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Material and methods: All children diagnosed with idiopathic ESES at the Danish Epilepsy Centre between March
2003 and December 2014 were retrospectively reviewed. Repeated 24-hour electroencephalography (24-h EEG)
recordings, neuropsychological assessments, and clinical-neurological evaluation were performed throughout
the follow-up in all patients. In 13 children, genetic investigations were performed.
Results: We collected 24 children (14 males and 10 females). Mean age at ESES diagnosis was 6 years, and mean
ESES duration was 2 years and 7 months. Twenty-one children had epileptic seizures. Three children had LKS. To-
pography of sleep-related EEG epileptic abnormalities was diffuse in 3 subjects, hemispheric in 6, multifocal in 9,
and focal in 6. During the active phase of ESES, all children presented with a heterogeneous combination of be-
havioral and cognitive disturbances. In 14 children, a parallel between severity of the clinical picture and
spike-wave index (SWI) was observed. We could not find a strict correlation between the type and severity of
neurobehavioral impairment and the side/topography of sleep-related EEG discharges during the active phase
of ESES. At the last follow-up, 21 children were in remission from ESES. Complete recovery from neurobehavioral
disorders was observed in 5 children. Genetic assessment, performed in 13 children, showed GRIN2A variant in
two (15.4%).
Significance: Our patients with idiopathic ESES showed a heterogeneous pattern of epileptic seizures, neurobe-
havioral disorders, and sleep EEG features. Only one-fourth of children completely recovered from the neuropsy-
chological disturbances after ESES remission. Lack of correlation between severity/type of cognitive derangement
and SWI and/or topography of sleep EEG epileptic abnormalities may suggest the contribution of additional fac-
tors (including impaired sleep homeostasis due to epileptic activity) in the neurobehavioral derangement that
characterize ESES.

© 2019 Elsevier Inc. All rights reserved.
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Encephalopathy related to status epilepticus during slow sleep
(ESES) (otherwise labeled as continuous spikes and waves during
sleep (CSWS)) is an age-related epileptic syndrome characterized by
deterioration of cognitive functions and behavior, epilepsy with various
seizure types, and a characteristic EEG pattern characterized by extreme
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Fig. 1. Different patterns of ESES topography observed during the 24-h EEG recordings. A) Diffuse ESES pattern: bilateral and quite diffuse epileptiform abnormalities; B) hemispheric ESES
pattern: localized to one hemisphere without or with negligible spread to the contralateral; C) multifocal: multiple foci either in the same hemisphere or in both hemispheres; D) focal: the
epileptic abnormalities were located in one or two lobar regions of the same hemisphere. Notably, the number of patients for each group refers to the time of maximum SWI. Anyway, in

the same patient, the ESES pattern could change several times at different controls.

activation of epileptiform discharges during slow sleep, i.e., status epi-
lepticus during sleep (SES) that, in the original description, occupied
at least 85% of non-rapid-eye-movement (NREM) sleep [1,2]. Despite
the long-term favorable outcome of epilepsy and electrographic SES,
the prognosis of this condition is guarded because of the possible persis-
tence of severe neuropsychological and behavioral disturbances into
adulthood. Etiology of ESES can be either idiopathic, symptomatic, or
unknown. In recent years, variants in GRIN2A and CNKSR2 have been
found to be associated with the epilepsy-aphasia spectrum, including
ESES [3-7].

Several reports have described the electroclinical features and
long-term outcome of cohorts of children with ESES with hetero-
geneous etiologies (see also Tassinari et al. for a review [2])
[8-14] or pooled together with other conditions [15] whereas idi-
opathic ESES has been the subject of only one paper focused on
the cognitive and behavioral long-term consequences [16].

In our study, we report the electroclinical features, the genetic
findings, and the long-term evolution of a homogeneous cohort of
patients with idiopathic ESES and normal neurodevelopment be-
fore ESES onset. In this respect, our population of children with
ESES may illustrate the “pure” effects of the extreme activation
of epileptiform discharges during NREM sleep (i.e., SES) in the de-
velopment of severe cognitive and behavioral impairments and its
long term consequences, without other possible confounding fac-
tors (i.e., structural lesions, abnormal preexisting cognitive and
behavioral background).

2. Materials and methods

We retrospectively reviewed the clinical records and the 24-hour
EEG (24-h EEG) recordings of all children referred to the Danish Epi-
lepsy Centre in Dianalund (Denmark) between March 2003 and Decem-
ber 2014, with an established diagnosis of ESES or because of the clinical
suspicion of ESES.

