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[ Abstract] Objective To analyze the predictive value of quantitative electroencephalogram (qEEG) indexes on the
state of consciousness in patients with acute brain injury. Methods A total of 78 patients with acute brain injury who were
diagnosed and treated in the Intensive Care Unit of Department of Neurology, Kailuan General Hospital Affiliated to North China
University of Science and Technology from September 2020 to June 2021 were prospectively and consecutively collected as the
research objects. According to the Glasgow Coma Scale (GCS) score, the patients were divided into the awake group (GCS score of
15 points, 25 cases) , the consciousness disorder group (GCS score of 9-14 points, 35 cases) , and the coma group (GCS score of 5-8
points, 18 cases) . The general data and qEEG monitoring indexes [absolute power values of «, 6, &, B brainwave of left and
right frontal regions (Fpl, Fp2) , frontal regions (F3, F4) , central regions (C3, C4) , parietal regions (P3, P4) , occipital regions (O1,
02) , anterior temporal regions (F7, F8) , middle temporal regions (T3, T4) , and posterior temporal regions (T5, T6) and the ratio
of absolute power values of a/ 60, a/ (3 + 0) brainwave in each lead and the average ratio of absolute power values of a/ 6, o/
(d + 0) brainwave of the whole brain] of the patients were collected. The ROC curve was used to analyze the value of average ratio
of absolute power values of o/ 0, o/ (8 + 0) brainwave of the whole brain in predicting the occurrence of consciousness disorder
and coma in patients with acute brain injury. Results The proportion of patients with hypertension history in consciousness
disorder group was higher than that in awake group (P < 0.05) . The absolute power values of « brainwave of Fpl, Fp2, F3, F4,
C4, P3, 02, 8, T3, TS5, T6 lead in consciousness disorder group and coma group were lower than those in awake group, and
absolute power values of a brainwave of C3, O1, 7, T4 lead in coma group were lower than those in awake group (P < 0.05) .
The absolute power value of « brainwave of Fpl lead in coma group was lower than that in consciousness disorder group (P <
0.05) . The absolute power values of 6 brainwave of Fpl, Fp2, 3, F4, C3, C4, P3, P4, O1, 02, F7, I8, T3, T4, T5, T6 lead in
consciousness disorder group and coma group were higher than those in awake group (P < 0.05) . The absolute power values of 6
brainwave of Fpl, Fp2, F3, F4, C3, C4, P3, O1 and F8 lead in coma group were higher than those in consciousness disorder group
(P < 0.05) . The absolute power values of & brainwave of Fpl, Fp2, F3, F4, C3, P3, F7 and F8 lead in coma group were higher
than those in awake group (P < 0.05) . The absolute power values of 8 brainwave of Fpl, F3 and C3 lead in coma group were
higher than those in consciousness disorder group (P < 0.05) . The absolute power values of & brainwave of C4, P4 and F8 lead
were significantly different among the three groups (P < 0.05) . The ratio of absolute power values of o/ 0, o/ (8 + 6 ) brainwave
of Fpl, Fp2, 3, F4, C3, P3, P4, 01, 02, 7, F8, T3, T4, TS, T6 lead and average ratio of absolute power values of o/ 6, o/
(d + 0) brainwave of the whole brain, and the ratio of absolute power values of o/ 6 of C4 lead in consciousness disorder group
and coma group were lower than those in awake group, and the ratio of absolute power values of a/ (8 + 0) of C4 lead in coma
group were lower than those in awake group (P < 0.05) . The ratio of absolute power values of a/ 6 brainwave of F3, C4, P4 lead
and average ratio of absolute power values of &/ 6 brainwave of the whole brain, the ratio of absolute power values of a/ (8 +6)
of C4 lead in coma group were lower than those in consciousness disorder group (P < 0.05) . ROC curve analysis showed that the
AUC of average ratio of absolute power values of /8, a/ (8 +0) brainwave of the whole brain in predicting consciousness
disorder in patients with acute brain injury were 0.838 [95%CI (0.752, 0.924) ] and 0.825 [95%CI (0.736, 0.915) ], respectively.
