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 Electrical status epilepticus during sleep (ESES) is a childhood-onset 

epileptic encephalopathy characterized by epilepsy, cognitive regression, 

and prominent activation of epileptic form activity during non-rapid eye 

movement (NREM) sleep. The current treatment plan is based on 

uncontrolled studies and case series, with a primary focus on the use of 

traditional antiepileptic drugs, hormonal therapies, and other therapies. It is 

suggested that earlier diagnosis and intervention may preserve 

neurocognitive development. The study's objective was to evaluate 

characteristics, treatment and outcome of children with electrical status 

epilepticus in slow wave sleep (ESES). This study was an open label 

uncontrolled study that included 50 patients (33males and 17 females) who 

were diagnosed as ESES, presented with convulsions and cognitive 

deficits. Their ages range from 2to15 years, from January 2018 until 

December 2020.The characteristics, outcome and treatment patterns of 

these children were analysed. Our results showed that the mean age of the 

included patients is 6.19years±2.80SD. The mean age of neurocognitive 

regression was 4.48 years±2.83 SD, hyperactivity, speech regression and 

global developmental regression were the most prevalent types of 

regression experienced by these patients (23.5%, 26.4%, 23.5% 

respectively). Patients with generalized seizures were 78%, while 22% had 

focal seizures. Steroids were highly significant in lowering the SWI of these 

patients and improving the IQ (P-value <0.001) than non-steroids. After 

treatment, the SWI of patients with abnormal neuroimaging was 

significantly higher than those with normal neuroimaging (P-value of 

0.001). Our study revealed that children with ESES, presented with 

neurocognitive regression, seizures, and had a decrease in SWI after 

treatment with steroids which was strongly associated with an increase in 

intelligence quotient (IQ), but not with a significant improvement in 

behaviour (hyperactivity or inattention). Steroid treatment was more 

effective than other treatment patterns in improving SWI, IQ, and 

convulsions. 
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1. INTRODUCTION 
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Electrical status epilepticus in sleep (ESES) is a type of epileptic encephalopathy that develops in childhood 

and is characterised by epilepsy, cognitive regression, and prominent activation of epileptiform activity 

during non-rapid eye movement (NREM) sleep. To describe the entire clinical phenotype, the International 

League Against Epilepsy (ILAE) coined the more descriptive term continuous spikes and waves during slow 

sleep (CSWS) in 1989 [1], [2]. There is no agreement on ESES diagnostic criteria. As a result, ESES has been 

diagnosed using variable spike-wave index (SWI) criteria ranging from 25 to 90 per cent in the presence of a 

developmental decline [3]. 

 

ESES has been linked to a variety of aetiologies, both with and without structural brain abnormalities. Patients 

with structural abnormalities (e.g., perinatal thalamic injury) and genetic disorders (e.g., a GRIN2A mutation) 

have been reported to have epileptic encephalopathy with ESES, though in approximately half of the cases, 

no clear cause has been identified. There is mounting evidence that the immune system plays a role in epilepsy 

patients [4]. 

 

Patients with ESES have been reported to have normal neuropsychological and behavioral development prior 

to its onset in 67 to 74% of cases. (5) Behavioral issues are sometimes the first to appear before the onset of 

epilepsy. Later, the majority of the literature shows that children can exhibit variable deterioration in 

cognitive, language, behavioral, and/or motor aspects [6], [7]. 

 

The goal of ESES treatment should be seizure control as well as correcting or preventing encephalopathy and 

developmental decline [8], [9]. Controlling ESES in a shorter period may prevent residual neuropsychological 

deficits [10]. Steroids, high-dose benzodiazepine, or non-benzodiazepine anti – epileptic drugs (AEDs) are 

used to treat ESES [11], [12]. Evidence-based diagnostic and treatment guidelines are lacking, and efforts to 

develop consensus guidelines are ongoing [13]. We sought to identify the characteristics of patients with 

ESES, assess ESES treatment patterns, and determine the outcome in these patients. 

 

2. Patients and methods 

The study was conducted at Assiut University Children Hospital neurology outpatient clinic between January 

2018 and December 2020. Children included in the study were between the ages of2–15 years old with an 

established diagnosis of ESES (defined as a spike-wave index (SWI), which is the total duration of continuous 

epileptic activity relative to total slow sleep duration, at least 25% or more and neurocognitive impairment). 

To evaluate patient characteristics, outcome and the effect of treatment on seizure control, SWI, IQ, and 

behaviour, these children were subjected to the following: 

1. Full history taking including: name, age, sex, residence, obstetric history, age at which the 

convulsions started to occur, the type of convulsions and its relation to sleep, any family history of epilepsy, 

the type, dose and compliance of antiepileptic drugs, and age of onset of neurocognitive regression. 

