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Epilepsy  
• More than one unprovoked seizure in a lifetime 
• Diagnosed by clinical events and also by EEG  (electroencephalogram) 
• EEG picks up brain activity (firing of neurons) at the surface of the scalp 



Oscillations: Defined by frequency, morphology  
and location 



Epilepsy 
• Known since the first reported case of autism 
• Abnormal EEG’s reported in up to 50% 
• Prevalence of epilepsy in ASD approximately 20% 
• Prevalence of ASD in epilepsy is approximately 5% 
• However, reported rates vary tremendously (5-46%) based on 

population studied 
• No primary seizure type defined 



What is the pathophysiology? 
(1) SAME CAUSE: 

Same pathophysiological mechanisms that lead to abnormal synaptic plasticity 
(connectivity) and excitatory/inhibitory imbalance 
 
Commonly seen in syndromes such as Fragile X, Rett syndrome, Tuberous 
Sclerosis Complex 
 
Commonly seen in rare copy number variants and other mutations associated 
with ASD  

•  15q13.3, 16p13.11, 5q14.3, 17q12 
 
All genetic etiologies overlap with Intellectual Disability (ID) 

(2) SEIZURES BEGET FURTHER BRAIN INJURY THAT LEADS TO ASD 



Jeste SS and Geschwind DH, 2013"

Epilepsy: Cause or effect? 



Epilepsy: clinical considerations overview 
• Clear link to intellectual disability (ASD + ID = more likely to have 

epilepsy than ASD alone) 
•  Double the rate of epilepsy in children with ASD/ID 

• Possible link to developmental regression 
• More common in girls with ASD  
• Often have more motor and behavioral impairments 



Viscidi et al, 2013 
•  5,815 children with ASD (largest 

study of ASD and epilepsy 

•  Compared clinical characteristics of 
children with and without epilepsy 

•  Average prevalence 12.5% 

•  Children > 13, prevlalence 26% 

•  Epilepsy associated with lower IQ, 
poorer adaptive and language 
function, developmental regression 
and more severe ASD sx 



Clinical characteristics 
•  Hara, 2007 

•  Retrospective study of 130 children followed in developmental disabilities clinic in 
Japan 

•  25% of sample had epilepsy 
•  Intellectual disability more common  
•  Lower “social maturity” scores  
•  Higher frequency of use of psychoactive medications 

•  Turk et al, 2009 
•  Two groups of sixty 7-17 yr olds, w/ and w/out epilepsy 
•  Case control with age and verbal IQ matched 

•  Percentage of females was higher in epilepsy group 
•  Increased motor deficits 
•  Increased adaptive behavior deficits 
•  One item in nonverbal communication: “stares too long and too hard” 
•  Several items on social interaction scale: difficulties with peers, psychological barriers, and 

socially shocking behaviors. 



Clinical characteristics 
ASD plus epilepsy shows most developmental impairment 
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Long term follow up 
• Bolton et al, 2011 

•  150 individuals with ASD followed up into adulthood 
•  Epilepsy developed in 22%, with majority developing it after age 10 
•  88% had GTC, majority well controlled with 1-2 AED’s 
•  Epilepsy associated with: gender, ID, poor verbal abilities, family BAP 



Epilepsy may confer increased mortality 
• Pickett et al, 2011 

•  Mortality data in ASD from California Department of Developmental 
Disabilities Services 
•  Mortality 5-6x higher in those with ASD plus epilepsy than ASD alone (but still 

much less than epilepsy alone which was 15x higher) 
•  39% of brains donated to Autism Tissue Program came from individuals with 

autism and epilepsy 



Abnormal EEG’s 
 

EPILEPTIC ENCEPHALOPATHIES AND THEIR
RELATIONSHIP TO DEVELOPMENTAL DISORDERS:

DO SPIKES CAUSE AUTISM?

Barry R. Tharp*
Departments of Neurology and Pediatrics, The M.I.N.D. Institute, University of California, Davis, Sacramento, California

Epileptic encephalopathies are progressive clinical and electroen-
cephalographic syndromes where deterioration is thought to be caused by
frequent seizures and abundant EEG epileptiform activity. Seizures occur in
approximately 10–15% of children with pervasive developmental disorders
(PDD) and 8–10% have epileptiform EEG abnormalities without seizures.
Thirty percent of children with PDD have regression of social behavior and
language at 2–3 years of age. Some authors speculate that the regression is
caused by epileptiform activity even in the absence of overt clinical seizures
(“autism with epileptic regression”) and suggest that elimination of the
epileptiform activity, either medically or surgically, should lead to improve-
ment in behavior. This review examines the data showing that interictal
epileptiform discharges are associated with transient clinical dysfunction
and discusses the implications of these observations for autistic behavioral
abnormalities. The results of resective surgery, vagal nerve stimulation, and
multiple subpial transaction on children with autism and epileptiform EEG
abnormalities are also discussed. I conclude that there is no evidence that
interictal discharges per se cause (or contribute to) the complex behavioral
phenotype of autism. There is no justification to support the use of anticon-
vulsant medication or surgery in children with PDD without seizures; that is,
there is no evidence that treatment to eliminate EEG spikes will have a
therapeutic effect on the behavioral abnormalities of PDD and autism.

© 2004 Wiley-Liss, Inc.
MRDD Research Reviews 2004;10:132–134.

Key Words: pervasive developmental disorder; autism; seizures; in-
terictal EEG; spike and wave; multiple subpial transaction

Seizures that are allowed to progress unabated may be
associated with neurological and behavioral sequelae, in-
cluding progressive cognitive and motor deterioration.

The deterioration is thought to be secondary to the abundant
ictal and interictal electrographic activity per se, an “epileptic
encephalopathy” [Dulac, 2001]. Pervasive developmental disor-
ders (PDD) have recently been added to the list of epileptic
encephalopathies, particularly children with autism who have a
regression of language and behavior in the 2nd or 3rd year of life
and an abnormal EEG [Nass, Gross, and Devinsky, 1998].
Approximately 20% of children with idiopathic autism (those
without obvious structural, genetic, or metabolic abnormalities)
have epileptiform activity on an EEG, and half have seizures that
are usually infrequent and controlled with anticonvulsant med-
ication [Tuchman, Rapin, and Shinnar, 1991]. Nass and col-
leagues [1990, 1998] hypothesized that the regression is caused
directly by the epileptiform discharges—so called autistic epi-
leptiform regression.

