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Abstract

Kleffner Syndrome

The epileptic encephalopathy with continuous spike-waves during sleep (CSWS) is an electroclinical syndrome which affects children
mostly between the age of 4 and 7 years old and remains a great challenge for clinicians. The neurocognitive decline plays a negative role in
child development and often is the first diagnosed sign in this syndrome (the characteristic electrophysiological features are recorded only
during sleep). Herein we present a brief overview of the recent advances in diagnostic and therapeutic issues of the epileptic encephalopathy
with CSWS. The original studies presented in the PubMed and NCBI databases were inquired/consulted, research length was 45 years.

Keywords: Epilepsy; Continuous spike-wave during sleep; Electrical status epilepticus; Spike-wave index 3.

Abbreviations: ILAE: International League Against Epilepsy; CSWS: Continuous Spike-Wave of Sleep; ESES: Electrical Status Epilepticus;
SW: Spike-Wave; SWI: Spike-Wave Index; AED: Antiepileptic Drug; REM: Rapid Eyes Movement; ACTH: Adrenocorticotropic Hormone; tDCS:
Transcranial Direct Current Stimulation; 1Q: Intelligence Quotient; DQ: Developmental Quotient; EEG: Electroencephalogram; LKS: Landau-

Introduction Definition and Concepts

International League Against Epilepsy (ILAE) defines
Epileptic encephalopathy with continuous spike-waves during
sleep (CSWS) is an electroclinical syndrome [1] characterized
by epileptic seizures, neurocognitive regression and
electrophysiological changes on electroencephalogram (EEG),
namely electrical status epilepticus of sleep (ESES). However,
later revised ILAE terminology from 2011-2013 didn’t modify
this concept [2]. In 1971 Tassinary et al. [3] was the first to
describe and propose the notion of ESES as a “subclinical” state
with electrographic changes occurring in at least 85% of non-

REM sleep.

Subsequently, the Commission on Classification and
Terminology of ILAE introduced the definition of CSWS [4],
which is still under debate in scientific literature as well as by
ILAE, because, e.g. “the use of CSWS and ESES is a cause of major
diagnostic confusion and should be abandoned in its current
form”. In this context, the ILAE Committee instead of two terms
should propose one term, e.g. CSWS-related encephalopathy or
at least change the acronym from CSWS to ECSWS (E meaning

epileptic encephalopathy), in order to avoid the diagnosis of an
electroclinical syndrome based on EEG findings (as the term
CSWS implies) [5]. However, many publications still make no
difference between ESES and CSWS [6]. Tassinari et al. [7]
proposed to call it “The Penelope syndrome” “as in the myth of
Penelope, the wife of Odysseus, what is weaved during the day
will be unraveled during the night”. Any way, it is necessary to
develop common terminology and conceptualization of CSWS/
ESES [8].

Clinical Manifestations

CSWS represents about 0, 5-0, 6% of childhood epilepsies,
affecting children between the age of 4 and 7 years, rarely
between 10-12 years. Male to female ratio is 60/40 [9]. The
core clinical manifestations of CSWS are epileptic seizures and
neurocognitive regression. Approximately 80% of patients
present one seizure type [10], with the most common seizures
types including clonic or tonic-clonic, typical or atypical absence
seizures. Focal simple and focal complex seizures as well may be
observed [11].
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Neurocognitive regression emerges within 2-3 years after the
seizure onset [12]. Depending on the etiology and comorbidities,
the neurocognitive decline affects the quality of life in 50% of
cases [13]. Improvement of skills follows the reduction of ESES
and seizures during puberty [11].

Diagnostic Work-up Neuroimaging

Brain structural abnormalities on neuroimaging can be
found in 30-59% of patients with CSWS [14,15]. Perinatal
vascular lesions, development
and delayed myelination being the most frequent lesions
associated with CSWS [16,17]. Recently the functional thalamic
abnormalities were described in patients with CSWS [18].
Other rare diseases accompanied by CSWS are hereditary
dentatorubral-pallidoluysian atrophy [19] and familial
hereditary encephalopathies [20]. Benign Epilepsy of Childhood
with Centro temporal Spikes, Benign Epilepsy of Childhood,
Acquired Epileptic Aphasia (LKS) and Lennox-Gastaut syndrome
are also associated with CSWS [11].

