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LA TENDRESSE 

 

Pr A. BOURRILLON,  Réalités pédiatriques décembre 2014       

 

Dans tout sourire, il y a l’enfance. Et au sourire de l’enfant-malade ne peut répondre 

qu’une infinie tendresse. La tendresse est comme un voyage vers de merveilleux horizons 

qui nous font trembler d’émotions à la fois tristes et joyeuses. La tendresse n’est pas une 

vertu des faibles mais au contraire une force de l’âme. Une capacité d’attention douce, une 

expression de compassion généreuse et aussi une inquiétude à la fois douce et sereine. 

S’il est une chose qu’on puisse désirer toujours et obtenir quelques fois c’est la tendresse 

humaine (A. Camus)…celle que les enfants nous donnent si souvent…celle que nous 

pouvons parfois leur rendre, avec un sourire si proche des larmes dans l’humble partage 

d’une pureté très fragile. 

 

 

 

 

LE DEFI 

"Guérir parfois, soulager souvent, consoler toujours" Hippocrate 

 

Et accompagner jour après jour !!! 



Etude PENELOPE en Rhône-Alpes Auvergne 

POCS-EEG : Nature des Eléments prédictifs après une LésiOn Précoce 

Epileptogène: l’AVC périnatal 

“…by day she’d weave at her great and growing web- by night, by the light of the torches 

set beside her, she would unravel all she’d done…” Odyssey, book 2:116-118 

Penelope syndrome, proposed by Tassinari and Rubboli in 2009 well described the 

mechanism of the syndrome as in the myth of Penelope, the wife of Odysseus who unrelaved 

during the night what was weaved durind the day (1)  

[Adapté de : http://www.clg-pompidou-orgerus.ac-versailles.fr/Didapage/Odyssee_expressions_6eme2/Penelope-Ulysse-r1.jpg]
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GLOSSARY 

 

ADHD: Attention Deficit Hyperactivity Disorder 

AED: Antiepileptic Drug 

CFS: Complex Febrile Seizure 

CSWS: Continuous Spikes and Waves during slow Sleep 

EE: Epileptic Encephalopathy 

EEG: Electroencephalographic 

ESES: Electrical Status Epilepticus during Sleep 

GA: Gestational Age 

IQ: Intellectual Quotient 

MCA: Middle cerebral artery 

MRI: Magnetic Resonance Imaging  

NREM: Non Rapid-Eye-Movement  

PAIS: Perinatal Arterial Ischemic Stroke 

SBS: Secondary Bilateral Synchronisation 

SWI: Slow Wave Index  

SWS: Slow Wave Sleep 
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RESUME 

Introduction : Le Syndrome des Pointes-Ondes continues du sommeil (POCS) est défini 

comme une encéphalopathie épileptique caractérisée par l'activation majeure de pointes  au 

sommeil. On distingue le POCS idiopathique du POCS lésionnel pour lequel une lésion 

cérébrale est identifiée, notamment l'accident vasculaire cérébral (AVC) périnatal.  

Objectif et méthode: Etudier les facteurs associés au risque de développer un POCS en 

présence d’une lésion cérébrale unique de la période périnatale (entre la 20e semaine de 

gestation et le 28e jour de vie post-natal) puis comparer le devenir cognitif de ces enfants 

cerebro-lésés avec ceux qui n’ont pas développé de POCS. Le POCS étant défini par 

l’activation des pointes supérieure à 85% dans le sommeil non-REM. 

Résultats : 26 enfants étaient identifié, 16 POCS et 10 noPOCS. Les deux groupes étaient 

comparables en termes de sexe, âge gestationnel, infirmité motrice, développement 

psychomoteur, présentation de l’AVC et épilepsie séquellaire. Les enfants présentant une 

première crise clonique hémi-corporelle prolongée fébrile ou pas après l’âge de 18mois 

étaient plus susceptibles de développer un POCS (87.5 % vs 0%, p<0.001). La présence à la 

veille d’un foyer de pointes de topographie frontale avec tendance à la bisynchronisation 

était statistiquement associé au facteur POCS (62.5% vs 0%, p=0.002%). La localisation sous-

corticale de l’AVC avec atteinte thalamique n’était pas statistiquement plus élevée chez les 

POCS mais l’association à une lésion corticale était moins fréquente chez les POCS (56.3% vs 

100 %, p=0.02). Les troubles cognitifs apparaissaient plus sévères chez les enfants ayant 

développé un POCS puisque 25% d’entre eux évoluaient vers un retard mental, 38% une 

déficience intellectuelle légère. Seuls 38% présentaient une évolution cognitive globale 

favorable contre 75% des enfants noPOCS.  

Conclusion : un facteur combinant données anatomiques (IRM cérébrale) et données 

fonctionnelles (EEG de sommeil à l’âge critique du POCS) semble être pertinent pour prédire 

le risque et le type d’épilepsie ainsi-que le devenir cognitif après un AVC périnatal.  

 

MOTS CLEFS : AVC périnatal,  POCS lésionnel, Devenir cognitif 
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ABSTRACT 

Objective: the main one is to determine associated factors to develop a continuous spikes 

and waves during slow sleep (CSWS) syndrome after a focal perinatal stroke. Then we 

discuss the impact of CSWS and others releavant factors on neurocognitive outcome in each 

group. 

Methods: we performed a multicentric case-control study and enrolled 1) patients born at 

term >37SA with a perinatal stroke (from 20 gestational weeks to 28e day post-natal) 2) one 

or more brain MRI and 4) 2 or more overnight EEG recordings. Anoxic encephalopathy and 

bilateral brain injury were exclusion criteria. We determined two groups: stroke-CSWS 

(cases) and stroke-no CSWS (controls), first group was defined by clinical features consistent 

with a sleep potentiate epileptiform activity more than 85% during non-REM sleep. 

Results: A sample of 26 patients with perinatal stroke met the inclusion criteria during a 15 

year period: 16 stroke-CSWS and 10 stroke-no CSWS. Both groups were comparable in terms 

of epidemiologic features, degree of cerebral palsy and stroke presentation. Child presenting 

a prolonged hemicorporal focal seizure with or not fever after 18 months were more able to 

develop a CSWS (87.5 % vs 0%, p <0.001). Presence yet in awake EEGs of fronto-central spike 

or spike waves with a bilateral synchrony trend, especially when no improvement was seen 

with recommended antiepileptic drug and a first association with benzodiazepines, was a 

strong marker for an evolution towards CSWS (62.5% vs 0%, p=0.002%). Subcortical lesion 

with thalamus involvement was not statistically higher in CSWS patients but cortical sparing 

was more frequent in CSWS (43.7% vs 0%, p=0.02). Superficial arterial ischemic MCA was 

less frequent in CSWS (6.3% vs 50%, p=0.02). Global cognitive outcome was poor in CSWS 

patients but not in all cases with 25% poor, 38% favorable and 37% difficult issue although 

75% of no CSWS had a favorable outcome regarding schooling and psychometric data. The 

only two factors who seemed associated with a poor global cognitive outcome were 

presence of CSWS and/or regression (33.3% vs 60%, p=0.01) 

Conclusions: A combined factor associating anatomical (MRI) and functional (sleep EEGs at a 

critical age) data should reach pertinence to predict epilepsy and cognition outcome after 

perinatal stroke. Further studies should investigate this opportunity.   

