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The epilepsy-aphasia spectrum consists of epilepsies with a strong activation of epileptic discharges dur-
ing non-rapid-eye-movement (NREM) sleep, variable seizure burden and language problems. The home-
ostatic decrease of slow waves (SW) during NREM sleep (i.e. their amplitude/slope and power) has been
related to brain recovery and cognitive function. Epileptic discharges during NREM-sleep were related to
an impairment of the decrease of the slope of SW and to cognitive deficits. In this longitudinal case study,
we aim to relate this electrophysiological marker, i.e. overnight change of slope of SW, to imaging and
behavior.
We report a young girl with a fluctuating course in the epilepsy-aphasia spectrum, ranging from the

benign end with self-limited childhood epilepsy with centrotemporal spikes (SLECTS) to the severe
end with epileptic encephalopathy with continuous spike waves during sleep (CSWS) with two phases
of cognitive regression. She was documented over a period of six years including 12 PSGs, six language
fMRIs and seven neuropsychological assessments. We longitudinally studied focal and total spike wave
index (SWI), detected SW during NREM sleep, calculated their slopes (first and last hour of NREM sleep
and overnight change).
Deterioration of overnight decrease of the slope of SW was paralleled by the occurrence of the EEG pic-

ture of bilateral synchronous electrical status epilepticus during sleep (ESES) and neuropsychological def-
icits, and this impairment was reversible with resolution of ESES and was accompanied by cognitive
improvement. A laterality switch from left to right sided language dominance occurred during recovery
from the second regression phase. This might reflect a compensating process. Later, the laterality
switched back to the left, possibly facilitated by a low SWI on the left hemisphere.
The qualitative analysis of this case supports the view that the longitudinal course of the overnight

change of the slope of SW, as an objective, quantitative EEG measure, is related to the course of cognitive
function and functional language MR analysis.
� 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The epilepsy-aphasia spectrum consists of a group of self-
limited focal childhood epilepsies with variable severity regarding
EEG-pathology, neurodevelopment and seizures. They share com-
mon genetic grounds such as mutations in GRIN2A [1–3] and exhi-
bit a striking increase of interictal epileptic discharges (IED) during
non-rapid-eye-movement (NREM) sleep. The spectrum ranges
from the self-limited childhood epilepsy with centro-temporal
spikes (SLECTS), the most common focal epilepsy in children, with
none or mild and specific cognitive deficits to the Landau-Kleffner
Syndrome (LKS) with language regression with auditory agnosia
and epileptic encephalopathy with continuous spike waves during
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slow sleep (CSWS), i.e. electrical status during sleep in the EEG
(ESES) with more global developmental regression. Atypical
courses of SLECTS evolving to the clinical picture of LKS or CSWS
are rare but known [4–6]. IED in the electroencephalogram (EEG)
during sleep have been proposed to be causal for the development
of neuropsychological deficits [7–13]. However, the mechanisms
are unclear and objective and reliable markers for the risk to
develop cognitive deficits to guide treatment are still lacking. Addi-
tionally, it is still unknown what reverses a cognitive regression.

Brain plasticity in children with SLECTS results in a reorganisa-
tion of language networks, a more bilateral activation pattern of
language production in fMRI [14,15]. A lack of compensatory
mechanisms in bilateral synchronous ESES can lead to a verbal
agnosia, which has been shown in a LKS case study [16].

