciated aggression, anxiety, and mood instability in children
with autism,11 it can be hypothesized that there is some
benefit in using levetiracetam in autism for management of
these excitability concerns.

On another level, levetiracetam is the S enantiomer of
piracetam, a nootropic that is reported to improve cognition,
memory, and language function in a number of conditions,
including poststroke aphasia and dementia states.16 Noo-
tropics are a class of drugs that reportedly act as cognitive
enhancers. Piracetam allegedly stimulates the cerebral
cortex and increases the rate of metabolism and energy
level of brain cells and is reported to increase the
interhemispheric flow of information in the brain.17,18

Additionally, there is some evidence that levetiracetam
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future studies should evaluate levetiracetam either as an add-
on medication if other medications are at a stable dose, or
should require a much longer drug-free interval before
entering into the study (to allow adequate time for receptor
turnover of irreversibly altered receptors and to allow
adequate time so that clinical rebound does not confound
results). Another consideration is that the children with-
drawn from medications were biased toward more aggres-
sion, but this was not found on comparison of premedication
Achenbach Aggression scales (t score of 65.8 for subjects

recently withdrawn from medication compared with a t score
of 64.7 for drug-free subjects, p = .26).

As found on the Psychoeducational Profile–Revised26

(PEP-R) scores, sensory response measures were signifi-
cantly worse with treatment, possibly indicating increased
awareness of sensory stimuli. Several parent and teacher
questionnaires reported that the subjects seemed to have an
increase in awareness of his surroundings. Although some
parents reported this subjectively as a positive change (that
he was noticing more environmental detail than previously),

Table 5. Comparison of Outcome Measures

Scales Used for Evaluation

t Scores for Four
Drug-Withdrawal

Subjects
t Scores for Six

Drug-Naı̈ve Subjects
p Value

Comparing
These GroupsMean SD Mean SD

Outcome Measures Before Medication Administration
Achenbach Attention Problems 73.6 10.3 73.0 11.6 .86
Conners ADHD Index 72.0 9.3 75.2 6.8 .52
Conners DSM-IV Total 70.6 9.9 72.8 9.2 .78
Conners DSM-IV Inattentive 66.4 11.5 68.4 9.7 .74
Conners DSM-IV Hyperactive/Impulsive 73.5 11.2 74.1 8.2 .87
Conners CGI Emotional Lability 72.9 18.1 77.4 11.6 .55
Conners CGI Global Index 76.0 12.8 81.4 6.2 .36
Achenbach Aggressive Behaviors 65.8 6.8 64.7 7.4 .51

Outcome Measures During Administration of Levetiracetam
Achenbach Attention Problems 76.0 7.2 64.3 7.6 <.005
Conners ADHD Index 72.0 8.9 61.1 7.3 .01
Conners DSM-IV Total 73.6 9.5 58.8 6.7 <.003
Conners DSM-IV Inattentive 72.1 7.4 57.8 7.1 <.001
Conners DSM-IV Hyperactive/Impulsive 76.5 10.3 59.0 6.6 !.001
Conners CGI Emotional Lability 65.5 19.6 64.1 8.7 .86
Conners CGI Global Index 78.5 9.4 64.4 7.4 <.01
Achenbach Aggressive Behaviors 70.1 9.4 57.3 5.9 <.01

Difference for Four
Drug-Withdrawal

Subjects p Value

Difference for Six
Drug-Naı̈ve
Subjects p Value

Outcome Measure Differencesa

Achenbach Attention Problems +2.4 NS !8.7 <.002
Conners ADHD Index +0.0 NS !14.1 <.001
Conners DSM-IV Total +3.0 NS !14.0 <.002
Conners DSM-IV Inattentive +5.7 NS !10.6 <.01
Conners DSM-IV Hyperactive/Impulsive +3.0 NS !15.1 <.001
Conners CGI Emotional Lability !7.4 NS !13.3 <.001
Conners CGI Global Index +2.5 NS !17.0 <.001
Achenbach Aggressive Behaviors +4.3 NS !7.4 <.02

ADHD, attention-deficit hyperactivity disorders; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, 4th edition; CGI, Conners Global
Index; NS, not significant.
aDifferences are calculated as t score mean during levetiracetam treatment minus t score mean before treatment; negative scores suggest
clinical improvement. p values are calculated by comparing pretreatment t scores with treatment t scores of each group.

Table 6. Adverse Events

Adverse Event Description Patient

Rash: Diaper area Transient– local treatment RNE
Rash: Trunk and extremities macular Transient– reduced dose CM
Rash: Diffuse macular Diffuse–med discontinued LS
Headache, vomiting, and stomachache Transient–dose reduction RB
Encopresis and diarrhea Occasional, inconsistent–symptomatic treatment CM
Daytime somnolence Occasional–managed with late afternoon nap as needed CM
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Levetiracetam versus placebo in childhood and adolescent
autism: a double-blind placebo-controlled study
Stacey Wassermana, Rupa Iyengara, William F. Chaplinb, Dryden Watnerb,
Shulamit E. Waldoksa, Evdokia Anagnostoua, Latha Sooryaa

and Eric Hollandera

The purpose of this study was to determine the safety
and efficacy of the anticonvulsant levetiracetam in the
treatment of children with autism. A previous open-label
study in autistic children treated with levetiracetam
demonstrated effectiveness in hyperactivity, impulsivity/
aggression, and mood lability. Twenty patients with autism
ranging from 5 to 17 years of age were entered into a
10-week, placebo-controlled, double-blind trial of
levetiracetam versus placebo. The mean maximum
dosage for levetiracetam was 862.50 ± 279.19 mg/day.
We evaluated global improvement of autism with the
Clinical Global Impression-Improvement (CGI-I) Scale
and aggression and affective instability with the Aberrant
Behavior Checklist (ABC) parent and teacher ratings.
We measured repetitive behaviors using the Children’s
Yale–Brown Obsessive–Compulsive Scale (CY-BOCS)
score and impulsivity and hyperactivity with the Conners’
Rating Scale-Revised: Long Version for parent and teacher.
No significant difference was found between levetiracetam
and placebo groups comparing the change in CGI-I
(t = 0.350, d.f. = 13.621, P = 0.765), nor on change in ABC,