malformations of cortical

Electroencephalography

In the last 2009 ILAE Guidelines on Electroencephalography
in CSWS [21] a scale of spike-wave index (SWI) was described
in order to facilitate the comparison among different available
scientific data: 0 (no spike-wave [SW]); 1 (0-20% SW); 2 (20-
50% SW); 3 (50-85% SW); 4 (>85% SW). In this way of thinking,
the most appropriate criterion for CSWS/ESES syndrome seems
to be the presence of at least 50% of epileptiform activity during
non-REM and/or REM sleep [21]; this is different from previous
studies reporting epileptiform epochs of atleast 85% of recorded
non-REM sleep [3,22]. Firstly, SWI was described by the most of
authors as the percentage of non-REM sleep occupied by SW
[22,23], typically in the 1.5 to 3Hz range [11]. Since 2005, SWI
has been defined as the percentage of 1-second epoch with at
least one SW relative to the total 1-second epoch in non-REM
sleep [14,24].
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Figure 1: Sleep EEG pattern of 4 years 6-month-old patient with

CSWS, male, video-EEG night monitoring.
\ J

Standing on SWI, typical and atypical ESES were distinguished
[25]. In typical ESES, SWI is 85-100%, whereas in atypical ESES
it reaches 50-85% [25]. According to the ILAE Guidelines and
basing on the distribution of SWs, ESES/CSWS was classified into

focal, multifocal, unilateral, asymmetric, and symmetric bilateral
and diffuse [21]. Recently, depending on the maximum amplitude
of SW on EEG, anterior (if the maximum amplitude is recorded
in frontal, frontocentral or frontotemporal areas) and posterior
(posterior temporal, temporo-occipital or occipital areas) ESES
patterns were proposed [25] (Figure 1).

It is worth of mentioning the fact that SW may occur at the
place where the highest and most synchronized slow waves
correspond to brain tissue with an increased susceptibility to
synchronization [26]. The hierarchical network organization
with leading role of precuneus and thalamus appears to be
specific for CSWS as it is resolved after successful treatment
[27]. The continuous spike-wave pattern disrupts the typical
sleep, the EEG background and stages of non-REM sleep cannot
be differentiated [28].

Treatment

Despite many modern advances, epileptic encephalopathy
with CSWS still remains a condition difficult to treat. Treatment
strategies are widely discussed in the scientific community,
including pharmacological and non-pharmacological options.
Concerning the pharmacological treatment, an “aggressive”
therapeutic approach should be taken into consideration, due
to the fact that the goal of the treatment “is not only to control
clinical seizures butalso to improve neuropsychological functions
and prevent potential cognitive deterioration” [29]. There is no
consensus regarding the treatment of seizures and effectiveness
of antiepileptic drugs (AEDs) [28], but benzodiazepines
(particularly clobazam) and valproate [22,30], levetiracetam and
steroids [30] can be considered as AEDs of choice. In another
study, AEDs of the first choice recommended were levetiracetam
and clobazam [31].

It has been shown that levetiracetam is more effective
in children with CSWS caused by a brain structural lesion
(symptomatic group) [32] and in non-refractory patients
compared to the group of refractory patients [24]. Given the
severity of syndrome, the control on seizures can be reached
by considering polytherapy [11]. Ethosuximide and sulthiame
are effective drugs in CSWS and can be tried as monotherapy
or in combination [33]. Lacosamide in add-on therapy is
safe and 75% of patients become responders [34]. Efficiency
of topiramate in CSWS, especially in refractory cases, was
demonstrated in a retrospective study, which showed a decrease
of EEG abnormalities, and amelioration in clinical and cognitive
performance [35].

should be
considered as adjunctive medication in CSWS treatment [36].

Acetazolamide turned to be effective and

Nowadays, administration of corticosteroids in CSWS treatment
is an important issue: on one hand, corticosteroids showed a
proved effectiveness and have long lasting beneficial effects in
refractory cases [30,37,38], particularly methylprednisolone
with a 83% effective rate [39], dexamethasone as an effective
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and tolerable therapy [40], prednisolone [38] or hydrocortisone
can be used [37].

