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(1. P RFREZERFHEILEHR, #d KV 410011;
2B kFHEERILEES TS, #d K 410013)

[(FWE] HM HibeaiifE (qEEG) 7ERRM MR B = LN ) sE i sF M. F7i%  $EH 2019
AE 1~12 A W R E I = 2 e AR JLRRIGA B = LRI X 4 o ARIE K7 A4 1 (<4.95 mmol/L)
202 (4.95 mmol/L~) . #13 (6.60 mmol/L~) 5414 ( = 8.55mmol/L) , LA qEEG ZHUNAE L, FExtii
W5 (EEC SHGEATHICHE M, SR IR AR L 30 ], MBI GERAE S 84 41>, H41 4 Mk, HAKA
G I X FIRL DA I 2 X R 4 3 s, 22 R ARG R L (P<0.05) o &I S5 8/6
(8+40) / Co+P) UMY MR FAAEIE (P<0.05) , O WA AHXT D3 5 B2 IEAE G (P<0.05) o #5it BEE
MR A, = LTI . BT DR R 20 i34 & A= A8 Ak, qEEG AT R Ay Ml 5 )Ll 55 5 6T i 2y
R EZ T H [ FESRILRIZE, 2020, 22 (10) : 1066-1072]
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Effect of blood glucose on quantitative electroencephalography parameters in
preterm infants

BAI Lu, LI Jie-Qiong, LI Ying, LI Xin, LI Jian, BO Tao. Department of Neonatology, Third Xiangya Hospital, Central
South University, Changsha 410011, China (Bo T, Email: boily@yeah.net)

Abstract: Objective To study the value of quantitative electroencephalography (qEEG) in evaluating the effect
of blood glucose on the brain function of preterm infants. Methods  The preterm infants who were admitted to the
Department of Neonatology, The Third Xiangya Hospital of Central South University, from January to December 2019
were enrolled. According to the level of blood glucose, they were divided into group 1 (blood glucose <4.95 mmol/L),
group 2 (blood glucose 4.95 to <6.60 mmol/L), group 3 (blood glucose 6.60 to <8.55 mmol/L), and group 4 (blood
glucose >8.55 mmol/L). The changes in qEEG parameters were compared between groups, and a correlation analysis
was performed for blood glucose and qEEG parameters. Results A total of 39 preterm infants were enrolled (84 blood
glucose measurements). Compared with group 4, the other three groups had significant increases in the total spectral
power of each brain region and the absolute power of each frequency band in the frontal and occipital regions (P<0.05).
The total spectral power, 8/0 ratio, and (5 + 0)/(a + B) ratio of each brain region were negatively correlated with blood
glucose level, while the relative power of 0 frequency band was positively correlated with blood glucose level (P<0.05).
Conclusions  With the change in blood glucose, there are significant changes in the total spectral power of each brain
region, the power of each frequency band, and the frequency spectrum composition on qEEG in preterm infants. gEEG
may therefore become an important tool to monitor the effect of abnormal blood glucose on brain function in preterm
infants. [Chin J Contemp Pediatr, 2020, 22(10): 1066-1072]
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GRG0 R AR ORI Py (RBLA XS R A LU
TF VR BE TR 1 SR g AP AE i), OB S i
UL 2 R T AR R =2 R S Y R R I, AN
B A EOR G AL, dRER R RS
PR T A R X

Em LK ( quantitative electroencephalogram,
qEEG ) K05 AL M BE AT E b, A
IERATCR . ATRSHRIERIEA, BTT LA |
T W S B REARAS s BT qEEG &R H]
THAEIUEIR T BA L s i e o B
JUm ABEL R M ™ S B g b, AR B X
7L qEEG RIAHCSHGE W H AS TR, A E
FERFTIMBE S 57 )L EEG SECZ RIAR M, N
e PRTAk A XS i D1 R 1) 52 Wi B2 (R AR A

