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HE . B iR EE (GEEG) BA-hk MR 23 4REF (BDNF), KEAFFET-1a
(HIF-1a) A PARAP 2% G S1008 337 £ )L P £ E B Rt fiigm (HIE) TS8R EMAL, ik @RS
202341 A—2024 44 AN BEA R W B4AMILE B A L TR M 2008098161 P A HIE# A )L, TH
A28 5t E 20 AT A IUAT A Z N Z (NBNA) 90 i-ETUS, ¥t =35 59 £ LA TUS R4
(5541), <35 #TAEILAANTE R (264]), VR HAH A LI RA LI aBEG 347, FHFE #é]
(BDNF. HIF—1a, S1008) K, mmﬁﬂ%L*Loglstlc@)J#%ﬁ SHF AP EEHIEN A E, %
KA TAEHFAE (ROC) WL, BIEEEGHM | sifiR& %&Hk/\%/ﬂﬂﬁ%ﬁi)b?é&HIE%ﬁET\Réﬁ%ﬁuﬂll;
1, &R FERREATAFEL AR, &iﬁe 12h BAKIR S ST %, aBEGHHALE . ik HIF- 1o K- FAnfe
A S]()OB KEFH & TG RAFAE (P<0.05); FUEREEE A1 minF25 min Apgar 4. A 7E BDNF K- #)4& T
TG RAFH (P <0.05), yIEJ%“z:FLoglsuc@}:/\#fr tRE R (EEGHFRES [OR 3.462 (95% CI: 1.273,
9.416) ]. HIF—la K-F & [OR—2‘459 (95% CI: 1.106, 5.465) ] #=S100B8 /K-F & [OR—3‘464 (95% CI:
1.162, 10.330) | ¥ A#HAILP EEHIEFTE RROEKRE X, BDNFAFF [6R=<).773 (95% CI: 0.634,
0.944) ] A#HAILFEEHIEFUE REOEFEE (39 P<0.05), ROCHUELR T T, aEEG. fiFic it
A Fom] #7 A& U P & B HIE TS R B9 HCRME 2 88.5% (95% CI: 0.698, 0.976) . 4F 714 92.7% (95% CI:
0.824, 0.980), %518 aEEGHF. ik BDNEMAK, HIF—1af2S100B 73544 )L ¥ & & HIEFUS R B 5148
X, AN T BTG TG LA, BA TR0 R LR HML,

KA - AT RS AS R RS RN ZERET  RAFFRF-1a; P
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Abstract: Objective To investigate the prognostic value of amplitude-integrated electroencephalography
(aEEG) combined with serum brain-derived neurotrophic factor (BDNF), hypoxia-inducible factor-1a (HIF-1a) and
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S100 calcium-binding protein B (S100B) in neonates with moderate-to-severe hypoxic-ischaemic encephalopathy
(HIE). Methods A retrospective study was conducted on 81 neonates with moderate-to-severe HIE admitted to the
neonatal intensive care unit of Xuzhou Children's Hospital Affiliated to Xuzhou Medical University between January
2023 and April 2024. Prognosis was assessed 28 days after birth using the Chinese 20-item Neonatal Behavioral
Neurological Assessment (NBNA). Neonates with a score of = 35 were classified into the good prognosis group (55
cases), and those with a score < 35 into the poor prognosis group (26 cases). Clinical baseline characteristics, aEEG
parameters, and serum biomarker levels (BDNF, HIF-1a, S1008) were compared between the two groups. A
multivariable stepwise logistic regression model was employed, and receiver operating characteristic (ROC) curves
were plotted to validate the predictive value of aEEG, serum biomarkers, and their combination for poor prognosis in
neonates with moderate-to-severe HIE. Results In the poor prognosis group, the incidence of intrauterine asphyxia,
the rate of hypothermic therapy between 6 and 12 hours after birth, the severity of aEEG abnormalities, and serum
HIF-1a and S100p levels were all higher than in the good prognosis group (P < 0.05). Conversely, the 1-minute and
S-minute Apgar scores and serum BDNF levels were lower in the poor prognosis group (all P < 0.05). Multivariable
stepwise logistic regression analysis showed that a high degree of aEEG abnormality [OR = 3.462 (95% CI: 1.273,
9.416) ], high HIF-1a levels [OAR =2.459 (95% CI: 1.106, 5.465) ] and high S100p levels [OAR =3.464 (95% CI:
1.162, 10.330) ] were all risk factors for poor prognosis in neonates with moderate-to-severe HIE, whilst high BDNF
levels [OAR =0.773 (95% CI: 0.634, 0.944) ] were a protective factor for poor prognosis in neonates with moderate-
to-severe HIE (all P < 0.05). ROC curve analysis showed that the combination of aEEG and serum biomarkers had a
sensitivity of 88.5% (95% CI: 0.698, 0.976) and a specificity of 92.7% (95% CI: 0.824, 0.980) for predicting poor
prognosis in neonates with moderate-to-severe HIE. Conclusion Abnormal aEEG findings, along with reduced
levels of serum BDNF and elevated levels of serum HIF-1a and S1008, are closely associated with poor prognosis in
neonates with moderate-to-severe HIE. The combined detection of these indicators can improve the accuracy of
prognostic assessment and holds significant clinical value.