Tuchman and Rapin [1997] have shown that the inci-
dence of seizures and EEG epileptiform abnormalities in chil-
dren with PDD and a history of regression is the same as the
incidence of seizures/epleptiform abnormalities in those without
regression. They did report, however, a slightly higher inci-
dence of epileptiform EEG abnormalities in nonepileptic autistic
children with regression (14%) than in nonepileptic autistic
children without regression (6%). There have been no studies
reporting the incidence of EEG abnormalities at the time of
regression.

INTERICTAL ACTIVITY AND BEHAVIOR
Many human studies have shown an effect of interictal

epileptiform activity on cognitive performance. These studies
have been directed primarily to the effect of generalized epilep-
tiform activity (e.g., 3/sec spike and wave discharges) on cog-
nitive performance in individuals with epilepsy [Schwab, 1939].
There is much less evidence, however, that focal spikes are
associated with cognitive impairment [Aarts et al., 1984; Binnie
et al., 1987; Binnie; 1993, 2003; Kasteleijn-Nolst Trenité et al.,
1988, 1990; Shewmon and Erwin, 1988a, 1988b, 1988c; Sie-
belink et al., 1988]. Most studies showing increased spike fre-
quency and decline of test scores do not provide information on
the timing of the patient’s last seizure. This information is critical
to the evaluation of the effects of the interictal spike per se,
considering that interictal spike frequency often increases for
hours or days after a seizure, particularly if it is a generalized
motor convulsion. Any observed increase in interictal spike
frequency, as well as the associated behavioral decline, could be
postictal phenomena.

The majority of clinical studies have found that cognitive
performance is worse when spikes are abundant during the
testing period. Aarts and colleagues [Arts et al., 1984] studied 46
patients with epilepsy (ranging in age from 10 to 46 years) using
a memory test in the form of a video game. They found that
50% of the subjects manifested transient cognitive impairment

*Correspondence to: Barry R. Tharp, M.I.N.D.Institute, 2825 50th St, Sacra-
mento, CA 95817. E-mail: barry.tharp@ucdmc.ucdavis.edu
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Published online in Wiley InterScience (www.interscience.wiley.com).
DOI: 10.1002/mrdd.20025

MENTAL RETARDATION AND DEVELOPMENTAL DISABILITIES
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Isolated EEG abnormalities 
• RATES VARIABLE: 21-60% depending on type of EEG and 

sample studied 

Authors Rates Notes 
Tuchman & Rapin, 1997 21% (68% in epilepsy, 

13% without) 
Most well cited study: 
392 kids 

Tuchman et al, 1997 46% 24 hour EEG: No 
seizures but language 
regression 

Kim et al, 2006 60% 24 hour EEG: Suspicion 
of seizures but found not 
to have them 

Chez et al, 2006 60% 24 hour EEG: No history 
or suspicion of seizures 



Studies of those with isolated EEG discharges 

• Recent preliminary data from small sample at 
Vanderbilt (Barnes et al., paper presented at IMFAR, 2011) 

• 3 groups  
•  Typically Developing (TD, n=12) 
• ASD without epileptiform discharges (A NE, n=30) 
• ASD with epileptiform discharges (A E, n=10) 

• Examined differences on behavioral measures – some 
specific to ASD  

• Within ASD+ group they correlated frequency of 
discharges with behavior 

Courtesy of Sarah Spence"



Correlation with discharge frequency 
Higher	  frequency	  discharges	  are	  
correlated	  with	  higher	  aQenHon	  
problems	  on	  CBCL	  

Conversely	  higher	  frequency	  
discharges	  are	  correlated	  with	  
LOWER	  repeHHve	  behavior	  scores	  
on	  RBS-‐R.	  



Can EEG predict epilepsy in ASD? 
• Kanemura et al, 2012 

•  21 children with ASD studied prospectively between ages 3 and 6 years 
•  Obtained EEGs every 6 months for at least 6 years 
•  EEG abnormalities in 11/21 patients (52.4%) 
•  Frontal paroxysms significantly associated with later development of 

epilepsy (partial with secondary generalization) 

encephalopathy”.20 Further investigations will be needed to
clarify the meaning of epileptiform EEG abnormalities.

In addition, our results revealed that the spike patterns in
ASDwith epilepsy patients differ from those inpatientswithout
epilepsy.The location in the frontal regionwasrevealed in83.3%
of patients with epilepsy, with none in the centrotemporal

region. In 83.3% of patients with frontal paroxysmal abnor-
mality, epilepsy later developed. Thesefindings suggest that the
incidence of later development of epilepsy in ASD may depend
on the location of EEG paroxysmal abnormality, consistentwith
previous reports.21 The frontalparoxysmsmay indicate ahigher
risk for epilepsy in ASD.

In patients with ASD, EEG paroxysmal abnormality are
frequently recorded, however, the influence of epilepsy and/
or EEG paroxysmal abnormality on autistic regression has not
been clarified. In a previous report, children with isolated
language regression had a higher frequency of EEG parox-

ysmal abnormality and a higher rate of epileptic seizures.22

Current research has reported that the majority of parox-
ysmal abnormality at the time of epilepsy onset appeared in

the frontal area.23 In another study, frontal lobe dysfunction is
associatedwith seizure onset in 58% of cases based on the EEG
findings.24 Similarly, the location of paroxysmal abnormality
was most commonly in the frontal region in this study. In our
previous study, the frontal lobe develops rapidly after 8 years
of age and is fully developed by 14 years of age.25 Furthermore,

in our current research, the patients with febrile seizure pre-
senting with frontal paroxysmal EEG abnormality may be at
risk for epilepsy.26 Thus, maturation of the frontal lobe is
possibly associated with the onset of seizures. These findings
suggest that functional abnormality in the frontal region
exists in ASD through paroxysmal EEG abnormalities and
epilepsy. However, the absence of significance in the cen-
trotemporal group might be related to the limited number of
patients in this study. Further research will be needed to
clarify this point.

