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BHE: #RITMES1008 A Mok 4 f-5 vk 40 fe FU B (NLR) 2% % B2, B (EEG) 72 T 2E ) L k-4, Sk of 2 i
(HIE) BB iR 5 R R B VR4 s IR B . Hvk: EE20204E1 H 22025410 A BBH 4 ) LR
WIE 1 2 HHIER JL75BI/ENHIEA, FE4KIESarnat 3 Z¥HR AR EH (n = 40). FEH(n = 22)H
EEH(n = 13). EEEHER HAZ B BERFSHIER E A FE L4281 A5 B4 (Z S JEHIEA).
BT A LI AE AR 5 6/ P SRAERRBK ML, AR M35 S1008E FIR B HHENLR; [F I 7E4 J5 24/ N 58
FUPR 54k (B34 i FRL B (aEEG) Al . STHIEZ B9 &N 4 4 DA R BT S X B A & I tnBhAT Hek, Feidl
T ROCEH R AT R PRl & TRIEFF A BE SR M ZEHIER B2 W b AR . 4558 1) HIEAHIMES1008E HK
. NLREMaEEGE RiE R ERWEER T EIEHIEA (P <0.01). 2) EHIEA N, BEREZER
BER3EN, MiES1008%E H/KFRINLREY ZIZE P FRiEH(P<0.01), aEEGHE RIS HESLIEF B
JE(CNV) [AIARZESE IEH HUE (DNV)RLIE 2T HR R - %] (BS) 1R HE (LV) & FHEE (FT)ZE4k . 3) ROCHH
L5t B7n, MES1008% H. NLRKXaEEGXTHIEX RA —ENisWiihE, H& TEMA(AUC)4 AR
0.790. 0.858#10.774. =FBERMMZHI K LR, AUCH1X0.905, REFEMRERE 57 HN81.3%
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B, R B B EERAEHIER S )L, AGKEN T HRAEERE.
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Abstract

Objective: The neutrophil-to-lymphocyte ratio (NLR) is employed to assess the clinical benefit of serum
S$100p protein and electroencephalography (EEG) for the early identification and severity thorough
evaluation of neonatal hypoxic-ischemic encephalopathy (HIE). Methods: Our hospital’s neonatal de-
partment enrolled 75 full-term neonates with HIE from January 2020 to October 2025, forming the
HIE group. They were further subdivided according to the Sarnat classification into mild (n = 40), mod-
erate (n = 22), and severe (n = 13) subgroups. Forty-two full-term neonates, who had a history of birth
asphyxia but no HIE diagnosis during the same period, were chosen as the control group (asphyxia
non-HIE group). Venous blood samples were collected from all neonates within the first 6 hours of
life to measure serum S100p protein concentrations and calculate the NLR. Bedside amplitude-inte-
grated electroencephalography (aEEG) monitoring was also completed within the first 24 hours of life.
A comparison between the HIE subgroups and the control group was made to assess the differences
in these indicators. Receiver operating characteristic (ROC) curve analysis was used to evaluate the
early diagnostic efficacy of individual indicators and their combination for HIE. Results: 1) The HIE
group showed significantly higher serum $S100p levels, NLR values, and aEEG background abnormal-
ity rates compared to the asphyxia non-HIE group (P < 0.01). 2) Within the HIE group, serum S100
levels and NLR values exhibited a stepwise increase with greater disease severity (P < 0.01). Further-
more, aEEG background activity progressively deteriorated, shifting from continuous normal volt-
age (CNV) to discontinuous normal voltage (DNV), and then to patterns including burst-suppression
(BS), low voltage (LV), and flat tracing (FT). 3) ROC curve analysis indicated that serum S1008, NLR,
and aEEG each possessed diagnostic value for HIE, with areas under the curve (AUC) of 0.790, 0.858,
and 0.774, respectively. Notably, the combination of all three markers demonstrated the highest diag-
nostic performance, achieving an AUC of 0.905 with a sensitivity of 81.3% and a specificity 0f 90.5%.
Conclusion: Serum S100p protein, NLR, and aEEG are effective biological and electrophysiological in-
dicators for the early identification and severity assessment of HIE. Their combined use significantly
enhances diagnostic accuracy for HIE. This approach is particularly valuable for the early and accurate
identification of neonates with true HIE among those with a history of birth asphyxia, thereby provid-
ing a crucial basis for timely clinical intervention.
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1. 5|8

