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ABSTRACT – The major goal of therapy in patients with Encephalopathy
related to Status Epilepticus during slow Sleep (ESES) is to prevent or reduce
associated cognitive deficits. Whether or not the EEG pattern of ESES should
be completely suppressed to improve cognition is unknown. In clinical
practice, there are two major challenges: to establish the optimal treatment
strategy in patients with ESES, and to identify the patients who will benefit
most from therapy, including atypical cases. Here, we provide a compre-

ture on treatment efficacy in patients

status epilepticus during slow sleep,
sleep, treatment, antiepileptic drugs,
ulating treatment

abnormalities and most impor-
tantly potential improvement, or
at least prevention, of further
cognitive decline. The beneficial
effect of treatment on both seizure
frequency and severity and on
cognitive functions in relation to
the reduction of epileptiform dis-
charges in sleep has been demon-
strated in many studies (Aeby et al.,
2005; Inutsuka et al., 2006; Kramer et
hensive overview of the current litera
with ESES.

Key words: encephalopathy related to
continuous spike and waves during
surgery, ketogenic diet, immunomod

Almost 50 years have elapsed since
the first description of Encephalopa-
thy related to Status Epilepticus
during slow Sleep (ESES) (Patry et al.,
1971), and a well-defined treatment
protocol of this condition is still
lacking. There is no general agree-
ment whether immunomodulation,
benzodiazepines or antiepileptic
drugs (AEDs) should be used as
a first-choice medication. Nor is
d
o

i:10.1684/ep
d

.2019.1061

76 Epileptic Disord, Vol. 21, Supplement 1, June 2019

orrespondence:
E. Jansen
epartment of Child Neurology, Brain
enter Rudolf Magnus,
niversity Medical Center,
eidelberglaan 100, 3584 CX Utrecht,
olland
F.E.Jansen@umcutrecht.nl>

there consensus on the duration
of treatment after which improve-
ment may be expected, and how
long treatment needs to be contin-
ued after improvement is achieved.
Treatment goals in ESES include
seizure control, reduction of EEG

al., 2009; Sanchez Fernandez et al.,
2012).
The current treatment options for
ESES include “routine” AEDs, ben-
zodiazepines, immune modulation
therapy, including corticosteroids,
and surgical treatment.
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Current treatment option

ntiepileptic drugs

he most commonly used AEDs are sodium valproate,
thosuximide, sultiame and levetiracetam, though
heir effects are often temporary, partial or limited to
ontrol of clinical seizures. In a series by Inutsuka et al.
2006), 10 out of 15 patients (67%) responded with long-
asting seizure control and partial recovery of cognitive
unctions after treatment with valproate alone or in
ombination with ethosuximide. Liukkonen et al (2010)
emonstrated efficacy of a combination of valproate
nd ethosuximide in two patients. Other investigators
ould not confirm these positive effects (Capovilla et
l., 2004; Scholtes et al., 2005; Kramer et al., 2009).
everal studies have supported efficacy of levetirac-
tam in ESES treatment (Capovilla et al., 2004; Aeby
t al., 2005; Wang et al., 2008; Atkins and Nikanorova,
011; Larsson et al., 2012). Capovilla et al. (2004)
bserved efficacy in two of three children (all with

ocal structural epilepsy and ESES), followed for
5 and 12 months, respectively. Aeby et al. (2005)
eported EEG improvement in seven of 12 children
fter two months of treatment, and neuropsychologi-
al or behaviour improvement in nine. In their study,
evetiracetam had been discontinued after one year
n four patients because of ESES relapse while on
reatment.

ang et al. (2008) demonstrated levetiracetam effi-
acy in 5 of 6 children, but 2 of 5 responders relapsed
fter four and five months, respectively. In a study by
tkins and Nikanorova (2011), eight out of 20 patients
emonstrated a long-lasting response (more than 12
onths), and three showed a partial response (6-

2 months). Nine had seizures prior to levetiracetam
reatment initiation. Six became seizure-free when
evetiracetam was added, and in three children a sig-
ificant reduction of seizure frequency was observed.
he authors emphasized the higher levetiracetam effi-
acy in patients with structural etiology compared
o unknown and genetic etiology. Sultiame has been
eported as effective in small series (Wirrell et al., 2006;
ramer et al., 2009).
ecently, one study reported a very significant effect
f topiramate; 16 of 21 patients showed clinical and
ehavioural improvement at three months, with long

asting effect in 10 (Vrielynck et al., 2017). Aceta-
olamide was reported to yield subjective clinical
mprovement in 5 of 6 children in whom up to 12
revious treatments had failed, when studied retro-
pileptic Disord, Vol. 21, Supplement 1, June 2019