In our study, many patients with ASD and epilepsy had

severe MR. This result may indicate that epilepsy is related to
MR, not only to EEG abnormality. However, MR was not
significant as risk factors for later development of epilepsy. In
addition, EEG abnormalities were not related to MR. Though
the number of patient in this study is limited, these statistical
evaluations indicate that epilepsy is related to EEG abnor-
mality, not to MR.

It is increasingly recognized that transient cognitive
impairment may accompany interictal spike discharges,
especially when these are frequent.27 Interictal epileptiform
discharges in the EEG are regarded as a correlate of persistent

pathologic neuronal discharges.28 Further, some children
present transient learning difficulties correlated with epilep-
tiform discharges without clinical epilepsy.29,30 Thus, MRmay
be associated with EEG abnormalities.

In a recent study, the onset of seizure, seizure type, and
epileptic syndromemay be different between the groups with

Fig. 1 e Abnormal EEGs with autism spectrum disorders (A) and later epilepsy (B) (calibration: 100 mV, 1 s). In a patient with
later development of epilepsy, EEG findings revealed frontal paroxysmal spikes.

Table 4 e The locations of EEG abnormalities in autism
spectrum disorders, with and without epilepsy.

Epilepsy
(!) (n " 15)

Epilepsy
(#) (n " 6)

EEG abnormality (!) 10 0 n.s.

EEG abnormality (#) 5 6
Frontal 1 5 p < 0.003
Centrotemporal 3 0
Multifocal 1 1

n.s., Not significant.

e u r o p e a n j o u r n a l o f p a e d i a t r i c n e u r o l o g y 1 7 ( 2 0 1 3 ) 2 3 2e2 3 7236



Epilepsy: Recommended Workup  
• AAN and AAP guidelines do not recommend routine EEG for 

children with ASD (2000) 
• Obtain prolonged sleep deprived EEG if: 

•  Evidence of clinical seizures 
•  History of developmental regression espeically in toddlers and preschoolers 
•  Situations with high index of suspicion that epilepsy could be present 

(Known genetic syndrome that confers a high risk for epilepsy) 



Epilepsy: Treatment 
• Because of the tremendous heterogeneity in seizure type, there is 

not one gold standard treatment for epilepsy in ASD 
• Early recognition and treatment important 

• Anti-epileptics  

•  Leviteracitam: behavioral side effects 

•  Valproic acid: liver toxicity 

•  Benzodiazepenes: drowsiness 

•  Lamotrigine: Steven Johnson syndrome  
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NINDS epilepsy and autism spectrum
disorders workshop report

ABSTRACT

The association of epilepsy and autism spectrum disorders (ASD), although well-recognized, is
poorly understood. The purpose of this report is to summarize the discussion of a workshop spon-
sored by the National Institute of Neurological Disorders and Stroke, with support from the
National Institute of Child Health and Human Development, Autism Speaks, and Citizens United
for Research in Epilepsy, that took place in Bethesda, Maryland, on May 29 and 30, 2012. The
goals of this workshop were to highlight the clinical and biological relationships between ASD and
epilepsy, to determine both short- and long-term goals that address research and treatment
conundrums in individuals with both ASD and epilepsy, and to identify resources that can further
both clinical and basic research. Topics discussed included epidemiology, genetics, environmen-
tal factors, common mechanisms, neuroimaging, neuropathology, neurophysiology, treatment,
and research gaps and challenges in this unique population. Neurology! 2013;81:1–7

GLOSSARY
AED 5 antiepileptic drug; ASD 5 autism spectrum disorders; CNV 5 copy number variant; DTI 5 diffusion tensor imaging;
FMRP 5 fragile X mental retardation protein; FXS 5 fragile X syndrome; GABA 5 g-aminobutyric acid; ID 5 intellectual
disability; IED 5 interictal epileptiform discharge; LTD 5 long-term depression; mTOR 5 mammalian target of rapamycin;
mTORC1 5 mTOR complex 1; NDAR 5 National Database for Autism Research; RTT 5 Rett syndrome; TSC 5 tuberous
sclerosis complex.

Epilepsy and autism spectrum disorders (ASD) frequently occur together; there may be com-
mon underlying mechanisms as well as common genetic and environmental risk factors that
converge and can enhance the understanding of both disorders. A workshop on ASD and epi-
lepsy sponsored by the National Institute of Neurological Disorders and Stroke, with support
from the National Institute of Child Health and Human Development, Autism Speaks, and
Citizens United for Research in Epilepsy, took place in Bethesda, Maryland, on May 29 and
30, 2012. The purpose was to highlight the need to better understand the complex relationships
between ASD and epilepsy; to determine both short- and long-term goals that address research
and treatment conundrums in individuals with both ASD and epilepsy; and to identify resources
that can further both clinical and basic research. The following questions were addressed:

1. What do we know about individuals with both ASD and epilepsy?
2. What causes ASD and epilepsy to occur together? What do we know about contributions of genetics,

environmental factors, and immunology?
3. What can we learn about mechanisms from syndromes in which both ASD and epilepsy commonly

co-occur?
4. Neuroimaging, neuropathology, and neurophysiology: what do they tell us?
5. What are the issues unique to this population in designing clinical studies?
6. What resources are available for clinical research?
7. What are the short- and long-term goals for addressing gap areas and research opportunities?

EPIDEMIOLOGY ASD and epilepsy are common neurologic disorders with prevalence estimates of approxi-
mately 1% of the population and with considerable overlap between both disorders.1–3 Both ASD and epilepsy
account for a significant proportion of child and adult neurologic burden of disease. Intellectual disability (ID),

From the Department of Neurology (R.T.), Miami Children’s Hospital Dan Marino Center, Weston, FL; and National Institute of Neurological
Disorders and Stroke (D.H., L.A.M.), National Institutes of Health, Bethesda, MD.

Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

© 2013 American Academy of Neurology 1

ª 2013 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

Short term goals:"
1.  Defining the clinical characteristics of ASD/epilepsy"
2.  Better characterizing the seizure patterns in ASD"
3.  Elucidating the role of ID in ASD/epilepsy"
4.  Creation of a large clinical database"
"
Long term goals:"
1.  Search for genetic and environmental causes"
2.  Identification of novel drug targets and combinations of behavioral and 

drug treatments 
"

Tuchman et al, Neurology  2013"
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Sleep disturbance 
• Clinically important 

•  One of the most common complaints from parents 
•  Prevalence ranges 53-78% (compared to 26-32% of TD kids) 

• Scientifically neglected 
•  Very few studies… although this is changing 

• Conceptually intriguing 
•  Sleep disturbance known to have profound effects on learning and memory, 

attention, behavior. 
•  Unclear how much is specific to ASD phenotype as sleep disturbance also 

common in ID and other neuropsychiatric disorders. 
•  Sleep known to be disturbed in epilepsy. 

•  reciprocal relationship – sleep facilitates seizures and seizures disrupt sleep 
architecture (Malow 2004) 



www.forthealthcare.com"



Diagnosis of sleep impairment 
• Gold standard for identifying sleep problems is overnight 
sleep study (actigraphy) 

• Polysomnogram (PSG): records EEG, eye movements, heart 
rate, blood pressure, blood oxygenation, respirations 

• Can be challenging to obtain in children with ASD 
• Thus, studies often rely on questionnaires and reports 
  



Questionnaire Description Format 

Children’s Sleep Habits 
Questionnaire (CSHQ) 
 
CSHQ in toddlers and 
preschoolers 

Ages 4-10 
 
 
Ages 2-5.5 

45 items in 8 subscales: bedtime 
resistance, sleep onset delay, 
sleep duration, sleep anxiety, 
night awakenings, parasomnias, 
sleep disordered breathing, 
daytime sleepiness 

Sleep Disturbance Scale 
for Children 

Behavior over past 6 
months in ages 5-15 

26 items in 6 subscales: sleep 
initiation and maintenance, 
daytime sleepiness, sleep 
arousal, sleep-disordered 
breathing 

Family Inventory of 
Sleep Habits 

Ages 3-10 12 items including daytime and 
pre-bedtime habits, bedtime 
routine, sleep environment 
 

Behavioral Evaluation of 
Disorders of Sleep Scale 

Ages 5-12 5 types of sleep problems: 
expressive sleep disturbances, 
sensitivity to the environment, 
disoriented awakening, sleep 
facilitators, apnea/bruxism 
 

BAERS Ages 5-18 28 items into 5 subscales: going 
to bed, falling asleep, awakening, 
reinitiating sleep, wakefulness 



Sleep impairment = insomnia 

Behavioral assessment   

• Repeated episodes of difficulty 
initiating or maintaining sleep 

• Night awakenings 
• Early morning awakenings 
• Decreased need for sleep 
• Challenges with limit setting 

around bedtimes 

Actigraphy 

•  Prolonged sleep onset time (go to 
bed later) 

•  Longer sleep latency (take longer 
to fall asleep) 

•  Early awakening 
•  Frequent arousals and sleep 

fragmentation 
•  Increased duration of stage 1 

sleep 
•  Decreased and abnormal non-

REM sleep (stages 2-4) 



Copyright restrictions may apply."

Buckley, A. W. et al. Arch Pediatr Adolesc Med 2010;164:1032-1037.!

Rapid eye movement (REM) sleep percentage significantly decreased in 
ASD compared to TYP and DD"



Clinical characteristics 
• Children with ASD and sleep impairment have more comorbid 

behavioral and cognitive disturbances  
• Other associated features: younger age, hypersensitivity, co-

sleeping, epilepsy, ADHD, asthma, family history of sleep 
problems 

•  “Good sleepers” show less: affective problems, inattention/
hyperactivity, restricted/repetitve behaviors and better social 
interaction than “bad sleepers”. 



Etiology of sleep impairment 

•  Ignore environmental cues that help entrain the sleep/wake 
circadian system 

• Perseverate on activities or thoughts that interfere with sleep 
onset 

• Communication limitations in understanding parents’ 
expectations for bedtime 

• Hypersensitivities may make settling down harder 
• Neurobiological mechanisms: abnormal melatonin 

production (Rossignol, 2011) 



Sleep committee of ATN: Practice parameters 

(1) All children with ASD should be screened for insomnia 
(2) Screening should be done for potential contributing factors, 
including other medical problems 
(3) The need for therapeutic intervention should be determined 
(4) Therapeutic interventions should begin with parent education in 
the use of behavioral approaches as first line approach 
(5) Pharmacologic therapy may be indicated in certain situations 
(6) There should be follow up after any intervention to evaluate 
effectiveness and tolerance of the therapy 

Pediatrics, 2012"



Malow et al, 2012"

Screening questions:"
1.  Falls asleep within 20 min"
2.  Falls asleep in parents’ bed"
3.  Sleeps too little"
4.  Awakens once during night"

Medical Screening:"
Reflux, constipation, 
seizures disordered 
breathing, pain/discomfort, 
nutrition"
Exam: tonsils, tone, nasal 
congestion, dentition 
wheezing, eczema"



Behavioral/Educational interventions 

Educational intervention with parents: improves some aspects 
of sleep disturbance, varies by study—bedtime resistance, 
latency, duration, sleep anxiety, parasomnias, daytime 
sleepiness (Reed, 2009; Weiskop, 2005; ) 
 

Alternative treatments: Massage can be effective (Piravej, 2009; 