1 ARSI

1.1 HRIFH

[ JA7 4 Wi £ 2019 4F 1~12 H 78 B K 2%
M = R B g A JLBHME BE i S LA e 8 . A
BrdfE: (1) WA G (gestational age, GA) N
28~36" JAI L= )Ls  (2) A BE W E 8 17 qEEG M
W, B >3 h, qEEG WA B (i b & 450 ;
(3) IERFERHESEHE, LI ER RS 2E . HE
Fibrife: (1) GA = 37 A A JL GA<28 Jil 7=
JLs (2) EEEEE. M. il 5 B K
T, RRZTZR MG . mo P g A5 R AT il 28 R e it
i, AEREESSEREMERGELEETRTH;
(3) qEEG g 3% fiy sl i A5 o it FH mT i 52 0 i Fi 3%

shei#; (4) qEEG A HE T30, KHEASTE i
KB EAEE;  (5) W EA W EYER 259

Z1 2 MG 2208 S5 AT RE TP MU 2 .
MR I K43 R 2H 1 (<4.95 mmol/L) . 4
2 (495 mmol/L~) . 21 3 (6.60 mmol/L~) 5 #4 4
( = 8.55 mmol/LL) .
1.2 IMAERENE
RAEBILAAMRIM, A R (Roche,
ity ) ol ] 2 S U R 4 A ot A
(S 1 T 111U b 1 DS s AR 1857 = i 1
MR LHAHSCTE RS ' AT AR ol IR A% R
AR U A A TR A

1.3 QqEEG Wil R #HERE

{4 Nicolet i RE P ML ( Natus, M) it
TTIRZ qEEG Wi, SR EPR 10~20 RE0HCE K
JFiFAT EEG XU B IC, #EH Fpl, Fp2. C3.
C4. T3, T4, 01, O2 HLIAE MG HRIE, HHE
Wi S math . FH B0 5 & X (Fpl~C3/
Fp2~C4 ) . WX ( C3~T3/C4~T4) . ¥LIX (C3~01/
C4~02) , EEG ig s ad 72 i A Ha i 5 3k iz 22 ]
MIBHHT <20k Q, 8P M 0.5~30 Hz, /R if
JE 30 mm/s, FEICHFIE] >3 ho i EL Wi A R R AT
RSO RS | R ITIR  K2 [R] A5 AR

it FH i 2y 6 W 4P A 1 R X R 4R EEG i
TTALER, A HLAE S AR AN 53 A & (0.5~3 Hz)
0(4~7 Hz) . a(8~13 Hz ) , B( 14~30 Hz ) 4 Hiiai7
& K O A A B AR B . AR AR ST AT
W (1) S daxt s (pv?) o i N
IREML AL (2) BAHE IR (uv?) .
WRREINER, i axt R 2/, (3) My
FIXFINR (%)« FAFART IR 5 RIRZ M
(4) Wi 1% 1 % Wi % (spectral edge frequency,
SEF) : SINFARIEN, DI 95% I iyl 5t
WA, (5) PR RESIHE 40 DR 0 HfE,
PEH /0, 8/6, (8+0) / (a+P) o

W WSCHE 1) qEEG 1y I AR W 1000 445 SR Ay st [
WATE ARG, T ETT qEEG Wi B A i s 45
SEOECE . AT [E) A AR W, A A R R[]
SUHTJE S min YR, BEEIRE 1 min SEEUTCONEE Y
qEEG i BOA— R, FEZEH 3 A RAE s HCF
P, DL BRI R B 5E AR
1.4 FITZESH

K SPSS 24.0 BEiH AR E A T AL B, T
BOTARTHE ORI = brdfizs (3 £s) 0K,
Z A ] LR B 2R 2204, ALl 7 LA
fi ) LSD-¢ . AR IEZS 430 A0 A 12 %Ok} LA 67 %k
(PUSr DB RIEE ) (M (Pys, Prs) | 6n, 241
FL R H Kruskal-Wallis H R 56, 20 6] PO R H 3R
H Nemeyi i . THECF AR BB 53°% (% ) 2w,
ZH 8] FE R FH Fisher BUIHER: MU 45 EEG
SRR AH A R Spearman AH G PES3#T . P<0.05
HESAGIFE XL, MRRE r i 1 AR
KM
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o LEHE 354 (34.0, 36.5) i, Hi%r35 (20, 6.0)d, H