KEY WORDS: Perinatal stroke, Structural CSWS, Neurocognitive outcome 
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INTRODUCTION 

Childhood is marked by critical period, in this work we want to highlight and link two critical 

periods: first one is few days before and after birth with a special risk for stroke, second one 

is around five years with a special risk for developing after a brain injury a special epilepsy 

named Encephalopathy with status epilepticus during sleep or ESES syndrome. First 

described by Tassinari and Patry in 1971 this syndrome is an age-related, self-limited 

disorder characterized by epilepsy with focal or generalized seizures, typical EEG findings 

characterized by continuous epileptiform activity occupying more than 85% of non rapid eye 

movement (NREM) sleep and persisting several months to years with neuropsychological 

impairment(2). In the new International League Against Epilepsy (ILAE) classification the 

term used is Epileptic Encephalopathy with continuous spike-waves during slow wave sleep 

(CSWS) (3). Incidence of symptomatic CSWS is very low, in Venise symposium in 1993 71 

cases were reported, 31 cases in St Paul Center in Marseille reported by M Bureau in 25 

years(4). CSWS is an age-related epileptic syndrome with a school-age onset and occurs only 

in the first decade of life, it encompasses 0.5% of children epilepsies (5). Fifty to sixty percent 

of CSWS are symptomatic with a neurodevelopmental or acquired cerebral lesion (6) (7) and 

early thalamus injury seems to play a role in determining age-related sleep EEG paroxysmal 

activation (8) (9) (10) (11). The only large case-control study of early brain injured showed a 

higher frequency of CSWS in early developmental lesions, significatively only in vascular 

lesions, more often involving the thalamus (12).  

The perinatal period ranks second only to adult age groups in the incidence of stroke. It is 

estimated that the incidence of ischemic perinatal stroke, the most common variety of 

stroke in late-preterm and term infants, ranges between 1 in 1600 to 1 in 5000 births. It’s 

the most frequent form of all infants stroke (17 times more common than later in 

childhood). Incidence estimates have been difficult to interpret because in most studies, 

cases were defined as infants with arterial ischemic stroke diagnosed in the neonatal period 

(13). In their Workshop in 2006, Raju et al defined ischemic perinatal stroke as “ a group of 

heterogeneous conditions in which there is a focal disruption of cerebral blood flow 

secondary to arterial or cerebral venous thrombosis or embolization, between 20 weeks of 

fetal life through the 28th postnatal day, confirmed by neuroimaging or neuropathology 

studies” (14). Because causal pathways are different, we propose in our study to distinguish 



 

5 

 

in perinatal stroke: perinatal arterial ischemic stroke (PAIS) including neonatal stroke (acute 

presentation <28 days of life) and presumed perinatal ischemic stroke (delayed presentation 

around 5 months), neonatal sinovenous thrombosis, parenchymal hemorrhage (for example 

due to coagulopathy or alloimmune thrombocytopenia) and polymicrogyria as the 

consequence of an acquire condition (infarct of second trimester according to 

neuroradiology criteria). 

On the basis of a review of epidemiological studies of perinatal stroke over the last 30years, 

40% of infants were later neurologically normal, 57% abnormal and 3% died (15). It is the 

most common cause of hemiplegic cerebral palsy, improve early detection and outcome 

prediction remain important goals, in several areas: motor, epileptic and cognitive. 

Concerning the first point: motor outcome seems to correlate with a clinical point: delayed 

presentation was associated with increased risk for cerebral palsy (16), with a radiological 

point: poor motor outcome correlated with length in diffusion-weighted MRI and 

percentage of pedoncule ipsilesional (17) and with an EEG point: children with an abnormal 

background activity on EEG in the first week of life develop more hemiplegia (18). 

Concerning the both other points there has not yet been a systematic exploration of seizure 

disorders in a representative group of children with perinatal stroke and it seem worthy of 

investigation, especially in malignant epilepsy. Incidence and predictive factors of 

neurocognitive outcome are still unknown (19). CSWS is a potential epileptic course after 

early vascular brain injury, cohorts in literature are heterogeneous with variable emphasis in 

the neuropsychiatric profile (5) and it’s difficult to establish the height of each factor in 

neurological outcome, almost in structural cases. Many questions are still in course: which 

part of difficulties are in link with the initial brain injury, which part concern the epileptic 

activity, which part concern seizure numbers and which place for the treatment. Therapeutic 

objectives are difficult to underline, pharmacoresistance in CSWS is frequent and it is not 

ever justifiable to treat the EEG (20). We propose the first comparative case-control study 

with a long term follow-up of a homogeneous group of patients to answer which 

neuropathological substrates to develop a CSWS on a preexistent lesion and which 

implication of various factors in children disabilities, in order to have a better management 

in the earlier stages who seem very important for the prognosis.  
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We propose to highlight on “the primary role” of brain injury versus the “secondary role” of 

epileptic condition on the neurocognitive outcome in these patients. 

The main objective is to determine clinical, EEG and MRI features associated with CSWS after 

focal perinatal stroke. Then we evaluate the impact of CSWS and antiepileptic drug 

management on neurocognitive outcome as compared to patient with focal perinatal stroke 

without CSWS.   

METHOD 

Study design 

We performed a retrospective and descriptive case-control study in four academic epileptic 

neurophysiology centers encompassing a region of France (Rhône-Alpes). A search in local 

databases using the following mesh term: "symptomatic CSWS" (French term: "POCS 

symptomatique") in first intention and then "symptomatic vascular CSWS" to narrow the 

search. Control cases were issued from only one rehabilitation center (L’Escale) due to lack 

of coding database in the others.  

All patients met the following inclusion criteria: 1) patients born at term >37GA, 2) presence 

of focal perinatal stroke (from 20 gestational weeks to 28e day post natal), 3) one or more 

brain MRI study with images available for analysis and 4) two or more overnight or 

prolonged sleep EEG recordings between the age of 18 months and 8 years. 

Inclusion criteria for CSWS patients group were 1) EEG features consistent with electrical 

status epilepticus during sleep (ESES) with an epileptiform activity occupying more than 85% 

of non REM sleep duration, 2) duration of CSWS lasting more than 6 months.  

Anoxic encephalopathy, presence of bilateral brain injury on imagery, or other neurological 

conditions possibly affecting diffusely the central nervous system such as meningitis, 

metabolic disorders were exclusion criteria. 

Data collection 

A retrospective chart review was performed to extract following data: gender, age, term, 

apgar scores, symptoms at presentation, presence of cerebral palsy, mean follow-up by 

neuropediatrician, EEG reports, MRI findings, epilepsy and epileptic seizure during neonatal 
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period and childhood, medications used to treat epilepsy or epileptic seizures, 

neuropsychological and schooling outcome, cognitive impairment. The presence and 

location of the following findings were described on MRI: ischemic or hemorrhagic injury, 

cortical or subcortical location, porencephalic cyst, thalamus involvement. The presence and 

location of the following findings were described on EEG: awake and sleep characteristics, 

epileptiform discharges, spike focus, independent spike focus, bisynchronisation. 

