
Electrical Status 
Epilepticus in Sleep

Bart van den Munckhof



Electrical Status 
Epilepticus in Sleep

Bart van den Munckhof



Copyright Bart van den Munckhof, 2020

ISBN: 978-94-93184-62-6

Layout and design: proefschrift AIO, Guus Gijben

Cover design: Sophie van Driel, adapted by Guus Gijben

Printed by: proefschrift-aio.nl

Financial support for the research presented in this thesis was generously provided by 

the Dutch Epilepsy Fund (Epilepsiefonds) and the Wilhelmina Children’s Hospital research 

fund (WKZ fonds).

Logistical support for the conduct of the RESCUE ESES trial was provided by the European 

Clinical Research Infrastructures Network (ECRIN)

Financial support for the printing of this thesis by the UMC Utrecht Brain Center, UCB 

Pharma, Eisai B.V., ChipSoft and by Peter van den Munckhof and Annemiek Hamers is 

gratefully acknowledged.



Electrical Status Epilepticus in Sleep

Elektrische Status Epilepticus in Slaap 

 (met een samenvatting in het Nederlands)

Proefschrift

ter verkrijging van de graad van doctor aan de  

Universiteit Utrecht 

op gezag van de 

rector magnificus, prof.dr. H.R.B.M. Kummeling, 

 ingevolge het besluit van het college voor promoties 

in het openbaar te verdedigen op 

donderdag 15 oktober 2020 des middags te 4.15 uur

door 

Bart van den Munckhof

geboren op 7 juli 1986 

te Nijmegen



Promotor:
Prof. dr. K.P.J. Braun

Copromotor:
Dr. F.E. Jansen



Contents

1.	 General introduction, aims and outline

PART I. Aetiology and Pathophysiology

2.	 Perinatal thalamic injury: MRI predictors of electrical status epilepticus 

in sleep and long-term neurodevelopment

3.	 Inflammatory mediators in human epilepsy: A systematic review and 

meta-analysis 

4.	 Serum inflammatory mediators correlate with disease activity in 

electrical status epilepticus in sleep (ESES) syndrome

5.	 Sleep slow wave homeostasis and cognitive functioning in children 

with electrical status epilepticus in sleep 

PART II. Treatment

6.	 Treatment of electrical status epilepticus in sleep: A pooled analysis of 

575 cases

7.	 Treatment of electrical status epilepticus in sleep: Clinical and EEG 

characteristics and response to 147 treatments in 47 patients

8.	 Corticosteroids or clobazam for ESES syndrome: a European, 

multicenter, randomized, controlled clinical trial (RESCUE ESES)

9.	 Summary

10.	 General discussion

Appendix

		  Nederlandstalige samenvatting | Summary in Dutch

		  Dankwoord | Acknowledgements

		  List of Publications

		  Curriculum Vitae

7

19

41

83

97

123

147

167

187

193

214

220

230

232



1



7

1

Chapter 1
General introduction



8

Chapter 1. General introduction

Historical perspective and terminology
In 1971, electrical status epilepticus in sleep (ESES) was first described in six children with sleep 

induced continuous spike and wave discharges in the electro-encephalogram (EEG), that 

occurred night after night and sometimes lasting over a period of many years.1 This dramatic 

EEG pattern persisted throughout the entire night and subsided upon awakening, but was 

not accompanied by usual manifestations of seizures during sleep. Most impressively, all of 

these children had cognitive deficits and five out of six also had clinical daytime seizures.

Variable terminology has been used since this first report; the combination of abundant 

epileptiform activity in sleep and cognitive deficits has been referred to as “encephalopathy 

with ESES”, “ESES syndrome” or “continuous spikes and waves during (slow wave) sleep  

(CSWS)”.2 The spike wave index (SWI), representing the proportion of sleep time with 

epileptiform activity, has been used to define the severity of epileptiform activity. Initially, 

a spike wave index above 85% was considered necessary for the diagnosis ESES, while 

more recently, cases with a SWI of 50-85% are also considered part of the ESES spectrum.3,4 

Epileptiform activity can be generalised or (multi)focal. Examples of sleep EEG findings in 

children with ESES are shown in figure 1.

Epidemiology and clinical picture
The exact incidence of encephalopathy with ESES is unknown; depending on study 

population and definition, it is estimated to constitute 0.2 – 1.9% of paediatric epilepsy 

cases.5,6 Patients usually present with a delay, arrest or regression of development or 

behaviour, at an age between 2 and 12 years. Developmental deficits in children with 

ESES are diverse and include an acquired epileptic aphasia (Landau-Kleffner syndrome), 

global cognitive deficits, and pervasive developmental disorders.7–9 Some children are 

initially diagnosed with Rolandic epilepsy and later develop learning difficulties and ESES 

spectrum EEG-abnormalities. Others present with a developmental arrest or regression 

on top of a pre-existing delay. The majority (80-90%) of the children with encephalopathy 

with ESES also have (occasional) seizures.6,10

Aetiology and pathophysiology
A cause for encephalopathy with ESES is found in a third up to half of the cases. Structural 

abnormalities, in particular thalamic injury and polymicrogyria (often accompanied by 

thalamic hypoplasia), have been linked to encephalopathy with ESES.11–13 Furthermore, 

children with mutations in the GRIN2A gene, encoding the α2 subunit of the N-methyl-

d-aspartate (NMDA)-selective glutamate receptor, have been found to frequently develop 

ESES.14–16 Evidence that inflammation plays a role in patients with epilepsy, has accumulated 

over the years.17–21 In addition, immune proteins were found to also have a role in brain 

development and synaptic plasticity.22 More specifically, several findings suggest activation 
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1of the immune system in children with encephalopathy with ESES. In a previous study, anti-

brain antibodies were found in children with Landau-Kleffner Syndrome.23 Together with 

reported improvement in cognitive functioning after administration of corticosteroids24,25, 

this suggests that dysregulation of the immune system plays a role, at least in some ESES 

cases.

How the epileptiform EEG abnormalities in children with ESES may lead to neurodevelopmental 

deficits, is incompletely understood. The so-called “synaptic homeostasis hypothesis” 

describes the process of daytime learning and nocturnal rest as a balance between the 

formation of new neuronal synapses (daytime synaptic upscaling) and the degradation of 

smaller synapses during sleep (nocturnal synaptic downscaling).26–28 Previous studies have 

suggested that  synaptic downscaling during sleep -as reflected by slow wave morphology 

in sleep EEG recordings-  is hampered in children with encephalopathy with ESES.29–31 

Treatment
The evidence for the treatment of encephalopathy with ESES is limited to mostly small and 

retrospective studies. Uniform outcome measures to evaluate the effect of treatment are 

lacking. Conventional anti-epileptic drugs (AEDs) are often prescribed, even in children 

without overt clinical seizures, in an attempt to improve EEG findings and cognitive 

functioning in children with ESES. However, disappearance or reduction of the EEG-

abnormalities in sleep and cognitive improvement have been reported in only a minority of 

cases.32–34 Among conventional AEDs, sulthiam and levetiracetam have been reported to be 

relatively effective in ESES patients.34–37 Benzodiazepines are often considered the first-line 

treatment option in children with ESES and appear to be more effective than conventional 

AEDs in reducing the sleep-potentiated EEG-abnormalities and improving or stabilising 

cognition.34,38–40 Corticosteroids are often considered second-line treatment in the context 

of ESES with relatively high treatment success rates.24,25 In a subgroup of patients with a 

unilateral  structural epileptogenic lesion, epilepsy surgery can be considered.41 Because of 

the limitations of previous studies, no definite recommendations can be made for the initial 

treatment of encephalopathy with ESES. A randomized controlled trial, with systematic 

assessment of neuropsychological and EEG outcomes, is needed to prove which first-line 

treatment is most effective.

Prognosis
ESES resolves spontaneously during puberty. However, several studies have shown that 

long-term neuropsychological outcome is variable and ranges from normal to severe 

intellectual disability. Patients with underlying structural abnormalities, earlier ESES onset, 

longer ESES duration and worse treatment response seem to have more severe cognitive 

sequelae.32,42,43
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Figure 1: Examples of EEG findings in children with encephalopathy with ESES
A. �EEG in non-REM sleep in a 10-year old girl with a past history of perinatal thalamic haemorrhage, who 

presented with a global developmental delay. The EEG shows bilateral synchronous diffuse high-amplitude 
spike-wave discharges and absence of physiological sleep phenomena (400 µV / cm, 15 sec / page).

B. �EEG in non-REM sleep in a 4 year old previously healthy boy, who presented with an acquired aphasia, 
showing bilateral (left-predominant) temporal spike-wave discharges and presence of normal sleep 
phenomena (200 µV / cm, 15 sec / page).

Outline of this thesis
The main objectives of the studies described in this thesis are threefold: 1) to improve 

early recognition of children at risk of ESES development, 2) to increase our knowledge of 

ESES aetiology and pathophysiological mechanisms, and 3) to provide more evidence on 

optimal treatment regimens of children with encephalopathy with ESES (figure 2).
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1PART I. Aetiology and Pathophysiology

In chapter 2, we studied, in a prospectively followed cohort, what proportion of 

patients with perinatal thalamic injury eventually developed ESES. Although previous 

studies have reported frequent co-occurrence, it was unknown how often patients 

with perinatal thalamic injury are affected. With this study, we also investigated whether 

neurodevelopmental outcome can be predicted with structural MRI volumetry of 

the thalamus, and whether diffusion tensor imaging characteristics are linked to 

neurodevelopment in children with perinatally acquired thalamic injury. In chapter 3, 

we report a systematic review and meta-analysis of inflammatory mediators, such as 

cytokines, in the broader context of patients with epilepsy. In chapter 4, we present 

the results of a pilot study of inflammatory mediators in blood samples of patients with 

encephalopathy with ESES.

In chapter 5, we investigated whether the extent of derangement of synaptic 

downscaling, as reflected by EEG slow waves, is associated with cognitive functioning 

(assessed with neuropsychological testing) and behavioural problems.

PART II. Treatment

In chapter 6 we describe a systematic review of the literature and pooled analysis of 

previous studies on the treatment of encephalopathy with electrical status epilepticus in 

sleep. In chapter 7, we assessed whether the effect of treatment on the EEG abnormalities 

is associated with subjective improvement in functioning and neuropsychological 

test results, and explored which factors predict treatment efficacy. In chapter 8 we 

present the study protocol of the European randomized controlled trial of treatment 

with corticosteroids versus clobazam (a benzodiazepine) in children with epileptic 

encephalopathy with ESES (acronym: RESCUE ESES*). The effect of treatment is evaluated 

with serial sleep EEG measurements and neuropsychological assessments over a period of 

18 months and inflammatory mediators are analysed as a possible biomarker. We initiated 

and coordinated this international collaborative study with ongoing recruitment.

In chapter 9 the findings of the studies reported in this thesis are summarised. In  

chapter 10 the findings are interpreted in the context of existing knowledge, clinical 

implications are discussed, and suggestions for future research are proposed.

* RESCUE ESES: Randomized European trial of Steroids vs Clobazam Usage for Encephalopathy 

with Electrical Status Epilepticus in Sleep.



12

Chapter 1. General introduction

Figure 2: Schematic overview of the chapters of this thesis
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Chapter 2. Outcome after perinatal thalamic injury

Abstract

Objective: Perinatal thalamic injury is associated with epilepsy with electrical status 

epilepticus in sleep (ESES). The aim of this study was to prospectively quantify the risk of 

ESES and to assess neuroimaging predictors of neurodevelopment.

Methods: We included patients with perinatal thalamic injury. MRI scans were obtained 

in the neonatal period, around three months of age and during childhood. Thalamic and 

total brain volumes were obtained from the three months MRI. Diffusion characteristics 

were assessed. Sleep EEGs distinguished patients into ESES (spike-wave index (SWI) 

>85%), ESES-spectrum (SWI 50-85%) or no ESES (SWI<50%). Serial Intelligence Quotient 

(IQ) / Developmental Quotient (DQ) scores were obtained during follow-up. Imaging and 

EEG findings were correlated to neurodevelopmental outcome.

Results: Thirty patients were included. Mean thalamic volume at three months was 8.11 

(±1.67) ml and mean total brain volume 526.45 (±88.99) ml. In the prospective cohort 

(n=23) 19 patients (83%) developed  ESES (-spectrum) abnormalities after a mean follow-

up of 96 months. In the univariate analysis, larger thalamic volume, larger total brain 

volume and lower SWI correlated with higher mean IQ / DQ after 2 years (Pearson’s r=0.74, 

p=0.001; Pearson’s r=0.64, p=0.005; and Spearman’s rho -0.44, p=0.03). In a multivariable 

mixed model analysis, thalamic volume was a significant predictor of IQ / DQ (coefficient 

9.60 [p<0.001], i.e., corrected for total brain volume and SWI and accounting for repeated 

measures within patients, a 1 ml higher thalamic volume was associated with a 9.6 points 

higher IQ). Diffusion characteristics during childhood correlated with IQ / DQ after 2 years.

Significance: Perinatal thalamic injury is followed by electrical status epilepticus in sleep 

in the majority of patients. Thalamic volume and diffusion characteristics correlate to 

neurodevelopmental outcome.

Key points box
•	 The majority of patients with perinatal thalamic injury, will develop epilepsy with ESES 

after the age of two years.

•	 ESES is associated with neurodevelopmental deficits.

•	 Larger residual thalamic volume at the three months MRI correlates to higher total IQ 

/ DQ during follow-up.

•	 MRI at three months appears to be useful to predict neurodevelopmental outcome in 

this population.
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Introduction

Perinatal thalamic injury can be the consequence of hemorrhage, ischemia or infection. 

Initial presentation in the neonatal period is often with lethargy and seizures. Cranial 

ultrasound generally reveals signs of thalamic injury and MRI is used to confirm the 

diagnosis and assess possible etiologies. Long-term neurodevelopmental outcome 

varies from normal to severe intellectual disability.1–5 After a seizure-free interval, epilepsy 

often recurs in childhood. Several studies have shown an association between perinatal 

thalamic injury and epilepsy with electrical status epilepticus in sleep (ESES).1,2,6 How 

perinatal thalamic injury may cause ESES is unclear. Several studies suggested that loss 

of physiological thalamocortical interaction leads to pathological synchronized activity 

in NREM-sleep as well as loss of control over the developing cortico-cortical network.7–9

Epileptic encephalopathy with ESES is characterized by sleep-induced epileptiform activity 

accompanied by acquired neurodevelopmental deficits in children over 2 years of age.10,11 

Their sleep-EEG shows abundant epileptic discharges with a spike-wave index (SWI)  of 

at least 50% .12 ESES resolves spontaneously during puberty, while the developmental 

deficits generally persist afterwards. Early detection and prompt treatment initiation may 

improve neurodevelopmental outcome.13,14

To the best of our knowledge it is not yet known, what proportion of patients with perinatal 

thalamic injury will develop epilepsy with ESES. We were able to address this question 

because these children are routinely in the follow-up clinic by a neonatologist and have 

interval EEGs in our center. In addition, early biomarkers for long-term neurodevelopment 

after perinatal injury were lacking and we aimed to study whether MRI results at three 

months and thalamic diffusion characteristics can predict neuropsychological assessment 

test results.

The aims of the current study were to: 1. quantify the proportion of children with perinatal 

thalamic injury that eventually develop epilepsy with ESES and ESES-spectrum in a 

prospectively followed cohort, 2. identify imaging predictors for the occurrence of ESES(-

spectrum) and for the severity of neurodevelopmental abnormalities. 3. explore whether 

DTI characteristics may reveal a possible mechanism that explains the occurrence of ESES 

and neurodevelopmental deficits after thalamic injury.
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Methods

Patient selection
We included patients with MRI-documented perinatal thalamic injury who were followed 

until   at least 2 years of age and underwent at least one sleep EEG recording. Some of the 

included patients were also reported in a previous study.2 

Subgroups were defined for the purpose of answering different research questions:

1)	 A prospectively followed cohort of consecutive patients who were diagnosed with 

perinatal thalamic injury between 2000 and 2015 and followed in our center from 

the neonatal period onwards. As part of routine clinical care in our hospital, these 

children undergo repeated screening of cognitive functioning by a neonatologist or 

pediatric neurologist, and undergo at least one sleep EEG after the age of two years. 

MRI scans are made in all children during the neonatal period, at around 3 months 

of age, and in the majority once again in childhood. Although the patients were not 

prospectively included in this study at the time of diagnosis of thalamic injury, they 

were prospectively followed according to our clinical protocol. This cohort was used 

to quantify the proportion of children with perinatal thalamic injury that developed 

epilepsy with ESES during follow-up.

2)	 Patients who were referred to our center during childhood with a history of perinatal 

thalamic injury – some of whom were referred because of epilepsy or ESES, diagnosed 

elsewhere. These patients were only included in this study if MRIs and EEG follow-up 

were available. This group of patients was added to the first cohort to correlate imaging 

findings from the neonatal period with neurodevelopment during follow-up. As they 

were not prospectively followed in our center, incidence of ESES could not be assessed 

in these patients.

Data collection
Clinical characteristics were collected from the neonatal period (gestational age, 

pregnancy / delivery complications, Apgar scores, etiology of injury, presence of seizures) 

and during follow-up (presence of seizures, neurodevelopmental milestones, and 

behavioral aspects). MRI-scans from the neonatal period, around 3 months and during 

childhood, if performed, were collected. The available amplitude-integrated EEGs (aEEGs) 

were analyzed for background pattern and epileptiform activity. Sleep-deprived (nap) 

EEGs and whole night recordings during follow-up were analyzed for background pattern, 

presence, location and quantity of epileptiform activity. Results of neurodevelopmental 

assessments, including screening of cognitive functioning, were collected.
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Conventional MRI assessment
MRIs from the neonatal period and around 3 months of age were re-assessed by an 

experienced neonatologist (LSdV) for the extent and location of thalamic injury. MRIs 

from childhood were assessed by an experienced pediatric neurologist (FEJ) for the same 

characteristics. Thalamic injury location was scored (anterior / ventral, medial or pulvinar).

Thalamic volume and total brain volume
Since MRI scans at 3 months are less influenced by acute injury (i.e. hemorrhage) than 

neonatal scans, these were used for thalamic and whole brain volumetry. Childhood MRI 

scans were made at different ages in our population and therefore considered less useful 

as an early prognostic marker. The software package Mevislab (https://www.mevislab.

de/) was used to create manual segmentations of the thalamus using T1 / T2 images 

and perform semi-automatic volume-calculation. The thalamus was segmented per 

slice by one investigator (AFZ) with anatomical atlases as reference. The lateral / ventral 

border was defined using the posterior limb of the internal capsule as a landmark. The 

segmentations were checked by 3 investigators (NHCC, BvdM and FEJ) and adjusted 

where needed. Total brain volume was obtained using FSL (the FMRIB Software Library) 

for automatic segmentation of the T1 / T2 weighted images. The automatically segmented 

areas were visually inspected, the best segmentation was chosen and manually corrected 

if necessary. An example of a T1 weighted MRI of an included subject and segmentation 

of the thalamus and total brain volume is shown in figure 1.

Diffusion tensor imaging (DTI)
For patients whose MRI series (at 3 months and at childhood age) included DTI sequences, 

average bilateral thalamic fractional anisotropy (FA) and mean diffusivity (MD) values were 

determined. First, artefacts were corrected (e.g. signal drift, subject motion, eddy current 

induced geometric distortions) and scans were visually inspected for their quality.15–17 

The scans of sufficient quality were further analyzed per T1-based region of interest (ROI), 

with the Oishi atlas as a reference template.18 DTI characteristics of the thalamus were 

calculated using ExploreDTI.19

Neonatal electroencephalography (EEG)
Two-channel aEEG with corresponding raw EEG data from the neonatal period were 

collected and analyzed. Background pattern and epileptiform activity during the earliest 

available 48 hours of aEEG were rated through pattern recognition by an experienced 

neonatologist. Background patterns were scored as continuous normal voltage (CNV, 

continuous trace, voltage 10–25 (–50) μV), discontinuous normal voltage (DNV, 

discontinuous trace, voltage predominantly > 5μV), burst–suppression (BS, discontinuous 

pattern; periods of very low voltage (inactivity) as well as higher amplitude bursts), 
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continuous extremely low voltage (CLV, continuous pattern of very low voltage, around or 

<5μV), Flat tracing (FT: mainly inactive [isoelectric] trace, with very low voltage < 5 μV). 

Four categories of epileptiform activity were identified: No epileptiform activity (no EA), 

single seizure (SS: < 3 discharges per 30 minutes), repetitive seizures (RS: ≥ 3 discharges 

within 30 minutes), status epilepticus: “sawtooth” pattern.

Figure 1. Illustrative MRI and segmentation in a 3 months-old patient with left-sided thalamic 
injury.
A. transversal slice of unprocessed T1 weighted MRI. B. manual segmentation of the thalamus. C. automatic 
segmentation the total brain volume.
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EEG during follow-up
Because of the known high risk of ESES development after perinatal thalamic injury, children 

with perinatal thalamic injury are routinely followed-up in our center with periodic sleep-

EEGs (either nap EEGs after sleep-deprivation or whole night registrations). All EEGs were 

evaluated for the presence of epileptiform activity (spike and wave complexes, spikes or 

sharp waves) in sleep. The follow-up EEG with the highest spike-wave index (SWI) was 

used as the “index EEG”, because this was considered to best represent the severity of 

EEG abnormalities. The age at onset of ESES was variable in this population, thus an SWI 

assessment at the same age for all patients would not be representative. Also, the first 

(routine) EEG showing sleep activation of epileptiform activity may just be an early sign 

of the disease, while later EEGs show the full extent of abnormalities. The “index EEG” was 

assessed for background pattern, presence and distribution of epileptiform activity during 

wakefulness, sleep architecture and presence and quantification of epileptiform activity 

during sleep (SWI). The SWI was calculated in an epoch of 10 minutes (600 s) duration, 

starting 5 minutes after alpha attenuation or after sleep had clinically commenced. The 

number of seconds containing epileptiform discharges was divided by the total number 

of seconds in the epoch (600) and multiplied by 100 to reflect the SWI as a percentage. 

Classic ESES was defined as an SWI of above 85% and ESES spectrum as an SWI of 50 - 85%.

Outcome definition
Primary outcome for this study is the occurrence of epilepsy with ESES (-spectrum) 

abnormalities in the most severely affected EEG during follow-up. Secondary outcome 

is neurodevelopment as reflected by total Intelligence Quotient (preferred if available) 

or Developmental Quotient. Before the age of two years developmental quotients were 

obtained using the Griffiths mental development scales or the Bayley Scales of Infant and 

Toddler Development. After the age of two years the tests were chosen based on age and 

abilities of the children and included Wechsler Preschool and Primary Scale of Intelligence 

(WPPSI), Wechsler Intelligence Scale for Children (WISC III), Bayley Scales of Infant and 

Toddler Development, Griffiths mental development scales as well as the Snijders-Oomen 

non-verbal intelligence test (SON) in one case. We first performed our analyses with mean 

IQ / DQ after the age of two years as outcome measure. Subsequently, individual IQ / 

DQ measurements at all time points before and after the age of two years were used as 

outcome measure for a linear mixed model analysis.

Statistical analysis
An estimate of the risk of epilepsy with ESES after perinatal thalamic injury, while accounting 

for a difference in follow-up duration between patients, was provided by creating a Kaplan-

Meier Curve for the prospectively followed cohort. Fisher’s exact test was used to explore 

possible associations between thalamic and other injury lateralization and predominant 
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EEG focus of epileptiform activity. The choice of parametric or non-parametric tests was 

based on the distribution of the data, using parametric tests (t-test / ANOVA) if the data 

did not clearly deviate from normal distribution, whereas for data that was not normally 

distributed, non-parametric (Mann-Whitney U test, Spearman’s rank correlation) tests were 

used. The thalamic volume of patients who developed ESES(spectrum) was compared to 

that of patients who did not develop ESES (spectrum) with an independent samples t-test. 

Association between MRI-characteristics and SWI was assessed using Spearman’s rank 

correlation coefficient for continuous and the Mann–Whitney U test for categorical MRI-

variables. A possible difference in mean IQ / DQ after two years of age according to the 

presence of injury in the different thalamic areas was assessed with independent samples 

t-tests. aEEG findings were tested for possible association to mean IQ / DQ after two 

years by means of a One-way Analysis Of Variance (ANOVA). Complete case univariable 

and multivariable linear regression analyses were performed with thalamic volume, total 

brain volume and SWI as possible predictors of mean total IQ / DQ after two years. 95% 

confidence intervals (95% CIs) were calculated.

To account for differences in baseline intelligence levels between patients, and to include 

all IQ / DQ measurements despite difference in timing and tests between patients, a linear 

mixed model was fitted. All IQ / DQ measurements were defined as repeated outcome 

measures. The intercept was included as a random effect variable and thalamic volume, 

total brain volume and SWI were included as fixed variables. The covariance matrix model 

was chosen based on a comparison of the Akaike information criterion (AIC) of the model 

options in SPSS. The model with the Factor Analytic: First Order covariance matrix structure 

had the lowest AIC and was therefore considered to best fit the dataset.

P-values below 0.05 were considered significant. Statistical analysis was conducted using 

IBM SPSS Statistics Software version 25 by BvdM with advice and feedback by a clinical 

epidemiologist (JDJP).

Standard Protocol Approvals, Registrations, and Patient Consents
The study was approved by the medical ethics committee, who decided that the Dutch 

Medical Research Involving Human Subjects Act (WMO) did not apply.

Data availability
All anonymized data included in this study will be provided upon reasonable request to 

the corresponding author.
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Results

Patient characteristics
Twenty-three consecutive patients with perinatal thalamic injury were followed in the 

UMC Utrecht from the neonatal period onward and could be included in the prospectively 

followed (incidence) cohort. An additional seven patients, with perinatal thalamic injury, 

who were referred during childhood were included. Patient characteristics of the 

prospectively followed cohort and the whole cohort are shown in table 1.
Table 1. patient characteristics, clinical, EEG and neuropsychological findings

neonatal period
All patients 

(n=30)
Prospectively 

followed  subgroup 
(n=23)

Retrospectively 
added subgroup 

(n=7)
male (%) 17 / 30 (57%) 15 / 23 (65%) 2 / 7 (29%)

gestational age: mean ± sd 39 ± 2,5 weeks 39 ± 2,5 weeks 38 ± 2,7 weeks

pregnancy complications 12 / 29 (41%) 11 / 23 (48 %) 1 / 6 (17%)

delivery complications 11 / 28 (39%) 11 / 23 (48%) 0 / 5 (0%)

birth weight: mean ± sd 3148 (±859) g 3151 (±877) g 3123(±866) g

Apgar score at 1 / 5 / 10 min:      
     mean
     median
     min
     max

7 / 9 / 9
8 / 9 / 10
4 / 5 / 6

9 / 10 / 10

7 / 9 / 9
8 / 9 / 10
4 / 5 / 6

9 / 10 / 10

7 / 9 / -
8 / 9 / -
4 / 8 / -

8 / 10 / -
etiology:
     sinus thrombosis
     arterial ischemic
     isolated hemorrhage
     infectious
     venous malformation

20
5
2
2
1

17
3
2
1
-

3
2
0
1
1

neonatal convulsions 24 / 30 (80%) 19 / 23 (83%) 5 / 7 (71%)

aEEG findings:
     PMA at aEEG: mean ± sd
     background*: CNV / DNV / BS / CLV / FT
     epileptic activity

n = 15
40,6 ± 1,4 weeks
3 / 11 / 0 / 0 / 1

13 (87%)

n = 15
40,6 ± 1,4 weeks
3 / 11 / 0 / 0 / 1

13 (87%)

N/A

follow-up during childhood

duration of EEG follow-up: mean ± sd 95 ± 40 months 96 ± 40 months 93 ± 42

seizures:
     focal
     generalized
     both
     none

12 (40%)
4 (13%)
5 (17%)
9 (30%)

10 (43%)
3 (13%)
2 (9%)

8 (35%)

2 (29%)
1 (14%)
3 (43%)
1 (14%)

age at seizure onset: mean ± sd 43 ± 28 months 38 ± 21 months 54 ± 42 months
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EEG findings
     wake:          normal background
     sleep:         no SIEA
                         SIEA
                         ESES-spectrum
                         classic ESES

22 (73%)
3 (10%)
1 (3%)

8 (27%)
18 (60%)

20 (87%)
3 (13%)
1 (4%)

6 (26%)
13 (57%)

2 (29%)
0 (0%)
0 (0%)

2 (29%)
5 (71%)

Highest SWI in sleep:         
     mean ± sd
     median
     range

78 ± 30 %
91%

0-100 %

75 ± 33 %
89 %

0-100%

91 ±12 %
98 %

70 - 100

Number of anti-epileptic drugs used: mean ± sd 3  ± 3 3 ± 3 4 ± 3

Neurodevelopment before documented ESES 
(spectrum):
     normal
     intellectual impairment (IQ / DQ 70-85)
     intellectual disability (IQ / DQ <70)

22 (73%)
4 (13%)
4 (13%)

18 (78%)
3 (13%)
2 (9%)

4 (57%)
1 (14%)
2 (29%)

Dominant neurodevelopmental abnormalities during 
follow-up / after ESES onset:
     global cognitive impairment
     language impairment
     behavioral disorder
     none
Severity of ESES related impairment:
     regression
     arrest
     delay
     none

13 (43%)
5 (17%)
1 (3%)

11 (37%)

5 (17%)
9 (30%)
5 (17%)

11 (37%)

9 (39%)
3 (13%)
1 (4%)

10 (44%)

2 (9%)
6 (26%)
5 (22%)

10 (44%)

4 (57%)
2 (29%)
0 (0%)

1 (14%)

3 (43%)
3 (43%)
0 (0%)

1 (14%)
Total IQ / DQ during follow-up (mean ± sd) at
                                     ~ 6 months
                                     ~ 12 months
                                     ~ 24 months
                                     ~ 2-5 years
                                     ~ 5-8 years
                                     ~ 8-13 years

102 ± 14, n=15
93 ± 20, n=23
90 ± 15, n=22
86 ± 19, n=16
82 ± 17, n=16
66 ± 16, n=10

102 ± 14, n=15
94 ± 18, n=22
92 ± 13, n=21
89 ± 18, n=15
89 ± 17, n=12
73 ± 17, n=6

N/A
55, n=1
55, n=1
55, n=1
71, n=4
56, n=4

Table legend:
sd: standard deviation, aEEG: amplitude-integrated EEG, PMA: post-menstrual age, CNV: continuous normal voltage,  
DNV: discontinuous normal voltage, BS: burst-suppression, CLV: continuous extremely low voltage, FT: flat trace, N/A: Not available,  
SWI = spike-wave index, SIEA = sleep induced epileptiform activity
* Background is defined as worst background pattern and might have been influenced by medication. The patient with a FT background 
pattern was administered clonazepam and phenobarbital during aEEG registration. After six hours of severe aEEG depression his 
background showed marked improvement.

Neurodevelopmental findings during follow-up
A gradual decrease in mean IQ / DQ was seen with age (table 1). When comparing IQ / DQ 

before ESES was first detected (at 24 months) with the first IQ / DQ after ESES (spectrum) 

diagnosis for patients for whom these data were available at both timepoints (n=18) a 

decrease from a mean IQ of 89 to 82 (p=0.046, average time interval 43 months) was found.

Table 1. Continued
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MRI findings (table 2)
In the total cohort of 30 patients, MR images of sufficient quality for clinical assessment 

were available from the neonatal period in 24 children, around three months of age in 

23, and during childhood in 22 patients. The medial part of the thalamus was most often 

involved in the injury at the neonatal and three months MRIs, while at the childhood 

MRI the sequelae of the perinatal thalamic injury were more diffuse (table 2). Mean total 

(bilateral) thalamic volume at three months was 8.11 ml. A small mean increase in FA was 

seen from age three months into childhood (from 0.240 to 0.278).

Primary findings
Occurrence of ESES (spectrum) abnormalities during follow up
Mean EEG follow-up was 96 months in the prospectively followed cohort. Most patients 

(87%) had a normal background pattern during wakefulness, while in sleep 6 patients had 

ESES-spectrum abnormalities (26%) and an additional 13 patients showed a classic ESES 

pattern (57 %, table 1). The ESES(-spectrum) abnormalities were limited to one hemisphere 

in 8 cases (42%) and bilateral in 11 cases (58%). There was no significant difference in EEG 

follow-up between the patients with ESES spectrum abnormalities and those with classic 

ESES (93 vs 103 months, p = 0.62). Figure 2 shows a Kaplan Meier curve for the occurrence 

of ESES (spectrum) in the prospectively followed cohort.

Imaging predictors for the occurrence of ESES (-spectrum) and for the severity of 
neurodevelopmental abnormalities
A large majority (19 of 23) of the prospectively followed patients developed ESES 

(-spectrum) abnormalities during follow-up. The patients who developed ESES, had a 

lower thalamic volume (mean ±sd 7.8±1.5 ml vs. 9.7±1.5 ml, p = 0.04). Because of the 

very small group of patients (n=4) who did not develop ESES (spectrum) abnormalities, 

we considered statistical power too small to compare other characteristics between the 

two groups. 

Larger thalamic volume and larger total brain volume, measured on three months MRI, 

were correlated to higher mean IQ / DQ after the age of 2 years (r=0.74, p=0.001 and 

r=0.64, p=0.005, table 3 and supplementary figure 1).  Injury involving the anterior / ventral 

portion of the thalamus was the only of the three predefined areas that was associated 

with mean IQ / DQ after 2 years of age (mean IQ / DQ 72 for those with vs. 89 for those 

without anterior / ventral injury, p = 0.04, n = 19). In a subgroup of patients with unilateral 

thalamic injury, according to visual inspection of the 3 months MRI (n=18), the volume 

of the affected thalamic hemisphere was not correlated with, while the volume of the 

contralateral thalamic hemisphere was positively correlated with mean IQ / DQ after the 

age of 2 years (r=0.38, p=0.17 and r=0.84, p<0.001, table 3).
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Table 2. MRI findings

neonatal 
(n=24)

~3 months
(n=23)

childhood
(n=22)

Lateralization thalamic injury
     right sided
     left sided
     bilateral
     none visible

7 (29%)
9 (38%)
7 (29%)
1 (4%)

8 (35%)
11 (48%)
4 (17%)

6 (27%)
10 (46%)
6 (27%)

Lateralization other MRI abnormalities
     right sided
     left sided
     bilateral
     none visible

1 (4%)
0 (0%)

23 (96%)

4 (17%)
5 (22%)

11 (48%)
3 (13%)

1 (5%)
3 (14%)

16 (73%)
2 (9%)

Thalamic areas involved (multiple areas can be 
involved)
     anterior / ventral
     medial
     pulvinar

18 (75%)
20 (83%)
14 (58%)

7 (30%)
20 (87%)
8 (35%)

20 (91%)
18 (82%)
19 (86%)

Thalamic volume (T1/T2, ml): mean ± sd
     right
     left
     total                                               

4.32 ± 1.05
3.79 ± 1.45
8.11 ± 1.67

(n=21)
Total brain volume (T1/T2, ml): mean ± sd 526.45 ± 88.99

Thalamic fractional anisotropy (DTI)
     right
     left
     mean                                            

0.242
0.239
0.240

(n=11)

0.282
0.273
0.278
(n=9)

Thalamic mean diffusivity (DTI, mm2/s)
     right
     left
     mean                                            

0.0013
0.0014
0.0014
(n=11)

0.0014
0.0016
0.0015
(n=9)

Multivariable linear regression analysis revealed that mean IQ / DQ after the age of two 

years was correlated with thalamic volume (β 6.4 [95% CI 0.65 - 12.1]), but no longer with 

total brain volume (β 0.05 [95% CI -0.06 – 0.16]) and SWI (β 0.08 [95% CI -0.12 – 0.27]). Thus, 

corrected for total brain volume and SWI, a 1 ml higher thalamic volume was associated 

with an increase of 6.4 IQ points in this analysis.

With a linear mixed model we found that thalamic volume was an independent predictor 

of IQ / DQ (univariable coefficient 7.2 [95% CI 5.3 – 9.1], multivariable coefficient 9.6 [95% 

CI 5.9 – 13.3]), while total brain volume and SWI were not significantly correlated with IQ 

/ DQ (table 4). This means that, corrected for total brain volume and SWI and accounting 

for repeated measures within patients, a 1 ml higher thalamic volume was associated with 

a 9.6 points higher IQ.
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Figure 2. Kaplan-Meier curve for ESES or ESES spectrum in incidence cohort (n=23)
The percentage of patients with perinatal thalamic injury with ESES / ESES spectrum related to age.

Exploratory analysis of DTI characteristics and neurodevelopment during follow-up
Thalamic DTI characteristics at three months were not predictive for mean IQ / DQ after 

the age of 2 years. Childhood MRI DTI characteristics, however, were correlated with mean 

IQ / DQ after the age of two years: higher FA and lower MD predicted higher IQ (r=0.76, 

p=0.03 and r=-0.81, p=0.02 respectively, table 3).

