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(MEAXFWEEZBERIAILE, THESH  222002)

(HHE] BB HiHEIEE S R K (amplitude-integrated electroencephalogram aBEG) . Sk i g 4R iz
(cranial magnetic resonance imaging, cMRI) [ 2E & #§ F5 X T 42 (biparietal width, BPW) . Wi % Bk [i] B
(inlerhemispheric distance, THD) St r= LTI TR, ik AilEME%EE 2018 459 H % 2020 4
4 I AAEHT A JLERE WA B 1Y) 104 6] v e 2L L BFE R 4, AR 425 72 h R FH Naqeeb 125 S AR — 50 2 J&] 16
(sleep-wake cycling, SWC) #4T aEEG WAl 5 FEHF IE G % 37 JAI BT 58 1 eMRUAS 25, I 7F T2 el AR 457 0 5 BPW F1I
IHD; HFiE I #% 6 A #HRH 0~6 % LI A B i &l % (Developmental Screening Test for Child Under Six, DST) i
P& kE, IHRIELER (development quotient, DQ) 43 A DSTIEH AL (=854, 7814)) FMIDSTHH 4 (DQ
<854F, 261), SIATHLELMAL A A EPR2E S, DIK aEEG FlcMRIFYSCR . 458 DSTHH41aEEG IEH %, SWC
WEBCEALT DSTIEH 4L (P<0.05); 5 DSTIEF ML, DSTSH AL IHD A . BPW i/l (P<0.05). AR
SWC. aEEG =% . HKMIHD & DST S H MR EZE (P<0.05), FHKMBPW & DST S IR EZE (P<0.05).
i PR LAE 72 h NI aEEG . B IEGIE 37 JE I e MRIE it 4547 BPW I THD T GE 5200 HAR 1E H i 6 1
B IR R T AR o [RELHRILAIRE, 2021, 23 (10): 987-993]
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Value of amplitude-integrated electroencephalogram combined with quantitative
indices of cranial magnetic resonance imaging in predicting short-term
neurodevelopment in moderately and late preterm infants: a prospective study

SHEN Lu, TAO Ming-Yu, SHI Yu-Xuan, YIN Jing, YIN Qi-Gai. Department of Neonatology, Lianyungang Hospital
Affiliated to Xuzhou Medical University, Lianyungang, Jiangsu 222002, China (Yin Q-G, Email: yingigai@njmu.edu.cn)