Psychomotor development was determined by clinician documentation and cognitive 

outcome by educational requirements such as special education classes and 

neuropsychological evaluation in some cases with standardized Weschler test (WPPSI-III= 

Weschler Preschool and Primary Scale of Intelligence and WISC IV= Weschler Intelligence 

Scale for Children). It was described as normal intellectual quotient (IQ) with total IQ 

between 85 and 115, mild intellectual deficiency with IQ <70, severe mental retardation 

when IQ is below 50. When total IQ was not calculated because of presence of more 15 

points differences between 2 index scores we point our attention on presence of 

“dissociation” between verbal and non verbal scales. Presence of regression on 

neuropsychological tests and presence of ADHD (Attention Deficit Hyperactivity Disability) 

were also noted.  

Statistical analysis  

We reported patient characteristics as medians and interquartile ranges (IQR; i.e., 25th 

and 75th percentiles) for continuous variables and percentages for categorical 

variables. We used the Kruskal-Wallis test for continuous variables and the Fisher exact test, 

or the Freeman-Halton test when appropriate, for categorical variables to examine 

theassociation of CSWS with the following factors: initial presentation of stroke, 

initial presentation of epilepsy, MRI findings, electroencephalographic features. These 

tests were also used to examine the association of CSWS with cognitive impairment or ADHD 

trouble.  

Two-sided P values of less than 0.05 were considered to be statistically significant. 

Analyses were performed using R version 3.0.1. 
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Neuroimaging analysis 

A blinded expert neuroradiologist reviewed 20 of the 26 MRI and established a quantitative 

and qualitative description. Others descriptions were retrieved from patient charts including 

neuroradiological studies results. 

Electroencephalographic analysis 

Almost EEG records were reviewed when possible. When impossible, detailed descriptions 

were found in neurophysiologist analysis in each center. 

Neurocognitive profile analysis 

Data on school achievements and neuropsychological evaluations were obtained on patients 

charts. Psychometric tests and patients cognitive profiles were discussed with an infant 

neuropsychologist with training in epileptic population.  

In the absence of formal neuropsychological tests, we based on the obtained information to 

the degree of cognitive changes was evaluated according to clinical judgment and schooling 

in half of the patients. 

Informed patients and both parents consents and ethics board approval are currently in 

course.  

 

RESULTS 

Patient population 

A sample of sixteen patients with “CSWS” and ten patients with “no-CSWS” were identified 

between 1993 and 2008, during a 15 years period. A lot of potential control patients were 

excluded because of absence of 2 prolonged sleep EEG recordings between 18 months and 8 

years old. Mean follow-up by a neuropediatrician was 10 years.  

Both groups were comparable in terms of epidemiologic features with a median age at study 

around 11 years, a same sex-ratio with a male predominance in both groups (clinical 

characteristics were summarized in Table1). Stroke acute presentation was more frequent in 

CSWS whereas delayed presentation was more frequent in no CSWS without significance 
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difference (56.3% vs 30%, p=0.25). Warning signs in neonatal presentation were “epileptic” 

signs, although in delayed presentation they were “motors”, except for a patient having 

infantile spasms.  Acute presentation in neonates manifested repeating hemicorporal clonic 

repetitive seizure within the first 3 days with a normal EEG background for ischemic arterial 

stroke (3 CSWS– 3 no-CSWS), around 10 days for intracerebral hemorrhage (2CSWS- 0 no-

CSWS) and around 21 days for sinovenous thrombosis associated with intraventricular and 

thalamic hemorrhage (3 CSWS - 0 no-CSWS). Delayed presentation occurred around the fifth 

month with an asymmetrical hand use (7 CSWS- 5 no-CSWS) or development milestones as 

in infantile spasms (0 CSWS- 1 no-CSWS). Psychomotor delayed was less frequent in CSWS 

(25% vs 40%, p=0.66) without significance. It didn’t represent a “warning sign”. Cerebral 

palsy type hemiplegia was less frequent in CSWS without significant (68.8% vs 90%, p=0.21). 

Complex febrile seizure was the only type of early presentation more frequent in CSWS 

(37.5% vs 0%, p=0.07). Only 2 patients were not epileptic in our population and belong to 

no-CSWS. 

Epileptic profile  

Mean age at seizures onset excluding neonatal period was around two years and half in both 

groups. Ecart-type was greater in no-CSWS patient with a range onset from 9 months to 5 

years whereas in CSWS from 2.5 to 4 years. For 24 of 26 patients with epilepsy, seizures 

characteristics were not statistically different but we reported more atypical absences in 

CSWS group. Prolonged hemicorporal focal seizures were more represented in CSWS (87.5% 

vs 0%, p<0.001) and not surprising relationship with sleep also (68.5% vs 12.5%, p=0.03). 

Generalized tonic-clonic seizure concerned only one above 26 patients. Activity of epilepsy 

(meaning the number of seizure per week or month) was similar between groups and didn’t 

represent a management difficulty such in other epileptic syndromes. Seizure frequency 

didn’t correlate with epileptiform discharges in both groups (epileptic data were 

summarized in Table2) 

EEG findings 

EEG neonatal records were not analyzed. EEGs were performed after a first seizure or 

seizure suspicion most commonly, after neonatal seizures before stopping antiepileptic 

drugs and only in one case to evaluate risk of CSWS after perinatal stroke. Typical awake EEG 
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findings in the both group showed asymmetric background activity with a slow focus with 

more or less focal paroxysmal spikes in the injured hemisphere. Interictal EEG recordings 

showed focal spikes in all cases. Independent spikes focus on the same or controlateral 

hemisphere were not a predictive factor of CSWS (56.3% vs 60%, p=1). Frequent foci of 

spike-waves discharges in wakefulness were in the fronto-central region in CSWS and in the 

temporo-parietal region in no-CSWS. Secondary bilateral synchrony (SBS) was a strong risk 

factor of CSWS (62.5% vs 0%, p=0.002) and occurred predominantly for fronto-central spikes 

focus with a high amplitude of spike-waves (Table 3). During the first sleep cycle in slow 

wave sleep the epileptiform activity showed a dramatic activation in CSWS (100% vs 40%, 

p<0.001). The slow wave index (SWI) accounted near to 90% in acute CSWS stage but only 

less 50% in no-CSWS with epileptiform activity sleep activation. More the spike wave focus 

was anterior, more the interictal EEG paroxysm increased and the SBS occurred yet in 

awake, and more the risk for reaching CSWS was high. EEGs recordings of 2 patients with 

same MRI lesion were compared at same age 5 years (Figure 1). Interictal spikes, topography 

and amplitude of paroxysmal activity either wakefulness or sleep demonstrate considerable 

variability during their evolution, even in the same child (Figure 2 and 3). Background sleep 

deterioration was good represented by spindles distribution. All no-CSWS patients preserved 

their sleep organization with spindles on both hemispheres (0% vs 100%, p<0.01) in spite of 