2. Complete examination. 

3. Neuroimaging, including CT or MRI brain. 

4. EEG recording: all patients were subjected to a sleep EEG. The SWI of each EEG was visually 

calculated in the first 5 minutes of the NREM sleep cycle. The onset of NREM sleep was identified based on 

the first sleep spindle. In cases where the sleep architecture was distorted and the spindles were not seen, the 

first 5-minute period after the alpha attenuation, or the period in which sleep was clinically commended, was 

considered the beginning of sleep. The researcher first looked at the full sleep recording and visually picked 

the epoch with the highest spike density. The SWI was calculated by dividing the total duration of spikes by 

the total duration of NREM sleep. Another similar EEG was done three months after treatment. 

5. IQ assessment with Standford-Binet scales version IV, and attention deficit hyperactivity disorder 

(ADHD) assessment with ADHD-SC4 test were done before and three months after treatment 
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6. The treatment these children had received was either steroids or non-steroids, intravenous 

immunoglobulin (IVIG), in addition to the antiepileptic drugs they were already receiving. Steroids were 

given orally in a dose of 3 – 4 mg/kg/day, (maximum 60mg/day) with a gradual taper over a three month 

period. IVIG was given on cases refractory to steroids, at a dose of 2g/kg divided over 2- 4 consecutive days, 

followed by 1g/kg/month for 6 months. 

 

The study was approved by the institutional review board 

 

2.1 Statistical analysis 

Data entry and data analysis were done using SPSS version 19 (Statistical Package for Social Science). Data 

were presented as numbers, percentages, mean, median, and standard deviation. The Chi-square test and 

Fisher exact test were used to compare qualitative variables. Mann-Whitney test was used to compare two 

quantitative variables. Spearman correlation was done to measure the correlation between quantitative 

variables in the case of non- parametric data. Med Calc Program was used to calculate sensitivity, specificity, 

positive and negative predictive values. P-value considered statistically significant when P ≤0.05. 

 

3. Results 

This study included 50 patients (33males and 17 females) who were diagnosed as electrical status epilepticus 

of sleep presented with convulsions and psychomotor delay who consulted the pediatric neurology clinic of 

Assiut University Children Hospital between January 2018 and December 2020, and their ages ranged from 

2years to15 years. 

 

Our data reported the mean age of the included patients is 6.19 years ±2.80 ±SD, (34% were female and 66% 

were male) with regards developmental history, 16 (32%) patients were normal, 20 (40%) were delayed, and 

14 (28%) developed regression of previously attained skills. Regarding the family history, only 12 (24%) 

patients had a positive family history of epilepsy. 

 

Our study shows that the mean age of first convulsions was 3.36 years±2.93SD, patients with generalized 

seizures represented 78%, while 22% had focal seizures. Concerning the occurrence of convulsions in relation 

to sleep, 30% of patients had convulsions occurring during sleep, 48% during awake, and 22% occurred both 

in sleep and awake (Table 1). About 58% (29 patients) had normal neuroimaging, while 42% (21 patients) 

had an abnormal neuroimaging finding (Figure 1). 

 

Table (1): Characteristics of patients with ESES in the studied group 

Characteristics of patients 
Case (N = 50) 

Count % 

Age(years) Mean±SD 6.19±2.80 

Sex 
Female 17 34.0% 

Male 33 66.0% 

Developmental history 

Normal 16 32.0% 

Delayed 20 40.0% 

Regression 14 28.0% 

Family history of epilepsy 
Yes 12 24.0% 

No 38 76.0% 

Age of first convulsions (years) Mean±SD                                   3.36±2.93 
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Type of seizure 

 

Generalized 39 78% 

Focal 11 22% 

Sleep/Awake Sleep 15 30% 

Awake 24 48% 

Both 11 22% 

Neuroimaging Findings Normal 29 58.0% 

Abnormal 21 42.0% 

ESES, Electrical Status Epilepticus during Sleep 

 

 
Figure (1): Pie chart showing abnormal neuroimaging findings distribution. 

 

Our data analysis shows that the mean age of neurocognitive regression was 4.48 years ±2.83 SD. About the 

type of regression, hyperactivity, speech regression and global developmental regression were the most 

prevalent types (16%, 18%, 16% respectively). All 50 patients received corticosteroids, and 7 patients who 

were completely resistant to steroids received IVIG.34.0% of patients receiving steroids had completely 

improved and were seizure-free, and for those who received IVIG, 57% had a decrease in seizure frequency 

but were not complete seizure-free (Table 2). 