Keywords:  neonatal —moderate-to-severe hypoxic-ischemic  encephalopathy; amplitude-integrated
electroencephalography; brain-derived neurotrophic factor; hypoxia-inducible factor-lo; S100 calcium-binding
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oA L sk A B a2 i 9% (hypoxic—ischemic
encephalopathy, HIE ) &[4 1 % 8 5] & 09 7™ 5 ik i
Py PR , v o8 AL R B RE | DA R e A 25
Wiph 2 D RE SR A ™ BB A LR i R S
AR AT I A o, T EBT AR L HIE
R 1.5%0 ~ 6.0%0, Hpr, i EEE >
30% , HIUG VPG — 28 AR JLEE B2 2 U Y T
FEHE Y, HIE IR R LL IR . 0% . Lk
SO T, FUPRE A TS X T 0T 5
WS TR L HIE G R 25 J5) 220G B0 BRfE il R 3
B3 i Apgar PEor . Sk MU AR 2 5F T BUAIWT TS
BT 5y 52 EWP 25200, Je X LA 3l 28 52 B i 2
REOIR 2, B0 07 T Aoy 8 A A IR i Wt R 5 M
(amplitude—integrated electroencephalography, aEEG )
S — Rl 1] A 0 IR R W 0 B R, T U A R
W sh AL, e LKA 0 PP A b e B v U
PRSI VA A Y5 A 228 R 7 (brain—derived
neurotrophic factor, BDNF) | K & i# 5 T -la
(hypoxia—inducible factor-1a, HIF-1a) J2 1 #X #ift 2
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Y TS WAL B 15 BB E" . AR BE SR aEEG
5 bR M AR SR A T, SR O A L
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1.1 —RgEes

BB 53 B 2023 4F 1 H —2024 4F 4 H 1 M B E}
K2 &8 2k M L 2 B B B A4 L E A I 4 =
(neonatal intensive care unit, NICU) W& 1% 81 fth &
& HIE #7248 )L o AR 3l 5 15 &0 43 o il Js A R4
(26 1)) FFUG Rardl (5540) . #HA LB IR KL
SRR e L RAE W, HLAF ST 5 4808 i bR B s
FE P B H AL R (2024-05-29-H29) .
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SR/, A5« RGPS S0 L PRI A5 AR s e A L B Bt S e M s U 1 PP A 1