Inclusion criteria for patients with idiopathic ESES were as follows:
1) normal neurodevelopmental baseline before ESES onset, 2) normal
brain magnetic resonance imaging (MRI), 3) appearance of cognitive/
behavioral deterioration with or overt epileptic seizures, and 4) spike-
wave index (SWI) > 50% during NREM sleep in overnight EEG recording
at the time of ESES diagnosis.

All patients underwent longitudinal clinical evaluations, brain MRI,
at least one 24-h EEG, and at least one neuropsychological examination.
Gender, perinatal and family history, psychomotor development before
ESES onset, age at epilepsy onset and at ESES diagnosis, symptoms at
onset and during the course of ESES, seizure types, treatments, neuro-
imaging results, and behavioral-cognitive-motor status were collected
from patients' records and by interviewing the patients' relatives. Neu-
ropsychological evaluations (Leiter and/or Wechsler Intelligence Scale
for Children (WISC) IIl or IV or Wechsler Preschool and Primary Scale
of Intelligence (WPPSI-R) and/or Raven and/or (Neuropsychology): A
Developmental Neuropsychological Assessment (NEPSY) I and/or
Reynolds Intellectual Assessment Scales (RIAS) and/or Kuno Beller
Test and/or Test of Everyday Attention for Children (TEA-Ch)) were
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Table 1
Electroclinical features of our cohort.
# Gender Family Age at Age ESES Seizure SES side and Max  Neurological and cognitive impairment during ESES ~ Cognitive
history epilepsy at duration  type pattern SWI sequelae after
(epilepsy/FS) onset (y, ESES (y,m) ESES remission
m) onset
(v,
m)

1 M — 4.6 83 7,7 GTC Diffuse 96%  Behav. disord, inattentiveness, learning and language Learning diff.
diff., enuresis

2 F - 55 8,4 1,1 Rolandic, R hemispheric ~ 95% Inattentiveness, impulsivity, hyperactivity, Learning diff.

secondary stereotypies, learning diff., visuospatial diff.
generalized
toni-clonic
(sGTC)
3 F — 2,11 4 3,0 Rolandic L focal 90%  Behav disord, inattentiveness, impulsivity, Language diff.
(centro-parietal hyperactivity, language diff.
(cP))

4 M — 511 8,2 1,9 Focal L hemispheric 92% Inattentiveness, learning and language diff. Executive

functions diff.

5 F — 6,9 7.4 2,8 Focal, sGTC Diffuse 75%  Behav. disord, inattentiveness, impulsivity, Inattentiveness,
hyperactivity, memory impair., executive functions  executive
diff., learning and language diff. functions diff.

6 M — 6,10 71 0,5 Rolandic L hemispheric 85%  Behav. disord., inattentiveness, impulsivity, Language diff.
hyperactivity, exec. function diff,, stereotypies,
learning and language diff.

7 F - 3,8 3.8 35 Rolandic Focal (vertex) 50%  Behav. disord., hyperactiv., learning diff., executive ~ Behav. disord.,
funct. diff,, gait instability learning diff

8 M — — 7.8 3,6 — L focal 65%  Behav disord, inattentiveness, impulsivity, Learning diff.
hyperactivity, memory impair., executive funct. diff, ~(special class)
impair. of fine and gross movements

9 M + 2,10 8,5 24 Rolandic Focal (vertex) 82%  Behav. disord., inattentiveness, memory impair., None
executive function diff., language diff., impair of
learned motor tasks

10 F + 2,0 3,6 1,10 Rolandic L hemispheric 89%  Behav, disord, inattentiveness, executive functions Learning diff.
diff., learning and language diff., impairm of fine (special class)
motor mov.

11 F — 7,7 9.8 1,6 Rolandic R focal 65%  Behav disord, inattentiveness, impulsivity, ADHD (special
hyperactivity executive funct. diff., learning and class)
language diff., enuresis

12 F + — 5,6 7,11 — Multifocal (R 80%  Behav. disord., inattentiveness, learning and Autism-like

and L) language diff., motor impairm behavior

13 M + 4,11 9,4 3,0 Rolandic L focal (P) 81%  Behav. disord., inattentiveness, learning and Language diff.,
language diff., motor impairm (negative myoclonus) behav. disord

(special class)

14 M — 5 55 2,8 Rolandic Multifocal (RP  64%  Behav. disord, moderate/severe intellectual disab., None

and L TP) stereotypies and tics, enuresis
15 M + 5 7,10 46 Rolandic Multifocal (R 97%  Behav. disord, inattentiveness, impulsivity, ADHD, learning
and L) hyperactivity, executive funct and diff (special
visuospatial/visuomotor diff., language diff., class)
impairm. of fine and gross movements and balance

16 F + 74 7,6 2,6 Absences, GTC  Diffuse 98%  Behav disord., inattentiveness, learning diff., enuresis ESES not

resolved

17 M + 72 72 2,7 Rolandic Multifocal (LC ~ 80%  Behav disord., learning and language diff. ESES not

and LT) resolved

18 M — 5 94 3,0 Focal Multifocal (R 90%  Behav. disord., learning diff, impair. of gross motor None

and L Fr) mov.