Abstract: Objective To study the association of amplitude-integrated electroencephalogram (aEEG) and the
quantitative indices biparietal width (BPW) and interhemispheric distance (IHD) of cranial magnetic resonance imaging
(cMRI) with short-term neurodevelopment in moderately and late preterm infants. Methods A total of 104 moderately
and late preterm infants who were admitted to the neonatal intensive care unit from September 2018 to April 2020 were
selected as the subjects for this prospective study. The Naqeeb method and sleep-wake cycling (SWC) were used for
aEEG assessment within 72 hours after birth. cMRI was performed at the corrected gestational age of 37 weeks. BPW
and IHD were measured at the T2 coronal position. At the corrected age of 6 months, the Developmental Screening Test
for Child Under Six (DST) was used to follow up neurodevelopment. According to developmental quotient (DQ), the
infants were divided into a normal DST group (78 infants with DQ>85) and an abnormal DST group (26 infants with DQ
<85). Related indices were compared between the two groups. The association between aEEG and cMRI was evaluated.
Results Compared with the normal DST group, the abnormal DST group had significantly lower aEEG normal rate and
SWC maturation rate (P<0.05), as well as a significantly larger IHD and a significantly smaller BPW (P<0.05).
Immature SWC, aEEG abnormality, and a relatively large IHD were the risk factors for abnormal DST (P<0.05), and a
relatively large BPW was a protective factor against abnormal DST (P<0.05). Conclusions For moderately and late
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preterm infants, aEEG within 72 hours after birth and the quantitative indices BPW and IHD of cMRI at the corrected
gestational age of 37 weeks may affect their neurodevelopmental outcome at the corrected age of 6 months.
[Chinese Journal of Contemporary Pediatrics, 2021, 23(10): 987-993]
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WG RAELA 1500 5 77 LA, Bk
FPILEAERN 111%™, RER LR ERY
7.8% o BEEREILFHSI T KRR, Bl
LR R R E it m, (HHMERGA R AU
IR PERESE . B IR . ARG . R B IR
RAFIBA FE TR il BBEAL R )L
0 A B AR I PR AR 47, 30 e L L
SLREEHAEEZ L, CA U7 4k 5 5
4 Wi H B (amplitude-integrated electroencephalogram
aBEG) AT = LI sh 2 L T4 )R 7 [
I G AR BRI KR, e R B AR AN OGTE
72 )L 3k g L PR i f% (cranial magnetic resonance
imaging, cMRI) b2 0 idid 477 5 28 & 1 %
F, IUESE T eMRI_EAOUAS F Ay 28 o ] 532 i
FPLH 2 R B 45 R . Kidokoro 45 Y BFSY SR
B /N AT A4S (biparietal width, BPW) 5Ll
REIBZA K. Hining 55 ' BFFE R B2 BR[A]FE
(interhemispheric distance, THD) 1] 2AT- = )12
LI KBS A (B HFTTCIR /2 abEG iE 2
cMRI 5 #i12 % & WU RS HS F 24 b T BA B
B 1 A 0 1 B L, TN T R R L A
cMRIUSE/RICSH, I PR STl 2 BLAY 57 L
2Kk B WUE AT S A X8 D, H Kidokoro 55 1|
Hiining %5 " BIF 5% 0 52 347 0y iy 258 /0 1 L 1 L =
U, HOASHIEFE LATC oA AL, 5 P 5460 403 55 o 28
F G0 AR 0 T SRR LR BE R &R, R A
JG I aEEG . THD #1 BPW 5t i 1 5= J LIz 1 o
ZRBERRER,

1 #ARERZE

1.1 HRMK

i BEPE O 2018 48 9 7 2 2020 4F 4 7 F b ™
FHor 6T B A0 R JLEE W4 B RO 1Y 104
e e S R LRI R BE 8, A ARRTE: (1) iR
% (gestational age, GA) “h32°~36"f]; (2) Z2if]
TEFR e BEIEAT IR K (3) 228k K B )Ll
IRBERFSERE ; (4) F7LTEA IS 72 h NSE 8 aEEG
Rt (5) 7 JLAERFIE IR S 37 JE I 58 B c MRS

£ (6) ByJLEREH R, 3. 6 A7k
B LB PR EET 1123047 AR KR B PP IF 4 32 A G 9R
T, HBRMRAFERE . HEBRARUE: (1) fF7EdER
s (2) ARG (3) fFEER.
PR . SRR R . BRZLER MR . /DTG
JU A i AR A BB Dh BE S Y R e R
(4) i 75 B8 e MIRT ARG 5 A7 70 /0PN A 0l L il 14 5
S ST s (5) FETZEOR IR I IR H BE AR v M
FRILFIRIT o WHFFEHAS T 8 LA 0 H15 [F]
FS SR I S (1 U N S A (s L S R AR 1
(KY20181102001)
1.2 HRE

WO L LS HBE R IR R TR Ml L AR
FA L GA. HAAKE (birth weight, BW) . k[,
ST 32205 PRI BRGR SO 1R
fili . PRI E A ZEEHE (respiratory distress syndrome,
RDS) . ¥ AEMEET AR (bronchopulmonary
dysplasia, BPD) . fifi%& . SHZLE MAE . F 7L
P (retinopathy of prematurity, ROP) . IR%E
P/NHEE R (necrotizing enterocolitis, NEC) . 4T
WA TR I (gestational diabetes mellitus, GDM) . 4T
PR ML (gestational hypertension, GH) . Jifi f -
W, MRAE R ETEIG A b g L
IR LT R AT IR BT AR - B B2 Wy e 4T
RIMAE, HAIZWbRER A 4 M (IR A= L
L (IR RR )
1.3 aEEG Ml R iTfh

