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• Clinical Review
• Case Examples

• Current science
• Causes

• Consequences

• What can this disease teach us?

• Treatment considerations



SPECTRUM OF PEDIATRIC EPILEPSY



• Most common childhood focal                                    
epilepsy syndrome

• 10-15% children with epilepsy

• 1.5 M : F

• Self-limited

• Pharmaco-responsive

• Focal seizures arising from “rolandic” cortex

BENIGN EPILEPSY WITH CENTROTEMPORAL 
SPIKES (BECTS)



E. Ross,  AES, 2017

BECTS – AGE SPECIFICITY

Connecticut Study of Epilepsy

Population-based US prospective cohort (n=58)

Children recruited over 5 years and followed 
• Q3months for 16 +/- 3 years



BECTS – AGE SPECIFICITY

E. Ross,  AES, 2017



BECTS – SEIZURE COUNT

E. Ross,  AES, 2017

• One quarter 2 seizures

• One fifth 3-5 seizures

• One fifth 6-10 seizures

• One third > 10 seizures



CASE 1

10 yo M 

Father reports that heard some gurgling noises several minutes after 
the child went to sleep.

When he checked on him, he was unresponsive with his eyes straight 
ahead and felt limp. He tried to talk but was not able to do so.

Normal development, normal neurological exam.



CASE 1

Child was started on levetiracetam 20mg/kg divided BID.

He had no further seizures and he was tapered off ACDs at 12 years.

EEG normalized at 14 years.



BECTS – SPIKES BIOMARKER?

W Xie,  in preparation

• MGH 2001-2017 retrospective 
study (n=130)

• Sleep EEG and seizure course 
known

• Spikes do not predict seizure risk



BECTS – SPIKES BIOMARKER?

W Xie,  in preparation

• Spikes do not predict seizure 
risk in years 1-3 of disease

• True for children on or off 
ACDs



BECTS – SPIKES BIOMARKER?

W Xie,  under review

• In year 4, no child 
without spikes had a 
subsequent seizure 
(n=23)



BECTS – SPIKE-RIPPLE BIOMARKER?

CJ Chu,  J Neurosci Methods, 2017
CJ Chu,  AES, 2017

Spikes without ripples

Spikes with ripples

Ongoing, prospective multimodal imaging study of BECTS



CASE 1

His 6 yo brother woke up coughing and PCP ordered an EEG.

On review of the event in neurology clinic, the child had a 
sore throat and the event was not consistent with a seizure.

Sleep activated bilateral independent spikes 
were present maximal at C3 and C4.



CENTROTEMPORAL SPIKES ≠  BECTS

• Incidence 0.8-5.6% healthy 

• 1/3 of unaffected siblings 
have spikes

(NEJM, 1964; Pediatrics, 1965; Epilepsia, 1994)



6 yo M 

Mother states the he has approximately one episode per month 
where he wakes from sleep. 

He then has clenching and twitching of the right side of his face 
lasting ~ 30  seconds. 

He is unable to speak during and immediately after these events but 
is alert throughout and remembers the entire event. 

His most recent event occurred last week and happened during 
wakefulness.

Father thinks he had also some seizures as a child.

Normal development, normal neurological exam.

CASE 2



CASE 2

Neuropsychological testing revealed above average performance.

Brain MRI was unremarkable.

Family chose to use no anticonvulsant medications but moved the child’s 
bed into the parents room so he was not sleeping alone.

3 further seizures over the next 2 years.



BECTS: PROGNOSIS

Seizure Prognosis

• Remission within 2-4 years, before age 16 yr

• Excellent ~1% develop seizures in adult life



CASE 2

Encephalopathy with Continuous Spike and Wave of Sleep.

At 8 years, significant depression and academic decline (As à Fs). 

Repeat NP revealed slow processing, comprehension and word retrieval 
difficulties, below average finger dexterity.