CY-BOCS or Conners’ scales. These findings suggest that
levetiracetam does not improve behavioral disturbances of
autism, but are limited by the small sample size and lack of
stratification of the autistic sample at baseline. Int Clin
Psychopharmacol 21:363–367 !c 2006 Lippincott Williams
& Wilkins.
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Introduction
Autism is a developmental disorder that is characterized
by impairments in three core symptom domains: social
interaction, communicative ability, and repetitive/stereo-
typed behaviors (American Psychiatric Association, 1994).
Although the primary symptom domains of autism relate
to abnormalities in the development of social interaction
and communication skills, it is often associated with other
symptoms such as irritability, mood instability, and
aggression. Difficulties with attention, hyperactivity,
mental retardation, and seizure disorder may also be
present. The associated features of autism (e.g. impul-
sivity, aggression, self-injurious behavior) create signifi-
cant additional burden for the affected child and
caregivers, as well as an increased need for services.

While various medications have been used to ameliorate
the symptoms and behaviors in children with autism,
there are no specific pharmacological treatments ap-
proved by the Food and Drug Administration for use in
autism. The current data provide some support for the
use of serotonin reuptake inhibitors for repetitive
behaviors (Hollander et al., 2005a, b), atypical antipsy-
chotics for aggressive behavioral problems (Rupp, 2002),

and perhaps anticonvulsants especially in the treatment
of autistic individuals who also have seizure disorder
(Hollander et al., 2001).

Mood stabilizers and anticonvulsants may be helpful in
autism owing to their anti-aggressive and anti-impulsive
effect (Hollander et al., 2003). An open-label trial
demonstrated that 10 out of 14 patients with autism
spectrum disorders treated with divalproex sodium were
rated as sustained treatment responders with final
Clinical Global Impression-Improvement (CGI-I) scores
of much improved to very much improved (Hollander
et al., 2001). This retrospective review provided preli-
minary evidence that divalproex may be beneficial to
children/adolescents and adult with autism spectrum
disorders, particularly those with associated features of
affective instability, impulsivity or aggression, and those
with electroencephalogram abnormalities or history of
seizure disorder.

Divalproex sodium has been recently explored as a
treatment for repetitive behaviors, decreasing Children’s
Yale–Brown Obsessive–Compulsive Scale (CY-BOCS)
(Goodman et al., 1991) scores versus placebo in autism

0268-1315 !c 2006 Lippincott Williams & Wilkins

(Hollander et al., 2005a, b). Other anticonvulsants, how-
ever, such as lamotrigine, have failed to demonstrate any
benefit in a placebo-controlled trial (Belsito et al., 2001).
Children taking divalproex showed significant improve-
ment in repetitive behaviors measured by the CY-BOCS.
While preliminary experience with divalproex may be
promising, it may be associated with side effects
including increased liver function tests, decreased plate-
lets, and the need for frequent blood monitoring.

Levetiracetam, a novel anticonvulsant with anti-kindling,
inhibitory, and neuroprotective properties (Kaufman
2004), is approved as an adjunctive therapy for the
treatment of partial seizures in children. It has been
shown to have favorable safety and tolerability profiles
and does not require blood monitoring for side effects or
drug levels for toxicity. The mechanism of action of
levetiracetam is not completely known, but it appears to
be unrelated to the mechanism of action of other
antiepileptic drugs. Unlike other antiepileptics, levetir-
acetam does not inhibit the Ca2 + voltage channels,
excite the Na + channels, nor directly enhance inhibition
of the neurotransmitter of g-aminobutyric acid type A
receptor. Previously unknown, the central binding site is a
presynaptic protein (SV2A) located on a synaptic vesicle
(Lynch et al., 2004). Although the protein’s function is not
known, levetiracetam binds to the protein, but how the
interaction results in antiepileptic activity is not under-
stood.

To date, there has been one open-label prospective study
of 10 autistic children (Rugino and Samsock, 2002) that
showed a statistically significant improvement in Con-
ners’ Global Index (CGI) Emotional Lability and CGI
total scales suggesting that levetiracetam can reduce
mood instability and disruptive outbursts. This study also
found that levetiracetam reduced aggressive behavior but
only in the patients who had not been on medications
used to treat aggression before the study. Currently, no
placebo-controlled trials have been published examining
the efficacy of levetiracetam in the treatment of autism.

As pilot data and published data suggested potential
efficacy for global severity and anti-impulsive properties,
a controlled study was needed to investigate its effec-
tiveness as a sole treatment in autism. This is the first
randomized, double-blind study of the safety and efficacy
of levetiracetam.