Cognitive performance highly depends on sleep, especially
NREM sleep, in adults [17] and during development [18]. The ‘ac-
tive consolidation hypothesis’ and the synaptic homeostasis
hypothesis (SHY) are the two most important hypotheses about
the function of sleep for cognition [18]. In both, SW, a main char-
acteristic of deep NREM sleep, play a key role for memory consol-
idation. The SHY describes that during wakefulness, by interaction
with the environment, synaptic connections are built and strength-
ened, i.e. the basic mechanism of learning. This is energy and space
consuming. To prevent synaptic saturation, a regenerative process,
independent of environmental stimuli, providing synaptic home-
ostasis is needed. This occurs during NREM sleep and was hypoth-
esised to be driven by SW. To enhance synaptic efficacy, previously
used and newly generated neuronal paths are integrated and sur-
plus synapses are weakened. This is resulting in consolidation of
the memory traces [19–21]. Slow waves (0.5–4.5 Hz) in the surface
EEG are generated by highly synchronous slow oscillations of neu-
ronal activity. Amplitude and slope of SW as well as SW activity
depend on the degree of neuronal network synchrony [22] and
thus indirectly on synaptic efficacy. These SW characteristics are
tightly related to each other, though it is the slope of SW that
has been shown to be best related to synchrony. Therefore, the
homeostatic synaptic down-selection may be indirectly measured
in the sleep EEG as a decrease of the slope of SW. There exists evi-
dence that spike waves during sleep are tightly linked to SW and
are generated by hypersynchronous oscillations of neuronal net-
works [23,24]. Therefore, a relation of spike-waves during slow
wave sleep and synaptic homeostasis seems plausible and was pro-
posed to be a mechanism for the development of cognitive deficits
in epilepsies with spike wave activation during sleep [11]. Indeed,
reduced homeostatic decline of the slope of SW was discovered in
various epilepsies in adults and children [25–29]. This alteration
was related to localisation and rate of epileptic discharges
[25,30,31] and first hints towards a relevance for cognitive (dys)-
function were found [25,31,29]. In a longitudinal study,
overnight-EEGs during times with high amounts of epileptic dis-
charges during NREM sleep and after recovery, i.e. without epilep-
tic discharges, were analysed. Here, hampered homeostasis of
slope of SW renormalised with the recovery [31]. In conclusion,
it might be hypothesised that altered synaptic homeostasis, mea-
sured by the decrease of the slope of SW, lead to cognitive prob-
lems and the renormalisation to cognitive improvement
[11,32,31]. To the best of our knowledge, no studies of slow wave
characteristics and their overnight changes has been performed yet
in patients with epilepsies of the epilepsy-aphasia spectrum with-
out clear-cut cognitive problems, i.e. SLECTS. However there exists
some studies reporting a relation between SWI and impaired
memory consolidation in these patients [33,34].

In this article, we report on the longitudinal course of the over-
night decrease of slope of SW in overnight-EEGs, the rate of epilep-
tic discharges (spike wave index, SWI), the functional language
2

organisation assessed by fMRI and cognition by means of neu-
ropsychological assessments in a girl with a fluctuating course
within the epilepsy-aphasia spectrum, i.e. regarding cognition,
EEG features and language lateralisation, over a time-period of
six years.
2. Case report

Case previous history

The girl was born at term after a normal pregnancy and deliv-
ery. Her development of motor and cognitive skills was normal.
She is right-handed and bilingual (Swiss, German, and Albanian).
No problems in school were reported, concentration was good
and homework completed fast and properly.
Course of epilepsy – seizures, electrophysiology

The patient had her first three seizures after having fallen asleep
at 8.3 years. The semiology consisted of a tonic deviation of the
right angle of the mouth followed by clonic twitching, hypersaliva-
tion and postictal aphasia. EEG showed bilateral asynchronous
centro-temporal spike-waves with right hemispheric predomi-
nance. A quantitative evaluation of the PSGs is provided in
Fig. 1B. A diagnosis of SLECTS was made and treatment with sulth-
iame initiated. Two months later, the left centro-temporal focus
disappeared during wakefulness. At 8.9 years, she experienced
her fourth seizure out of sleep with the same semiology. At
9.0 years a PSG showed secondary bilateral synchrony on EEG,
but a clear predominance of right sided spike-waves consistent
with right hemispheric electrical status epilepticus during sleep
(ESES). Therefore, sulthiame was increased and clobazam added.
No signs of regression were noted.