= JLEEAR G 72 h N 348 9 [ Nicolet Monitor
PLERSE M aLEG K r o SR MR AR R LIRS
A R L L BEAT RN LA SR AR, FRCE
A7 B A R T e DX RGIX, A T B 10~20 H A
GIMRG AL ER F3, F4, C3. C4, P3, P4,
T3, T4, REF. GND, H 1 REF 22 % ),
GND Dy H s f Al o 2R H Ui 1 17 aEEG A 10 %
(C3~F3, C4~F4, C3~P3, C4~P4), HULFImics
Ji s 1 P, LA 5, O R spted 7 v 9l R B 4 38t
FAFFEATRIC, S W [A] 270 240 min, R
Naqeeb 73 235 ' Xt abBEG #EATIPAL . (1) IEH -
akEEG By i1 B¢ (upper margin amplitude, UMA)
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>10 wV, iR (lower margin amplitude, LMA)
>S5uV; (2) B E S % . UMA>I0pV, LMA
<SwV; (3) FEJE HF W . UMA<IOpV, LMA
<5 pVo TEAMEH (1) HiEHR, # (2) (3) A
N5 o R ARYE Hellstrom-Westas 55 ' fir g Y
I FIG — 38 B2 S5 4] (sleep-wake cycling, SWC) F9 Al
DNMEIEAT aBEG IYPEA, BB SWC &8 fisi i 5]
() v RN AS A S8 B, SR BLIEX AR AL, HH
HHFFEERT RILE 20 min D) o
1.4 MRIKZE

KHZEE GE (Signa HDxt) 1.5 T{Y #8746 H 7=
JUIRIE WS 37 J I £ 47 cMRIKZ AT . MRIF 52
B T2 M A BEMJE (fast spin echo, FSE) FF31,
Jok wh (8] B ®E & B[] (repetition time, TR) =
3000 ms, [AJ%Af[E (echo time, TE) =85 ms; Tl
AL R 1% (T1-weighted imaging, TIWI) JF 31 5
#: TR=1750 ms, TE=24ms, iM% (field of
view, FOV) =24 cm, JZJESmm, JCHEEE; T2/0
A AL (T2—weighted imaging, T2WI) J¥5)Z%0 .
TR=8 500 ms, TE=155ms, FOV=24cm, JZ= J&
5mm, JoEIE. SEHCEE T2 bR A7 LS H- LS h
PRED i BPW MITHD(E (1811). 745 547 ) L7E cMRI
KA HT 30 min THHDKEF AR LLZ4 (5 mgke), Ff
FOAR WK AL, Rp i LA T B BRCIR 25 I A7
Kt

E1 cMRINEREE [THD] P=pBkiElHL, 5% L
[T Z B ZKTEES s [BPW ] XUI0AR, HE&IH 1R IR FE R

1.5 #WERBITHESAE

FrA = LR IE H % 6 A iR i 7e Fe e L
172 th ¥ %Z i 0~6 ¥ L E & F i AW 5
(Developmental Screening Test for Child Under Six,

DST) Ll Es Ul ny B AR AT P 22 B PEAL . DST 22
g BLHE L B B S 2 N ISR R E PEAG
Tt Es A 3R E EE 6 E e L B itk Y,
R AA R . FERE S DST s =
KITENE, L1200 H, bk 23E nfE X
M2 SBE X 44 30T H , & J1fg X 60 4> I5
H. DSTHLHE 29 MF#E 4L, %F0~96 A it A K &
BT T8 X, FREZnE REHT0~12 1
W LE, FEENT A KB FEERILE
WAEIG 24 BEAOPEAS . DST IR 25 S LU 146 %k
(mental index, MI) Fl1& B R (development quotient
DQ) Frr, MR JIREX & B KF; DQH
FRBE=AREX MR E B K. 3% IR ILER
P DQWGHAY M 3G ™. <7050 N 5FH, 70~84
S RTTEE, =854 HIEH o TEARBFF T DQ>85 N
DSTIEH 4, DQ<85 M DST HH 4.
1.6 FitFESR