sleep activation of epileptiform activity (Figure 3). 
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Figure 1: awake and sleep EEG at 5 years in case n°2 CSWS (A, B) and in case n°17 no-CSWS 
(C, D) with same amplitude (150µV/cm; 0,3s; 120 Hz; 20s/page):  (A) awake EEG showing 
asymmetrical background activity, with predominant slow and low voltage activities over the 
left hemisphere: high amplitude focal spikes-waves in fronto-central and prefrontal regions, 
spreading to the right homologous regions. (B) slow sleep: continuous, focal anterior 
localization, irregular spike waves with SBS phenomenon. (C) awake EEG showing rare spikes 
(D) Slow sleep: asymmetrical physiological spindles and vertex spikes, better seen on the 
right hemisphere with central spikes  
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Figure 2: case n°2 (CSWS) evolution of awake and sleep EEG at 6 years (E,F) 8 years (G,H) 
and 12 years (I,J) (150µV/cm; 0,3s; 120 Hz; 20s/page): (E) 6 months later, awake EEG 
showing a higher amplitude spike-waves focus in prefrontal region; (F) and sleep EEG 
showing a continuous, focal, irregular focus spreading only to the right frontal homologous 
region; (G) awake EEG after hyperpnoea showing spike-waves “burst” in prefrontal region 
with SBS trend; (H) sleep EEG showing frontal spike wave focus as a “pace-maker” with a SWI 
at least >85% at least 15min of SWS. Note lack of spindles on both hemispheres; (I) awake 
EEG showing focal diphasic spikes with low amplitude in centro-parietal and vertex regions. 
High amplitude spike-waves in frontal and pre-frontal region disappeared. Note similarity 
with EEG features of case n°17 who presents same cerebral lesions, (J) sleep EEG showing an 
activation of low amplitude spikes in central region without spreading to the right 
homologous region and without reaching > 50% SWI. 
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Figure 3: case n°17 (no-CSWS) evolution of sleep EEG at 6 years (K,L)  (150µV/cm; 0,3s; 120 
Hz; 20s/page) : (K) 2 independent diphasic spikes focus in central and vertex regions, note 
spindles on both hemispheres (L) physiological hyper synchrony phenomenon at first step of 
sleep. 
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Imaging findings 

Diagnosis of stroke was determined by brain magnetic resonance imaging (MRI) in all cases. 

All patients had unilateral and focal stroke. Vascular mechanisms were mostly “ischemic” in 

both groups. PAIS occurred in 9 CSWS and 9 no-CSWS cases, venous ischemic with thalamic 

hemorrhage occurred in 3 CSWS and 0 no-CSWS cases and focal parenchyma hemorrhage in 

2 CSWS and 1 no-CSWS cases. 2 CSWS patients presented polymicrogyria with ipsilateral 

hemisphere atrophy due to vascular origin according Barkovich criteria. In both groups 

arterial infarction occurred predominantly within the middle cerebral artery territory, more 

commonly on the left side (12/18) and mostly involving both superficial and deep regions in 

13 cases (72.2%). Ischemia of superficial arterial territory of MCA occurred only in 1 CSWS 

case and in 4 no-CSWS cases. 

Without focusing on vascular mechanisms but on injury location, cortical location was 

statistically less in CSWS patients (56,3% vs 100%, p=0.02%) and subcortical location was 

higher in CSWS patients without statistically difference (87.5% vs 70%, p=0.34). Thalamus 

involvement was higher in CSWS patients without reach significance (81.2% vs 50%, p=0.19). 

(Table 4). 

We showed in figure 4, MRIs of 2 patients, one developing CSWS, the other no-CSWS, 

features of PAIS were comparable.  
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Figure 4: coronal and axial Flair and T2 MRI in case n°2 (stroke-CSWS) on the left side 
(1,2,3) and in case n°17 (stroke-noCSWS) on the right side (4,5,6) performed at 10 years. 
MR images show an extensive area of parenchymal loss with an extensive encephalomalacic 
lesion involving temporo-parietal lobes, with dilatation of the homolateral ventricule. A 
mildly hyperintense signal on T2 and FLAIR images involves the lateral aspect of the left 
thalamus and posterior arm of internal capsula. Pedoncular hemiatrophy signs the Wallerian 
degeneration. Such features are consistent with encephalomalacic and gliotic sequelae of a 
perinatal infarct. 
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Therapeutic management 

Antiepileptic drugs (AEDs) in neonatal period or during the first year of life didn’t interfere 

significantly to further develop a CSWS (Table 5). Six children in no-CSWS group were well 

controlled on a single medication while only 3 children for the CSWS group (Table 5).  

In CSWS group: Valproate (VPA) and Carbamazepine (CZP) were used in first choice. The first 

AEDs association was VPA and clobazam (CLB), the second one was VPA and ethosuximide 

(ESM). Levetiracetam (LEV) was often used with good response in single medication in 3 

cases and in association with CLB in 3 cases. Half of children was poorly controlled on > 3 

AEDs combination therapy consisting in VPA+CLB+LEV or CLB+LEV+SUL or VPA+LEV+SUL or 

LEV+CLB+ESM. In only 4 cases corticosteroids were used in association with LEV or VPA+CLB 

or ketogenic diet with both electrical and clinical improvement. We call these patients drug 

responders. In one case association of ketogenic diet and corticosteroid was used and 

improved strongly cognitive outcome.  

In no-CSWS group: CZP has been considered in more cases than in CSWS group without 

statistical differences, add-on CLB was significantly less (25% vs 75%, p= 0,03) and AEDs 

allowed an EEG improvement in all cases (100% vs 43.8%, p=0.009). 

Corticosteroid was used for the only one patient in infantile spasm indication. 

 
Neurocognitive outcome 

Neuropsychological assessment  

Neuropsychological data were available for 9 children with CSWS and 2 with no-CSWS, 

neuropsychological assessment were performed at a median age of 7 years 7 months (range 

4-13y). Only 3 CSWS patients weren’t assessed with standardized Wechsler scales, 2 because 

of mental retardation with impossibility to perform the subtests and one because of stranger 

condition. They were tested in different moments of their clinical history, all during CSWS 

acute stage. Among the 5 CSWS patients who submitted more than 2 tests, the second test 

showed worsening of general cognitive abilities in 3 children with the mean decrease 

between 10 and 18 points in verbal tasks and between 2 and 10 points in performance 

items. For one child first test showed a mental retardation and the second one 6 years after 

was similar. For the last child tests were improved along 3 years with a WPPSI-III showing a 
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mental retardation and a WISC-IV showing a mild intellectual deficiency. It was possible that 

test condition was not usefully in the first condition. Only one patient in no-CSWS had severe 

mental retardation with behavior troubles following infantile spasms.  

Schooling 

14/26 patients had difficulties to begin learnings with a repeat first year primary school with 

no statistical difference (62.5% CSWS vs 40% no-CSWS). Ordinary schooling concerned half 

of no-CSWS patient vs 25% CSWS Institutionalization concerned ¼ CSWS patients whereas 

only 1/10 no-CSWS patients. Regression was observed only in CSWS group (6/16). 20/26 

patients followed rehabilitation such physiotherapy, ergotherapy, orthophony…in CAMSP 

then in SESSAD (Table 6). 

At a median follow up of 11 years we defined 3 outcomes with mixed criteria encompassing 

neuropsychological assessment, schooling adaptation, institutionalization and clinical 

judgment by neuropediatrician: 1) Favorable= ordinary school +/- AVS for learning 

difficulties, 2) Difficult= adapting schooling, not ordinary school, 3) Poor= no learning’s +/- 

dependence. The only factors which seemed to determine a poor evolution were presence 

of regression (p=0,01) and early CSWS onset (Table 7 and Figure 5)  

  .  