At 9.5 years PSG showed a deterioration: Now, sleep grapho-
elements were almost absent and sleep architecture was pertur-
bated bilateral synchrony increased. The patient had short seizures
with jerks of both angles of the mouth even during wakefulness.
Her parents reported that she had problems understanding
instructions at school, she was less attentive.

The combination of a considerably high SWI with involvement
of both hemispheres with neuro-developmental deterioration
made more aggressive treatment inevitable and oral hydrocorti-
sone was initiated. After 3.5 months, at 9.8 years, parents and
teachers reported a clear-cut improvement of attention and under-
standing. In contrast to that, PSG did not show a reduction of
epileptiform activity then. At 10.1 years old, after 6 months of
hydrocortisone treatment she showed a good school performance
again and she did not feel impaired at school in any way anymore.
SWI decreased and epileptic activity became asynchronous.

At 10.4 years, patient restarted to have focal seizures. Sulthiame
was further increased. Neuropsychological assessment at
10.8 years revealed a decline of processing speed, auditive reten-
tivity as well as working memory. At 10.9 years, PSG showed a
bilateral synchronous ESES. Although EEG deterioration was asso-
ciated with neuropsychological decline parents refrained from
another corticosteroid trial and levetiracetam was added. Seizures
stopped but EEG did not improve.

At 11.2 years, she restarted to have diurnal and nocturnal sei-
zures with unilateral to bilateral cloni on both angles of her moths
and eyelids. Because of the advantage of less severe side effects
compared to continuous hydrocortisone, dexamethasone pulse
therapy (3 days every two weeks) was started and a certain
improvement in attention and processing speed occurred. Seizures
completely disappeared.



Fig. 1. A: Focal and non-focal slope of SW. Cognitive regression onset marked with an arrow. B: Total night SWI, SWI of the strongest left and of the strongest right focus (the
more spike waves, the darker the grey). C: Language laterality index for the frontal inferior gyrus over time measured by functional MRI, silent generation of simple sentences.
Hydrocortisone and pulsatile dexamethasone treatment phases marked in dark yellow. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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PSG findings at 11.5 years clearly improved. Epileptiform activ-
ity was still seen, was asynchronous but the most active epilepti-
form focus had switched to the left hemisphere. Dosage of
dexamethasone pulses was halved for another 6 months. Her glo-
bal IQ increased from low to middle level. At 12.2 years, PSG wors-
ened with an increase of epileptic activity; the patient was doing
fine, showed normal school performance and therfore wanted to
stop steroids; at 12.3 years, dexamethasone was discontinued.

At 13.2 years, sulthiame was tapered off. Between 13.6 years
and 14 years also levetiracetam was tapered off. At the age of
13.9 years, PSG showed again more but almost unilateral asyn-
chronous epileptic activity. The girl remained seizure-free and
school performance was good. At 14.4 years, even though the
EEG slightly worsened but remained bilateral asynchronous, she
still showed good school performance and was seizure-free.
3

3. Methods

3.1. Polysomnography (PSG)

PSGs were obtained at the age of 9.0, 9.5, 9.7, 10.1, 10.7, 11.2,
11.5, 11.9, 12.2, 12.9, 13.9 and 14.4 years. Most recordings included
19 EEG electrodes placed according to the 10–20 system and elec-
trooculography (EOG), some had a reduced EEG montage (F3, F4,
C3, C4, O1, O2).

The first and last hour of NREM sleep were identified in the
hypnogram. Automated spike detection was performed to detect
epileptic interictal discharges (IED) using the Persyst P13 algo-
rithm (Persyst Inc., USA). The spike wave index (SWI) was calcu-
lated over the complete recording (Epilog NV, Belgium). The SWI
defines the percentage of seconds in which an IED occurred with
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respect to the total number of seconds studied. The total SWI was
calculated by considering all IED detections at all electrodes. The
SWI of the left and right focus were also separately calculated by
considering only the strongest source of IEDs over the left and over
the right hemisphere, respectively.