Additional findings
Correlation of MRI characteristics to epileptiform activity during follow-up
9 of 11 patients with unilateral thalamic injury and a lateralized EEG focus in sleep had 

their predominant EEG focus on the same side as their thalamic injury focus. Nonetheless, 

lateralization of thalamic injury (p = 0.09), or lateralization of other MRI abnormalities (p 

= 0.99) were not correlated to the predominant localization of epileptiform activity in 

sleep. There was no association between the affected thalamic areas at the three months 

MRI and SWI during follow-up. Thalamic volume at the three months MRI showed a 

trend towards correlation, while total brain volume did not show a correlation with SWI 

during follow-up (rho -0.42; p = 0.06 and rho -0.23; p = 0.32, n=21). DTI characteristics at 

three months (n=11) were not correlated to SWI either (rho 0.58; p = 0.06 for FA and rho 

-0.07; p = 0.82 for MD), while DTI characteristics at the childhood MRI (n=9) were strongly 

correlated to SWI: a higher thalamic FA was correlated to lower SWI (rho -0.81, p = 0.008, 

table 3) and higher thalamic MD was correlated to higher SWI (rho 0.72, p = 0.03, table 3).
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Table 3. Correlation of MRI characteristics and SWI / IQ during follow-up

SWI (%) IQ

rho p r p

volumetric measurements at ~ 3 months MRI (n=21)

     total thalamic volume (ml) -0.42 0.06 0.74 0.001
     unilateral cases*: volume of affected side (ml) -0.39 0.11 0.38 0.17

     unilateral cases*: volume of contralateral side (ml) -0.34 0.16 0.84 <0.001
     total brain volume (ml) -0.23 0.32 0.64 0.005
DTI characteristics

~ 3 months DTI (n=11)

     thalamic fractional anisotropy (FA) 0.58 0.06 0.03 0.93

     thalamic mean diffusivity (MD) -0.07 0.82 0.42 0.26

childhood DTI (n=9)

     thalamic fractional anisotropy (FA) -0.81 0.008 0.76 0.03

     thalamic mean diffusivity (MD) 0.72 0.03 -0.81 0.02
Table legend:
rho = Spearman’s rho, r = Pearson’s correlation coefficient
* n = 18 cases with unilateral thalamic injury based visual inspection of the ~ 3 months MRI

Correlation of aEEG, and SWI to neurodevelopmental findings during follow-up
The aEEG background pattern and presence / severity of epileptiform activity in the 

neonatal period were not correlated to mean IQ / DQ after two years of age (p=0.43 and 

p=0.62, n=14 with available aEEG from the neonatal period and neurodevelopmental 

follow-up after the age of 2 years). Higher SWI was correlated to lower IQ during follow-up 

(rho -0.44, p=0.03).

Multivariable analysis and linear mixed model
Table 4. Possible predictors of cognitive function during follow-up

Linear regression analysis of mean IQ outcome, at age > 2 years
Univariable
β (95% CI)

Multivariable
β (95% CI)

thalamic volume (ml) 7.3 (3.7 – 11.0) 6.4 (0.6 – 12.1)

total brain volume (ml) 0.13 (0.04 – 0.21) 0.05 (-0.06 – 0.16)

SWI (%) -0.19 (-0.42 – 0.04) 0.08 (-0.12 – 0.27)

Mixed linear model with DQ / IQ measurements as repeated measures
Univariable coefficient 
(95% CI)

Multivariable coefficient 
(95% CI)

thalamic volume (ml) 7.2 (5.3 – 9.1) 9.6 (5.9 – 13.3)
total brain volume (ml) 0.07 (-0.02 – 0.15) -0.06 (-0.13 – 0.01)

SWI (%) -0.18 (-0.38 – 0.02) 0.02 (-0.12 – 0.16)
Table legend:
DQ: developmental quotient, IQ: Intelligence Quotient, SWI: Spike-wave index
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Discussion

In this study, we show that 1) the majority of patients with perinatal thalamic injury 

eventually develop epilepsy with classic ESES (SWI>85%) or ESES spectrum (SWI 50-85%), 

2) Patients with perinatal thalamic volume who develop ESES(-spectrum) during follow-up 

had a lower thalamic volume at 3 months as compared to patients who did not develop 

ESES(-spectrum). Furthermore, higher residual thalamic volume at three months of age 

correlates with higher IQ / DQ at follow-up - also after correction for total brain volume 

and spike wave index – and 3) thalamic DTI indices during childhood correlate with the 

severity of epileptiform activity in sleep and with cognitive functioning.

The Kaplan Meier curve of our incidence cohort suggests that more than 90% of children 

with perinatal thalamic injury develop epilepsy with ESES spectrum abnormalities 

during follow-up. Previous studies also suggested a strong link between thalamic injury 

and ESES spectrum abnormalities.1,2 The current study is the first to confirm this in a 

prospectively followed cohort with long-term follow-up. As almost all patients had ESES 

during follow-up, we were unable to find predictors of the occurrence of ESES within 

the population of children with thalamic injury. Several possible mechanisms behind 

the occurrence of ESES in children with thalamic abnormalities have been proposed. 

The thalamus has the capacity to generate rhythmic oscillations (e.g. sleep spindles) in 

a thalamocortical circuit that is activated during sleep. These oscillations are thought to 

result from balanced activity between thalamic excitatory neurons and γ-aminobutyric 

acid (GABA)ergic inhibitory neurons.20 Loss or dysfunction of thalamic inhibitory neurons 

may lead to a pathologic derangement of these oscillations during sleep, as reflected 

by rhythmic spike and wave discharges.7,21,22 As an additional mechanism, a recent study 

suggested that loss of thalamic control of plasticity of part of the cortex (i.e. incomplete 

loss of thalamocortical connectivity) leads to a pathological “augmentation response” and 

thereby a hyperexcitable cortical network.9

We investigated whether neurodevelopment can be predicted by the residual thalamic 

volume and found a strongly significant correlation: higher total thalamic volume at three 

months of age predicted higher IQ / DQ during follow-up. In cases with unilateral thalamic 

injury based on inspection of the three months MRI by the clinician, the volume of the 

contralateral thalamus was significantly correlated to mean IQ / DQ during follow-up while 

the ipsilateral thalamus was not. This suggests that the cognitive performance depends 

mainly on the least affected side. It could be that, although normal on visual inspection, 

more subtle changes in structure and function of the contralateral thalamic hemisphere 

are also present and that volume of the contralateral thalamic hemisphere is indicative of 

the compensatory capabilities.
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Previous studies in both adults and children also found a correlation of thalamic volume 

and thalamocortical connections with aspects of cognitive functioning.23,24 Recent studies 

have suggested that the thalamus has an important role in sustaining attention, not only by 

filtering information to and between cortical regions, but also by enhancing the functional 

connectivity of relevant cortical areas.25 We hypothesized that, in addition to volume 

loss, altered structural organization of the thalamus could explain the cognitive deficits 

that are seen in children with epilepsy with ESES. By analyzing DTI characteristics of the 

thalamus, we explored this hypothesis. Although we did not find such a correlation when 

DTI measures were studied at the age of three months, higher thalamic FA and lower MD 

on DTI scans acquired during childhood were associated with higher IQ / DQ, suggesting 

that thalamic microstructure, as well as its volume, is important for neurodevelopment. 

Also, we found that higher FA and lower MD on later DTI scans were associated with lower 

SWI, which may reflect that more organized thalamic microstructure is associated with 

less epileptiform activity in sleep.

We found that a higher percentage of epileptiform activity, expressed as the spike-wave 

index, correlates to lower IQ after perinatal thalamic injury. ESES may be a factor that 

influences cognitive functioning in addition to the impact of the thalamic injury itself, 

or it could merely be a marker of severity of thalamic injury. Previous studies suggested 

that ESES itself contributes to cognitive deficits26–28 and that improvement of cognitive 

functioning can be expected if epileptiform activity is reduced with treatment.29 

However, in these papers, wider populations were studied, including children in whom 

an underlying etiology was not detected. Future studies comparing patients with ESES 

after thalamic injury and patients with ESES of non-structural etiology (although this also 

is a heterogeneous group) may further elucidate whether the thalamic injury or the ESES 

is the main determinant of long-term neurodevelopment. In our multivariable analysis we 

did not find a significant correlation of SWI with IQ. A possible explanation is that, for each 

patient, we included the EEG with the highest SWI and did not consider that in some cases 

the epileptiform activity was reduced or disappeared with treatment.

Our study is the first to quantitatively assess the risk of epilepsy with ESES after thalamic 

injury in a prospectively followed cohort and combine multiple modalities (MR volumetry, 

DTI and EEG) as well as repeated clinical / neuropsychological assessments to reveal 

predictors of cognitive functioning.

Our results have to be interpreted with care. First, the relatively small and somewhat 

heterogeneous study population (inherent to the rarity of perinatal thalamic injury) 

inevitably results in some uncertainty regarding the cumulative incidence of epilepsy 

with ESES after thalamic injury. Second, although MRI acquisition in our center was done 
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according to a standard schedule, MRI protocols changed during the period of conduct 

of our study, which results in variability of available imaging data. Especially our analysis 

of DTI characteristics should be seen as explorative as these sequences were available in 

a minority of patients. Our DTI data were of insufficient quality and quantity for reliable 

analysis of thalamocortical tracts and this would be an interesting subject to address in a 

future study. Although developmental screening in the first two years was done according 

to a standard protocol, follow-up afterwards with full neuropsychological assessment was 

performed at variable time points and may have been selective (patients with learning 

problems could have been tested more often). Lastly, the use of a multivariable mixed 

model analysis allowed the use of multiple TIQ measurements per patient and adjusts 

for the fact that each patient has his / her own “baseline” total IQ. However, using this 

multivariable mixed model in our relatively small study population, may have led to 

overfitting and could limit the generalizability of our results.

The results of our study implicate that clinicians treating children with perinatal thalamic 

injury should be aware of the risk of epilepsy with ESES. We recommend careful follow-

up with assessment of cognitive functioning and serial sleep EEGs after the age of two 

years in these children. Parents should be made aware that a cognitive or behavioral 

deterioration of their child needs prompt evaluation. In case of ESES accompanied by a 

cognitive decline, treatment should be initiated soon, because early treatment of epilepsy 

with ESES can improve neurodevelopmental outcome.14,27,29,30

In conclusion, perinatal thalamic injury is often followed by electrical status epilepticus 

in sleep in children after the age of two years. Cognitive performance of these children 

has a strong correlation with residual thalamic volume. The cognitive deficits in these 

patients may also be explained by abnormal structural organization of the thalamus as 

reflected by DTI characteristics. Future studies may elucidate whether loss of physiological 

thalamocortical connections explains these cognitive deficits.
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Figure S1. Correlation between total thalamic volume and mean IQ / DQ at age >2 years
The mean intelligence quotient / developmental quotient  related to thalamic volume (ml) at  
the MRI at three months of age.
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Abstract

Background: Accumulating evidence suggests a role for inflammation in the 

pathophysiology of epilepsy.

Methods:  We performed a systematic review and meta-analysis of studies that investigated 

inflammatory mediators in human epilepsy. Studies reporting on inflammatory mediators 

in serum, cerebrospinal fluid or brain tissue of epilepsy patients were included. Studies 

comparing patients to controls were included in a meta-analysis.

Results: 66 articles reporting on 1934 patients were included. IL-1ra, IL-1β, IL-6, IL-10, IFN-γ 

and TNF-α were the most extensively investigated proteins. Elevated levels for IL-1ra, IL-

1β, IL-6 and CXCL8/IL-8 were reported in several different epilepsy etiologies and media, 

while other proteins were specifically increased for one etiology. IL-1α, IL-7 and IL-13, as 

well as the chemokines CCL2-5, -19 and -22, were increased exclusively in brain tissue. In 

an aggregate meta-analysis, we found significantly different protein levels for serum IL-6, 

IL-17 and CSF IL-1β and IL-10.

Conclusion: Inflammatory pathways are involved in epilepsy. Future studies may further 

clarify their role, and prove potential of targeted anti-inflammatory treatment.

Highlights
•	 A total of 66 articles on inflammation and epilepsy were systematically analyzed.

•	 A meta-analysis revealed elevated levels of serum IL-6, IL-17 and CSF IL-1β, IL-10.

•	 There is substantial overlap between findings in serum, CSF and brain tissue.

•	 Many different chemokines were found elevated in brain tissue.

•	 Future studies should explore the use of targeted anti-cytokine therapies.
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Introduction

Epilepsy is one of the most common, often chronic, neurological disorders that affects up 

to 1% of the people worldwide and is characterized by an enduring predisposition of the 

brain to generate epileptic seizures 1. It is considered a heterogeneous group, with diverse 

etiology (genetic, structural, metabolic, unknown) and includes specific, often age-related, 

electroclinical syndromes. Seizures can be classified as either generalized (e.g. typical 

absences or myoclonic seizures) or focal. Temporal lobe epilepsy is the most prevalent 

form of focal epilepsy and is often associated with hippocampal sclerosis. Epileptic 

encephalopathies are increasingly recognized as conditions in which the epileptic activity 

itself may contribute to severe cognitive and behavioral abnormalities, beyond what can 

be expected from the underlying pathology alone. Examples include West syndrome and 

Dravet syndrome, presenting in infancy, and Lennox-Gastaut syndrome and epileptic 

encephalopathy with electrical status epilepticus in sleep (ESES) presenting during 

childhood 2,3. Despite adequate treatment with antiepileptic drugs, about 30% of patients 

with epilepsy will continue to experience seizures and are therefore considered to have 

pharmacoresistant epilepsy 4,5. Today’s treatments mostly aim to suppress seizures, while 

the underlying pathophysiological mechanisms are not targeted as these are incompletely 

understood. Understanding the process of epileptogenesis may lead to pathophysiology-

driven drug development of, possibly, more effective treatment 5.

The role of inflammation in central nervous system (CNS) disease etiopathogenesis has 

already been widely investigated, and elevated serum inflammatory mediators have 

been found in many neurological disorders such as cerebral ischemia, multiple sclerosis, 

Parkinson’s disease, Alzheimer’s disease, and traumatic brain injury 6–11. A growing body of 

evidence now implicates a link between inflammation and different epilepsy syndromes, 

considering both an inflammatory state in the epileptic brain as well as increased 

permeability of the blood-brain barrier, leading to enhanced neuronal excitability 
12. A clear link between inflammation and seizures is seen in patients with Rasmussen 

encephalitis, in whom inflammasome activation and associated increased cytokine 

production was shown 13,14. In addition, immune system activation is of evident importance 

in patients with febrile seizures and antibody mediated autoimmune encephalitis (e.g. 

NMDA-receptor encephalitis) 15,16. A pro-inflammatory profile has also been found in 

patients with temporal lobe epilepsy and focal cortical dysplasia, suggesting that even 

in the absence of evident clinical clues, there may be a link between inflammation and 

epilepsy 17–22. Furthermore, immunomodulating therapy with systemic corticosteroids 

and adrenocorticotropic hormone has proven successful in treating specific epilepsy 

syndromes, supporting involvement of the immune system in epilepsy 23–26. 
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Inflammation can be studied by measuring inflammatory mediators, such as cytokines, 

which are soluble proteins that mediate cell growth, activation and differentiation and 

the inflammatory response 27. The largest cytokine family comprises the chemokines, 

which are chemotactic cytokines that induce the migration of immune and non-immune 

cells and play an important role in the maintenance of CNS homeostatic functions 28,29. 

Cytokines are released by immune related cells, such as granulocytes, macrophages and 

lymphocytes, as well as other cell types, e.g. endothelial and stromal cells. Recent brain 

studies have shown an important contribution of glial cells (astrocytes and microglia) 

as well as neurons in the production of pro-inflammatory cytokines 30–34. Several studies 

related cytokines (especially IL-1β) to changes in neuronal excitability and network 

characteristics and suggested a potential role for targeted therapy 35,36.

The aim of this systematic review is to provide an overview of the current evidence for 

activation of inflammatory mediators (proteins) in epilepsy in humans. We summarize the 

main outcomes in one overview, and present several meta-analyses comparing levels of 

inflammatory mediators in patients and controls. Because the role of inflammation may 

vary per epilepsy syndrome, the studies concerning cytokines in epilepsy are presented 

in specific syndromes as well.

Methods

Search strategy
A systematic literature search was conducted (May 2014) in the PubMed, EMBASE and 

Cochrane databases using various synonyms for epilepsy and cytokines. The search string 

was built by three investigators (EEdV, BvdM and FEJ) and reviewed by an experienced 

librarian. The full search strategy is supplemented as appendix 1. 

We included studies of humans with epilepsy or febrile seizures concerning cytokine 

measurement in serum, cerebrospinal fluid (CSF) or brain tissue. Exclusion criteria were: 

animal studies, review articles, case reports, treatment studies, genetic or epigenetic 

studies and acute symptomatic epilepsy (seizures due to acute CNS infection or acute 

traumatic brain injury). 

All titles were screened by a single investigator (EEdV) and the ones that obviously met the 

exclusion criteria were excluded. All remaining titles and abstracts were independently 

screened by two investigators (EEdV and BvdM). Both authors independently checked the 

remaining articles for full-text eligibility. Judgment differences were solved by discussion 
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and if no consensus was reached, a third author reviewed the article as well (FEJ). Lastly, 

reference lists of included articles were checked for missing articles.

Data processing
Study characteristics and outcomes of all included studies were summarized and are 

listed in appendix 2, grouped by epilepsy syndrome. A distinction was made for the study 

design (patients versus controls, postictal versus baseline or in vitro stimulation studies) 

and the material in which the cytokines were measured (brain tissue, CSF or serum). The 

total number of epilepsy patients in every single included study was counted to give an 

estimate of the impact of that particular study.

If means and standard deviations were not presented in the selected publications, 

corresponding authors of included studies were contacted for additional data for 

subsequent meta-analyses. 14 authors were contacted, and additional data was provided 

by two authors. In case insufficient quantitative data was available in the article and no 

additional data was provided, studies were excluded from meta-analysis. Meta-analyses 

were conducted for each of the cytokines, with different analyses for serum and CSF, 

and represented in figure 3 (all individual meta-analyses are provided as supplementary 

material 1). In case outcomes were significant, subsequent subgroup analyses were 

performed for all cytokines that were investigated in two or more studies (for serum and 

CSF separately), and provided as supplementary material 2. 

Statistics
All meta-analyses were performed with Review Manager (RevMan, version 5.3, 

Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). Weighted 

mean differences and 95% confidence intervals (CI) were calculated using a random 

effects model. Heterogeneity was tested for all meta-analyses by a Q test, and I2 was 

calculated to determine the percentage of variance attributable to heterogeneity. 

Results

Search results
The search yielded 3.980 articles, of which most were excluded on the basis of title and 

abstract screening. 149 articles were selected for full-text review, which resulted in a 

further reduction to 66 articles which were selected for this review. The process of study 

selection is summarized in figure 1. Study characteristics and outcomes of all included 

studies are listed in appendix 2.
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Articles identified by database search (n = 3980)  
EMBASE (n = 2306) 
MEDLINE (n = 1572) 
Cochrane (n = 102) 

Unique articles after removal of duplicates (n = 3764) 
Reasons for exclusion (n = 3615)  
Review 
Case report  
No study 
Animal study 
No epilepsy  
No cytokines  
Treatment 
Genetic study  
Acute symptomatic epilepsy 
Outcome irrelevant 
No EN/FR/DE/NL 

Potentially eligible articles (n = 149) 
Excluded after full-text review (n = 83) 
No study (n = 42) 
No EN/FR/DE/NL (n = 10) 
Genetic study (n = 9) 
Review (n = 8) 
No cytokines (n = 5) 
Outcome irrelevant (n = 3) 
Treatment (n = 3) 
Animal study (n = 1) 
Case report (n = 1) 
Similar patient population (n = 1) 

Articles included (n = 66) 

Cross-reference check (n = 0) 

Fig. 1: Flow-chart of search strategy.

Inflammation and epilepsy
A total of 51 different inflammatory mediators were investigated in the included studies. 

These studies reported protein levels in serum, CSF or brain tissue and compared patients 

to controls, or, in a few studies, post-ictal to baseline levels. Figure 2A provides an overview 

of all studied mediators that were reported to be significantly different in patients versus 

controls, and the distribution in serum, CSF and brain tissue. These significant findings 

were found opposed by all studied mediators that were not significantly different 

between patients and controls, which are represented in figure 2B. Both figures include 

57 studies that directly compared patient to control cytokine levels. Nine studies were 

not included in the graphs: Three compared postictal to baseline levels and all showed 

a significant increase in IL-6, two studies also compared IL-1ra pre- and postictally and 

one found a significant increase in IL-1ra (appendix 2) 37–39. Six studies were in vitro 

peripheral blood mononuclear cell (PBMC) stimulation studies (summarized in paragraph 

3.4 and appendix 2). When comparing serum, CSF and brain tissue, a partial overlap 

is observed in the proteins that were reported to be significantly elevated in epilepsy 

patients. Several cytokines, such as IL-1ra, IL-1β, IL-6 and CXCL8/IL-8, were reported to be 

increased in epilepsy patients in all three media, whereas IFN-γ and TNF-α were elevated 

only in serum and CSF. IL-1α, IL-7 and IL-13, as well as the chemokines CCL2-5, -19 and -22, 

were increased exclusively in brain tissue.
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Fig. 2: Radar graphs of the included cytokines, represented separately for serum, cerebrospinal 
fluid and brain tissue (total number of studies included: 57). 
Each axis of the circular radar graph represents one cytokine. The y-axis represents the number of patients 
in the studies. (A) Cytokines that were significantly different (S) between epilepsy patients and controls.  
(B) Cytokines that were studied but not significantly different (NS) between epilepsy patients and controls.
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Meta-analyses were conducted for all proteins to assess overall significance in serum (fig. 

3A) and CSF (fig. 3B). This figure includes both meta-analyses (in case two or more studies 

investigated a protein), and single study results. In serum, many studies investigated IL-1β, 

IL-6 and TNF-α, of which solely IL-6 was increased in patients. A meta-analysis of two 

studies that investigated serum IL-17 showed clearly increased levels in epilepsy patients, 

with a mean difference of 38 pg/mL (95% CI: 29-47, p<0.001), which is a 5-15 fold increase 

compared to normal individuals 40. Single study results reported in the meta-analysis 

overview (studies reporting mean and SD) revealed a significant elevation of serum IL-1α, 

IFN-α, CCL4, CCL11, CXCL10, CX3CL1, HMGB1 and bFGF in epilepsy patients. In CSF, 

numerous studies investigated IL-1β, IL-6 and TNF-α, of which solely IL-1β was marginally 

elevated. A meta-analysis including two studies showed a significant elevation of CSF IL-

10 in patients. Increased levels in CSF of the cytokines IL-12, IL-13 and CX3CL1 were 

reported in single studies.

Fig. 3: 
(A) Overview of all meta-analyses of cytokine concentrations in serum of epilepsy patients versus controls. 
(B) Overview of all meta-analyses of cytokine concentrations in cerebrospinal fluid of epilepsy patients 
versus controls. Reported are both meta-analyses (in case two or more studies investigated a protein), and 
single study results. Mean difference is in pg/mL. The dots mark the significantly different cytokines: * = 
p<0.05, ** = p<0.01, *** = p<0.001, and are represented for both meta-analyses and single study results.

Specific subtypes of epilepsy
Temporal lobe epilepsy (TLE)
In brain tissue of TLE patients, the IL-1 family was most extensively studied. IL-1α levels were 

shown to be higher in epilepsy patients than in non-epilepsy controls 17,41, irrespective of 

the presence of hippocampal sclerosis 8,17. Increased IL-1β expression was found in TLE 
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patients when compared to autopsy controls 42, especially in patients with hippocampal 

sclerosis 43,44. Of the CCL-chemokine family, CCL3, -4 and -5 were found to be higher in TLE 

tissue when compared to autopsy controls 17, which is confirmed by another study that 

found CCL3, -4 and -5 expression in TLE neurons, contrary to control neurons 42. Baseline 

serum levels of IL-1ra have been found to be lower compared to normal population 

levels in one study 39, whereas other studies failed to show a difference 45,46. In contrast 

to findings in brain tissue, IL-1β levels in serum of TLE patients were not elevated when 

compared to healthy controls 45–48. However, a decrease in IL-1ra/IL-1β ratio was reported 

after a seizure, which leads to increased influence of the pro-inflammatory IL-1β and  may 

implicate a pro-inflammatory state in the brain 39,47. A meta-analysis of serum IL-6 levels in 

TLE patients revealed marginal but significant IL-6 elevation when compared to controls 

(supplementary material 2). Serum IL-6 levels were significantly elevated in five out of 

eight studies 37,39,46,48,49, while two small studies showed a trend towards significance 45,47. 

Thus, in temporal lobe epilepsy patients, levels of pro-inflammatory cytokines from the 

IL-1 family and CCL3-5 were increased in brain tissue, and IL-6 levels were increased solely 

in serum.  

Other epilepsy etiologies
In contrast to findings in temporal lobe epilepsy, only one out of five studies demonstrated 

elevated IL-1β levels in cerebrospinal fluid of febrile seizure patients 50. In serum, three out 

of ten studies demonstrated elevated IL-1β levels within 12 hours after a febrile seizure 

(which returned to baseline after three months 51–53). Meta-analyses of IL-1β in CSF and 

serum of febrile seizure patients revealed no significant differences. Serum IL-1ra levels 

were investigated in one study and shown to be higher in febrile seizure patients 54. 

Interestingly, this study showed an increase in IL-1ra/IL-1β ratio, whereas in the TLE studies 

this ratio was found to be decreased. IL-6 levels were elevated in CSF of patients in two 

out of five studies 55,56. A meta-analysis of IL-6 levels in serum of febrile seizure patients, 

including merely four studies reporting mean and SD, revealed no significant serum IL-6 

elevation, despite the observation of elevated IL-6 levels in serum in five out of seven 

studies 52–55,57. 

Studies exploring levels of inflammatory mediators in patients with West syndrome are 

scarce, and results are equivocal. Regarding IL-1 levels, in patients IL-1ra has been found 

to be decreased in CSF 58, while another study demonstrated a significant increase of IL-

1ra in serum 59. One study investigated levels of inflammatory proteins in other epileptic 

encephalopathies and demonstrated increased serum levels of IL-6 in patients with 

Lennox-Gastaut syndrome and electrical status epilepticus in sleep (ESES) syndrome 60. 

An increase in IL-6 expression was also shown in resected brain tissue of patients with 

focal cortical dysplasia (FCD) and tuberous sclerosis 61. In FCD and glioneuronal tumors  
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IL-1β and its receptor were found to be highly upregulated, while relative paucity of their 

antagonists was reported 21.

In vitro stimulation studies
Additional evidence for an immune related compound in epilepsy comes from several 

studies showing that PBMCs of epilepsy patients produced increased amounts of 

inflammatory mediators of the IL-1 family (significant in four of six studies investigating 

this cytokine family), IL-6 (significant in two of two studies), IL-10 (significant in two of 

two studies) and IFN-α (significant in the single study investigating this cytokine) upon 

in vitro stimulation, compared to PBMCs of controls. PBMCs of patients and controls were 

stimulated with lipopolysaccharide (LPS) in four studies, ds-RNA of a common viral vector 

in one study and mitogen in one study (appendix 2) 62–67. Thus, stimulation of immune 

related cells generates a more prominent immune response in patients with epilepsy, 

which may indicate a “hyper-reactive immune state”.

Discussion

The pathophysiology of epilepsy is incompletely understood. Accumulating evidence 

suggests a link between epilepsy and inflammation. With this systematic review and 

meta-analysis we created an overview of the current evidence for the involvement of 

inflammatory mediators in epilepsy patients.

There is some overlap between the findings for inflammatory proteins in serum, CSF 

and brain tissue as shown in the radar graphs (fig. 2A). Many studies found significantly 

elevated IL-6 levels in both serum and cerebrospinal fluid of epilepsy patients with different 

underlying etiologies. IL-1β levels have been found elevated in brain tissue and CSF of 

epilepsy patients, and chemokine levels were predominantly found elevated in studies 

investigating brain tissue. However, the results of some individual studies are conflicting. 

Single studies may provide relatively solid evidence, only if adequately powered and if 

their results are strongly significant.

We performed meta-analyses combining all studies in serum or CSF providing sufficient 

quantitative data to overcome small sample sizes of individual studies that may have led 

to insignificant results, or the opposite, to an over interpretation of the differences found. 

Meta-analyses combining results of all epilepsy patients together revealed a significant 

increase of IL-6 and IL-17 in serum and IL-1β and IL-10 in CSF. Etiology specific meta-

analyses revealed elevated IL-6 levels in temporal lobe epilepsy patients.
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These findings provide strong support for the involvement of inflammation in patients 

with epilepsy. Pro-inflammatory cytokines such as IL-1, IL-6 and IL-17 were widely found 

to be increased, while many studies also reported a significant increase in TNF-α. The 

differences in findings between serum, CSF and tissue may reflect a differential involvement 

of components of the inflammatory process. We hypothesize that some inflammatory 

mediators (particularly IL-6) can be seen as general markers of immune system activation 

(both local and systemic), while many chemokines (predominantly found elevated in 

brain tissue), such as several members of the CCL-family and CX3CL1, may be involved 

in focal cerebral inflammation. Several studies comparing CSF and serum levels within 

the same patients have been published, with inconsistent findings. Their interpretation 

is uncertain considering large differences in turnover between different cytokines, which 

inherently can result in differences between tissue, CSF and serum cytokine levels 27,45,68,69. 

Previous studies demonstrated that, under physiological conditions, chemokines are 

synthesized by neurons as well as by macrophages and glial cells, suggesting a role in 

the regulation of processes in the homeostatic brain by acting as neurotransmitters 70–72. 

Under pathological inflammatory conditions, chemokine production is enhanced and 

these cytokines are synthesized in activated microglial cells and astrocytes, emphasizing 

their role in the brain’s protection mechanisms 73. However, many inflammatory proteins 

are known to be transported across the blood-brain barrier 74–77 and in addition disruption 

of the blood-brain barrier is often seen in patients with epilepsy 78. Interestingly, IL-17 

was found to be increased in the current meta-analysis and it is known that IL-17 attracts 

monocytes and neutrophils and can cause blood-brain barrier disruption 79–81. In addition, 

IL-22 (produced by T helper cells just like IL-17) was found elevated in brain tissue and IL-

22 is another cytokine that can promote blood-brain barrier disruption. 81. In conclusion, 

it remains unclear whether increased cytokine levels in plasma and CSF of epilepsy 

patients relate to a cerebral inflammatory process alone, or might also arise from postictal 

peripheral muscular recovery or circulating immune cells.

Although mainly pro-inflammatory cytokines were found increased in patients with 

epilepsy, we also found increased IL-10 in CSF. IL-10 has an important regulatory, anti-

inflammatory function but the mechanisms that lead to IL-10 production during 

infection and inflammation are incompletely understood. IL-10 counteracts many pro-

inflammatory processes during infection as well as in autoimmune disorders. It may 

ameliorate immunopathology by preventing inflammation associated tissue damage 
82. We hypothesize that the increase of IL-10 in CSF of epilepsy patients can be due to 

counteracting mechanisms to the pro-inflammatory stimuli.
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The role of inflammation in patients with epilepsy has been widely debated. It could 

be considered as just an epiphenomenon, resulting from seizure-induced damage to 

the brain or from excessive muscular activity. Strenuous exercise can induce increased 

production of pro- and anti-inflammatory cytokines in serum 83 and the occurrence 

of (convulsive) seizures may result in a comparable muscular exhaustion and cytokine 

response. Furthermore, in vitro stimulation studies showed increased production of IL-1β, 

IL-6 and IL-10 by PBMCs in epilepsy and febrile seizure patients, possibly suggesting a 

systemic instead of focal cerebral origin of these cytokines. Interestingly, the response on 

pro-inflammatory stimuli is much more profound in PBMCs of epilepsy patients compared 

to PBMCs of healthy controls 62–66. However, it seems unlikely that only these “secondary” 

immune activating mechanisms declare the pro-inflammatory profile of patients with 

epilepsy. Both clinical and experimental findings support a more causative role:

Clinical studies have shown the potential of corticosteroids and possibly also 

immunoglobulins (IVIG) as anti-seizure treatment in pediatric epilepsy syndromes. 

Treatment of infantile spasms with corticosteroids or adrenocorticotrophic hormone 

(ACTH) has become standard care based on a Cochrane review of randomized controlled 

trials (RCT) 26. The use of corticosteroids for other epilepsy syndromes, especially for 

electrical status epilepticus in sleep (ESES) has not been evaluated in RCTs 84, but is based 

on remarkable results reported in case series 24,25,85,86. IVIG is commonly used in pediatric 

epilepsy patients and has been reported to be effective in adult epilepsy patients. Findings 

have been mixed but are overall promising for the use of IVIG 87,88. In addition, treatments 

linked to immunomodulation have been shown effective in the treatment of epilepsy: 

Vagal nerve stimulation and ketogenic diet decrease seizure burden and other symptoms 

in patients with (medically refractory) epilepsy 89–94.

Also, a very common precipitant of seizures in children under the age of six is fever, 

which is part of inflammatory responses. The occurrence of (multiple) febrile seizures 

predisposes to temporal lobe epilepsy 95,96. Experimental studies have provided evidence 

for an important role of IL-1β as a link between febrile seizures and epileptogenesis 16,97,98. 

Another study has shown that administration of IL-1β can worsen seizure activity and 

lower seizure threshold in rats and mice 99,100, which has also been reported for IL-6 101 

and lipopolysaccharide, a potent inducer of inflammation 102,103. Furthermore, postnatal 

injection of IL-1β in a rat model of febrile seizures enhanced adult seizure susceptibility 

and hippocampal neuronal cell loss 97, which could also implicate a mechanism behind 

the relationship between prolonged febrile seizures and the occurrence of temporal lobe 

epilepsy. Finally, early raise of IL-1β levels preceded seizure onset in pilocarpine-treated 

rats, suggesting that elevated IL-1β levels were not the result of seizure activity 104.
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The use of more targeted immunomodulating therapy may be considered. Cytokine-

mediated therapy is widely used in several autoimmune disorders like rheumatoid 

arthritis, inflammatory bowel disease and multiple sclerosis 105,106. Cytokine inhibitors have 

been investigated as a possible treatment for epilepsy in animal studies. A recombinant 

IL-1 receptor antagonist has demonstrated to be capable of significantly reducing seizure 

duration and recurrence 100,107,108, and incidence of status epilepticus in rodents 104. Also, 

losartan, which is an angiotensin II type 1 antagonist that was identified as a blocker of 

TGF-β signaling, has shown to prevent the development of seizures in a rat vascular brain 

injury model 109 and in kainate-induced epilepsy in rats 110. Furthermore, administration of 

an antagonist of the pro-inflammatory mediator HMGB1 significantly delayed the seizure 

onset and diminished the frequency and duration of kainate-induced seizures in mice 111. 

Micro-RNAs have also been suggested as a potential target for therapy. Recent studies 

found evidence that micro-RNAs can control microglial activity and thereby modify 

the inflammatory profile and possibly also influence the related changes in neuronal 

architecture 33,112,113.

In humans, only one specific cytokine inhibitor has been investigated as add-on therapy 

in a phase II trial. VX-765 is a selective inhibitor of interleukin-converting enzyme, thereby 

inhibiting release of IL-1β 114. In a short-duration randomized placebo-controlled trial of 

60 patients with pharmacoresistant focal epilepsy, there was no significant difference in 

seizure rate or 50% responder rate after six weeks, although a trend could be noted 115. 

However, post-hoc analyses revealed a stronger effect of VX-765 later in the treatment 

period. Furthermore, after six weeks 12.5% of VX-765 subjects were seizure free versus 0% 

of patients in placebo group. A follow-up study was terminated early due to administrative 

reasons and lacked the power for statistical comparisons 116.

Based on the results of this systematic review and meta-analysis, we suggest future 

immunomodulating therapy may be directed at inhibiting a common intracellular pro-

inflammatory pathway. Many pro-inflammatory cytokines, such as IL-1β, IL-6 and TNF-α, 

are produced after activation of nuclear factor-ĸB, a nuclear transcription factor which 

controls many genes involved in inflammation. An important activator of this intracellular 

pathway is HMGB1, which binds, amongst others, to toll-like receptor 4 (TLR4) 34,111,117. 

Thus, inhibition of HMGB1 and TLR4 may result in a decrease of the pro-inflammatory 

state that was found in patients with epilepsy.

Several aspects had to be challenged in this study. The overview in figure 2 is probably 

an underestimation of the role of inflammatory mediators in epilepsy, as several studies 

were based on a small data set due to rarity of the diseases. Moreover, differences in 

study design and technical or patient related (e.g. age, gender) inequalities could have 
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influenced study outcomes. Only an individual patient data meta-analysis would allow 

analysis of these characteristics in relation to cytokine levels. Also, we did not include 

studies reporting on micro-RNAs in the current systematic review and meta-analysis. 

During recent years, micro-RNAs have been shown to be important regulators of gene 

expression at the post-transcriptional level 118,119. Although some micro-RNAs are thought 

to regulate the inflammatory response, many micro-RNAs regulate the expression of non-

inflammatory genes and we considered micro-RNAs beyond the scope of this systematic 

review and meta-analysis. Despite these challenges, this systematic review provides 

a complete overview of inflammatory mediators in human epilepsy. We described the 

results of individual studies and the addition of several meta-analyses strengthens our 

results and can reveal clues from accumulating evidence that were not significant in 

individual studies.