Methods
Study participants
Patients were recruited and evaluated at the Seaver and
New York Autism Center of Excellence. Twenty-five
parents of patients signed informed consent in accor-
dance with the Mount Sinai School of Medicine
Institutional Review Board guidelines. The average age

of the patients was 8.72 years with an age range of 5–17
years. The racial distribution was 50% (10) Caucasian,
35% (7) African American, 5% (1) Asian, and 10% (2)
Hispanic.

Baseline assessments included comprehensive psychia-
tric, psychological testing, and medical evaluations.
Diagnostic tests used to establish an autism spectrum
disorder were Diagnostic and Statistical Manual for
Mental Disorders – fourth edition (DSM-IV) criteria,
Autism Diagnostic Interview-Revised (ADI-R), and Aut-
ism Diagnostic Observation Schedule. Seventy-five per-
cent (15) of the children were diagnosed with autistic
disorder, 20% (4) were diagnosed with Asperger’s
disorder, and 5% (1) were diagnosed with pervasive
developmental disorder, not otherwise specified.

IQ scores were assessed with the Leiter-Revised scale if
the child was non-verbal or the Wechsler Intelligence
Scale for Children (WISC) – fourth edition if the child
was verbal. Mean WISC IQ was 75.75 ± 33.4 (range
29–107), and the mean Leiter IQ was 51.08 ± 28.5
(range 12–102) (Table 1).

Patients were eligible if they were between 5 and 17 years
of age. Patients who were responding well to previous
interventions or had only mild global severity were not
included. Exclusion criteria also included DSM-IV
psychotic disorders, a history of seizures, and any
clinically significant medical illness. Patients were free
of any psychotropic medications for 4 weeks before
participation and no concomitant psychiatric medications
or initiation of new behavioral therapies was allowed
during the study. Patients who were in an established
behavior therapy program for more than 3 months were
included in the study. Continuation of non-medication
treatments, such as diet, vitamins, and psychosocial
therapy, that had been continuous for at least 3 months
before the start of the study were allowed. Patients were
included exclusively on the basis of meeting DSM-IV and
ADI-R criteria for an autism spectrum disorder and
scoring as moderately ill on the CGI Scale for Autistic
Disorder (CGI-AD) (Guy, 1976) rating. Patients were not
selected for particular scores of aggression or irritability
on study measures.

Study design
This study consisted of a 10-week double-blind placebo-
controlled trial of levetiracetam. Before starting medica-
tion, study measures were completed at baseline. The
assessments were repeated at each visit and at the end of
the study.

Patients were evaluated by the treating psychiatrist
weekly for the first 4 weeks and biweekly for the next
6 weeks in order to allow for a gradual titration of
medication and to allow close monitoring of side effects.
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u10 weeks of placebo (n=10) or Levetiracetam (n=10)
uNo significant improvement in the CGI for autism, 

impulsivity/aggression or affective instability, parent or 
teacher ratings of irritability, lethargy, stereotypy, 
hyperactivity or inappropriate speech on the ABC; repetitive 
behaviors as measured by the CY-BOCS; parent or teacher 
ratings of hyperactivity, ADHD, restless-impulsivity, CGI-total 
symptoms, DSM-IV  Hyperactivity-Impulsivity or DSM-IV 
total symptoms as rated by the Conner's’ scales

uNo significant difference in adverse effects 
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An Open Trial of Divalproex Sodium in 
Autism Spectrum Disorders
Hollander et al. J Clin Psychiatry 2001; 62:530-534

u14 children with ASD but not epilepsy or abnormal EEG 
u10 (71%) completed the trial 
uThose completing the trial rated sustained improvement 

in core and associated autism symptoms such as affect 
instability, impulsivity and/or aggression. 

uAverage dose: 768mg/day (125-2500mg/day).
uAverage treatment length: 10.7 months (0.5-43)
uAverage blood level: 75.8 (50-92)
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Lamotrigine Therapy for Autistic Disorder: A Randomized,
Double-Blind, Placebo-Controlled Trial

Karin M. Belsito,1 Paul A. Law,2 Karen S. Kirk,1 Rebecca J. Landa,1,2 and 
Andrew W. Zimmerman1,2

In autism, glutamate may be increased or its receptors up-regulated as part of an excitotoxic
process that damages neural networks and subsequently contributes to behavioral and cogni-
tive deficits seen in the disorder. This was a double-blind, placebo-controlled, parallel group
study of lamotrigine, an agent that modulates glutamate release. Twenty-eight children
(27 boys) ages 3 to 11 years (M = 5.8) with a primary diagnosis of autistic disorder received
either placebo or lamotrigine twice daily. In children on lamotrigine, the drug was titrated up-
ward over 8 weeks to reach a mean maintenance dose of 5.0 mg/kg per day. This dose was
then maintained for 4 weeks. Following maintenance evaluations, the drug was tapered down
over 2 weeks. The trial ended with a 4-week drug-free period. Outcome measures included
improvements in severity and behavioral features of autistic disorder (stereotypies, lethargy,
irritability, hyperactivity, emotional reciprocity, sharing pleasures) and improvements in lan-
guage and communication, socialization, and daily living skills noted after 12 weeks (the end
of a 4-week maintenance phase). We did not find any significant differences in improvements
between lamotrigine or placebo groups on the Autism Behavior Checklist, the Aberrant Be-
havior Checklist, the Vineland Adaptive Behavior scales, the PL-ADOS, or the CARS. Par-
ent rating scales showed marked improvements, presumably due to expectations of benefits.

KEY WORDS: Autism; lamotrigine.

