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Fig. 2 Full frequency band multivariate Granger causality matrix under naming stimuli
(a) VS patients; (b) MCS patients.
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Fig.4 Comparison of full frequency topological feature parameters between VS patients and MCS patients under
naming stimulation

(a) Average degree; (b) average clustering coefficient; (c) global efficiency. *P<0.05.



2024; 51 (6) FT, & ETWRRHNEIRERSEEMINEEEEHR -1439-

(@) 18+ : Out-degree (b) 1k : Out-degree
o—eo : In-degree ®—=o : [n-degree
16 16}
14F 14}
12+ 12+
g 10r 2 1ot
2 . g
8 st = st
6_
/\o—o—v—o—o—o\._._/a\// or
4+
4_
2+
2_
O_
Il 0 Il Il

Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il
123456 78 91011121314151617 1234567 891011121314151617
VS MCS

Fig.5 Comparison of full frequency band outgoing and entering results under naming stimulation
(a) VS patients; (b) MCS patients.
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Table 1 Causal flow of various brain regions in the full frequency band under naming stimulation

Brain area \& MCS
Difference between Causal flow Difference between Causal flow
out-degree and out-degree and
in-degree in-degree
Frontal lobe 5 Causal source =5 Causal congruence
Temporal lobe 1 Causal source -7 Causal congruence
Parietal lobe 5 Causal source ) Causal congruence
Central -12 Causal congruence 15 Causal source

Zi b, MAHIBF S MCS EMIEL, VSHEE  F7TNRESEIE, Fp2. Fz. F3. F4, F8 MR, i
AR B T DL R e X R R R MCS R Fp2. Fz, F3 AR, Fpl, F4. F7,
AR o XFRA L 4RI S AT SRR B AT F8 M I ARLIL . MCS B # #int X Fp2. Fz. F3,
AT HE— 2 (3R2). VSEEEHFIM X Fpl.  Fpl. F7{5 A&7 m 5 VS A A L AH R . 3

Table 2 The direction of information transmission in the frontal, temporal, parietal, and central regions under naming

stimulation
Brain area Causal flow VS MCS
Frontal lobe Causal source Fpl, F7 Fp2, Fz, F3
Causal congruence Fp2, Fz, F3, F4, F8 Fpl, F4, F7,F8
Temporal lobe Causal source T3 T4, T6
Causal congruence T4, TS5, T6 T3,T5
Parietal lobe Causal source Pz Pz, P4
Causal congruence P3, P4 P3
Central Causal source - Cz,C3,C4

Causal congruence Cz,C3,C4 —
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Abstract Objective At present, the grading evaluation of patients with disorders of consciousness (DOC) is
still a focus and difficulty in related fields. Electroencephalogram (EEG) can directly read and continuously
reflect scalp electrical activity generated by brain tissue structure, with high temporal resolution. Auditory
stimulation is easy to operate and has broad application prospects in clinical detection of DOC. The causal
network can intuitively reflect the direction of information transmission through the causal relationship between
time series, helping us better understand the information interaction between different regions of the brain of
patients. This paper combines EEG and causal networks to explore the differences in brain functional connectivity

between patients with unresponsive arousal syndrome (VS) and those with minimum state of consciousness
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(MCS) under auditory stimulation. Methods A total of 23 DOC patients were included, including 11 MCS
patients and 12 VS patients. Based on the Oddball paradigm, auditory naming stimulation was performed on DOC
patients and EEG signals of DOC patients were synchronously collected. The brain functional networks were
constructed using multivariate Granger causality method, and the differences in node degree, clustering
coefficient, global efficiency, and causal flow of the brain networks between MCS patients and VS patients were
calculated. The differences in network characteristics of patients with different levels of consciousness under
auditory stimulation were compared from the perspective of cooperation between brain regions. Results The
causal connectivity between most brain regions in MCS patients was stronger than that in VS patients, and MCS
patients had more brain network connectivity edges than VS patients. The average degree (P<0.05), average
clustering coefficient, and global efficiency (P<0.05) of MCS patients under naming stimulation were higher than
those of VS patients. The difference in out-degree between each node of VS patients was larger, and the difference
in in-degree between each node of MCS patients was smaller. The difference in in-degree of MCS patients was
more significant than that of VS patients, and the inflow and outflow of information in the brain functional
network of MCS patients were stronger than those of VS patients. MCS and VS patients had differences of causal
flow in the frontal and temporal lobes, the direction of information transmission in the parietal lobe and central
region was not the same, and MCS patients had more electrodes as causal sources than VS patients.
Conclusion The information transmission ability of MCS patients is stronger than that of VS patients under
auditory naming stimulation. Compared with VS patients, MCS patients have an increase in the number of
electrode channels as the causal source, an increase in information output to other brain regions, and also an
increase in the information output within brain regions, which may indicate a better state of consciousness in
patients. MCS patients have more electrode channels for information output in the frontal lobe than VS patients,
and the number of electrode channels for changing the direction of information transmission in the frontal lobe is
the highest. The frontal lobe is closely related to the level of consciousness in patients with consciousness
disorders. This study can provide a theoretical basis for the grading evaluation of consciousness levels in DOC

patients.
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electroencephalogram, brain functional network
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