AR ) LR S A A3 (HIE) (19 8 SCAE 43 3 18] B T2 80 51 R BB R el R ML PR 45 4, 3K 02 0
JEH B LAE T L R K IAPR A 2R 40 Jim WOE () an i MR . R 00 R B BRI B R R 2 —[1]. BEAA R
FFRGIT HIE MO8, i ARIR TV W i Re W 4id /& Hh R HIE i S I T 15 00, B AR VA T 47
TESVE B (AR, I8 BORTE L ARG 6 /NI SERE[2]. L, FHA. Gk, KE#fHR 5 HIE JF
PR, R SEECERUATT ARG . HAT, HIE B2 R Z2a0 TR 2. AR RN
L2 R G IRFIRAE (Sarnat 73 40) DL AR F AR (3]0 IRIRRERAIRAE B A 001, HAEE R AT Re
AT T 5 SZAEER GRSk U LR A% (MIRT) B BE A B S 7 i 452 405 8 L ANV L, EE 7 B AR
JEBORA Re I B 2w, HAE IR B LS FIEF A e RS, MM RIRSS . e e TR
S1008 & 3= B2 50 A 75 B T I T 40 B DA R A SRR AN MG, AT ) e 18 i 5 ki 50 45 ) P AR T e 78 81 It 3
(4]0 IXFhEE IR LI VA FE 22 B I SRR IR R T AR Ak, TR, EATT VR R W X i 48 R 8 a3 1
BB H PRI i 5 90 B 41 Bl B 48 (neutrophil-to-lymphocyte ratio, NLR)& —FEi 8L . 5 T 3RELK) 4=
EPERAETRPR o HIE (1) 32 B B A B I A 2 — & ol TSR SURI R L 5| 7S B V3R A 1 280 S R[5 ], XM RR I
%0033 A P R M IR AT, AR, WRE4HiE S5 T s A . NLR B n] DA T i 4 7
SR B SRE R PRI, TR AR NI S B, B RBE TOLF5 s Bl &R, 9 BAER AL
A FC P A BRI . i FE B (electroencephalogram, EEG), JLI 2 H B IE A ——IRIEEE & w &
(amplitude-integrated EEG, aEEG), RefIEL: ., SLiTHb i WK N 1 5 GG 30, PEAL HIE LI D) Rk,
Hrad A SMAREHVIAK6], TN NICU A PR S% il B .

2. AREFZE
2.1. HFRMR

K BIBUERIE 2 74, EEL 2020 4E 1 A& 2025 4 10 A FREAERCBITH HIE BJL 75 61, R4
Sarnat 73 Z0K H o N 40 . FREEAL 22 BIFNE AL 13 6. g9 NARvE: 1) 37 & < ikt <42 F,
AT >2500¢; 2) fF& HIE SWibriE[7];: 3) HAESS 6 /N AFE. FFRRFRME: 1) & IF™H e RIERTE
LA MG 0PN H I B At R DR T B IR s 2) BT I R P S B S 56 = UE S A IIAURE B P B
DAL X RGURGE o 3) IRIRTRIA e 8 . ARYE Sarnat 77 ZednitE, ¥4 HIE 418 )L —2 0 R E T
H(n=40). FEFLHMn=22)MEETHn=13).

M EUA R [ HAYSCIG 1A LA B A L = A =R s (AR I Apgar VR4 1 0% < 7 43 R1/ER 5 43R < 7 )
ARRFAEIL42 6, HILFSRIGREI . MERFKE AL R AR ISR HIE 2 WibriE .