BECTS: PROGNOSIS

Rarely benign focal epilepsies can evolve to less “benign” forms of childhood epilepsy  



CSWS with Encephalopathy
• Age-specific epilepsy syndrome
• Clinical seizures 
• Spike activity ≥ 85% of NREM sleep
• Regression in ≥ 2 domains

Landau Kleffner Syndrome
• Language regression

Treatment
• High dose valium, corticosteroids, IVIG
• VPA, LEV, clobazam, LTG

Prognosis
• Seizures and EEG features resolve
• Most remain cognitively impaired

CHILDHOOD EPILEPTIC ENCEPHALOPATHIES



CASE 2

Treated for 3 months with high dose valium with improvement of his EEG.

Transitioned to levetiracetam then valproic acid then clobazam.

Repeated 3rd grade, IEP thereafter.

Age 11 years resolution of seizures and EEG normalized, tapered off 
medications, noted to have improved school performance.

Age 12 years, average functioning on NP testing, A student with an IEP, 1 
grade behind his age cohort.

Relatively good outcome!



BECTS: PROGNOSIS

Epilepsia, 2011

N= 196 consecutively diagnosed BECTS children 
10% with atypical course
6.6% with epileptic encephalopathy



BECTS : COGNITIVE IMPACT

• Retrospective study of 196 children with BECTS 
• 31% of children have ADHD
• 22% had specific cognitive deficits
• 12% had behavioral disorders

Epilepsia, 2011

• Connecticut Childhood Epilepsy Study
• 29% of children with neuropsychiatric diagnosis
• 19% with depression
• 17% with ADHD
• Multivariate analysis 

• Seizure count was a significant predictor of outcome (p-0.02)
• Not age of onset (p=0.34), duration of disease (p=0.53), nor 

duration of ACD treatment (p=0.67) E. Ross,  AES, 2017



CASE 3

4 yo F 

Father reports last week she awoke, complained of nausea, looked 
pale, vomited, incontinent, speech arrest and eye deviation, then 
flaccid, then left arm shaking x 10 minutes. 

Normal exam, normal neurodevelopment.

Parents elected no medications.

The child had no further events.



CASE 4

4 yo M 

Mother describes that he woke, gurgling/wretching, 
eyes moving side to side, tremor, stiff, speech arrest.

Normal exam, normal neurodevelopment.

Another episode 2 months later, similar features.

Started on levetiracetam, was noted to be more irritable and 
family discontinued the medicine.

No further seizures.



PANAYIOTOPOULOS
SYNDROME

• ~10% of children with epilepsy

• Onset 1-14 years (median 4-5 years)

• M=F

• Self-limited

• Pharmaco-responsive

• Seizures rare and prolonged

• Semiology consist of autonomic 
symptoms 
• Nausea, vomiting, pallor, salivation, 

incontinence, pupillary changes, syncope



CASE 5

8 yo M 

Presents to the ER after a second GTC seizure from sleep, 
now with a terrible headache. 

Complains of episodes of seeing small, bright blue lights, 
mostly on the right side, sometimes moving; occur nearly 
every day. 

Also has frequent headaches.

Normal exam, normal neurodevelopment



CASE 5

Treated with levetiracetam

Headaches and visual symptoms improved, but still present occasionally.

No further GTC seizures



LATE ONSET CHILDHOOD OCCIPITAL EPILEPSY
(GASTAUT T YPE)

• 2-7% of benign childhood focal epilepsy
• Onset between 3-15 years (median 8 years)
• M = F
• Migraines common
• Seizures consist of 

• Elementary visual hallucinations 
• Often not diagnosed until GTC



SPECTRUM OF PEDIATRIC EPILEPSY



ARE THESE SYNDROMES DISTINCT?