The best cut—off values were 1.364 and 0.566, the sensitivity was 73.6% and 69.8%, the specificity was 88.0% and 88.0%, the
Youden indexes were 0.616 and 0.578, the positive likelihood ratio was 6.132 and 5.818, and the negative likelihood ratio was 0.300
and 0.343, respectively. The AUC of average ratio of absolute power values of o/ 6, o/ (8 + 6 ) brainwave of the whole brain
in predicting coma in patients with acute brain injury were 0.833 [95%CI (0.741, 0.926) | and 0.850 [95%CI (0.750, 0.950) |,
and the best cut—off values were 1.080 and 0.342, respectively. The sensitivity was 88.9% and 83.3%, the specificity was 68.3%
and 81.7%, the Youden index was 0.572 and 0.650, the positive likelihood ratio was 2.807 and 4.545, and the negative likelihood
ratio was 0.163 and 0.204, respectively. Conclusion From the occurrence of consciousness disorder to coma, the absolute power
values of a brainwave of the whole brain decreased, absolute power values of 6 brainwave of the whole brain increased, and the
absolute power values of 8 brainwave of left and right frontal regions, frontal regions and anterior temporal regions increased in
patients with acute brain injury, and the average ratio of absolute power values of o/ 0, o/ (8 + 6 ) brainwave of the whole brain
have certain predictive value for consciousness disorder and coma in patients with acute brain injury.

[ Key words] Brain injuries; Quantitative electroencephalogram; Electroencephalography; Electroencephalogram;

Consciousness disorders; Coma; Forecasting
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Table 1 Comparison of general data in the three groups
15 kL L) AR e TRl 5 L BEPRIRER R s N e [ AR D
(Brk) (zxs, %) (%)) (n(2) ] (%) ] (n(%)] [(n(%) ] RRIIEL (2 (%) )
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Table 2 Comparison of absolute power values of &, 8, &, B brainwave in each lead in the three groups
i SN HMRAH (n=25) HANBE (n=35) Sk (n=18) F(H)E Pl
a Fpl (X+s) 98.19 + 44.60 74.78 + 47.88" 49.77 +27.68" 6.685 0.002
Fp2 (M (Py, Pys) ) 8535 (5294, 155.87) 58.83 (34.89, 81.73)" 51.04 (27.72, 97.79) " 6.860" 0.032
F3 (X+s) 125.04 + 94.34 82.49 + 58.80" 61.66 +33.45 5.032 0.009
F4 (Xxs) 108.41 +49.98 68.58 +30.01" 57.84+23.31 12.580 <0.001
3 (x=+s) 105.15 + 53.67 79.93 + 48.93 62.79 +39.78" 4.198 0.019
C4 (M (Py, Ps) ) 7857 (4939, 150.18) 57.50 (32.34, 74.06) " 45.90 (23.30, 79.73) " 6.214" 0.045
P3 (X+s) 89.37 + 73.58 57.44 +51.20" 43.60 + 35.46" 3.910 0.024
P4 (M (Py, Ps) ] 58.76 (28.85, 139.43) 41.63 (22.79, 61.95) 37.72 (18.99, 57.46) 5.305" 0.070
Ol (X+s) 74.75 + 55.08 53.23 +44.96 34,09 +23.38" 4.399 0.016
