Detection of slow oscillation elicited by cortical electrical stimulation in different vigilance states in humans
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Slow oscillation (SO) in humans and mammals occur physiologically in non-REM sleep and is responsible for restorative sleep functions. It has been shown that slow oscillation is elicitable by transcranial electrical (TES) and magnetic stimulation (TMS) and intracortical electrical stimulation may also evoke slow waves in sleeping rats.

In order to detect triggered SO in different vigilance states, single pulse cortical electrical stimulation (CES) was performed via subdural electrodes and cortical responses were automatically detected.

Patients with drug resistant epilepsy were implanted with subdural grid and strip electrodes and intracortical laminar multielectrodes. Brief single current pulses were injected into adjacent grid contacts and responses were averaged both from the grids and the laminar electrodes in awake, sleeping and anesthetized state. Automatic wave analysis was used to distinguish between cortical responses after the stimulation in the post stimulus time frame (0 to 1000ms).

We have found that CES awake an initial biphasic activation, which is followed by a single wave of SO, characterized by a long lasting negative ECoG potential (down state) and a rebound positivity (up state) in the close (1-2cm) vicinity of the stimulation electrode, regardless of the vigilance state (sleep, awake and anesthesia) of the patient. Automatic detection could reliably determine the peak amplitude and latency and half-wave latency of the evoked SO cycle. Comparing the spatial distribution of the stimulus evoked SO between sleep and wakefulness, our preliminary results showed quite similar extent of activation if stimulated between the same electrode pairs. Regarding the amplitude and latency of the triggered SO, we also find similar values between sleep and wake stimulation. Using high resolution mapping methods, our results suggest that contrary to TMS, TES and CES in rats CES in humans can initiate a single SO cycle in the close vicinity of the stimulation site even in the waking state.