On the other hand, use of corticosteroids is limited by their
significant side effects, obliging an administration for a short
period of 1-2 months with subsequent dose tapering for following
1-3 months [30]; though, some authors suggest treatment
duration almost for 21 months [37]. It is necessary to mention
that no serious or life-threatening side effects were reported in
the largest study regarding the treatment with corticosteroids
[37]. Little evidence regarding the use of immunoglobulin’s in
CSWS treatment exists and moreover, their use is limited by the
risk of complications and high costs [30].

Therapeutic effects of adrenocorticotropic hormone (ACTH)
in CSWS are self-limited as observed in some early studies
[41,42]; however, from this drug could benefit non-responder
patients in short treatment cycles [43]. Efficiency of ketogenic
diet still remains unclear; a study on 5 non-responder patients
to conventional AEDs reported lack of response in 3 patients
after 24 months of ketogenic diet [44]. Regarding the efficacy of
AEDs, we should keep in mind that despite reducing the seizure
frequency some of them can worsen ESES/CSWS.

Carbamazepine, phenytoin and phenobarbital negatively
impacts EEG [45,46].
Epilepsy surgery as an early therapeutic modality should be
considered for selected patients with symptomatic ESES/CSWS
[29]. The type of neurosurgical procedure relies on structural
etiology: lesionectomy is applied clearly delimited structural
abnormalities, e.g. in perinatal infarction [47] or in focal cortical
dysplasia [29]. Multiple subpial transections, disconnecting
only local cortico-cortical pathways for the disruption of local
epileptic circuitries, abolish ESES in Landau-Kleffner syndrome,
but unfortunately, only for a short period of time [24].

and neuropsychological outcome

Instant control of seizures, amelioration of EEG abnormal
patterns and neurocognitive decline can be achieved by functional
hemispherectomy [16,47-49]. Among the non-pharmacological
options, vagal nerve stimulation and transcranial direct current
stimulation (tDCS) can be tried. Stimulation of vagal nerve
showed modest efficacy [50,51] but still may be taken into
account for the treatment of CSWS [52]. TDCS with 1mA is
well tolerated and reduces epileptiform activity in CSWS [53].
Eventually, in cases refractory to all other traditional treatment
approaches, pentobarbital coma titrated to burst-suppression
EEG pattern improves EEG anomalies associated with ESES [28].
The success of the treatment depends on the time frame of the
therapeutic intervention. The shorter is the ESES period; the
lower is residual deficit [31].

Outcome

Long-term outcome of ESES/CSWS depends on the etiology,
duration and response to applied treatment [54]. In AED-
treatment responding patients, idiopathic cases returned

to normality and structural cases returned to baseline
cognitive skills [33]. Recovery of cognitive performance after
discontinuation of CSWS depends on severity and duration of
the initial decline [55]; neurocognitive performance tends to
improve slowly, for a longer period of time and often remains [6].
So, there is a correlation between the duration of ESES and the
residual intellectual deficit [31]; moreover, duration more than 2

years is associated with poor cognitive outcome [56].

Several distinctive studies proposed to classify the outcome
into clinical, neurophysiological and neuropsychological [11,32].
These studies confirmed the aforementioned points, especially
those dealing with the duration of CSWS, which was the main
predictor of severity of the neuropsychological outcome. Low
intelligence quotient (IQ) came to be the most useful predictive
factor of poor treatment response with corticosteroids in patients
with CSWS [37]. Positive response to steroids was significantly
associated with a higher 1Q/DQ. Shorter duration of CSWS, but
not age, etiology or previous AED trials was associated with
positive response to steroids [37].

Conclusion

Epileptic encephalopathy with CSWS is an age-related
devastating syndrome characterized by seizures, continuous
epileptic discharges during sleep and neurocognitive regression.
Thereisnounanimousview onthe choice ofthe mostefficientdrug
therapy but the treatment should be started as soon as possible
and the pharmacological approach should be aggressive. Primary
goals of the treatment are: cessation of seizures, normalization
of EEG pattern and prevention of neurocognitive decline. Despite
the inconstant efficacy of AEDs, corticosteroids are efficient and
safe for the treatment of epileptic encephalopathy with CSWS
and should be considered relatively early in the course of these
epileptic syndromes, especially in patients with LKS, epilepsy of
unknown cause or/and structural and metabolic etiology.
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