Infraslow oscillations in the immature and mature human cortex
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Human cortical activity has been intensively studied at frequencies higher than 0.5 Hz. Using DC-EEG, we have examined patterns of infraslow activity in sleeping preterm infants as well as in adults. These events are not detectable in conventional EEG because of its limited recording bandwidth (typical lower limit 0.5 Hz).  Animal experiments have shown that spontaneous transients of correlated activity are a characteristic feature of immature brain structures, and they are thought to be crucial for neuronal maturation and establishment of network connectivity. DC-EEG recordings from sleeping preterm human babies showed that their EEG activity is largely confined to spontaneous, slow activity transients (SATs) that mostly originate in the temporo-occipital areas. The SATs had a high amplitude (hundreds of microvolts), a duration of up to several seconds, and a low frequency of occurrence (( 0.1 Hz). Their occurrence showed a steep decline by the time of normal birth, which was paralleled by a developmental up-regulation of the neuronal Cl- extruder KCC2 (see Rivera et al., 1999, Nature 397, 251-255) in age-matched fetal brain tissue. These data indicate that large-scale, correlated endogenous activity in the developing human neocortex is mostly confined to the prenatal stage and suggests that it is terminated by the maturation of functional GABAergic inhibition. Another kind of infraslow oscillations (> 0.02 Hz) was detected in widespread cortical regions of sleeping adults (see Movie).  Notably, these infraslow oscillations were strongly synchronized with faster activities, as well as with interictal epileptic events and K complexes. This suggests that the infraslow oscillations represent a slow, cyclic modulation of cortical gross excitability (Vanhatalo et al., 2004, PNAS 101: 5053-5057), which provides a putative mechanism for the as yet enigmatic aggravation of epileptic activity during sleep.