 

Table (2) Type of neurocognitive regression and effect of treatment on the frequency of convulsions in the 

studied group 

Neurocognitive function and effect of treatment on the frequency of convulsions 

in the studied group 

Case (N = 50) 

Cou

nt 

% 

Age of neurocognitive regression Mean±SD 4.48±2.83 

Type of regression (if present) 

Hyperactive 8 16.0 % 

Speech regression 9 18.0% 

Motor regression 2 4.0% 

Global (motor & speech) 8 16.0% 
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Aggression 4 8.0% 

Short term memory 3 6.0% 

No regression 16 32.0% 

Treatment  Steroids 50 100% 

IVIG 7 14.0% 

Frequency of convulsions before treatment 

with steroids 

Infrequent 21 42.0% 

Frequent 29 58.0% 

 

Frequency of convulsionsafter treatment with 

steroids 

Infrequent 21 42.0% 

Frequent 12 24.0% 

Free of convulsions 17 34.0% 

 

Frequency of convulsionsbefore treatment 

with IVIG 

Infrequent 1 14.3% 

Frequent 6 85.7% 

 

Frequency of convulsionsafter treatment with 

IVIG 

Infrequent 4 57.1% 

Frequent 3 42.9% 

Free of convulsions 0 0.0% 

IVIG, Intravenous immune globulin 

Infrequent seizures (<3 seizures/ month); Frequent (≥3 seizures/ month) 

 

Our results reported that steroids were highly significant in lowering the SWI of patients with ESES and 

improving the IQ (p-value <0.001), but IVIG showed to be effective in lowering the SWI only (p-value 0.034). 

Both steroids and IVIG had no significant effect in improving behavioural disturbances (hyperactivity or 

inattention) (Table 3). 

 

Table (3): Effect of treatment on neurocognitive function, SWI, and IQ of the studied group 

 Treatment p-value 

Steroids IVIG 

Median IQR Median IQR 

SWI before treatment (%) 35.00 27.00 55.00 50.00 35.00 80.00 0.178 

SWI after treatment (%) 20.00 .00 50.00 30.00 20.00 33.00 0.422 

p-value over time <0.001* 0.034*  

IQ before treatment 45.00 36.00 63.00 36.00 36.00 55.00 0.349 

IQ after treatment 58.00 36.00 72.00 36.00 36.00 63.00 0.269 

p-value over time <0.001* 0.109  

ADHD - before treatment 

(inattention) 

70.00 64.00 72.00 72.00 64.00 74.00 0.195 

ADHD after treatment 

(inattention) 

70.00 64.00 72.00 74.00 71.00 74.00 0.390 

p-value over time 0.443 0.715  

ADHD before treatment 

(Hyperactivity) 

71.00 68.00 74.00 74.00 70.00 77.00 0.456 

ADHD after treatment 

(hyperactivity) 

71.00 67.00 74.00 72.00 69.00 77.00 0.314 

p-value over time 0.228 0.343  
SWI, spike-wave index; IQ,Intelligence Quotient;ADHD,Attention-deficit/hyperactivity disorder;IVIG, 

Intravenous immune globulin, IQR, interquartile range 
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This study also revealed that the SWI of patients with abnormal neuroimaging after treatment showed 

significantly higher SWI than those with normal neuroimaging with a p-value of 0.001, which predict that 

patients with normal neuroimaging had better outcome (Table 4). 

 

Table (4): Relation of neuroimaging finding to SWI for patients with ESES: 

 Neuroimaging p-value 

Normal Abnormal 

Median IQR Median IQR 

SWI before treatment (%) 35.00 27.00 50.00 50.00 30.00 80.00 0.142 

SWI after treatment (%) 0.00 0.00 00.00 32.00 24.00 50.00 0.001* 

ESES,Electrical Status Epilepticus during Sleep; SWI, spike and wave index; IQ,Intelligence Quotient; IQR, 

interquartile range 

 

Our data disclosed that there is a strong negative correlation between SWI and IQ after treatmentin the studied 

group with a p-value <0.001, meaning that, as the SWI decreased, there was acorresponding increase in IQ 

(Table 5). 

 

Table (5): Correlation between SWI and IQ after treatment for those patients with ESES: 

Item (Spearman's correlation) 
SWI after treatment (%) 

r- value p- value 

IQ after treatment -0.481** <0.001* 
Correlation is significant at the0.05 level (two-tailed). P-value is significant 0.05  

SWI, spike and wave index; IQ,Intelligence Quotient 

 

4. Discussion 

In the present study, we described the clinical presentation of the electro-clinical epilepsy syndrome, ESES, 

and evaluated the efficacy of corticosteroids and IVIG in improving cognitive functioning, convulsions, and 

SWI in children with ESES. We found that, in general, ESES is an age-dependent manifestation. We reported 

a significantly better effect of treatment with steroids on reduction of SWI, improvement of IQ, and reduction 

of seizure frequency. The decrease in SWI was significantly related to an improved IQ score, but not with a 

significant improvement in behaviour. 