Escalona, 2001), aroma therapy ineffective (Williams, 2006) 
• Sample educational targets: Goal setting, learning theory, 

partner support strategies, extinction techniques, 
cosleeping 



Pharmacologic interventions 
 

Melatonin: 2-10 mg, improves sleep latency and total sleep 
time, + nighttime awakenings (Wright, 2011; Garstand, 2006; Wirojanan, 2009; 
Paavonen, 2003, Biannotti, 2006; Malow, 2011; Andersen, 2008) 
Mirtazapine: 7.5 – 45 mg, can improve sleep quality (Posey, 2001) 
Clonidine: 0.1 mg, improved sleep latency and wakings (Ming, 
2008) 
Risperidone: improves sleep latency but not sleep duration, high 
rates of adverse outcomes  (Aman, 2005 RUPP study) 

Iron supplementation: 6 mg/kg x 8 weeks, improves restless 
sleep (Dosman, 2007) 

Secretin: does not improve CSHQ scores (Honomichl, 2002) 
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Motor definitions 
• Strength: force a muscle can produce with effort 
•  Tone: muscle’s resistance to passive stretch during rest 
• Motor skills: Learned sequence of movements 

•  Fine motor: small muscles 
•  Gross motor: large muscles 

 



Travel broadens the mind Campos 2000 

•  “The onset of locomotion heralds one of the major life transitions 
in eary development and involves a pervasive set of changes in 
perception, spatial cognition, and social and emotional 
development” 

 
•  From early infancy, motor skills are used to explore the 

environment, engage in physical play, initiate social interactions, 
and develop basic academic skills 

• Advances in motor skills, such as gestures and object 
manipulation, lead to develoment of early language milestones 



Motor impairment 
• Repetitive behaviors part of diagnostic criteria 
•  Two pieces to this domain: insistence on sameness and repetitive 

behaviors (aka stereotypies) 
• Often become more severe over development 
• More predominant in children with severe language impairment 



Repetitive behaviors 

Courtesy of Autism Speaks"



Repetitive behaviors 

Courtesy of Autism Speaks"



Motor impairment 
• Remaining impairments not part of diagnosis, but prevalent 

•  Motor delay 
•  Hypotonia: improves over time 
•  Incoordination 
•  Gait impairment: toe walking common 
•  Apraxia 
•  Motor planning 
•  Postural control 



Motor delays 
• Very relevant to potential early diagnosis, as oral motor skills and 

motor imitation predict language acquisition in infants with ASD  
(Gernsbacher, 2008; McDuffie, 2005; Stone, 2001) 

• Home videos of children with ASD: delayed development of lying 
supine, sitting and walking (Ozonoff, 2008) 

• Prospective infant-sibling studies: delayed onset of independent 
sitting and walking at 12 months (Iverson, 2007), head lag at 6 
months (Flanagan, 2012), fine motor impairments at 6 months (Bolton, 
2012), lower fine and gross motor scores on MSEL at 18 months 
(Landa, 2006), postural instability at 18 months (Iverson, 2007) 



Infant motor data 

•  65 infants in the infant-sibling study (11 developed ASD) 
• Mullen Scales of Early Learning 
• At age 6 months, wide range in achievement of gross motor 

milestones (MSEL scores ranging from 6 to 12).   
• Gross motor function at age 6 months was significantly 

correlated with: 
•   visual reception at 12 months (p<0.05),  
•  receptive language at 12 months (p<0.05)  
•  requesting at 12 months (p<0.05) 

Hutman and Jeste, in preparation!



Motor	  Behavior	  at	  12	  months	  
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Gait abnormalities 
•  Toe-walking 
• Ataxia (unsteady gait) 
• Variable stride length and duration 
•  Incoordination 
• Postural abnormalities in head and trunk 
• Reduced plantarflexion (pointing toes) 
•  Increased dorsiflexion (walking on heels) 
• Stiffer gait with lack of “smoothness”  

(Calhoun, 2011; Rinehart, 2006; Vilensky, 1981; Weber, 1978; Nobile, 2011)"



Toe-walking 

Courtesy of Autism Speaks"



Incoordination 
Fournier et al, 2010 
• Meta-analysis of 41 studies investigating movement in ASD found 

significantly more motor incoordination and postural instability 
than controls 

•  Found improvement in coordination over time 



Incoordination 

Courtesy of Autism Speaks"



Dyspraxia 
• Praxis: Performance of skilled movements 
• Mostofsky and colleagues: 

•  Impairment in gestures to command, imitation, tool-use 
• Poor handwriting 
•  These impairments correlate with social, communication and 

behavioral deficits 



Dyspraxia 

Courtesy of Autism Speaks"



Adaptive motor impairment 
•  Functional motor skills (ie brushing teeth, turning a doorknob, 

catching a ball) 
• Measured by the Vineland Adaptive Behavior Scales (VABS) 
• Study of 100 children with ASD ages 2-5 
• Children with ASD significantly delayed in both fine (mean 12) 

and gross (mean 11.9) adaptive motor skills  
•  19% could not jump with both feet off the floor, 39% could not 

walk downstairs using alternate feet, 52% could not catch ball 
from 2-3 feet 

•  19% could not turn a doorknob, 35% could not unwrap object, 
84% could not use eraser without tearing paper 

Jalnapurkar I and Jeste SS, 2013"



Adaptive motor impairment 

Jalnapurkar I and Jeste SS, 2013"



Motor assessments 
• Standardized scales: Mullen Scales of Early Learning 
• Standardized neurological examination 
• Questionnaires: Vineland Adaptive Behaviors motor skills 

subdomain: all ages 
• PANESS (Denckla, 1977): Physical and neurological examination 

for soft signs (ages 6 and up) 
• Movement ABC (Assessment Battery for Children): Ages 3-16 



Special Article

CME Practice parameter: Evaluation of
the child with global developmental delay

Report of the Quality Standards Subcommittee of the
American Academy of Neurology and The Practice

Committee of the Child Neurology Society
M. Shevell, MD; S. Ashwal, MD; D. Donley, MD; J. Flint, MD; M. Gingold, MD; D. Hirtz, MD;