02 (X+s) 77.20 = 35.89 44.88 +29.43" 3523+ 18.89" 12.776 <0.001
F7 (Xxs) 104.12 £ 69.22 77.80 + 68.30 49.47 +30.14° 4.084 0.021
F8 (M (Py, Pis) ) 90.77 (51.84, 168.54) 57.38 (31.85, 79.23) " 45.06 (21.06, 76.36) " 7.992° 0.018
T3 (M (Py, Ps) ) 63.45 (28.52, 146.59) 44.68 (23.06, 67.74) " 38.50 (15.02, 49.89) " 7.331° 0.026
T4 (X+s) 73.16 £51.97 55.62 +37.30 40.59 +30.43" 3.341 0.041
T5 (X +s) 74.70 = 50.69 53.35+39.27" 32.54 +20.56" 5.833 0.004
T6 (X+s) 72.96 + 57.39 4450 + 30.59" 39.68 +25.26" 4.826 0.011
0 Fpl (X+s) 56.04 = 14.04 86.16 + 36.84" 125.71 = 38.53"™ 25.038 <0.001
Fp2 (X+s) 52.28 + 18.89 75.49 +37.24" 114.13 + 35.65™ 19.483 <0.001
F3 (Xxs) 66.08 + 27.74 94.54 +35.42" 137.59 = 54.12" 18.113 <0.001
F4 (X+s) 50.77 + 21.46 82.80 + 32.24" 113.07 + 33.86™ 23.509 <0.001
C3 (X+s) 54.01 = 14.94 88.53 +31.70" 142.85 + 35.33™ 51.079 <0.001
C4 (M (Py, Pys) ) 54.27 (39.55, 62.69) 63.65 (53.15, 83.11) "  98.63 (87.12, 113.78) 32.778" <0.001
P3 (M (Py, Pys) ] 49.52 (34.59, 56.39) 62.39 (55.36, 85.33) "  90.60 (81.18, 109.35) "™ 36.740" <0.001
P4 (Xxs) 42.85+18.55 69.18 +30.92" 78.31 +28.79" 10.735 <0.001
01 (Xxs) 38.87 £ 11.61 61.53 +33.00" 77.49 + 27.86" 11.521 <0.001
02 (x+s) 40.87 +21.25 57.56 + 33.98" 67.49 +31.49° 4.488 0.014
F7 (X+s) 53.02 + 14.67 81.62 +40.28" 98.79 + 41.52" 9.892 <0.001
F8 (Xxs) 51.88 + 14.38 72.88 +32.73" 112.29 + 30.79™ 25.135 <0.001
T3 (M (Py, Pys) ) 43.27 (32.54, 57.64) 53.15 (4527, 81.27)" 67.28 (57.38, 85.89) " 15.688" <0.001
T4 (M (Py, Pys) ) 31.30 (25.65, 46.65) 49.85 (41.18, 60.27) " 63.64 (5549, 74.98)" 25.600" <0.001
T5 (X+s) 46.82 +24.31 63.73 + 31.96" 75.98 +31.79 5.292 0.007
T6 (M ( Py, Pis) ) 38.54 (25.65, 48.67) 49.65 (37.65, 59.54) " 55.14 (48.20, 75.11) " 15.472° <0.001
3 Fpl (Xxs) 55.23 +45.50 92.84 +82.10 150.46 + 165.17™ 4.798 0.011
Fp2 (X+s) 56.04 = 45.96 89.69 + 87.26 137.31 + 138.91" 4.065 0.021
F3 (Xxs) 66.84 = 75.64 89.83 +74.72 154.64 £ 139.25" 4.814 0.011
F4 (Xxs) 56.67 + 48.85 87.46 + 85.61 131.57 + 129.93" 3.711 0.029
C3(xXxs) 49.69 +39.88 85.14 + 75.86 145.18 + 143.95" 6.131 0.003
C4 (X+s) 58.71 = 56.05 75.90 + 77.10 123.59 + 145.04 2.714 0.073
P3 (M (Py, Pys) ] 28.76 (18.62, 74.92) 51.47 (21.29, 115.46) 70.82 (42,52, 121.27) " 6.944" 0.031
P4 (X+s) 47.47 +44.98 71.32 +78.21 91.04 = 87.57 1.984 0.145
Ol (X+s) 44.62 + 40.48 69.51 +69.39 87.31£75.97 2.493 0.090
02 (X+s) 46.10 £ 43.18 65.62 +77.75 78.86 = 77.50 1.264 0.288
F7 (Xxs) 50.50 = 43.36 80.69 + 74.71 112.30 + 89.39" 4.079 0.021
F8 (Xxs) 53.43 +46.23 83.11 = 83.88 145.02 + 207.68" 3.269 0.044
T3 (X+s) 48.04 +45.33 70.62 + 69.67 104.54  127.91 2.546 0.085
