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Physiological EEG sleep slow waves 

Steriade et al., J. Neurophys. 1993 



Mukovski et al., Cereb Cortex 2007  
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Sleep slow waves can be beneficial 

Xie et al., Science 2013 

Huber et al., Nature 2004  Tüshaus et al., Sci Rep 2017 



Sleep slow waves can be best revealed by perturbations  



Wakefulness NREM Sleep 

Massimini et al., Science 2005; Massimini et al., PNAS 2007; Rosanova et al., J Neuroscience 2009; Massimini et al., Prog Brain Res 2009; 
Massimini et al., Eur J Neurosci 2009; Ferrarelli et al., PNAS 2010; Massimini et al., Arch Ital Biol 2012; Massimini et al., Cogn Neurosci 2010; 
Rosanova et al., Brain 2012; Sarasso, Boly et al.,  Curr Biol 2015 
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The network consequence of sleep slow waves 



Pigorini et al., Neuroimage 2015 

The network consequence of sleep slow waves 



Arena et al., eNeuro 2021; Cavelli et al., iScience 2023 

The network consequence of slow waves 



Slow waves can intrude into wakefulness 



Slow waves during wakefulness affect behavior 



Slow waves can occur after brain injury 



Walter, Proc R Soc Med 1937  

Slow waves: a consistent aftermath of brain injury 





Rosanova, Fecchio et al. Nat Comms. 2018 

Wakefulness NREM Sleep UWS 

Slow waves in UWS/VS patients  



Rosanova, Fecchio et al. Nat Comms. 2018 

Slow waves in UWS/VS are ubiquitous  
and affect global spatiotemporal complexity 



Rosanova, Fecchio et al. Nat Comms. 2018 

Slow waves in UWS/VS are ubiquitous  
and affect global spatiotemporal complexity 





Perilesional slow waves in awake stroke patients  

Sarasso et al., Brain 2020  



Perilesional slow waves affect local spatiotemporal complexity 

Sarasso et al., Brain 2020  







Propagation of perilesional slow waves 

Russo et al., Neuroimage 2021  
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Massimini et al., JNeurosci 2004; Murphy et al., PNAS 2009 



Mechanisms of postlesional slow waves 









Reviving the classic notion of diaschisis 

von Monakov, 1914 



Implications for treatment and rehabilitation 



Rosanova, Fecchio et al. Nat Comms. 2018 

Slow waves are reversible 



D’Ambrosio et al., in preparation 

Slow waves are reversible 



PCIs= 0.12 PCIs= 0.19 PCIs= 0.10 

Slow waves can be manipulated 

D’Andola et al., Cerebral Cortex 2017 
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