 

Approving previous studies, our study demonstrates ESES as an age-dependent syndrome, being diagnosed 

at a mean age of 6.19 years with considerable variation (2-15 years of age). This agreed with other studies 

[10], [14- 17]. 

 

Our study showed that ESES was gender-dependent more presented in male patients (66% 33/50) compared 

to 17% of the patients were female; it was in line with [21], [15], studies [10], [15]. In contrast to our study, 

stated that no significant gender difference was found [18], [19]. 

 

In line with other studies, [16], [18], [20] our study reported the mean age of neurocognitive and motor 

development regression was 4.5 years (±2.8 SD). This study data showed that neurocognitive and motor 

development was normal in 33% (normal: 16/50) of patients prior to the onset of ESES, and afterward; 40% 

of cases had a pre-existing neurocognitive and/or motor development delayed, and the remaining 28% of 

cases had neurocognitive and/or motor development regression during the progression of the disease with a 

wide spectrum of developmental and cognitive milestones in varying degrees. 

https://www.teikyomedicaljournal.com/
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As for neurocognitive regresses, the most frequent types were: speech regression was found in 26.4% of the 

patients and hyperactivity in 23.5%. Clinically, deterioration of one or more cognitive functions, with or 

without motor, behavioural, and/or psychomotor regression, has been described in children with ESES; 

similar findings have been reported [20- 24]. 

 

As stated by other studies, we identified a broad spectrum of underlying causes, with structural brain 

abnormalities forming the largest group, 21 out of 50 patients. Notably, brain atrophy (18%) was a common 

finding; hydrocephalus was 2%, and genetic (family history of seizure with 24%).These findings were 

consistent with other studies suggesting that approximately 40–50% of patients with ESES had an early 

developmental insult [15], [25], [26]. 

 

Our data points out that all patients (100%) had seizures, typically occurring out of sleep (48%), while 22% 

occur during sleep, and their first seizure occurred at a mean age of 3.36 years (±2.93 SD). The type of seizure 

observed was generalized seizures in 39 patients (78%) and focal seizures in 11 (22%) patients frequently 

reported in agreement with multiple studies [15], [26], [27]. In contrast to our data, reported that the most 

common seizure types were focal motor seizures in 10 patients (62.5%) followed by generalized tonic-clonic 

in 2 (12.5%) [19]. 

 

Electrical status epilepticus in sleep treatment is not standardized. Regarding treatment strategies, all children 

(50) diagnosed as ESES were already on antiepileptic drugs, and were presenting with uncontrolled seizures, 

with or without psychomotor regression. To improve seizure control, EEG abnormalities, and cognitive 

regression, all children received corticosteroids, and seven children who were resistant to steroids, received 

IVIG. 

 

In the current study, corticosteroids had a significant effect (p < 0.001) on seizure control, SWI, and IQ scores, 

but no significant effect on inattention or hyperactivity. As regards seizure frequency, 42% of the patients 

treated with steroids had some improvement in seizure control, and 34%became completely seizure-free. 

Also, IVIG affected SWI (p-value 0.034) with no significant effect on IQ, or behaviour. Similar results were 

seen in other studies [18], [25], [28], [29]. 

 

As regards the relation between SWI and neuroimaging, we reported that those with normal neuroimaging 

had overall lower SWI values than those with abnormal neuroimaging, which had higher SWI values, and 

thus poor treatment response. In terms of SWI and IQ, no significant correlation was found when baseline IQ 

and baseline SWI (prior to treatment) were compared. After treatment, our study found a significant negative 

correlation between SWI and IQ, with the SWI decreasing and the IQ increasing as observed also by [13]. 

 

Our study was jeopardized by the following factors: First, the methodology of the study is invariably 

associated with subjective diagnosis of the electro-clinical condition, and its severity, including the SWI, 

which must be interpreted with caution. Second, the lack of a placebo control group makes it impossible to 

distinguish true treatment effects from fluctuations in the natural course, which are common in ESES patients, 

as does the small sample size. 

 

Despite these limitations, our study provides pertinent information on the aetiology, treatment and outcomes 

in a representative cohort of patients, highlighting the need for prospective clinical treatment trials with well-

defined parameters and definitions. We recommend appropriately sized Randomized Controlled Trials for 

definite conclusions about the treatment of ESES syndrome. 
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5. Conclusion 

According to our study, in children with ESES, a decrease in SWI, after treatment, was strongly associated 

with an increase in IQ, but not with a significant improvement in behaviour (inattention, hyperactivity). In 

terms of improving IQ, SWI, and convulsion, steroid treatment was more effective than other treatment 

patterns. Most of our patients had structural aetiology. The majority of the patients had a cognitive decline. 

Early diagnosis and treatment of ESES is urgently needed to preserve neurocognitive development in these 

children. 
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