Analyses of overnight changes of the slope of SW (0.5–2 Hz)
during NREM sleep was performed as published [30] using the
software package MATLAB (The Math-Works Inc., Natick, MA, U.
S.A.). Basically, after visual and semiautomatic artefact removal
an automatic SW (0.5–2 Hz) detection algorithm according to Ried-
ner et al. 2007 [35] was applied in all average referenced EEG chan-
nels. Because EEGs were highly pathological due to an abundance
of spike and waves, SW associated with spikes (in spike and wave
complexes) were detected as well. Because the relation between
SW and neuronal synchrony was only shown in physiological
SW, an automatic spike detection algorithm was used to exclude
spike and wave complexes from further analysis [30]. Then, the
slope of the detected SW was calculated as the amplitude of the
negative peak divided by the time between the negative peak
and the following zero-crossing. For the first (FH) and the last hour
(LH) of NREM sleep the slope at the amplitude of 75 mV was calcu-
lated (see also [26]). Overnight changes are reported as percentual
change. These percentual changes between the slopes of SW in the
first and the last hour of artefact-free NREM sleep were averaged
for ‘‘focal” electrodes containing the epileptic ‘‘focus”, i.e. the elec-
trodes in the localisations with highest amplitude spike waves, and
for the ‘‘non-focal” electrodes, i.e. all remaining electrodes, sepa-
rately. To display normal developmental evolution of overnight
changes of SW slopes during NREM, previously published
[30,36,37] PSGs of 15 healthy girls between nine and 14.5 years
were analysed following the same procedure as described. In these
subjects a mean overnight change of slopes over all 19 electrodes
was calculated for each recording. To compare our case to this con-
trol data, linear regression was based on data from the 15 healthy
girls (y = 1,7109x � 32,286; r2 = 0,2467) and differences from the
regression line (Dy) are provided for each measurement of our
clinical case.

3.2. Language functional magnetic resonance imaging (fMRI)

At the age of 9.6, 10.2, 10.8, 11.2, 11.4, 11.7 and 14.5 structural
and functional MRI-investigations were performed to get an
insight in functional language organisation.

To measure functional activation of language production, the
paradigm silent generation of simple sentences was applied, where
a noun was visually presented on a screen for 5000 milliseconds.
The activation blocks were followed by control condition blocks
with a fixation cross.

Data acquisition was made on a 3-Tesla MRI (Magnetom SKYRA,
Siemens Healthcare, Erlangen, Germany). Structural imaging was
performed using a sagittal T1-weighted 3D high-resolution mag-
netisation prepared rapid gradient echo sequence (MPRAGE), with
TR = 2000 ms, TE = 3,4 ms, TI = 1000 ms and an isotropic spatial
resolution of 1 � 1 � 1 mm3. fMRI was carried out using an echo
planar sequence (EPI) with a voxelsize of 3 � 3 � 3 mm3, 38 slices,
a FOV of 228 mm, a slice thickness of 3 mm, TR = 2500 msec and
TE = 28 msec.

For functional data analysis, the statistical parametric mapping
software package (SPM12) was used. Pre- and postprocessing were
done according to standard procedures including longitudinal
serial registration of structural 3D-T1 images, realignment of func-
tional images, co-registration to the averaged structural T1-
weighted image, normalisation to standard MNI-Template and
smoothing with 8 mm isotropic Gaussian filter [38]. Next, move-
ment parameters were added as covariates to the first level analy-
sis and passive conditions were subtracted from active conditions
4

to contrast the functional language activation. Contrast images
were uncorrected with a threshold of p = 0.001 and a cluster size
of 10 voxel.