19 M — 52 54 2,10 FS, sGTC L hemispheric 89%  Acquired aphasia (LKS), behav disord, Intellectual
inattentiveness, impulsivity, hyperactivity, memory  disability
impair.

20 M — - 8,0 2,2 - L hemispheric 80%  Acquired aphasia (LKS), behav disord, hyperactivity =~ None

21 M + 3,6 7.9 2,6 Focal L focal (T) >90% Acquired aphasia (LKS), behav. disord, Language and
inattentiveness, executive funct. diff., learning diff

22 F — 2,8 2,11 1,3 Rolandic Multifocal (R 54%  Behav probl, inattentiveness, impulsivity, Learning diff,

TPO and L TPO) hyperactivity, executive funct. diff., learning diff., behavioral
enuresis, motor impairm. disord.

23 F + 3,0 59 6,11 Rolandic Multifocal (R 89%  Behav disord., inattentiveness, learning diff None

and L)

24 F + 3,0 5,0 5,0 Absences Multifocal (R 94%  Behav disord., inattentiveness, language diff., ESES not

and L) visuomotor diff., impair. of fine and gross movem., resolved

enuresis

ADHD: attention-deficit/hyperactivity disorder; ESES: epileptic encephalopathy with status epilepticus during sleep; SES: status epilepticus during sleep; FS: febrile seizures; y: years; m:
months; M: male; F: female; unremark: unremarkable; GTC: generalized tonic-clonic; Behav: behavioral; disord: disorders; diff: difficulties; impair: impairment; disturb: disturbances;

movem: movement; Fr: frontal; T: temporal; P:parietal; O: occipital.

repeatedly performed at the time of ESES diagnosis and in the follow-
up. When a formal neuropsychological evaluation was not possible be-
cause of the deterioration of cognitive status and/or patients' lack of

cooperation, the cognitive assessment was based on clinical evaluation,
parental reports, and information on school performances and achieve-
ments. Each patient underwent 1-10 neuropsychological examination
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Table 2
Clinical features and EEG topography.
Focal (vertex) L focal R focal L hemisph R hemisph Multifocal Diffuse
(n=2) (n=4) (n=1) (n=15) (n=1) (n=28) (n=3)
Behavioral disord 7;9 3;8;13;21 11 6;10; 19; 20 12; 14; 15; 17; 18; 22; 23; 24 1;5;16
ADHD/hyperactivity 7 3;8 11 6; 19 2 15; 22 5
Inattentiveness 9 21;13 4:10 12;23;24 1; 16
Learning diff. 7 13 11 4;6; 10 2 12;17;18; 22,23 1;5;16
Language diff. 9 3;13 11 4;6;10 12;15;17; 24 1;5
Executive funct. diff. 7;9 8;21 11 6; 10 15; 22 5
Visuomotor/spatial impair 2 15;24
Acquired aphasia 21 19; 20
Stereotypies/tics 6 2 14
Gait instab./balance 7 15
Impairm motor movemen. 8;13 10 12;15; 18; 22; 24
Impairm motor learned tasks 9
Negative myoclonus 13
Enuresis 11 14;22; 24 1; 16

Numbers in the table indicate the corresponding patient in Table 1.

(mean: 3.4). The clinical EEG correlations were assessed analyzing the
EEG features and the cognitive impairment at every EEG control. In all
patients, the clinical, EEG, and neuropsychological assessments were
performed at the Danish Epilepsy Centre.

Age at ESES onset was defined as the age when a SES pattern in the
24-h EEG was demonstrated for the first time in a patient with a clinical
picture consistent with ESES, according to the inclusion criteria
abovementioned. Age at resolution of ESES was defined as the age
when a clear clinical improvement in the cognitive and behavioral do-
mains was reported associated with a 24-h EEG recording showing
the disappearance of the ESES pattern. This finding had to be confirmed
in another 24-h EEG recording after at least 6 months, as in previous
studies [8,15,17]. Follow-up ranged from 3 to 10 years.