22. ARFE

2.2.1. 1% S100p FEH NLR &30

P N1 8 LI TEAE SR 6 /NGBS P SRR Ak I 2 mL. (bR A B HER 5, DL 3000 r/min 250
10 73%f, 73 B35, B T—80°CUKFEIRAERT I o K F g 156 S 28 W PR B8 (ELIS A )M E I S1008 & K FE,
A A AR S BT . RIS, SR R, A3 FH A 1 3 10 40 L 23 A SRS 0 A 24 e Ak B2 4
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M

o it#, FFH5 NLR (NLR = FRRE 2 i -5k B 4i i 80 . i AL LN (425 6 /M)
[FIBF A 7 NLR. CRP. PCT AULHE L, FEdk4T 7 k5.

2.2.2. aEEG Y5l 5$i5%

FITE LIRS 24 /N N34T 2 /0 4 /NI IR 55 aBEG M o B AS TR 43 2EL 155 10 1) 5 L B2 DT X aBEG
B ST L, KT R, XSS N ESLIER BE(CNV). ANELLIER L EDNV), BA -
HI(BS) FFEAK L E(L V)R (FT). NET G100, % CNV & N 5EIER/KEBUER , DNV &
SONERESH, B BS. LV M FT ¥58 UM EFE R .

23. GHFERE

M H SPSS 27.0 it 28kt IEARMATHITHETERILIISE + ArEE(x + 9w, HMHERA t 8 F
K6, AmAS AT R TR L M (P25, P75) R, IR LLECRA U 8 H AR5 THEFRILL n (%)FoR, A
] ELEER ] 2 K656 . K ROC #2820 M &% F5hnxt HIE (28, JFHit 5 R fUAUC). i
B REUZAMEEREZ. LLP<0.05 NERGLT ¥R L.

3. 458
3.1. PSS ) L—MR kLB

HIE H-5% AEME . fas. HAEAE, S8y XEF TR, ZRBTLHR 5 E (P > 0.05),
BARHE. HIE 4 1 708080 5 738 Apgar P W Z IR T XHHRZH(P < 0.05), X5 HIE B2 Wit —3%.
HEWE 1.

Tablel. Comparison of general clinical data between the two groups of neonates

= 1. AT )L —ARIGR STRIEL IR

TiH HIE #i(n = 75) SR (n = 42) giitHE P 1A
PE5n (%)]

5 41 26 £ =0.576 0.448

% 34 16
Rl (H, X+£s) 385+1.8 382+1.5 t=0.916 0.361
HAEATE(g, Xts) 3150 + 450 3220 + 420 t=-0.826 0.410

577 [ (%)]

g7 36 19 72 =0.082 0.774

EE 39 23
1 3%k Apgar ¥E43(X £5s) 523+1.74 6.72 +1.35 t=-4.796 <0.01
5 435 Apgar W4r(X ts) 5.62+1.47 8.17+1.23 t=-9.650 <0.01

3.2. FE4EERE)L S1008. NLR X aEEG RE R

WiZ 2 fian, HIE 418 )LAIIMTE S1008 & H/K 7 NLR HI) & m TXR4, ZRAFgHEE L
(P<0.05). 4% 3 fi/x, HIE 41 aBEG 15 5006 30 7% 36(70.7%) iz & T4 R 41(16.7%), %25 AA 4001
255 (P <0.05).
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Table 2. Comparison of S1004 and NLR abnormality rates between the two groups of neonates

