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Abstract



            
Background Epileptic encephalopathy with continuous spike-and-waves during sleep (CSWS) occurs during childhood and is characterized by an activation of spike wave complexes during slow wave sleep. The location of epileptic foci is variable, as is etiology. A relationship between the epileptic focus and age has been shown in various focal epilepsies following a posterior-anterior trajectory, and a link to brain maturation has been proposed.


We hypothesize that in CSWS, maximal spike wave activity, corresponding to the epileptic focus, is related to age and shows a posterior-anterior evolution.



            
Findings In a retrospective cross-sectional study on CSWS (22 EEGs of 22 patients aged 3.1–13.5 years), the location of the epileptic focus is related to age and follows a posterior-anterior course. Younger patients are more likely to have posterior foci than older ones.



            
Conclusions We propose that the posterior-anterior trajectory of maximal spike waves in CSWS might reflect maturational changes of maximal expression of sleep slow waves, which follow a comparable course. Epileptic spike waves, that is, “hyper-synchronized slow waves” may occur at the place where the highest and therefore most synchronized slow waves meet brain tissue with an increased susceptibility to synchronization.






        
[bookmark: N11421]
Keywords

CSWS - 
ESES - 
sleep - 
slow waves - 
epileptic focus - 
brain maturation
      




 

[bookmark: ]

[bookmark: N11A9F]
	
References


	
[bookmark: JR161515oa-1]1 Commission on Classification and Terminology of the International League Against Epilepsy. Proposal for revised classification of epilepsies and epileptic syndromes. Epilepsia 1989; 30 (4) 389-399 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-2]2 Sánchez Fernández I, Loddenkemper T, Peters JM, Kothare SV. Electrical status epilepticus in sleep: clinical presentation and pathophysiology. Pediatr Neurol 2012; 47 (6) 390-410 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-3]3 Lemke JR, Lal D, Reinthaler EM , et al.  Mutations in GRIN2A cause idiopathic focal epilepsy with rolandic spikes. Nat Genet 2013; 45 (9) 1067-1072 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-4]4 Scheltens-de Boer M. Guidelines for EEG in encephalopathy related to ESES/CSWS in children. Epilepsia 2009; 50 (Suppl. 07) 13-17 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR161515oa-5]5 Gibbs FA, Gibbs EL. Jacksonian seizures and focal convulsions - foci in cortical areas other than the anterior temporal. Atlas of Electroencephalography. Vol 2. Epilepsy. Massachusetts: Addison-Wesley Press; 1952: 210-225 





Google Scholar





	
[bookmark: JR161515oa-6]6 Yoshinaga H, Kobayashi K, Ishizaki Y , et al.  Age-dependent spike localization in various epileptic syndromes. Pediatr Neurol 2009; 41 (6) 440-444 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-7]7 Saito N, Kanazawa O, Tohyama J , et al.  Brain maturation-related spike localization in Panayiotopoulos syndrome: magnetoencephalographic study. Pediatr Neurol 2008; 38 (2) 104-110 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-8]8 Konishi T, Naganuma Y, Hongou K, Murakami M, Yamatani M, Yagi S. Changes in EEG foci with age in childhood partial epilepsies. Clin Electroencephalogr 1994; 25 (3) 104-109 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-9]9 Bölsterli Heinzle BK, Fattinger S, Kurth S , et al.  Spike wave location and density disturb sleep slow waves in patients with CSWS (continuous spike waves during sleep). Epilepsia 2014; 55 (4) 584-591 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-10]10 Aeby A, Poznanski N, Verheulpen D, Wetzburger C, Van Bogaert P. Levetiracetam efficacy in epileptic syndromes with continuous spikes and waves during slow sleep: experience in 12 cases. Epilepsia 2005; 46 (12) 1937-1942 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-11]11 Sánchez Fernández I, Takeoka M, Tas E , et al.  Early thalamic lesions in patients with sleep-potentiated epileptiform activity. Neurology 2012; 78 (22) 1721-1727 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-12]12 Bölsterli BK, Schmitt B, Bast T , et al.  Impaired slow wave sleep downscaling in encephalopathy with status epilepticus during sleep (ESES). Clin Neurophysiol 2011; 122 (9) 1779-1787 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-13]13 Hjorth B. An on-line transformation of EEG scalp potentials into orthogonal source derivations. Electroencephalogr Clin Neurophysiol 1975; 39 (5) 526-530 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-14]14 Kurth S, Ringli M, Geiger A, LeBourgeois M, Jenni OG, Huber R. Mapping of cortical activity in the first two decades of life: a high-density sleep electroencephalogram study. J Neurosci 2010; 30 (40) 13211-13219 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-15]15 Gogtay N, Giedd JN, Lusk L , et al.  Dynamic mapping of human cortical development during childhood through early adulthood. Proc Natl Acad Sci U S A 2004; 101 (21) 8174-8179 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-16]16 Koo B, Hwang P. Localization of focal cortical lesions influences age of onset of infantile spasms. Epilepsia 1996; 37 (11) 1068-1071 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-17]17 Shaw P, Kabani NJ, Lerch JP , et al.  Neurodevelopmental trajectories of the human cerebral cortex. J Neurosci 2008; 28 (14) 3586-3594 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-18]18 Luna B, Sweeney JA. The emergence of collaborative brain function: FMRI studies of the development of response inhibition. Ann N Y Acad Sci 2004; 1021: 296-309 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-19]19 Feinberg I. Schizophrenia: caused by a fault in programmed synaptic elimination during adolescence?. J Psychiatr Res 1982- 1983; 17 (4) 319-334 





PubMedGoogle Scholar





	
[bookmark: BR161515oa-20]20 Rechtschaffen A, Kales A. A Manual of Standardized Terminology, Techniques and Scoring System for Sleep Stages of Human Subjects. Bethesda, MD: National Institutes of Health; 1968 





Google Scholar





	
[bookmark: JR161515oa-21]21 Steriade M, Amzica F. Dynamic coupling among neocortical neurons during evoked and spontaneous spike-wave seizure activity. J Neurophysiol 1994; 72 (5) 2051-2069 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-22]22 Frauscher B, von Ellenrieder N, Ferrari-Marinho T, Avoli M, Dubeau F, Gotman J. Facilitation of epileptic activity during sleep is mediated by high amplitude slow waves. Brain 2015; 138 (Pt 6): 1629-1641 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161515oa-23]23 Buchmann A, Ringli M, Kurth S , et al.  EEG sleep slow-wave activity as a mirror of cortical maturation. Cereb Cortex 2011; 21 (3) 607-615 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.145.170.113
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  