Figure 5: global cognitive outcome in both groups : for CSWS : onset median age in each 
subgroup is added 
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DISCUSSION  

As the main result of this retrospective muticenter case-control study, CSWS developing 

after an early injured brain (perinatal stroke) could be predicted by several clinical, 

electroencephalographic and imagery features: 1) preceding complex febrile seizure with 

prolonged hemicorporal focal seizure, 2) presence of a focal deep brain injury involving the 

thalamus but sparing cortical areas, due to hemorrhage or ischemic events, 3) early 

recording, on awake EEG, of high-amplitude anterior spike and spike-wave activity leading to 

frontal bisynchrony. Furthermore, symptomatic CSWS appeared to be significantly 

associated with antiepileptic drug-resistance, and a global poor outcome, with some cases 

exhibiting any learning ability. 

Although this study represents the first attempt to compare a rare population exhibiting 

perinatal stroke and late CSWS to carefully selected controls, some limitations should be 

acknowledged. These limitations were mainly due to opposite needs: on one hand, 

recruitment of a substantial number of cases, and, on the other hand, homogenization of 

both populations to have them differing by only one factor: presence or absence of CSWS. 

Moreover, to make sure that CSWS were not present among controls, the recording of two 

prolonged sleep EEG between the ages of 18 months and 8 years was mandatory for both 

groups, an inclusion criteria that reduced dramatically the number of potential controls. 

However this stringent criteria probably led to a selection of children with most severe 

strokes in the control group, and thus, at the cost of a rather small number of subjects, met 

the expectation for homogeneity, including presence of epilepsy in the control group, and 

allowed a pertinent comparison between the two groups. Another potential bias is inherent 

to the retrospective nature of data, explaining some difficulties in collecting psychometric 

tests, for example, including a neuropsychological evaluation before, during and after CSWS. 

Lack of psychometric tests in a substantial number of controls was also a problem. It 

appeared somewhat difficult to obtain a good quality evaluation at preschool ages to make 

sure that children could be considered as “cognitively normal” before epilepsy onset. 

Moreover, during primary school age psychometric scales were performed using WPSSI-III or 

WISC-IV, some children in whom two tests were performed, received WPSSI-III testing for 

the first time and WISC-IV for the second. Because tests are different and WISC-IV requires 

more abilities than WPSSI-III, it is difficult to confirm a regression. When children showed a 
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decrease in index subtest, it appeared difficult to provide a clear-cut distinction between 

true regression and an evolution in the cognitive profile, ie the trajectory of IQ development 

over time. Indeed, children with perinatal stroke tend to grow into their deficits, with 

difficulties to appreciate the extent of their disability until they reach school age, mostly in 

PAIS with involvement of the basal ganglia and thalami (21). The course of cognitive 

development is significantly altered in presence of seizures, although there is no evidence of 

decline in cognitive function over time in children with ischaemic perinatal unilateral brain 

damage whatever hemispheric side or size of the lesion, due to sufficient ongoing plasticity 

in the developing brain (22). This potential bias was managed by including in the profile 

outcome the school results, which could best reflect the cognitive abilities as a long term 

follow-up.  

The presence of a mixed stroke pathogenic mechanism in some patients with both ischemic 

and hemorrhagic injury could be also regarded as a potential limitation in our study. Indeed, 

previous studies on perinatal stroke distinguished arterial ischemic perinatal stroke (most 

described), cerebral sinovenous thrombosis, focal intraparenchymal or intraventricular 

hemorrhage. In full-term neonates’s brain, unlike in preterm brain, intraventricular 

hemorrhage is not due to matrix hemorrhage but caused by sinovenous thrombosis in 

association with the presence of thalamic hemorrhage in most cases (23). Focusing on 

symptomatic/structural CSWS previous studies, it appears that the distinction between the 

role of different etiologies could not be evidenced, mainly because of the rarity of CSWS, 

precluding subgroup analysis. Caraballo et al in 2013 reported on a 22 year-long cohort of 

117 patients from four international neurophysiology centers: 38 with “idiopathic” and 79 

with “symptomatic/structural” CSWS. They showed that more than half of the second group 

presented with polymicrogyria, unilateral in 40 cases, 6 with porencephalic lesions, 12 with 

hydrocephalus, 4 with perinatal hypoxia-ischemia, 3 with cerebral central atrophy, 1 with 

schizencephaly and 8 with an unknown etiology (7). In 2012, Sanchéz-Fernandez et al 

enrolled 147 patients with clinical features consistent with CSWS. They compared patients 

with prominent sleep potentiate epileptiform activity (PSPEA) to those without PSPEA. They 

found that PSPEA had more early developmental lesions and thalamic lesions: vascular 

lesions, ie early strokes, were the only type of brain injury with statistically significance. They 

did not distinguished hemorrhagic and or ischemia infarct (12).  
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In the present study, the selection of controls with stringent criteria, including sleep EEG 

recordings at critical age, had two main consequences: first, absence of CSWS was 

ascertained with a rather high level of probability. The possibility that, among the control 

groups, some patients have developed silent CSWS in-between the recorded EEG could 

however not be excluded. The second consequence of this inclusion criterion was the 

selection of controls with epilepsy, leading to the prescription of sleep EEG during this 

period. This consequence contributed to the homogenization of the populations, and could 

suggest that our two groups were comparable in terms of epidemiological data. Regarding 

the risk of developing further epilepsy, few studies had a long duration of follow-up and 

probably underestimate epileptic condition although according to one prospective study, the 

risk of later seizure at three years follow-up after acute perinatal arterial ischemic stroke 

might concern only one infant among four (24). Golomb et al reviewed 61 children with 

ischemic perinatal stroke and found that 67% had epilepsy with a median age follow-up of 

43 months (from 9 months to 15 years) (25). This prevalence was higher than what has been 

reported in previous studies. In 2010 a relevant study including 63 children with hemiplegic 

cerebral palsy due to PAIS with a mean age of 10 years 6months at inclusion showed that 

half of them developed epilepsy with focal seizure semiology and the prognostic for seizure 

remission was good, indeed only 15% had active epilepsy 10 years after onset (26). Early 

presentation with neonatal seizure did not predict the development of late epilepsy (13) 

(25). In the present study, patients with CSWS had significantly more previous complex 

febrile seizure (CFS) history than the control group. CFS represents an age-dependent acute 

symptomatic seizure, and could not be regarded as criteria for epilepsy diagnosis. However, 

in this brain injured population, occurrence of CFS in the CSWS group could suggest that this 

group, in contrast to the control group, is prone to seizure, whatever the cause. This could 

be due to several hypothetical mechanisms, including genetic factors, features of the lesion 

(see next paragraph) or features of the epileptic focus (see later), providing an additional 

risk.  

According to the present study, and regarding the lesion load as depicted by brain imagery, 

patients with CSWS did not present with specific localization, especially subcortical or 

thalamic injuries as compared to those without CSWS. This finding contrasts with previous 

studies(8)(10) showing that thalamic injury was frequent among patients with 
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symptomatic/structural CSWS. However, these studies were large retrospective case series, 

and did not compare their data to a control group as in the present one. As previously 

commented on, strength of our data is represented by a good homogeneity between both 

groups because of our electrographic criteria, thus probably including patients in the “no-

CSWS” group, who could have been “borderline”. Indeed, among the control group, 4 “no-

CSWS” patients had a substantial sleep activation of epileptiform discharges, although not 

reaching the threshold rate of 85% of involvement in non REM-sleep. Among CSWS group, 

two patients had polymicrogyria without deep structure and thalamus injury, this could 

promote, in addition to the small sample of patients, to underestimate difference of 

thalamus and deep structure involvement between cases and controls. This subtype of 

cortical development malformation with abnormal cortical organization was described as 

the most frequent cause of structural CSWS syndrome (7) (27).  

