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Even though being asleep or under general anesthesia are considered states of

unconsciousness, they are separable physiological conditions.

Under the assumption that the brain’s response to perturbations is different during
sleep or general anesthesia in contrast to a conscious state, we used multi-region

single-pulse direct electrical stimulation (SPES) to probe the human brain in each

of these states.

Aim

To investigate the local, network, and global difference in the response to
single-pulse direct electrical stimulation (SPES) in the intracranial EEG

(iEEG) while participants are awake, asleep, or under general anesthesia.

System Overview

Multi-focal electrical intracranial stimulation and simultaneous iEEG recording

Schematic of experimental setup.
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Twenty-one patients with semi-chronic depth electrodes implanted to
localize the origin of their seizures participated after fully informed consent.

We delivered a small SPES to 4-10 regions
per patient in pseudo-random order during

wake, sleep , and anesthesia.

Depth
electrodes
location in
one patient.

We compared WakeEMU vs. SleepEMU .

(N=15; nSTIM=166 ch; mREC=2605 ch), State Compariso
WakeOR vs. Anesthesia (N=1S;

nSTIM=73; mREC= 1264) and WakeEMU: awake in the EMU.

WakeEMU vs. WakeOR (N=11;
nSTIM=57; mREC=1104 ch).

Regional Compariso

Anterior regions: frontal + anterior

SleepEMU: sleeping in the EMU.
WakeOR: awake in the operating

room before electrode explantation.
Anesthesia: loss of consciousness

as indicated by lack of response to
auditory task (Propofol).

cingulate cortices.

Posterior regions: parietal + posterior
cingulate + occipital cortices.

Analysis

Cortico-cortical evoke potentials (CCEP) in response to SPES, in intracranial EEG.

% Resp Channels: Percentage of channels with CCEP to SPES.
iEEG was low-passed filter below 45Hz, after removal of stimulation artifact, and normalized per trial

Ci ity: perturbational index (PCIS') in first 600ms in the raw iEEG. Relative PCI

= (PClg- PClg) / (PClg+ PClg,)

Variability: standard deviation (STD) of the absolute response amplitude.

Wilcoxon test (pa\red) between states.

Within region analysis: stimulation AND recordings occur in that region.
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Conclusions

Our results suggest that in anterior regions, during sleep complexity is reduced but

connections are preserved while during anesthesia complexity and connectivity are
impaired. Increased variability might help explain this difference.

Our work could help towards the use of stimulation-evoked neuronal signatures for

assessing the state of consciousness in clinical scenarios.
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