In conclusion, evidence has accumulated for the presence of an inflammatory cytokine 

profile in epileptogenesis. We hypothesize that these proteins fulfill a role in the cascade 

of inflammation, blood-brain barrier disruption, increased excitability and, finally, 

epileptogenesis. Targeting those inflammatory pathways with specific cytokine inhibitors 

is a challenging next step in the treatment of refractory epilepsies, and should be explored 

in further clinical studies.
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Appendices

Appendix 1: Search strategy in PubMed, EMBASE and Cochrane databases (subsequent rows 

were linked by “OR”)

Domain AND Determinant

Epilepsy Cytokine

Seizure Chemokine OR CCL OR XCL

Febrile convulsion Intercrine

Landau Kleffner OR (acquired aphasia AND convulsive disorder) 
OR acquired auditory verbal agnosia

Interleukin OR IL- OR (IL1 to IL9) 

Infantile spasms OR West syndrome OR hypsarrhythmia OR 
(salaam AND (attack OR seizure)) OR spasmus nutans

Interferon OR IFN

Ohtahara Lymphokine

Early myoclonic encephalopathy Monokine

Dravet syndrome (Leukocyte OR macrophage) migration inhibitory factor

Myoclonic status in nonprogressive encephalopathies Lymphotoxin

Lennox-Gastaut syndrome Macrophage activating factor

Immunologic suppressor factor OR suppressor T-cell factor

Transfer factor

Tumor necrosis factor OR TNF

TGF-beta superfamily proteins OR TGF

Bone morphogenetic protein

Growth differentiation factor

HMGB1

Heparin-binding protein OR amphoterin

ICAM  OR intercellular adhesion molecule OR cluster of 
differentiation 54 OR CD54
VCAM OR (vascular cell adhesion AND (protein OR molecule)) OR 
cluster of differentiation 106 OR CD106

VEGF OR vascular endothelial growth factor
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Chapter 3. Inflammatory mediators in human epilepsy
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Supplementary Material

Supplementary material 1 - all individual meta-analyses
General remark
This appendix contains all meta-analyses that were used to build the overview in figures 

3A and 3B. Abbreviations: FS: febrile seizures, NS: neonatal seizures, TLE: temporal lobe 

epilepsy, PTE: post-traumatic epilepsy, unspecified: see appendix 2, WS: West syndrome.
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Meta-analysis 1. Serum IL-1β concentration in epilepsy patients of various etiologies (14 studies). Analysis grouped by etiology.  
FS: febrile seizures, NS: neonatal seizures, TLE: temporal lobe epilepsy, PTE: post-traumatic epilepsy, unspecified: see appendix 
2, WS: West syndrome. 

Meta-analysis 2. Serum IL-6 concentration in epilepsy patients of various etiologies (13 studies). Analysis grouped by etiology.  
FS: febrile seizures, NS: neonatal seizures, TLE: temporal lobe epilepsy, unspecified: see appendix 2, WS: West syndrome. 

Meta-analysis 1. Serum IL-1β concentration in epilepsy patients of various etiologies (14 
studies). Analysis grouped by etiology. 
FS: febrile seizures, NS: neonatal seizures, TLE: temporal lobe epilepsy, PTE: post-traumatic epilepsy, 
unspecified: see appendix 2, WS: West syndrome.
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Meta-analysis 1. Serum IL-1β concentration in epilepsy patients of various etiologies (14 studies). Analysis grouped by etiology.  
FS: febrile seizures, NS: neonatal seizures, TLE: temporal lobe epilepsy, PTE: post-traumatic epilepsy, unspecified: see appendix 
2, WS: West syndrome. 
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Meta-analysis 3. Serum IL-17 concentration in epilepsy patients of various etiologies (2 studies). Analysis grouped by etiology.  
FS: febrile seizures, WS: West syndrome. 

Meta-analysis 4. Serum TNF-α concentration in epilepsy patients of various etiologies (11 studies). Analysis grouped by etiology.  
FS: febrile seizures, NS: neonatal seizures, TLE: temporal lobe epilepsy, unspecified: see appendix 2, WS: West syndrome. 

Meta-analysis 3. Serum IL-17 concentration in epilepsy patients of various etiologies (2 studies). 
Analysis grouped by etiology. 
FS: febrile seizures, WS: West syndrome.
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Meta-analysis 3. Serum IL-17 concentration in epilepsy patients of various etiologies (2 studies). Analysis grouped by etiology.  
FS: febrile seizures, WS: West syndrome. 

Meta-analysis 4. Serum TNF-α concentration in epilepsy patients of various etiologies (11 studies). Analysis grouped by etiology.  
FS: febrile seizures, NS: neonatal seizures, TLE: temporal lobe epilepsy, unspecified: see appendix 2, WS: West syndrome. Meta-analysis 4. Serum TNF-α concentration in epilepsy patients of various etiologies 

(11 studies). Analysis grouped by etiology. 
FS: febrile seizures, NS: neonatal seizures, TLE: temporal lobe epilepsy, unspecified: see appendix 2,  
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Meta-analysis 5. CSF IL-1β concentration in epilepsy patients of various etiologies (9 studies). Analysis grouped by etiology.  
FS: febrile seizures, PIE: post-infectious epilepsy, PTE: post-traumatic epilepsy, unspecified: see appendix 2, WS: West 
syndrome. 

Meta-analysis 6. CSF IL-10 concentration in epilepsy patients of various etiologies (2 studies). Analysis grouped by etiology.  
PIE: post-infectious epilepsy, WS: West syndrome. 

Meta-analysis 5. CSF IL-1β concentration in epilepsy patients of various etiologies (9 studies). 
Analysis grouped by etiology. 
FS: febrile seizures, PIE: post-infectious epilepsy, PTE: post-traumatic epilepsy, unspecified: see appendix 2, 
WS: West syndrome.
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Meta-analysis 5. CSF IL-1β concentration in epilepsy patients of various etiologies (9 studies). Analysis grouped by etiology.  
FS: febrile seizures, PIE: post-infectious epilepsy, PTE: post-traumatic epilepsy, unspecified: see appendix 2, WS: West 
syndrome. 

Meta-analysis 6. CSF IL-10 concentration in epilepsy patients of various etiologies (2 studies). Analysis grouped by etiology.  
PIE: post-infectious epilepsy, WS: West syndrome. Meta-analysis 6. CSF IL-10 concentration in epilepsy patients of various etiologies (2 studies). 

Analysis grouped by etiology. 
PIE: post-infectious epilepsy, WS: West syndrome.
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Summary 

We aimed to study serum cytokine levels in 11 ESES patients and 20 healthy control 

children. Patients showed significantly higher levels of IL-1α, IL-6, IL-10, CCL2 and CXCL8/

IL-8 than controls, while MIF and CCL3 were significantly lower. Follow-up analyses in 

five patients revealed a significant decrease of IL-6 levels after immunomodulating 

treatment. IL-6 changes were accompanied by clear improvement of EEG patterns and 

neuropsychological evaluation. We hypothesize that IL-6 correlates with disease activity 

and immunomodulating treatment efficacy. 



85

4

Introduction

Encephalopathy with Electrical Status Epilepticus in Sleep (ESES) is a rare epilepsy syndrome 

that occurs in childhood, and accounts for approximately 0.4-1.3% of all children with 

epilepsy.1 ESES describes an EEG pattern characterized by sleep induced near-continuous 

spike-wave discharges.2 The electroclinical syndrome is associated with an acquired 

global cognitive, behavioral or language regression that has its onset between two and 

twelve years of age.1 Seizures, occurring in up to 80% of patients, and EEG epileptiform 

activity tend to resolve spontaneously during puberty, whereas cognitive impairment 

often remains despite treatment.

The aim of treatment is to control seizures, abolish the epileptiform EEG activity, but 

most of all improve cognitive outcome. Conventional and new anti-epileptic drugs 

may successfully treat seizures, while their effect on cognitive functioning and EEG 

pattern is often disappointing.2 Benzodiazepines are slightly more effective than anti-

epileptic drugs, especially in restoring physiological electrographic sleep activity. 

Immunomodulating drugs such as corticosteroids or intravenous immunoglobulins (IVIG) 

seem to offer better efficacy than conventional anti-epileptic drugs.3–5 The mechanism 

of action of immunomodulating treatments in childhood epilepsy syndromes is still 

unknown. However, the fact that these drugs are reported efficacious in ESES patients 

suggests that activation of the immune system plays a role in ESES syndrome, although 

the exact relationship – cause or consequence – is not known. 

The inflammatory process is mediated by soluble inflammatory proteins, including 

cytokines and chemokines, which are excreted by immune cells and locally inflamed 

tissue. Hence, measurements of these proteins in peripheral blood might correlate with 

disease activity and may be used to monitor treatment efficacy. To our knowledge, only 

a single study measured serum cytokine levels in patients with ESES and demonstrated 

elevated serum levels of interleukin(IL)-6.6 The objective of the present study was to 

identify markers which correlate with disease activity, and to assess treatment efficacy of 

immunosuppressive therapy in relation to cytokine levels. To this end we assessed a panel 

of 16 cytokines in serum of 11 ESES patients and compared these to levels in 20 healthy 

control children.
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Methods

Patient selection
Patients were included at the University Medical Center Utrecht and University Medical 

Center St. Radboud in Nijmegen. The inclusion criteria for the present study were 

a diagnosis of ESES between two and twelve years of age, as determined after sleep-

deprivation or 24-hour EEG recording in combination with acquired deficits in cognition, 

language, or behavior (regression or arrest). To determine baseline serum cytokine levels, 

serum samples were obtained simultaneously with routine laboratory investigations 

and stored at -80ºC until analysis. Patients were treated with oral prednisolone (2 mg/

kg/day for eight weeks and tapered thereafter), intravenous methylprednisolone (15 

mg/kg during three days, every four weeks), or intravenous immunoglobulins (IVIG, 2 g/

kg for two days, every four weeks). Healthy children who underwent urological surgery 

for anatomical deficits served as controls. Blood serum samples in these children were 

obtained under general anesthesia. This retrospective study was approved by the medical 

ethics committee of the University Medical Center Utrecht who judged that the “Medical 

Research Involving Human Subjects Act” did not apply.

Cytokine determination
Multiplex immunoassay (xMAP; Luminex) was used to measure baseline levels of serum IL-

1α, IL-1β, IL-2, IL-4,  IL-5, IL-6, IL-10, IL-12p70, IL-13, IL-18, interferon-γ (IFN-γ), tumor necrosis 

factor-α (TNF-α), macrophage inhibitory factor (MIF), and the chemokines CCL2, CCL3 and 

CXCL8/IL-8, as a brief literature search revealed potential of these markers. In five patients, 

serum cytokine measurement was repeated approximately six months after inclusion. 

Treatment effect
Treatment effect was assessed for cognition as well as EEG patterns. Improvement of 

cognition was defined by judgment of the treating physician, and based on history taken 

from the parents. Improvement of EEG patterns was defined by at least 25% decrease in 

spike and wave index (SWI). SWIs were calculated during the first 10 minutes of NREM 

sleep (5 minutes after alpha attenuation) by counting the number of seconds that 

presented epileptiform activity, divided by 600, multiplied by 100 to express the amount 

of epileptiform activity as a percentage. 

Statistical analyses
The Mann-Whitney U test was used to determine a possible difference in cytokine levels 

between patients and controls, while the Wilcoxon rank sum test was used to evaluate the 

difference in cytokine levels and SWI before and after immunomodulating treatment. To 

assess the strength of association between baseline cytokine levels and treatment effect, 
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Pearson’s correlation coefficient was calculated. All statistical analyses were performed 

using SPSS Statistics 20 (IBM). P-values below 0.05 were considered statistically significant.

Results

The study group consisted of 11 ESES patients (age range 2.2-11.8 years, median 5.2 years) 

and 20 controls (age range 3.7-14.1 years, median 6.8 years). Patient characteristics, both 

at baseline and follow-up are listed in table 1. Of these patients, four were male, eight had 

seizures, in three a structural cause of ESES was diagnosed and two had already received 

methylprednisolone treatment (one and three cycles, respectively) at the time of the first 

inflammatory protein measurement. 

Figure 1A shows the baseline protein levels in patients and controls (values are provided 

in supplementary table 1). In the total patient group (n=11), levels of IL-1α, IL-6, IL-10, CCL2 

and CXCL8/IL-8 were significantly increased, while MIF and CCL3 levels were significantly 

decreased compared to controls. Similar results were found in steroid naïve ESES patients 

(n=9, excluding patients 9 and 10) compared to controls. In addition, the steroid naïve 

subgroup showed significant differences for IL-5, IL-12p70 and TNF-α.

After Bonferroni correction, IL-10, MIF, CCL2 and CXCL8/IL-8 levels remained significantly 

different in ESES patients (n=11) compared to controls. IL-10 and CXCL8/IL-8 revealed 

highest discriminating power, as for both proteins six out of eleven ESES patients fell 

outside the range of control values. Of note, patient two represented the highest values 

for IL-1α, IL-6 and TNF-α. This patient had a severe phenotype with severe cognitive 

impairment, complete dependency in activities of daily living and autism spectrum 

disorder, and had tonic-clonic seizures as well as atypical absence seizures. However, since 

other patients had similar clinical characteristics we feel that phenotype alone did not 

explain the high protein levels. In summary, in serum of ESES patients, levels of IL-1α, IL-6, 

IL-10, CCL2 and CXCL8/IL-8 were increased, with IL-10 and CXCL8/IL-8 showing highest 

discriminating power, while levels of MIF and CCL3 were decreased.

To determine the value of inflammatory mediators in relation to treatment efficacy, the 

cytokine levels of five patients that were also measured after start of the immunomodulating 

treatment (figure 1B) were compared to baseline levels. Three out of five patients had 

been treated with oral prednisone (range: five to nine weeks), while two patients were 

administered IVIG (both six cycles). IL-6 levels decreased by at least seven-fold in all five 

patients after immunomodulating treatment (P=0.04), while a decrease in TNF-α and 

CCL2 levels after treatment was just not significant. Interestingly, the decrease in cytokine 
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Figure 1. (A) Scatter plots of baseline 
cytokine levels of ESES patients and 
controls. 
Patients showed significantly higher levels 
of IL-1α, IL-6, IL-10, CCL2 and CXCL8/IL-8, 
and significantly lower levels of MIF and 
CCL3. Circles represent individual subjects, 
horizontal lines the median. Blue dots 
represent two patients who had already 
received methylprednisolone treatment 
at inclusion. *: remained significant after 
Bonferroni correction. (B) Cytokine levels 
over time in five patients before (pre) and 
after (post) immunomodulating treatment. 
Each line represents one patient. Circles 
represent three patients who had received 
oral prednisone treatment for eight weeks, 
crosses represent two patients who had 
received six cycles of IVIG. For patients 
receiving IVIG, no follow-up of MIF and 
CCL3 was available after six cycles. Levels 
of IL-6 decreased significantly over time, 
whereas levels of TNF-α and CCL2 tended 
to decrease.
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levels was accompanied by a clear improvement of EEG patterns, with a significant overall 

drop in SWI of 77% (P=0.04, supplementary table 2). Furthermore, after six months of 

immunomodulating treatment, all five patients showed distinct improvement of language 

and behavior as assessed with neuropsychological evaluation. These findings suggest 

that serum levels of IL-6 correlate with immunomodulating treatment efficacy. Because 

all patients in our study showed improvement in cognition or EEG, it remains uncertain 

whether there is a true correlation between a decrease of cytokine levels and clinical or 

EEG improvement.

Calculation of correlation between baseline cytokine levels in 11 patients and 

immunomodulating treatment efficacy, as measured by cognitive or EEG improvement, 

revealed no significance (supplementary table 3).

Discussion

This study demonstrates that in serum of ESES patients, levels of IL-1α, IL-6, IL-10, CCL2 

and CXCL8/IL-8 were increased, while levels of MIF and CCL3 were decreased compared 

to controls. Because cytokine levels can be influenced by corticosteroid treatment,7 we 

also investigated a subgroup of steroid-naïve patients and compared their cytokine 

levels to control levels. In this subgroup we found the same cytokines to be significantly 

different and in addition levels of IL-5, IL-12p70 and TNF-α were found to be significantly 

different from control levels. Furthermore, IL-6 levels were significantly decreased, a seven-

fold reduction, six months after start of immunomodulating treatment, while TNF-α and 

CCL2 levels tended to diminish. Importantly, IL-6 levels correlated with positive treatment 

response, assessed by decrease in SWI and ameliorating outcomes of neuropsychological 

evaluation. 

Interleukin-6 is a general marker of inflammation and is secreted by monocytes and 

macrophages to stimulate the immune response. Persistent dysregulated expression of 

IL-6 has been implicated in the pathophysiology of several autoimmune diseases, such as 

systemic juvenile idiopathic arthritis and large-vessel vasculitis, and blockade therapy of 

IL-6 has been proven effective in these disorders.8 IL-6 is hypothesized to be involved in 

seizure mechanisms as well, since administration of IL-6 in rats worsened seizure activity 

and lowered seizure threshold9 and multiple studies revealed elevated IL-6 levels in 

people with various epilepsy related etiologies.10-12 The observed increase in IL-6 levels in 

serum of ESES patients in the present case series is consistent with the previous study.6 

We found a subsequent decrease after the immunomodulating treatment. Therefore, we 

hypothesize that IL-6 is involved the pathophysiology of ESES syndrome and might prove 
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valuable when considering targeted treatment. Although seizures are often infrequent or 

of minimal burden in ESES patients, it would be valuable to evaluate a possible relation 

between seizure frequency and IL-6 levels in future studies.

Furthermore, we demonstrated increased levels of CCL2 in ESES patients, which tended 

to decrease after start of immunomodulating treatment (the latter was also found for 

TNF-α). We hypothesize that the differences between pre- and post-treatment TNF-α and 

CCL2 values did not reach significance due to the limited number of ESES patients, and 

suggest future studies to further explore the correlation of TNF-α and CCL2 with ESES 

disease activity. 

It is unclear whether increased cytokine levels precede ESES onset, which may suggest a 

causative role in the onset of the disorder, or whether they are an epiphenomenon, and the 

decrease after immunomodulating treatment is merely a parallel to clinical improvement. 

Studies investigating other epilepsy disorders demonstrated that administration of several 

pro-inflammatory cytokines to rodents worsened seizure activity and lowered seizure 

threshold.9,13 Investigating the causative role of inflammation in the pathophysiology 

of ESES syndrome is hampered by the absence of an accurate animal model, the rarity 

and high heterogeneity of this disorder. This study is the first to assess a larger panel of 

cytokines in ESES patients.

This study compares ESES patients to healthy controls of comparable age. A limitation 

of the study is the small sample size, which made it difficult to account for bias. Also 

the follow-up was incomplete due to lack of necessity of second routine laboratory 

investigations in six of eleven patients. Furthermore, if a lumbar puncture is considered 

clinically indicated, we would recommend future studies to measure inflammatory 

mediators in cerebrospinal fluid (or brain tissue of surgically treated patients) as well, since 

that reduces the risk of measuring peripheral inflammatory processes.

In summary, we found that multiple cytokine levels were increased or decreased in 

ESES patients, which suggests that the immune system is actively involved in the 

pathophysiology of ESES syndrome. Furthermore, IL-6 decreased significantly after 

immunomodulating therapy, while TNF-α and CCL2 showed a trend towards significant 

change. These findings could indicate a role for targeted anti-cytokine therapy with the 

ultimate goal to improve cognitive outcome in patients with ESES syndrome. 
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Supporting information

Supplementary table 1. Baseline cytokine levels

analyte

analyte concentration (pg/mL) P-value

ESES (n=11) ESES 
(steroid 

naïve, n=9)

control 
(n=20)

ESES vs control ESES (steroid naïve) 
vs control

IL-1α 4.3 ± 8.6
5.3 ± 9.3

0.0 ± 0.1 0.02
0.007

IL-1β 1.1 ± 3.7 1.4 ± 4.1 1.2 ± 2.7 0.23 0.37
IL-2 0.9 ± 3.0 1.1 ± 3.4 0.1 ± 0.3 0.52 0.67
IL-4 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.00 1.00
IL-5 1.0 ± 2.3 1.2 ± 2.5 0.0 ± 0.0 0.05 0.03
IL-6 599.4 ± 1768.2 730 ± 1949.8 15.8 ± 34.0 0.03 0.01
IL-10 17.6 ± 19.7 15.5 ± 21.4 0.3 ± 1.3 < 0.001 < 0.001
IL-12p70 17.7 ± 28.8 21.7 ± 30.7 7.5 ± 10.9 0.13 0.03
IL-13 5.2 ± 11.6 6.3 ± 12.7 1.9 ± 7.4 0.17 0.08
IL-18 112.3 ± 58.3 113.2 ± 64.6 132.9 ± 128.3 0.80 0.81
IFN-γ 49.6 ± 149.6 60.6 ± 165.0 104.1 ± 247.5 0.57 0.83
TNF-α 68.6 ± 204.9 83.8 ± 225.9 1.1 ± 2.5 0.10 0.03
MIF 285.7 ± 320.7 301.5 ± 350.4 2363.1 ± 1987.2 0.001 0.002
CCL2 113.5 ± 74.2 125.9 ± 76.8 20.1 ± 44.9 < 0.001 < 0.001
CCL3 3.7 ± 5.7 3.4 ± 5.9 56.1 ± 69.9 0.01 0.01
CXCL8/IL-8 325.3 ± 639.0 157.0 ± 429.9 0.2 ± 0.7 0.001 0.005

Baseline cytokine levels in all ESES patients, ESES patients that had not received corticosteroids before their baseline sample and 
controls (values in mean ± SD). P-values in bold show significant differences between groups.

Supplementary table 2. Difference in SWI

patient SWI before treatment 
(%)

SWI after treatment 
(%)

Δ SWI (%) P-value treatment

1 57 8 -86 prednisone 5 weeks

2 52 3 -94 prednisone 6 weeks

3 88 73 -17 IVIG 3 cycles

4 83 6 -93 IVIG 6 cycles + prednisone 8 
weeks

5 100 7 -93 prednisone 9 weeks

76 ± 21 19 ± 30 -77 ± 33   0.04

The difference in SWI (Δ SWI) before and after immunomodulating treatment (bottom values in mean ± SD). The SWI of patient 4 did not 
respond to IVIG alone, therefore this patient received 8 weeks of oral prednisone subsequent to IVIG. 
Abbreviations:  SWI, spike-wave index; IVIG, intravenous immunoglobulins.
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Supplementary table 3. Correlation baseline cytokine levels and treatment efficacy

Pearson’s correlation coefficient

analyte improvement cognition
(n=11)

improvement EEG
(n=11)

IL-1α 0.54 0.38
IL-1β 0.59 0.49

IL-2 0.57 0.48

IL-4 0.10 0.20

IL-5 0.24 0.41

IL-6 0.52 0.45

IL-10 0.40 0.72

IL-12p70 0.30 0.26

IL-13 0.99 0.79

IL-18 0.82 0.76

IFN-γ 0.53 0.51

TNF-α 0.53 0.49

MIF 0.60 0.84

CCL2 0.16 0.09

CCL3 0.66 0.43

CXCL8/IL-8 0.52 0.37

Pearson’s correlation coefficient (P-value) for relation between baseline cytokine levels and immunomodulating treatment efficacy 
(assessed for both cognition as well as EEG patterns).
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Abstract

Study Objectives: Encephalopathy with electrical status epilepticus in sleep (ESES) is 

characterised by non-rapid eye movement (non-REM)-sleep-induced epileptiform activity 

and acquired cognitive deficits. The synaptic homeostasis hypothesis describes the process 

of daytime synaptic potentiation balanced by synaptic downscaling in non-REM-sleep 

and is considered crucial to retain an efficient cortical network. We aimed to study the 

overnight decline of slow waves, an indirect marker of synaptic downscaling, in patients 

with ESES and explore whether altered downscaling relates to neurodevelopmental and 

behavioural problems.

Methods: Retrospective study of patients with ESES with at least one whole-night 

electroencephalogram (EEG) and neuropsychological assessment (NPA) within 4 months. 

Slow waves in the first and last hour of non-REM-sleep were analysed. Differences in slow 

wave slope (SWS) and overnight slope course between the epileptic focus and non-focus 

electrodes and relations to neurodevelopment and behaviour were analysed.

Results: 29 patients with 44 EEG~NPA combinations were included. Mean SWS decreased 

from 357 to 327 µV/s (-8%, p<0.001) across the night and the overnight decrease was less 

pronounced in epileptic focus than in non-focus electrodes (-5.6% vs. -8.7%, p=0.003). We 

found no relation between SWS and neurodevelopmental test results in cross-sectional 

and longitudinal analyses. Patients with behavioural problems showed less SWS decline 

than patients without and the difference was most striking in the epileptic focus (-0.9% 

vs. -8.8%, p=0.006).

Conclusion: Slow wave homeostasis – a marker of synaptic homeostasis - is disturbed 

by epileptiform activity in ESES. Behavioural problems, but not neurodevelopmental test 

results, were related to severity of this disturbance.

Statement of significance
The hallmark of encephalopathy with ESES is near-continuous epileptiform activity in 

slow wave sleep, accompanied by neuropsychological disturbances. Slow wave sleep 

is of known importance for cognitive functioning. The synaptic homeostasis hypothesis 

proposes a framework for the role of slow wave sleep in cognitive functioning. With 

this study, we analysed whether slow waves are related to neurodevelopmental and 

behavioural functioning in children with ESES. We found that an impaired overnight 

decline in slow wave slope is related to behavioural problems. Disrupted slow wave 

homeostasis might link epileptiform activity in non-REM sleep to neuropsychological 
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problems. Unravelling the mechanisms behind neuropsychological deficits, may lead to 

a better understanding of this epileptic encephalopathy and how disturbances of sleep 

physiology impact cognition.

Introduction

Epileptic encephalopathy with electrical status epilepticus in sleep (ESES) is a rare 

childhood epilepsy syndrome characterised by near-continuous epileptiform activity 

during non-REM-sleep associated with neuropsychological deficits. Patients usually 

present with a global cognitive, language or behavioural regression between 2 and 12 

years of age. A majority of patients has (occasional) seizures, often with onset before 

the occurrence of developmental deficits 1–3. ESES can be diagnosed in the context 

of structural (especially when involving the thalamus or perisylvian region) or genetic 

abnormalities (e.g. a GRIN2A mutation), but in about one third of cases the aetiology is 

unknown 4–8. Seizures generally respond well to anti-epileptic drug treatment, while the 

treatment of cognitive symptoms is challenging. That ESES leads to cognitive decline is 

accepted, but how is incompletely understood. The spike-wave index (SWI), reflecting 

the proportion of non-REM-sleep affected by epileptiform discharges, is often used as 

an EEG marker of ESES severity 9, with EEG abnormalities in typical ESES often defined as 

bilateral and with an SWI above 85%, while atypical cases with an SWI of 50-85% are also 

considered part of the spectrum. The SWI is also used to evaluate of treatment efficacy. 

However, previous studies have shown that it does not always correlate to the severity 

of neurodevelopmental deficits and that in a substantial part of the patients there is a 

discrepancy between SWI and cognitive response to treatment 10–13.

The crucial role of sleep – in particular slow wave sleep – for cognitive functioning is well 

known and illustrated by the synaptic homeostasis hypothesis 14. This hypothesis states 

that during wakefulness, through active thinking and exposure to novel experiences and 

sensory stimuli, people learn. On a cellular level, this is reflected by synaptic potentiation: 

an increase in number and strength of connections between neurons. During sleep, the 

brain is functionally detached from external stimuli and a recuperative process named 

synaptic downscaling is suggested to take place. The (partially selective) reduction in the 

number and strength of synaptic connections during sleep is essential because it restores 

net synaptic strength to an efficient baseline level. The overnight reduction in synaptic 

connections thus provides space and saves energy for another increase in synaptic 

connections during the following day 15–17. The process of synaptic homeostasis is, 

based on both animal and human studies, thought to be reflected, and possibly induced, 

by slow wave activity (SWA) 17–19. Slow waves are delta (0.5 - 4 Hertz) waves seen in the 
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electroencephalogram (EEG) during non-REM sleep, caused at the cellular level by near-

synchronous oscillations of large groups of neurons 20,21. The slow wave amplitude and 

slope are closely related to the firing synchronicity or efficacy of neuronal interaction and 

thus provide markers of synaptic strength 18,19,22,23. In healthy people, SWA decreases 

with sleep; while slow waves in non-REM sleep have a relatively high amplitude and slope 

at sleep onset, they are much lower towards the end of the night 19.

The hypothesis that slow waves are related to cognitive functioning has been explored 

by several studies. In healthy subjects, performance of a specific motor learning task 

just before sleep was associated with local increases in slow wave activity in the region 

used in this task in the following period of sleep and a subsequent improvement in task 

performance after sleep24. In addition, boosting slow waves by auditory closed-loop 

stimulation, enhanced performance on an overnight memory task25. In a study in patients 

with epilepsy, seizures and interictal spikes increased slow wave activity in the epileptic 

focus and reduced the homeostatic overnight slow wave decline as well as visual learning 

abilities during wakefulness26. 

Several studies have suggested that the near-continuous epileptiform activity during 

non-REM sleep in patients with ESES interferes with learning and memory consolidation 

by disturbing physiological slow wave activity 27–29. Evidence for impaired slow wave 

homeostasis was found in a study comparing the overnight course of slow wave 

characteristics between 9 ESES patients and 9 healthy controls. While the controls showed 

a significant reduction in slow wave amplitude and slope across the night, this was not 

seen in the ESES patients 30. In a subsequent study, the slow wave slope change across 

the night was found to be correlated to the SWI 31. Furthermore, the slow wave slope at 

the end of the night was steeper in the electrodes at the epileptic focus as compared to 

the “non-focal” electrodes. After remission of ESES, the slow wave homeostasis normalized 

and in an exploratory analysis, the cognitive sequelae seemed larger in children with the 

most impaired slow wave homeostasis during their active ESES phase 32.

To our knowledge, the possible relation between slow wave parameters and 

neuropsychological functioning has not been assessed in the population of ESES patients. 

With the current study we explored: 1. whether there is a difference in overnight slow 

wave course (slow wave homeostasis) between the electrodes in the epileptic focus 

and the non-focus electrodes. Based on previous studies 31,32, we hypothesized that 

the slow wave slope decline in the epileptic focus would be less marked or absent as 

compared to the non-focus electrodes; 2. the relation between slow wave homeostasis 

and neurodevelopment and behaviour across patients with ESES. We hypothesised that 
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patients with a (more pronounced) decline of slow wave slope across the night have 

relatively preserved neuropsychological functioning and normal behaviour as compared 

to those with severely impaired slow wave homeostasis; and 3. the relation between a 

change in the slow wave homeostasis and a change in neuropsychological functioning 

in an exploratory longitudinal comparison within ESES patients. We expected that an 

improvement in slow wave decline across the night over time would be associated with 

an improvement in cognitive functioning and behaviour.

Methods

Patient selection
We retrospectively included all patients with at least one whole night sleep EEG and a 

neuropsychological assessment (NPA) performed between January 2009 and July 2017 at 

the University Medical Center Utrecht, if they fulfilled the following criteria:

•	 at least one whole night sleep EEG showing an ESES pattern, defined as a spike wave 

index in sleep of at least 50% and at least 25% aggravation in comparison to wakefulness

•	 acquired cognitive or behavioural deficits; either new deficits or alteration of the 

expected developmental trajectories.

•	 at least one EEG / NPA combination fulfilling the selection criteria below

Combinations of EEG and NPA were included if:

•	 interval between EEG and NPA < 4 months

•	 age below 12 years at the time of these investigations

•	 no more than one (clinical or electrophysiological) seizure during the whole night 

registration

The study was approved by the medical ethics committee who judged that the Dutch 

Medical Research Involving Human Subjects Act did not apply.

Patient characteristics
Baseline patient characteristics (gender; age at ESES diagnosis; aetiology, categorized 

as structural, genetic / syndromal, post-infectious or unknown; MRI findings; seizure 

frequency and development before ESES diagnosis) were collected. For continuous 

variables that follow a normal distribution, means and standard deviations are reported, 

whereas for not normally distributed variables median and range are reported.
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Neuropsychological findings
For each neuropsychological assessment the type of test and test results were collected. 

A type of test was chosen and adapted to the age and abilities of the child. Depending 

on the tests performed, we extracted total intelligence quotient (TIQ), developmental 

quotient (DQ), verbal IQ (VIQ), performance IQ (PIQ), processing speed, Beery test of 

visuomotor integration (VMI), digit span (memory) and Peabody Picture vocabulary test 

(PPVT) from the reports and test forms. For patients with severe cognitive impairment, 

in whom full intelligence testing was not possible, mental age and developmental 

quotient were calculated. Development before ESES onset and behavioural problems 

(e.g. mood regulation problems, anxiety) were categorized as absent, mild, moderate or 

severe in concordance with criteria used by Massa et al 33. Patients with a pre-existing 

developmental delay could only be included if they had a clear regression or arrest of 

development on top of this. This deviation from expected developmental trajectories 

was preferably shown by a repeat NPA (if they already had an NPA before) or otherwise 

based on parental history as taken by the paediatric neurologist and neuropsychologist. 

Behaviour was assessed by the neuropsychologist using a structured parental interview, 

often supplemented by a behavioural questionnaire (the Child Behaviour Checklist, 

CBCL).  Behavioural abnormalities were first categorised as absent, mild, moderate or 

severe in concordance with criteria used by Massa et al. 2001. Considering the relatively 

small number of measurements, we subsequently categorised this as normal / abnormal 

(mild, moderate or severe behavioural abnormalities were thus all recoded as abnormal). 

This allowed statistically comparing slow wave slope course between two groups of 

reasonable size.

EEG acquisition and pre-processing
Scalp EEGs with 21 electrodes according to the international 10-20 / 10-10 system and 

electrooculograms were recorded. In most cases chin electromyography was also available 

and in some cases measurements of respiratory effort. For each included EEG a spike wave 

index (SWI) was calculated in an epoch of 10 minutes (600 s), starting 5 minutes after 

alpha attenuation or, in absence of alpha rhythm, after sleep had commenced based on 

video and EEG features suggestive of sleep onset. The number of seconds containing 

epileptiform discharges at any of the electrodes was divided by the total number of 

seconds in the epoch (600) and multiplied by 100 to reflect the SWI as a percentage. In 

addition, the background pattern, presence or absence of physiological sleep phenomena 

and localisation (focus) of epileptiform abnormalities were assessed. EEG epochs were 

scored as wake, non-REM, REM or movement / artefacts according to the American 

Academy of Sleep Medicine (AASM) Manual for the Scoring of Sleep and Associated Events, 

version 2.3 (2016), if possible. If this was not possible because of a lack of recognisable 

sleep architecture, the modified criteria used in previous studies with ESES patients were 
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used 30–32. EEG channels for which the signal consisted of mainly artefacts (e.g. channels 

that were lost during the night), were removed from the analysis.

Calculation of slow wave characteristics
We used data processing algorithms for the detection of sleep slow waves (0.5-2Hz), 

spikes and artefacts, based on previously published methods 19,30. First, sleep slow waves 

of the first hour (FH) and last hour (LH) of artefact-free non-REM sleep were automatically 

detected in each electrode. Subsequently, spikes were detected. Then, slow waves that 

occurred within a time window of 0.5 seconds after a spike were considered part of a 

spike-wave complex and thus excluded from the analysis. The amplitudes of the included 

slow waves were assessed. The absolute slopes of the included slow waves were calculated 

as the amplitude of the negative peak divided by the time interval between the negative 

peak and the next zero-crossing, i.e. the ascending slope. To account for variability in 

amplitude of individual slow waves (also influenced by age and technical aspects) – 

which inherently would influence the calculated slope – the slope was also calculated 

at a set amplitude of 75 µV, as in previous studies 30–32. The amplitudes and absolute 

slope characteristics are described only, while the normalized slope is used as the primary 

slow wave characteristic in the analyses and further referred to as slope. It was calculated 

for each electrode for the first and last hour of non-REM sleep (FH slope and LH slope). 

Relative slope change (FH slope subtracted from LH slope, divided by the FH slope) was 

calculated for each EEG electrode to reflect the overnight course of slope. 

We predefined regions of interest for the analysis of slow wave characteristics: analyses 

were performed for the mean slow wave characteristics of all electrodes, for the focus 

electrodes, non-focus electrodes and for default-mode network (DMN) electrodes. The focus 

was defined as up to four electrodes with epileptiform activity and if more than four 

electrodes showed epileptiform activity, the four with the highest amplitude spikes were 

selected. The remaining electrodes were designated as non-focus electrodes. Based 

on previous studies, the default-mode network was chosen as a region of interest for 

the relation of slow wave characteristics with neuropsychological functioning 34,35. 

In accordance with a recent study, the default-mode network included the electrodes 

recording over the prefrontal cortex (Fp1 and Fp2 electrodes), precuneus (Pz electrode) 

and bilateral parietal areas (P7 / P8 electrodes).36

Outcome definition
In the first analysis, comparing the slow wave slope characteristics of the focus versus 

non-focus electrodes, the outcome was defined as the relative slow wave slope change 

across the night (normalised at 75 µV). For the cross-sectional and longitudinal analyses 

of possible relations between slow wave slope characteristics and neuropsychological 
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functioning, we used the test results of the neuropsychological assessment (TIQ, VIQ, PIQ, 

PS, VMI and digit span) as quantitative outcome measures. Behaviour was included as 

a qualitative outcome measure (normal / abnormal) at the time of the EEG recording / 

neuropsychological assessment. We also analysed whether treatment with conventional 

anti-epileptic drugs (AED), benzodiazepines or steroids at the time of the EEG / NPA was 

related to behaviour, as this might be a confounding factor in assessing the relation 

between overnight slow wave slope course and behaviour. Lastly, for the longitudinal 

analysis, we also used SWI improvement (at least 25% decrease in SWI) and subjective 

improvement (improved / not improved) in daily functioning as reported by the parents 

and the treating physician, as qualitative outcomes.