A. Majnemer, PhD; M. Noetzel, MD; and R.D. Sheth, MD

Abstract—Objective: To make evidence-based recommendations concerning the evaluation of the child with a nonprogres-
sive global developmental delay. Methods: Relevant literature was reviewed, abstracted, and classified. Recommendations
were based on a four-tiered scheme of evidence classification. Results: Global developmental delay is common and affects
1% to 3% of children. Given yields of about 1%, routine metabolic screening is not indicated in the initial evaluation of a
child with global developmental delay. Because of the higher yield (3.5% to 10%), even in the absence of dysmorphic
features or features suggestive of a specific syndrome, routine cytogenetic studies and molecular testing for the fragile X
mutation are recommended. The diagnosis of Rett syndrome should be considered in girls with unexplained moderate to
severe developmental delay. Additional genetic studies (e.g., subtelomeric chromosomal rearrangements) may also be
considered in selected children. Evaluation of serum lead levels should be restricted to those children with identifiable risk
factors for excessive lead exposure. Thyroid studies need not be undertaken (unless clinically indicated) if the child
underwent newborn screening. An EEG is not recommended as part of the initial evaluation unless there are historical
features suggestive of epilepsy or a specific epileptic syndrome. Routine neuroimaging, with MRI preferred to CT, is
recommended particularly if abnormalities are found on physical examination. Because of the increased incidence of visual
and auditory impairments, children with global developmental delay may undergo appropriate visual and audiometric
assessment at the time of diagnosis. Conclusions: A specific etiology can be determined in the majority of children with
global developmental delay. Certain routine screening tests are indicated and depending on history and examination
findings, additional specific testing may be performed.
NEUROLOGY 2003;60:367–380

Developmental disabilities are a group of related
chronic disorders of early onset estimated to affect
5% to 10% of children.1,2 Global developmental delay
is a subset of developmental disabilities defined as

significant delay in two or more of the following de-
velopmental domains: gross/fine motor, speech/lan-
guage, cognition, social/personal, and activities of
daily living.3-7 Global developmental delay describes

QSS Educational Statement: The Quality Standards Subcommittee (QSS) of the American Academy of Neurology seeks to develop scientifically sound,
clinically relevant practice parameters for the practice of neurology. Practice parameters are strategies for patient management that assist physicians in
clinical decision making. They consist of one or more specific recommendations based on analysis of evidence of a specific clinical problem. These might
include diagnosis, symptoms, treatment, or procedure evaluation.
From the Departments of Neurology/Neurosurgery and Pediatrics (Dr. Shevell) and School of Physical & Occupational Therapy (Dr. Majnemer), McGill
University; Division of Pediatric Neurology (Dr. Shevell), Montreal Children’s Hospital, Montreal, Canada; Department of Pediatrics (Dr. Ashwal), Loma
Linda University, Loma Linda, CA; private practice (Dr. Donley), Traverse City, MI; Division of Psychiatry (Dr. Flint), Wellcome Trust Centre for Human
Genetics, University of Oxford, UK; private practice (Dr. Gingold), Morgantown, WV; National Institute of Neurological Disorders and Stroke (Dr. Hirtz),
National Institutes of Health, Bethesda, MD; Departments of Pediatrics & Neurology (Dr. Noetzel), Washington University School of Medicine, St. Louis,
MO; and Departments of Pediatrics & Neurology (Dr. Sheth), University of Wisconsin at Madison.
This statement has been endorsed by the Child Neurology Society.
Approved by the AAN Quality Standards Subcommittee April 16, 2002. Approved by the AAN Practice Committee August 3, 2002. Approved by the AAN
Board of Directors October 19, 2002.
Received May 15, 2002. Accepted in final form July 16, 2002.
Address correspondence and reprint requests to Dr. Stephen Ashwal, Department of Pediatrics, Loma Linda University School of Medicine, 11175 Coleman
Pavilion, Loma Linda, CA 92350; e-mail: sashwal@ahs.llumc.edu; or Wendy Edlund, American Academy of Neurology, 1080 Montreal Avenue, St. Paul, MN
55116; e-mail: wedlund@aan.com

Copyright © 2003 by AAN Enterprises, Inc. 367

Genetic testing AND neuroimaging (MRI is preferred) if additional history of gross 
motor delay"

Neurology, 2003!



Treatment 
• Need standardized, controlled studies! 
• May have important implications for outcome 
•  The only medication studied for motor deficits in ASD is 

Risperidone for repetitive behaviors 



Date of download:  
10/20/2013 

Copyright © American Psychiatric Association. All 
rights reserved. 

From: Risperidone for the Core Symptom Domains of Autism: Results From the Study by the Autism Network of the 
Research Units on Pediatric Psychopharmacology 

Am J Psychiatry. 2005;162(6):1142-1148. doi:10.1176/appi.ajp.162.6.1142 

Scores for Compulsions on the Children’s Yale-Brown Obsessive Compulsive Scale of Children and Adolescents in a Placebo-Controlled 
Risperidone Trial and Open-Label Continuation Study 
 

Figure Legend: 



Genetics of neurological comorbidities 



The Interstitial Duplication 15q11.2-q13 Syndrome Includes Autism,
Mild Facial Anomalies and a Characteristic EEG Signature
Nora Urraca, Julie Cleary,1 Victoria Brewer, Eniko K. Pivnick, Kathryn McVicar, Ronald L. Thibert,
N. Carolyn Schanen, Carmen Esmer, Dustin Lamport, and Lawrence T. Reiter