WEN 2R RAEIR | Sk AR R B o M s SRR
Wiz, @A JE 24 h N AARBENICU, HAEHE
J&i 12 h P58 B aEEG K0 K2 1 35 bR G R 4 s OBk
W% =36 J 5 @ #r A JLAT N A 20 22 (neonatal
behavioral neurological assessment, NBNA) PE4r58%%
122 #Hmirk OFIFLERMEME TR, J
oA S s AR A I B s QFF AR ™ L JE Rk
RS S D REAN 4 558 s @K I aEEG HT 6 h,
o S B 25 W B R 25 s @G I P il &
S 3, O i1 S R LB
1.3 Fik
131 RIS B EREE TR RS ER
BUB A LR B B, waad . ki 8. &
W7 =0 GRIE 2 AR %) . R A NEE
(HIE i2Wiscthbz —) . B/ RA R, 26
FETEIGHE S . AR 115 min Apgar 34313 K A
IR YT BEHLAE o BT A EOHE SR OB 6 80
Wt fe B e iR .
1.3.2 aBEG#M kgAY &5 28 FH 3¢ B GE A Rl A=
77 B GES 400 1 i B A5 i R 1A o A 000 Asf 1) Ay 47
AL A TG 6 h N, AR S X BT A L Sk B2 R TG
WA, FHTHSHERKRREIERL, &
HEEI PR 10 ~ 20 H A% 22 0 00 A AL - 42 1t R B 8 T T
BUE T (Fpz) , 7% WU E T RIA (Fz) &3k T (Cz) ,
0S8 HL MR 2 ) BT A2 A A A (Fpl  Fp2) 2247 H
(C3.C4) e (T3.T4) K FEAFH (01.,02),
SR FH 1% FH s o W 1 7 rL AR DA 7 1R A AV

R 250 8 . BEDR 0.5 ~ 40 Hz, %y M
6 em/h, HLMEBHIT<20 kQ, 2 h P47 1 RBH B R 4,
BAYRAG I BT >4 h Kl g i 2 44 B 1045 L) F
B A LA 28 H A TR TR 22 06 4 B EAT R TR E
PSR R, A AR, LA AR R W
TR . W b2 IR Gl A L i S0 o 74
Wiz WibniE) M, G5 MIER . RERE . b
ERE SEERE.
133 diFsaEagien  FEILEASE6~12hR
LA EF KN 3 mL, T ICHUEE R B SR
Z YR E 30 min, 3 000 r/min B0 10 min, 4385 1ML
IR EEPE R, BT -80 C MK vk b 14
FEREI , Ao S 2 VRl

G 7 120 SR FH T IG5 28 W B30 56, G v BDNF

PR & H A R E R R A F], HIF-1a03
G0 T B kA R A R R AR 22
M H S1008 20 & 1 F v IR A WAL A TR
) o 7R e A R U S AT PR AT T 56 1
Thermo 7y 7] Multiskan FC 7 g b5 SRS I 45 AR A 118 1
JCREAR, AR bR vhE M 2550 b3 i v br & K F- o
134 FUeE7 % IrAFTE LR A 28 dJ
F &l B AR LA} B R A A [ 20 T NBNA BF 53 5 42
BEAT P AT VPG S VT o R G 5 D YERE
(Frohee s . #esh Wik s . E3h Lk gy . a6
gt —BOE), 2040 %H, BAKHO~2),
BIF 4053 o W35 0 A AAT K EIER , FIE
RTE R4 Wr<35r A&t WK E R, Hl
ENTUEAR .

1.4 IR

L4l e Rk AR LGP EL B A A
Jawe oA . I ENE LR AR IR
WA | AR AR .tk 1 RS min Apgar
VRO SOWAR IR IR YT I AL .

142 aEEGHe4r  FEEMEHF FIEHER (I
WIS BEIR - A ORBVAR ) Sk
RIS (FEAEIAAEAE) o

143 diFAREHKF A4E I BDNF HIF-1a.
S1008 7K ¥

144 s %k LANBNA PFAE S BG A & bR
e, ARG RFSTEAR

1.5 FitFEHR*

O 23 A R FH SPSS 26.0 i -4k 4k . TR
DAIE £ b 2E (x£s) Fom, WEH R 1
BRI B8R (%) Kon, EBH X K5
SRR B LR GRS, IR AR 56 5 52 D 3R o)
MR FH 2 [ K 3% 4 Logistic [0 B R 22 2k %
TAEHFAE  (receiver operating characteristic, ROC) i
2. P<0.05NEFA G,

2 #R

21 WEARASHERIIFAIRKERLE
Wa AN R4S HE R4 5. i6 i .
O3 7 S A L I SR SRR B A S R R LR
LXK, ZFRHLLEITFE L (P>0.05),
FARRAE UG R4l NEaE AR, WAL
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5 min Apgar P43 . ARG YT FALA K . aEEG £
A5 . 1M BDNF . I 7% HIF-1o F1ILTE S1008 7K
SR, X IZ KR, ZRWASGIHE X (P<
0.05); WG A RAENFHREER HAER6~12h