Statistical analysis
For all patients, we described slow wave slope course in the predefined regions and 

analysed possible correlation of the relative slow wave slope difference in these regions 

with neuropsychological outcome measures in their first EEG ~ NPA combination. Thus, 

for patients with multiple EEG ~ NPA combinations, only the first combination was used 

for this analysis. To assess differences in FH and LH slow wave slope and to compare 

overnight slope course between focus and non-focus electrodes, paired samples t-tests 

were reported. For continuous outcomes, linear regression analysis was performed; for 

correlation of slow wave characteristics and SWI (not normally distributed), Spearman’s Rho 

was assessed and for dichotomous outcome (behavioural abnormalities), an independent 

samples t-test or Mann-Withney U-test was used (depending on the distribution of the 

data). Fisher’s exact test was used to assess whether there was an association between 

the presence or absence of treatment with AED, benzodiazepines and steroids, and 

behavioural abnormalities.

For the patients with multiple EEG~NPA combinations, we assessed whether improvement 

in SWI (decrease of at least 25%) and subjective improvement in daily functioning was 

associated with a change in slow wave slope course at 75 µV. Subsequently, a linear 

mixed model was fitted, incorporating all repeated measurements in the patients 

with multiple EEG ~ NPA combinations. With this mixed model, we analysed possible 

correlation of overnight slow wave slope course at 75 µV with total IQ, verbal IQ, 

performance IQ, processing speed, Beery test of visual-motor integration and digit span. 

The neuropsychological outcome measures were defined as the dependent variable, a 

random intercept per patient was used and the relative mean slow wave slope difference 

for the prespecified regions was included as a fixed variable.
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For statistically significant findings from linear regression analyses / linear mixed model 

analyses, we calculated Cohen’s f2 as an effect size measure as defined by using the 

formula Cohen’s f2 = R2 / (1 – R2). A Cohen’s f2 ≥ 0.02 is considered a small effect, ≥ 0.15 a 

medium effect and ≥ 0.35 a large effect.

The analyses were performed with MATLAB version 2018a and SPSS version 25. P-values 

<0.05 were considered significant. GraphPad Prism 8 was used for graphical illustration. 

Results

Patient characteristics and EEG / neuropsychological findings
We included 29 patients. In total, 44 EEG ~ NPA combinations were performed; 12 patients 

had two and 3 patients had three EEG ~ NPA combinations that fulfilled the selection 

criteria. Patient characteristics are shown in table 1. The mean(±sd) time between the EEG 

and NPA was 1.1±1.2 months for the first, 0.5±1.3 months for the second and 0.0±0.0 

months for the third EEG ~ NPA combination, respectively. The median spike wave index 

was 90% for the first EEG, 91% for the second EEG and 70% for the third EEG. Concurrent 

treatment with conventional anti-epileptic drugs and corticosteroids was much more 

prevalent at the time of the second and third EEG as compared to the time of first EEG. 

EEG and neuropsychological findings are shown in table 2.

Slow wave characteristics, overnight course and regional differences
The mean(±sd) amplitude of slow waves across all electrodes was 67±19 µV in the FH and 

decreased to 41±14 µV in the LH of non-REM sleep (-38%). The mean absolute slope of 

slow waves decreased from 322±94 in the FH to 187±67 µV / s in the LH (-41%). The mean 

normalized slope (at 75 µV, referred to as slow wave slope in the following analyses) over all 

electrodes decreased from 357±19 to 327±22 µV / s (-8%, p<0.001). The slow wave slope 

in the LH of non-REM sleep was significantly lower than during the FH of non-REM sleep 

for all electrode regions (p<0.001 for all electrodes, focus electrodes, non-focus electrodes 

as well as DMN electrodes). The slow wave slope was higher in the focus than in the non-

focus electrodes, both in the first and the last hour (both p<0.001). The relative change 

in slow wave slope from first to last hour of non-REM sleep was different between the 

focus and the non-focus electrodes (-5.6% for focus electrodes and -8.7% for non-focus 

electrodes; p=0.003). The overnight slow wave slope course is shown in figure 1. A detailed 

overview of overnight slow wave course for all regions of interest is provided in table S1.
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Table 1. patient characteristics (n=29)

male (%) 16 (55%)

age at ESES diagnosis: mean ±sd 75±26 months / 6.3±2.2 years

presumed (main) aetiology:
     structural
     genetic / syndromal
     post-infectious
     unknown

10 (35%)
4 (14%)
1 (3%)
14 (48%)

MRI abnormalities (incl. non-epileptogenic) 19 (66%)

lateralisation of MRI abnormalities:
     left
     right
     bilateral
     none

3 (10%)
3 (10%)
13 (45%)
10 (35%)

frequency of seizures at time of diagnosis
     daily
     monthly
     yearly
     sporadic
     none

4 (14%)
10 (35%)
5 (17%)
8 (28%)
2 (7%)

development before ESES onset
     normal
     mild delay
     moderate delay
     severe delay

10 (35%)
11 (38%)
4 (14%)
4 (14%)

Figure 1. Overnight course of slow wave slope. 
Differences were tested with dependent t-tests; ** p<0.01, *** p<0.001
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Table 2. EEG and neuropsychological assessment findings (n=44)

Combination of EEG ~ NPA first (n=29 ) second (n=12 ) third (n=3 )

time between EEG and NPA (months): mean±sd 1.1±1.2 0.5±1.3 0.0±0.0

EEG findings whole night EEG

age at EEG recording (years): mean±sd 6.7±2.2 7.5±1.7 8.9±1.4

time between diagnosis and EEG (months): mean±sd 6±11 12±12 20±0.6

SWI (%): median (range) 90 (62-100) 91 (0-100) 70 (46-95)

normal background pattern (%) 22 (76%) 10 (83%) 3 (100%)

sleep phenomena present (%) 24 (83%) 11 (92%) 3 (100%)

Distribution of epileptiform activity in sleep:
    generalised
    multifocal bilateral
    multifocal unilateral
    focal unilateral
    no epileptiform abnormalities

9 (31%)
8 (28%)
5 (17%)
7 (24%)
0 (0%)

4 (33%)
2 (17%)
0 (0%)

4 (33%)
2 (17%)

1 (33%)
1 (33%)
0 (0%)

1 (33%)
0 (0%)

concurrent AED treatment 19 (66%) 10 (83%) 2 (67%)

concurrent benzodiazepine treatment 5 (17%) 6 (50%) 1 (33%)

concurrent corticosteroid treatment 5 (17%) 7 (58%) 0 (0%)

Neuropsychological findings

Total IQ: mean±sd 78±17 (n=22) 84±17 (n=9) 84±5 (n=3)

Verbal IQ: mean±sd 84±15 (n=18) 87±15 (n=8) 88±8 (n=3)

Performance IQ: mean±sd 84±18 (n=19) 84±19 (n=9) 83±5 (n=3)

DQ (if no IQ available): mean±sd 43±37 (n=4) 29±10 (n=2)

Processing speed: mean±sd 75±15 (n=13) 80±21 (n=9) 90±6 (n=2)

Beery VMI: mean±sd 89±11 (n=19) 85±10 (n=9) 87±6 (n=3)

Memory: Digit Span (WISC III): mean±sd 7±3 (n=12) 8±4 (n=8) 8±2 (n=3)

Peabody Picture Vocabulary Test: mean±sd 105±18 (n=10) 95±22 (n=7) 91±6 (n=3)

Presence of behavioural problems (%) 12 (41%) 6 (50%) 0 (0%)

Legend:
EEG: electroencephalogram, NPA: neuropsychological assessment, SWI: spike-wave index, IQ: intelligence quotient, DQ: developmental 
quotient, Beery VMI: Beery developmental test of visual-motor integration
WISC III: Wechsler Intelligence Scale for Children-III

Relation between slow wave slope and SWI
The mean slow wave slope at 75 µV across all electrodes in the last hour of non-REM 

sleep was significantly correlated to SWI (rho 0.37; p=0.049), while slow wave slope in the 

first hour and slow wave slope change were not significantly correlated to SWI (rho 0.26; 

p=0.17 and rho 0.12; p=0.53). The slow wave slope of the last hour in focus electrodes 

showed a non-significant trend towards positive correlation with SWI (Rho 0.36, p=0.054), 

while the other slow wave characteristics for focus and non-focus electrodes were not 

significantly correlated to SWI (table S2).
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Cross-sectional relation between overnight slope change, baseline patient 
characteristics, EEG findings and neuropsychological functioning at first 
combined investigation
Among the clinical variables, the severity of developmental abnormalities before ESES 

onset was strongly associated with total IQ and verbal IQ (β -15.7, p=0.001, Cohen’s 

f2=0.71 and β -12.7, p=0.01, Cohen’s f2=0.47) over the course of the disease (table 3). 

The percentage of time occupied by epileptiform discharges was also correlated to 

neuropsychological functioning: the higher the SWI, the lower total IQ and performance 

IQ (β -0.7, p=0.04, Cohen’s f2=0.24 and β -0.8, p=0.01, Cohen’s f2=0.44). The mean relative 

slope change (at 75 µV) across all electrodes, focus, non-focus and DMN electrodes was 

not related to the neuropsychological outcomes in this analysis (table 3).

Table 3. Univariate Linear regression analysis of clinical, EEG and NPA findings of first WN EEG 
~ NPA combination

TIQ 
β (p-value)

VIQ
β (p-value)

PIQ
β (p-value)

PS
β (p-value)

VMI
β (p-value)

DS 
β (p-value)

MRI abnormalities 1.8 (0.81) -9.0 (0.22) 1.4 (0.87) 7.3 (0.41) -7.9 (0.11) -3.8 (0.04), 
f2=0.55

Seizure frequency -0.5 (0.88) -0.1 (0.97) -1.0 (0.77) 1.8 (0.63) -1.4 (0.51) 1.0 (0.22)

Presence / severity of 
developmental deficit before ESES

-15.7 (0.001), 
f2=0.71

-12.7 (0.01), 
f2=0.47

-11.1 (0.07) -11.6 (0.18) -5.5 (0.19) -1.4 (0.39)

SWI -0.7 (0.04), 
f2=0.24

-0.5 (0.12) -0.8 (0.01), 
f2=0.44

-0.34 (0.39) -0.37 (0.09) 0.06 (0.57)

sleep phenomena 7.0 (0.51) 5.1 (0.60) 18.7 (0.09) 10.4 (0.40) 10.1 (0.14) 1.18 (0.75)

all electrodes relative slope 
change (at 75 µV)

-14.1 (0.84) 51.4 (0.81) -21.5 (0.76) 0.3 (1.00) 52.6 (0.21) -0.02 (0.99)

focus relative slope change  
(at 75 µV)

10.5 (0.83) 30.4 (0.51) -29.2 (0.55) -33.8 (0.50) 33.8 (0.25) -0.01 (0.99)

non-focus relative slope change 
(at 75 µV)

-19.3 (0.78) 55.0 (0.42) -3.4 (0.96) 29.5 (0.71) 55.1 (0.20) 0.4 (0.98)

DMN relative slope change  
(at 75 µV)

-19.1 (0.80) 48.9 (0.52) -18.7 (0.81) 0.9 (0.99) 45.1 (0.33) 2.0 (0.91)

Legend:
NPA: Neuropsychological assessment, TIQ: total intelligence quotient, VIQ: verbal intelligence quotient, PIQ: performal intelligence 
quotient, PS: processing speed VMI: Beery developmental test of visual-motor integration, DS: digit span, SWI: spike-wave index, DMN: 
default-mode network, f2 : Cohen’s f2

Cross-sectional relation between slow wave characteristics, SWI, 
neuropsychological test results and treatment with behaviour at first 
investigation
Patients with behavioural problems showed a smaller decrease in slow wave slope (at 75 

µV) than those without, across all electrodes (-5.2% vs -10.2%; p=0.02), focus electrodes 

(-0.9% vs -8.8%; p=0.006, figure 2), non-focus electrodes (-6.1% vs -10.6%, p=0.04) and 
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DMN electrodes (-5.9% vs -11.3%; p=0.02) (table 4). The SWI was 84% for patients with and 

90% for patients without behavioural abnormalities and this difference was not significant 

(p=0.20). Neuropsychological test results did not differ significantly between the patients 

with and those without behavioural problems (table S3). The presence or absence of 

treatment with AED, benzodiazepines or steroids at the time of the investigation was not 

associated with the presence or absence of behavioural problems (table S4).

Figure 2. Overnight focus slow wave slope course for patients with and without behavioural 
abnormalities

Table 4. Slow wave characteristics for patients with and without behavioural problems (first 
EEG ~NPA combination)

behavioural problems (n=17) no behavioural problems (n=12) p-value

all electrodes relative slope change (at 75 µV) -5.2% -10.2% 0.02

focus relative slope change (at 75 µV) -0.9% -8.8% 0.006

non-focus relative slope change (at 75 µV) -6.1% -10.6% 0.04

DMN relative slope change (at 75 µV) -5.9% -11.3% 0.02

Legend:
EEG: electroencephalogram, NPA: Neuropsychological assessment, DMN: default-mode network
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Longitudinal changes of slow wave slope characteristics versus changes in 
SWI and subjective daily functioning
Of the 12 patients with at least two EEG ~ NPA combinations, 3 showed SWI improvement 

and 9 showed subjective improvement in daily functioning between the first and the 

second time point. The difference in the overnight slow wave slope course (at 75 µV) 

between their first and second EEG ~ NPA combination did not differ significantly for 

patients with SWI improvement versus those without SWI improvement; neither was 

subjective cognitive improvement associated with difference in overnight slow wave 

slope course (at 75 µV) (table 5).

The mixed model analysis of patients with multiple EEG ~ NPA combinations showed no 

significant correlation of overnight slow wave slope course (at 75 µV) with TIQ, VIQ, PIQ, 

PS, VMI or digit span (table S5).

Table 5. Slow wave characteristics for patients with and without improvement in SWI and daily 
functioning between first and second EEG ~ NPA combination*

SWI improvement improvement daily functioning

yes (n=3)# no (n=9) p-value yes (n=9) no (n=3) p-value
all electrodes relative slope change 
(at 75 µV) ~difference

-1.2% +0.4% 0.22 +2.2% +0.7% 0.70

focus relative slope change 
(at 75 µV) ~difference

+0.7% +1.9% 0.79 +1.8% +1.0% 0.86

non-focus relative slope change 
(at 75 µV) ~difference

-2.6% +3.5% 0.11 +2.0% +0.7% 0.67

DMN relative slope change 
(at 75 µV) ~difference

-1.4% +3.5% 0.29 +2.2% +2.5% 0.95

Legend:
* mean±sd interval between first and second EEG ~ NPA combination: 7±3 (range 5-17) months
# The 3 patients with > 25% decrease in SWI had an SWI decrease from 75 to 8 %, from 68 to 0 % and from 84 to 0 % respectively.
NPA: Neuropsychological assessment, SWI: spike-wave index, DMN: default-mode network

Discussion

With this study of patients with epileptic encephalopathy with ESES, we found that: 1. 

the overnight slow wave slope decline is less pronounced in electrodes representing the 

epileptic focus as compared to the non-focus electrodes, hence slow wave homeostasis 

is more altered in the epileptic focus; 2. in a cross-sectional comparison between patients, 

neurodevelopment, as measured with a neuropsychological assessment, does not relate 

to overnight slow wave slope course across patients. Patients with behavioural problems 

have a more impaired slow wave slope decline as compared to patients without reported 
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or diagnosed behavioural problems, with the largest difference seen in the focus 

electrodes. 3. Longitudinal changes in slow wave slope course across the night were 

not associated with longitudinal changes in SWI and neuropsychological test results, or 

subjective improvement in daily functioning.

The difference in overnight slow wave slope course between focus electrodes and non-

focus electrodes that we found is in line with previous observations. In a study of 14 

patients with ESES, the slow wave slope was not significantly different between focus 

and non-focus electrodes in the first hour of sleep, while in the last hour the non-focus 

electrodes showed a smaller slow wave slope. The authors found that the relative decline 

of slow wave slope was just not significantly different between the focus and non-focus 

electrodes 31. Our study further assessed these parameters in a larger cohort of 29 patients 

and found that both first and last hour slow wave slope is higher in focus electrodes 

compared to non-focus electrodes and that the slow wave slope decline across the 

focus electrodes is less prominent as compared to the non-focus electrodes. These 

findings provide additional evidence that slow wave downscaling is locally impaired by 

epileptiform activity in children with epileptic encephalopathy with ESES and implicate 

that local synaptic homeostasis might be affected by spike waves.

In contrast to our expectations, we did not find a relation between overnight course of 

slow wave slope and neuropsychological test results. Previous studies have linked slow 

wave sleep to learning by showing that slow wave activity is increased locally at sleep 

onset after a visual learning task 24 and that a reduced homeostatic decrease in slow wave 

slope is correlated with poorer daytime visuomotor learning 26. Another study found that 

the normal overnight improvement in performance on a memory task was absent in 

patients with predominant epileptic activity during sleep and at least in one task related 

to spike wave density and suggested that this may reflect impaired sleep-related memory 

consolidation 37. That we did not find a relation between overnight slow wave slope course 

and neuropsychological test results in our cross-sectional (between patients) analysis may 

be attributed to several aspects:

1. the context of an enormous variability in patient characteristics. The presence of 

structural lesions, pre-existing developmental deficits, the location of epileptiform 

abnormalities and treatment may explain most of the variability in test performance 

between the children with epileptic encephalopathy with ESES 11,38–40. This possible 

explanation is supported by the observation that in our linear regression analysis, 

developmental abnormalities before ESES are the strongest determinant of total and 

verbal IQ over the course of ESES. Previous studies showed that age at ESES diagnosis 

and ESES duration are important determinants of cognitive functioning; earlier onset and 
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longer ESES duration are associated with worse cognitive outcome39,40. Also, previous 

studies have shown that slow wave activity shows an age-dependent evolution41,42. 

The variability of these factors may have complicated the assessment of the relation of 

overnight slow wave course and neuropsychological test results. 

2. We suggest that the neuropsychological tests we used were relatively insensitive to 

fluctuations occurring in the context of ESES. A substantial part of the included patients 

had EEGs showing focal ESES (24% of the first EEGs, 33% of the second and third EEGs). 

Previous publications have suggested that standard neuropsychological assessment may be 

relatively insensitive to specific cognitive deficits in children with focal ESES 43,44. Therefore, 

the conventional neuropsychological outcome measures that we analysed, may have been 

insensitive to deficits in the context of these patient. The insensitivity of neuropsychological 

assessment to fluctuations in the context of ESES, was also suggested by a previous study. In 

this study, we found that subjective improvement in cognitive functioning after treatment 

was not significantly related to TIQ improvement and that SWI decrease was associated with 

subjective cognitive improvement, while it was not related to TIQ change 13. In our current 

study, we also included subjective improvement in cognitive functioning, as assessed by 

the paediatric neurologist during the outpatient clinic visits. Their assessment was based on 

information provided by the parents / guardians of the child. Often the information of the 

teachers was reported by the parents during the visits. Although this is a subjective outcome 

measure, we thought it could be of interest because subjective improvement can take any 

form and may therefore be more sensitive to changes with regard to the specific deficits 

in the individual child, in comparison to the neuropsychological assessment. Also, the 

subjective improvement may be clinically highly relevant. However, in our current analysis 

of overnight slow wave slope course versus subjective improvement in functioning in the 

subgroup of patients with multiple EEG ~ NPA combinations, we did not find a relation 

either. This analysis, however, was based on a relatively small number of patients (n=12).

Most of the abovementioned factors of influence on neurodevelopment should be of less 

influence in the mixed linear model analysis (thus correcting for the correlation between 

measurements from the same patient). However, also in this analysis we did not find a 

relation between slow wave slope course and neuropsychological test results and subjective 

cognitive functioning. We speculate that the relatively small sample size of patients with 

multiple EEG ~ NPA combinations (n=12) may have been insufficient to detect a relation 

or that change in treatment (e.g. benzodiazepine, corticosteroids) between the time points 

blurred a possible relation. Also, within the group with combined longitudinal EEG – NPA 

assessment, most patients still had a high SWI during the second and third follow-up (9 of 

12 patients and 2 of 3 patients respectively). This suggests that these patients were still in 

the active phase of ESES and that overt neuropsychological disturbances could appear later.
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Interestingly, we did find a relation between behavioural problems and slow wave slope 

course across the night. For all combinations of electrodes (average of all electrodes, 

focus, non-focus, and DMN electrodes), the slow wave slope showed a smaller decline for 

patients with behavioural problems compared to patients without reported or diagnosed 

behavioural problems and this difference was most pronounced for the focus electrodes. 

We hypothesize that behaviour of patients with ESES, as suggested by a previous study 45, 

fluctuates easily and therefore is more closely related to the slow wave homeostasis at a 

certain moment in time. A strong contribution of treatment to these fluctuations could be 

suggested, however we did not find any association of AED, benzodiazepine or corticosteroid 

treatment with the presence or absence of behavioural problems. To our knowledge, this 

concept has not been investigated in previous studies.

Our results need to be interpreted carefully. Firstly, the heterogeneity of our study 

population, including patients with newly diagnosed as well as longstanding ESES, with and 

without structural aetiology and with and without treatment, increases variability and hence 

confounding factors limit the generalisability of our findings. However, the heterogeneity of 

our cohort is representative for the broad spectrum of patients with ESES 1,11. Secondly, 

although we have used different approaches that all did not yield a clear relation between 

slow wave characteristics and neuropsychological test results, our study was not designed 

(and  underpowered) to prove that there is no relation. Furthermore, the design of our 

study, relating the overnight course of slow wave slope to neuropsychological test results 

of one test session might have been insufficient to analyse the effect of ESES on synaptic 

homeostasis. Testing overnight performance improvement (i.e. comparison of test results 

before and after a night’s sleep) may be a better method to answer this research question.

In conclusion, we add evidence that, in children with ESES, sleep slow wave homeostasis 

is altered by epileptic activity as it is most affected in the epileptic focus. The presence of 

behavioural problems is associated with reduced slow wave downscaling, while we did not 

find a relation between overnight slow wave slope decline and neuropsychological test 

results. Based on the previously reported relationship between slow waves and network 

synchrony and indirectly synaptic strength, we might conclude that synaptic homeostasis 

is disturbed by epileptiform activity in children with ESES, at most in the epileptic focus; 

future studies with overnight EEG recordings and overnight neuropsychological testing 

with appropriate tests (i.e. testing before a night’s sleep and repeat testing afterwards), 

may elucidate whether this disturbance of synaptic homeostasis explains the occurrence 

of cognitive deficits.
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Supplementary material

Table S1: Mean slow wave characteristics of first whole-night EEG (n=29)

electrode set slow wave characteristic first hour last hour change (%)

all
slow wave amplitude (µV): mean±sd 67±19 41±14 -38±15
slow wave slope (µV / s): mean±sd 322±94 187±67 -41±16
slow wave slope at 75 µV: mean±sd 357±19 327±22 -8±6

focus
slow wave amplitude (µV): mean±sd 73±24 49±25 -33±20
slow wave slope (µV / s): mean±sd 361±123 234±131 -35±21
slow wave slope at 75 µV: mean±sd 369±26 347±39 -6±8

non-focus
slow wave amplitude (µV): mean±sd 66±18 39±12 -39±15
slow wave slope (µV / s): mean±sd 313±91 177±58 -42±16
slow wave slope at 75 µV: mean±sd 355±19 322±20 -9±6

default-mode network
slow wave amplitude (µV): mean±sd 72±22 46±24 -37±19
slow wave slope (µV / s): mean±sd 351±116 212±118 -40±19
slow wave slope at 75 µV: mean±sd 362±23 328±26 -9±6

Legend:
first hour = first hour of nREM sleep, last hour = last hour of nREM sleep

Table S2: Correlation of mean slow wave characteristics and SWI of first WN EEG (n=29)

slow wave characteristic Rho p-value

slow wave slope FH at 75 µV across all electrodes 0.26 0.17

slow wave slope LH at 75 µV across all electrodes 0.37 0.049

relative slow wave slope change at 75 µV across all electrodes 0.12 0.53

slow wave slope FH at 75 µV across focus electrodes 0.29 0.12

slow wave slope LH at 75 µV across focus electrodes 0.36 0.054

relative slow wave slope change at 75 µV across focus electrodes 0.26 0.17

slow wave slope FH at 75 µV across non-focus electrodes 0.22 0.25

slow wave slope LH at 75 µV across non-focus electrodes 0.28 0.14

relative slow wave slope change at 75 µV across non-focus electrodes 0.14 0.48

Legend:
FH = first hour of nREM sleep, LH = last hour of nREM sleep, Rho = Spearman’s Rho
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Table S3: Neuropsychological assessment findings for patients with and without behavioural 
problems (first EEG ~NPA combination)

behavioural problems no behavioural problems p-value

TIQ 80 (n=8) 76 (n=14) 0.64

VIQ 89 (n=8) 80 (n=10) 0.22

PIQ 80 (n=9) 87 (n=10) 0.40

PS 68 (n=5) 79 (n=8) 0.19

VMI 89 (n=9) 88 (n=10) 0.77

DS 6 (n=4) 8 (n=8) 0.36

Legend:
NPA: Neuropsychological assessment, TIQ: total intelligence quotient, VIQ: verbal intelligence quotient, PIQ: performal intelligence 
quotient, PS: processing speed, VMI: Beery developmental test of visual-motor integration   , DS: digit span

Table S4: Treatment vs behavioural abnormalities (first EEG~NPA combination, n=29)

behavioural problems

yes no Fisher’s exact test for difference in proportion per treatment category

AED treatment p=1.0

yes 8 (42%) 11 (58%)

no 4 (40%) 6 (60%)

benzodiazepine treatment p=1.0

yes 2 (40%) 3 (60%)

no 10 (42%) 14 (58%)

corticosteroid treatment p=0.37

yes 1 (20%) 4 (80%)

no 11 (46%) 13 (54%)

Legend:
AED treatment : treatment with conventional anti-epileptic drugs

Table S5: Mixed linear model analysis of patients with multiple EEG ~ NPA combinations

TIQ 
coeff 

(p-value)

VIQ
coeff 

(p-value)

PIQ
coeff 

(p-value)

PS
coeff 

(p-value)

VMI
coeff 

(p-value)

DS 
coeff 

(p-value)
all electrodes relative slope 
change (at 75 µV)

46.1 (0.22) 31.4 (0.51) -32.5 (0.45) 56.0 (0.46) 30.5 (0.36) -5.9 (0.69)

focus relative slope change 
(at 75 µV)

18.3 (0.57) 29.4 (0.41) -29.8 (0.40) -24.6 (0.65) 42.5 (0.09) 4.4 (0.69)

non-focus relative slope change 
(at 75 µV)

43.4 (0.22) 23.4 (0.61) -29.6 (0.48) 84.7 (0.25) 22.3 (0.49) -8.5 (0.56)

DMN relative slope change 
(at 75 µV)

10.3 (0.77) -9.1 (0.82) -32.5 (0.37) -14.1 (0.84) 19.53 (0.53) 0.29 (0.98)

Legend:
NPA: Neuropsychological assessment, TIQ: total intelligence quotient, coeff: correlation coefficient, VIQ: verbal intelligence quotient, PIQ: 
performance intelligence quotient, VMI: Beery developmental test of visual-motor integration, DS: digit span,   DMN: default-mode network
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Summary 

Objective: Epileptic encephalopathy with electrical status epilepticus in sleep (ESES) 

is a pediatric epilepsy syndrome with sleep-induced epileptic discharges and acquired 

impairment of cognition or behavior. Treatment of ESES is assumed to improve cognitive 

outcome. The aim of this study is to create an overview of the current evidence for 

different treatment regimens in children with ESES syndrome. 

Methods: A literature search using Pubmed and Embase was performed. Articles were 

selected that contain original treatment data of patients with ESES syndrome. Authors 

were contacted for additional information. Individual patient-data were collected, coded 

and analyzed using logistic regression analysis. The three predefined main outcome 

measures were improvement in cognitive function, EEG pattern and any improvement 

(cognition or EEG).

Results: The literature search yielded 1766 articles. After applying in- and exclusion 

criteria, 112 articles and 950 treatments in 575 patients could be analyzed. Anti-epileptic 

drugs (AEDs, n = 495) were associated with improvement (i.e. cognition or EEG) in 49% 

of patients, benzodiazepines (n=171) in 68% and steroids (n=166) in 81%. Surgery (n=62) 

resulted in improvement in 90% of patients. In a subgroup analysis of patients who were 

consecutively reported (585 treatments in 282 patients), we found improvement in a 

smaller proportion treated with AEDs (34%), benzodiazepines (59%) and steroids (75%), 

while the improvement percentage after surgery was preserved (93%). Possible predictors 

of improved outcome were treatment category, normal development before ESES onset 

and the absence of structural abnormalities. 

Significance: Although most included studies were small and retrospective and their 

heterogeneity allowed analysis of only qualitative outcome data, this pooled analysis 

suggests superior efficacy of steroids and surgery in encephalopathy with ESES.

Key point box
•	 Treatment of ESES syndrome is assumed to improve cognitive outcome.

•	 This pooled analysis of 575 cases suggests that corticosteroids and surgery are most 

effective, while benzodiazepines may be an appropriate alternative.

•	 Conventional anti-epileptic drugs were reported less effective.

•	 Evidence is limited to mostly retrospective case-series.

•	 A Randomized Controlled Trial is needed to provide definite answers for children with 

this often devastating epilepsy syndrome.
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Introduction

Electrical status epilepticus in sleep (ESES) was first described in 1971 in six children 

with continuous spike-wave discharges persisting during whole night’s non-rapid eye 

movement (NREM) sleep and subsiding upon awakening. In the initial definition epileptic 

activity had to be present during at least 85% of the NREM sleep EEG, recorded on at least 

three occasions over a period of at least one month.  More recently ESES cases with a 

spike-wave index of 50-85% were added to the spectrum.1-4 

The clinical presentation of children with an ESES EEG pattern is variable. The most severe 

clinical syndrome can present with global cognitive regression in addition to clinical 

seizures. However, atypical cases have been described with developmental delay from 

birth or developmental arrest but no regression of cognitive functioning. The age at onset 

ranges from one to 14 years, with a peak between four and eight years. Although seizures 

may be absent in up to 20% of cases, they are most often the presenting symptom, 

after which a developmental delay, a developmental arrest or a regression in cognitive 

performance or behavior becomes evident. The Landau Kleffner Syndrome is closely 

related to ESES and is characterized by an acquired aphasia. In these patients the cognitive 

symptoms mainly focus on the language domain. These clinical syndromes are referred to 

as “epileptic encephalopathy with ESES”, ESES syndrome or continuous spikes and waves 

during sleep (CSWS) syndrome. The EEG features of ESES frequently resolve spontaneously 

during puberty, while cognitive sequelae often remain.5-7

The concept of ESES was introduced describing patients with unknown etiology and has 

been expanded to patients with structural or genetic abnormalities. Recently, GRIN2A 

mutations were found to be present in up to 20%, mostly the familiar cases.8-10 However, 

the etiology remains undetermined in the majority of patients.11-13 An underlying 

inflammatory process has been suggested, mainly because steroids appear to be effective 

in the treatment of ESES syndrome. Inflammation may be either the cause of ESES or an 

epiphenomenon.4, 5, 14, 15 The mechanism of how continuous epileptic activity during sleep 

leads to cognitive decline is incompletely understood. 

Although the importance of (early) treatment of convulsive status epilepticus has 

convincingly been demonstrated16, it remains to be established whether treatment of 

sleep-induced status epilepticus, the neurophysiological hallmark of ESES syndrome,  

prevents permanent cognitive impairment. Treatment decisions are often based on 

expert-opinion. Mainly small and retrospective studies have reported on the EEG effects or 

cognitive outcome of various conventional anti-epileptic drugs, benzodiazepines, steroids, 

intravenous immunoglobulins, ketogenic diet and epilepsy surgery. So far only one small 
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randomized controlled trial has been performed, comparing levetiracetam with placebo 

in patients with ESES.17, 18 The aim of this meta analysis of individual patient data is to 

create an overview of all published treatments in children with epileptic encephalopathy 

with ESES and their effects on cognitive outcome or EEG pattern.

Methods

Search strategy
A literature search in PubMed and Embase was performed with various synonyms for 

ESES and treatment (table e-1). The initial search was performed in July 2012 yielding 1663 

articles. An update on the 15th of May 2013 resulted in a total of 1766 articles. The search 

strategy was defined by three investigators (VvD, BvdM, FEJ). The search was performed 

by two authors (VvD and BvdM) and in rare cases of discordant judgment a third author 

was consulted (FEJ).

Study selection and data-acquisition
Published studies were selected for possible inclusion if the effect of treatment on the 

EEG pattern or on cognitive functioning was described. All search results were reviewed 

based on title and abstract by applying the in- and exclusion criteria (Figure 1). Of the 

selected articles full texts were reviewed. A cross reference check was performed to 

prevent missing relevant articles. 

The corresponding authors of all selected studies were contacted for additional 

individual patient information including patient characteristics, qualitative and if possible 

quantitative EEG results and information on cognitive functioning. Patients were included 

in the pooled analysis if sufficient data were reported in the article or provided by the 

author to allow analysis of individual treatment effect (i.e. if data on EEG or cognition were 

available before and after change in one treatment).

Quality assessment / reduction of bias
Case reports and small case series are likely to be influenced by publication and selection 

bias. To limit these influences, a subgroup analysis was performed including only studies 

reporting all consecutive patients fulfilling the inclusion criteria in a given specific period. 

This approach has been recommended by the Meta-analysis of Observational Studies in 

Epidemiology (MOOSE) study group.19
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Data extraction and coding of data
A standardized data-extraction form, containing 44 variables, was created. Patient 

characteristics before and after onset of ESES, treatment regimen under analysis (dosage, 

duration) and effects on cognitive function and EEG characteristics were included. 

Extraction of raw data from all studies was performed by one author (VvD). A random 

selection of 10% of relevant articles was checked by a second author (BvdM). There were 

some small differences in judgment that were settled by consensus meeting. None of 

these differences concerned the primary outcome (cognitive or EEG improvement). 

Figure 1: Flow chart search and selection process
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Primary outcome assessment
The three main outcome measures were improvement in cognitive function, EEG pattern 

and any improvement (cognition or EEG). To allow a pooled analysis all available data were 

coded according to the following criteria:

Cognition: improvement was defined primarily by the judgment of the author of the 

original article or as a gain of at least ten IQ points after start of treatment (when both 

pre- and post-treatment IQs were available).

EEG: improvement was primarily defined as an improvement of the sleep-induced status 

epilepticus pattern, as subjectively indicated by the author, or as a reduction of at least 

25% in Spike Wave Index (SWI, if pre- and post-treatment spike wave indices were given).

Any improvement: qualitative or quantitative improvement of either cognition, EEG or 

both.

Coding of data was performed by two authors: BvdM and FEJ for seizure type and EEG 

data. The other variables were coded by VvD and BvdM. In case of discordant judgment 

by the two reviewers the individual patient data were evaluated by a third independent 

reviewer (VvD or FEJ). 

Statistical analysis
The baseline characteristics and effect of individual treatments were analyzed using 

IBM SPSS Statistics Software version 20. The baseline characteristics of the patients from 

consecutive cohorts were compared to those of the total study population, using the 

chi-square test for categorical variables (with Yates’ Correction for Continuity for binomial 

variables) and the Mann-Whitney U-test for continuous variables (as these variables 

were not normally distributed). The same tests were applied to compare patients with 

known etiology to those with unknown etiology. The proportion of patients that showed 

improvement after the analyzed treatment is reported for all patients and for the subgroup 

of consecutive patients. The corresponding 95% confidence intervals were calculated 

using normal approximation methods.

To identify variables that influence treatment outcome, a predictor analysis was 

performed with univariate and multivariate logistic regression analysis. Univariate analysis 

was performed for treatment category, gender, age at diagnosis, interval from diagnosis 

to treatment under evaluation, history of febrile seizures, mental development before 

the onset of ESES, presence of CT or MRI abnormalities and for the number of previous 

treatments. This analysis was first performed including only “complete cases” regarding 
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included determinants, i.e. cases for which complete predictor data were available. To 

account for missing data a sensitivity analysis using multiple imputation methods was 

then performed; a procedure recommended for datasets with a significant proportion of 

missing data.20 All analyzed possible predictors with missing data were included in the 

model to allow an analysis of all treatments. Ten imputed datasets were created and a 

pooled analysis was carried out. The same procedure was used to perform a multivariate 

logistic regression analysis including treatment category and other possible predictors. 

There was a substantial proportion of missing data for most possible predictors. Therefore 

a multivariate analysis including only complete cases for all predictors would result in an 

analysis of only a small number of patients and is not reported.

Results

Study and patient selection
The search strategy and study and patient selection are shown in Figure 1. Descriptive 

information of the 112 included studies is available in table e-2. The included articles were 

published between 1977 and 2013. Some of these 112 articles showed overlap in patient 

population and were therefore included as 98 patient cohorts (grouping patients from 

the same center and integrating data of duplicate cases). From 94 of these 98 cohorts 

(96%),  cognitive outcome was reported, and from 88 (90%) EEG outcome. The treatment 

categories that were analyzed were conventional anti-epileptic drugs in 48 cohorts, 

benzodiazepines in 23 cohorts, steroids in 41 cohorts, surgery in 18 cohorts and other 

treatments in 11 cohorts. The consecutive subgroup consisted of patients reported in 23 

articles, which could be included as 15 different patient cohorts. The number of patients 

per included cohort was substantially higher in the consecutive subgroup (mean 23, 

median 10) compared to the total included population (mean 6, median 2).

Additional individual patient data were provided by 29 authors for 413 patients, of whom 

675 individual treatments could be included in this analysis. By combining the data of 112 

original articles with additional information provided by the authors, data of 575 patients 

could be included in whom 950 individual treatments and their effect were reported. The 

subgroup of consecutive patients consisted of 282 patients with 585 individual treatments.