INTRODUCTION

Autism is a neurodevelopmental disorder that is
characterized by impaired communication skills, social
interactions, and repetitive, stereotyped behaviors
(Rapin & Katzman, 1998). Due to its frequent associ-
ation with mental retardation and epilepsy, along with
unusually preserved skills, the neural mechanisms un-
derlying autism are likely to involve factors that nor-
mally modify synaptic connections during early brain
development. Abnormalities of cellular development in
autism have been described in the limbic system and
cerebellum postmortem (Bauman & Kemper, 1984;
Raymond, Bauman, & Kemper, 1996). These areas are

notable for their enrichment of glutamate receptors that
are likely to modulate the excitatory effects of gluta-
mate, the major excitatory neurotransmitter in the de-
veloping nervous system (Monaghan & Cotman, 1985).
Glutamate and its receptors reach their peak activity
during the second year of life (Kornhuber, Mack-
Burkhardt, Konradi, Fritze, & Riderer, 1989), a time
when autistic symptoms also typically become mani-
fest. Glutamate activity is essential for normal growth,
and increased activity at this age may be essential for
the process of normal synaptic pruning. However, over-
activity of glutamate or dysfunction of its receptors dur-
ing critical periods could result in “excitotoxicity,”
which may in turn cause aberrant neuronal growth and
network connectivity (Bittigau & Ikonomidou, 1997).

One way to indirectly investigate the pathophysi-
ology of autism is to study the effect of a drug that may
modulate the release of glutamate or the function of ex-
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Measurements – No significant difference
•Aberrant Behavior Checklist
•Autism Diagnostic Observation Schedule
•Autism Behavior Checklist
•Vineland Adaptive Behavior Checklist
•Childhood Autism Rating Scale

u18 week trial. 
uTapered up to 5mg/kg/day over 8 weeks
uMaintained for 4 weeks  
uTapered off over 2 weeks
uDrug Free Period for 4 weeks

Journal of Autism and Developmental Disorders, Vol. 31, No. 2, 2001

Lamotrigine Therapy for Autistic Disorder: A Randomized,
Double-Blind, Placebo-Controlled Trial

Karin M. Belsito,1 Paul A. Law,2 Karen S. Kirk,1 Rebecca J. Landa,1,2 and 
Andrew W. Zimmerman1,2

In autism, glutamate may be increased or its receptors up-regulated as part of an excitotoxic
process that damages neural networks and subsequently contributes to behavioral and cogni-
tive deficits seen in the disorder. This was a double-blind, placebo-controlled, parallel group
study of lamotrigine, an agent that modulates glutamate release. Twenty-eight children
(27 boys) ages 3 to 11 years (M = 5.8) with a primary diagnosis of autistic disorder received
either placebo or lamotrigine twice daily. In children on lamotrigine, the drug was titrated up-
ward over 8 weeks to reach a mean maintenance dose of 5.0 mg/kg per day. This dose was
then maintained for 4 weeks. Following maintenance evaluations, the drug was tapered down
over 2 weeks. The trial ended with a 4-week drug-free period. Outcome measures included
improvements in severity and behavioral features of autistic disorder (stereotypies, lethargy,
irritability, hyperactivity, emotional reciprocity, sharing pleasures) and improvements in lan-
guage and communication, socialization, and daily living skills noted after 12 weeks (the end
of a 4-week maintenance phase). We did not find any significant differences in improvements
between lamotrigine or placebo groups on the Autism Behavior Checklist, the Aberrant Be-
havior Checklist, the Vineland Adaptive Behavior scales, the PL-ADOS, or the CARS. Par-
ent rating scales showed marked improvements, presumably due to expectations of benefits.

KEY WORDS: Autism; lamotrigine.

INTRODUCTION

Autism is a neurodevelopmental disorder that is
characterized by impaired communication skills, social
interactions, and repetitive, stereotyped behaviors
(Rapin & Katzman, 1998). Due to its frequent associ-
ation with mental retardation and epilepsy, along with
unusually preserved skills, the neural mechanisms un-
derlying autism are likely to involve factors that nor-
mally modify synaptic connections during early brain
development. Abnormalities of cellular development in
autism have been described in the limbic system and
cerebellum postmortem (Bauman & Kemper, 1984;
Raymond, Bauman, & Kemper, 1996). These areas are

notable for their enrichment of glutamate receptors that
are likely to modulate the excitatory effects of gluta-
mate, the major excitatory neurotransmitter in the de-
veloping nervous system (Monaghan & Cotman, 1985).
Glutamate and its receptors reach their peak activity
during the second year of life (Kornhuber, Mack-
Burkhardt, Konradi, Fritze, & Riderer, 1989), a time
when autistic symptoms also typically become mani-
fest. Glutamate activity is essential for normal growth,
and increased activity at this age may be essential for
the process of normal synaptic pruning. However, over-
activity of glutamate or dysfunction of its receptors dur-
ing critical periods could result in “excitotoxicity,”
which may in turn cause aberrant neuronal growth and
network connectivity (Bittigau & Ikonomidou, 1997).