2 2. MLEFEJL S1008 #1 NLR FE L

IR AL M (Pas, Prs) Mann-Whitney £ Mann-Whitney £ P
WHEZHM=42)  HIE #(n=75) Waiih& UfH Waiih ez 0
S1008 H H(ug/L) 1.025(0.7,1.7)  3.440 (1.0, 12.8) 661.000 -5.193 <0.05
Ptk E L 2,150 (1.9,2.4)  3.710(2.7,5.5) 446.500 -6.412 <0.05
Table 3. Comparison of aEEG abnormality rates between the two groups of neonates
%= 3. WBHFHE)L aEEG BERILE
aBEG 7% ™= HAZEE (%)
RS BESHORES: EERN. BR-MHGS). g S © P
IEH(CNV)  IEH HJE DNV) RHJELV). THEP(FT)
4 THEZE 35(61.40) 7 (12.50) 0 (0.00) 42 (35.90)
4 HIE 41 22 (38.60) 49 (87.50) 4 (100.00) 75 (64.10)  31.677 <0.05
Bt 57 56 4 117

3.3. FEIFIETRE HIE B)L&IsHRELE:

Wi 4 fon, {E HIE N, Bl%E Sarnat R MINE, [fiE S1008 & H/KFF NLR H¥ 2 iE0 T+
AP < 0.05). Wi 5 fin, aBEG 15 5ibsht 28 H A ARk : 42 HIE B JLLL CNV A1 DNV i
&, JE HIE &)L+ DNV teflsEmm, #=EEJLHEIBS. LV X FT.

Table 4. Comparison of S1004 protein and NLR among HIE patients with different disease severity
% 4. TEH1EIZE HIE B)L S1008 ZH. NLR tEE

HIE ™ B2 A7 3 M (Pas, Prs) Kruskal-Wallis £ % P
B2 1% (n = 40) (@ =22) FJ¥(n=13) Gt & HE
S1008 & H (ug/L) 1.170 (0.9,3.1)  8.095(3.8,14.3)  28.830 (13.1, 46.3) 44.825 <0.05
YRR EAIABLEE 2.925(2.6,3.6)  5.045 (4.2, 6.8) 8.600 (3.7, 14.7) 21.367 <0.05

Table 5. Comparison of aEEG among HIE patients with different disease severity
5. TER1ETRE HIE B)L aBEG LR

aBEG 53 B (%)

THRH  RBEREORES:  EERN. 8% - HI(BS). it e P
IEH(CNV) IEHHEEDNV)  FEEHMREELV). FHEFET)

HIE StfE  35(61.40) 7 (12.50) 0 (0.00) 42 (35.90)
g BE  22(38.60) 18 (32.14) 0 (0.00) 40 (34.19)
I 0 (0.00) 21 (37.50) 1 (25.00) 22 (18.80)  66.598 <0.05
g OEE 0 (0.00) 10 (17.86) 3 (75.00) 13 (11.11)
St 57 56 4 117

3.4. ZI8¥E% HIE B R ERSHRINE 4T

ROC HHZE4r#r4s B 7R, 7% S1008 B+ NLR F1 aEEG HUph s FH I, X HIE %1 B4 R H2 ki
fH, AUC 73724 0.790. 0.858 F1 0.774. 4 =FEEFHAT LW, H WG 2 B E501T, &1z
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) AUC 4 0.905 (95%CT: 0.851~0.960), ULHf RELE R 81.3%, FirAEHN 90.5%. TEM#E 6 KK 1.

Table 6. Diagnostic value of S1004 protein, NLR, and aEEG for HIE
% 6.S1005 ZH. NLR 1 aEEG Xf HIE BYIZ BRI {E

AUC A U R Cut-off
A ZW 0.905 0.718 0.813 0.905 0.639
S1008 £ H(ug/L) 0.790 0.512 0.560 0.952 2.940
Fp PR /R L T LA 0.858 0.699 0.747 0.952 2.740
aBEG M E L E 0.774 0.540 0.707 0.833 0.000
ROCHHZE
28 Sk
— BETNEERS
— S100B% H(ug/L)
— R/t B 4 D Ee A
— aFEGRFERE
— ZHL