Patient characteristics
A large majority (94%) of patients had at least one seizure and their first seizure occurred 

at a median age of three and a half years, two and a half years prior to ESES diagnosis. 

Seizures were focal in 45%, generalized in 21%, and in 28% of patients both focal and 

generalized seizures were reported. Abnormal development was already present before 
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ESES onset in 46% of patients. In 46% of all included patients, structural abnormalities were 

seen on CT or MRI, while a genetic or metabolic abnormality was reported in only a small 

proportion of patients (7% and 1% respectively). The available baseline characteristics 

of all patients, and of those reported consecutively, are displayed separately in Table 1. 

Table 1. Patient characteristics

All patients1 “Consecutive 
patients”1,2

p-value for 
comparison3

Number of patients 575 282

Male 333 / 550 (61 %) 166 / 282 (59 %) 0.69

Abnormal perinatal history 138 / 341 (40%) 118 / 256 (46%) 0.20

Positive family history for epilepsy 49 / 238 (21%) 41 / 196 (21%) 1.00

History of Febrile seizures 32 / 497 (6%) 22 / 204 (11%) 0.07

Mean / median age at seizure onset 44 / 42 months 
(n = 384)

42 / 36 months 
(n = 212)

0.16

Mean / median age at developmental delay, arrest or regression 65 / 60 months 
(n = 306)

68 / 63 months 
(n = 205)

0.24

Mean / median age at ESES diagnosis 75 / 72 months 
(n = 416)

77 / 78 months 
(n = 240)

0.20

CT / MRI abnormalities 213 / 461 (46%) 147 / 273 (54 %) 0.05

Presumed Etiology: 
          genetic
          structural 
          metabolic
          unknown 

29 / 432(7%)
215 / 432(50%)

2 / 432 (1%)
186 / 432 (43%)

26 / 266 (10%)
136 / 266 (51%)

0 / 266 (0%)
104 / 266 (39%)

0.28

Abnormal development prior to ESES onset 167 / 362 (46%) 141 / 261 (54%) 0.06

Type of (previous) seizures:
          none
          focal
          generalized
          both

26 / 464 (6%)
208 / 464 (45%)
98 / 464 (21%)
132 /464 (28%)

7 / 261 (3%)
93 / 261 (36%)
43 / 261 (17%)

118 / 261 (45%)

0.00

Frequency of seizures at inclusion:
          none
          monthly
          weekly
          daily

43 / 261 (17%)
97 / 261 (37%)
37 / 261 (14%)
84 / 261 (32%)

20 / 209 (10%)
88 / 209 (42%)
34 / 209 (16%)
67 / 209 (32%)

0.16

Mean / median follow up duration after start of treatment 36 / 24 months 
(n = 349)

36 / 24 months 
(n = 172)

0.15

Number of treatments 950 585

Legend: 
1. Patient characteristics are shown as number of patients with this characteristic / total number of patients for whom this characteristic 
is available and the corresponding percentage. 2. “Consecutive patients” = patients included from studies reporting all consecutive 
patients fulfilling the in- and exclusion criteria in a specified period. 3. P-values are reported for the comparison of baseline 
characteristics of the patients from consecutive cohorts to those of the total study population. The two groups were compared using the 
chi-square test for categorical variables (with Yates’ Correction for Continuity for binomial variables) and the Mann-Whitney U-test for 
continuous variables.
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Except for a different distribution in seizure types, no significant differences between both 

groups were detected. A comparison between patients with known etiology and those 

with unknown etiology revealed a larger proportion with an abnormal perinatal history, 

abnormal development before ESES onset and CT / MRI abnormalities in patients with 

known etiology. These patients also had more frequent seizures and a smaller proportion 

of them had a positive family history for epilepsy (table e-3).

Treatment response
The overall treatment effect (“any improvement”) is reported including 95% Confidence 

Intervals in Table 2. Any improvement was seen in 49% of patients treated with conventional 

anti-epileptic drugs (AED) and in 68% of patients treated with benzodiazepines. Treatment 

with steroids was associated with any improvement in 81% of patients, surgery in 90% and 

other treatments in 54% of patients. Surgical techniques applied in 62 patients included 

multiple subpial transection (n=31), hemispheric surgery (n=13), corpus callosotomy 

(n=9), lobar resection (n=5), multilobar resection or disconnection (n=2) and two other 

procedures (cysto-peritoneal shunting and one unspecified procedure). Cognitive 

improvement was seen after treatment with AED in 40%, benzodiazepines in 50%, steroids 

in 78% and after surgery in 80%. EEG improvement was seen after treatment with AED in 

45%, benzodiazepines in 59%, steroids in 70% and after surgery in 80% of the patients 

(Table 2).

Table 2: Reported treatment effect (percentage improved) in patients with encephalopathy 
with ESES

All / Consecutive 
subgroup

Any improvement
(95% CI)

Cognitive improvement*  
(95% CI)

EEG improvement**
(95% CI)

AED
All (n = 495) 49% (44-53%) 40% (23-31%) 45% (41-50%)

Cons. (n = 310) 34% (29-39%) 32% (26-37%) 33% (28-38%)

Benzodiazepines
All (n = 171) 68% (61-75%) 50% (42-59%) 59% (52-67%)

Cons. (n = 107) 59% (50-68%) 45% (35-54%) 46% (37-56%)

Steroids
All (n = 166) 81% (75-87%) 78% (72-85%) 70% (62-77%)

Cons. (n = 100) 75% (67-83%) 70% (60-79%) 68% (58-77%)

Surgery
All (n = 62) 90% (83-98%) 80% (70-90%) 80% (68-91%)

Cons. (n = 30) 93%*** 83% (70-97%) 74% (58-91%)

Other
All (n = 56) 54% (41-67%) 67% (51-82%) 29% (15-43%)

Cons. (n = 38) 58% (42-74%) 71% (53-89%) 26% (8-44%)

Total
All (n = 950) 61% (58-64%) 53% (49-56%) 54% (50-56%)

Cons. (n = 585) 50% (46-54%) 44% (40-49%) 43% (39-47%)

Legend: n = number of treatments analyzed, any improvement = improvement of cognition or EEG, missing n = missing number of 
treatments for this outcome, 95% CI = 95% confidence interval, AED = conventional anti-epileptic drugs, * = for 126 (all patients) / 40 
(consecutive subgroup) treatments cognitive outcome was missing, ** = for 68 (all patients) / 25 (consecutive subgroup) treatments 
EEG outcome was missing, *** = no 95% confidence interval mentioned due to small sample size and large proportion
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Of 771 included treatments (81% of all included treatments) outcome data were separately 

reported for cognition and EEG (for the remainder only data on “any improvement” were 

available). In these cases any improvement was seen after 470 treatments (61%). Of the 

470 treatments that were associated with any improvement, 77 treatments (16%) were 

associated with EEG improvement without cognitive improvement and 69 treatments 

(15%) were associated with cognitive improvement without EEG improvement. After 324 

treatments (69%) both cognitive performance and EEG were reported to have improved. 

A subgroup analysis was performed on the 282 patients who were treated consecutively 

in reporting centers, with 585 individual treatments. In this subgroup improvement 

percentages were lower for AED (34%), benzodiazepines (59%) and steroids (75%). The 

percentage of patients that improved after surgery was similar in this subgroup (93%).

Table 3:  Odds of treatment response (any improvement)

Treatment OR (95% CI)
Univariate

(complete case)

OR (95% CI)
Univariate

(MI)

OR (95% CI)
Multivariate

(MI)
AED reference reference reference

Benzodiazepines 2.2 (1.5 – 3.2)* 2.2 (2.0 – 2.5)* 2.1 (1.4 – 3.1) *

Steroids 4.4 (2.9 – 6.7)* 4.4 (3.9 – 5.0)* 4.2 (2.7 – 6.5) *

Surgery 9.8 (4.1 – 23.1)* 9.8 (7.5 – 12.6)* 8.6 (3.5 – 21.4) *

Other 1.2 (0.69 – 2.1) 1.2 (1.0 – 1.4)* 1.1 (0.6 – 2.0)

Patient characteristics

Male gender 1.2 (0.9 – 1.6) 1.2 (0.9 – 1.5) 1.4 (1.0 – 1.8)*

Age at diagnosis 1.0 (1.0 – 1.0) 1.0 (1.0 – 1.0) 1.0 (1.0 – 1.0)

Interval diagnosis – treatment 1.0 (1.0 – 1.0) 1.0 (1.0 – 1.0) 1.0 (1.0 – 1.0)

Febrile seizures 1.2 (0.7 – 2.1) 1.3 (0.7 – 2.3) 1.4 (0.8 – 2.6)

Abnormal development before ESES onset 0.6 (0.5 – 0.9)* 0.6 (0.5 – 0.8)* 0.6 (0.4 – 0.8)*

CT / MRI abnormalities 0..8 (0.6 - 1.1) 0.8 (0.6 – 1.1) 1.0 (0.7 – 1.4)

CT / MRI abnormalities in non-surgically treated patients 0.7 (0.5 – 1.0)* 0.7 (0.5 – 1.0) 1.0 (0.7 – 1.4)

Number of previous treatments 1.2 (1.1 – 1.4)* 1.1 (0.9 – 1.3) 1.1 (0.9 – 1.0)

Legend: OR = odds ratio, AED = conventional anti-epileptic drugs, complete case = complete case analysis, 95% CI = 95% confidence 
interval, MI = pooled analysis after using multiple imputation methods, * = p < 0.05, Note: Multivariate analysis was performed using 
patient characteristics and treatment category as covariates

Predictors of treatment response
Subsequently, we analyzed possible predictors of treatment effect, including treatment 

category and patient characteristics (Table 3). “Any improvement” was associated with 

benzodiazepines, steroids and surgery when compared to treatment with AED. An abnormal 

development of patients prior to ESES onset was associated with no improvement after 

treatment. The presence of CT / MRI abnormalities in non-surgically treated patients and 



133

6

a lower number of previous treatments were significant predictors of poor treatment 

response in univariate analysis. However, this correlation did not sustain in multivariate 

analysis. These variables showed substantial differences among the treatment categories 

(table e-4). Male gender predicted better treatment response only in multivariate analysis 

of pooled data after multiple imputation. Separate analyses of possible predictors of EEG 

and cognitive outcome provided comparable results (table e-5).

Discussion

The results of this individual patient data meta-analysis suggest that treatment with 

steroids and surgery (in suitable candidates) are most effective in the treatment of ESES 

syndrome. Treatment success percentages (for EEG or cognitive improvement) were 

reported between 80 and 90% for steroids and surgery and these results are relatively 

preserved in the consecutive subgroup analysis. Benzodiazepines may be considered an 

appropriate alternative with 69% and 59% overall treatment success in all and consecutive 

patients respectively. Conventional anti-epileptic drugs were reported less effective in the 

included studies, with improvement seen in 49% and 34% of all patients and consecutive 

patients, respectively. Improvement most frequently reflected both EEG and cognitive 

outcomes. The strong influence of the treatment category chosen on treatment effect 

persists in a multivariate analysis with possible predictors. Among patient characteristics, 

developmental level before the onset of ESES was the only predictor with sustained 

significance in all analyses. 

Normal development before the onset of ESES was found to be a significant predictor 

of treatment success and this association was significant in all analyses. This confirms 

earlier observations that IQ,  presence and duration of cognitive impairment before the 

start of a treatment predict treatment response in patients with ESES.13, 22, 23 However, in 

many patients it is unclear if “pre-existent” abnormal development was unrelated to, or a 

first sign of “late recognized” ESES. Diagnostic delay is an important issue in children with 

epilepsy (especially in syndromes with non-convulsive seizures or status epilepticus ) and 

is associated with more severe cognitive impairment.24 In our multivariate analysis the 

number of previous treatments was not associated with treatment efficacy. This contrasts 

to the results of a large study of anti-epileptic drugs for epilepsy in general, where a strong 

decrease in efficacy is seen after failure of a previous AED.25 A possible explanation is that 

our approach focuses on cognition and EEG abnormalities and not on seizure freedom. 

Some treatments may have been prescribed primarily to control seizures, although 

they were reported in the context of an ESES diagnosis. In general, we hypothesize that 

there is a tendency to initially prescribe a conventional anti-epileptic drug (especially in 
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patients presenting with frequent seizures) or benzodiazepine and consider corticosteroids 

and surgery (often more successful) only in refractory cases. This hypothesis is supported 

by the observation that the mean number of previous treatment is higher for treatment 

with steroids and surgery than with AED in our dataset (table e-4). These differences could 

potentially result in higher success rates for the drugs prescribed later in the course of ESES 

syndrome. Overall, better outcomes have been reported in cases with unknown etiology, 

as compared to cases with structural lesions, except for surgically treated patients. 11, 13 We 

found that a structural lesion predicts unsuccessful treatment in univariate analysis for 

non-surgical treatments. However, this association could not be confirmed in multivariate 

analysis.

The results have to be interpreted in the setting of data acquisition. Many of the included 

studies are small and retrospective. These case reports and small case series may have been 

published because of an exceptionally good or bad treatment effect, causing selection and 

publication bias. This is consistent with the observed differences in treatment effect among 

all patients and in the subgroup of consecutive patients. The only randomized controlled trial 

compared levetiracetam treatment with placebo and found a significant reduction in spike-

wave activity. No significant influence on cognitive performance was observed. The broad 

inclusion criteria of this trial (SWI > 30%, many patients with only behavioral disturbances) 

and small sample size (n=18 after exclusion of dropouts) limit the clinical relevance of these 

findings. This study could not be included in this meta-analysis as insufficient individual 

patient data were available.17, 18 Additionally, the large heterogeneity of the included studies 

allowed analysis of qualitative outcome data only. Most authors clearly reported whether 

cognitive or EEG improvement was seen after treatment. We preferred to use quantitative 

data, however this was not possible due to missing quantitative data for a majority of 

patients. Furthermore, due to the limited size of the included studies it was not possible 

to account for heterogeneity between studies in the analysis. The analysis was limited to 

a fixed effect analysis of the individual patient data and data was treated as a single study 

dataset. Moreover, specific treatments that may differ in efficacy had to be clustered in our 

analysis, because the quality and quantity of data was insufficient for valid treatment-specific 

analysis. Furthermore, adverse effects and relapse rates are not included in the analysis 

because of missing data. Finally, we could not include treatment duration and dosage in the 

analysis as these were not reported in the majority of studies. Since follow-up periods are 

heterogeneous in different studies, we were not able to evaluate outcomes at comparable 

points in time. This point is particularly relevant in a disorder where natural fluctuations in 

severity occur over time. In this context, a positive or negative effect may be incorrectly 

attributed to a drug effect when it may have represented just a natural fluctuation in the 

course of the disease. Only prospective controlled trials with long follow-up will be able to 

distinguish natural fluctuations in the disease from treatment effects.
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The effect of treatment on seizure frequency was not included in this study, as we believe 

that cognitive disturbances and EEG abnormalities are the hallmarks of the syndrome and 

we considered these the most important outcomes of specific treatment for ESES syndrome.

Despite these challenges, this study provides valuable information. To our knowledge, 

it is the first pooled analysis of individual patient data evaluating the effect of different 

treatment regimens in patients with epileptic encephalopathy with ESES. The individual 

patient data meta-analysis approach allowed us to investigate the effect of a large 

number of individual treatments by combining the information from original articles with 

additional data provided by many authors. The adoption of an individual patient data 

analysis design has several advantages as compared to an aggregate analysis of literature 

reports only. Consistent in- and exclusion criteria can be used across studies and individual 

patients. In addition, individual patients’ missing data can be observed and accounted for 

in the analysis at the individual level. Furthermore, studies that contain overlapping sets 

of patients can be identified and excluded from analyses, and the use of individual patient 

data enhances the possibilities of statistical testing.21 We performed a subgroup analysis 

of consecutive patients, reducing the effects of publication bias. Additionally, a predictor 

analysis was reported. By using multivariate logistic regression analysis we limited the 

influence of many possible confounders.

Our data suggest that surgery may be the most effective treatment for children with ESES 

syndrome. However, many of these surgically treated patients had a structural lesion and 

it is unlikely that surgery is equally effective in patients with ESES syndrome of unknown 

etiology, and it is unclear which technique can be applied in these patients. Multiple 

Subpial Transection (MST) has been suggested as a treatment option in Landau-Kleffner 

Syndrome, but evidence is limited and it is unclear whether MST can also be beneficial in 

ESES patients with cognitive deficits outside the language domain.26 Furthermore, adverse 

effects were not included in this analysis and reported qualitative improvement may not 

be sufficient to justify the risk of surgery. However, it is likely that surgery is underutilized 

and that surgery should be considered sooner in the treatment of ESES patients with 

regression of cognitive functioning and a structural lesion that is accessible for resection 

or disconnection. 

In summary, this study provides new insights by combining the available evidence 

from mostly small and retrospective studies. Despite the large number of patients and 

treatments evaluated in the pooled analysis, no definite conclusions can be drawn on 

treatment effects. A very recent study showed that clinicians’ approaches to the treatment 

of ESES syndrome differ a lot and although the current study is a step forward, no general 

recommendations can be made.27 Further research is urgently needed to provide definite 
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answers regarding treatment of children with this, often devastating, epilepsy syndrome. A 

randomized controlled European multicenter trial was recently initiated and may provide 

further directions (RESCUE ESES, Randomized European trial of Steroids versus Clobazam 

Usage for Encephalopathy with Electrical Status Epilepticus in Sleep). 
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Supplementary data

Table e-1: Search Strategy in PubMed and Embase (subsequent rows were linked by “OR”)

(Electric OR Electrics OR Electrical) AND (Status OR static OR 
statics) AND sleep

Treatment OR Treatments OR Therapy OR Therapies OR 
Therapeutic

Continuous AND (spike OR spikes) AND (wave OR waves) AND 
sleep

Anticonvulsant OR anticonvulsants

Landau Kleffner OR (acquired epileptic aphasia) OR (acquired 
epileptiform aphasia) OR (acquired aphasia AND convulsive 
disorder) OR (acquired aphasia with convulsive disorder) OR 
(acquired auditory verbal agnosia)

Antiepileptic OR antiepileptics OR anti-epileptic OR anti-epileptics

benzodiazepine OR benzodiazepines

Steroid OR Steroids OR Corticosteroid OR Corticosteroids

Prednison OR prednisone OR prednisolon OR prednisolone

Methylprednison OR methylprednisone OR methylprednisolon OR 
Methylprednisolone
ACTH

Immunoglobulins OR IVIG

Ketogenic
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Table e-2:  Included studies

Author Year 
(of 
publication)

Study design Consecutive 
patients
(Yes / No)

Patients 
with ESES/
LKS (n)

Treatments 
analyzed 
(n)

Treatment 
category 
included

Outcome 
measure

Additional 
information 
provided
(Yes / No)

Aeby 2005 retrospective N 12 12 AED EEG, cognition N

Ansink 1988 retrospective N 1 1 AED cognition N

Appleton 1993 retrospective N 1 1 AED EEG, cognition, 
seizures

N

Arts 2009 prospective Y 6 14 IVIG, steroids, 
ketogenic 
diet

EEG, cognition, 
seizures

Y

Arvio 2005 prospective N 3 3 AED cognition, 
seizures

Y

Atkins 2011 prospective N 20 20 AED EEG N

Aykut 1996 retrospective N 1 1 steroids cognition, 
seizures

Y

Battaglia 2003 retrospective N 1 1 AED EEG, cognition N

Battaglia 2009 retrospective N 2 2 surgery EEG, cognition, 
seizures

N

Bergqvist 1999 retrospective N 3 3 ketogenic diet EEG, cognition, 
seizures

N

Boel 1989 retrospective N 1 6 AED, BZD EEG, cognition, 
seizures

N

Buisson 2006 retrospective N 2 3 steroids, 
surgery

EEG, cognition, 
seizures

N

Buzatu 2009 retrospective Y 44 44 steroids EEG, cognition, 
seizures

Y

Capovilla 2004 retrospective N 3 3 AED EEG, cognition, 
seizures

Y

Caraballo 
(5 articles)

2001 / 2008 / 
2010 / 2011 / 
2013

retrospective Y 117 169 AED, BZD, 
steroids

EEG, cognition, 
seizures

Y

Castillo 2008 retrospective N 1 2 ketogenic 
diet, surgery

EEG, cognition, 
seizures

N

Chhun 2011 prospective N 6 6 AED EEG, cognition, 
seizures

N

Coutinho dos 
Santos

2002 retrospective N 2 2 AED, steroids EEG, cognition, 
seizures

N

De Negri 1995 prospective N 16 16 BZD EEG, cognition N

De Volder 1994 retrospective N 1 2 steroids, 
surgery

EEG, cognition, 
seizures

N

Deuel 1977 retrospective N 1 4 AED, BZD EEG, cognition, 
seizures

N

Fandino 2011 retrospective N 3 4 AED, steroids EEG, cognition, 
seizures

N

Fejerman 2012 retrospective N 53 53 AED EEG, cognition, 
seizures

Y

Gallagher 2006 retrospective N 1 2 steroids EEG, cognition, 
seizures

N
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Author Year 
(of 
publication)

Study design Consecutive 
patients
(Yes / No)

Patients 
with ESES/
LKS (n)

Treatments 
analyzed 
(n)

Treatment 
category 
included

Outcome 
measure

Additional 
information 
provided
(Yes / No)

Grote 1999 retrospective N 14 14 surgery EEG, cognition N

Guerrini 1998 retrospective N 3 3 AED EEG, cognition, 
seizures

Y

Haberlandt 2010 retrospective N 5 5 steroids EEG, cognition, 
seizures

Y

Hirsch/
Marescaux

1990 retrospective N 5 28 AED, BZD, 
steroids

EEG, cognition, 
seizures

N

Hoppen 2003 retrospective N 1 1 AED EEG, cognition, 
seizures

N

Huppke 2005 retrospective N 1 1 AED EEG, cognition, 
seizures

N

Inutsuka 2006 retrospective N 13 20 AED, BZD, 
steroids

EEG N

Irwin 2001 retrospective Y 5 7 steroids, 
surgery

EEG, cognition, 
seizures

N

Jocic-Jakubi 2007 retrospective N 1 1 BZD EEG, cognition, 
seizures

Y

Kanemura 2009 retrospective N 1 1 BZD EEG, cognition, 
seizures

Y

Kanemura 2013 prospective Y 1 1 AED EEG, cognition, 
seizures

Y

Kang 2006 retrospective N 1 1 ketogenic diet EEG, cognition, 
seizures

Y

Kersbergen 2013 prospective Y 4 13 AED, BZD, 
steroids, IVIG

EEG, cognition, 
seizures

Y

Kelemen 2006 retrospective N 1 1 steroids EEG, cognition, 
seizures

Y

Kellerman 1978 retrospective N 1 1 steroids cognition N

Kossoff 2003 retrospective N 1 1 AED EEG, cognition Y

Kramer / 
Kramer / Geva-
Dayan

2006 / 2009 / 
2012

retrospective Y 30 212 AED, BZD, 
steroids, IVIG
surgery

EEG, cognition Y

Lagae 1998 retrospective N 1 3 steroids, IVIG EEG, cognition, 
seizures

Y

Lanzi 1994 retrospective N 1 3 steroids EEG, cognition, 
seizures

N

Lerman 1991 retrospective N 4 7 AED, steroids EEG, cognition, 
seizures

N

Li 1996 retrospective N 3 5 AED, BZD, 
steroids

EEG, cognition, 
seizures

N

Liukkonen 2010 prospective Y 32 32 AED, BZD, 
steroids

EEG, cognition, 
seizures

Y

Loddenkemper 2009 retrospective Y 8 8 surgery EEG, cognition, 
seizures

Y

Maquet 1995 retrospective N 2 4 BZD, steroids EEG, cognition, 
seizures

N
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Author Year 
(of 
publication)

Study design Consecutive 
patients
(Yes / No)

Patients 
with ESES/
LKS (n)

Treatments 
analyzed 
(n)

Treatment 
category 
included

Outcome 
measure

Additional 
information 
provided
(Yes / No)

Margari 2012 prospective Y 25 17 AED EEG, cognition, 
seizures

Y

Mikati/Fayad/
Mikati

2002/1997/
2000

prospective Y 5 5 IVIG EEG, cognition, 
seizures

N

Monteiro 2001 retrospective N 1 1 steroids EEG, cognition, 
seizures

N

Morrell 1995 prospective N 3 3 surgery cognition, 
seizures

N

Mosely 2012 retrospective N 1 1 surgery EEG, cognition, 
seizures

N

Nakayama 2012 retrospective N 1 1 AED EEG, seizures N

Nass 1993 retrospective N 1 1 surgery EEG, cognition, 
seizures

N

Neville 1997 retrospective N 1 2 steroids, 
surgery

cognition, 
seizures

N

Nikanorova 2009 prospective N 5 5 ketogenic diet EEG, cognition N

Okayuz 2005 retrospective N 1 1 steroids EEG, cognition, 
seizures

N

Paquier 1992 prospective N 3 3 AED, steroids cognition, 
seizures

N

Paquier 2009 retrospective N 2 3 AED, BZD EEG, cognition, 
seizures

N

Pascual-
Castroviejo

1992 retrospective N 3 4 AED, steroids EEG, cognition, 
seizures

N

Peltola 2011 retrospective Y 13 13 surgery EEG, cognition, 
seizures

Y

Perniola 1993 retrospective N 1 1 steroids EEG, cognition, 
seizures

N

Praline/
Hommet

2003/2000 retrospective N 7 14 AED, BZD EEG, cognition, 
seizures

Y

Praline 2006 retrospective N 1 1 BZD EEG, cognition Y

Prats 1998 retrospective N 5 5 AED, BZD EEG, cognition, 
seizures

N

Raha 2012 prospective Y 10 18 steroids, IVIG, 
ketogenic 
diet

EEG, cognition Y

Rinthaka 1995 retrospective N 1 2 AED, steroids EEG, cognition, 
seizures

N

Roulet-Perez 1991 retrospective N 1 1 AED EEG, cognition, 
seizures

N

Roulet-Perez 1993 prospective N 1 1 AED EEG, cognition N

Roulet-Perez 1998 retrospective N 1 2 AED, surgery EEG, cognition, 
seizures

N

Roulet-Perez / 
Kallay 

2010/2009 prospective N 1 1 surgery EEG, cognition, 
seizures

N
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Author Year 
(of 
publication)

Study design Consecutive 
patients
(Yes / No)

Patients 
with ESES/
LKS (n)

Treatments 
analyzed 
(n)

Treatment 
category 
included

Outcome 
measure

Additional 
information 
provided
(Yes / No)

Saaldeldin 2011 retrospective N 1 1 AED EEG, cognition, 
seizures

N

Sanchez 
Fernandez – 
Epilepsia

2012 retrospective Y 9 9 AED, BZD, 
steroids, IVIG, 
VNS

EEG, cognition, 
seizures

Y

Sanchez 
Fernandez 
–Pediatric 
Neurology

2012 retrospective Y 29 29 BZD EEG, cognition, 
seizures

Y

Sawhney 1995 1995 retrospective N 3 3 surgery EEG, cognition, 
seizures

N

Sayit 1999 retrospective N 1 1 steroids EEG, cognition, 
seizures

N

Seegmuller 2012 retrospective N 1 1 BZD cognition N

Sinclair 2005 prospective N 10 10 steroids EEG, cognition, 
seizures

N

Stroink 1997 retrospective N 1 1 steroids EEG, cognition, 
seizures

N

Stulpnagel 2010 retrospective N 6 6 AED EEG, cognition, 
seizures

N

Tachikawa 2001 retrospective N 1 3 AED, steroids EEG, cognition, 
seizures

Y

Tharpe 1991 retrospective N 1 1 AED cognition N

Tohyama 2011 retrospective N 1 1 steroids cognition N

Tsuru 2000 retrospective N 2 5 AED, BZD, 
steroids

EEG, cognition, 
seizures

N

Uldall 2000 retrospective N 1 2 steroids EEG, cognition, 
seizures

N

van de Sandt-
Koenderman

1984 retrospective N 1 1 AED EEG, cognition N

van Hirtum-
Das

2006 retrospective N 1 1 surgery EEG, cognition, 
seizures

N

Varga 2011 prospective N 5 5 transcranial 
direct current 
stimulation

EEG N

Vigliano 2010 retrospective N 1 1 surgery cognition, 
seizures

N

Wakai 1997 retrospective N 1 1 AED EEG, cognition, 
seizures

N

Wang 2008 prospective N 5 5 AED EEG, cognition, 
seizures

N

Wirrel 2006 retrospective N 1 1 AED EEG, cognition, 
seizures

N

Yan Liu 2000 retrospective N 9 9 BZD EEG, cognition, 
seizures

N
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Author Year 
(of 
publication)

Study design Consecutive 
patients
(Yes / No)

Patients 
with ESES/
LKS (n)

Treatments 
analyzed 
(n)

Treatment 
category 
included

Outcome 
measure

Additional 
information 
provided
(Yes / No)

Yasuhara 1991 retrospective N 2 2 BZD EEG, cognition, 
seizures

N

You 2008 retrospective N 2 2 steroids EEG, cognition, 
seizures

Y

Zardini 1994 retrospective N 1 1 steroids EEG, cognition, 
seizures

N

Zhang 2010 retrospective N 1 1 AED EEG, cognition, 
seizures

N

Legend: Author: If more than one author is mentioned, the included patients were described in more than one article. Study design: reported as 
prospective if this is clear from the article or additional information by the author. Otherwise reported as retrospective. Treatment category included: 
AED = conventional anti-epileptic drugs, BZD = benzodiazepines

Table e-3: Distribution of patient characteristics among patients with known versus unknown 
etiology

Patients with 
known etiology*

Patients with 
unknown etiology*

p-value for 
comparison

Number of patients 246 186

Male 144 / 244 (59%) 113 / 186 (61%) 0.79

Abnormal perinatal history 115 / 183 (63%) 14 / 95 (15%) 0.00

Positive family history for epilepsy 20 / 135 (15%) 22 / 74 (30%) 0.02

History of Febrile seizures 14 / 205 (7%) 10 / 149 (7%) 1.00

Mean / median age at seizure onset 35 / 33 months
( n = 199 )

52 / 48 months
( n = 111 )

0.00

Mean / median age at developmental delay, arrest or regression 67 / 61 months
( n = 148 )

70 / 70 months
( n = 77 )

0.31

Mean / median age at ESES diagnosis 75 / 72 months
( n = 210 )

76 / 78 months
( n = 136 )

0.81

CT / MRI abnormalities 206 / 233 (88%) 6 / 150 (4%) 0.00

Abnormal development prior to ESES onset 118 / 177 (67%) 41 / 108 (38%) 0.00

Type of (previous) seizures:
          none
          focal
          generalized
          both

2 / 228 (1%)
109 / 228 (48%)
38 / 228 (17%)
79 / 228 (35%)

4 / 145 (3%)
69 / 145 (48%)
23 / 145 (16%)
49 / 145 (34%)

0.57

Frequency of seizures at inclusion:
          none
          monthly
          weekly
          daily

6 / 143 (4%)
60 / 143 (42%)
22 / 143 (15%)
55 / 143 (39%)

19 / 87 (24%)
30 / 81 (37%)
13 / 81 (16%)
19 / 81 (24%)

0.00

Mean / median follow up duration after start of treatment 26 / 24
( n = 15 )

29 / 25 weeks
( n = 17 )

0.33

Legend: * In 246 patients with known etiology a genetic etiology was reported in 29, a structural etiology in 215 and a metabolic 
etiology in 2 patients. In 186 patient an unknown etiology was reported and for 143 patient no data regarding etiology was available.
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Table e-4: Distribution of significant predictors  in univariate analysis, not in multivariate 
analysis among treatment categories

Treatment CT / MRI Abnormalities (% after 
multiple imputation)

Mean number of previous treatments
(after multiple imputation)

AED (n=495) 45% 2.7

Benzodiazepines (n=171) 42% 3.0

Steroids (n=166) 34% 3.0

Surgery (n=62) 58% 4.0

Other (n=56) 33% 3.1

Legend: AED = conventional anti-epileptic drugs, note: Multivariate analysis was performed using the patient characteristics and 
treatment category as covariates.

Table e-5: Predictors of treatment response (cognition, EEG

Patient characteristics Cognition
OR (95% CI) Multivariate (MI)

EEG
OR (95% CI) Multivariate (MI)

Male gender 1.3 (1.0-1.7) 1.4 (1.1 - 1.9)

Age at diagnosis 1.0 (1.0 – 1.0) 1.0 (1.0 – 1.0)

Interval diagnosis - treatment 1.0 (1.0 – 1.0) 1.0 (1.0 – 1.0)

Febrile seizures 1.4 (0.8 – 2.4) 1.6 (0.8 -  3.1)

Abnormal development before ESES onset 0.6 (0.4 – 0.8) 0.5 (0.4 – 0.7)

CT / MRI abnormalities 0.7 (0.5 – 1.0) 1.0 (0.7 - 1.5)

Number of previous treatments 1.1  (1.0-1.3) 1.1 (0.9 – 1.3)

Legend: OR = odds ratio, 95% CI = 95% confidence interval, MI = pooled analysis after using multiple imputation methods, note: 
Multivariate analysis was performed using the patient characteristics and treatment category as covariates.
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Abstract

Objective: Electrical status epilepticus in sleep (ESES) syndrome is characterized by 

near-continuous sleep-induced epileptiform activity and acquired cognitive deficits. 

Treatment is assumed mandatory to improve cognitive outcome. We aimed to compare 

EEG characteristics, subjective evaluation and objective neuropsychological assessment 

as measures to evaluate treatment efficacy, and to analyze possible predictors.

Methods: We retrospectively included patients with ESES syndrome treated in our 

center. Treatment effect was analyzed on sleep EEG spike wave index (SWI) and cognitive 

functioning.

Results: 47 patients had 147 (43 steroid and 104 non-steroid) treatments. Cognitive 

improvement was reported after 36% of treatments at first follow-up and 45% of 

treatments at last follow-up. The median SWI change for treatments resulting in subjective 

cognitive improvement was -44%, and  0% for those not resulting in subjective cognitive 

improvement at first follow-up (p=0.008) and -50% vs. +5% at last follow-up (p=0.002). 

No clear association between subjective cognitive improvement and IQ change, and 

between SWI and IQ change was found. By means of logistic regression we found that 

steroid treatment, as compared to non-steroid treatment, was associated with cognitive 

improvement at first follow-up (multivariate OR after multiple imputation 2.5, 95% CI 1.1-

5.7), while at last follow-up, higher age at diagnosis was related to cognitive improvement 

only in univariate analysis (OR 1.02, 95% CI 1.01-1.04).

Conclusions: We found that in children with ESES, cognitive improvement after treatment 

was strongly associated with SWI decrease, while it was not reflected by a significant IQ 

increase. Steroid treatment was most successful in improving cognitive performance.

Highlights
•	 Treatment of ESES syndrome aims to improve cognitive outcome.

•	 Improvement of daily functioning after treatment was strongly associated with SWI 

decrease.

•	 Improvement of daily functioning and SWI change were not reflected by IQ change.

•	 Steroid treatment was most successful in improving cognitive performance.

•	 Higher age at diagnosis was related to cognitive improvement after treatment.
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Introduction

Encephalopathy with electrical status epilepticus in sleep (ESES), ESES syndrome and 

continuous spikes and waves during sleep (CSWS) have been used interchangeably to 

define patients with an EEG pattern of near-continuous spike and wave discharges during 

non-REM sleep and acquired neuropsychological deficits. Typical cases have a spike wave 

index (SWI) of at least 85% during non-REM sleep, while in recent years cases with a SWI of 

50-85% were added to the spectrum.[1–5] This epilepsy syndrome is typically age related, 

presenting at an age between 2 and 14 years, with a peak at 4 to 8 years. Although seizures 

are present in the majority of patients and can form a serious burden, cognitive decline is 

the most frightening symptom of the disorder.[2,6,7] While the ESES EEG pattern resolves 

during puberty, cognitive deficits often remain.[2]

Structural brain abnormalities have been reported in 20-50% of patients with ESES and 

an important role of the thalamus has become evident from recent studies.[8–12] Also, 

etiological as well as treatment studies have linked inflammation to ESES.[13,14] How ESES 

leads to cognitive decline is incompletely understood. The epileptiform activity has been 

suggested to interfere with normal recuperative functions of sleep, thereby adversely 

affecting learning abilities, language, memory and other cognitive domains.[15,16]

Early and adequate treatment of ESES is assumed mandatory to prevent further 

cognitive decline and possibly recover skills that were lost. A recent study has shown 

that treatment strategies vary widely between clinicians. [17] No adequately powered 

randomized controlled trials are available and evidence is limited to mostly small and 

retrospective case series. A pooled analysis of 575 cases reported in literature revealed 

that conventional anti-epileptic drugs are often not successful in improving cognitive 

outcome, while benzodiazepines and steroids seem better alternatives. Surgery is highly 

successful in selected cases. [8] Although a causative relation is assumed, it is unclear 

whether resolution of the ESES EEG pattern is necessary for treatment efficacy or can 

serve as a predictive biomarker.[18] Cognitive improvement should be leading, but its  

assessment is often based on subjective measures (parents’ opinion, clinician’s judgment).