 

The results of our study and others published data corroborate that the electrographic 

criteria for ESES/CSWS syndrome should be revised because a neuropsychological regression 

in patients with a SWI less than 85% has been demonstrated (28). The variability both in 

quality and severity of CSWS, neuropsychological impairments depends on epileptogenic 

focus localization (4), on age at onset (29) and probably on underlying cause. Scheltens-de 

Boer in 2009 proposed new guidelines for EEG distinguished scientific and clinical purpose 

with 4 different scales for the SWI to facilitate comparison with literature for scientific goal 

and a criterion of at least 50% epileptiform activity during non-REM if the clinical picture fits 

a CSWS/ESES-related syndrome for clinical goal (30). Furthermore, in the follow-up of the 

French cohort including 80 neonatal arterial ischemic strokes, Chabrier et al reported only 

few cases of children with epilepsy at the age of 7: twelve patients with focal epilepsy for 8 

of them and infantile spasms for 4 patients (personal communication). None developed a 

CSWS but they did not perform sleep EEGs and patients without seizures did not have a 

systematic EEG. We speculate that patients with an injured brain who never experienced 

seizures didn’t develop CSWS. We can underline one point, French cohort at the beginning 

of study enrolled 100 term neonates who had repetitive seizure at a mean age of 36h, with a 

located infarct in middle cerebral artery in 89 cases, in its superficial area in 66 cases, deep in 

8 and involved both regions in 26 (31). Anyway, according to the high number of superficial 

arterial ischemic MCA in French cohort and the small one in our population, stroke sparing 
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deep region would not develop CSWS, except thus which occurred early in fetal life around 

24-25 GA with polymicrogyria, following an ischemic condition. In contrast, perinatal stroke 

with deep region involvement but sparing cortical area could present a higher risk to 

develop CSWS. Accordingly, larger strokes involving both cortical and subcortical areas, i.e 

large porencephalic cyst in frontal region, will not develop CSWS. 

 

This could highlight the role of the frontal lobe as “sleep orchestra”, a requirement for 

promoting an abnormal synchronization leading to CSWS. The main neurophysiological 

marker of normal non-REM sleep is the presence of spindles with frontal topography with 

bilateral distribution on both hemisphere associated with high amplitude slow waves at 2-4 

Hz. Steriade’s school demonstrated in vitro in implanted animals during the natural waking-

sleep cycle that the picture of slow wave sleep is produced by a synchronized occurrence of 

the cortical slow oscillation in corticothalamic networks in promoting and maintaining (32). 

Role of sleep in learning process remains a very complex field and currently, several groups 

have proposed different hypothesis for the underlying mechanisms: synaptic homeostasis 

hypothesis predicts that the strength of synapses is decreased during sleep, the slope of 

slow wave during non-REM sleep best reflects this “downscaling”. Patients with CSWS 

showed no significant change in slope across the night, that may reflect a disruption of the 

downscaling process during sleep, which may contribute to the developmental regression 

(33). Tononi’s school demonstrated a local increment in slow wave activity following the 

performance of a task, resulted in a significant improvement in the task performance when 

it was repeated after sleep. These data have been interpreted as indicating that the 

electrophysiologic marker of sleep homeostasis, slow wave activity, can be selectively 

modulated in circumscribed areas, suggesting therefore a local regulation of sleep (34). De 

Tiege et al reported PET cerebral metabolic patterns performed in a group of 18 patients 

with CSWS, they found heterogeneous results and interpreted the association of 

hypometabolic and hypermetabolic areas as a phenomenon of remote inhibition of the 

frontal lobes induced by highly epileptogenic and hypermetabolic posterior cortex, this 

phenomenon has been defined as the “network inhibition hypothesis” (35).  

 

EEG description of our data was consistent with several findings in literature suggesting that 

the duration of CSWS and localization of interictal foci play a relevant role in influencing the 
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degree and type of cognitive dysfunction (36). Presence of frontal spike or spike-waves 

focus, even if topography of initial infarct is more posterior, involving parietal areas, was 

statistically more frequent in patients with CSWS. This finding deserves several comments: 

first, it appears to be in line with the neurocognitive profile previously described in 

comparable populations, exhibiting more dysexecutive profile and attention deficit 

hyperactivity disorder (ADHD) as expected from an acquired “epileptic” frontal syndrome 

(37), second, this localization appears to be link with age of maturational frontal lobe, mostly 

around 4-5 years. Establishment of networks in brain area maturation and CSWS condition 

are closed. Moreover, strict correlations between EEG and clinical data are complex and yet 

relevant and prognosis cannot be interfered by only EEG data (1), especially in structural 

cases. We could speculate that structural thalamus injury and functional frontal features 

could interfere with the cerebello-thalamo-frontal pathway which plays also a fundamental 

role in global learning process (38). CSWS occurred as an added condition in yet impaired 

systems. In our study, we compared spindles distribution between both groups and found a 

statistically difference. All control patients preserved their spindles whereas none cases keep 

their spindle distribution on both hemisphere. This criterion of “sleep architecture” should 

be described in further studies, as yet suggested (30). 

 

 Management of CSWS occurred as an added worst condition in yet “sick neurocognitive 

condition”. It’s crucial to revise the best AEDs to introduce in the preCSWS phase and new 

therapy to consider in CSWS phase. Prolonged treatment with anticonvulsivant agents such 

as Phenobarbital may not be indicated for seizure prophylaxis after perinatal stroke (24) and 

a number of experts advise stopping anticonvulsivant medications soon after the control of 

symptomatic neonatal seizures (39). Today, no recommendation exists for which treatment 

introduce in this population once repeated seizures begin, with a length of time after stroke 

timing.  

On the one hand, care should be taken in the selection of AED treatment because of their 

potential worst role in CSWS condition, Carbamazepine, Oxcarbazepine, Phenobarbital, 

Phenytoin and Topiramate should be avoided (40) (41). On the other hand, more than 3 

AEDs combinations is not recommended and the use of specific drugs for epileptic 

encephalopathies (EEs) is suggested given the poor efficacy of conventional AEDs (42). In 

patients with a perinatal stroke the choice of AEDs should be seriously reconsidered to avoid 
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sleep activation abnormalities, which is seen yet in awake EEG recordings. In our study, the 

positive response sometimes seen using the different AEDs alone or in combination was with 

Levetiracetam, this was yet suggested in literature (43). In 2011 a prospective study on 20 

children including 7 symptomatic cases conclude that add-on therapy with Levetiracetam is 

more effective in children with CSWS resulting from a known underlying structural brain 

lesion (44). In 2012, Veggioti et al performed a review article of all uncontrolled studies and 

cases reported in the literature and all treatment options, from conventional AEDs to 

surgery. They proposed a personal therapeutic approach distinguished structural and 

idiopathic CSWS. In the first case, they recommended the early use of corticosteroids, as in 

the case for others EEs such as West syndrome, during 6 months before continue to AED 

therapy if responders (45). The risk of relapse is high in structural group and best results in 

definitive control of the seizures and the normalization of the EEG are obtained in idiopathic 

cases (7)(46). In the drug non-responders cases, the majority in our study (13/16 cases) in 

spite of Clobazam, Ethosuximide and Sulthiame add-on therapy used, gamma-globulins, the 

ketogenic diet, and surgical treatment should also be taken in account (7) (45). Anyway, one 

patient above the 16 CSWS cases was treated by corticosteroid and ketogenic diet in 

association, after a showed neuropsychometric regression stage, he improves dramatically 

his intellectual quotient from mental retardation to mild intellectual deficiency. We suggest 

the ketogenic diet should be considered alone or in association with corticosteroids before 

the fifth or sixth conventional or new AEDs association.  

