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The centromedian nucleus of the thalamus is a non-specific relay center in the brain, controlling the passage of arousal signals from the midbrain-pontine reticular formation to the cerebral cortex.  However, during sleep, this connection is greatly reduced or cut off, causing humans to exhibit the defining characteristic of sleep of a high arousal threshold.  As such, this experiment was expected to show that connectivity between the centromedian nucleus and the neocortex is greater during wake compared to sleep.
For this study, functional magnetic resonance imaging (fMRI) and electroencephalogram (EEG) data were collected simultaneously after 44 hours of sleep deprivation, which was used to facilitate sleep inside the MRI scanner. This data was collected using MRI-compatible EEG equipment. Blood Oxygen Level-Dependent fMRI scans gathered data every three seconds from 25 axial slices, covering most of the brain.  In the current study, a single-subject preliminary analysis was performed using the statistical parametric mapping software program AFNI (Analysis of Functional NeuroImaging; National Institutes of Mental Health, Bethesda, USA). Testing for changes in connectivity between the centromedian nucleus and the rest of the brain was performed on periods where the subject was either awake, or in stage three or four sleep.
Comparison of the connectivity images indeed showed decreases in correlation between the subject’s awake state and that of sleep stages three and four over the majority of the brain.  In the posterior cingulate and the precuneus region of the brain, for example, there was a large cluster of significant positive correlations during wake, and none during sleep; similarly, in the postcentral gyri and prefrontal cortex there was a positive correlation during wake, but it changed to a negative correlation during sleep.  However, during sleep there was a noticeable increase in correlation between the centromedian nucleus and a large part of the cerebellum.
The changes in connectivity from the majority of the brain confirmed the hypothesis of this preliminary analysis, that is, neocortical connectivity from a non-specific thalamic nucleus is greater during wake than during sleep. These results replicate the results from animal experiments on the thalamocortical mechanisms of arousal threshold changes during sleep using a non-invasive imaging technique in humans.