In a large, single center cohort study of patients with ESES syndrome we aimed to address 

the following questions : (1) What is the effect of treatment on cognitive functioning 

and EEG-abnormalities? (2) Is there an association between EEG response to treatment, 

measured as a change of  the spike-wave index, subjective cognitive functioning and IQ 

test results?, and (3) what are predictors of cognitive outcome?
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Methods

Patients
We retrospectively selected all children with epileptic encephalopathy with ESES, further 

called ESES syndrome, who consulted the pediatric neurology clinic of the UMC Utrecht, 

the Netherlands between January 2002 and December 2013. The study was approved by 

the medical ethics committee who judged that the Dutch Medical Research Involving 

Human Subjects Act did not apply.

Patients were selected according to predefined inclusion criteria: 1) a diagnosis of ESES 

syndrome before the age of 12 years, since improvement of the ESES EEG pattern afterward 

is expected in the natural course of the disorder,[19] 2) availability of a diagnostic EEG 

performed during sleep (either a whole night EEG or a nap EEG after sleep deprivation) with 

a SWI during sleep of at least 50% and 3) presence of acquired cognitive deficits or behavior 

disorders, including cases with a clear deterioration in the context of a pre-existing delay.

To analyze  the effect of treatment on cognitive functioning and follow up EEG, the 

treatments were included if they fulfilled the following criteria: 1) follow-up duration of at 

least one month after start of treatment (without another concurrent treatment change), 

2) availability of a sleep deprived or whole night EEG before and after this treatment and 3) 

availability of information on (subjectively or objectively assessed) cognitive functioning 

and behavior before and after the treatment. Treatments were excluded from the analysis 

if they were given before ESES was diagnosed, if more than one pharmacologic treatment 

was started at the same time or if the treatment was given at a subtherapeutic dose.

Clinical data collection and coding
Baseline data on gender, perinatal history, etiology (MRI, genetic and metabolic test 

results), neurodevelopment, behavior, history of febrile seizures, family history of epilepsy, 

the date of diagnosis of ESES, the age at diagnosis of ESES, presence of seizures, age at 

seizure onset, seizure semiology, the IQ at diagnosis of ESES and the total number of 

treatments for ESES was extracted from the medical charts.

In addition the following data was collected for individual treatments: date at start and stop 

of treatment, duration of treatment, treatment type and category (AED, benzodiazepines, 

steroids, surgery, IVIG or other), dosages, and number of previous treatments for ESES. 

If a patient was treated with steroids, the first follow-up after completing the intended 

schedule (in most cases 6 monthly methylprednisolone pulses) was considered first 

follow-up after treatment. If a patient was treated with daily oral steroids, any follow-up 

visit at least one month after treatment initiation was considered the first follow up. If 
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multiple different steroid regimens were given in one patient, each was counted as a 

single treatment (e.g. 6 methylprednisolone pulses and a year later oral prednisolone 

treatment were included as two separate steroid treatments). For each treatment, 

information on cognitive functioning (based on neuropsychological assessment, when 

available, or based on the report of the treating doctor), behavioral problems (scored as 

mild, moderate or severe according to Massa et al)[20] and seizure frequency before and 

after treatment were collected. The follow-up results after a treatment were collected for 

both first-follow up after reaching the intended dosage as well as last follow-up before the 

start of another treatment or the last follow-up before May 1, 2014. If only one follow-up 

visit was available, this was included as the first follow-up after treatment.

EEG data acquisition and quantification of epileptiform activity
All EEGs were recorded at 21 scalp electrodes according to the international 10-20 system. 

All EEG data was collected using the SystemPlus Evolution Micromed software package. 

SWIs of EEGs were calculated by an experienced EEG technician (SD) or other researchers 

(CA or BvdM) and 20% was checked by an experienced epileptologist (FEJ).

The SWI of each EEG was calculated in an epoch of ten minutes (600 seconds) duration, 

starting five minutes after the alpha attenuation or after sleep clinically had commenced. 

The number of seconds containing epileptiform discharges was divided by the total 

number of seconds in the epoch (600) and multiplied by 100 to reflect the SWI as a 

percentage.

Outcome definition
Primary outcomes for this study were change in cognitive functioning and SWI change. 

Subjective improvement of cognitive functioning was defined as present or absent based 

on medical chart review (parents’ and clinician’s judgment). If a neuropsychological 

assessment was available before and after an individual treatment, total IQ data were also 

used for analysis of treatment efficacy. Secondary outcomes were change in behavior, 

seizure frequency and side-effects of treatment.

Statistical analysis
The SWI and IQ data were assessed for normality with Q-Q plots and with a Shapiro-

Wilk test. Based on the distribution of the data, either a parametric (student’s t-test) or 

non-parametric test (Mann-Whitney U-test) was used for comparison of two groups. The 

agreement between the SWIs calculated by two researchers was assessed with a Bland-

Altman plot and a two dependent samples test. Two independent samples tests were 

used to investigate the possible association between change in subjectively assessed 

cognitive functioning, IQ change and SWI change. 
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A complete case logistic regression analysis was performed to investigate possible 

predictors of cognitive improvement after treatment. Baseline variables that were 

considered of potential relevance were included in a univariate analysis. We also performed 

multiple imputation in SPSS (regression method) to create 10 imputed datasets using 

these variables and the output variables to account for missing data. Based on the results 

of the univariate analysis after multiple imputation, the variables with a p-value below 0.2 

were subsequently entered in a multivariate model.

Results

Patient characteristics
Of 57 patients who were diagnosed with ESES syndrome, 47 (82,5%) met the inclusion 

criteria. Nine patients were excluded because SWIs did not exceed 50%, one patient never 

received treatment. The mean age at diagnosis of the included patients was 6,8 years and 

a male preponderance was seen (61,7%). Twenty-two patients had MRI abnormalities: 13 

patients had vascular abnormalities, 7 patients had developmental malformations and 2 

patients had hippocampal sclerosis. Genetic abnormalities included a KCNB1 mutation 

and copy number variants on chromosome 5, 9, 7 15 and 16. In the 47 included patients 

148 treatments were given. One treatment was excluded because insufficient clinical data 

was available. The patient and treatment selection process is shown in figure 1. Baseline 

characteristics of the included patients are shown in table 1.

Table 1: Baseline patient characteristics (n=47)

mean / median age at ESES diagnosis (years, SD) 6.8 / 6.8 (2.3), n=47
male gender 29 (62%)

complicated pregnancy 11 / 47 (23%)

complicated delivery 17 / 47 (36%)

abnormal MRI 22 / 45 (49%)

abnormal genetic testing 9 / 28 (32%)

history of febrile seizure 9 /45 (20%)

family history positive for epilepsy / seizures 8 / 47 (17%)

abnormal development before ESES diagnosis 18 /45 (40%)

mean / median total IQ at diagnosis (SD) 76 / 76 (22), n=44

abnormal motor development 14 / 47 (30%)

abnormal language development 16 / 47 (34%)

behavioral deficit* 36 / 46 (78%)

any seizures 42 / 45 (93%)

Legend:
For categorical variables the number of patients with this finding and the total number of patients for whom this variable is available are 
shown. Percentages shown represent the proportion of the patients for which this variable is available. * Behavioral deficit as reported 
at time of ESES diagnosis. 
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Clinical diagnosis of 
ESES (n=57)

Included  patients (n=47)

All treatments (n=148)

Excluded treatments 
(n=1): 

No information available

Included treatments 
(n=147)

Steroids (n=43)

Non-steroids (n=104)

Excluded (n=10):
SWI <50% (n=9) or no treatment 

given for Landau Kleffner Syndrome 
(n=1)

Figure 1: Flow chart patient and treatment selection
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Effect of treatment on cognitive performance and EEG abnormalities
The effect of treatment on cognitive performance was assessable for 119 (81%) treatments 

at first follow-up (mean follow-up 4.7 months) and 94 (63,9%) at last follow-up (mean 

follow-up 13.1 months). Cognitive improvement was reported after 36% of treatments 

at first follow-up and 45% of treatments at last follow-up. For those treatments for which 

an IQ before and after this individual treatment was available, the mean change in IQ was 

-1.7 points (median -0.5, n=40) at first follow-up and -1.5 points (median -2.0, n=11) at last 

follow-up.

The calculation of spike-wave indices showed good agreement between researchers 

(p for Wilcoxon signed ranks test 0,655). The median SWI change (compared to before 

treatment) was -5% (mean -21%) at first follow-up and -24% (mean -31%) at last follow-up.  

A subgroup analysis was performed, including only the first treatments after the diagnosis 

of ESES (n=44). At first follow-up after first treatments, subjective cognitive improvement 

was reported in 46% (17 of 37), and the median change in spike-wave index was -23% 

(mean -32%, n=30). At last follow-up after first treatments cognitive improvement was 

reported in 57% (16 of 28) and the median change in spike-wave index was -21% (mean 

-26%, n=15). For those patients for whom an IQ test was available both before and after this 

first treatment, not interfered by another treatment change, the median IQ change was 0 

(mean -1,  n=21). If any IQ measurement after treatment (regardless of other treatments) 

is considered, the median IQ change was -1 (mean -1, n=28).

Association of subjectively reported cognitive improvement and measured 
IQ change
For all treatments (n=33) where IQ scores were available both before and after therapy, 

we correlated the subjective evaluation by parents with the objectively measured change 

in IQ scores.(table 2) At first follow up, treatments that – according to parents – led to 

improvement were associated with a median IQ change of only +2.0 points (mean -0.4). 

Those without subjective improvement were associated with a median IQ change of 

-7 (mean -4.5, p=0,32). At last follow-up, IQ scores and subjective data both before and 

after therapy were available for only 8 treatments (after 7 of these treatments cognitive 

improvement was reported) and no significant association was found.

Association of subjectively reported cognitive improvement and SWI change
For all treatments where sleep EEGs were available both before and after therapy, we 

correlated the evaluation by parents with the change in SWI. (table 2) At first follow up 

(n=62), treatments that – according to parents – led to improvement were associated with 

a median SWI change of -44% (mean -40%). Despite this decrease in SWI, 48% had EEGs 
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that still fulfilled the criteria of ESES (SWI > 50%). Those without subjective improvement 

were associated with a median SWI change of 0% (mean -8%). The SWI change was 

significantly different in the patients with subjective cognitive improvement, compared 

to those without subjective improvement (p=0.008). At last follow-up, treatments (n=28) 

that – according to parents – led to cognitive improvement were associated with a median 

SWI change of -50% (mean -45%), although 53% still fulfilled the criteria of ESES. Those 

without subjective cognitive improvement were associated with a median SWI change of 

+5% (mean +4%). Again, this difference is clearly significant (p=0.002). 

Table 2: Comparison of IQ change and SWI change between patients who showed subjective 
cognitive improvement at first follow-up and patients who did not

first follow-up last follow-up
IQ change 

(mean / median)
SWI change 

(mean / median) 
IQ change* 

(mean / median)
SWI change 

(mean / median)

Cognitive improvement

Yes -0.4 / +2.0 -40% / -44% -4.2 / -2.0 -45% / -50%

n 18 / 43 25 / 43 7 / 42 21 / 42

No -4.5 / -7.0 -8% / 0.0% +2.0 / +2.0 +4% / +5%

n 15 / 76 37 / 76 1/52 7 / 52

Pbetween groups 0.32 0.008 0.42 0.002

Legend:
Pbetween groups: p-value for comparison between the patients who showed cognitive improvement and the patients who did not show 
cognitive improvement.
n: number of treatments for which both subjective cognitive data and objective data (IQ / SWI) are available / total number of 
treatments. EEG data were more widely available than IQ data, resulting in higher numbers that could be analyzed.
* : due to the limited availability of IQ data at last follow-up the comparison was based on only 8 patients (7 with subjectively reported 
improvement, 1 without subjectively reported improvement)

Correlation between IQ (change) and SWI (change)
In a comparison of baseline IQ and baseline SWI (before the first treatment was started) 

no significant correlation was found (Spearman’s Rho 0.155, p=0.397). The treatments for 

which  IQ and SWI were available both before and after treatment, were analyzed for 

possible correlations between SWI change and IQ change after treatment. No significant 

correlation was found at first follow-up (Spearman’s Rho 0.251, p=0.166, n=32). At last 

follow-up a significant positive correlation was found between SWI change and IQ change 

(Spearman’s Rho 0.857, p=0.014, n=7).

Reported effect of different treatment categories
The first treatment prescribed after the diagnosis of ESES was a conventional anti-epileptic 

drug (AED) in 10 patients, a benzodiazepine in 21 children, a corticosteroid in 14 and 

another treatment in one child. Subjective cognitive improvement at first follow-up  was 

reported in 43% of the children first treated with AED, in 37% of those first treated with 
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a benzodiazepine, and 64% of patients first treated with a corticosteroid. At last follow-

up (prior to subsequent treatments) this was 50%, 50% and 83% of patients respectively 

(supplementary table 1). IQ before and after the first treatment, without another interfering 

treatment, was available for only a limited number of patients. Therefore, we also included 

the difference in IQ (delta IQ) before and after the first treatment regardless of other 

treatments (i.e. the first IQ after the first treatment and the last available IQ compared to 

the baseline IQ before the first treatment) in supplementary table 1. EEG showed a median 

spike-wave index change of +3% (AED), -9% (benzodiazepines) and -56% (corticosteroids) 

at first follow-up and +6% (AED), -4% (benzodiazepines) and -58% (corticosteroids) at last 

follow-up. (supplementary table 2)

If all subsequent treatments are also included in the analysis, 35 AED treatments (most 

often levetiracetam) were associated with subjective cognitive improvement in 23% 

at first follow up (46% at last follow-up), 39 benzodiazepine treatments (most often 

clobazam) with 32% at first follow-up (36% at last follow-up), and 43 corticosteroid 

(methylprednisolone, prednisolone or dexamethasone) treatments with cognitive 

improvement in 53% at first follow-up (58% at last follow-up). Surgery was associated 

with reported cognitive improvement in 1 of 2 cases (50%) at first follow-up (100% at last 

follow-up) and intravenous immunoglobulins in 4 of 12 treatments (33%) at first follow-

up (36% at last follow-up). A detailed overview of cognitive performance and SWI change 

after all treatments (n=147) at first and at last follow-up can be found in supplementary 

table 3.

Predictors of subjectively assessed cognitive improvement after treatment
With univariate analysis we found that at first follow-up after a specific treatment, the 

number of previous treatments (OR 0,78; 95% CI 0.64 – 0.95) and the use of corticosteroids 

compared to AED (OR 3.7; 95% CI 1.2 – 11.4)) were significantly associated with cognitive 

improvement and this finding was confirmed in the univariate analysis after multiple 

imputation. (table 3) In a subsequent multivariate analysis after multiple imputation, 

only the use of corticosteroids (compared to any other treatment category) was 

significantly associated with cognitive improvement at first follow-up (OR 2.5; 95% CI 1.1 

– 5.7). The influence of the number of previous treatments on cognitive improvement 

at first follow-up of treatment is displayed in figure 2. A decreasing trend in proportion 

of subjective cognitive improvement was seen with an increasing number of previous 

treatments, although cognitive improvement was reported still relatively often after the  

fourth treatment.
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Table 3: Possible predictors of cognitive improvement at first follow-up

Treatment category OR (95% CI)
Univariate CC

OR (95% CI)
Univariate MI

OR (95% CI)
Multivariate MI

AED reference reference reference

Benzodiazepines 1.6 (0.5 – 5.2) 1.4 (0.3 – 5.5) reference

Steroids 3.7 (1.2 – 11.4) 3.3 (1.1 – 10.4) 2.5 (1.1 – 5.7)

Surgery 3.3 (0.2 - 61.7) 2.8 (0.1 – 54.5) Reference

IVIG 1.7 (0.4 – 7.5) 1.4 (0.3 – 7.0) Reference

Other 1.1 (0.2 – 7.5) 1.3 (0.2 – 6.5) Reference

Patient / treatment characteristics

Male gender 0.9 (0.4 – 2.0) 0.9 (0.4 – 2.0) *

Age at diagnosis 1.01 (0.99 – 1.02) 1.01 (0.99 – 1.02) *

Interval diagnosis – treatment 0.98 (0.95 – 1.00) 0.98 (0.95 – 1.01) 0.99 (0.96 – 1.02)

Abnormal development before ESES onset 0.6 (0.3 – 1.3) 0.6 (0.3 – 1.2) 0.6 (0.3 – 1.4)

MRI abnormalities 1.4 (0.6 – 3.0) 1.3 (0.6-2.9) *

Number of previous treatments 0.78 (0.64 – 0.95) 0.77 (0.63 – 0.95) 0.81 (0.63 – 1.03)

Legend: 95% CI = 95% confidence interval, CC = complete case analysis, MI = analysis of multiple imputation dataset. N = 119 for 
complete case analysis, n=147 for analysis after multiple imputation.
*=Not included in multivariate model, because p>0.20 in univariate analysis

Figure 2: Cognitive improvement at first follow-up after treatment, related to the treatment 
number after the diagnosis of ESES.
The treatment number refers to the order in which treatments were given, i.e. the first treatment is treatment 
1, the fifth treatment is treatment 5. The height of the bars reflects the percentage of treatments that was 
effective, the number on top of the bars reflects how many patients received this number of treatments, i.e. 
a fifth treatment was given in 8 patients, of which 7 had a non-steroid and 1 a steroid treatment and 12.5% 
of fifth treatments were successful.
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At last follow-up, higher age at diagnosis of ESES (OR 1.02; 95% CI 1.01 – 1.04) showed an 

association with cognitive improvement, however this association was not significant in 

the multiple imputation dataset. (table 4) 

Secondary outcomes: behavior, seizure frequency and side effects
Due to small numbers of patients in the different treatment categories we limited the 

analysis of secondary outcomes to a comparison of steroid versus non-steroid treatments. 

No significant differences were found in the effect of treatment on behavioral problems, 

seizure frequency and side effects between steroid treatments and non-steroid treatments.

Table 4: Possible predictors of cognitive improvement at last follow-up

Treatment category OR (95% CI)
Univariate

CC

OR (95% CI)
Univariate

MI
AED reference reference

Benzodiazepines 0.7 (0.2 – 2.0) 0.6 (0.2 -2.1)

Steroids 1.6 (0.5 – 5.5) 1.2 (0.2 – 6.8)

Surgery N/A (2/2 positive) N/A (2/2 positive)

IVIG 0.7 (0.2 – 2.9) 0.6 (0.1 – 2.7)

Other 0.8 (0.2 – 3.5) 0.7 (0.1 – 3.5)

Patient / treatment characteristics

Male gender 0.9 (0.4 – 2.2) 1.0 (0.4 – 2.4)

Age at diagnosis 1.02 (1.01 – 1.04) 1.02 (0.99 – 1.04)

Interval diagnosis – treatment 1.00 (0.98 – 1.02) 1.00 (0.98 - 1.03)

Abnormal development before ESES onset 0.6 (0.3 – 1.3) 0.7 (0.2 – 2.2)

MRI abnormalities 1.6 (0.7 – 3.6) 1.5 (0.6 – 3.6)

Number of previous treatments 0.85 (0.70 – 1.03) 0.90 (0.75 – 1.07)

Legend:
95% CI = 95% confidence interval, CC = complete case analysis, MI = analysis of multiple imputation dataset. N=94 for complete case 
analysis, n=147 for analysis after multiple imputation.
Note: No multivariate analysis after multiple imputation is reported because only for age the p-value is < 0.2 in univariate after multiple 
imputation.

Discussion

In this study we investigated the effect of treatment on - subjectively assessed - cognitive 

functioning, IQ test results and spike-wave index in 47 patients with ESES syndrome 

treated in our center. We found that, in general, cognitive improvement is reported after 

a minority of treatments (36% at first follow-up and 45% at last follow-up). IQ results 

showed on average no clear change after treatment, while the EEG on average revealed 
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a decrease in spike-wave index (-21 and -24% at first and last follow-up respectively). 

Subjectively reported cognitive improvement was significantly related to SWI decrease 

but not to IQ changes. Corticosteroids were found to be significantly associated with 

improvement at first follow-up, as compared to all other treatment categories, while at 

last follow-up higher age at diagnosis was associated with improvement. The number of 

previous treatments seemed to be inversely correlated to improvement.

In clinical practice, subjective judgment of cognitive functioning and sleep EEG 

recordings are generally used to evaluate treatment effect, as these are more readily 

available than repeated neuropsychological assessments and not influenced by re-test 

bias. We investigated whether subjective cognitive improvement is accompanied by IQ 

improvement. Although an increase in IQ was seen in patients who were reported to 

have improved and a decrease in patients who did not improve, we found no significant 

association between subjective improvement and changes in IQ scores. A first possible 

explanation is that total IQ values are not a sensitive marker for cognitive functioning in 

children with ESES and can only be used to evaluate the course during long-term follow-

up. Subjective improvement of functioning can be can be clinically very relevant, even if 

this does not lead to IQ improvement. Second, most children start treatment because of 

cognitive deterioration and in this setting an unchanged IQ after treatment (i.e. the child 

gains skills and remains stable compared to other children of the same age) can be seen 

as successful treatment and can be confirmed by parents as improvement in functioning. 

Another explanation may be that we analyzed IQ changes of only 33 treatments, because 

these were the only treatments that were evaluated with a neuropsychological test 

before any other treatment was started. This inherently resulted in reduced statistical 

power and may have caused selection bias. EEG evolution, however, showed a strong 

association with subjective cognitive improvement. Although SWI change was not 

correlated to IQ change at first follow-up, at last follow-up a correlation between SWI 

change and IQ change was seen that suggests that a decrease in SWI is correlated to a 

decrease in IQ. Although this correlation was statistically significant, we feel that due to 

the very small number of treatments (n=7) in this analysis and the probable influence of 

selection bias, this finding should be interpreted with caution. Previous studies found 

that location, severity and duration of EEG abnormalities are correlated to cognitive 

performance and prognosis. [6,21,22] Our study adds that SWI change is correlated to 

cognitive improvement, despite the fact that about half of the patients with cognitive 

improvement still had a SWI above 50%.

We found that steroid treatment was significantly correlated to cognitive improvement 

at first follow-up, in contrast with all other treatment categories. At last follow-up this 

difference was not significant. The results of our treatment analysis are consistent with a 
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recent pooled analysis of 575 ESES cases.[8] In this meta-analysis of the literature, steroid 

treatment was found to be associated with cognitive and EEG improvement compared to 

non-steroid medical treatment, although no directly comparing studies were included. The 

underlying mechanism explaining efficacy of steroids in patients with ESES is incompletely 

understood. Alterations in cytokine profiles have been found in children with ESES and 

an underlying inflammatory process has been suggested.[13,23] Corticosteroids may be 

of benefit by interfering in this pro-inflammatory state. A possible explanation for the 

non-significance at last follow-up could be that corticosteroids can lead to a temporary 

response by suppressing an inflammatory process, while after completing steroid pulses 

or after tapering oral steroids the inflammation and ESES related cognitive deficits re-

emerge. This is consistent with long-term relapses found in a previous cohort of ESES 

patients treated with corticosteroids.[14]

Our results have to be interpreted with some caution. First, the retrospective design 

of the study is inevitably associated with missing data. Especially, for many individual 

treatments neuropsychological follow-up was insufficient for a before-after comparison. 

This reflects that IQ measurements cannot reliably be repeated shortly after the first 

measurement, which limits their utility in the context of (the treatment of ) ESES. Second, 

the lack of a placebo control group makes it impossible to distinguish true treatment 

effect from fluctuations in the natural course that are often seen in ESES patients. This 

may have influenced our comparison of the different treatment options for ESES. Third, 

the evaluation of non-steroid treatments was often earlier (after reaching the intended 

dosage) than for steroids (in many cases after completing the intended number of pulses). 

Therefore a slow response to an AED or benzodiazepine may have remained unnoticed at 

first follow-up, while a slow response to a steroid treatment was included. In addition, this 

longer interval allows more time for spontaneous recovery.

Despite these challenges, our study provides valuable information. To our knowledge, it is 

the largest single center study describing treatment effect in patients with ESES syndrome. 

Also, it is the first cohort study statistically comparing different methods (subjective 

assessment, neuropsychological assessment, EEG) used for the follow-up of treatment in 

a relatively large group of patients with ESES syndrome.

For definite conclusions regarding the treatment of ESES syndrome, adequately 

sized Randomized Controlled Treatments are required. EEGs and neuropsychological 

assessments need to be performed at pre-specified time-points. RESCUE ESES is a 

European multicenter randomized controlled trial, currently comparing treatment with 

corticosteroids to treatment with clobazam. 
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Supplementary material

Supplementary table 1 Cognitive performance related to first treatment

Treatment category before 
treatment

Evaluation before subsequent treatment* Regardless of other 
treatments**

mean / median 
IQ

cognitive 
improvement 

at first FU 
(subjective)

cognitive 
improvement 

at last FU 
(subjective)

First FU mean 
/ median

delta IQ***

first FU mean 
/ median 
delta IQ

last FU mean 
/ median 
delta IQ

AED (n=9) 72 / 71 (n=6) 3 / 7 (43%) 3/6 (50%) +4 / +4 (n=2) +2 / -2.5
(n=6)

-15 / -9
(n=5)

benzodiazepines (n=21) 72 / 75
(n=16)

7 / 19 (37%) 8/16 (50%) -5 / -3 (n=8) -5 / -6
(n=12))

-4 / -4
(n=4)

Steroids (n=14) 84 / 87
(n=12)

7 / 11 (64%) 5/6 (83%) +1 / +3
(n=11)

+2 / +3.5
(n=10)

-4 / -1
(n=7)

Other (n=1) N/A N/A N/A N/A N/A N/A

All (n=45) 76 / 77
(n=34)

17 / 37 (46%) 16 / 28 (57%) -1 / 0
(n=21)

-1 / -1
(n=28)

-7.5 / -6
(n=16)

Notes:
-Mean / median duration to first follow-up of subjective cognitive functioning was 1.3 / 1.0 (SD 0.9) months for AED, 1.9 / 1.0 (SD 2.4) months for 
benzodiazepines, 9.3 / 6.0 (SD 8.3) months for steroid treatments and 4.1 / 2.0 months (SD 6.1 months) for all treatments.
-Mean / median time to last follow-up was 3.8 / 2.5 (SD 4.8) months for AED, 12.5 / 7.0 (SD 15.6) months for benzodiazepines, 21.9 / 14.0 
(SD13.4) months for steroid treatments and 13.8 / 9.0  (SD 14,6) months for all treatments. All analyses presented here are based on complete 
cases. 
- Mean / median time to first FU IQ regardless of other treatments: 8.2 / 8.0 (SD 3.9) months for AED, 8.4 / 8.0 (SD 5.5) months for benzodiazepines, 
6.7 / 6.0 (SD 4.6) months for steroids and 7.7 / 7.0 (SD4.7) months for all treatments.
- Mean time to last FU IQ regardless of other treatments: 42.5 / 35.0 (SD 31.1) months for AED, 22.4 / 27.0 (SD 13.5) months for benzodiazepines, 
34.9 / 26.0 (SD 25.0) months for steroids and 34.8 / 29.0 (SD25.6) months for all treatments.
* Evaluation before subsequent treatment means that the first and last follow-up were collected before a new treatment was started.
** Regardless of other treatments means that these data were gathered without taking subsequent treatments into account. So even if a new 
treatment was started after the first treatment, the follow-up is still considered as follow-up of the first treatment choice. 
*** Insufficient data available for calculation of delta IQ at last follow-up of first treatment.

Supplementary table 2 Spike-wave indices related to first treatment (follow-up before any 
other treatment was started)

Treatment category before treatment First follow-up Last follow-up
mean / median SWI Mean / median SWI change

(first after treatment - before)
mean / median SWI change 

(last after treatment - before)
AED 88% / 85%

(n=7)
+3% / +3%

(n=2, mean FU 2.3 months)
+6% / +6%

(n=2, mean FU 9 months )
benzodiazepines 74% / 83%

(n=21)
-26% / -9%

(n=17, mean FU 5 months)
-17% / -4%

(n=8, mean FU 16 months)
Steroids 92% / 96%

(n=11)
-50% / -56%

(n=10, mean FU 9.3 months)
-54% / -58%

(n=4, mean FU 26 months)
Other 56%

(n=1)
-17%

(n=1, FU 4 months)
-53%

(n=1, FU 17 months)
All 81% / 85%

(n=40)
-32% / -23%

(n=30, mean FU 6.3 months)
-26% / -21%

(n=15, mean FU = 18 months)
Note:
All analyses presented here are based on complete cases.
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Supplementary table 3. Treatment effect in relation to cognitive performance and SWI of all 
treatments (regardless of number of previous treatments)

Treatment category before treatment First follow-up Last follow-up
mean / median 

SWI
cognitive 

improvement
mean / median SWI 

change
(first-before)

cognitive 
improvement 

Mean / median 
SWI change 

(last-before)
AED
(n=35)

86% / 91%
(n=20)

6 / 26 (23%) 
(FU 3.9 months)

-16% / -4%
(n=10, 

FU 8.8 months)

11 / 24 
(46%)

-33% / -28%
(n=7, mean 

FU 21 months)
Benzodiazepines
(n=39)

74% / 82% 
(n=32)

10 / 31 (32%)
(FU 1.7 months)

-27% / -15%
(n=24, mean FU 4.2 

months)

10 / 28 
(36%)

-17% / -17%
(n=12, mean 

FU 16 months)
Steroids
(n=43)

80% / 92% 
(n=34)

19 / 36 (53%)
(FU 9.3 months)

- 26% / -15% 
(n=26, mean 

FU 11 months)

11 / 19 
(58%)

-57% / -68%
(n=8, mean 

FU 27 months)
Surgery
(n=2)

100% 
(n=1)

1 / 2 
(50%)

-100%
(n=1, FU 3.5 months)

2 / 2 
(100%)

-100%
(n=1, FU 4.0 months)

IVIG
(n=12)

84% / 99%
(n=8)

4 / 12 
(33%)

-1% / 0%
(n=7, mean 

FU 4.5 months)

4 / 11 
(36%)

+1% / 0% 
(n=3, mean 

FU 15 months)
Other
(n=16)

63% / 63% 
(n=12)

3 / 12 
(25%)

-7% / -1% 
(n=6, mean 

FU 3 months)

4 / 10 
(40%)

-18.3% / -2% 
(n=3, mean 

FU 13 months)
All treatments
(n= 147)

78% / 85%
(n=107)

43 / 119 
(36%)

-21% / -5%  
(n=74, mean  
FU 7 months)

42 / 94 
(45%)

-31% / -24% 
(n=34, mean  

FU = 18 months)
Notes:
- �Mean time to first cognitive follow-up was 4.8 months for all treatments, 3.9 months for AED, 1.7 months for benzodiazepines, 9.2 

months for steroids, 0.5 months for surgery, 3.0 months for IVIG and 4.1 for other treatments. Mean time to last cognitive follow-up 
was 13.8 months for all treatments, 12.6 months for AED, 11.9 for benzodiazepines, 20.7 for steroids, 18.0 for surgery, 12.2 for IVIG 
and 9.1 for other treatments. 

- �Mean time to first EEG follow-up was 7 months for all treatments, 9 months for AED, 4 months for benzodiazepines, 11 months for 
steroids, 4 months for surgery, 5 months for IVIG and 3 months for other treatments. Mean time to last EEG follow-up was 18 months 
for all treatments, 21 months for AED, 16 months for benzodiazepines, 27 months for steroids, 4 months for surgery, 15 months for IVIG 
and 13 months for other treatments.
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Abstract

Background: Epileptic encephalopathy with electrical status epilepticus in sleep (ESES) is 

an epilepsy syndrome occurring almost exclusively in children, usually at an age between 

4 and 12 years. It is characterized by abundant sleep-induced epileptic activity in the 

electroencephalogram (EEG) and by acquired cognitive and behavioural deficits. The goal 

of treatment is to prevent further decline or even improve cognitive functioning. Based on 

mostly small and retrospective studies, corticosteroids and clobazam are regarded by many 

clinicians as  the most effective pharmacological treatments. This European multicentre 

randomized controlled trial is designed  to compare the effects of corticosteroids and 

clobazam on cognitive functioning after 6 months. Secondary outcomes include 

cognitive functioning after 18 months, EEG abnormalities in sleep, safety and tolerability, 

and seizure frequency. We also aimed at investigating whether treatment response in 

epileptic encephalopathy with ESES can be predicted by measurement of  inflammatory 

mediators and auto-antibodies in serum.

Methods: The pragmatic study will be performed in centres with expertise in the 

treatment of rare paediatric epilepsy syndromes across Europe. 130 patients, 2 to 12 years 

of age, with epileptic encephalopathy with ESES will be enrolled and  randomized in a 1:1 

ratio to receive either corticosteroids (monthly intravenous methylprednisolone pulses or 

daily oral prednisolone) or oral clobazam for 6 months according to an open-label parallel-

group design. Follow-up visits with clinical assessment, EEGs and neuropsychological 

testing are scheduled for up to 18 months. Blood samples for cytokine and auto-antibody 

testing are obtained before treatment and after 8 months of treatment.

Discussion: The treatment of epileptic encephalopathy with ESES aims at improving 

cognitive outcome. This randomized controlled study will compare the most frequently 

used treatments, i.e. corticosteroids and clobazam. If the study  proves superiority of one 

treatment over the other or identifies biomarkers of treatment response, results  will guide 

clinicians in the early treatment of this severe epilepsy syndrome.

Trial registration: ISRCTN, ISRCTN42686094, registered 24 May 2013, http://www.isrctn.

com/ISRCTN42686094
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Background

Electrical status epilepticus in sleep (ESES) was initially described as a subclinical 

electroencephalographic (EEG) pattern of sleep-induced spikes and waves (SWs) in 

children, occupying 85-100% of slow wave sleep.1  When bilateral ESES is associated with 

cognitive decline or behavioural disturbances, a  diagnosis of encephalopathy with ESES 

can be made. The cognitive deficits are global (often referred to as continuous spikes 

and waves syndrome, CSWS) or confined to a specific cognitive domain (e.g. acquired 

aphasia or auditory agnosia in children with Landau-Kleffner Syndrome, LKS).2,3 These 

phenotypes are referred to as “typical ESES patients”.4,5 The exact incidence of the epileptic 

encephalopathy with ESES is unknown, but it is estimated to constitute 0.2 – 1.9% of 

paediatric epilepsy cases.5,6

ESES spectrum variants, are increasingly recognized and include children with ESES 

and developmental delay but without arrest or regression of development7. Also, the 

spike wave index (SWI ) threshold to diagnose ESES can be flexible, and can be <85%, 

provided that the main feature of epileptic encephalopathy with ESES, i.e. occurrence 

of cognitive and behavioral deterioration associated with a striking enhancement of 

epileptic activity during NREM sleep, is demonstrated.8 How ESES causes cognitive 

deficits and which factors determine cognitive outcome remains largely unknown. It 

has been suggested that ESES disrupts synaptic homeostasis, i.e. the balanced synaptic 

potentiation during daytime and synaptic downscaling in sleep,  leading to an inefficient 

cerebral network.9 Epileptic encephalopathy with ESES has been reported in patients with 

structural abnormalities (e.g. perinatal thalamic injury)10,11, genetic disorders (e.g. a GRIN2A 

mutation)12,13, though in about half of the cases no clear cause is identified. Evidence is 

accumulating for a role of the immune-system in patients with epilepsy.14 In children with 

Landau-Kleffner, autoantibodies to central and peripheral myelin, cell nucleus and blood 

vessels, in sera and cerebrospinal fluid have been found.15 In addition, in a previous study 

we found that several cytokines were significantly higher in blood samples of patients 

with encephalopathy with ESES compared with healthy controls.16

While the EEG-abnormalities characteristic of ESES generally resolve spontaneously during 

puberty, cognitive deficits often remain.17,18 Treatment during the active ESES phase may 

improve EEG abnormalities and daily functioning.19,20 In fact, successful early treatment 

(and thereby a shorter ESES duration) is associated with improvement of long-term 

cognitive outcome.18,21 However, the management of encephalopathy with ESES is often 

challenging and there is no consensus on which is the best initial treatment.22 Moreover, 

no adequately powered randomised controlled trials have been performed in children 

with encephalopathy with ESES. 
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We recently performed a pooled analysis of 950 treatments in 575 cases with 

encephalopathy with ESES, reported in 112 articles. Conventional anti-epileptic drugs, 

often prescribed to control concomitantly occurring epileptic  seizures, were generally not 

very effective in treating ESES and its associated cognitive deficits (improvement of EEG 

or cognition in 49%). Benzodiazepines and corticosteroids seemed to be  more effective, 

with improvement in 68% and 81% of cases, respectively. However, in a subgroup analysis 

that included only consecutively assessed patients, a smaller proportion showed any 

improvement (34% with conventional anti-epileptic drugs, 59% with benzodiazepines 

and 75% with corticosteroids). A subgroup of patients with a focal structural abnormality 

benefitted from epilepsy surgery. These results have to be interpreted with caution 

because most included studies were small, retrospective and heterogeneous, and side-

effects were not considered.19

Review articles on the treatment of encephalopathy with ESES concluded that no standard 

approach exists and mentioned high-dose benzodiazepines and (cortico)steroids as 

preferred options.5,6,23 Among benzodiazepines, clobazam is often considered the most 

suitable although sedation and agitation are frequent side-effects. Corticosteroids have 

been given in variable dosing regimens, and concerns for side-effects such as weight gain 

and increased blood glucose  may be a reason to consider them as a second-line option. 

All authors emphasize that the evidence guiding the treatment of encephalopathy with 

ESES is unsatisfactory and therefore a randomised controlled trial is urgently needed.

We hypothesise that, in comparison to treatment with clobazam, corticosteroids are more 

effective in improving cognitive performance and EEG abnormalities in children with 

encephalopathy with ESES. Based on previous studies, the difference in percentage of 

responders is estimated at around 25%.19 The use of corticosteroids may be associated 

with more frequent or more severe side-effects than clobazam.