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vl Sk HERA (n=25) HAHRESA (n=35) Bk (n=18) F(H) 4 PfH
T4 (X+s) 46.78 + 45.74 70.79 + 77.22 92.30 + 99.28 1.975 0.146
T5 (M (Py, Pis) ) 29.79 (13.66, 76.79) 51.22 (20.40, 122.60) 61.73 (34.20, 100.83) 5.053" 0.080
T6 (X +s) 46.98 + 44.04 63.21 +69.58 81.36 + 84.39 1.403 0.252
B Fpl (M (Py, Py) ) 3141 (17.67, 67.86) 25.58 (16.44, 40.26) 20.12 (14.66, 31.20) 2915 0.233
Fp2 (M (Py, Pys) ) 29.11 (18.68, 57.70) 20.30 (15.98, 34.97) 17.54 (10.24, 32.99) 5.659" 0.059
F3 (M (P, Pys) ] 38.04 (18.22, 80.51) 30.41 (18.68, 42.19) 24.12 (16.70, 38.26) 2.965" 0.227
F4 (M (P, Pys) ) 34.14 (17.25, 70.95) 2271 (18.61, 54.44) 17.82 (10.35, 39.12) 5.427" 0.066
C3 (M (Py, Pys) ) 47.17 (17.90, 58.19) 26.88 (16.71, 47.22) 25.36 (16.37, 31.61) 2.699° 0.259
C4 (M (Py, Pys) ) 25.85 (16.71, 70.60) 21.56 (15.28, 34.89) 16.85 (10.81, 29.80) 6.217" 0.045
P3 (M (P, Pys) ) 2491 (12.80, 45.78) 18.78 (15.13, 34.96) 15.41 (11.33, 22.07) 4.592° 0.101
P4 (M (P, Pys) ) 27.44 (11.09, 43.26) 17.57 (1293, 33.17) 11.22 (7.84, 23.22) 6.042" 0.049
01 (M (Py, Py5) ) 22.02 (9.85, 43.30) 17.83 (11.86, 30.87) 12.83 (8.79, 20.24) 3.857" 0.145
02 (M (Py, Py5) ) 22.43 (10.16, 50.03) 14.89 (9.30, 27.87) 10.14 (6.56, 19.72) 5.178" 0.075
F7 (M (P, Pys) ] 29.81 (14.93, 60.07) 22.26 (15.99, 37.67) 19.07 (12.69, 26.41) 3.869° 0.144
F8 (M (Py, Pys) ) 31.15 (16.38, 55.09) 19.50 (16.63, 33.04) 14.60 (9.38, 30.84) 6.094" 0.048
T3 (M (Py, Pys) ) 22.81 (12.77, 46.90) 18.52 (14.66, 33.70) 13.89 (10.98, 22.32) 5.648" 0.059
T4 (M (Py, Pys) ) 21.73 (12,62, 41.45) 15.66 (12.04, 34.47) 12.33 (7.79, 21.43) 5.719" 0.057
T5 (M ( Py, Pys) ) 23.32 (11.29, 40.99) 17.44 (12.90, 37.28) 14.28 (9.70, 20.60) 3.887" 0.143
T6 (M (Py, Pis) ) 2496 (11.46, 42.44) 13.63 (10.43, 31.73) 10.71 (7.58, 16.89) 5.856" 0.054
T CFORHIE; "FOR SR, P<0.05; ‘Fon S EIRBRI LA, P<0.05
R3 CAKTE. 2T /0 . of (3+0 ) ML TS A AR
Table 3 Comparison of the ratio of absolute power values of /8, «/ ( 8+ 0 ) brainwave in each lead and whole brain in the three groups
It % g LA SRR TR (n=25)  BEHEEEL (n=35) Bk (n=18) F(H)E PE
al Fpl (X+s) 2.81£2.03 1.47 +1.13" 0.68 +0.30" 13418  <0.001
Fp2 (M (Py, Ps) ) 194 (156, 3.79) 1.07 (0.63, 1.74) " 0.66 (0.45, 1.03) " 20452 <0.001
F3 (X+s) 2.68 + 1.80 1.43+1.12" 0.67 £0.29" 13.904 <0.001
F4 (M (P, Pys) ) 1.85 (1.54, 4.48) 097 (0.64, 1.78) " 0.58 (0.47, 1.06)" 30.007° <0.001
C3(Xzxs) 297 +2.14 150 +1.18" 0.72£0.31" 13.852 <0.001
C4 (M (Py, Pys) ) 1.89 (1.54, 3.95) 1.10 (0.69, 1.92)" 0.72 (0.51, 0.93) ™ 27.035*  <0.001
P3 (X£s) 2.52+1.83 1.42 +1.06" 0.81+0.62" 9.999 <0.001
P4 (Xxs) 2.80+1.95 1.68 +1.48" 0.75 + 0.38" 10069  <0.001