Common clinical characteristics 
• Occur during childhood
• Spontaneously remit with age
• No evident structural brain 

abnormality
• No obvious cognitive abnormality
• Similar prognosis
• May evolve over time across 

syndromes
• Different family members can have 

different syndromes

Benign epilepsy 
with 

centrotemporal 
spikes

Panayiotopoulos 
Syndrome

Childhood
Occipital
Epilepsy



ARE THESE SYNDROMES DISTINCT?

Common EEG 
characteristics
• Abundant, sleep activated 

discharges

• Normal EEG background

• EEG spikes 
disproportionate to 
frequency of seizures

Benign epilepsy 
with 

centrotemporal 
spikes

Panayiotopoulos 
Syndrome

Childhood
Occipital
Epilepsy



ETIOLOGY



GENETIC ETIOLOGY

• Affects 10% first degree relatives

• Presumed genetic cause 

• Mutations in GRIN2A in 7.5% of idiopathic 
focal epilepsy

• encodes a2 subunit of the NMDA receptor 

• Phenotypic variation 
• 5% BECTS, 18% CSWS with encephalopathy, 1 

case Panayiotopoulos syndrome

• Other genes :  RBFOX1, DEPDC5

2011 Epilepsia

2013 Nature Genetics



ETIOLOGY

Not just genes 
Twin studies: 0 MZ and 0 DZ concordance

2014 Neurology, 2006 Epilepsia



Cortical thickness changes inconsistent

IRREGULAR CORTICAL MATURATION

2012 Neuroimage Clin 2013 Epilepsy Res



Pre- and post-central beta power correlates with time from 
seizure AFTER correcting for age changes

IRREGULAR CORTICAL MATURATION

D Song,  AES, 2017

What about the rhythms generated by the cortex?

Beta power
15-30 Hz

p=0.009 p=0.03



Unsupervised approach

IRREGULAR WHITE MATTER MATURATION

2014 Brain L Ostrowski,  AES, 2017

Apriori approach



ETIOLOGY

2014 Chu et al, Clin Neurophys
2004 PNAS

2006 Neuroimage



CLINICAL EVALUATION

History
• Age of onset
• Seizure onset semiology 

• Witness and child’s recollection
• Developmental history
• Family history

Physical and Neurological Exam



CLINICAL EVALUATION

Sleep EEG:
• Required for classic electro-clinical diagnosis
• Bilateral, independent, sleep activated spikes

Neuropsychological testing: 
• Consider for all children
• Baseline may prove useful even if no current concerns

Neuroimaging:
• Not (currently) required
• Consider if atypical clinical or EEG features

• Unilateral spikes, refractory seizures, atypical



CLINICAL COUNSELING

Counsel on seizure management & precautions

3 / 189 in SUDEP registry with BECTS



MANAGEMENT

• Treatment lowers the risk of 
seizure

• Even with treatment, many will 
have a subsequent seizure

W Xie,  in preparation

p=0.03



ANTICONVULSANT MANAGEMENT

PRO:
• Decrease risk of future 

seizures and SUDEP
• Uncontrolled seizures 

often psychosocially 
disruptive 

• Newer ACDs are well-
tolerated

• Spikes and seizures may 
contribute to cognitive 
impairment

CON:

• Many will still have seizures

• Remission expected 

• ACDs may contribute to 
behavioral and cognitive 
impairment



MANAGEMENT

• Any ACD likely to work 
• Choose one with a minimal adverse 

effects in children (LEV, LTG, OXC)
• VPA and CBM historically favored, but 

have increased toxicities compared to 
newer agents

• Continue treatment until 1-2 year after 
last seizure

• Slow drug withdrawal (over ~8 weeks)

E Ross,  AES 2017



Consider the whole clinical picture

MANAGEMENT



SUMMARY

Benign Focal Childhood Epilepsies
• Common

• Raise many questions

• Cognitive impact of spikes and seizures

• Utility of ACDs

• Etiology of seizures

• Treatment goals

• Provide an ideal model for discovery in 
epilepsy and its comorbidities
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