N ] SPSS 25.0 A # AT Ge it 0 . AR IERS
Ay AT GO T RO U i B RIEE (M (P,
P,) | For, 4] EHCR A Mann-Whitney UK 5
IESATT R A « brffE2E (Xxs) FR,
Y] LA FH P REAS k55 THECTORER F B E5ORT B
%R (%) For, YR HECR 2 K5 . ELR R
1E 2 K ol Fisher B UIME R . XTI ZR P<0.05 /Y
A1 AT ZJC logistic [A1H 5347 o >R H] Pearson AH G
BRI IHD . BPW MIDQ Z K FR . P<0.05 H 25
e -9

2 H#R

21 WHRFILRERFE—RERILE

201849 H % 2020 4F 4 H [l Az J LB IE W 5w
LA TR R L 546 ), HhFEAE RS 72 h N
5E N aBEG K # 4L 137 (5 5 IE BRI 37 J81 B 58 i
cMRIHE: 353 4], %7 1E H % 6 H il 5¢ i DST # 4t 179
B . eI A 104 5], F DST 1E % 41 78 14l
(75.0%), SHL26%] (25.0%). MWALEILTEGA
BW. SkFl. SyFefal, R, AR, DAKZE
BEZ 2055 PP ER A O R SR L iR
JEREFHMILE, 2R¥ILRitFEE XL
(P>0.05). F4LEJLEA . RDS, BPD, fili%k. &
JHLT R fifE . ROP, NEC W EAERILE, 5T
GuitEE L (P>0.05), W1,
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x1 WHEBFIILGKRTIR R IEZERHZELR
9 DS(TH 5;%;2& DS(TH iﬁf;iﬂ It Pl
LR

Gy [M(P,s, P,y), JH] 34.9(33.7,35.7) 34.9(32.9, 35.4) -0.616 0.538
HARE [M(P,s, Po), 2] 2375.0(1995.0,2612.5)  2195.0(1 920.0, 2 672.5) -0.668 0.504
3kl [M(P,s, P,y), cm] 32.3(30.3, 33.1) 32.0(30.0, 33.0) -0.897 0.370
FUTHIE] [M(P,s, P,y), d] 1.0(0.0, 3.3) 1.0(0.0, 4.3) -0.618 0.537
A [15(%)) 40(51) 15(58) 0.322 0.571
HIE T [151(%))] 64(82) 20(77) 0.330 0.566
RAELIL [51(%)) 8(10) 4(15) 0.126 0.723
AT (61 (%)] 6(8) 3(12) 0.041 0.840
RDS [](%)] 12(15) 3(12) 0.026 0.872
BPD [51](%)] 0(0) 1(4) - 0.250
Jiti 5 [151](%)] 19(24) 9(35) 1.043 0.307
R MHAT 2R ILAE [51](%)] 57(73) 18(69) 0.563 0.453
ROP [f5](%)] 2(3) 1(4) - 1.000
NEC [#1(%)] 4(5) 1(4) 0.000 1.000
7 H A AR R BURR [191(%)] 52(67) 13(50) 2311 0.128
YT YRBEIRE [51(%)] 14(18) 3(12) 0.211 0.646
Ui 5 1L [631](%)] 25(32) 7(27) 0.241 0.624
BB [451](%) 26(33) 8(31) 0.079 0.779
Jia R [151(%)] 9(12) 1(4) 0.590 0.442
HTE R [51(%)] 7(9) 4(15) 0.305 0.581