01 (X+s) 2.26 +1.54 132 +0.90" 0.72 +0.37" 11.401 <0.001
02 (Xxs) 230+ 1.48 1.47 +1.20° 0.79 +0.48" 8.783 <0.001
F7 (Xxs) 2.86+2.00 1.51+1.16" 0.77 + 0.44" 12911 <0.001
F8 (M (Py, Pys) ) 2.04 (1.54, 402) 112 (061, 1.82)" 0.67 (0.48, 1.05)" 27.060°  <0.001
T3 (M (Py, Pys) ) 1.76 (1.33, 3.14) 115 (0.64, 1.67)" 0.71 (0.48, 1.01) " 24.627°  <0.001
T4 (M (Py, Pys) ) 1.83 (1.44, 406) 1.06 (0.70, 1.88)" 0.72 (0.49, 0.94) " 23.934"  <0.001
T5 (M (Py, Pys) ) 1.69 (1.28, 2.89)  1.03 (0.63, 1.49)" 0.68 (0.42, 0.97)" 26.781°  <0.001
T6 (X+s) 2.69 +1.84 1.54 +1.32" 0.80 + 0.40" 10.491 <0.001
ST (M (Py, Pis) ) 2.00 (1.46, 3.18)  1.04 (0.66, 1.70) " 0.72 (0.52, 0.99) " 30.047°  <0.001
al/ (3+0) Fpl (M ( Py, Py5) ) 0.97 (0.73, 1.63) 049 (029, 0.74)" 025 (0.18, 031)" 35.489"  <0.001
Fp2 (M (Py, Ps) ) 092 (0.60, 2.41) 048 (0.29, 0.93)" 0.24 (0.18, 0.34) " 27.895'  <0.001
F3 (M (Py, Pys) ) 0.98 (0.75, 1.57) 048 (030, 0.73) " 0.25 (0.20, 0.33) " 36285  <0.001
F4 (M (P, Pys) ) 0.91 (0.59, 2.54) 053 (0.33, 0.89) " 0.24 (0.19, 0.36) " 27.830°  <0.001
C3 (M (Py, Pys) ) 0.95 (0.82, 1.78) 048 (0.30, 0.73) " 0.26 (0.20, 0.32) " 36.036"  <0.001
C4 (M (Py, Pys) ) 0.91 (0.60, 2.07) 053 (0.32, 0.98) 0.26 (021, 0.32) " 25.761°  <0.001
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i e A X TR LG SR/ WA (n=25)  EHRFEEA (n=35) Bk (n=18) F(H){H P
P3 (M (Py, Py) ) 0.84 (0.55, 1.38)  0.43 (0.31, 0.71) " 0.26 (0.18, 0.31)" 28.504°  <0.001
P4 (M (Py, Pyy) ) 0.88 (0.52, 1.95) 047 (0.28, 0.91)" 0.24 (0.19, 032) " 23338 <0.001
01 (M (Py, Pis) 1 077 (048, 1.29)  0.40 (0.27, 0.66) " 0.24 (0.17, 033) " 24.965"  <0.001
02 (M (P, Pis) ] 0.75(043, 1.47) 039 (0.26, 0.80) " 0.24 (0.20, 0.31)" 21.587"  <0.001
F7 (M (Py, Py) ) 0.97 (0.80, 1.75)  0.52 (0.28, 0.77) " 0.26 (0.20, 0.32) " 32.884°  <0.001
F8 (M (Py, Pys) ) 0.97 (0.58, 2.41) 048 (0.29, 0.96) " 0.24 (0.18, 0.32) " 27.051°  <0.001
T3 (M (Py, Pi) ) 0.84 (0.63, 1.59) 045 (028, 0.70) " 0.26 (0.18, 0.33)" 29.490"  <0.001
T4 (M (Py, Pyy) ] 0.82 (0.56, 2.26)  0.49 (0.29, 0.87)" 0.26 (0.20, 0.34) " 22.600°  <0.001
T5 (M (Py, Pis) ) 0.73 (0.57, 1.48) 040 (027, 0.65)" 025 (0.18, 032)" 29.383"  <0.001
T6 (M (Py, Pys) ] 0.83 (0.46, 1.70)  0.44 (0.27, 0.76) " 0.26 (0.20, 0.34)" 23.861°  <0.001

AR (M (P, Pps) ) 084 (062, 1.80) 050 (0.31, 0.78) " 0.27 (0.21, 0.30) " 30.086°  <0.001

T FERHIE; "R SIEA LA, P<0.05; Fm S EINEEA L, P<0.05
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Figure 1 ROC curve of the ratio of total brain mean a/0, o/ ( §+6 )
absolute power in predicting disturbance of consciousness in patients with

acute brain injury
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