To quantify hemispherical activation of the expressive language
area, the lateralisation index (LI) [39] was calculated for the frontal
inferior triangular region (including Brodmann Area 44 and 45). A
mask was created using the WFU PickAtlas (RRID:SCR_007378).
3.3. Neuropsychological examination

At the age of 8.7, 9.1, 9.8, 10.8, 11.2, 11.8 and 14.5 years, the girl
underwent neuropsychological test sessions on different modules
(Tables 1a-f, supplement), to avoid retest-effects. The last two
assessments at the ages of 11.7 and 14.5 could not be completed
because of mal-compliance.: To assess global mental abilities the
Wechsler Intelligence Scale for Children (WISC-IV), the Coloured
Progressive Matrices test (CPM), which is a language and culture
free intelligence scale and the Intelligence and Development Scale
(IDS) were used. To study specific linguistic abilities, writing and
reading, we applied the modules of the Potsdam-Illinois Testbat-
tery for Psycholinguistic Abilities (P-ITPA). We took the Verbal
Learn- and Memory test (VLMT) [40], which is a German version
of the Auditory Verbal Learning Test” and the Rey-Osterrieth com-
plex figure (ROCF), a test for figural memory to check memory per-
formance. The Mottier test was used for phonological processing.
Depending on the requirements, various other tests were used
(e.g. d2-R to test selective attention).
4. Results

4.1. Course of SWI and slope of SW

Evolution of overnight change of slope of SW (in short: slope) is
displayed in Fig. 1A. The exact details including the exact values
are in supplement 1. The numbers of the focal and total SWI over
the course are provided in Fig. 1B.

The distribution of the sleep stages and sleep efficiency were
normal (suppl. Table 3).
4.4. Course of language lateralisation

Course of language lateralization expressed as LI is displayed in
Fig. 1C. The child had a normal cranial anatomical MRI at 8.4 years.
At 9.7 years, the first fMRI was performed. A typical left hemi-
spheric language activation pattern was seen. At 10.2 years, perfor-
mance of fMRI paradigms was not possible because of language
regression. Due to her disability of reading, the fMRI could only
be done with auditory presentation of stimuli. She showed left-
sided activation pattern. At 10.9 years in a third fMRI, the paradigm
of silent generation of simple sentences was applied twice. Bilateral
activation patterns were seen with a more dominant left-sided
activation. At 11.2 years, both sentence generation tasks showed
a bilateral activation pattern. At 11.4 years activation pattern
was still bilateral. At 11.8 years the activation pattern switched
to the right hemisphere. The last fMRI was performed at 14.5 years.
The activation pattern was again left-sided.
4.3. Course of neuropsychological performance

Detailed results of neuropsychological assessments are pro-
vided in supplementary Tables 2a-d. Results of the first neuropsy-
chological testing at 8.8 years showed age appropriate intelligence
(WISC-IV, CPM). Perceptional reasoning, working memory, pro-
cessing speed and verbal comprehension in total, as well as reading



N. Oser, M. Hubacher, A. Nageleisen-Weiss et al. Epilepsy & Behavior Reports 16 (2021) 100488
were within normal limits. Solely, vocabulary and orthographic
writing in her second language were slightly below the norm.

To have a deeper insight into expressive language, a specific
language test (P-ITPA) was assessed at 9.1 years. A reduced general
level of expressive and receptive language was detected: Deductive
verbal reasoning, oral expression, listening comprehension (spo-
ken analogies), word knowledge, word recognition and semantics
(spoken vocabulary) were clearly impaired. Also phonological per-
ception, acoustic sound differentiation (Mottier-test) were below
average, while normal scores for verbal learning and memory
(VLMT) as well as visuo-spatial memory (ROCF) were observed.

At 9.5 years signs of regression, such as problems of under-
standing instructions at school, were reported in the neuropedi-
atric consultation. Therefore, corticosteroid treatment was
initiated. Shortly thereafter, parents saw a very clear improvement
in attention and comprehension in every-day life at school and at
home and the neuropsychological testing at 9.8 years revealed
age appropriate intelligence and development (IDS); verbal learn-
ing and memory (VLMT) were in average. Her acoustic sound dif-
ferentiation was still substantially reduced (Mottier).

At 10.8 years the girl and her parents reported good school per-
formance and a high compliance for comleting her homework.
While working on language tasks she seemed strained and
depressed, showed word finding problems in spontaneous speech.