Chromosomal copy number variants (CNV) are the most common genetic lesion found in autism. Many autism-
associated CNVs are duplications of chromosome 15q. Although most cases of interstitial (int) dup(15) that present
clinically are de novo and maternally derived or inherited, both pathogenic and unaffected paternal duplications of 15q
have been identified. We performed a phenotype/genotype analysis of individuals with interstitial 15q duplications to
broaden our understanding of the 15q syndrome and investigate the contribution of 15q duplication to increased autism
risk. All subjects were recruited solely on the basis of interstitial duplication 15q11.2-q13 status. Comparative array
genome hybridization was used to determine the duplication size and boundaries while the methylation status of the
maternally methylated small nuclear ribonucleoprotein polypeptide N gene was used to determine the parent of origin of the
duplication. We determined the duplication size and parental origin for 14 int dup(15) subjects: 10 maternal and 4
paternal cases. The majority of int dup(15) cases recruited were maternal in origin, most likely due to our finding that
maternal duplication was coincident with autism spectrum disorder. The size of the duplication did not correlate with
the severity of the phenotype as established by Autism Diagnostic Observation Scale calibrated severity score. We
identified phenotypes not comprehensively described before in this cohort including mild facial dysmorphism, sleep
problems and an unusual electroencephalogram variant. Our results are consistent with the hypothesis that the
maternally expressed ubiquitin protein ligase E3A gene is primarily responsible for the autism phenotype in int dup(15)
since all maternal cases tested presented on the autism spectrum. Autism Res 2013, 6: 268–279. © 2013 International
Society for Autism Research, Wiley Periodicals, Inc.

Keywords: autism; 15q duplication; imprinting; copy number variation; UBE3A

Introduction

Autism spectrum disorders (ASDs) are a heterogeneous
group of neurobehavioral syndromes characterized by
deficits in social interaction, impairment in communi-
cation skills, and stereotypic and repetitive behaviors
with onset before 3 years of age [American Psychiatric
Association & American Psychiatric Association Task
Force on DSM-IV, 1994]. Recent whole-genome analysis
of de novo autistic cases suggests that as many as 1000
genes may be individually contributing to autism pheno-
types [O’Roak, Deriziotis, et al., 2011; O’Roak, Vives,
et al., 2012; Sanders et al., 2012; Vaags et al., 2012]. Both
genetic and phenotypic heterogeneity have complicated
the search for autism susceptibility genes, making the
molecular analysis of autistic phenotypes challenging.
However, recent diagnostic tests have made it possible to

identify a genetic cause in ~20–25% of cases [Miles, 2011].
The widespread use of array comparative genomic
hybridization (aCGH) in the clinical setting has signifi-
cantly accelerated the detection of submicroscopic
microdeletions and microduplications, also known as
copy number variants (CNVs), increasing the number of
cases of autism associated with a detectable genetic lesion
[Marshall & Scherer, 2012].

Several studies estimate that as many as 1–3% of all
ASD cases may be the result of duplications of the
15q11.2-q13 region [Cook et al., 1997; Depienne et al.,
2009; Veenstra-Vanderweele, Christian, & Cook, 2004;
Vorstman et al., 2006]. A recent study using over 30 000
autism clinical cases to search for CNVs indicates that 15q
duplications (combined interstitial and isodicentric 15q
duplication) are the second most common duplication
found in ASD with a frequency approaching 1 in 500
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Research Laboratory, Nemours Biomedical Research, Wilmington, Delaware (N.C.S.); Genetics Department, Hospital Central “Dr. Ignacio Morones
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Ophthalmology, University of Tennessee Health Science Center, Memphis, Tennessee (E.K.P.)

Received August 31, 2012; accepted for publication February 15, 2013
Address for correspondence and reprints: Lawrence T. Reiter, Department of Neurology, University of Tennessee Health Science Center, Memphis, TN,

855 Monroe Ave., Link 415, 38163. E-mail: lreiter@uthsc.edu
1Present address: Department of Developmental Pediatrics, Le Bonheur Children’s Hospital, Memphis, TN, 38103, USA.

Published online 14 March 2013 in Wiley Online Library (wileyonlinelibrary.com)
DOI: 10.1002/aur.1284
© 2013 International Society for Autism Research, Wiley Periodicals, Inc.

INSAR268 Autism Research 6: 268–279, 2013

RESEARCH ARTICLE

Impaired social interactions and motor learning skills in tuberous sclerosis complex
model mice expressing a dominant/negative form of tuberin
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Tuberous sclerosis complex (TSC) is a genetic disorder characterized by the development of hamartomas in
multiple organs. Neurological manifestation includes cortical dysplasia, epilepsy, and cognitive deficits such
as mental impairment and autism. We measured the impact of TSC2-GAP mutations on cognitive processes
and behavior in, ΔRG transgenic mice that express a dominant/negative TSC2 that binds to TSC1, but has
mutations affecting its GAP domain and its rabaptin-5 binding motif, resulting in inactivation of the TSC1/2
complex. We performed a behavioral characterization of the ΔRG transgenic mice and found that they display
mild, but significant impairments in social behavior and rotarod motor learning. These findings suggest that
the ΔRG transgenic mice recapitulate some behavioral abnormalities observed in human TSC patients.

© 2011 Elsevier Inc. All rights reserved.

Introduction

Tuberous sclerosis complex (TSC), first described as Bourneville's
disease in the 1880s, is a genetic disorder that is manifested early in
childhood. TSC is characterized by the development of hamartomas
(benign tumors) and tubers in multiple organs, including the skin,
retina, heart, kidney, lung, and brain (Curatolo et al., 2008). It is
postulated that the presence of these tubers in the brain contributes to
the neurological abnormalities in the disease, which includes cortical
dysplasia, subependymal giant cell astrocytomas (SEGA), seizures,
mental impairment, attention deficit hyperactivity disorder (ADHD),
and autism (de Vries et al., 2009; Orlova and Crino, 2010). At the
molecular level, deletion or genetic mutations of the tumor suppres-
sor genes hamartin (tsc1) and tuberin (tsc2) have been identified as
the cause of TSC in humans (Cheadle et al., 2000a, 2000b). It has been
reported that tsc2 gene mutations are more frequent and result in a
more severe phenotype (i.e. seizures and learning disability) in TSC
patients, with the exception of reported cases of patients with TSC but

no mutation identified, as well as one tsc2 mutation that causes a
more mild phenotype (Camposano et al., 2009; Dabora et al., 2001;
Jansen et al., 2006; Kwiatkowski et al., 2003). In addition, the tsc2 gene
is more prone to large deletions, rearrangements, and missense
mutations than the tsc1 gene. Of particular interest is the finding of
missense mutations clustered within the tsc2 exons 34–38 which
encode for a region with homology to the GAP domain of rap1GAP or
GAP3 (Maheshwar et al., 1997).

