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NORMAL 

IQ

>70 50 – 70 35 – 49 20 – 34 < 20 Unknown

With 

behavioural

problems

(461)

73 75 101 68 54 64 26

15,8 % 16,3 % 22 % 14,8 % 11,7 % 13,9 % 5,6 %

Without

behavioural

problems

(112)

18 10 16 17 25 19 7

16,1 % 8,9 % 14,3 % 15,2 % 22,3 % 16,9 % 6,25 %

Cognitive and behavioral problems are frequent
in refractory childhood epilepsy 

Epilepsy Centre Pulderbos, Belgium



Neuropsychology: Cognitive Domains

• Sensory processing / perception
• Attention / concentration
• Speed of processing
• Working memory
• Psychomotor speed

• Visuospatial abilities
• Problem-solving
• Non-verbal memory
• Verbal memory
• Motor control / performance
• Verbal reasoning
• Imagery

• General intelligence , IQ

cognitive instruments

‘overall cognitive ability’

‘specific’ processes

Lagae L, Seizure 2006



Etiology, epilepsy syndrome
cumulative effect seizures and EEG abnormalities

Effect on stable aspects of cognitive functions:

learning, memory, academic achievement, IQ

Epileptic EEG activity, medication, acute seizures

Effect on transient aspects of cognitive functions:                

attention, reaction time, processing speed

Aldenkamp and Arends, Epilepsia 2004

Model



Aldenkamp and Bodde, Acta Neurol Scand 2005, 112:19-25

Effect of 1 GTC seizure on reaction time



Cognitive dysfunctions in childhood epilepsy

Underlying etiology (structural, genetic,...)

Seizure type, localization

Seizure frequency, severity

Epilepsy syndrome 

EEG abnormalities

Seizure control

Treatment – antiepileptic drugs (AEDs)

Psychosocial environment

How 
important is 
each factor ?
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Brain dysfunction

Cognitive problems Epilepsy

Cognitive problems at the onset of childhood epilepsy





Figure 1   Cognitive performance by major epilepsy syndrome (IGE, ILRE). All scores have been age- and sex-corrected relative to controls, and 
are plotted here with z-scores relative to controls. Asterisks denote  P  values &lt;.05.  CPT , continuous perform...



Figure 2   Cognitive performance by epilepsy subsyndrome (BECTS, Absence, JME, Focal). All scores have been age- and sex-corrected relative to 
controls, and are plotted here with z-scores relative to controls. Asterisks denote  P  values &lt;.05.
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Prospective Study 
Onset epilepsy < 1 year

Vanderlinden and Lagae, Pediatric Neurol, 2004, 31:52-55
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At onset

At end of follow-up

60 patients
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Early onset epilepsy : Cognitive Outcome



Cognitive outcome is  
related to seizure control

idiopathic

n=36

seizure control

n=21

normal 

development

n=16

no seizure control

n=15

normal 

development

n=3



Negative predictive factors for cognitive outcome

Epilepsia,  2008



Full scale IQ > 80 by age at onset and pharmaco-resistance
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Effect on school performance



Language comprehension

Word fluencySpatial perception

Auditory memory

Age dependency of cognitive problems

Danielsson and Petermann, Epilepsy & Behavior 2009, 16:646-651



Brain and Development 2011

PIQ



Serial changes of frontal lobe volumes





Wide range of cognitive impairments



Left frontal epilepsy Right frontal epilepsy

Refractory frontal lobe epilepsy





Concept of diseased networks

Secondary?

Reversible? 

Explains variety 
of cognitive problems
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EEG and cognition

EEG patterns with 

known negative cognitive outcome

- hypsarrhythmia

- suppression burst patterns

- slow spike waves

- CSWSS

All spikes negative influence on cognition ? 



EEG abnormalities and cognition

Transient Cognitive Impairment (TCI)

acute cognitive dysfunction 

(processing speed, working memory, focused attention)

around the time of epileptic discharges

(absences,…)

Cumulative effects of spikes on cognition independent 

of underlying pathology

(Rolandic Epilepsy, CSWSS, epileptic encephalopathies)



Spike triggered auditory evoked potentials in Landau Kleffner syndrome 

Seri et al, 1998

1 single spike changes
auditory processing





Delayed match to sample

Hippocampal interictal spikes disrupt cognition in rats

Kleen JK, Scott R, Holmes GL, Lenck-Santini PP, Ann Neurol 2010

encoding maintenance retrieval



spikes

No spikes

Specific memory impairment

Reduced reaction times



Cumulative effects of spikes : 
CSWSS as a model



Effect of CSWSS on cognitive consolidation during the night



Physiological sleep: Synaptic homeostasis hypothesis

Tononi and Cirelli, 2006

synaptic
potentiation

learning

baseline

slow wave
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synaptic
downscaling

slow wave
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stage 4
ascending slope

amplitude

0

Kurth et al. 2010
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Normal situation : 
Slope of slow waves decreases during the night:
synaptic downscaling

Epileptic discharges during the 
night impair normal synaptic 
downscaling
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Epileptic encephalopathies: Dravet syndrome 
How to explain cognitive decline?

- Number of seizures ?

- Status epilepticus ?

- Early epilepsy onset ?

- EEG ?

Or

- SCN1A is a developmental gene ?



Mutations in SCN1A impair GABA interneurons (animal models)

Bender et al, Epilepsy and Behavior, 2012



Bender et al , Epilepsy and Behaviour, 2012

SCN1A

Impaired 
GABA

interneurons
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Arif et al, Epilepsy and Behaviour, 2009

Intolerable cognitive side effects



Studies in childhood epilepsy



Effects of AEDs on cognition







Witt and Helmstaedter, Epilepsy and Behaviour 2013

Topiramate

verbal fluency



Summary : Cognitive dysfunctions in childhood epilepsy

Underlying aetiology (structural, genetic,...)

Seizure type, localization

Seizure frequency, severity

Epilepsy syndrome 

EEG abnormalities

Seizure control

Treatment – antiepileptic drugs (AEDs)

Psychosocial environment

“All are 
equal, but
some are 

more equal
than others”

After G. Orwell