 

Surgery may be an alternative even if brain is yet injured in structural CSWS. All 

retrospective series from 2009 showed a positive response after surgery. Loddenkemper et 

al realized 6 hemispherectomy and 2 focal resections in 8 patients with CSWS including 7 

remote infarcts (6 in perinatal period). Patients became seizure-free after surgery and 

postoperative EEG documented remission in all with improvement in neuropsychological 

assessments. Functional hemispherectomy with isolation of the injured hemisphere through 

the section of inter-hemispheric cortico-cortical connections seemed to be the best method 

(47)(48). Epilepsy surgery should be considered as an early treatment option for selected 

cases with structural CSWS, disconnection of the injured hemisphere could prevent the 

controlateral diffusion of epileptiform discharges, thus allowing a normal function of cortico-

thalamic circuitries in the healthy hemisphere and thus the improvement of cognitive 
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abilities (48). This possibility of early surgery in children with focal structural abnormalities 

responsible for EEs before irreversible damage on developmental outcome was suggested by 

Vigevano et al, high specialists in EEs course (42).  

Further research investigating larger cohort may demonstrate significance of these variables. 

Number of patients was too small to reach statistical significance but this is an area for 

further studies at is becomes clearer that perinatal strokes are multiple in mechanisms and 

presentation and have to be very well described on imaging and well followed in EEGs sleep 

records to predict outcome. Having a reeducative vision of motor challenge doesn’t seem to 

be enough in the management of these children and dialogues must be the angle stone 

between physicians of rehabilitation, neuropediatrician, especially epileptic one, 

neurophysiologist, neonatologist, neuroradiologist to the best damage control of these 

patients. Identification and precision in lesion subtype and epilepsy categorization is very 

important. Experts must define radiological judgments in MRI about the characteristics 

features of perinatal stroke, timing of onset, mechanism, deep brain structures involved as it 

was suggested by Fitzgerald et al (49) and Kirton et al (50). CT scan is definitively a bad exam 

in this indication. It seems very important to define prognosis and guidelines not only in 

rehabilitation in plasticity period but also in therapeutic option when seizures begin, mostly 

in critical developing brain period. Moreover, such information can lead to the development 

of early appropriate interventions for these children with appropriate expectations and 

realistic goals.  
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ANNEXES 

Table 1: demographic and presentation data of our study population 

 

Characteristics all patients CSWS             no-CSWS  

 (n=26) (n=16) (n=10) P-value 

Age, median (IQR), y 11 (8-15) 11.5 (9-17) 10 (7-13) 0.24 

Male sex, n (%) 19 (73.1) 11 (68.8) 8 (80.0) 0.52 

Gestational age, median (IQR), wk 40     (38-41) 40 (38-41) 39 (38-40) 0.59 

Apgar, median score at 5min (IQR) 10 (10-10) 10 (9-10) 10 (10-10) 0.75 

Stroke presentation       0.25 

     acute (<28days after delivery) 12 (46.2) 9 (56.3) 3 (30.0)  

     delayed (>28 days after delivery) 14 (53.8) 7 (43.7) 7 (70.0)  

Neonatal seizure 12 (46.2) 9 (56.3) 3 (30.0) 0.25 

Complex febrile seizure 6 (23.0) 6 (37.5) 0 (0.0) 0.07 

Epilepsy   24 (92.3) 16 (100.0) 8 (80.0) 0.14 

Psychomotor delayed 8 (30.8) 4 (25.0) 4 (25.0) 0.66 

Cerebral palsy (hemiparesis) 20 (76.9) 11 (68.8) 9 (90.0) 0.21 

Ventriculoperitoneal shunt 2 (7.7) 2 (12.5) 0 (0.0) 0.51 
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Table 2: Epilepsy data 

  

Characteristics all patients CSWS         no-CSWS  

 (n=24) (n=16) (n=8) P-value 

Infantile spasms 1 (3.9) 0 (0.0) 1 (10.0) 0.38 

Age of seizures onset (IQR), m 33.5 (18-48) 33.5 (24.5-48) 39 (9-64.5) 0.90 

Prolonged hemicorporal focal seizure 14 (58.3) 14 (87.5) 0 (0.0) <0.001 

Atypical absences 11 (45.8) 9 (56.2) 2 (25.0) 0.21 

Atonic seizure 6 (25.0) 2 (12.5) 4 (50.0) 0.04 

Generalized tonic clonic seizure 1 (4.2) 0 (0.0) 1 (12.5) 0.33 

>1 seizure/month 9 (37.5) 6 (37.5) 3 (37.5) 1 

Seizure during sleep 12 (50.0) 11 (68.5) 1 (12.5) 0.03 

 

 

 

 



 

30 

 

Table 3:  electroencephalographic data  

 

 all patients CSWS              no-CSWS  

 (n=26) (n=16) (n=10) P-value 

EEG abnormalities before CSWS        

   Awake spikes 25 (96.1) 16 (100.0) 9 (90.0) 0.38 

   Independent spikes focus 15 (57.7) 9 (56.3) 6 (60.0) 1 

   Spike-waves 11 (42.3) 8 (50.0) 3 (30.0) 0.43 

Topography       0.11 

Fronto-central 16 (61.5) 12 (75.0) 4 (40.0)  

Temporo-parietal 10 (38.5) 4 (25.0) 6 (60.0)  

Secondary bilateral synchrony 10 (38.5) 10 (62.5) 0 (0.0) 0.002 

Sleep        

   activation of epileptiform activity 20 (76.9) 16 (100.0) 4 (40.0) <0.001 

   spindles        <0.001 

      - lacking 11 (42.3) 11 (68.8) 0 (0.0)  

        - one hemisphere 5 (19.2) 5 (31.2) 0 (0.0)  