Still, expressive language (P-ITPA) as well as sound differentia-
tion (Mottier test) were below average. Phonological Awareness
(P-ITPA), reading and spelling were slightly below average (P-
ITPA). The impairment of auditory memory was even more evident
in the specific language test (repeating sentences and rhyme
sequence of P-ITPA). Scores of selective attention and concentra-
tion (d2-R), visuo-spatial (Rey-figure) and verbal memory (VLMT)
were stable and within the norm.

Four months later, at 11.2 years a regression period with new
school problems was again reported by the parents in the medical
follow-up, comparable to what was reported in the previous med-
ical examination at 9.5 years. In the test session, processing speed
and working memory continued to decrease (WISC-IV). Beside this,
selective attention (d2-R) was within the norms and verbal learn-
ing and memory (VLMT) above average.

The testing at 11.8 years was not fully completed due to poor
compliance of the girl. Perceptual reasoning (WISC-IV), writing
(P-ITPA), visuo-perceptual memory (ROCF) were within the norms
and verbal learning and memory (VLMT) was again above average.

The last neuropsychological examination at 14.5 years was
again stopped after a few subtests because of poor compliance
by the patient. The subtests block design, picture concepts and
similarities were within normal range and digit span was reduced.
5. Discussion

Our longitudinal study delineates the time course of epilepsy in
a girl with a history of an atypical fluctuating course of an epilepsy
within the epilepsy-aphasia spectrum with two episodes with
developmental regression and final recovery. Here, we show the
temporal relationship between the epilepsy, total as well as focal
SWI, overnight change of slope of SW, language reorganisation
measured by fMRI and neuropsychological outcome.
Nocturnal SWI, overnight change of slope of SW and cognition

The present case study demonstrates the following temporal
relationship between total as well as focal SWI, alterations of over-
night SW slope change and behaviour twice: Clinical deterioration
was accompanied by a deterioration of EEG with synchronous
bilateral ESES, high focal and total SWI, and deterioration of over-
5

night change of slope of SW. Clinical improvement occurred
already, when focal and total SWI as well as the overnight slope
change still worsened. An improvement in the slope change, i.e.
reaching values within range of healthy age matched children,
and SWI was seen only with a certain time lag.

During the first ‘‘regression phase” (arrow in Fig. 1), when rapid
deterioration of school performance, attention and behaviour were
reported, no neuropsychological assessment was performed. But
expressive language and phonological processing were reduced
over the prior 2 months. Initially asynchronous right hemispheric
ESES became bilateral synchronous and may be responsible for lan-
guage deterioration [6]. In parallel to this regression, the overnight
change of slope started to deteriorate, even more after starting cor-
ticosteroids, when improvement in attention and mood was noted,
already.

In ‘‘focal” electrodes the slope even increased over night - a
finding also observed in earlier studies [26,30,25]. This local
emphasis of impaired homeostasis of slope might be a reason for
the more pronounced deficits in language and is in accordance
with the observation that epileptic focus is related to the mode
of deficits, such as for example in Landau Kleffner Syndrome
[41,42]. Moreover, the increase of SW across the night cannot be
fully explained by an impairment of the physiological decrease.
Spike waves during sleep may hypothetically potentiate synapses
within epileptic networks, thereby counteracting synaptic home-
ostasis locally. This would result in an increase in network syn-
chrony and thus SW slope. Such spike-dependent potentiation
was proposed earlier [12,43] and there exists some evidence for
consolidation of seizure-activated networks in post-ictal sleep
[44].

The introduction of corticosteroids was followed by a ‘‘remis-
sion period” by rapid improvement of attention and mood. Over-
night change of slope of SW and SWI and language only
improved between 3 and 6 months of steroid treatment.