2.1. EEG parameters for ESES diagnosis

Electroencephalography (EEG) was recorded by scalp electrodes
placed over the scalp according to the 10-20 International system. The
overnight SWI was calculated by using a semiautomated spike search
method implemented in the Brain Electrical Source Analysis (BESA)
software (BESA Research 6.0). Spikes were detected by template
matching, in which an average of the visually identified, representative
spikes for each EEG served as template. The possible influence of sleep
slow waves on the accuracy of template matching was minimized by
applying a 4-40-Hz zero phase band pass filter [18]. Calculation and
graphical representation of the SWI was performed in a MATLAB envi-
ronment (MATLAB, version 7.3.0 R2006b). Patients were divided into
3 groups, based on the SWI: 1) >85%, 2) 70-84%, and 3) 50-69%. The to-
pography of the epileptiform discharges in the overnight EEG recording
with the highest SWI was classified as follows: a) diffuse when sleep
EEG abnormalities were bilateral; b) hemispheric when they were local-
ized to one hemisphere without or with negligible spread to the contra-
lateral hemisphere; c) multifocal when multiple foci either in the same
hemisphere or in both hemispheres, discharging asynchronously, were
observed; d) focal when the epileptic abnormalities were located in one
or two lobar regions of the same hemisphere (Fig. 1) [19].

2.2. Genetics

Pathogenic variants in 78 epilepsy genes including GRIN2A and
CNKSR2 were screened by using a targeted next generation sequencing
(NGS) gene panel. Genomic deoxyribonucleic acid (DNA) from blood
was extracted using standard methods, and a NGS panel screening
was performed based on the Ion Torrent SureSelect platform as previ-
ously described [20]. Variants were assumed to be pathogenic if they
were nonsynonymous, splice-site altering, nonsense, or frameshift
changes, not present in control samples (gnomAD — see URLs), and

had arisen de novo in the patient or segregated with the disorder in
the family.

3. Results

Out of 78 subjects diagnosed at the Danish Epilepsy Centre from
March 2003 to December 2014 as having ESES (mean admission per
year: 7.1), we collected 24 patients (30.7%) with idiopathic ESES
(mean number: 2.1 per year). Gender ratio was 14 M/10 F. Mean age
at ESES diagnosis was 6 years and 9 months (range: 2 years, 11
months-10 years).

3.1. Epilepsy

Family history for epilepsy was positive in nine (37.5%) subjects. One
additional patient had a family history positive for a single seizure in the
father. Epileptic seizures were reported in 21 (87.5%) out of 24 patients.
Mean age at epilepsy onset was 4 years and 8 months (range between
2 years-7 years and 7 months). Seizure types are reported in Table 1.
In 14/21 subjects, epilepsy appeared before ESES onset. Mean epilepsy
duration prior to the ESES diagnosis was 2 years and 3 months (range:
2 months-5 years and 7 months). At the time of ESES onset, 6/14 did
not show any change in seizure frequency and/or semiology. However,
one of them started to have a new seizure type, i.e., negative myoclonus;
5/14 children showed an increment of their usual seizures; 2/14 (#18
and #9) who were seizure-free at the time of ESES onset since
17 months and 6 months, respectively, started to have again their previ-
ous seizures. In seven children (33%), seizure onset and diagnosis of
ESES occurred at the same time.

During the ESES period, four children had daily/weekly seizures, five
children had 1-4 seizures per year, and four presented with only 1-2
seizures during the whole ESES period (<1 seizure/year). In the remain-
ing children, seizures frequency fluctuated, alternating periods of sei-
zure control with periods of seizure relapse. Ten children out of the 21
with epilepsy were seizure-free on antiepileptic treatment within
1 year after ESES onset.

Three subjects (#8, #12, #20) out of 24 never had overt seizures.
Patient #20 presented with a clinical picture consistent with Landau-
Kleffner syndrome (LKS) with left side hemispheric EEG discharges, pa-
tient #8 showed a left hemisphere EEG focus, and patient #12 showed
multifocal bilateral EEG abnormalities.

3.2. Cognitive/behavioral/motor symptoms
Encephalopathy related to status epilepticus during slow sleep onset

was characterized in 16 (66.6%) patients by behavioral changes, such as
appearance of aggressive behavior and difficulties in social interactions
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Fig. 2. Upper panel: an example of changes in the EEG in a patient with consistent electroclinical changes (observed in 11 patients). Lower panel: an example of the EEG in a patient with
inconsistency between the improvement of the EEG features during NREM sleep and the fluctuations of the clinical severity, i.e., transitory cognitive and behavioral improvements (ob-

served in 13 patients).

with peers, and in 12 (50%) patients by attention-deficit/hyperactiv-
ity disorder (ADHD) features such as attention-deficits and/or hy-
peractivity. Learning disabilities and language deterioration were
detected since the appearance of ESES in 10 (41.6%) and in six
(25%) patients, respectively, including in this latter a group of three
children (#19, #20, #21) with acquired aphasia consistent with
LKS. Motor disturbances were referred since the onset of ESES in 10
children (41.6%). In particular, motor dysfunctions such as postural
instability and clumsiness were reported in six patients, orofacial
dyspraxia with drooling in three, dyspraxia in one, negative myoclo-
nus with sudden falls to the ground in one, and intermittent distur-
bance of coordination in the right limbs in one. Finally, one child
presented with difficulties of word pronunciation (not otherwise
specified) and gross motor hindrance and another child with noctur-
nal enuresis as initial symptoms of ESES.