WARIRIGTT . aEEG S8 FEE . L7 HIF-1a K-
FIL I S100B ZKF-2 e Tl f5 R4F4, #E A R4
i 2E 1 F15 min Apgar P43, Il BDNF 7KV T
Tijs RafFd . Wk 1,

F1 BREARABEHGERIFAIGKER LR
15 Hil Hﬁ?@/(ﬁ, 3473 191(%) BNEE  RERS R Apgar iP5} (x2s)
1l x+s) Ak EIE™ #1(%) (%) (%) HE T min - H2:5 min
WEAR4 26 179 3945+137 18(69.23)  8(30.77)  18(69.23)  9(34.62)  10(3846) 3.56+127 6.84+0.73
WERIF4L 55 33/22 39.12+145 35(63.64) 20(3636) 22(40.00) 15(27.27) 11(20.00) 5.12+1.52  8.06+0.84
N A 0.217 0.973 0.244 6.035 0.457 3.133 4534 6.353
P 0.642 0.334 0.621 0.014 0.499 0.078 0.000 0.000
- WARIRIARI AL 41(%) aBEG S (%) BDl\iF/(p.g/L, HIF—Eoz/(ng/mL, SlO(ZB/(;Lg/L,
HAEF6h HAR6~12h IEH BESE  hERE HERE X+s) X+s) x+s)
HEARA  9(34.62) 17(65.38) 2(7.69)  6(23.08) 6(23.08) 12(46.15) 17.51 +4.45 0.87+0.14 0.84 0.1
HiJG BT 36(6545)  19(34.55)  11(20.00) 19(34.55) 22(40.00)  3(545)  24.59+539  0.65+0.14 0.69 + 0.08
N AL 6.800 3.240 5.823 6.651 7.205
PiH 0.009 0.001 0.000 0.000 0.000
22 HMFLEIIPEEHEREMESESES  010)., %R BR: abEC 7 % 2 F 5[0 R=3462
Logistic Y343 #7 (95% CI:1.273,9.416)]. HIF-1a 7K F 15 [ O R=2.459
DL A LA T HIE B TS R B (75=0,J=  (95% CI: 1.106, 5.465) ]7HI S100p /K °F 75 [ O R=
1)j~7l i aEEG S+ W 2 (IEH =0, B E 7 W= 3.464 (95% CI: 1.162, 10.330) ¥ R4 JLh&E
SR =2, EESH=3). M7 BDNF /K JEHIEFUS A RKEREE (P<0.05), BDNF K

(iﬁmﬂiﬁ% M3 HIF-To K P (SEI0AE) A Il
S100B KV (SEMfE) AR, #ITZREEL

B[OR=0.773 (95% CI: 0.634, 0.944) 1H¥i kL
#HE HIE filJ5 A R R R (P <0.05)

Logistic [A] H4 8 (5] AJKHE R 0.05, HEBR KN WLZk2,
®2 ML) DEEHEFENZEZZES Logistic EIAS S
AR b s Wald x*fif P OR Pl
- ' X TR ER
aEEG K 1.242 0.511 5.916 0.015 3.462 1.273 9416
BDNF -0.257 0.102 6.362 0.012 0.773 0.634 0.944
HIF-1a 0.900 0.408 4.875 0.027 2.459 1.106 5.465
S1003 1.242 0.557 4.967 0.026 3.464 1.162 10.330
2.3 aEEG.MEREVREBRSRNFHEILR  WE A R 0 &N 885% (95% CI: 0.698,
BEE HEMBS R BN E 0.976) . Fr5tE N 89.1% (95% CI. 0.778, 0.959);
aFEEG A I B 3500 397 4 )L b 8 B HIE W5 A S100B 2o 3 357 28 L b 8 BF HIE 5 A B0 88U
R BURIE R 50.0% (95% CI: 0.299, 0.701), 4F 54 88.5% (95% Cl: 0.698, 0.976) . #5714 H
Sk 96.4% (95% CI: 0.875, 0.996); BDNFEJl  80.0% (95% CI: 0.670, 0.896). [iR$&HREESH:

T A LA E R HIE S A BRS80S 8 92.3%
(95% Cl:0.749, 0.991) | %F 5 ¥~ 70.9% (95% CI .
0.571,0.824) ; HIF-T1o 500 700 5 A4 JL P & & HIE

050 8y 2R L h = OBE HIE S A B U ey
88.5% (95% CI: 0.698, 0.976) . 4 T8 92.7%
(95% CI: 0.824, 0.980). VL33 FIILK 1,
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%12 SR/INIGE , A5« MR e PR A5 LS A s X A L o 3 S Sl s T 1 DA 11
%3 aEEG.MiFEMEM R EBRERMNIHEILFEE HIETEAR RITN%EE
st wn T o wmte —— L gt
TR TR fiali THR B TR BR
aEEG Kl 2.50 0.748 0.623 0.874 50.0 0.299 0.701 96.4 0.875 0.996
BDNF 2228 pg/l.  0.839 0.754 0.925 92.3 0.749 0.991 70.9 0.571 0.824
HIF-1a 0.75 ng/ml. 0914 0.851 0.978 88.5 0.698 0.976 89.1 0.778 0.959
S1008 0.74 /L 0.896 0.827 0.965 88.5 0.698 0.976 80.0 0.670 0.896
i SEx oAl 0.956 0.911 1.000 88.5 0.698 0.976 92.7 0.824 0.980
1.0 — — AR R g R R, EARHAE
T VYA R R S R S 6 ~ 12 h TGS LA
EFtE, A1, 5 min Apgar P4 L E K TG B
o 06 YR, BRI RSE bR SRR )L b E R HIE $iU5 A R
z X 7% T BTG B TL 5 DR S5 8 95 Oy 0 4 1
04 I B VIR 2 B PR R TR, R B 4T
0 T S L B H 2 L P AR
B P22 T TR, AT PRI IR . TS
0 o oe or 1o 2, B FRLHLE ] R 10 min B0 L, L
| WD RERERE R B . R S min Apgar T

El1 aEEG.MFIREWREBESENFNFEILFERE
HIEFi /5 R ROC £k

3 it

B JLHIE J5 8RE  CAnaz 399 e . DA 260 s i 2%
W25 ) KRR 40% VA b, R EE Nk &t
VT E GRS UG AR RS M B e R
W T, B ORTIG R E O S PE AR O ik
Apgar VE43 R 22 43 1 =X & 90 T 045 T R 2
FESEEAN R 5 Sk R P R g R T M R i 4
P, (HXE LA Sh 2 R Bl Dh Rk 2, B )5
ST HIE 1905 (9 0 2L s A BRY . Im4FEok, A
W7 R 5 13 A= bR 08 HIE BiUS PEAS S 4t T
B, aBEG S —Fh A AL i B AR, W] SR
i LY S AR AL, AR L L 45 VA R B
B PENS, Il ¥ BDNF . HIF-1a M2 th KX 4 4 B
S100B %546 b5, il S B2 | B A B i i
S5t B A0 VDA DG, A i 8 43 TS DA b i A0
AR BB UE . 4T k4R Ao DL 4 1 B 5 R
JE HIE (& Zom B A B 72, AR BF 50K aBEG B
3R 3L AR AR AT S PEAL 8 2 i T R
S50 F AW e bR BN, Sy B TP AL A 1 4
HET R AR

SR, RWeE A LE B RRERE, ERIIkME
B P ol S e i ] G A A R RS, ATP A A
A, BUR NI T AR R, SRS e 2
JOK M. IRFE, ZITFor B BIESS2 B A L HIE FiUs
i S BB AR e ARG A 7 A1 O P B HIE /Y
e T 90T Be, HOA 7 AL B R T . AR
Ja 6 h R S ARG, R e 0 S A R
RAE SN IR kAT s AR S 6 ~ 12 h 5 3l #
gt A AT BB, RO R E T
BER, SARWPIEATRAMIAT o IR I R AR A U A
{ELER 7N, Il PR A X abe 288 e £ PR 3K 1T 5 b 3
HHHIr%.