AARE (1.8+0.4) kg; IMBEER 3.4~14.5 mmol/L,

21 —RER LI 6.6 (4.9, 8.6) mmol/L, A qEEG ids#

2019 4F 1~12 A 3Liicin 7= L 647 4], 39 4]
TEEAFRUE, RET 84 M IMABEST R qEEG K0 (1
ML Z IR o AR EIT, 5
24 ], 415 4]; GA 34.4 (325, 36.1) JH, 5¢3%
qEEG 2 TEIGI (corrected gestational age, CGA )

PIA W R & AE

HaRILGA, CCA BEM T 1. 42,
03 (P<0.05) , 42 Hily. HAMKE., M5,
AT 5 min Apgar P53 22 R G242 L
(P>0.05) , W# 1.

F1 BHBRFIL-REBLR
2151 P fifiy A EfRiE H #% Hi'uétﬁiﬁ B HIET 5 min Apgar W45
[M(Pys, Prs), JH | [M(Pss, Pss), JH | [M(Pys, Pys),d]  (x =5, kg) [1(%)] [n(%)] [M(Pys, Pss), 7 |
1 16 35.4(34.1,36.2) 36.1(35.2,36.9) 5.0(1.0, 10.0) 23+04 10(62) 9(56) 10.0(10.0, 10.0)
42 16 34.2(32.5, 36.0) 34.5(32.5, 36.4) 4.0(1.0, 6.0) 22+03 12(75) 11(69) 9.0(9.0, 10.0)
43 14 33.8(32.4,35.5) 34.5(32.4,36.2) 3.0(1.0, 6.0) 2.1+04 10(71) 7(50) 9.5(9.0, 10.0)
4 4 8 31.2(28.9,34.5)""°  32.4(29.8,34.6)"°  3.0(1.0, 6.0) 1.8+ 0.6 6(75) 2(25) 9.5(7.0, 10.0)
FIHl {8 10.740 10.214 1.803 5.298 - - 4.901
P{H 0.013 0.017 0.614 0.153 0.090 0.055 0.179

e am 541 HE, P<0.05; bRS54 2 [#, P<0.05; ¢~ 540 3 [#&, P<0.05, * iR EREA I BI%T

2.2 [MEFEHKX gEEG SE IR

1, 2. U3 MERTIR, LXK
S WU AT D)2 . 8/0 OB i 3 = T4 4 ( P<0.05) ;
A1, H3R8/a, (6+40)/ (a+B) BEFHTH 4

(P<0.05) ; 41 1. 412, #1360 %4 A1 %F 3
R EMTH4 (P<0.05) 5 2H 1. 431 SEF,
o AT AR XS DI 3L BT AE X T % AT AL 4
(P<0.05) . W3k 2,

R 2 IMIENFR qEEG SEEIZN  [M(Pys, Pss)]
4 4 4 4]

T (;2211) (ﬁzzz) (izf)) (izﬁ) Hid P
BRI (uV?) 261.4(212.9,443.0) 234.2(138.5,359.5) 245.1(113.4,5143) 27.9(13.5,231.3)" 15680  0.001
W02 (Hz) 3.5(2.9,5.2) 4.1(3.1,5.3) 3.9(3.0,4.7) 6.1(4.5,9.6)" 13.890  0.003
o B AL XTI (uV?) 2.8(2.0,3.5) 3.1(1.3,4.2) 2.3(1.3, 4.0) 0.6(0.3, 2.5)"* 15.941 0.001
B AL X TR (uV?) 2.3(1.3,2.9) 2.7(1.2,4.3) 1.9(1.0, 4.0) 1.3(0.3, 2.0)** 12.217 0.007
0 ARAF A X I (uV?) 6.4(4.4,9.2) 6.3(4.1,7.4) 6.3(2.8,8.2) 1.6(0.9, 6.7)"" 13.557  0.004
3 MHFART IR (uV?) 127.5(97.2,172.9)  108.1(69.8, 150.6)  111.1(48.2,214.5)  16.3(5.9, 101.2)">"  17.364 0.001
o AT AIXT LI (%) 2.3(1.7,2.8) 2.6(1.9,3.1) 2.1(1.8,2.7) 3.7(2.4, 4.9y 11.341 0.010
B AT AHXT R (%) 1.7(1.2, 2.6) 2.6(1.6, 3.1) 1.8(1.2,2.5) 3.7(1.8, 5.1 11.445 0.010
0 S FIXT TR (%) 4.7(3.6,7.0) 5.1(4.6,6.2) 5.1(4.1, 8.0) 10.3(6.3, 13.0)"** 16.138 0.001
S A AHXT T (%) 91.5(88.3, 94.0) 90.0(86.7, 91.2) 90.9(88.4,92.4)  83.2(76.9,89.6)"™  14.883 0.002
dla 43.9(32.9, 57.5) 39.6(29.6, 50.6) 47.5(36.3.59.8)  26.0(16.1,40.4 11293  0.010
3/0 19.8(14.2, 27.1) 19.6(15.1, 23.3) 19.012.8,26.1)  10.7(6.0, 14.6)">* 16,579  0.001
(5+0)/(0+p) 28.1(17.6, 36.1) 22.9(18.0, 28.3) 26.4(22.0,37.3)  15.3(9.6,25.6)" 11.948  0.008