Pitzpey

0.2}/

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1550

Figure 1. ROC curves of individual indicators and combined predictive indicators

1. BIEFR REXATUMERR ROC Mk

3.5. FEHIRRRRIREYRIRZIM/E NLR X HIE B930S T4 E 254

4% 7 Bios, A 78 Logistic [FIH4M T, LA HIE 2 & RAVENFAS &R, 00 ft S B R TP R
VG TR bR C B B RJE IRME s . gt B0 AR BER R (432 1), 4h
REIR, AR HIE (TR 71745 BROAEE R2=0.007)0 5 FH 4L 20 /b B2 40 B ELAE (NLR) I A 7 (43
2 2)e (EFEH] T EIRBYLA ISR R G, NLR 442 HIE 18 2 3007 KBS R (B = 0.064, Wald 2 = 24.80,
P<0.01). %Y {RARfRRE 7 5 F2 T+ R2 M 0.007 3925 0.181, AR>=0.175, P<0.01). %A H1EH,
NLR W) 3 £ 2R T & IR Gy, 125 HIE A% 5 B J0 & 1t 400 B R AH 5C, i — 20 SCRF AR
N HIE 53R 50 R 5 AR 0 bs S A

Table 7. Analysis of the independent predictive value of NLR for HIE
% 7. NLR X} HIE 8938 37 FURI4 B 5 4

1 a2
B IRdEE 0t P B B PRt i t P B
A 0365 0320 1.142 0.256 - 0.072 0296 0242  0.809

B C MNEH@mg/L)  0.004 0022 0176 0861 0017 0.027  0.021 1312 0.192  0.116

DOI: 10.12677/md.2026.161013 96 L2212 W


https://doi.org/10.12677/md.2026.161013

TR, R

F&45 2 iR (ng/mL) 0.050 0.030 1.636 0.105 0.158 0.049 0028 1762 0.081 0.155
i H L8 0.301 0367 0.819 0414 0.081 0251 0333 0754 0452  0.068
HAm T2 (x10°/1) 0.017 0.023 0.718 0474 0.070 0.009 0.021 0429 0.668  0.038
HR P L/ b B A L L AR 0.064 0.013 4980 <0.01 0431
R2 0.041 0.216
HE R? 0.007 0.181
F 1A F(4,112)=1211,P=0.310 F(5,111) = 6.134, P = 0.000
AR? 0.041 0.175
AF {8 F(4,112)=1211,P=0.310 F(1, 111) =24.799, P = 0.000

3.6. HIE A 53 BA B )L ERRIFEMIKE LHWESR

Wi 8 fiw, HIE 4L S50 IRAL R AL bR, Wili C N A, P RIE L Agigit 4, JFRiE
IR — 2, PIAZ A ZEEE I RS B Geit BRI EP > 0.05).

Table 8. Differences in infection marker levels between the HIE group and the control group

# 8. HIE A SMRAE R LERRIREKTE LN ESR

ST ALT A M (Pas, Prs) Mann-Whitney =~ Mann-Whitney

SRR (n = 42) HIE (n=75) (oSt U RS - |
B C &N H(mg/L) 6.050 (4.6, 7.4) 6.600 (4.9, 7.6) 1501.000 -0.421 0.674
F&45 2 iR (ng/mL) 0.145 (0.1, 0.2) 0.180 (0.1, 0.6) 1298.000 -1.575 0.115
A 20 (< 10%/L) 12.800 (11.8, 14.1)  13.600 (11.9, 14.8) 1288.000 -1.631 0.103

4. g
4.1. S1005 ERH*F HIE KIS HT{E

S100p Hr & — P& BRI TE S 1, LIS 7K e ) B S R T 50 ot 24 5 i 5 ot 240 e ) 45
A4 R0 L 5 s X B[ 8] (9] A2 05 6 /NI, HIE ZH LIV IMLIE S1008 2 /KB & Tt e dl, HEEE
Sarnat 7> N AU B IE L TR . BATH S — DR, Spaig B34 )L, HIE 4 S1008 1
FAE R 225, RIS AR & B RO AERr eV SR, 38 5 w453 495 10 s B ik AR A7 A8 55 % 55Tk . ROC
HiZE T AUC 4 0.790, 27~ S1004 /2 53R 5] HIE (] S AV FAr £