During the course of ESES, different degrees and various combina-
tions of behavioral disorders and ADHD features (such as inattentive-
ness, hyperactivity, and impulsivity) and of cognitive disturbances
(such as learning and language difficulties, impairment of executive
functions, memory impairment, visuomotor/visuospatial impairment)
were observed in all patients. Acquired aphasia was observed in three
children (#19, #20, #21) with LKS. Motor stereotypies were evident
in three patients (#2, #6, #14), associated with tics in one of them
(#14) (Tables 1 and 2).

3.3. Sleep EEG during ESES

On average, each child underwent 6.7 24-h EEG recordings (range:
1-13). Maximum SWI during all-night NREM sleep ranged from 50 to
98%. In 13 (54%) patients, the SWI was >85%; in six (25%), it was be-
tween 70 and 84%; in the remaining five (21%), SWI varied from 50 to
69%. Regarding the scalp distribution of the sleep EEG epileptiform dis-
charges, at the time of maximum SWI, they were diffuse in three pa-
tients, left hemispheric in five, right hemispheric in one, focal in the
left hemisphere in four, focal in the right hemisphere in one, focal
over the vertex in two, and multifocal in eight (Table 1). It is worth to
mention however, that throughout the evolution of ESES, considerable
variations of the topography and diffusion patterns of the EEG epilepti-
form discharges could occur in the same child.

34. Clinical EEG correlation

In 14 patients, we noticed a constant parallel between the severity of
the clinical picture and the SWI, i.e., the worsening of the clinical picture
was associated with an increment of the SWL In 10 patients (#4, #8, #9,
#12,#13, #15, #16, #18, #22, #23), in some periods of their clinical his-
tory, these relationships were less clear, since fluctuations of the clinical
severity, i.e., transitory improvements in cognition and behavior, were
inconstantly paralleled by variations (i.e., decrease) of SWI (Fig. 2). In
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3 patients (#8, #9, #22), some clinical symptoms (inattentiveness in pa-
tient #8, memory in patient #9, motor symptoms in patient #22) fluctu-
ated in parallel with SWI whereas the other clinical manifestations were
quite independent from SWIL

Table 2 shows that a heterogeneous pattern of behavioral disorders,
ADHD features (inattentiveness, impulsivity, hyperactivity), learning
and language difficulties, and difficulties of executive functions affected
all children without a strict correlation with SES side and topography at
the SWI peak. In addition, visuomotor/spatial impairment was observed
in three children, two (#15, #24) with bilateral multifocal abnormalities
and one (#2) with right hemispheric SES. Motor dysfunctions such as
impairment of fine and gross motor movements were observed in chil-
dren with multifocal SES (patients #12, #15,#18, #22, #24), left focal
SES (#8, #13), or left hemispheric (#10) SES. Other disturbances such
as gait instability, negative myoclonus, and impairment of learned
motor tasks were observed more rarely, affecting only one or two chil-
dren. Stereotypies and tics were reported in three children with multi-
focal (#14), right (#2), or left hemispheric (#6) SES. Enuresis was
reported in six children with diffuse (#1, #16) or multifocal (#14,
#22, #24) SES, and only in one with lateralized right focal SES (#11)
(see Tables 1 and 2).

Acquired aphasia consistent with the diagnosis of LKS was observed
in three children with left hemispheric SES (#19, #20) or left focal SES
(#21).

3.5. Genetics

We screened 13 of the 24 patients for pathogenic gene variants. In
two patients (#12, #24) (15%), we found a presumed disease causing
variant in GRIN2A, c.172G>T, p.Glu58Ter, and ¢.2007 + 1G>A, IVS7.
Both variants/patients have been previously published [3,21]. Segrega-
tion analysis revealed that both variants were paternally inherited,
and both fathers had epilepsy during childhood. Both have been sei-
zure-free and off medication for many years. No pathogenic variants
were observed in CNKSR2.

3.6. Therapy

In our cohort, a mean of 2.5 antiepileptic drugs (AEDs) per patient
(range: 1-4) was used, including clobazam (CLB), ethosuximide (ETS),
valproate (VPA), sulthiame (STM), lamotrigine (LTG), and levetiracetam
(LEV). Cycles of prednisolone (PRD) were performed in 10/12 patients
with a maximum benefit duration of one year. Two patients whose sei-
zures did not respond to AEDs (#1, #19) were treated with ketogenic
diet (KD) with clinical improvement.