T a7 5401 AL,

P<0.05; b/R54 2 [E, P<0.05; ¢ /RS54 3 ILE, P<0.05, n MIHERER.
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2.3 m%ﬁ@tmxeﬁﬁmwm

M1, H2 H3

() T 28 8 Bl AR X )

K da, 80,

(340) / (a+B) WWHWZHE T4 4

(P<0.05) ; £H 2. 4 3 i & My 4 Xh o R i 2

T4 4 (P<0.05) ; 411, 22, 4031 SEF 8%
ik T4 4 (P<0.05) ;5 21 3 A9 o B4 Al X 2 R
B AT AN T2 0 Bl A Xy Rl IR T4 4
(P<0.05) . W33,

£ 3 MmMIEWNHX qEEG SHHE

SN [M(Ps, Prs)]

4] 4] 4 4]

i ol e a0 oy M P
BRI (uv?) 102.9(58.2,168.3)  140.5(101.1,199.3) 153.6(101.3,224.0) 52.8(27.3,153.6)"™ 13.542  0.004
BTN (Ha) 4.2(2.4,4.8) 3.8(3.0,5.5) 3.4(2.4,5.3) 7.74.5, 11.2)* 11.679  0.009
o ST IR (uV?) 1.0(0.7, 2.0) 5(1.2,2.2) 6(1.0,3.3) 3(0.6, 1.8) 6.447 0.092
B AT IR (uV?) 0.9(0.6, 2.3) .1(0.8,2.7) 2(1.0,2.1) 0.5(1.0, 1.7) 4.286 0.232
0 AL X IR (V) 2.4(1.4,3.5) 3.1(2.6,3.9) 3.8(1.7,6.2) 2.7(1.3, 4.0) 5.570 0.135
3 M XTI IR (uV?) 42.5(25.5, 68.8) 68.5(41.5, 86.0) 743(413,11.8)  289(13.5,52.4) 13774  0.003
o BEHEAFX TR (%) 2.2(1.9,3.5) 2.4(1.9, 3.6) 2.0(1.5,3.0) 4422, 6.4) 9.145 0.027
B AT AR XS TR (%) 2.2(1.6,4.2) 23(2.3,3.2) 6(1.3,2.7) 4.6(2.4,5.5) 11.403 0.010
0 A AT TR (%) 5.1(3.6,6.2) 47(3.5,6.1) 4.1(2.8,6.7) 10.9(4.8, 13.2)° 11.645  0.009
S P AN IR (%) 90.7(85.6, 92.8) 90.2(87.3, 92.7) 92.0(87.7,94.3)  81.6(743,86.8)"™ 11.349  0.010
3o 42.0(26.3,51.4) 39.6(27.2, 49.6) 49.0(29.6,70.4)  27.3(13.5,66.9 10.112  0.018
3/0 27.3(13.8,35.2) 21.9(14.2, 28.0) 23.6(16.1,34.4)  19.9(16.0,24.3)" 12524  0.006
(5+0)/(0+p) 24.1(12.6, 30.0) 23.5(14.3,31.6) 25.8(16.8. 39.9) 153(9.6,25.6)"  11.948  0.008