4.2. NLR %} HIE RIi2H &

RRE R A2 HIE 4k R APEMEG B 0L 2 —, JEHLL “Tom M R0E 7 R BRHE. AT 0t
HEBTHXT NLR 7 HIE B3R 0F05 5 EAil o A B AT RS vPAl . 45 %R, HIE &)L NLR W35
TR, JFHAE HIE APy 50t R IEMASC. IXHR, HIE B LI RIE M BOKT & sl = 2 S
U VL 200 B ) R v R b L R AR O 9L, S [ G P P 98 R R B SR S ATTBOR, S BUR
BE—BIE[10]. ROC B/ #r onH AUC 4 0.858, #2278 NLR Xt HIE FL A5 RIFIZ IR . ABFFR
@ oy E BE TR, R EGE R C RN E L BRI BT B AR G AR5, NLR
35 HIE FSL TN R 22 (55 7), e LT i 3 R T B it il & (00 T B8 1k 0 S, T A I g
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U4k, HIE 45 % AR L U GbR S EIC B35 22 5%, #E— 20 30FF NLR ££ HIE A4S 3 T e S 045
PIAHIR R RAENL B VIR 5 . HIE B BAE P ARG T SRR M F4F, 51K N 2 RE ARG 5 AL
IS, O R 5T A IR TS 2 A A PR o e A DA e PR B e [ B A7 AR e, AR SR ML X
SR TBGE VAL B B, IR I 5 PR A S TR [ 1] SRR, SREN AT S B0 40
R T N B A, RN AN A Mk AR O TR . NLR A —Fh & & SORETR bR, 7] LARNI 4
PR b R T v 5 b AR PR AR — B2, T BE 4Tl R A S B 38 8 SRS

4.3. aEEG ¥t HIE B9iS i {&

aBEG At B S W KK B2 2 DhBEIRAS, fEvPA5 HIE UKD AE I E 2 T A . AHF 745 8 8ox, HIE
411 aBEG ¥ 5+ 5 H(70.7%) 5.3 i T X TR 41(16.7%) . W IR A /b3 4 fLH L aBEG 59, R =E
BATREXT I T R AAAE — b MR, (R R BART HIE 4. [FR, aBEG R 55 ™ EREE
FEAH G, MIEH ISR DNV, BIE () BS/LV/FT, ZhaSmAS SN, A5 TS s
2],

4.4. ZIERRASEREME

B —FEFR12 W S A AE B PR o ASHE 509 S1008. NLR 5 aEEG = H Bk & )5, Wi 3AE(AUC =0.905)
BT — B e A RE RS XA 7 2SI NEEE: S1008 31 7K1 s il fii <2 5 458
5, NLR MR GKN R BREIRES, aEEG M INRE/K BRI HL & Bl o = WA RIGERE SR T B AN 2
Wil 2, JLRIME 7 — AN A i AR v AR &R

ZE LR, A AR S BRI AR LA, BRI L% S1008 25 . NLR I k4T aEEG Wil
REME A R ) tH R A4 HIE 8L, FFAERR Pl FOR 1 ™ AR B o 3X =I5 23 i M5 4%5 A s 5400
A2 By ST S NI FE I RE = AN A 2RSS W E B . A M S1004. NLR F1 aBEG Al #E — /M iL
2R FIRR AL, BA S EMIGARSEHME, Reoh HIE M RIHSE. XU 55 )20 S i Tl i om
H 8% AR -

A HA
KT AT 2 BE R B S E RS TR RS (S . KYXM-202304-010), HE K EH
BEMERET.
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