One way to indirectly investigate the pathophysi-
ology of autism is to study the effect of a drug that may
modulate the release of glutamate or the function of ex-
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•On-line web-based survey
•Average Completion Time 25 Minutes 26 Seconds

•Total 737 Questions
•Skip logic used to minimize questions. 
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•Each Treatment rated for effect on
• Seizures
• Sleep
• Expressive Language
• Receptive Language
• Verbal Communication
• Non-verbal Communication
• Stereotypic and repetitive behavior
• Rigidity, flexibility and adaptability:
• Hyperactivity
• Attention
• Mood

•Side Effects and Frequency of Side Effects

Seven Point Scale
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Factors Associated with Regression

About one-third with Regression, 
Similar to the general autism population 
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One-half have emergency medication

Routine EEG Most Prevalent Clinical Test
18% Diagnosed without a Clinical Test!
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Clinical Seizure Treatments

Antiepileptic Drugs 
(Cluster 1)

Non-Antiepileptic Drugs 
(Cluster 2)
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Antiepileptic Drugs (Cluster 1)
AED 
Subcluster 1

AED 
Subcluster 2

AED 
Subcluster 3
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AED 
Subcluster 1

AED 
Subcluster 2

AED 
Subcluster 3

Valproic Acid
Lamotrigine
Levetiracetam
Ethosuxidime

Phenytoin
Clonazepam
Carbamazepine
Oxcarbazepine
Topiramate
Gabapentin
Zonisamide
Felbamate

Phenobarbitol
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Survey of Treatments for Seizures in Autism
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Non-Antiepileptic Drugs (Cluster 2)
Non-AED 
Subcluster 1

Non-AED 
Subcluster 2

Non-AED 
Subcluster 3
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Non-AED 
Subcluster 1

Non-AED Subcluster 2 Non-AED 
Subcluster 3

Ketogenic Diet
Atkins Diet
GFCF
HBOT

Vitamin B6, IVIG
L-Carnitine & Acetyl-L-
Carnitine
CoQ10, Vitamin B12
Dimethylglycine
Taurine, GABA
Magnesium, 5HTP
L-Carnosine, Chelation
Glutathione, SCD

Steriods 
VNS
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Survey of Treatments for Seizures in Autism
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Subclinical Electrical Discharges
Significance and Treatments 



Landau-Kleffner syndrome (model for autism)

Frequent Spikes in
the Temporal Region

(From Ballaban-Gill and Tuchman, 2000)

•Language regression after 
3 years of age
•Only Language skills 
affected
•Most have clinical seizures 
•Controlling discharges on 
EEG sometimes results in 
return of language
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AWAKE

Electrical Status Epilepticus during Slow Wave Sleep
•Generalized Discharges in 80% of slow wave sleep

(From Ballaban-Gill and Tuchman, 2000)
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Subclinical Discharges

Specific Syndromes, such as Landau-Kleffner 
syndrome, are relatively rare.

Recent studies have shown that subclinical 
discharges are prevalent in children with Autism.

Other reports have suggested that the location of 
focal discharges correlate with specific symptoms.
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For personal use. Only reproduce with permission from The Lancet.

THE LANCET Neurology Vol 2  December 2003    http://neurology.thelancet.com726

series included no patients with classic 3/s spike-and-wave
activity as seen in absences, and TCI was found no more often
during generalised than with focal discharges. As suggested by
Delgado-Escueta,21 “in absence epilepsy interictal discharges
probably do not occur”.

Detection of TCI
The demonstration of TCI depends on the test used. Simple
measurements of reaction time and repetitive motor tasks are
insensitive.12,14,15,22–25 To achieve the greatest sensitivity for TCI,
the task should extend the tested person to the limits of his or
her capability12,15,20,26 and must be neither too easy nor too
demanding, so that floor and ceiling effects are avoided. An
interactive task that adapts the degree of difficulty to
individual performance is ideal.10 Tasks using working
memory and language are among the most sensitive.

Early reports suggested that the type of discharge was an
important determinant of TCI, which is most readily detected
during generalised 3/s spike-and-wave discharges of at least 3 s
duration.13,15,18,23,27,28 Arguably, these observations merely
confirm that such discharges consistently produce absence

seizures.21 Most early studies of TCI concerned only
generalised discharges. Prechtl and colleagues8 found no effect
of focal events but also did not demonstrate TCI during
generalised discharges. Aldenkamp and co-workers9

confirmed that generalised discharges of 3–10 s duration were
commonly accompanied by overt seizures and failed to
demonstrate TCI during focal or multifocal discharges;
however, they presented no evidence to support this crucial
finding. Kooi and Hovey13 suggested that focal discharges were
less disruptive of performance than generalised discharges.
Our study of TCI associated with focal events, in a series
excluding patients with 3/s generalised spike-and-wave
activity, found an equal prevalence of TCI of about 50% with
both generalised and focal discharges.10

Nature and specificity of transitory cognitive
deficits
Tizard and Margerison22 attributed the different sensitivities
of tasks to differing information load. Hutt and co-workers29

showed that the linear relation between choice reaction time
and information content of the stimulus was maintained

Review Transitory cognitive impairment

Fp2-AV

Fp1-AV

F8-AV

F4-AV

F3-AV

F7-AV

T4-AV

C4-AV

C3-AV

T3-AV

T6-AV

P4-AV

P3-AV

T5-AV

02-AV

01-AV

Figure 1. TCI testing in 13-year-old boy with focal discharges in the right temporal region associated with errors on computerised spatial short-term
memory task. Images of simple objects appear sequentially in a 3!4 matrix. Using a touch-sensitive screen, the patient is required to select images in
chronological order from a set of twelve and locate them within the matrix. Memory-resident software enables inputs from the test computer to use the
standard facilities of a digital EEG machine to annotate the EEG display as follows: “mouth” icon=start of trial; “H”=presentations of five stimuli;
“closed eye” icon=end of stimuli; “mouth” icon=start of response; “printer” icon=patient selects image; numbers 1, 2=locations selected in matrix.
Note that a spike-and-slow-wave discharge occurs during presentation of the third stimulus; the patient selects the third image but fails to locate it.
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Magnetoencephalography  (MEG)