W azn 54 1 H#, P<0.05; b/R54 2 L, P<0.05; ¢ 7”54 3 H#, P<0.05. n NIBERES,

2.4 IM#EFHEK qEEG SEBIE M
M1, 2. d3METIR, Mgt IR

BEETH 4 (P<0.05) ;

2 3 11 /o, 8/0 LI

T 4 (P<0.05) 3 240 1. 4H 3 19 0 B A%
R EACTF 4L 4 (P<0.05) ; 24131 SEF. a4
WX R EK T4 4 (P<0.05) ., WL 4,

Rz 4 MIETEEX qEEG SEBIEME  [M(Pss, Prs)]
4 4 4 4]

T (rf;l) (ﬁzzz) (;;Ezi)) (i;) Hid P
ST (uV?) 242.1(185.1,294.1) 241.4(148.2,356.0) 234.8(131.6,650.0) 43.8(12.6,160.3)"™ 19.196  <0.001
HRENZAZR (Hz) 3.02.0, 4.3) 2.7(2.0,4.1) 2.4(2.0,4.6) 5.6(2.6, 10.7)° 7.851 0.049
o ST AT AR (V) 1.9(1.6, 2.9) 5(1.2,2.2) 2.3(1.3,4.0) 0.6(0.3, 2.5)"* 13466 0.004
B AR TR (uV?) 1.6(1.2,2.7) 6(1.0,2.3) 1.9(0.8,2.7) 0.4(0.3, 1.5)"* 18.032  <0.001
0 AAF 4 X IR (uV?) 3.9(2.8,5.0) 4.4(2.8,4.8) 3.4(2.1,5.8) 4(0.8, 4.0 15565  0.001
& MR A XT IR (V) 102.0(77.2,104.7)  108.7(67.1,136.7)  108.0(58.9,271.3)  18.8(6.7, 72.2)"" 18.040  <0.001
o BT AT T (%) 2.2(1.5,32.8) 2.1(1.4,2.7) 1.6(1.1, 2.1) 3.4(1.5,5.9) 8.925 0.030
B AFUHT AT LI (%) 1.8(1.3,2.4) 1.5(1.2,2.5) 1.4(1.2,2.1) 2.2(1.2,5.6) 5.176 0.159
0 FHiAr FHXT TR (%) 3.4(2.7,6.4) 3.7(2.9,5.2) 3.5(2.7,4.7) 7.1(3.2, 12.5)* 7.952 0.047
S M HIRT IR (%) 93.2(88.3, 94.0) 92.4(89.7, 94.2) 93.1(91.3,94.9)  86.8(75.9, 93.7) 7.412 0.060
3o 43.8(33.8, 66.3) 45.7(33.0,70.2) 59.4(46.8,89.6)  27.3(13.5,66.9) 8.386 0.039
3/0 27.3(13.8, 35.2) 27.5(18.7, 35.1) 28.7(20.4, 35.7) 12.2(6.2, 25.4)° 11.009  0.011
(5+0)/(0+p) 25.7(19.1, 35.5) 26.5(21.1,37.4) 33.6(24.5, 45.2) 18.2(7.8, 28.3) 7.189 0.066

T a7 5401 AL,
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2.5 IM#ES qEEG SEBIMEXEMEN T

BIX I qEEG B )% S Aa Xt T 8 4
A XTI da, 80, (8+0) / (a+B) H 5 1M
WA (P<0.05) , SEF, 0 B AHXT IR | o
HFUHT AT TR B A AH X Tl 2 5 AR S 1A O
(P<0.05) ; HXH) qEEG MIR 8 S FxT oK |

8/0. (86+0)/(o+B) ¥IH ML A (P<0.05) ,
SEF | 6 Ay AH X 2 2R 34 5 I 2 1EAHC ( P<0.05 );
B X 1Y qEEG BB 38 & WA 4 X D) %L 8/0.
(8+0) / (o+p) ¥ HMAMERZ AL (P<0.05) , 6
W R D) PSS IEARDG (P<0.05) o WL 5,