In a multicentre randomized controlled trial with 1:1 allocation to corticosteroids and 

clobazam, we aim to assess whether one of the treatments is superior to the other. The 

following study objectives and hypotheses are addressed in a population of recently 

diagnosed patients with encephalopathy with ESES:

Primary study objective:
1. �to compare the effects of treatment with corticosteroids or clobazam on cognition at 6 

months after start of the treatment.
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Secondary study objectives:
2. �to compare the effects of treatment with corticosteroids or clobazam on sleep-induced 

epileptiform activity, measured as the spike-wave index (SWI), in the patients’ sleep EEG.

3. �to compare the effects of treatment with corticosteroids or clobazam on the frequency 

of any concomitant  seizures.

4. �to compare the side effects and tolerability of  corticosteroids and clobazam. 

5. �to compare the effects of treatment with corticosteroids and clobazam on subjective 

daily functioning, as measured with a visual analogue score (VAS).

6. �to assess demographic and disease-related biomarkers, including immunological 

biomarkers, as potential predictors of disease activity and response to treatment with 

corticosteroids or clobazam.

The study is conducted as a randomized open-label parallel-group controlled trial 

with 1 : 1 treatment allocation to clobazam and corticosteroid treatment arms and 

is aimed at  proving superiority of one treatment over the other. The trial also uses a 

pragmatic approach, whereby participating investigators will be allowed to apply, within 

predetermined limits, the dosing schedules which they consider best according to their 

judgment and patient response. The same flexibility will also apply to the option of using 

i.v. versus oral steroids, which will be left to the discretion of the treating physicians.   

Methods

Study setting
Study preparations have been initiated in 22 centres with expertise in the treatment of 

rare paediatric epilepsy syndromes across 12 European countries. 

Study population
The study will include 130 patients with encephalopathy with ESES, with typical or 

atypical presentation and symptoms, according to the following eligibility criteria. The 

overall duration of follow-up will be 18 months.
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Inclusion criteria:

•	 Age at inclusion: 2 up to <12 years;

•	 A diagnosis within six months prior to enrolment (preferably as close to enrolment as 

possible) of either:

•	 Bilateral sleep-induced epileptiform activity with an SWI >85% in non-REM sleep 

and developmental delay, arrest, or regression (“typical epileptic encephalopathy 

with ESES”);

•	 Arrest or regression of development and bilateral sleep-induced epileptiform 

activity with an SWI >50%, or unilateral sleep-induced epileptiform activity with 

an SWI >85% in non-REM sleep (“atypical epileptic encephalopathy with ESES”); 

•	 Regression of development and unilateral epileptiform activity with an SWI >50% 

in non-REM sleep (“atypical epileptic encephalopathy with ESES”);

•	 No previous treatment with either corticosteroids or clobazam;

•	 No current treatment, nor treatment in the previous three months, with carbamazepine, 

oxcarbazepine, vigabatrin, tiagabine, gabapentin and pregabalin; These drugs 

potentially increase the SWI during sleep and may cause an electrographic pattern 

fulfilling the criteria for ESES  and subsequently worsen outcome in children with 

epileptic encephalopathy with ESES and may thereby influence treatment results. 

Therefore inclusion of such cases with possible “treatment-induced ESES” is not 

desirable.

•	 Written informed consent by parents / legal representatives

Exclusion criteria:

•	 Patients with a SWI during wakefulness of >50% 

•	 Any condition that, in the investigator’s judgement, contra-indicates the use of 

corticosteroids or clobazam, such as acute or chronic infectious disease (e.g. tuberculosis, 

HIV), immunodeficiency, severe osteopenia/osteoporosis, diabetes mellitus, Cushing 

syndrome, severe respiratory insufficiency, severe liver failure or  gastrointestinal ulcer.

Informed consent
Parents / legal representatives are informed by the treating doctor about the background, 

study design and study procedures. A patient information leaflet is provided to all parents 

/ legal representatives and a leaflet version for the children above 6 years of age is available 

according to their abilities to understand the content. Parents / legal representatives / 

patients have at least 7 days to consider participation and their questions will be answered. 

Informed consent forms with approval for participation in the study, including the 

collection of blood samples and the storage of study data for a fixed period (depending 
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on the standard per country, 15 years for the Netherlands), will be signed and filed. Study 

participants may withdraw from the trial anytime during the conduct of the study.

Treatment
Patients will be enrolled by their treating physician / study doctor, who has no direct 

insight in the allocation mechanism of the randomization module. Treatment is allocated 

according to an automatic online randomization module with block randomization 

stratified for centre to the two treatment regimens (1:1 ratio). The randomization module 

was programmed by a data-manager. While the patients and treating physicians are not 

blinded for treatment allocation (for practical reasons and because the two treatments 

require different monitoring), the neuropsychological assessment and EEG assessment 

will be performed by personnel blinded for treatment.

•	 Clobazam will be administered orally and increased to a dose of 0.5 mg/kg/ day 

within 2 weeks. If well tolerated, dosage may be increased up to 1.2 mg/kg/day (given 

once daily, in the evening). Treatment with a dosage of at least 0.5 mg/kg/day will be 

continued for 6 months and thereafter will be either continued or tapered according 

to the treating physician’s preference. Clobazam is defined by active substance for this 

study. It is prescribed as tablets and brand names include Frisium, Onfi, Tapclob as well 

as generic products.

•	 Corticosteroids: Either intravenous methylprednisolone or oral prednisolone will be 

used, depending on local experience and preference. 

Intravenous methylprednisolone will be given as monthly pulses. A dosage of 20mg/kg will 

be given over 30 min once a day for 3 consecutive days, every four weeks, for a total period 

of 6 months with the intention to stop thereafter. 

Oral prednisolone will be administered at an initial dosage of 2 mg/kg/day (not exceeding 

60 mg/day) for one month, followed in the 2nd through 6th month by a dosage between 

1 and 2 mg/kg/day (not exceeding 60 mg/day), according to the treating physician’s 

judgment. Thereafter, prednisolone will be either continued or tapered  according to the 

treating physician’s preference.

Treatment will be continued for at least 6 months, unless informed consent is withdrawn, 

the patient develops intolerable adverse effects, or further cognitive regression occurs, 

requiring an alternative intervention in the opinion of the treating physician. If cognitive 

regression is observed to continue after 3 months of treatment, according to the impression 

of the parents or physician, switching to the other treatment arm is allowed. In patients 

requiring switching to an alternative treatment, an EEG will be obtained before switching.
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Drug adherence to oral treatment (oral clobazam or oral prednisolone) will be optimized 

and monitored by instructing patients to bring their empty packages of study medication 

to the hospital at every scheduled visit, together with completed drug intake diaries. In 

addition, for patients treated with clobazam, plasma levels will be measured in blood 

samples collected between 1 and 3 months after enrolment and between 3 and 6 months 

after enrolment. For intravenous methylprednisolone,  adherence will be confirmed by 

recording drug administration at times of hospital admission for the monthly pulses.

Concomitant medication will be allowed as long as the patient fulfils the criteria for 

inclusion. However, changes in concomitant medications are discouraged during the first 

6 months. After assessment of the primary endpoint at 6 months, subsequent treatment 

strategies will be left to the clinical judgment of the treating physician.

Outcomes
The co-primary outcome measures at six months will be cognitive functioning, 
assessed with a full neuropsychological assessment (NPA):
•	 Intelligence quotient (IQ), or developmental quotient (DQ), compared to baseline IQ / 

DQ. Improvement is defined as an increase by 10 IQ / DQ points.

•	 Cognitive sumscore (as defined below). Improvement is defined as statistically 

significant when improved by at least 75% of the standard deviation (SD). 

Secondary outcome measures at 6 and 18 months will include:
•	 changes in individual absolute test results, and IQ / DQ scores, compared to baseline; 

•	 changes in spike wave index (SWI) during non-REM sleep, compared with baseline SWI;

•	 changes in seizure frequency assessed for all reported seizure types combined, with 

improvement being defined as at least 50% decrease as compared with baseline;

•	 changes in subjective global daily functioning assessed with a visual analogue score 

(VAS) of -5 to +5 as compared with baseline;

•	 safety and tolerability, as assessed by the occurrence of adverse events;

•	 change in inflammatory markers post treatment as compared to levels prior to 

treatment

•	 Identification of auto-antibodies as potential biomarkers of disease severity  (TIQ, 

presence of developmental regression, arrest or delay and SWI at baseline) and 

treatment efficacy.

Data collection
All patient data for the study will be recorded in the online case report form with reference 

to the patient study number, in compliance with Good Clinical Practice guidelines. Data 

will be stored in a secure data platform, managed by an independent data-manager.
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Baseline data (t=0 months) will be collected before treatment initiation and include patient 

demographics, date of ESES diagnosis, onset of ESES, seizure type(s), anti-epileptic drug 

history, detailed history of psychomotor development and behaviour, estimated age at 

onset of developmental arrest or regression, impression of global functioning assessed 

with VAS score (-5 to 5) and neurological examination. Ancillary investigations related to 

aetiology will be reassessed or scheduled (if not yet performed) and will include a cerebral 

MRI (dedicated epilepsy protocol) and genetic tests if no aetiology is known (array CGH, 

mutation analysis including GRIN2A gene). Metabolic screening and a cerebrospinal fluid 

tap will be performed if considered indicated.

Sleep EEG at baseline and after 1, 3, 6 and 18 months
The diagnosis of encephalopathy with ESES will have to be confirmed by whole night 

EEG recording prior to randomization. Depending on the logistics of the participating 

centres, either sleep-deprived EEGs of at least one hour or whole-night recordings will 

be considered adequate for follow-up assessments. Technical requirements for the EEG 

recordings are specified in an appendix to the study protocol. Clinical neurophysiologists 

will be blinded to the type of treatment.

For each EEG, the spike wave index (SWI) will be calculated in an epoch of 10 minutes 

(600 s) duration, starting 5 minutes after alpha attenuation or after sleep had clinically 

commenced. The number of seconds containing epileptiform discharges is divided by 

the total number of seconds in the epoch (600) and multiplied by 100 to reflect the SWI 

as a percentage.

Neuropsychological assessment at baseline, after 6 months and after 18 
months
Depending on the age and abilities of the patient, tests will be selected from a fixed 

battery covering the major domains of cognition (intelligence, language, memory, 

attention, visuospatial functions, executive functions, as specified in an appendix of the 

study protocol). Administration and scoring will be conducted according to the test 

manuals. Individual raw test scores at baseline and at follow-up will be transformed into 

z-scores, based on the mean and SD of standard scores. As a measure of overall cognitive 

functioning, a cognitive sum score will be calculated, representing the mean z-score over 

the 6 domains. Neuropsychologists will be blinded to treatment.
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Cytokine profiles and auto-antibodies at baseline and 8 months after start 
of treatment (2 months after withdrawal of study steroids, to limit the 
influence of a possible decrease in levels caused solely by  treatment)
A snapshot of around 100 cytokines will be analysed (Luminex, X-map technology) 

in serum of the study participants, a) at randomisation and b) 8 months after start of 

treatment (2 months after withdrawal of corticosteroids). Screening for auto-antibodies 

will be performed using rat brain immunohistochemistry, optimized for extracellular 

antigens, like NmDAR, AMPaR, GAD, GABABR, LGI1, Caspr2.24 In addition, all samples will 

be tested by in house cell based assays for anti-NMDAR en anti-GlyR antibodies. Samples 

with positive staining, but no known antibodies, will be tested by immunocytochemistry 

using live hippocampal neurons. If positive, immunoprecipitation will be the first step 

towards antigen discovery. 

Data collection during follow-up
Epilepsy characteristics and information on neurodevelopment, other medical history, 

neurological examination, concomitant medications, possible treatment emergent 

adverse events, and sleep EEGs will be collected  1, 3, 6 and 18 months after start of 

treatment. Neuropsychological assessments will be repeated only after 6 and 18 months 

to minimize re-test bias. After three months a brief assessment of cognitive performance 

is performed by the clinician to detect possible ongoing regression that may warrant 

a change of treatment. In the corticosteroid treatment group, additional safety and 

tolerability assessments will include monitoring of blood pressure, glucose and protein in 

urine and weight monitoring once weekly plus additionally at any hospital visits (including  

admissions  for methylprednisolone pulses, when applicable). In case of stress, high fever 

or illness managements in these situations will be left to treating physician and details will 

be recorded in eCRF.

Participant timeline
A schedule of enrolment, interventions and assessments for participants is provided in 

table 1.

Statistical analysis
The primary analyses will be performed according to the intention-to-treat principle. We 

will also perform (secondary) analyses in patients who have completed their assigned 

treatment for the period of 6 months. 

Continuous outcomes will be presented with means and 95% confidence intervals. These 

outcomes will primarily be compared between the two treatment groups using a t-test or 

Mann-Whitney U-test depending on the distribution of the data (normal vs not normal). 
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Categorical outcomes will be presented as proportions with 95% confidence intervals. 

These outcomes will primarily be compared between the two treatment groups using 

the Fisher’s Exact test. Rates of (serious) adverse events will be compared in terms of risk 

ratios with corresponding 95% confidence intervals. We will also identify the proportion 

of patients that continue on the initially allocated treatment throughout the entire study 

period, and analyse possible predictors for discontinuation.

Table 1. Schedule of enrolment, interventions and assessments for participants

Study period

Enrolment Randomization Post-allocation Close-out

Timepoint* -t1 t0 t1 t3 t6 t8 T18

Enrolment

Eligibility screen X

Informed Consent X

Allocation X

Interventions

Clobazam** ♦ ♦

Steroids** ♦ ♦

Assessments

Epilepsy characteristics  and information on 
neurodevelopment, other medical history, 
neurological examination, concomitant 
medications

X X X X X X

Assessment of treatment emergent adverse 
events

♦ ♦

MRI X

Sleep EEG X X X X X

NPA X X X

Brief assessment of cognitive performance X X

Cytokine profiles and auto-antibodies X X

Clobazam levels (2 times*** X X

* -t1 = Informative visit (both oral and written information), t0 = Allocation and collection of baseline data. At least one week after -t1 

and if informed consent has been given, t1 = 1 month visit, t3 = 3 months visit, t6 = 6 months visit, t8 = 8 months visit, t18 = 18 months visit 

** treatment with clobazam OR steroids according to randomization          
*** clobazam levels between t1 and t3 and between t3 and t6, in patients randomized to clobazam

MRI = Magnetic Resonance Imiging, EEG = Electroencephalography, NPA = Neuropsychological Assessment
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Although the stratified randomisation procedure intends to create two groups with equal 

patient characteristics, it is known that in randomised trials of < 1000 patients, there still is 

a risk of bias by chance. 25 Adjusted analyses are often performed to reduce the influence of 

the possible differences between the two treatment arms.26  Therefore, possible predictors 

of treatment outcome (i.e. known prognostic factors) will be included in a multivariate 

logistic / linear regression model. These prognostic factors are: age at ESES recording, 

time interval between ESES recording and inclusion, IQ levels and cognitive sum scores 

at enrolment, number of drugs administered before enrolment, aetiology (unknown, 

structural, metabolic, genetic, immune, infectious). We will also include cytokine and 

autoantibody profiles as possible predictors.

Sample size calculation
A formal sample size calculation is hampered by the fact that no previous trials with 

these interventions have been performed. Our recently performed meta-analysis 

of  published cases with epileptic encephalopathy with ESES provides the basis for 

estimating the difference in proportions of successfully treated patients that might be 

expected between corticosteroids and  benzodiazepines. In our meta-analysis, treatment 

success was defined as improvement in EEG (at least 25% decrease in SWI) or cognition 

(10 IQ points or improvement defined by author). Difference in proportions were 25-30% 

between the two treatment groups in favour of corticosteroids. However, these results are 

of limited value because of the small sample size in the included studies and their mostly 

retrospective design.

In the RESCUE ESES study we aim to include a total of 130 children, of whom 65 will 

be randomized to treatment with corticosteroids and 65 to clobazam. This sample size 

permits to detect a difference of 25%  in the proportion of successfully treated patients 

between the two treatment arms  (for example 50% vs 25%). In fact, 116 patients are 

needed to identify this difference with a power of 80% and a two-sided alpha of 5%,  and 

we additionally account for a possible dropout rate of 10%. 

As mentioned above, success is defined as improvement of 0.75 of the standard deviation 

of either IQ or the cognitive sumscore. Differences of this magnitude have been reported 

in earlier observational (non-randomized) studies in this area.27 Displaying the primary 

outcome as a dichotomous value (instead of a continuous value), will lead to a conservative 

estimation of the difference in effect. Therefore, our sample size calculation is likely to be 

an overestimation of the required number of patients for the continuous outcomes.
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For continuous outcomes we can detect standardized mean differences or Cohen’s d of 

around 0.5 (power=80%, two-sided alpha of 5%). For Cohen’s d an effect size of 0.2 to 0.3 

is considered a “small” effect, around 0.5 a “medium” effect and above 0.8, a “large” effect.28 

This means that “medium” effects on secondary outcomes can be detected by our trial 

including 130 children. Furthermore, as the primary outcome can also be displayed as a 

continuous variable (IQ or cognitive sumscore), this also applies to analysis of the primary 

outcome as a continuous variable.

Recruitment and promotion of participant retention
Because encephalopathy with ESES is relatively rare, we initiated a collaboration with 

European centers with a high level of expertise in epilepsy. The trial was announced at 

several international congresses, in newsletters of national and international paediatric 

neurology and epilepsy associations as well as in patient magazines. Online as well as local 

training meetings for study personnel were organized. The study team is available for any 

questions or concerns from patients and their parents and an independent physician is 

available for questions or complaints. If patients discontinue participation in the study or 

a protocol deviation occurs, the baseline and outcome measures that have been collected 

before discontinuation will still be analysed, e.g. if discontinuation occurred after 6 months 

of follow up, the collected data will be included in primary outcome assessment. If they 

switch to the other treatment arm, but agree to continued follow-up according to the 

study protocol, their outcomes will still be analysed in the intention to treat analysis.

Safety and tolerability
In accordance with legal requirements, the investigator will inform study participants and 

the reviewing accredited Ethics Committees (EC) if any data or findings emerge during 

the conduct of the study that suggest that risks involved in participation may outweigh 

potential benefits. 

Adverse events will be reported according to good clinical practice (GCP) guidelines, as 

specified in the study protocol.

Monitoring
Because both treatments in this trial are also given as part of standard patient care, the 

study was classified as a (pragmatic) low risk trial. A data safety and monitoring board 

(DSMB) was therefore not required. An initiation visit, annual monitoring visits and a close-

out visit are performed in all centres in accordance with GCP guidelines.
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Discussion

Encephalopathy with ESES is characterized by sleep-induced epileptic activity 

accompanied by acquired cognitive deficits. Treatment aims at improving cognitive 

functioning. Current evidence regarding treatment efficacy is limited to mostly 

retrospective case series and indicates that conventional anti-epileptic drugs are often 

not effective, and that benzodiazepines and corticosteroids can provide greater benefit in 

improving cognition and EEG abnormalities. In patients with an operable structural lesion, 

surgery seems to be the most effective treatment. 

The current study aims at comparing the efficacy of corticosteroids versus clobazam in 

improving  cognitive functioning in children with ESES. The co-primary outcomes are 

cognitive functioning, as measured with total IQ scores and cognitive sumscores after 6 

months. Secondary outcomes include cognitive functioning after 18 months, the spike-

wave index after 6 and 18 months, safety and tolerability, subjective assessment of daily 

functioning and whether disease severity and treatment effect can be predicted, among 

other characteristics, by measuring serum levels of cytokines or auto-antibodies.

The conduct of this multinational multicentre study in the rare population of patients with 

ESES is challenging for several reasons. Firstly, the differences in legislation and regulations 

between the involved countries and the requirement of obtaining ethics committee and 

competent authority approval for each of these countries, is difficult and time-consuming. 

Secondly, although clobazam and corticosteroids are widely prescribed in regular clinical 

care, in some countries labelling of the study drugs for this specific indication was 

considered to be required and posed a logistical challenge. Thirdly, each centre had their 

own requirements in terms of clinical trial contracts and this resulted in numerous email 

and telephone discussions between legal representatives. Altogether, these challenges 

caused considerable delay of the initiation of study at participating centres and resulted 

in  withdrawal of several centres.

Despite the good intentions of local investigators, announcements on congresses, 

in newsletters, on websites and RESCUE ESES newsletters and promotional material, 

recruitment of patients in the centres where the study was initiated has so far been slower 

than expected. No general reasons have become apparent, but a few possible explanations 

have been proposed. Some patients did not participate because they considered the 

study investigations time consuming and were concerned that their treatment might be 

delayed. Others had a strong preference for one of the treatment arms, e.g. because of the 

ease of use of clobazam or presumed higher effectivity of corticosteroids. Furthermore, 

the investigators involved  are only supported in trial management and not financially 
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compensated for time spent on study procedures. In addition, some local investigators 

mentioned that it was difficult to influence local referral patterns and that they failed to 

promote referral of additional ESES patients for enrolment in the study.

To conclude, we believe that this study addresses an important open question and that 

the results may guide clinicians in choosing the best treatment for patients with epileptic 

encephalopathy with ESES. 

Trial status
The study protocol (latest version: 11, 25th of November 2014) was approved by ethics 

committees for conduct in the University Medical Center Utrecht in the Netherlands, 

University Hospital (UZ) Brussel and University Hospital (UZ) Leuven in Belgium, University 

Hospital Freiburg, Epilepsy Center Kork (Kehl), the Northern German Epilepsy Center 

Raisdorf and Schön Klinik Vogtareuth in Germany, Filadelfia Epilepsy Hospital (Dianalund) 

in Denmark, Helsinki University Hospital in Finland, University Hospital Lyon (HCL), 

University Hospital Paris and University Hospital Strasbourg in France, University Hospital 

San Carlos (Madrid) in Spain, Great Ormond Street Hospital for Children (London), Royal 

Hospital for Sick Children Edinburgh and Royal Hospital for Sick Children Glasgow in the 
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The aim of the studies described in this thesis was to 1) to improve early recognition of 

children at risk of ESES development, 2) to increase our knowledge of ESES aetiology and 

pathophysiological mechanisms, and 3) to provide more evidence on optimal treatment 

of children with encephalopathy with ESES. We studied several aspects of this epileptic 

encephalopathy, which are summarised and discussed below.

PART I. Aetiology and Pathophysiology

In chapter 2, we describe that nearly all patients with perinatal thalamic injury developed 

ESES spectrum abnormalities during follow-up. Residual thalamic volume on an MRI 

performed after 3 months is predictive of long-term neurodevelopment: the patients 

with the largest thalamic volume had the highest total IQ scores during follow-up. We 

also explored whether alteration of structural connectivity may provide an explanation for 

cognitive deficits in children who suffered from perinatal thalamic injury. Higher fractional 

anisotropy and lower mean diffusivity at the MRI performed later during childhood 

were found to be correlated to total IQ. This suggests  that children with relatively well-

developed functional integrity of the thalamus benefit from preserved thalamic control 

over their developing brain.

In chapter 3, we present the results of a systematic review and meta-analysis of studies 

that investigated biomarkers of inflammation in the broader context of human epilepsy. 

We found that in different epilepsy aetiologies, and within different media (serum, 

cerebrospinal fluid [CSF], brain tissue), different patterns of activated inflammatory 

proteins were reported. The widely studied cytokines, such as IL-6, IL-1ra, and IL-1β, were 

found to be raised in several studies across all media, while the chemokines were raised 

specifically in brain tissue. In the aggregate meta-analysis, we found that in serum the pro-

inflammatory cytokines IL-6 and IL-17 were higher in epilepsy patients than in controls, 

while in CSF the pro-inflammatory IL-1β and anti-inflammatory IL-10 were raised. From 

chapter 3, we conclude that in patients with epilepsy several inflammatory pathways are 

activated. The difference in inflammatory profiles between serum, CSF and brain tissue 

suggests that local brain inflammation as well as a more general inflammatory response 

play a role. Whether these inflammatory pathways are part of a cascade that contributes 

to the development of epilepsy, or are merely an epiphenomenon of seizures, is unclear. 

Future studies may further clarify their role and explore the potential of targeted anti-

inflammatory treatment strategies. 
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In chapter 4, we explored whether levels of inflammatory mediators are higher in serum 

of patients with ESES as compared to controls. We found that, among the 16 proteins 

investigated, levels of 7 proteins were significantly different in patients (5 higher, 2 lower) 

from those in controls. IL-6 levels decreased significantly after immunomodulatory 

therapy and this was accompanied by improvement of the EEG-abnormalities and 

neuropsychological test results. We hypothesize that activity of several cytokines correlates 

with disease activity and speculate that (at least in some patients with ESES), modification 

of this inflammatory activation may be beneficial.

In chapter 5, we studied if neurodevelopmental deficits and behavioural symptoms 

in children with ESES can be explained by disturbed sleep physiology. The synaptic 

homeostasis hypothesis describes the process of the creation of new synapses and 

strengthening of existing synapses during wakefulness (synaptic potentiation), 

balanced by synaptic downscaling during sleep. Synaptic downscaling is the process 

of selective reduction of the number and strength of synapses, thereby preserving the 

most important connections. Previous studies have shown that slow wave activity (an 

important EEG characteristic of non-REM sleep), especially slow wave slope, is an indirect 

marker of synaptic density. In healthy controls, an overnight reduction in slow wave slope 

reflects the process of synaptic downscaling. In patients with encephalopathy with ESES, 

a reduced overnight slow wave slope decline was reported. We tested the hypothesis that 

epileptic activity in non-REM sleep in children with encephalopathy with ESES, interferes 

with synaptic downscaling and thereby influences cognitive functioning and behaviour. 

We found that, in children with ESES, the overnight reduction in slow wave slope is more 

impaired in the epileptic focus electrodes, as compared to the non-focus electrodes. This 

suggests that slow wave activity is locally disturbed by epileptic activity. We also found 

that patients with behavioural problems, as compared to those without, show a more 

hampered slow wave slope decline (i.e. on average a less pronounced overnight slow 

wave slope decline). We did not find a correlation between the overnight slow wave 

slope course and neurodevelopmental test results. Whether this reflects insufficient 

study power, insensitivity of neurodevelopmental tests to probe cognitive fluctuations 

during the course of ESES, or a truly absent link between slow wave slope course and 

neurodevelopmental function, remains to be elucidated.

PART II. Treatment

In chapter 6, we present a systematic review of the literature on the treatment of 

encephalopathy with ESES. We also present a pooled analysis of 575 published cases, 

to assess to what extent cognitive or EEG improvement relate to treatment with 
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conventional anti-epileptic drugs, benzodiazepines, corticosteroids and surgery. Twenty-

nine  authors contributed additional information to increase the completeness of the 

dataset of published cases. To reduce the influence of publication bias, we also performed 

a subgroup analysis of consecutive cohort patients. We found that any improvement – 

either in cognition or EEG – was reported in 49% of patients treated with conventional 

anti-epileptic drugs, 68% with benzodiazepines, 81% with corticosteroids and 90% with 

surgery. In the subgroup of consecutively included patients, a markedly lower proportion 

showed any improvement with AED and benzodiazepines, while the high improvement 

percentage for corticosteroids and surgery was relatively preserved. Improvement after 

treatment was not only related to treatment type. Children with abnormal development 

before ESES onset were less likely to  improve after treatment. Due to the mostly 

retrospective nature and small cohort  size of most included studies, results have to 

be interpreted with caution. Nevertheless, the findings suggest that treatment with 

corticosteroids and surgery are relatively effective.

In chapter 7, we analysed if EEG improvement (SWI decrease) after treatment is 

associated with cognitive improvement in children with encephalopathy with ESES. In 

this retrospective single centre cohort study of 147 treatments in 47 patients, we found 

that SWI decrease is associated with subjective cognitive improvement, while we did not 

find a significant association between EEG improvement and IQ change. We also showed 

that steroid treatment (as compared to non-steroid treatment) was related to cognitive 

improvement at first follow-up, while higher age at diagnosis was related to improvement 

at last follow-up of treatment. Although these treatment data from a retrospective cohort 

have to be interpreted carefully, the results may help clinicians in their choice of treatment 

and interpretation of findings after initiation of treatment in a child with encephalopathy 

with ESES. 

Chapter 8 describes the design of a European Randomised controlled trial (acronym 

RESCUE ESES) comparing corticosteroids and clobazam treatments in children with 

encephalopathy with ESES. The aim of treatment is to improve cognitive functioning. The 

trial requires recruitment of 130 patients, 2 to 12 years of age, to be treated according to 

randomisation for 6 months. Primary outcome is cognitive functioning at 6 months and 

secondary outcomes include cognitive functioning after 18 months, EEG findings (SWI), 

side effects and seizure frequency.  We will also investigate whether inflammatory markers 

(cytokines and auto-antibodies) are associated with treatment effect. The first patient was 

included in July 2014.
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Key points box

•	 Encephalopathy with ESES is a childhood epilepsy syndrome characterised by a 

cognitive or behavioural deterioration and sleep-induced epileptiform activity.

Part I. Aetiology and Pathophysiology

•	 Children with perinatal thalamic injury are at high risk of developing ESES and 

higher residual thalamic volume predicts better neurodevelopmental outcome.

•	 Several inflammatory mediators are highly activated in people with epilepsy.

•	 In children with ESES, serum levels of several inflammatory mediators are higher 

than in controls and reduction in IL-6 with treatment is accompanied by clinical 

improvement.

•	 Overnight sleep slow wave homeostasis, reflecting synaptic homeostasis, is 

impaired in children with ESES and this impairment is most severe in children 

with behavioural problems.

Part II. Treatment

•	 In children with ESES, benzodiazepines and corticosteroids are more effective 

than conventional anti-epileptic drugs in improving cognition or EEG. In cases 

with a clear unilateral structural lesion, surgery is the most effective treatment.

•	 Reduction in epileptiform activity (SWI) after treatment is associated with 

subjective improvement in cognitive functioning, but not reflected by significant 

total IQ change.

•	 To assess the best medical treatment for ESES, a randomised controlled trial 

comparing clobazam and corticosteroid treatment (RESCUE ESES) is currently 

conducted. Outcome measures include neuropsychological test results, EEG 

findings and side-effects. Possible predictors (including inflammatory mediators) 

are analysed.
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When to consider encephalopathy with ESES?
The clinical manifestations associated with ESES EEG abnormalities are highly variable, 

ranging from normal development and behaviour to acquired aphasia or global 

developmental regression.1,2 In a child of at least 2 years of age with new-onset learning 

problems or behavioural regression, a sleep EEG should be considered. In most cases, 

an epileptic seizure precedes or accompanies the (worsening of ) neurodevelopmental 

deficits, but cases without seizures exist. Especially in the case of an acquired auditory 

agnosia or aphasia, seizures may be absent and a high index of suspicion is required.3,4 

However, routine performance of sleep EEGs in children with autism or ADHD is not 

recommended, as they frequently have epileptiform activity in sleep and there is no 

evidence for a causative relation with their symptoms.5

Definition of encephalopathy with ESES
Over the years, different criteria for the diagnosis of (encephalopathy with) ESES have 

been used. Patry et al. first described ESES and stated that there had to be continuous 

epileptiform activity in sleep, defined as occupying at least 85% of the slow wave tracing. 

This pattern had to be present in at least three sleep recordings over a period of at least 

one month. They also noted that all six children in their study had some kind of “mental 

retardation”.6 Since this first report, several different criteria for epileptiform activity 

and cognitive consequences have been suggested to define this epilepsy syndrome 

.7–10 Although no consensus exists, in our opinion, two core criteria are essential to the 

diagnosis of encephalopathy with ESES in children: 

A)	 Severe epileptiform activity induced by non-REM sleep; this implies that a substantial 

proportion of sleep is affected by epileptiform activity and that there is a clear relation 

to non-REM sleep (i.e. it is not, or to a much lesser extent, present during wakefulness).

B)	 A neurodevelopmental deterioration that is likely related to the sleep-induced 

epileptiform activity.

Criterion A (EEG) can be further specified according to the quantity of epileptiform activity 

(e.g. the spike-wave index describing the proportion of time affected by epileptiform 

activity) and the localisation of epileptiform activity (e.g. focal vs. generalised, unilateral vs. 

bilateral). We suggest that a minimum spike-wave index (SWI) of 50% is probably required 

to cause clinical symptoms, which define encephalopathy with ESES, and that bilateral 

epileptiform activity is, in general, more severe than unilateral epileptiform activity. 

Aggravation of epileptiform activity in sleep is frequently seen in patients with benign 

focal epilepsies of childhood and in children with ADHD and autism and it is unclear 

whether this has any influence on their functioning. In most of these cases, the SWI does 

not exceed 50%.5,11
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Criterion B (neurodevelopment) is ideally based on repeated neuropsychological 

assessment showing a deterioration. However, in previously healthy children a baseline 

measurement (before the clinical symptoms emerge) is generally not available and in 

these children the  history taken from parents and school reports is the best information 

available. The severity of the developmental deficit can be specified as a delay (still 

ongoing development, but slower than expected), arrest (not progressing anymore) or 

regression (losing skills).

Considering the large heterogeneity in EEG findings and clinical symptoms, 

encephalopathy with ESES, or ESES syndrome, represents a diverse spectrum. Every 

patient is different and the impression that epileptiform activity in sleep is impacting on 

development is the cornerstone of diagnosis and treatment decisions. For the purpose of 

research, the spectrum can be categorised as “typical ESES syndrome”, representing the 

most severe end of the spectrum, or “atypical ESES syndrome” for cases with less severe 

EEG abnormalities or less deviation from their developmental trajectories. The inclusion 

criteria for our randomised controlled trial (RESCUE ESES) are based on this categorisation. 

Figure 1 illustrates the spectrum of ESES patients and the suggested categories.

Figure 1: Spectrum of ESES syndrome
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Thalamic injury
In children with encephalopathy with ESES, diverse aetiologies have been reported, 

including perinatal or early thalamic injury or hypoplasia, polymicrogyria, genetic 

abnormalities (GRIN2A mutations), as well as cases of unknown aetiology.12–16 We added 

evidence that children with perinatal thalamic injury are at a very high risk of developing 

ESES.17 We also found a very strong correlation between residual thalamic volume 

and long-term total IQ, which persists in a multivariate model with total brain volume 

and SWI. This suggests that injury of the thalamus, in addition to playing a role in the 

development of ESES, has an impact on neurodevelopment. Furthermore, this raises the 

question whether, in the context of thalamic injury, the (severity of ) epileptiform activity 

in sleep (SWI) influences neurodevelopment or whether it is just a marker of the severity 

of thalamic injury. This question is illustrated in figure 2.

Figure 2: Thalamus, epileptiform activity and cognition

Previous studies, in a broader context of ESES patients with a range of aetiologies, suggested 

that the (severity of ) epileptiform activity does relate to the cognitive functioning.18–20 We 

found that improvement of cognitive functioning is related to reduction of epileptiform 

activity with treatment.21 Although it seems likely that the sleep related epileptiform 

activity in children with ESES after thalamic injury adversely affects cognition and 

behaviour, this remains to be proven. Larger studies in this population may show whether 

severity of epileptiform activity in sleep (SWI) has an impact on neurodevelopment, in 

addition to the impact of thalamic injury.
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Inflammation
Epilepsy is seen as a symptom of several inflammatory syndromes. In Rasmussen encephalitis, 

severe hemispheric inflammation leads to frequent refractory epileptic seizures and 

sometimes epilepsia partialis continua. The emergence of inflammation in this syndrome, 

and why it is generally confined to one hemisphere, is incompletely understood. An early 

role for T-cells and microglia is suggested. In many cases hemispherectomy is the only way 

to stop seizures and prevent further cognitive decline.22 Anti-NMDA receptor encephalitis 

is characterised by psychiatric manifestations, insomnia, dyskinesia and seizures. In patients 

with this disorder, antibodies to a subunit of the NMDA receptor are thought to be causative 

and immunomodulatory treatment is often effective in reducing severity and duration 

of symptoms, including seizures.23–25 These examples, along with other auto-immune 

and inflammatory conditions associated with epilepsy, suggest that inflammation may 

be a causative factor for epilepsy.26,27 In our meta-analysis of inflammatory mediators in 

epilepsy, we explored whether inflammatory activation is present in a broader context of 

epilepsy and found that levels of IL-6, IL-17 were different in serum of epilepsy patients as 

compared to controls. In cerebrospinal fluid, IL-1β and IL-10 were found to differ significantly 

from controls. Several of the included studies reported chemokines that were exclusively 

different in brain tissue.28 These findings suggest that both systemic and local inflammatory 

processes are activated in patients with epilepsy. A core question is whether inflammation 

is the cause or consequence of epilepsy, or both. Several studies have described the 

neuromodulatory properties of inflammatory proteins and their impact on neuronal 

excitability.29–33 This suggests that inflammatory proteins are part of a cascade that leads 

to epilepsy (i.e. epileptogenesis). Figure 3 is a schedule showing where in the cascade of 

epileptogenesis we suggest inflammation may contribute.