3.7. Outcome

Twenty-one (87.5%) patients had achieved ESES remission at the last
follow-up. In these patients, mean ESES duration was 3 years and
1 month (range: 0.5-7 years and 11 months), and mean age at remis-
sion was 14 years and 3 months (range: 4 years and 2 months-
15 years and 10 months). Three subjects were still presenting with
ESES. Their mean age was 10 years-5 months (range: 9 years and 9
months-11 years and 6 months).

Out of the 21 patients in whom ESES was resolved, a complete cog-
nitive and behavioral recovery was observed in five (23.8%) (see Table
1). They had a mean ESES duration of 3 years and 6 months (range:
2 years and 2 months-6 years and 11 months) and SWI index during
the most active phase ranging from 64% to 90%. Mean age at ESES
onset was 7 years and 4 months (range: 5 years, 5 months-9 years,
4 months). Their seizures were treated with STM and/or PRD.

In 13 patients, minor/moderate residual disabilities persisted (12
children showed learning difficulties, language problems and disorders
in executive functions; residual behavioral disorders persisted in five —
see Table 1). In this group of subjects, mean duration of ESES was 3 years

and 2 months (range: 12 months-7 years, 11 months). Mean age at
ESES onset was 6 years and 7 months (range: 2 years, 11 months-
9 years, 4 months).

Three patients (#7, #11, #19) continued to show major residual
learning disabilities and behavioral disorders (see Table 1). In these pa-
tients, mean ESES duration was 2 years and 6 months (range: 1 year and
6 months-3 years and 5 months) and mean age at ESES onset was
6 years, 4 months (range: 3 years, 8 months-9 years, 8 months). The
SWI was 50% in patient #7, 65% in patient #11, and 89% in patient
#19. Patient #11 showed seizures that were treated with STM as add-
on to VPA (after discontinuation of LTG) with partial benefit. Patient
#7 showed seizures that were treated with LEV without benefit (after
discontinuation of LTG, received before ESES onset), and patient #19 ex-
perienced seizures that were refractory to AEDs (STM, LEV), PRD, and
KD (he already received oxcarbazepine, VPA, LTG, and CLB for seizure
control before ESES onset).

4. Discussion

In this retrospective study, we have investigated the electroclinical
features and long-term evolution of a homogeneous cohort of children
with idiopathic ESES. A distinctive feature of our study is the longitudi-
nal EEG and neuropsychological assessment, with repeated overnight
EEGs and, in most of the children, repeated neuropsychological evalua-
tions. In addition, in a subset of patients, we have explored the genetic
background.

In our group of patients, epileptic seizures were a common feature,
however 3/24 (12,5%) children never had overt seizures. Heteroge-
neous seizure types were reported, such as absences, generalized
tonic—clonic seizures, focal seizures, including Rolandic seizures that
were detected in more than 60% of the patients with epilepsy. Epilepsy
appeared before the onset of ESES in about 60% of patients with epilepsy
whereas in the remaining 40%, the onset of epileptic seizures was con-
comitant with the detection of SES and with the recognition of a cogni-
tive and behavioral deterioration. In patients with epilepsy before ESES
onset, the appearance of ESES was not accompanied by changes in sei-
zure frequency or semiology in about 50% of them (even though one
of them started to present with negative myoclonus as a new seizure
type), whereas the remaining subjects showed an increase of seizure
frequency or reappearance of seizures after a seizure-free period. Our
findings differ from the observation of Saltik et al. [15] in a group of chil-
dren with idiopathic focal epilepsy evolving to ESES, who reported at
ESES onset an increment of seizure frequency and/or appearance of
new seizure types in more than 90% of subjects. Therefore, our results
may suggest that changes in seizure frequency or semiology, although
possibly useful to suspect the onset of ESES, might not be such a sensi-
tive marker as previously suggested [15]. In addition, 13% of children
in our cohort never experienced overt seizures, a percentage higher
than in previous series of patients with ESES [8,9,22]. This might depend
both on different referral policies for a 24-h EEG (patients with suspi-
cion of ESES without occurrence of seizures are referred to our center)
and on our inclusion criteria that selected only patients with idiopathic
ESES, at variance with other studies that included children with both id-
iopathic and symptomatic etiologies, these latter more prone to develop
epilepsy [8,9,22]. Moreover, our series included children with LKS,
which are commonly reported to have a lower incidence of a lower in-
cidence of seizures [23]. These findings should prompt clinicians to con-
sider the possibility of ESES and eventually to perform the proper
diagnostic assessment (i.e., overnight sleep EEG or at least, EEG during
a full sleep cycle) even in the absence of epileptic seizures in children
with recent onset of neurobehavioral disturbances.