pectively (Fine et al., 2015). Amantidine, although
ot considered to have anticonvulsive effects, became
f interest because of the identified GRIN2A vari-
nt in patients with ESES which has recently been
eported in a series of 20 patients with ESES. The
W index was found to have dropped from a mean
f 76% to 53% and subjective cognitive, linguistic, or
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Encephalopathy related to Status Epilepticus during slow Sleep

ehavioral benefit was noted in the majority of patients
Wilson et al., 2018).
enzodiazepines demonstrate efficacy in the short

erm. Treatment with short cycles of high-dose
iazepam (1-3 weeks) can lead to transient remission,
ut relapses necessitate repeated cycles (Inutsuka et
l., 2006; Kramer et al., 2009). Kramer et al. (2009)
eported a temporary response in three of eight
atients after treatment with oral diazepam 0.75-1
g/kg/day for three weeks, with a relapse within six
onths. In a series by Sanchez Fernandez et al. (2012),

he mean spike wave index decreased from 77 to
1% in 29 patients with ESES after administration of
mg/kg oral diazepam every evening. In another study,
alproate and benzodiazepines were not effective in
ine out of 10 patients, and 3 patients experienced
n adverse behavioural reaction (Scholtes et al., 2005).
hronic treatment with oral clobazam in combination
ith other AEDs may have a sustained effect (Larrieu
t al., 1986). Recently, nine patients showed signifi-
ant reduction of sleep spike waves after three months
r daily clobazam 0.5 mg/kg (Vega et al., 2018). Ver-
al IQ scores improved, although median IQ had not
hanged due to an unexplained decrease in non-verbal
Q in this series.

etogenic diet

he data on ketogenic diet in ESES treatment are lim-
ted. Bergqvist et al. (1997) described three patients

ith Landau-Kleffner syndrome refractory to tradi-
ional therapy. All three children showed improvement
f their language performance, behaviour, and seizure

requency for 26, 24, and 12 months, respectively. In
nother study (Nikanorova et al., 2009), the ketogenic
iet did not appear to influence the neuropsycho-

ogical outcome of ESES. Only one out of 5 patients
esponded with complete ESES resolution. More
ecently, two series were added to the literature. The
ombination of the KD with steroids was studied in
3 children (Ville et al., 2015). Of the patients, 61%
ere considered responders, but only one was able to
iscontinue steroids during follow-up. In a series by
eyes et al. (2015), 12 patients with ESES were treated
ith the ketogenic diet for a minimum of 18 months.
t the end of follow-up, seven patients remained on

he diet, one patient became seizure-free, and three
ad a significant improvement in seizure reduction.
S77

fficacy of the ketogenic diet has been reviewed by
elley and Kossoff in 2016. Of the 38 reported children,
1% had >50% seizure reduction, 45% had cognitive
mprovement, 53% had EEG improvement but only
% had EEG normalization. Efficacy of the ketogenic
iet in ESES may result from its anti-inflammatory
otential or by increasing GABA that may be
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articularly important since GABAergic neurons in
he thalamus may be damaged in patients with ESES
Kelley and Kossof, 2016).

ctivation of the immune system in
atients with ESES and response to

mmunomodulating treatment

growing body of evidence has recently confirmed a
ink between epilepsy and inflammation. Various find-
ngs indicate the involvement of the immune system,
ncluding reduced serum levels of IgA and IgG sub-
lasses but also elevated cerebrospinal fluid levels of
gG, IgM, as well as positive antinuclear antibodies,
ntibrain, antimyelin, and antiglutamate receptor anti-
odies in serum (Boscolo et al., 2005; Connolly et al.,
006; de Vries et al., 2016). The inflammatory process
s mediated by cytokines, chemokines and proteases.
o date, IL-1beta and HMGB1 overexpression has been
ound in resected focal cortical dysplasia, mesial tem-
oral sclerosis and tubers (Connolly et al., 2006).
urther, increased levels of IL-6 have been found in a
umber of epilepsy-related etiologies making it a con-
istent finding. However, there are only two studies
f ESES that investigated cytokine profiles (Lehtimaki
t al., 2011; van den Munckhof et al., 2016). Van den
unckhof found significantly higher levels of IL-1�,

L-6, IL-10, chemokine (C-C motif) ligand (CCL)2 and
hemokine (C-X-C motif) ligand (CXCL)8/IL-8 in 11
atients with ESES as compared to controls. Further,

