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Table 1 Personal information and electrodes distribution of all epileptic patients
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Figure 1 (Color online) 8 kinds of dynamic phase relationship modes with parameter /=3
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Figure 2 (Color online) Three specific time series of phase symbols and their corresponding phase lag distribution and phase relationship pattern
distribution
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Figure 3 (Color online) Changes in ECoG signals and phase patterns before and after anesthesia of patient 4. (a) The patient’s intracranial monitoring
environment and corresponding electrode distribution; (b) six channels’ original ECoG signal of the patient; (c) ten seconds’ ECoG signals of each

channel before anesthesia and the corresponding phase difference symbolic sequences; (d) ten seconds’ ECoG signals of each channel after anesthesia
and the corresponding phase difference symbolic sequences; (e) probability distribution of phase relationship patterns before and after anesthesia
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Figure 4 (Color online) Changes in PPC before and after anesthesia of patient 4. (a) The patient’s averaged time spectrum; (b) the patient’s averaged
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The synchronization and cortical network changes during
propofol anesthesia using the phase-pattern complexity measure

Zhenhu Liang'", Xing Jin', Lin Zhang', Tao Yu® & Xiaoli Li’
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The neurophysiological mechanisms of anesthetic-induced loss of unconsciousness (LOC) have been extensively inves-
tigated at the macro scale. When it comes to the cortical scale, however, it still remains unclear how the cortical network
and the information integration mode change during propofol anesthesia. In this study, we employed the phase-pattern
complexity (PPC) measure, a synchronization measure of the diversity of temporal patterns in the phase relationships
between two time series, to analyze the electrocorticogram (ECoG) changes during propofol anesthesia. Nine epileptic
patients who were undergoing intracranial monitoring for surgical treatment were investigated. Network characteristic
parameters such as clustering coefficient, average characteristic path length, global efficiency, component efficiency, and
betweenness centrality were measured based on the graph theory. Below is a brief summary of our findings. Firstly, the
phase-pattern complexity after LOC reduces significantly in the delta-theta (1—8 Hz) and gamma?2 (48—60 Hz) frequency
bands (with a P-value of <0.01 and <0.05, respectively). Secondly, after LOC, the cortical network changes from a
strongly connected network of nodes to one where some of the nodes work as hub nodes and are scattered to connect
with other nodes. Thirdly, the following conclusions are drawn from the network measure: (1) During propofol anesthe-
sia, the clustering coefficient value increases in the delta-theta and gamma?2 frequency bands, which indicates strong ag-
gregation between nodes in the cortical network. (2) The average characteristic path length increases after LOC, which
means that the action of propofol impairs the brain's ability of functional integration. (3) The increase in betweenness
centrality indicates that propofol simplifies the cortical network. This leads to an increased number of cortical regions
that stop communicating with each other, which in turn results in more paths for information transmission and lower
transmission efficiency. (4) The decrease in global efficiency and component efficiency reflects that propofol partially
interrupts long-distance connections between cortical regions. To sum up, our research indicates that the propofol in-
duced LOC is related to the reduction of the neural activities’ phase-pattern complexity in cortical scale and the simplifi-
cation of the corresponding topological networks. The propofol induced LOC is also underlying correlated with the disrup-
tion of direct connection between cortical regions and the increasement of the role of hub nodes in information integra-
tion.

propofol anesthesia, electrocorticogram (ECoG), loss of consciousness, phase-pattern complexity (PPC), cortical
network
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