Figure 3: Simplified schedule of proposed role of inflammation in epileptogenesis
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In children with ESES, several studies reported a benefit of treatment with 

immunomodulatory agents, such as ACTH, corticosteroids and immunoglobulins.34–39 

This suggests that inflammation may cause or sustain near-continuous epileptiform 

activity during sleep. A previous study reported increased activity of IL-6 in 4 children 

with epileptic encephalopathy with ESES.40 We compared serum cytokine levels between 

11 patients with ESES and healthy controls and found that, in addition to IL-6, several 

other inflammatory proteins were significantly different in ESES patients. We are currently 

conducting a study comparing inflammatory proteins in brain tissue of operated ESES 

patients with brain tissue of epilepsy controls and non-epilepsy controls. Pilot data of 

fresh frozen brain tissue of 4 ESES patients, 4 epilepsy controls and 6 autopsy controls 

shows that expression of many inflammatory proteins is higher in epilepsy patients. IL-20 

and CCL1 levels were higher in all epilepsy patients (ESES and epilepsy controls) than in 

any autopsy control. The activation of IL-20, which facilitates communication between 

leukocytes and endothelial cells, might be caused by the surgical procedures performed in 

the epilepsy patients.41 However, CCL1, involved in attraction of leukocytes and microglia, 

may be a sign of focal brain inflammation in the epileptic brain tissue. Three out of four 

ESES patients had higher CXCL7 levels than any epilepsy or autopsy control. This protein 

has pro-inflammatory and angiogenic properties and could be involved in focal cerebral 

inflammation in patients with ESES. The chemokines are an interesting group of proteins 

in the pathophysiology of epilepsy, as recent insights suggest that they can modulate 

neural excitability and some chemokines may even serve as neurotransmitters.42,43

If inflammation is an important factor in the process of epileptogenesis and may sustain 

seizure activity, this suggests opportunities for treatment. Corticosteroids have been 

widely studied in children with epileptic encephalopathies, such as West syndrome and 

ESES.39,44 By stimulating the glucocorticoid receptor, they have a broad range of actions 

and can be effective in many different diseases. However, the disadvantage of their broad 

therapeutic profile is a broad range of potential side-effects, which limits the possibilities 

for long-term treatment.45 Assessing the inflammatory profile in patients with epilepsy may 

help decide if  immunomodulatory treatment is indicated and which option is preferred. 

Whilst recognising that this currently is not part of standard clinical practice, promising 

results have been reported from treatment with several drugs targeting specific aspects 

of the immune system. For example, VX765, which inhibits IL-1β synthesis, was shown 

to significantly reduce seizure frequency in patients with drug-resistant focal epilepsy as 

compared to placebo.46 Promising effects of drugs targeting several other specific anti-

inflammatory proteins and receptors in patients with epilepsy were reported, although 

mostly based on case series.33 Hopefully, in the near future, assessing the inflammatory 

profile of patients with epilepsy, especially children with ESES, will help clinicians find 
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the pathophysiological mechanisms and choose a targeted treatment for each individual 

patient.

Pathophysiology: Linking EEG abnormalities to cognitive and behavioural 
disturbances.
The International League Against Epilepsy (ILAE) defined the concept of an epileptic 

encephalopathy as “where the epileptic activity itself contributes to severe cognitive and 

behavioural impairments above and beyond what might be expected from the underlying 

pathology alone”.47,48 Epileptic encephalopathy with electrical status epilepticus in sleep 

(ESES) may serve as a classic example: children with an underlying structural or genetic 

abnormality that may already have some impact on their development, at some point 

show ESES on EEG recordings and an acquired developmental arrest or regression 

may occur. In children with ESES of unknown aetiology who previously had a normal 

development, the impact of ESES on their cognitive functioning is even more apparent. 

However, how and to what extent do the ESES EEG abnormalities contribute to cognitive 

deficits and behavioural symptoms? While it seems apparent that near-continuous 

epileptiform activity in sleep impairs the recuperative function of sleep, until recently, 

little was known about the mechanisms behind this relation.

The synaptic homeostasis hypothesis may be a valuable model to explain this presumed 

relationship. It describes the process called synaptic potentiation  in which novel 

experiences during wakefulness lead to the formation of new synaptic connections and 

strengthening of some existing connections. During sleep, this is balanced by synaptic 

downscaling, i.e. a selective reduction in the number and strength of synapses. This 

selective reduction is thought to be essential to keep the brain network efficient and 

regain space for novel experiences during the subsequent day.49–52 It was found that 

the cortical firing rate and synchrony is relatively high after sustained wakefulness and 

relatively low after sustained sleep.53 In the EEG, slow waves are characteristic of non-

REM sleep and represent synchronous oscillations of large number of cortical neurons. 

The process of synaptic downscaling is reflected by relatively large slow waves in early 

sleep, whilst the amount and size of slow waves decrease overnight.54–56 Previous 

studies found that, in children with ESES, overnight slow wave reduction, as a marker 

of synaptic downscaling, is hampered.57,58 They also reported partial normalisation of 

synaptic downscaling after resolution of ESES.59 In chapter 5, we added evidence that 

overnight slow wave reduction is impaired in children with ESES and that this impairment 

is more severe in the electrodes covering the areas with most pronounced sleep-induced 

epileptic activity. This suggests that, indeed, slow wave activity and synaptic downscaling 

are locally influenced by epileptic activity. How epileptic activity during sleep influences 

slow wave homeostasis and synaptic downscaling is incompletely understood. Some 
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authors suggest a transformation of “physiological sleep slow waves” to “pathological 

sleep slow waves”, i.e. spike-waves. If they occupy a substantial part of slow wave sleep, 

these spike-waves would have a detrimental effect on the overnight downscaling process. 

The scarce “physiological slow waves” that are still present, would thus not show normal 

overnight sleep slow wave decline. 58,60,61

Whether the severity of epileptiform activity and impairment of slow wave homeostasis 

is related to the severity of cognitive deficits was investigated by several studies. Galer 

et al. reported that overnight recall performance was worse in children with idiopathic 

focal epilepsy as compared to healthy controls. Interestingly, they also found that higher 

spike-wave index during sleep in these children was related to lower overnight recall 

performance.11 In another study, it was found that frequent spikes during sleep were 

related to reduced homeostatic decline in slow wave activity and this, in turn, was related 

to performance on a visual learning task.62 We assessed whether overnight slow wave 

slope decline in children with ESES was associated with neuropsychological assessment 

(NPA) test results and did not find a correlation. We did, however, observe an association 

between slow wave slope decline and behaviour, with children who did not have 

behavioural problems having a steeper overnight slow wave slope decline than those 

with reported behavioural problems. The lack of correlation between slow wave slope 

decline and neuropsychological test results might be attributed to the temporal relation 

of sleep EEG and NPA (separated in time by up to four months), and by the type of tests 

used. The quantitative test results of NPA might be better used to assess the long-term 

developmental trajectories of children with ESES, while they are probably insensitive to 

short-term fluctuations that may be related to changes in ESES severity and slow wave 

homeostasis in the context of treatment and spontaneous fluctuations. We believe 

that impaired synaptic homeostasis is currently the best model to explain cognitive 

and behavioural disturbances in children with ESES. We recommend future studies that 

relate overnight slow wave course to overnight testing of recall or improvement in task 

performance, e.g. using a visuomotor task, similar to the test that Boly et al. used in their 

study of focal epilepsy patients.62

Treatment
Treatment of ESES is often difficult and treatment strategies vary widely among 

clinicians.39,63 We performed a systematic review and pooled analysis of published cases 

with encephalopathy with ESES. We found that benzodiazepines, steroids and surgery are 

generally more effective in improving cognitive functioning  or epileptiform EEG activity 

as compared to conventional anti-epileptic drugs.64 The included studies were mostly 

retrospective and the results were probably influenced by publication bias. Several expert 

reviews have proposed treatment algorithms for children with encephalopathy with ESES. 
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Most of these reviews suggest that benzodiazepines or steroids can be given specifically 

for ESES, while a conventional anti-epileptic drug can be prescribed in cases with recurrent 

seizures.3,65,66 Some report that specific anti-epileptic drugs, such as levetiracetam, valproic 

acid, sulthiam and ethosuximide, can also be effective in controlling the ESES EEG 

abnormalities and improving cognition.3,67 A very recent review article suggested that in 

cases with a structural unilateral aetiology, epilepsy surgery should be considered a first-

line treatment, whereas in cases without a clear structural aetiology, the first-line treatment 

may depend on the severity of the cognitive sequelae. For children with a delay or arrest 

of development, they suggest that clobazam can be started first and corticosteroids can 

be added after 3 months if no improvement is observed. In children with a regression of 

cognitive abilities, they proposed that corticosteroids are initiated first and clobazam can 

be added if no improvement is seen.66

Monitoring the effects of treatment with repeat EEGs and assessment of cognitive 

functioning is of great importance. We found that subjective cognitive improvement is 

associated with EEG improvement.21 Quantification of cognitive functioning is preferred 

to provide a more precise and reproducible measure of treatment efficacy. However, 

neuropsychological test results appear to be relatively insensitive to fluctuations in the 

context of treatment, as described above.21 In addition, the tests may not be able to reveal 

a change in performance in the children with severe neurodevelopmental delay, with 

results below the lowest measurable level. Neuropsychological test results are probably 

useful for long-term monitoring of neurodevelopment, whereas new tools for short-term 

evaluation of treatment efficacy should be developed and validated.68

In the near future, we hope to prove which initial treatment for encephalopathy with 

ESES is most effective. For this purpose a comparative randomised controlled trial (RCT) 

is the gold standard. We are conducting a multicentre European RCT (acronym RESCUE 

ESES: Randomised European trial of Steroids vs Clobazam Usage for Encephalopathy 

with Electrical Status Epilepticus in Sleep). This study compares efficacy of 6 months of 

treatment with clobazam versus treatment with corticosteroids. As the treatments under 

evaluation are already widely used, the study can be labelled a pragmatic RCT. We also 

investigate whether inflammatory mediators can be used to predict whether one of the 

treatment options is probably more effective than the other.

On the longer term, future study results may help to define a therapeutic approach that 

implements imaging findings, inflammatory markers and genetic test results (e.g. GRIN2A 

mutation status) and allow precision medicine for each individual child. A patient with 

a clear structural lesion, in a location where resection is safe, may qualify for an early 

operation. In patients with ESES after perinatal thalamic injury, targeted therapy such 
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as thalamic deep brain stimulation (DBS), may be an interesting topic for future studies. 

Randomised controlled trials have shown that thalamic DBS significantly reduces seizure 

frequency in patients with medically refractory epilepsy.69–71 Furthermore, studies on the 

influence of DBS on sleep-wake disturbances in patients with Parkinson’s disease, have 

shown that treatment with DBS is associated with improvement in sleep quality, sleep 

efficiency, and sleep duration.72 In a very recent study using a mouse model of narcolepsy, 

a sleep disorder with disorganised sleep and wake states, DBS resulted in better sleep 

– wake consolidation.73 Future studies may prove whether deep brain stimulation is a 

safe and effective treatment in children with encephalopathy with ESES with and without 

thalamic injury. Unfortunately, the current lack of a well-established mouse model for 

ESES limits possibilities to test this treatment in a preclinical setting. 

Patients with an activated inflammatory profile could be treated with (targeted) anti-

inflammatory treatment. A patient with a GRIN2A gain of function mutation (encoding 

a subunit of the NMDA-specific glutamate receptor, having a major role in excitation 

in the brain), may benefit from treatment that supresses the activity of the glutamate 

receptor. Previous reports have suggested that existing drugs targeting this receptor (e.g. 

memantine and amantadine) may be beneficial.74–76

Pragmatic randomised controlled trials (RCTs): lessons learned from RESCUE 
ESES
In 2012, we received funding, altogether 353.808 Euro, for a European randomised 

controlled trial (acronym: RESCUE ESES) comparing treatment with clobazam to treatment 

with corticosteroids in 130 children with encephalopathy with ESES. The effects of those 

treatments are evaluated with regular EEGs and repeated neuropsychological assessment. 

Predictors of outcome are assessed. The protocol for this study (described in chapter 8) 

was drafted by a steering committee consisting of 7 experts in the treatment of ESES 

from three centres across three countries. A large group of experienced paediatric 

neurologists, from 24 centres across Europe, acknowledged the value of the trial, had the 

opportunity to provide input to the study protocol, and intended to participate. The EU 

organisation European Clinical Research Infrastructure Network (ECRIN) endorsed their 

logistical support for the international extension of the study, which included preparation 

and submission of documents for ethics approval in countries outside the Netherlands 

and monitoring during the conduct of the study. In December 2013, the study protocol 

was approved by the UMC Utrecht ethics committee and in February 2014 by the Dutch 

competent authority. The first patient was included in Utrecht in July 2014. This was a 

promising start.
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What happened since then? Currently, 6 years later, 43 patients have been included. 

Initially, it was expected that by the end of 2018 the required 130 patients would have 

been included. Several aspects caused significant delay in the initiation of the study in the 

participating centres:

I.	 Ethics committee and competent authority approval: Despite the pragmatic 

design of the RESCUE ESES study, ethics committees and competent authorities 

in each country had to approve the study. The process of preparation of the study 

files involved enormous amounts of paperwork and ethics committees often asked 

for changes to the study protocol, whereas the study protocol had already been 

approved by the ethics committee of the principal investigator’s (also sponsor’s) site 

(UMC Utrecht). As a consequence, we had to submit numerous amendments to the 

study protocol, that each subsequently had to be submitted to all other centres to 

keep the protocol uniform across all study sites. The heterogeneity in procedures and 

requests by ethics committees and competent authorities across countries altogether 

caused significant delay.

II.	 Study medications: Despite the fact that clobazam and corticosteroids are routinely 

prescribed for epilepsy in the clinical setting in all participating centres, for some 

countries it was required to prepare and label the study medication for clinical trial 

use. This was a challenge to organise, involved another costly and time-consuming 

procedure, and medications had to be prepared for the study beforehand, whilst 

not knowing how many patients per centre would be included. In one country, the 

national drug agency required review by an external expert, who withheld approval 

for the study.

III.	 Clinical trial agreements: Most centres required changes to the clinical trial 

agreement that the UMC Utrecht developed for international clinical trials, and 

some would only accept their own clinical trial agreement template to be used. For 

some centres, finding a mutually acceptable agreement involved a time-consuming 

process of extensive negotiations between legal counsellors.

IV.	 Insurance requirements: Whilst some centres have standard insurance policies that 

cover study participants, for other centres study-specific participant insurance had to 

be contracted. The insurance requirements differed per country and study centre.

To date, approval was granted for the conduct of the trial in 16 centres across 8 countries. 

In 5 centres where preparations were initiated, the study was found not feasible for varying 

reasons. Altogether, the administrative (and financial) burden per required included 

patient, was extremely high. After the approval in the majority of participating centres, 

several other challenges were faced and actions undertaken:
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I.	 Initiation visits and annual monitoring requirements: For each centre, initiation 

visits and sometimes multiple visits needed to be scheduled. After initiation of the 

study, monitoring visits were required for each centre annually, independent of the 

number of inclusions.

II.	 Training of study personnel: Multiple training meetings for investigators, clinical 

trial nurses and study monitors were organised online and at international meetings.

III.	 Participant recruitment: Despite an expected number of inclusions of at least 

4 per year for most of the centres, the inclusion rate was much lower. We tried to 

improve the inclusion rate by sending newsletters, announcements of new inclusions 

and study pocket cards. In addition, we published announcements of the trial in 

newsletters of the European Paediatric Neurology Society and national paediatric 

neurology associations. Unfortunately, the number of inclusions lagged far behind on 

expectations.

IV.	 Investigators reported that patients / parents of study candidates refrained from 
participating for various reasons: a perceived delay in start of treatment if they would 

participate in the study, a preference for one of the treatment arms, or inability to meet 

with study timelines for follow-up visits and investigations. In addition, some patients 

could not be included because they had already been treated with one of the study 

medications, or were not referred in time to a study site by their treating doctors.

V.	 The lack of available funding for local study investigators and research nurses 

probably led to a limited availability of local investigators and nurses for the trial and a 

competition with (often more urgent) routine clinical duties. In 6 centres, the principal 

investigator moved to another hospital, and finding a new PI was a challenge for some 

of these centres.

Although the abovementioned difficulties – or rather challenges – probably play a role, it 

is unclear why the speed of inclusions is so variable between centres, with some centres 

having no inclusions after 5 years, whilst others included 5 or more patients.

Pragmatic randomised controlled trials: suggestions for the future
The challenges that we faced in the conduct of the RESCUE ESES trial, have been reported 

by many investigators. A systematic analysis of registered trials in rare disease populations 

found that more than half of the trials were either discontinued or unpublished 4 years 

after completion.77 Similar results were found in a systematic analysis of randomised 

clinical trials in children, the authors of which identified that the risk of discontinuation or 

non-publication was highest in academic (as compared to industry-sponsored) studies.78 

Several barriers to the conduct of randomised controlled trials (especially in rare disease 

populations) and suggested solutions have been reported in the literature, which is 

summarised in table 1.79–81
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For most of the abovementioned challenges, solutions were found for the RESCUE ESES 

trial. Whilst we still strive to achieve the required number of inclusions for RESCUE ESES, 

we realize that the trial may have to be discontinued earlier for reasons of feasibility.

Table 1. Challenges in the conduct of randomised controlled trials in rare disease populations

Barriers Suggested solutions
Research question and outcome measures Limited literature available to determine 

research question; outcome measures 
insensitive

Prepare study in a multicentre / 
international team of experts; choose 
outcome measure that is sensitive

Inadequate funding Academic trials often do not have sufficient 
funding to cover all research procedures

Establish a support frame work for rare 
disease studies

Inadequate understanding of methodology Trials often designed by clinicians, having 
limited methodological background

Provide adequate research support for 
clinicians designing a trial, including early 
consultation of a methodologist

Study population Due to rarity, multicentre and international 
collaboration required to recruit enough 
patients

Thematic collaborative research networks

Regulatory requirements Complex regulatory requirements; separate 
approval needed for each country

Harmonise regulations globally, or at 
least within Europe, and implement 
internationally recognised review bodies

Excessive monitoring Monitoring requirements are independent 
of trial type and excessive for rare diseases

Establish different monitoring regulations 
for industry sponsored and academic 
studies; define requirements according 
to number of included patients instead of 
annually.

Concluding remarks
We investigated several aspects of encephalopathy with ESES and gained new insights 

in the aetiology, pathophysiology and treatment of this severe paediatric epilepsy 

syndrome. Hopefully, the findings presented in this thesis and the ongoing RESCUE ESES 

trial, will provide an important step towards early recognition, individualised and effective 

treatment and a better neurodevelopmental outcome in children with encephalopathy 

with ESES. Lessons learned from our European randomised controlled trial will hopefully 

help in the design and conduct of future trials. We also hope that regulatory authorities will 

harmonise regulations across countries and tailor regulations to rare disease populations, 

which will aid in the discovery of much needed effective treatments.
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Nederlandstalige samenvatting | Summary in Dutch

Encefalopathie met elektrische status epilepticus in slaap (ESES), of “ESES syndroom”, is 

een zeldzaam epilepsiesyndroom dat bij kinderen kan voorkomen vanaf 2 jaar. Kinderen 

met het ESES syndroom hebben in slaap vrijwel continue epileptische activiteit zonder 

dat dit zichtbaar is bij het kind. Deze vorm van epilepsie kan worden vastgesteld met 

een slaap elektro-encefalogram (EEG), een registratie van de hersenactiviteit in slaap. 

Wanneer er gedurende meer dan 85% van de tijd epileptische activiteit wordt gezien 

(een “piekgolfindex” van >85%), wordt dit “klassiek ESES syndroom” genoemd. Bij een 

piekgolfindex van 50-85% gaat het om “atypisch ESES syndroom”. Een groot deel van de 

kinderen met ESES syndroom heeft ook af en toe een zichtbare epileptische aanval.

De vrijwel continue epileptische activiteit in slaap gaat gepaard met problemen van de 

ontwikkeling van het kind, zoals leer- en gedragsproblemen. Soms verliezen kinderen 

met ESES syndroom hun taalvaardigheid, een variant die het “Landau-Kleffner syndroom” 

wordt genoemd. Bij andere kinderen gaan de schoolprestaties achteruit of staan 

gedragsproblemen op de voorgrond. De vrijwel continue epileptische activiteit in slaap 

verdwijnt in de puberteit, maar de opgelopen leerachterstand is vaak blijvend. Bij een 

derde tot de helft van de kinderen met ESES syndroom wordt een structurele afwijking 

van de hersenen gevonden, bijvoorbeeld een aanlegstoornis van de hersenschors of een 

beschadiging die rond de geboorte is ontstaan. Soms wordt een genetische oorzaak 

gevonden, zoals een GRIN2A mutatie. Bij ongeveer de helft van de kinderen met ESES 

syndroom wordt geen oorzaak gevonden.

Het vroegtijdig stellen van de diagnose en het vlot starten van behandeling kan ernstige 

gevolgen voorkomen of verminderen. Het is dus van groot belang om te weten wanneer 

aan ESES syndroom moet worden gedacht en welke kinderen een verhoogd risico lopen 

op het krijgen van dit epilepsiesyndroom. De behandeling van ESES syndroom wordt 

bemoeilijkt doordat normale anti-epileptische medicijnen (reguliere anti-epileptica) vaak 

een beperkt effect hebben op de epilepsie in slaap. Benzodiazepines (zoals het middel 

clobazam) en corticosteroïden (ontstekingsremmers) worden ook vaak gegeven aan 

kinderen met ESES syndroom. Bij kinderen met een structurele afwijking van een beperkt 

deel van de hersenen, kan een hersenoperatie worden overwogen.

Het doel van dit proefschrift was om: 1) handvatten te bieden voor de vroegtijdige 

herkenning van kinderen met een verhoogd risico op het ontwikkelen van ESES, 

2) meer inzicht te verkrijgen in de oorzaken van ESES en hoe ESES leidt tot leer- en

gedragsproblemen en 3) meer wetenschappelijk bewijs te vinden voor wat de optimale
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behandeling is voor kinderen met het ESES syndroom. We hebben verschillende aspecten 

van het ESES syndroom bestudeerd, welke hieronder zijn samengevat.

Deel I. Oorzaken en verklarende mechanismen

In hoofdstuk 2 beschrijven we een groep van 30 kinderen die rond de geboorte een 

beschadiging opliepen van de thalamus, een belangrijk regelcentrum in de hersenen. 

Deze kinderen werden gevolgd met slaap EEG’s vanaf 2 jaar en hun ontwikkeling werd 

gevolgd met neuropsychologische onderzoeken. We lieten zien dat het merendeel van de 

kinderen, die rond de geboorte thalamusletsel opliepen, vanaf de leeftijd van 2 jaar ESES 

krijgt. Het resterende volume van de thalamus, gemeten op een MRI scan na 3 maanden, 

bleek te voorspellen hoe hun ontwikkeling op de lange termijn verloopt: kinderen met 

een groter resterend thalamusvolume, hadden op de lange termijn hogere totaal IQ 

scores. Ook onderzochten we met “diffusion tensor imaging” (DTI), een techniek om de 

zenuwbanen in de hersenen te beoordelen, of een verstoring van de structuur van deze 

zenuwbanen het optreden van ontwikkelingsproblemen kan verklaren. We vonden dat 

een relatief eenduidige richting van de zenuwbanen in de thalamus op de kinderleeftijd, 

geassocieerd is met een hoger totaal IQ. Dit suggereert dat het hebben van een relatief 

normale structuur van de resterende thalamus gunstig is voor de ontwikkeling van de 

hersenen bij kinderen met een beschadiging van de thalamus die is ontstaan rond de 

geboorte.

In hoofdstuk 3 presenteren we de resultaten van een systematische literatuurstudie 

en meta-analyse van studies naar ontstekingseiwitten bij mensen met epilepsie. We 

vonden dat verschillende ontstekingseiwitten met een brede functie (zoals interleukine 

6, IL-6) verhoogd  zijn bij mensen met epilepsie en dat bij verschillende vormen van 

epilepsie bepaalde patronen in de activatie van deze eiwitten te onderscheiden zijn. Ook 

onderzochten we ontstekingseiwitten in verschillende lichaamsmaterialen, namelijk in 

bloed, liquor (hersenvocht) en in hersenweefsel van geopereerde epilepsie patiënten. 

In hersenweefsel bleek een specifieke groep ontstekingseiwitten, de chemokines, in 

het bijzonder verhoogd te zijn. Dit suggereert dat er bij mensen met epilepsie sprake 

is van verhoogde ontstekingsactiviteit in het gehele lichaam, maar daarnaast van een 

specifiekere ontstekingsreactie in de hersenen. Toekomstige studies kunnen mogelijk 

verhelderen of de verhoogde ontstekingsactiviteit een oorzakelijke rol heeft, of slechts 

een gevolg is van het hebben van epileptische aanvallen. Ook kan de rol van behandeling 

met ontstekingsremmende medicijnen verder worden onderzocht.
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In hoofdstuk 4 onderzochten we of de hoeveelheid van ontstekingseiwitten in het bloed 

van kinderen met het ESES syndroom verhoogd is in vergelijking met controles zonder 

epilepsie. Van de 16 ontstekingseiwitten die we onderzochten, waren er 7 significant 

verschillend tussen de twee groepen: 5 ontstekingseiwitten waren hoger en 2 waren 

er juist lager bij kinderen met het ESES syndroom. We vonden ook dat de hoeveelheid 

ontstekingseiwit IL-6 significant daalde na behandeling met ontstekingsremmers en 

dat dit samenging met een afname van de epileptische afwijkingen op het EEG en met 

een verbetering van de neuropsychologische test resultaten. We veronderstellen dat de 

activiteit van verschillende ontstekingseiwitten gerelateerd is aan de ernst van het ESES 

syndroom en speculeren dat, tenminste bij een deel van de kinderen met ESES syndroom, 

ontstekingsremmers een gunstig effect kunnen hebben.

In hoofdstuk 5 bestudeerden we of ontwikkelings- en gedragsproblemen bij kinderen 

met ESES syndroom kunnen worden verklaard door een verstoring van de normale 

slaapritmes. Een mogelijke verklaring voor deze problemen, hebben we gezocht vanuit de 

“synaptische homeostase hypothese”. Deze hypothese beschrijft dat er bij het wakker zijn 

nieuwe verbindingen (synapsen) tussen hersencellen worden gevormd en dat bestaande 

verbindingen worden versterkt (“synaptische vermeerdering”). Hierdoor worden nieuwe 

ervaringen en nieuwe kennis vastgelegd. Ter compensatie wordt in slaap een deel van de 

verbindingen opgeheven en neemt de sterkte van andere verbindingen af (“synaptische 

vermindering”). Door deze synaptische vermindering blijft het hersennetwerk compact 

en efficiënt en is er na een nacht slaap weer ruimte om nieuwe ervaringen en informatie 

te onthouden. De synaptische homeostase is in het EEG te herkennen aan de deltagolven 

(trage hersengolven), een kenmerk van diepe slaap. Bij gezonde kinderen zijn deze 

deltagolven aan het begin van de nacht slaap erg groot en neemt het formaat van deze 

golven in de loop van de nacht slaap af. Een eerdere studie toonde dat deze afname bij 

kinderen met ESES syndroom minder of niet plaatsvindt. Wij vonden dat deze verstoring 

van de synaptische vermindering het ernstigst is op de plek waar de epilepsie het 

hevigst is, wat suggereert dat de epileptische activiteit bij kinderen met ESES syndroom 

de synaptische homeostase verstoort. Met dezelfde methode vonden we dat kinderen 

met gedragsproblemen een ernstigere verstoring van de synaptische vermindering in 

slaap hadden dan kinderen zonder gedragsproblemen. We vonden geen relatie tussen 

de mate van verstoring van de synaptische vermindering en de testresultaten van 

neuropsychologisch onderzoek.
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Deel II. Behandeling

In hoofdstuk 6 beschrijven we een systematische literatuurstudie naar de behandeling 

van het ESES syndroom. We hebben daarin de resultaten van 112 publicaties, waarin 

575 patiënten beschreven zijn, samengevoegd in een dataset. 29 auteurs hebben op 

onze uitnodiging extra informatie over deze patiënten aangeleverd, waarna we 950 

behandelingen in deze patiëntengroep konden analyseren. We vonden dat een vorm van 

verbetering, dat wil zeggen van de EEG verschijnselen of van het functioneren van het 

kind, werd gerapporteerd bij 49% van de patiënten na behandeling met reguliere anti-

epileptica. Bij behandeling met benzodiazepines, corticosteroïden en epilepsiechirurgie 

werd een vorm van verbetering gezien bij respectievelijk 68%, 81% en 90% van de patiënten. 

Om een betrouwbaardere uitspraak te kunnen doen over het behandeleffect, hebben 

we een subgroep analyse verricht van de grotere studies die alle achtereenvolgende 

patiënten met ESES syndroom in een bepaalde periode beschreven. Deze studies geven 

een betrouwbaarder beeld dan studies waarin slechts een of enkele patiënten beschreven 

werden (bijvoorbeeld vanwege een uitzonderlijk goed behandeleffect). In deze subgroep 

analyse werd bij een aanzienlijk kleiner deel van de kinderen succesvolle behandeling 

gerapporteerd voor reguliere anti-epileptica en benzodiazepines, terwijl corticosteroïden 

en epilepsie chirurgie nog altijd tamelijk hoge succespercentages kenden. We zochten 

ook naar andere voorspellers van succesvolle behandeling en vonden dat kinderen die 

al voordat de diagnose ESES gesteld werd een afwijkende ontwikkeling hadden, een 

kleinere kans op succesvolle behandeling hebben. Vanwege de veelal retrospectieve en 

kleine studies die in deze analyse werden meegenomen, biedt de analyse geen bewijs 

welke behandeling de beste is, maar slechts aanwijzingen.  Toch suggereren de resultaten 

van deze studie dat behandeling met corticosteroïden en epilepsiechirurgie bij kinderen 

met ESES syndroom relatief effectief zijn.

In hoofdstuk 7 onderzochten we of verbetering van de EEG-afwijkingen na behandeling, 

d.w.z. een afname van de piekgolfindex, geassocieerd is met verbetering van het

functioneren van kinderen met ESES syndroom. In dit onderzoek analyseerden we 147

behandelingen bij 47 patiënten uit het UMC Utrecht. Een afname van de piekgolfindex na 

behandeling was geassocieerd met subjectieve verbetering van het functioneren (oordeel 

ouders, eventueel leraar en behandelend arts), terwijl er geen significante relatie was

met verandering van totaal IQ. Tevens vonden we dat behandeling met corticosteroïden

(ontstekingsremmers) en hogere leeftijd bij het stellen van de diagnose geassocieerd zijn

met verbetering in functioneren na behandeling. Deze resultaten kunnen helpen bij de

keuze tussen verschillende behandelingen en bij de interpretatie van bevindingen na de

start van een nieuwe behandeling bij kinderen met ESES syndroom.
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In hoofdstuk 8 beschrijven we de opzet van een Europese lotingsstudie (acroniem: 

RESCUE ESES) waarin we behandeling met clobazam (een benzodiazepine) vergelijken 

met behandeling met corticosteroïden (ontstekingsremmers) bij kinderen met ESES 

syndroom. Het doel van de behandeling is het cognitief functioneren (de ontwikkeling) 

te verbeteren. We willen aan dit onderzoek 130 patiënten met de leeftijd van 2 tot 12 

jaar laten deelnemen. Na loting worden zij gedurende 6 maanden behandeld met een 

van de twee behandelingen. De belangrijkste uitkomst is het cognitief functioneren na 

6 maanden. Daarnaast beoordelen we ook het cognitief functioneren na 18 maanden, 

het al dan niet verbeteren van de EEG-afwijkingen, bijwerkingen en het voorkomen 

van epileptische aanvallen. We kijken ook of we het effect van de behandeling kunnen 

voorspellen met meting van de hoeveelheid ontstekingseiwitten in bloed van de 

deelnemers. Vanwege de zeldzaamheid van het ESES syndroom, hebben we deze studie 

in 24 Europese centra opgezet. Dit bracht veel uitdagingen met zich mee. Het verkrijgen 

van ethische goedkeuring in ieder land (met variatie in regelgeving), onderhandeling over 

studie-contracten en verzekeringen kostte veel tijd. Het werven van studie-deelnemers 

verloopt trager dan voorspeld, waarvoor diverse oorzaken zijn aan te wijzen. De eerste 

patiënt startte met de studie in juli 2014 en de studie loopt nog.

Samenvattend hebben de studies in dit proefschrift meer inzicht gegeven in 

verschillende aspecten van het ESES syndroom. In de discussie van dit proefschrift geef 

ik een toekomstvisie waarin de verworven inzichten helpen bij de tijdige opsporing 

en vroegtijdige behandeling van dit ernstige epilepsiesyndroom bij kinderen. Hopelijk 

vormen de resultaten van dit proefschrift, en in de nabije toekomst de resultaten van 

de RESCUE ESES studie, een belangrijke stap in de vroege herkenning van het ESES 

syndroom en effectieve “gepersonaliseerde behandeling” en leidt deze tot een verbeterde 

ontwikkeling van kinderen met het ESES syndroom.



219

A



230

List of publications

van den Munckhof B*, van Dee V*, Sagi L, Caraballo RH, Veggiotti P, Liukkonen E, 

Loddenkemper T, Sánchez Fernández I, Buzatu M, Bulteau C, Braun KP, Jansen FE. 

Treatment of electrical status epilepticus in sleep: A pooled analysis of 575 cases. Epilepsia. 

2015 Nov;56(11):1738-46.

van den Munckhof B*, de Vries EE*, Braun KP, Boss HM, Willemsen MA, van Royen-Kerkhof 

A, de Jager W, Jansen FE. Serum inflammatory mediators correlate with disease activity in 

electrical status epilepticus in sleep (ESES) syndrome. Epilepsia. 2016 Feb;57(2):e45-50.

de Vries EE*, van den Munckhof B*, Braun KP, van Royen-Kerkhof A, de Jager W, Jansen 

FE. Inflammatory mediators in human epilepsy: A systematic review and meta-analysis. 

Neuroscience & Biobehavioral Reviews. 2016 Apr;63:177-90.

van den Munckhof B, Alderweireld C, Davelaar S, van Teeseling HC, Nikolakopoulos 

S, Braun KPJ, Jansen FE. Treatment of electrical status epilepticus in sleep: Clinical and EEG 

characteristics and response to 147 treatments in 47 patients. European Journal of Paediatric 

Neurology. 2018 Jan;22(1):64-71.

Smit M, Van Stralen HE, Van den Munckhof B, Snijders TJ, Dijkerman HC. The man who lost 

his body: Suboptimal multisensory integration yields body awareness problems after a right 

temporoparietal brain tumour. Journal of Neuropsychology. 2018 Mar 12.

van Westrhenen A, Cats EA, van den Munckhof B, van der Salm SMA, Teunissen NW, 

Ferrier CH, Leijten FSS, Geleijns KPW. Specific EEG markers in POLG1 Alpers’ syndrome. Clinical 

Neurophysiology. 2018 Oct;129(10):2127-2131.

van den Munckhof B, Braun KPJ, Jansen FE. Encefalopathie met elektrische status epilepticus 

in slaap. Epilepsie, periodiek voor professionals. 2018 Dec.

Jansen FE, van den Munckhof B, Treatment in epileptic encephalopathy with ESES and 

Landau–Kleffner syndrome. Zeitschrift für Epileptologie. 2019 Jan; 32:135–140.

van den Munckhof B, Zwart AF, Weeke LC, Claessens NHP, Plate JDJ, Leemans A, 

Kuijf HJ, van Teeseling HC, Leijten FSS, Benders MJN, Braun KPJ, de Vries LS, Jansen FE. 

Perinatal thalamic injury: MRI predictors of electrical status epilepticus in sleep and long-term 

neurodevelopment. NeuroImage: Clinical. 2020 Feb 25;26:102227.

Appendix | List of publications



231

A

van den Munckhof B, Gefferie SR, van Noort SAM, van Teeseling HC, Schijvens MP, Smit 

W, Teunissen NW, Plate DJP, Huiskamp GJM, Leijten FSS, Braun KPJ, Jansen FE, Bölsterli 

BK. Sleep slow wave homeostasis and cognitive functioning in children with electrical status 

epilepticus in sleep. Sleep. 2020 May 6 (e-publication ahead of print).

van den Munckhof B, Arzimanoglou A, Perucca E, van Teeseling HC, Leijten FSS, Braun 

KPJ, Jansen FE on behalf of the RESCUE ESES study group. Corticosteroids versus clobazam 

in epileptic encephalopathy with ESES: a European multicenter randomized controlled clinical 

trial (RESCUE ESES). Submitted.

* These authors contributed equally



232

Appendix | Curriculum Vitae 

Curriculum Vitae

Bart van den Munckhof was born on the 7th of July 1986 in Nijmegen. 

He graduated cum laude at the Nijmeegse Scholengemeenschap 

Groenewoud in 2004 and moved to Utrecht to study Medicine in the 

same year. During his medical studies he did several research projects 

in internal medicine and neurology and did a tropical medicine 

internship at Sokoine hospital in Lindi, Tanzania. In 2007/2008 he was 

president of the board of the Utrecht students sailing association  

U.S. Histos.

Bart graduated medical school in 2011 and started specialising in neurology at the 

University Medical Centre Utrecht in 2012. Since 2013 he has combined his neurology 

training with a PhD programme in paediatric neurology, supervised by dr. Floor E. 

Jansen and prof. dr. Kees P.J. Braun. He became study coordinator of the European 

randomised controlled trial RESCUE ESES and completed several other research projects 

on the aetiology, pathogenesis and treatment of encephalopathy with electrical status 

epilepticus in sleep (ESES).

During his neurology training and PhD programme, Bart’s interest in paediatric neurology 

grew and he chose to subspecialise in this area. He was a paediatric neurology fellow 

at the Royal Children’s Hospital Melbourne in 2019 / 2020 and started a year of general 

paediatrics training in 2020. He expects to finalise his specialty training and become a 

paediatric neurologist in September 2021.

When he is not at work, Bart likes windsurfing, sailing,  playing tennis, hiking and camping 

in the great outdoors.