      - both hemisphere 10 (38.5) 0 (0.0) 10 (100.0)  
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Table 4: MRI stroke injury data (see text for detailed vascular etiology)             

 all patients CSWS         no-CSWS  

 (n=26) (n=16) (n=10) P-value 

Left side  12 (46.1) 7 (43.7) 5 (50.0) 1 

Injury location        

       cortical 19 (73.1) 9 (56.3) 10 (100.0) 0.02 

       subcortical  21 (80.8) 14 (87.5) 7 (70.0) 0.34 

Polymicrogyria 2 (7.7) 2 (12.5) 0 (0.0) 0.51 

Arterial ischemic MCA 18 (69.2) 9 (56.3) 9 (90.0) 0.03 

Porencephalic cyst   16 (61.5) 9 (56.3) 7 (70.0) 0.48 

Thalamus involvement 18 (69.2) 13 (81.2) 5 (50.0) 0.19 

      volume reduction >50% 13 (50.0) 8 (50.0) 5 (50.0) 1 

      anterior thalamus injury 5 (19.2) 5 (31.2) 0 (0.0) 0.12 

Other basal ganglia injury 17 (65.4) 10 (62.5) 7 (70.0) 1 

Posterior arm intern capsula injury 11 (42.3) 6 (37.5) 5 (50.0) 0.69 

Pedoncular hemiatrophy  15 (57.7) 8 (50.0) 7 (70.0) 0.43 

 

MCA= middle cerebral artery 
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Table 5: treatment management                 

             

 all patients CSWS         no-CSWS  

 (n=26) (n=16) (n=10) P-value 

AEDs in neonatal period 12 (46.1) 9 (56.3) 3 (30.0) 0.24 

AEDs during first year of life 11 (42.3) 8 (50.0) 3 (30.0) 0.43 

 (n=24) (n=16) (n=8)  

AEDs in first choice       0.23 

     Valproate 12 (50.0) 10 (62.5) 2 (25.0)  

     Carbamazepine 8 (33.3) 4 (25.0) 4 (50.0)  

     Other 4 (16.7) 2 (12.5) 2 (25.0)  

Drug resistance* 15 (62.5) 13 (81.3) 2 (25.0) 0.02 

 >3 AEDs add-on 9 (37.5) 8 (50.0) 1 (12.5) 0.18 

Clobazam add-on 14 (58.3) 12 (75.0) 2 (25.0) 0.03 

Corticosteroid 5 (20.8) 4 (25.0) 1 (12.5) 0.63 

Ketogenic diet 1 (4.2) 1 (6.2) 0 (0.0) 1 

EEG improvement with AEDs 15 (62.5) 7 (43.8) 8 (100.0) 0.009 

 

AEDs : antiepileptic drugs,  *: according ILAE criteria 
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Table 6: cognitive and behavioral outcome                 

 all patients CSWS          no-CSWS  

 (n=26) (n=16) (n=10) P-value 

Education       0.59 

       ordinary schooling 9 (34.6) 4 (25.0) 5 (50.0)  

       schooling with AVS 6 (23.1) 5 (31.2) 1 (10.0)  

       CLIS 6 (26.9) 3 (25.0) 3 (30.0)  

       IME 5 (15.4) 4 (18.8) 1 (10.0)  

       Repeat first year primary school  14 (53.8) 10 (62.5) 4 (40.0) 0.42 

Decline/regression 6 (23.0) 6 (37.5) 0 (0.0) 0.005 

Rehabilitation 20 (80.0) 14 (93.3) 6 (60.0) 0.12 

Intellectual potential (IQ scores)        

      Normal   85<IQ<115 6 (23.0) 1 (6.3) 5 (50.0) 0.02 

      Mild intellectual deficiency  IQ<70 4 (15.5) 4 (25.0) 0 (0.0) 0.14 

      Severe mental retardation IQ <50 5 (19.2) 4 (25.0) 1 (10.0) 0.62 

      Verval>non verbal dissociation 7 (27.0) 7 (44.0) 0 (0.0) 0.02 

      Dysexecutive profile 6 (23.0) 6 (37.5) 0 (0.0) 0.05 

      Missing value 8 (31.0) 5 (31.3) 3 (30.0) 1 

ADHD 9 (34.6) 7 (44.0) 2 (20.0) 0.40 

IQ= Intellectual Quotient according Wechsler scores (during CSWS for the first group);  ADHD= Attention Deficit Hyperactivity Disorder 
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Table 7: Global outcome characteristics  

 

 Favorable  Difficult Poor  

 (n=12) (n=9) (n=5) P-value 

Psychomotor delayed 2 (16.6) 3 (33.3) 3 (60.0) 0.22 

Sleep EEG        

        CSWS 6 (50.0) 6 (66.6) 4 (80.0) 0.58 

        Potentiate epileptiform activity 9 (75.0) 7 (77.7) 4 (80.0) 1 

Regression 0 (0.0) 3 (33.3) 3 (60.0) 0.01 

Injury location        

       cortical 9 (75.0)) 6 (66.6) 4 (80.0) 1 

       subcortical  9 (75.0) 7 (77.7) 5 (100.0) 0.67 

       ischemic MCA 10 (83.3) 4 (44.4) 4 (80.0) 0.31 

       Thalamic lesion 7 (58.3) 7 (77.7) 4 (80.0) 0.63 

Drug responders 7 (58.3) 3 (33.3) 1 (20.0) 0.38 

 

 Favorable= ordinary school +/- AVS for learning difficulties, Difficult= adapting schooling, Poor= no learning +/- dependence
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ABSTRACT            

Objective: the main one is to determine associated factors to develop a continuous spikes 

and waves during slow sleep (CSWS) syndrome after a focal perinatal stroke. Then we 

discuss the impact of CSWS and others releavant factors on neurocognitive outcome in each 

group. 

Methods: we performed a multicentric case-control study and enrolled 1) patients born at 

term >37SA with a perinatal stroke (from 20 gestational weeks to 28e day post-natal) 2) one 

or more brain MRI and 4) 2 or more overnight EEG recordings. Anoxic encephalopathy and 

bilateral brain injury were exclusion criteria. We determined two groups: stroke-CSWS 

(cases) and stroke-no CSWS (controls), first group was defined by clinical features consistent 

with a sleep potentiate epileptiform activity more than 85% during non-REM sleep. 

Results: A sample of 26 patients with perinatal stroke met the inclusion criteria during a 15 

year period: 16 stroke-CSWS and 10 stroke-no CSWS. Both groups were comparable in terms 

of epidemiologic features, degree of cerebral palsy and stroke presentation. Child presenting 

a prolonged hemicorporal focal seizure with or not fever after 18 months were more able to 

develop a CSWS (87.5 % vs 0%, p <0.001). Presence yet in awake EEGs of fronto-central spike 

or spike waves with a bilateral synchrony trend, especially when no improvement was seen 

with recommended antiepileptic drug and a first association with benzodiazepines, was a 

strong marker for an evolution towards CSWS (62.5% vs 0%, p=0.002%). Subcortical lesion 

with thalamus involvement was not statistically higher in CSWS patients but cortical sparing 

was more frequent in CSWS (43.7% vs 0%, p=0.02). Superficial arterial ischemic MCA was 

less frequent in CSWS (6.3% vs 50%, p=0.02). Global cognitive outcome was poor in CSWS 

patients but not in all cases with 25% poor, 38% favorable and 37% difficult issue although 

75% of no CSWS had a favorable outcome regarding schooling and psychometric data. The 

only two factors who seemed associated with a poor global cognitive outcome were 

presence of CSWS and/or regression (33.3% vs 60%, p=0.01) 

Conclusions: A combined factor associating anatomical (MRI) and functional (sleep EEGs at a 

critical age) data should reach pertinence to predict epilepsy and cognition outcome after 

perinatal stroke. Further studies should investigate this opportunity.  

KEY WORDS: Perinatal stroke, Structural CSWS, Neurocognitive outcome 