{E: [RDS] WPWCASALZEGAE; [BPD] S UEMA T AR [ROP] H JLALMIEDRAL; [NEC] I3EtE/Mailnse; [DST] 0~6% L

R RN

22 aFEG5DSTHENSHXZE
DST 5% 2 aEEG 1E % % . SWC W #CR(K T

DSTIE# 4 (P<0.05), W32,

*®2 WHE)LaEEG. IHD. BPWLLE:

5iH DS(TH :Ej;éﬁ DS(TH i;a;éﬂ e Pl
A SWC [11(%))] 13(17) 20(77) 32.684 <0.001
aEEG 523 [#(%)] 21(27) 18(69) 14.892 <0.001
IHD (% + s, mm) 29+0.8 35+0.7 -3.386 0.001
BPW (% + s, mm) 70.6 +5.2 66.5+3.7 4.495 <0.001
T [SWC] MENR-SERESA; [aBEG] RIEE SR [THD] PikEkiiE; [BPW] WDifz; [DST] 0~6 2 JLH K il .

2.3 cMRIEE#E+7IHD.BPW 5DSTHIX %

5 DST IE % 4140 He, DST S % 41 THD %% K,
BPW # /)N (P<0.05), W32, [FE}X}IHD, BPW
5DQEM KR THE—HHIT, ZIIHD 5 DQH
FEFEAAR S (1=—-0.353, P<0.001); BPW 5 DQ{H
FEAEIEAX (1=0.594, P<0.001), WI&2,

24 ZEEDW

s logistic [7] 4 AR B IR P<0.05 172
I TZHE NN, ERERERIHD ., AR
() SWC., aEEG 5 ¥ J& DST S8 1Y 2 57 /& [ [ &
(5391 OR=2.394, 14.667., 4.793, P<0.05); K
() BPW J& DST S % RIS (R4 R (OR=0.822, P
<0.05), WLF3.
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150 150
100 - 100
o o
A A
50F Y=-5.330X+108.6 50k Y=1.268X+4.048
=-0.353 r=0.594
P<0.001 P<0.001
1 1 1 1 0 1 1 1 1
0 2 4 6 8 50 60 70 80 90
THD(mm) BPW(mm)
2 IHD. BPWEDQHI* & [THD] PiEERIEIRE; [BPW ] XTide; [DQ] K&,
®3 ARMWERE LR EEZE logistic @A 47
IS B SE Waldy? P OR 95%CI

IHD 0.873 0.392 4.967 0.026 2.394 1.111~5.160
BPW -0.195 0.072 7.313 0.007 0.822 0.714~0.948
A SWC 2.686 0.674 15.867 <0.001 14.667 3.912~54.982
aBEG 5% 1.567 0.649 5.831 0.016 4.793 1.343~17.105
H 7.322 4.744 2.383 0.123

. [IHD] PEkiElii; [BPW ] X% [SWC] BEHR-EEEEN; [aEEG] JRIFHEAMEE

3 itig
HusxH et 2 R s A - LM A& Lk E
45 )R I S OB AR A, JUHJE A R e MR
HAEARIHD . BPW 5 #0128 % B K45 A e ok 2537
Al 5= LR & B AT B/ [FIRT aEEG BT
FEAE AR B R B . SN L. BT
AL RRLE ZE A JLAR A . 7 AR LUK
A= L, BN S AR s TG v A PR 3R A I L
i % B S04 LB UG R RN R . IR
TF 50 P 28 3K 5 A SR DA v g 103 5 7 L & 7 1Y
RENE, [RIHRDT aEEG 5 THD . BPW %5 LI
Wik 2k B4R BIANE . X)L aEEG (1
i 2K F Burdjalov f 3¢ !, (HAWF5EXTG R o
22 R G0 AR 1 TR e R L, HaEEG Y25 5 3
FRIAE UMA . LMA HISWC, #Xt aEEG A PEAL
& H Naqgeeb 432572 "' Hl Hellstrom-Westas 55 ' fif
SE LI SWC BLAE . [R5 4 3 B L B {1
SRR X # 28 K B BE TR B2 DST i .
ARAFFEH DST 59 2H aEEG 1E 3 38 . SWC i3
REMRFDSTIEH A, ZRAFGII¥EL., ZH
&K logistic [FIHMHT /R AR SWC, 5% 1)
aBEG ¥JJ& DST 54 7 fE R 2R, Rk nl RLijd
W] aEEG A R Tl g Fe L 7= LA sl 8 B i
X —&E R 5 kR E 2 M — 3, Wikstrom &
X GA<30 Ji§] HIG R 5 2 LAY 2 7= J LA Tl 98 &