aBEG A I 25 2R o, WA A R HEF 5K
AR E S THE RiF4, HZHEZB L Logistic
[ 5 50 A7 285 S R W], aFEG 5% J& 4 L &
HIE FiU5 A R AL fE B N R, X —45 2R 5 aFEG
S W1 Dy REAR A B A% O AL 2 VIR OC o aFEG 18 i
AW S, BRGNS R, HRw
PP T B A SIS S L IR - I R
B A A5, 3X SRR AR B4 X I N A 42 T Y
DNREARZSR20 B 2B JL v H B HITE PR ke S st af 5 2
KA 2oy, A Sh IR AP PR AR, R B
aBEG 17 SE{l B 5 5 1 F B S o A A A 4 A
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AR R TR RE 2 ™, MG oT At
TRE. — IR XE 46 B2 H B Az L HIE /Y iR 6T
A, HAJE T2 h N, aEEG 585 & 1 i 45 &
RS R A AL, IR AR B AT
Je B AU o 2 T, AR T G K], aEEG
PRI . 4505 Tk, vAENICU RSFHRE2E
W, PRI DR AR fk . ARWFFE P aBEG B
DA 2R R TR 0.748, BAR T I EAR Y, H
S AR HL X i T R 9 B PR AG A B, R oh B A T
HP ) A AR A o

FE LT bR B A WU S R 4L S
BDNF 7K 3F- i 2 P&, 1% HIF-1a, S100B 7K F- i
ETHE, H=# ¥ E A )L HIE W5 AN R
Mz sZm R E, HALE 0 5B R BN
U B it G 5% B 8 40 3 4 A% 0 o B A % DDA OG
BDNF fEh HZ B # 28 F2 1, fE & IT/F i
a3 A B 5 il B R HE OGBS Il AT
I BDNF & kb, sha B G oiae TR, E
Wl 2 AP ML D 55 . ARBFSE T, BDNF K-
o E A LR R HIE B R R AR IR, Hok
PR S TUR AN B XU B 56 . HIF-1a A2 B4R
N7 T B A O A A R, AR 3R TR KO T
L, BRLENEAERFFERREEELL, 25
B AU R {H R B HIE 372k LA Y HIF-1a 1
FKIB AR A R4S HIF-1a K2
(0.87 £0.14) ng/mL], W UG R AE N B, e oF
SAE TR, nE B, S1008 EEAALET
P2 J o 20 e e, B S R i Y AR AR
HIE ‘5 25 fix 5 B e 38, AT i 1 S1008 Bl Al It
W, KT T v T R W I 5 B A 45 AR B e
28 5 A LS AL RS . ASBRSE R, S100B HIOR
3.464, & Ho6 Az L E R HIE 5 A R A9 i
DA (B A ™7

ROC Hi £ 730 ¥ 7R, aEEG BE A 1L 1 b & W1 46
W it 2R T T A R 0.956, 5 T A T S AG T
fRbr, HEUEE 5 R 5k 5N 88.5% . 92.7%,
Fo AR T IS AR I B PR R B RS Uy SR
it aEEG A5 I Sz e fisi F, 2 REAR A, BDNF. HIF-la
B2 S1008 43 ) MR 26 52 | (e S0 17 38 B it fii o7 i 45
153 2 T 45 7 8 A )L T HIE A5 BEALKD , S230 T 30
REVEAL S5 THLRI B A LA &, ARt iReh 7

ThFE bR R BRAE

Zi I, aEEG 5 H M IfiL % BDNF /K - &A% . 1L
i HIF-1a 5 S1008 7K V- J+ & 34 55 %7 4= JLvh & HIE
HE A K2 VIR G, U 35 B A 4G D0 T 8 5 4 g T
Jo VEAR MR PR o AE I PR SE R, GE A A
RGP & fa L, R ET AN T 0r SR 4R it
MR, T g A LT R HIE S S SR . AR
FER LA T -k BB 3, a8 A BRI A
SMREH2ITIE ™ s MR R AR fEfE, Hilid £
PO A PR 2 P 2, B T 45 AT sk, (0
WEFEA A7 A Sy B o B epoors [0 B 1 35 31 mT B A7 7E 1k
Pl s BETTI AL 28 d, o T 26 1 ) 22 Ty g
ShJRy s ARIRVIAN R 22 J8 R LA T 48 b 1 T A
2R, KETHEZ T OMEETR, EKEE
VImHIE], E— 2B AR A A %6 o

& X X B
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