L-6 changes were accompanied by clear improvement
f electroencephalography (EEG) patterns and neu-
opsychological evaluation after immunomodulating
reatment. As seizures may be infrequent in ESES, it
s suggested unlikely that IL-6 elevation and chronic
nflammatory system activation result from recur-
ent seizures alone. Although it has been suggested
hat continuous epileptiform activity may also cause
nflammatory system activation, the exact relationship-
ause or consequence- is not known.
n addition to measuring the inflammatory process,
ffective response to immunomodulating therapy in
atients with ESES provides further evidence for the
ole of immune system activation (Walker and Sills,
012), although the mechanisms of action are not com-
letely understood.
78

ntravenuous immunoglobins (IVIG)

VIG was first used in the treatment of childhood
pilepsy in 1977 (Pechadre et al., 1977). Since then, suc-
essful treatments with intravenous immunoglobulin
IVIG) in LKS or CSWS/ESES syndrome have been pub-
ished in a few case reports (Pechadre et al., 1977; Fayad

d
s
R
e
p
t
p

t al., 1997; Mikati et al., 2002; Arts et al., 2009). Arts et
l. reported the use of IVIG in six children with LKS or
SWS/ESES who were studied in a prospective manner.
nly one of the six patients showed a clear, temporal,

ositive response to IVIG. The other children did not
espond, and four of them were treated subsequently
ith prednisone.

orticosteroids

orticosteroids seem to offer better efficacy and more
ong-lasting effect than conventional AEDs. Different
teroid modalities and schemes have been reported
ver years and again, results are mostly restricted to
mall case series. Lerman et al. described successful
ong-term treatment of ACTH and corticosteroids in
our patients (Lerman et al., 1991). Repeated pulses
ith intravenous methylprednisolone was effective

n two patients (Tsuru et al., 2000); they showed a
aintenance of improved language performance with

ubsequent continuous oral prednisolone adminis-
ration. Another nine out of ten patients manifested
ignificant long-lasting improvement in language, cog-
ition, and behavior after 6 months treatment with
ral prednisolone 1 mg/kg/day (Sinclair and Snyder,
005). Only few and reversible side effects were noted.
aberlandt et al. (2010) showed that pulsatile corticoid

herapy with dexamethasone was an effective alterna-
ive treatment to adrenocorticotropic hormone for a
umber of epilepsy syndromes, including ESES. Dex-
methasone was also considered effective in a study
y Chen et al. (2016) with seven out of 15 responders,
lthough relapses were seen in 4 when dexametha-
one was discontinued after one month. Kramer et al
2009) concluded that the 64% (11 of 17 patients) short-
erm efficacy of steroid therapy was greater than the
fficacy of any other agents (including AEDs, benzodi-
zepines and immunoglobulins). However, of those,
3% eventually relapsed and 22% became steroid
ependent. Two centers combined their experience
ith corticosteroid treatment in a large retrospec-

ive cohort of 44 patients with CSWS or LKS (Buzato
t al., 2009). All but two patients were administered
aily hydrocortisone, in a scheme lasting up to 21
onths. Initial positive response was found in 34 of

4 patients (77.2%), with normalization of the EEG in
1 patients. Although relapses occurred (14 of 34), 20
atients (45.4%) were found to be long-term respon-
Epileptic Disord, Vol. 21, Supplement 1, June 2019

ers. Higher IQ/DQ and shorter CSWS duration were
ignificantly related to positive treatment response.
ecently, the electroclinical spectrum and treatment
fficacy was reported in a large cohort of 44 Turkish
atients with ESES (Gencpinar et al., 2016). Patients

reated with a minimum of two AEDs did not differ from
atients treated with AEDs and ACTH with respect to
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Current treatment option

eizure outcome, SWI and cognitive outcome. On the
ther hand, van den Munckhof et al. (2018) and Altunel
t al. (2017) did find steroid treatment to be most
uccessful. Altunel reported the effects on SWI in
leep EEGs and ADHD symptoms in 75 patients treated
ith ACTH (with repeated cycles when SWI remained

15%). They found a reduction in SWI in all the
atients that was accompanied by a mean improve-
ent of 67% in ADHD-like symptoms after treatment
ith ACTH. Van den Munckhof reported improved

ognitive performance in a series of 47 patients with
SES. More so, improvement of daily functioning after
reatment was strongly associated with SWI decrease.
ooling individual patient data yielded treatment suc-
ess (for EEG or cognitive improvement) in 81 % of ESES
ases for steroids, as compared to 68% for benzodi-
zepines and 49% for other AEDs (van den Munckhof
t al., 2015).