Magnetically-shielded room

“Recording neuromagnetic signals is like 
listening for the footsteps of an ant in the 
middle of a rock concert”

Dewar filled with helium

VectorView system Neuromag
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Landau-Kleffner syndrome

(From Lewine et al., Pediatrics, 1999)
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(From Lewine et al.,
Pediatrics, 1999)
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Causes of subclinical discharges

• Metabolic and Mitochondrial Disorders

• Inflammatory
• Some children respond to steroids or IVIG
• Specific antibodies (Endothelia) are sometimes found

• Brain malformations
• Too small to see on clinical MRI but focal nature might 

suggest small cortical dysplasias exists
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uThree children with ASD and epileptiform discharges but no seizures
u#1 EEG: short runs of spike discharges from the right frontal-temporal 

area during sleep. Within one month of starting valproic acid, language & 
social skills improved significantly.

u#2 EEG revealed bifrontal independent sharp waves during sleep. Three 
months after starting valproic acid stopped spinning/hand flapping, started 
to say understandable words, use toys appropriately, engage in 
imaginative activities, and markedly improved her eye contact and social 
interactions.

u#3 EEG revealed independent bilateral frontal-central sharp waves during 
sleep. One month after starting valproic acid demonstrated markedly 
improved speech, appropriate play, emotional expression and improved 
following of commands.
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uTwin boys with staring episodes. 
uOne with routine EEG with paroxysmal high voltage slow 

activity with spikes during drowsiness, the other with normal 
routine EEG without sleep obtained. 

uBoth started on valproic acid. After 10 months of treatment, 
the mother reported the development of independent speech 
and affectionate behavior toward family members. 

uThe mother reported regression in language with periods of 
increased staring episodes which necessitated increasing the 
valproic acid dose which then improved language.
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Original Article

Electroencephalogram Discharges in Atypical
Cognitive Development

Richard E. Frye, MD, PhD,1,2 Ian Butler, MBBS, FRACP,1

David Strickland, BS,2 Edwardo Castillo, PhD,2 and
Andrew Papanicolaou, PhD2

Abstract
To investigate the significance of electroencephalogram (EEG) discharges and their treatment, we retrospectively reviewed the
charts of 22 children with atypical cognitive development that did not respond to standard educational therapy and demonstrated
discharges on EEG. Most children demonstrated no obvious symptoms of seizures, and developmental regression and/or
fluctuations were uncommon. The majority of children demonstrated a language and attention disorder and autism
symptomatology and had multifocal discharges on EEGs. Of the 20 patients treated with antiepileptic medications, 70%
demonstrated definite improvement within 1 clinic visit. This study suggests that children with EEG discharges and
developmental cognitive disorders demonstrate a unique pattern of symptomatology and discharges on EEG. This study
suggests that children with developmental cognitive disorders that do not respond to standard therapy may benefit from
screening with an EEG and a trial of antiepileptic mediation if discharges are detected.
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speech delay, attention deficit, pervasive developmental disorder, electroencephalography, magnetoencephalography
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The significance of electroencephalogram (EEG) discharges on
cognitive and behavioral development has been debated.
Electroencephalogram discharges have a high incidence in sev-
eral neurodevelopmental disorders, such as autism spectrum
disorder and Asperger syndrome, even when a diagnosable
seizure disorder is absent.1,2 This has led some to suggest that
these discharges could be correlated with abnormal behavioral
and cognitive development. However, discharges are com-
monly found in children who have benign childhood epileptic
disorders such as benign rolandic epilepsy of childhood.
Children with benign rolandic epilepsy of childhood, for the
most part, demonstrate normal cognitive development despite
frequent discharges on the EEG. This has raised doubt regard-
ing the association of discharges with abnormal behavioral and/
or cognitive development.

In some cases, benign rolandic epilepsy of childhood can be
associated with cognitive disturbances.3,4 Several reports have
examined cases with electroencephalographic characteristics
of benign rolandic epilepsy of childhood, who also have cogni-
tive or achievement deficits.5 Using magnetoencephalography,
studies have suggested that discharge location may be related
to specific behavioral and cognitive abnormalities. Wolff
et al6 demonstrated that children with discharges in the left
perisylvian area scored lower in tests of language, whereas
children with discharges in the occipital cortex scored lower

in tests involving visual transformation. Such data are consis-
tent with a larger study by Lewine et al,7 who demonstrated that
children with traditional Landau-Kleffner syndrome demon-
strated primary discharges only in the left temporoparietal area.
Lewine et al7 also demonstrated that children with pervasive
developmental disorder demonstrated additional discharges
outside the left temporoparietal area and manifested a multifo-
cal pattern of discharges.

Several studies have demonstrated that a subset of children
with developmental disorders manifest abnormal electroence-
phalographic studies, and in some studies, abnormal EEGs
were reported to be more likely in children with cognitive
regression.8 However, studies have not examined whether chil-
dren with discharges, as a group (1) represent a specific clinical
phenotype, (2) manifest a specific electroencephalographic
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Comorbid Cognitive Disorders

Attention problems were the common comorbid disorder
(73%) with 25% of these patients having mild attention prob-
lems that did not qualify for attention-deficit disorder with or
without hyperactivity and 75% having moderate-to-severe
attention problems that qualified for the attention-deficit disor-
der with or without hyperactivity diagnosis. At least 1 symptom
of autism was present in 59% of patients with 8% of these
patients demonstrating echolalia, 46% being diagnosed with
mild pervasive developmental disorder, 23% diagnosed with
pervasive developmental disorder—not otherwise specified,
and 8% diagnosed with high-functioning autism. Of the 7 chil-
dren that did not present with a speech or language disorder,
71% had a history of speech or language disorder. Overall,
91% of patients had a history of a speech or language disorder
(Table 2).