R, 5 24 h N aEEG AU 25 35 2 % 1R F Bayley
PEAG L= LG & B TG 1 — 80 R K 75%~80% o
El Ters %5 " W5 R B = SWCHAE L, HAEW]
IS S A H E BIRZE . EI-Dib %5 ' WF 58 k3
LA R SWC 1 57 LR J5 9 A i A8 Al
Bayley PFAf il 28 & & 19150 34955 5 -

AW T o DST 54 41 THD K F DST 1E % 41 ,
BPW/NFDSTIEHH, ZRB¥AGITFENL., £
K 2 logistic [71 )5 4387 & ALK 1 THD 2 DST 58
IS GG P2 5 BRI BPW J2& DST S8 4 il ST
PP &K . Kidokoro 28 ™ X7 B JLBPW . IHD 5
Mk RNERBETREVII R LI, BN
BPW 552K HH Bayley PFAf Y 2 2 B AN ALE B IR EA
%, Hiining %5 "™ %F GA<32 J& 19 B 772 LWF 9T & B0
THD f] L 77 L2 2 R4 R B 45 R, WF9E
B8 GA<32 8 . BW<1 500 g 1957 JL BPW 5 H%5
1E A i 24 A IR 2 % T BUG A5 22 A
FEERYE BRI A RAHLL, BPW B e
0 BT AR, Rl S e T R AR A e RN 5
THD S Wi JK T 0 & B I O, ARFARXT T3k Bl ki A
KAZ BR AR R o 38 2 3 6 i R AR A T RO A K
KRB WVEAS, AT LAY RS K&+ (4 1 — 28 Hr
FFE— 25 WA i 45 48 X D Be A 2 e . B B i
v VAT B 1 S PR WS [R) Jif ey 1 ™ J LG THD |
BPW S % {H, WILBFTEL R0 KEARD
T,
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BB MR R M kB4R E e NEE, accuracy of electroencephalograms in preterm infants: a
systematic review[J]. Pediatrics, 2017, 139(2): €20161951.

XF R HPEAT i 22k B I PEAL M Bl T B O
i PR 1 3 3 4% Ak T B & B 7 Lo 304 2 1
FWACERTE B, A TFIEMIE S, TRk
REUN AR T35, AT LA AN AT 3 ki 43 473 1) %
A, NMBCEMEEFE R, ReEfFia.
A GE LA DR - T A4 477 2 390 1 £ e 5 L Ry o
FENG, T HAEJE 72 h N aBEG ., BFIEJGIA 37 &
B} ¢MRI %€ 8 F5 55 IHD . BPW 5 %5 1E H it 6 H i
DSTHIE &, 45 W 8 aEEG, THD, BPW ¥y
VSR NESP I EZY = ooy = SRR i=E s e (B = i
PR DG Tl B = L ECA 28 0% 8 45 s 1L A -+ 1)
oA, HBFFEITHD, BPW 5#4 % & )G 5%
AW E D, R FEREA . ZH00E
BRI THD, BPW ., aEEG 55877 JL#& %
BRRER, DI R RR R A 08 7 i 330 41
B, LSS RRBE SR ILME LB
H.
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