TSC2 is a GTPase-activating protein (GAP) that regulates the small
G protein Rheb (Tee et al., 2003). It forms a heterodimer with TSC1 in
an interaction that confers stability to both proteins (Chong-Kopera et
al., 2006; Henske, 2003; Krymskaya and Shipley, 2003; Nellist et al.,
1999). The TSC1/TSC2 heterodimer functions as a negative regulator
of the protein kinase mammalian target of rapamycin (mTOR) (Fingar
and Blenis, 2004; Jozwiak, 2006; Krymskaya, 2003), a key regulator of
protein synthesis that is known to be critical for synaptic plasticity
and memory (Hoeffer and Klann, 2010; Richter and Klann, 2009).
Activation of the phosphatidylinositol 3-kinase (PI3K/Akt) and
extracellular signal-regulated kinase (ERK) pathways results in the
phosphorylation of TSC2 and inhibition of TSC2-GAP activity, thereby
increasing the levels of Rheb-GTP. This type of signaling triggers
the phosphorylation of the mTOR complex 1 (mTORC1) substrates
p70 S6 kinase (S6K1) and eukaryote initiation factor 4E-binding
protein (4E-BP), which are key translation initiation regulators
(Jozwiak et al., 2005; Orlova and Crino, 2010; Yang et al., 2006).
Consequently, loss or malfunction of either TSC1 or TSC2 results in

Neurobiology of Disease 45 (2012) 156–164
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spectrum disorders; GAP, GTPase-activating protein; TSC, tuberous sclerosis complex;
TSC2-DN, TSC2-dominant/negative.
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Absence of CNTNAP2 Leads to Epilepsy,
Neuronal Migration Abnormalities,
and Core Autism-Related Deficits
Olga Peñagarikano,1,2,3 Brett S. Abrahams,2,3,6 Edward I. Herman,2,7 Kellen D. Winden,1,2 Amos Gdalyahu,4
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SUMMARY

Although many genes predisposing to autism spec-
trum disorders (ASD) have been identified, the bio-
logical mechanism(s) remain unclear. Mouse models
based on human disease-causing mutations provide
the potential for understanding gene function and
novel treatment development. Here, we characterize
a mouse knockout of the Cntnap2 gene, which is
strongly associated with ASD and allied neurodeve-
lopmental disorders. Cntnap2!/! mice show deficits
in the three core ASD behavioral domains, as well as
hyperactivity and epileptic seizures, as have been re-
ported in humans with CNTNAP2 mutations. Neuro-
pathological and physiological analyses of these
mice before the onset of seizures reveal neuronal
migration abnormalities, reduced number of inter-
neurons, and abnormal neuronal network activity.
In addition, treatment with the FDA-approved drug
risperidone ameliorates the targeted repetitive
behaviors in the mutant mice. These data demon-
strate a functional role for CNTNAP2 in brain devel-
opment and provide a new tool for mechanistic and
therapeutic research in ASD.

INTRODUCTION

Autism spectrum disorders (ASD) form a heterogeneous neuro-
developmental syndrome characterized by deficits in language
development, social interactions, and repetitive behavior/
restricted interests (APA, 2000). Although not necessary for
diagnosis, a number of other neurological or behavioral abnor-
malities are frequently associated with ASD, including hyperac-

tivity, epilepsy, and sensory processing abnormalities (Gesch-
wind, 2009).
Research into the genetic basis for ASD has identified many

genes, including common and rare variants (Sebat et al., 2007;
Glessner et al., 2009; Weiss et al., 2009). Association, linkage,
gene expression, and imaging data support the role of both
common and rare variants of contactin associated protein-like
2 (CNTNAP2) in ASD. Originally, a recessive nonsense mutation
in CNTNAP2 was shown to cause a syndromic form of ASD,
cortical dysplasia-focal epilepsy syndrome (CDFE), a rare
disorder resulting in epileptic seizures, language regression,
intellectual disability, hyperactivity, and, in nearly two-thirds of
the patients, autism (Strauss et al., 2006). Several reports have
since linked this gene to an increased risk of autism or autism-
related endophenotypes (Alarcón et al., 2008; Arking et al.,
2008; Bakkaloglu et al., 2008; Vernes et al., 2008). Recently,
we have shown that the same CNTNAP2 variant that increases
risk for the language endophenotype in autism leads to abnormal
functional brain connectivity in human subjects (Scott-Van
Zeeland et al., 2010), consistent with emerging theories of ASD
pathophysiology based on altered neuronal synchrony and
disconnection (Belmonte et al., 2004).
Cntnap2 (also known as Caspr2) encodes a neuronal trans-

membrane protein member of the neurexin superfamily involved
in neuron-glia interactions and clustering of K+ channels in
myelinated axons (Poliak et al., 1999; 2003). However, the fact
that the gene is expressed embryonically (Poliak et al., 1999;
Abrahams et al., 2007; Alarcón et al., 2008) andmyelination takes
place postnatally, together with the increasing number of reports
that link thegene toASD, suggest an additional role forCNTNAP2
in early brain development. This is supported by the imaging and
pathology data in patients with CDFE, in whom nearly half mani-
fest presumed neuronal migration abnormalities on MRI, con-
firmed by histological analysis of brain tissue resected from
patientswhounderwent surgery for epilepsy (Strausset al., 2006).

Cell 147, 235–246, September 30, 2011 ª2011 Elsevier Inc. 235



Summary 
• ASD is a heterogeneous clinical disorder 
•  These co-morbidities include: epilepsy, sleep dysfunction and 

motor impairment 
• Neurological co-morbidities are common and tightly associated 

with overall impairment 
• Earlier screening and diagnosis of these areas may help improve 

developmental outcomes 
• More research is needed on treatment of comorbidities specific to 

ASD, particularly treatment before the onset of impairment 
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