pilepsy surgery

emispherectomy and lobar or multilobar resec-
ion has been found effective for selected children
nd adolescents with a congenital or early-acquired
rain lesion, despite abundant generalized or bilateral
pileptiform discharges on EEG (Wyllie et al., 2007).
ooled data from several studies shows the effect of
4 hemispherectomies or hemispherotomies and four
pileptic Disord, Vol. 21, Supplement 1, June 2019

esections in patients with structural and pharmacore-
istant ESES (Wyllie et al., 2007; Battaglia et al., 2009;
allay et al., 2009; Loddenkemper et al., 2009; Roulet-
erez et al., 2010; Peltola et al., 2011; Fournier-Del
astillo et al., 2014). Fifteen of 18 patients had strictly
nilateral brain lesions. In the other patients, the lesion
as predominantly unilateral. The etiology of lesions

a
n
o
R
a
t
e

ESES

Structural unilateral etiology

Epilepsy surgery

No sufficient improvement or
regression:

steroids +/- clobazam

No improvement or regression

No sufficient imp
regression afte

steroi

Delay or

Clobazam > 0.

igure 1. Flow chart of therapeutic approach, based on review of the
Encephalopathy related to Status Epilepticus during slow Sleep

as perinatal vascular with or without thalamic injury
n the majority of the patients. Two of 18 patients pre-
ented with hemispheric or lobar polymicrogyria. Age
t the hemispherotomy or hemispherectomy varied
etween 3.6 and 6.2 years (median: 6.9 years), and at the
esection between 4.7-14.9 years (median: 4.9 years).

inimum duration of postsurgical follow-up was 18
onths. Good response after surgery was seen with

eizure freedom in 14 of 17 patients with preoperative
eizures, resolution of ESES in all except one patient,
ho had residual regional ESES, and behavioural and

ognitive improvement in all. Cognitive catch-up with
ncrement of IQ or DQ with greater than or equal to
0 points was verified by comparable pre- and post-
perative IQ/DQ measurements in nine of 14 patients
fter hemispherotomy or hemispherectomy and in
hree of four patients after resection. In 2017, Jeong
t al. (2017) reported hemispherotomy resulting in
omplete seizure control in all nine children with
SES and resolution of continuous spike-and-wave dis-
harge in six of six patients in whom postoperative
EG recordings were available. Regression of skills was
topped in all patients and in four of them develop-
ental and academic gains were noted in parental

eports.
actors that are suggestive of favorable outcome are a
trictly unilateral MRI lesion in patients considered for
esective or disconnective surgery, preoperative prop-
gation of SES from one hemisphere to another and
S79

ormal or near-normal cognitive development before
r at the diagnosis of ESES (Loddenkemper et al., 2009;
oulet-Perez et al., 2010; Peltola et al., 2011). The meta-
nalysis by van den Munckhof confirms surgery to be
he most effective treatment in patients with structural
tiology (van den Munckhof et al, 2015).

: ketogenic diet or IvIGs

No sufficient improvement or
regression after 3 months:

steroids + clobazam

rovement or
r 3 months:
ds

No structural unilateral etiology

 arrest

5mg/kg/day

Regression

Steroids (min 6m) -/+ clobazam

literature and expert opinion.
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onclusions

n patients with ESES, different treatment regimens
ave been advised and responses are unpredictable.
ere, we reviewed the current literature. Many of the

tudies are small or retrospective, and may have been
ublished only because of an exceptionally good or
ad treatment effect. Next, most of these studies used
ualitative outcome data only, not analyzing structured
nd serial neuropsychological assessments. Further-
ore, series published to date used very different

chemes of steroid treatment, making comparisons
ifficult. Finally, data on relapse rates and adverse
vents were largely missing.
ased on the comprehensive review of the litera-

ure and our own clinical experience, we propose
therapeutic approach (figure 1). Since epilepsy

urgery was found to be most effective, children
ith ESES due to unilateral structural abnormalities

hould be discussed for surgery immediately. We
ropose to start with clobazam in patients with-
ut regression but consider steroids in cases who
egressed. In addition to this flow chart, individual
hoices can be made depending on the epilepsy
yndrome, for example sultiam could be first cho-
en in children with atypical benign focal epilepsy
f childhood and ethosuximide could be effective in
hildren with solitary thalamic injury. Further research
o provide definite answers regarding treatment of
hildren with ESES is warranted. For this goal, a
uropean randomized controlled trial has been under-
aken. RESCUE ESES (Randomized European trial of
teroids versus Clobazam Usage for Encephalopathy
elated to Status Epilepticus during slow Sleep) is

multicenter trial comparing treatment with either
orticosteroids or clobazam in newly diagnosed
atients. Quantitative cognitive and EEG outcome and
ossible predictors of treatment response will be
ssessed. �

isclosures.
one of the authors have any conflict of interest to declare.
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