In our series, onset of ESES was heralded by the appearance of be-
havioral disorders (in particular, difficulties in social interactions, ag-
gressivity) and/or ADHD features in 66.6% and 50% of children,
respectively. This is similar to Saltik et al.'s report [15], who described
behavioral disturbances at ESES onset in about 80% of subjects. In
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addition, we observed learning disabilities, including language deterio-
ration, and motor disturbances at ESES onset in about 65% and 40% of
children, respectively. Overall, in all children, the appearance of one or
more of a various combination of these disturbances characterized the
onset of ESES. Our results further reaffirm the concept that the appear-
ance of cognitive and/or behavioral disturbances, in concomitance with
the epilepsy onset or during the course of an idiopathic epilepsy, should
warn on the possible diagnosis of ESES.

During the course of ESES, a heterogeneous pattern of cognitive de-
rangement and behavioral disorders was observed in association with
different types of motor dysfunctions. Behavioral disorders and cogni-
tive derangements have been reported in nearly all cases with ESES [2,
24,25]; indeed, they are the ESES features with the most severe long-
term consequences [8,16,26,27]. These disturbances have been reported
to vary from mild to severe and can include language deterioration,
temporospatial impairment, aggressiveness, impulsivity, inattentive-
ness, hyperactivity, learning difficulties, and communication problems;
in some cases, psychotic features have been reported [2].

In our series, cognitive disturbances (such as learning and language
difficulties, impairment of executive functions, memory impairment,
visuomotor/visuospatial impairment) combined with ADHD features
were observed in all patients, independently from the topography of
the SES epileptiform discharges. In fact, at variance with previous re-
ports [2,28,29], in about one-half of patients, we could not find a con-
stant correlation between the pattern of cognitive/behavioral
derangement and the topography and side of SES. Several explanations
may account for these discrepancies. First, the topography of the epilep-
tiform activity could vary in the same patient during the course of ESES.
Moreover, it was not always possible to have the neuropsychological as-
sessment in parallel with the EEG evaluation, because of the severity of
the cognitive/behavioral status. Second, beside the SWI and the EEG to-
pography, we should also take into consideration some qualitative EEG
parameters, e.g., the morphology of the epileptiform discharges, as well
as the sleep-wake distribution of the epileptiform abnormalities during
the evolution of SES. Third, recent data have shown in ESES an impair-
ment of the sleep physiologic homeostatic processes, which subserve
local plastic changes associated with cognitive functions in develop-
mental age, more pronounced at the site of the epileptic focus but affect-
ing as well cortical areas distant from it [30,31]. Therefore, it can be
hypothesized that the pattern of neuropsychological/behavioral de-
rangement may depend on altered sleep homeostasis, due to persistent
epileptic activity, in cortical areas beyond the epileptic focus [32,33].
Fourth, in patients with focal SES, i.e., with epileptic activity restricted
to one or two lobar regions, the associated cognitive deficits might be
quite selective and might be even overlooked on clinical grounds, and
possibly not properly investigated by standard neuropsychological eval-
uations, rendering the description of the clinical picture incomplete,
thus preventing precise clinical EEG correlations [34-36].

Recent genetic data have shown a possible association between
GRIN2A and CNKSR2 pathogenic variants and conditions, such as
Rolandic epilepsy, LKS, or ESES, encompassed in the epilepsy-aphasia
spectrum disorders (EASD) [3-7,37]. In our study, we found two pa-
tients out of 13 (15.4%) with a pathogenic GRIN2A variant, and none
with CNKSR2. This finding is in agreement with previous reports that
have estimated that up to 20% of patients with EASD have a pathogenic
variant in GRIN2A [3-5].

Complete recovery from ESES was achieved only in 23% of children
whereas minor/moderate dysfunctions persisted in 62% and major dis-
abilities in 15% of patients. Although the idiopathic etiology has been
suggested as one of the factors possibly related to a good prognosis
[8], complete recovery in our cohort was obtained only in less than
one-fourth of children, a worrisome observation considering that all
these children were neurologically, cognitively, and behaviorally
healthy before ESES. A recent study has shown that children with
early-onset idiopathic ESES were the most vulnerable in terms of neuro-
psychological outcome as compared with those with a later onset [16].