®5 MES5EX qEEG SHHIRXIESHT

TH X 3X HIX

7. P 7 P 7 P
P -0.394 <0.001 -0.234 0.033 -0.400 <0.001
NS UL SRS 0.377 <0.001 0.272 0.013 0.197 0.074
3 WA T LR -0.421 <0.001 -0.196 0.075 -0.366 0.001
0 S A X TR -0.379 <0.001 -0.057 0.610 -0.384 <0.001
o T 4 % 1) -0.395 <0.001 -0.046 0.679 -0.408 <0.001
B AHY 24 % Ty -0.321 0.003 -0.078 0.484 -0.387 <0.001
& BT AR TR -0.372 <0.001 -0.235 0.033 -0.165 0.137
0 Ay AEXT TR 0.414 <0.001 0.252 0.021 0.235 0.033
o AT AH D 7R 0.262 0.016 0.204 0.065 0.117 0.293
B AR AR AT T 0.309 0.004 0.187 0.090 0.120 0.281
d/a -0.254 0.020 -0.213 0.054 -0.115 0.301
/0 -0.402 <0.001 -0.246 0.025 —0.254 0.021
(85+0)/(0+p) -0.397 0.008 -0.498 0.001 -0.330 0.033

3 g 2H 4 B H A A5 2H ) 25 o XS T 8 DX RIRR IX 4%

EEG SLE 2 12 W H T8 A Lz ag e
W TEOLT , EEG il A T H e s 45 58 301
K, PHUFRAR. qEEG bR ik (5 570k
S B ATE AT, BEE . R LML
B DI RERA 1 qEEG Mt AT, KRR ik
HIAS 5 A7 I SRS A A3 3% o B, e A
IR SN NS U 1B U s I ol g
MDA o3 AEAGSERAE, AT LA B[R]
25, AR qEEG B T8 A= LBk i
A PR R A L IRZT R i T s,
I K™ A B AU PEA

R B o 240 i 7 R, AR R, bR
A S AR ez B 1 qEEG EERBIKR
ik J o 24 A v, 3% SRS, PRLE BB A% LI A S i
WS H BT8O #1475 . Schumacher 25 "7 58 L= )L
AT, fEFE qEEG BIPRRRNESE, a4
o, BKX qEEG IR 5 MU 5 G,
53Ok HGE — 3 AW IR = 8.55 mmol/L 1Y

Wi 4 %k iy 2R 18 S REAIG, BB AR L s R RE
AMEXTE =L qEEG BRI = A9, 1 HXT A%
BB 4 X D1 R84 7 AR Jain 45 7 4 7
TR L AERT, B LBl LB A I R 1Y EEG
SR FFLEEAK, Schumacher 45 M i % B 4 &
AR IR ILEAJES 1 R qEEG BYPREIE R
AL EREAL, PR BT EEAL T fg 5 ik 2 hg
WG, AW 20 EEG ST
PEIN IR =5 T BEXTI D REAT 55

HiE TR LA, BNAERZRR™ILS
HTUHTREOT ) 8 J 2 REAIR, T O AR A XS DR L o A
HRERT IR | B AAHT AR XS D4R SEF 34 i 254 5
AU 2H R S T RS I A A O Y AR AR
[F] Fsf 0 45 0 AE 6 DR AT o i, LA 4 B
i 3 2 2B o ST AEXT D)3 B AT AR AT TR L 0
AT DG ) 2R S R R, TS AR A X P R
FEARAG G H & Aty AF O D)6 5 IO 52 (ARG, T
O AT A X D) o BT AR T 38 L B AR A X )
% ) SEF ¥ 5 M52 IEASC . Bl KT
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EEG PR B Ir 7 L3 &, mifER = )L EEG 4
DA e il A B & ik T o L A . It b Y AR £
MBS qEEG B RE R S, 10 ELS2 M AT (1) 28 19

B UG & B A S G B VI G, qEEG
(AT 2H S BB G IS AR T ARk . Bl IR IS G
W72 )L qEEG 3238 52 0L AR 1) 2 0 %) 148 e R ok
T, IRABIIY & A0S AHS T2 0 0 A5t AH X D)3 TR
7T R0 A0 1 o A AH X T 5 R0 B AR AH X T) % 1
Jn N ARBFGE R, 414 19 GA FICCA R4 1. 41 2.
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