During the second period of regression, clinically reported def-
icits in expressive language were more subtle compared to the
first. We suspected that the reorganization processes of expressive
language localized to the right hemisphere and seen on fMRI were
initiated to preserve language function. However, a clear-cut rela-
tion to the laterality of the SWI was not evident. With clinical
improvement and stabilisation of the overnight change of slope,
language laterality switched back to the left hemisphere again.
We hypothesised that a low SWI on the left hemisphere (compared
to the right) may have facilitated this switch.

After termination of pulse dose corticosteroids administration
the course was generally stable. However, around the age of
14 years, the SWI increased again, although without cognitive
deterioration. A reason might be that epileptic activity remained
unilaterally pronounced and no bilateral synchrony occurred. This
is in agreement with previous work, where bilateral activity was
found to be a prerequisite for the development of neuropsycholog-
ical deficits [6]. Interestingly, at this time the overnight slope
change was comparable to healthy, which is in congruence with
stable cognitive performance.
Effects of corticosteroids

Looking at the general effect of corticosteroids on SWI and the
overnight change of slope of SW, it varied between the application
form (continuous vs. pulsatile). Under treatment with continuous
use of corticosteroids, improvement of overnight change in slope
of SW and SWI only occurred with a certain delay and after initial
worsening. We hypothesise that there was ongoing deterioration
which was at the base of spike-waves and disturbed overnight
change of the slope of SW – may need some time to be reversed.
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A more pronounced delay was observed under pulse dose
administration of corticosteroids, and with dose reduction, a dete-
rioration of the slope of SW (though only the focal one) and SWI
(though only locally) occurred. A reason for this less pronounced
effect most probably is due to pulsatile instead of continuous use.

Early recovery of frontal dysfunctions including executive skills
and attention is a known phenomenon in non-lesional
encephalopathy with CSWS under efficacious treatment [10];
bifrontal dysfunction during a critical developmental window
under widespread neuronal networks by CSWS seems to be more
rapidly reversible [10]; therefore most probably attention and
mood improved before the measured electrophysiological parame-
ters in our patient. Whereas other neuropsychological aspects as
e.g. acoustic sound differentiation were still substantially reduced
when SWI and slope already started to improve.

Interestingly, there exists evidence that corticosteroid treat-
ment leads to an overall reduction of the slope of SW [27,45] and
it was hypothesised that this reduction of slope would indicate a
reduction of network synchrony and thus may be an explanation
for the therapeutic effect in hypersynchronous states, i.e. epileptic
networks. The effect on the overnight change of SW slope though
was not investigated, yet. The patient reported in this study was
treated not only with corticosteroids but also – without success -
with the anti-seizure medication sulthiame, levetiracetam and clo-
bazam, which also may have affected the sleep EEG [46,47].

Limitations

A main limitation is the single case report, which makes gener-
alizability on other self-limited focal epilepsies and epilepsy in
general difficult. Also, due to the aphasia and disability to read dur-
ing the first regression period, language paradigm in fMRI at that
time had to be presented auditorily instead of visually. Therefore,
it is not entirely comparable to the other fMRI assessments. Over-
night EEGs were not always performed with 21 electrodes which
reduced comparability between EEG features.

Another drawback was that neuropsychological testing, geared
to clinical needs. It followed in short time intervals, why we had to
use a broad battery of tests. An additional problemwas, that during
most pronounced regression phase, neuropsychological testing
was not possible. Unfortunately, we could not conclusively exam-
ine the linguistic skills.

Conclusions

In the qualitative analysis of this longitudinal case study, clini-
cal cognitive regression was paralleled by a reduction of the
decline in overnight change of the slope of SW and bilateral syn-
chrony of spike-waves. In combination with qualitative EEG analy-
sis, the course of the overnight change of slope of SW may serve as
a quantitative and objective indicator for neuropsychological
impairment in children with epilepsies within the epilepsy-
aphasia spectrum. Further, corticosteroids led to an improvement
of cognitive function and the homeostasis of the slope of SW. To
be able to generalize results and find causal relations between
behavioral and electrophysiological parameters, larger longitudi-
nal and ideally prospective studies with standardized treatment
approaches and testing, are needed.
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