Our data are in agreement with these findings showing an earlier age
of ESES onset (mean age: 6 months, 4 years) in the children with the
most severe sequelae as compared with those who completely recov-
ered after ESES (mean age at ESES onset: 7 years, 4 months). We did
not observe any correlation neither between the SWI and the cognitive
outcome (mean SWIwas 81% in the completely recovered group versus
61% in the group with major sequelae) nor between ESES duration and
cognitive outcome (mean: 3 years-4 months in the recovered group
versus 2 years—7 months in the more impaired group). This latter result
is not concordant with previous findings showing that a longer duration
of ESES could predict a worse outcome [24,38]. These observations em-
phasize once again one of the most puzzling issues related to ESES,
i.e., how prolonged epileptic activity during sleep (SES) can significantly
and often permanently affect the cognitive and behavioral outcome of
these children. In recent years, it has been proposed that persistent
sleep-related epileptic activity might impair the physiological homeo-
static processes that occur during sleep and that are particularly rele-
vant in the developmental age [32,33]. Sleep ensures synaptic
homeostasis by promoting synaptic depression and renormalization,
memory consolidation, and cellular recovery after the increase of synap-
tic strength that occurs during wakefulness [39]. The extreme activation
of spike-wave activity during slow-wave sleep, every night for months
or years, in children with ESES would be expected to impair the physi-
ologic sleep homeostatic processes. The analysis of the changes of the
slope of sleep slow-wave activity (SSWA) can provide a measure of
changes in synaptic strength and associated sleep homeostasis [40,41].
It has been shown that in children having ESES, the slope of SSWA did
not change across the night, as if the homeostatic recovery of sleep
was impaired [30]. In the developmental age, during which cortical
maturation (through massive synaptogenesis, synaptic pruning, and re-
finement of synaptic circuits) takes place [42-44], a systematic spike-
induced disruption of synaptic renormalization during NREM sleep
would produce severe, possibly permanent changes in cortical wiring,
that could result clinically in the cognitive and behavioral disorders ob-
served in ESES.

To lend support to this hypothesis, recently, Bolsterli et al. have
shown in children with idiopathic ESES that the cognitive/behavioral
outcome might correlate with the degree of impairment of the physio-
logical homeostatic processes occurring during sleep [45]. Indeed, the
complete cognitive/behavioral recovery after ESES was observed in
those children in whom sleep homeostasis, as measured by the analysis
of the slope of SSWA, was partially preserved during sleep during active
phase of ESES. On the contrary, severe perturbation of SSWA during
ESES active phase was associated with the worst neuropsychological se-
quelae. These latter findings suggest that, besides SWI and spike topog-
raphy, the analysis of sleep EEG features (i.e., quantification and
modification of SSWA) should be included in the parameters to be in-
vestigated for clinical EEG correlations in ESES, with possible prognostic
significance. In addition, they might be relevant to comprehend the role
of impaired sleep homeostasis in the cognitive derangement occurring
in ESES. Finally, another factor that in our cohort presumably played a
role in the outcome was the response to therapy, which was a distin-
guished feature between the children who completely recovered after
ESES and those who continued to present neuropsychological disorders.
In fact, the response to therapy resulted in periods in which the subjects
had an electroclinical improvement. Thus, it seems reasonable to think
that patients whose seizures did not respond to therapy were also
those patients who had less “free-periods”, thus having a more
prolonged and continuous SES-related damage.

5. Conclusion

Our study was focused on patients with idiopathic ESES, who experi-
enced an abrupt cognitive and behavioral decline, in the absence of signif-
icant changes in seizure frequency or type. In addition, the contribution of
possible confounding factors due to preexistent or concomitant
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pathologies in determining the encephalopathy was excluded, hence, our
definition of idiopathic ESES as a “pure” condition. We suggest that idio-
pathic ESES is an optimal model of epileptic encephalopathy resulting
from the harmful effect in the developmental age of protracted “interictal”
sleep-related epileptiform activity on the local plastic changes associated
with learning and other cognitive functions that physiologically occur
during sleep [45], in previously healthy children. This hypothesis should
be tested not only in ESES but also in a larger population of childhood ep-
ilepsies with significant activation of focal paroxysmal activity during
sleep. Future lines of research should investigate whether children with
epilepsy displaying high SWI during sleep and minor or absence of cogni-
tive disorders show minimally impaired or normal reduction of the slope
of SSWA, thus reflecting a minimal perturbance or preservation of synap-
tic renormalization. For this scope, the use of novel EEG parameters, in ad-
dition to SWI, such as the decline of slow-wave slopes in NREM sleep,
coupled with new neuroimaging techniques (such as diffusion tensor im-
aging tractography, functional Magnetic Resonance Imaging (fMRI),
Positron Emission Tomography (PET), Magnetoencephalography
(MEG)) and sophisticated neuropsychological and behavioral tools tai-
lored to detect selective or subtle cognitive dysfunctions, in particular in
children with focal ESES, might allow a timely diagnosis and treatment
and might shed light on the cortical networks underlying specific cogni-
tive functions.
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