Of the patients not presenting with paroxysmal episodes,
53% were found to have subtle symptoms of paroxysms, with
staring episodes being the most common symptom. Of all
patients, 64% were found to have paroxysmal episodes either
on presentation or on detailed questioning.

Electroencephalograms: Relationship Between
Abnormalities and Electroencephalogram Type

A total of 82 EEG studies were performed across all patients.
Most (77%) initial EEGs demonstrated discharges. Normal
initial studies were found in 29% of routine EEGs, 33% of
the ambulatory electroencephalographic studies, and 0% of
epilepsy monitoring unit studies. When the patient was not
receiving antiepileptic medications, discharges were present
on epilepsy monitoring unit studies and on EEGs performed
during magnetoencephalography 100% of the time, while dis-
charges were less likely on routine EEGs (74%) and ambula-
tory EEGs (63%). Of the abnormal EEGs, sharp wave was
the predominant discharge type (61%), whereas focal spike and
slow wave (10%) and spike and wave (8%) occurred less often.
Focal (11%) and generalized (7.5%) slowing were also seen. A
clinical correlation with the EEG discharges was only detected
in 1 patient. This represents a clinical correlation in 1% of all
electroencephalographic studies and 2% of all extended studied
electroencephalographic studies.

Electroencephalogram: Discharge Lateralization and
Localization Consistency

Most patients (86%) demonstrated discharges on at least 2 EEG
studies. Of these patients, 95% demonstrated focal or multifo-
cal discharges consistently. Consistent lateralization of focal or
multifocal discharges was only seen in 53% of these patients or
in 45% of patients overall. Of the patients who demonstrated
consistent lateralization of focal or multifocal discharges, most
(60%, or 27% of all patients) demonstrated bilateral discharges.
Overall, only 25% of the patients demonstrated consistent dis-
charge localization.

Electroencephalogram Discharge Lateralization:
Correlation With Symptoms

Here we consider the 10 patients who demonstrated consistent
lateralization of discharges. The patient with pervasive devel-
opmental disorder demonstrated right hemisphere discharges.
Of the 4 patients with attention-deficit hyperactivity disorder
(ADHD), 3 demonstrated bilateral discharges and 1 demon-
strated right hemisphere discharges. Of the 2 patients with a
diagnosis of reading disability, 1 demonstrated right hemi-
sphere discharges, while the other demonstrated bilateral dis-
charges. Of the 4 patients with isolated speech disorder, half
had left hemisphere discharges while the others demonstrated
bilateral discharges.

Magnetoencephalography Discharge Localization and
Correlation With Symptoms

Source localization of magnetoencephalography spikes was
performed in 12 patients but 1 patient demonstrated no dis-
charges and another demonstrated inconsistent findings over
2 magnetoencephalography scans. The remaining 10 patients
were considered. The 2 patients diagnosed with pervasive

Table 1. Presenting Complaints

% of subcategory % of all patients

Language 68 (15/22)
Regression 7 (1/15) 4.5 (1/22)
Fluctuations 20 (3/15) 14 (3/22)

Learning 23 (5/22)
Fluctuations 20 (1/5) 4.5 (1/22)

Memory 18 (4/22)
Fluctuations 50 (2/4) 9 (2/22)

Paroxysmal 18 (4/22)
Seizure 4.5 (1/22)

Table 2. Developmental Cognitive Disorders

% of
subcategory

% of all
patients

Attention problems 73 (16/22)
Mild 25 (4/16) 18 (4/22)
Attention disorder with or without

hyperactivity
75 (12/16) 55 (12/22)

Autism symptomatology 59 (13/22)
Echolalia 8 (1/13) 4.5 (1/22)
Mild pervasive

developmental disorder
46 (6/13) 27 (6/22)

Pervasive developmental
disorder-not otherwise specified

23 (3/13) 14 (3/22)

High-functioning autism
spectrum disorder

8 (1/13) 4.5 (1/22)

Speech or language disorder 91 (20/22)
No obvious paroxysmal symptoms 77 (17/22)

Subtle symptoms 53 (9/17) 41 (9/22)
Staring 89 (8/9) 36 (8/22)
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Comorbid Cognitive Disorders

Attention problems were the common comorbid disorder
(73%) with 25% of these patients having mild attention prob-
lems that did not qualify for attention-deficit disorder with or
without hyperactivity and 75% having moderate-to-severe
attention problems that qualified for the attention-deficit disor-
der with or without hyperactivity diagnosis. At least 1 symptom
of autism was present in 59% of patients with 8% of these
patients demonstrating echolalia, 46% being diagnosed with
mild pervasive developmental disorder, 23% diagnosed with
pervasive developmental disorder—not otherwise specified,
and 8% diagnosed with high-functioning autism. Of the 7 chil-
dren that did not present with a speech or language disorder,
71% had a history of speech or language disorder. Overall,
91% of patients had a history of a speech or language disorder
(Table 2).
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patients, 64% were found to have paroxysmal episodes either
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Electroencephalograms: Relationship Between
Abnormalities and Electroencephalogram Type
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initial studies were found in 29% of routine EEGs, 33% of
the ambulatory electroencephalographic studies, and 0% of
epilepsy monitoring unit studies. When the patient was not
receiving antiepileptic medications, discharges were present
on epilepsy monitoring unit studies and on EEGs performed
during magnetoencephalography 100% of the time, while dis-
charges were less likely on routine EEGs (74%) and ambula-
tory EEGs (63%). Of the abnormal EEGs, sharp wave was
the predominant discharge type (61%), whereas focal spike and
slow wave (10%) and spike and wave (8%) occurred less often.
Focal (11%) and generalized (7.5%) slowing were also seen. A
clinical correlation with the EEG discharges was only detected
in 1 patient. This represents a clinical correlation in 1% of all
electroencephalographic studies and 2% of all extended studied
electroencephalographic studies.

Electroencephalogram: Discharge Lateralization and
Localization Consistency
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multifocal discharges was only seen in 53% of these patients or
in 45% of patients overall. Of the patients who demonstrated
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(60%, or 27% of all patients) demonstrated bilateral discharges.
Overall, only 25% of the patients demonstrated consistent dis-
charge localization.

Electroencephalogram Discharge Lateralization:
Correlation With Symptoms
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charges. Of the 4 patients with isolated speech disorder, half
had left hemisphere discharges while the others demonstrated
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2 magnetoencephalography scans. The remaining 10 patients
were considered. The 2 patients diagnosed with pervasive
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Autism symptomatology, Attention problems 
and History of Speech or Language Disorder
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Treated with AED 91%

Carbamazepine 31%

Valproic Acid 19%

Oxcarbazepine 19%

Ethosuximide 8%

Lamotrigine 8%

Levetiracetam 4%

IVIG 4%
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Improvement within One Clinic Visit 70%

Improvement with Increasing AED Dose 10%

Limited Improvement 5%

No Improvement 15%

AED treatment Improves Symptoms
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Could this be due to Chance or Placebo Effect?
50% of patients were followed for several 
months to years before starting AED treatment

Improvement within One Clinic Visit 72%

Improvement with Increasing AED Dose 9%

Limited Improvement 9%

No Improvement 9%
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Does Discontinuing Medication Result in Regression ?

AEDs were withdrawn in three patients.

This resulted in regression. 

Reinstitution of AED Improved Cognitive Function
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No Controlled Studies of Treatment of 
Subclinical Electrical Discharges in Autism 

BUT studies have been done in epilepsy
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Treatment of interictal epileptiform discharges can improve 
behavior in children with behavioral problems and epilepsy.
Pressler RM, Robinson RO, Wilson GA, Binnie CD 
2005 J Pediatr 146:112–117

uBlinded placebo-controlled study of lamotrigine in 61 
children with well-controlled epilepsy but with subclinical 
discharges and behavioral problems.

uBehavioral improvement in the children on active drug 
who had a significant reduction in either frequency or 
duration of their subclinical electrical discharges. 
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Effects of transitory cognitive impairment on psychosocial 
functioning of children with epilepsy: a therapeutic trial.
Marston D, Besag F, Binnie CD, Fowler M.  
Developmental medicine and child neurology. Jul 1993;35(7):574-581. 

uBlinded placebo-controlled cross-over study of lamotrigine in 
10 children with well- controlled epilepsy but with subclinical 
discharges and behavioral problems.

uPsychosocial function as assessed by Conners’ teachers’ 
and parents’ rating scales

u80% (8/10) showed improved functioning on active drug than 
on placebo (p<0.05). 

uAll responders showed fewer subclinical discharges 
uConfounding factor: most also had fewer seizures with 

treatment
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uDouble-blind, placebo-controlled, crossover study of valproic acid in 8 
participants with subclinical epileptiform discharges without seizures 

uNo improvements in learning and behavior during the treatment arm 
uSome worsening of attention and behavior with treatment
uValproate blood levels were supratheraputic, in the range in which adverse 

cognitive effects would be expected in several patients
uNo correlation between improvements or detriments and in subclinical 

discharges 

Can sodium valproate improve learning in 
children with epileptiform bursts but without 
clinical seizures? 
Ronen GM, Richards JE, Cunningham C, Secord M, Rosenbloom D. 
Developmental medicine and child neurology. Nov 2000;42(11):751-755 
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There is Very little objective evidence
• Ketogenic Diet
• Modified Atkins Diet
• Complex Carbohydrate Supplementation
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Systematic Review of Treatments
and Consensus Statement
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1. Seizures are a significant concern and are relatively common 
in autism.  

2. Subclinical Electrical Discharges on electroencephalogram, 
not necessarily associated with clinical seizures are very 
prevalent in individuals with ASD and deserve careful study.

3. Pathophysiological processes that cause seizures and 
epilepsy are not well defined and require careful study

4. Subtle symptoms of seizures are very difficult to differentiate 
from abnormal behaviors commonly associated with autism, 
so an extended overnight electroencephalogram should be 
strongly considered for all individuals with autism. 
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5. Children with ASD and comorbid seizures or subclinical 
electrical discharges should have a systematic workup. 

6. Research on treatments for seizures is children with autism is 
needed. 

7. It is reasonable to consider treating subclinical electrical 
discharges in a carefully controlled fashion with close follow-up.

8. Some alternative treatments commonly prescribed to children 
with autism could have a positively influence on seizures

9. There are several areas that are ripe for future research 
efforts on seizures in individuals with autism. 
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Questions?


