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(FZE] BH ST WAREXTHT A L B S s PR Ak - (hypoxic-ischemic encephalopathy, HIE) FYRYT AL
Ro FE ATHETEIIA 2019 4E 9 H—2023 4F 9 F AR Y 153 Bl HIE B2k )L, BEPL WIARIRAL (7740)) Ak
WARMRZE (76 5)) , PCECWIL ARG RACR . I % H Barkovich W43 R G270 T AL LREILIR R (magnetic
resonance imaging, MRL) G0 e EARE . 45R  WARIRAURARUARRAUGRE . Rl HAEKRE | Apgar
SYEEREA ORI R 22 S RS E L (P>0.05) o PIALAJS 72 h NIRINAE « (CARSRH | FRSevEil s ik e . il
E I P9 22 2 30 A U At ] 1 ttiﬁﬁ%%%ﬁ%%ﬁﬁ( (P>0.05) . SPARRZH A Bt o ] K A= 5 72 h P56 I il o
FHCFARAGIRAL (P<0.05). SARWARIRAIMILL, WAGRA MRS & &A% (30% vs 57%) . MRIHELJE filii 4
KR (5% vs 28%) . SR KIEHI R ERE (27% vs 51%) B OLs3 KI5 IF4r (0 vs 1) BEEAR (P<0.05) .
g8 A )UREE HIE LT W AR IR VAT AT AR MRT S5 % 2B S0k 5401 % e 2%, ELR LB B B2
PR LR EE HIE S8 LA T ARG YT AT REAE AR 28 0R 4P )7 T AR £k
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Efficacy of therapeutic hypothermia on mild neonatal hypoxic-ischemic
encephalopathy: a prospective randomized controlled study
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Abstract: Objective To investigate the efficacy of therapeutic hypothermia on mild neonatal hypoxic-ischemic
encephalopathy (HIE). Methods A prospective study was performed on 153 neonates with mild HIE who were born
from September 2019 to September 2023. These neonates were randomly divided into two groups: therapeutic
hypothermia (#=77) and non-therapeutic hypothermia group (n=76). The short-term clinical efficacy of the two groups
were compared. Barkovich scoring system was used to analyze the severity of brain injury shown on magnetic resonance
imaging (MRI) between the two groups. Results There were no significant differences in gestational age, gender, birth
weight, mode of birth, and Apgar score between the therapeutic hypothermia and non-therapeutic hypothermia groups
(P>0.05). There were no significant differences in the incidence rates of sepsis, arrhythmia, persistent pulmonary
hypertension and pulmonary hemorrhage and the duration of mechanical ventilation within the first 72 hours after birth
between the two groups. The therapeutic hypothermia group had longer prothrombin time within the first 72 hours after
birth and a longer hospital stay (P<0.05). Compared with the non-therapeutic hypothermia group, the therapeutic
hypothermia group had lower incidence rates of MRI abnormalities (30% vs 57%), moderate to severe brain injury on
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MRI (5% vs 28%), and watershed injury (27% vs 51%) (P<0.05), as well as lower medium watershed injury score (0 vs

1) (P<0.05). Conclusions

Therapeutic hypothermia can reduce the incidence rates of MRI abnormalities and

watershed injury, without obvious adverse effects, in neonates with mild HIE, suggesting that therapeutic hypothermia

may be beneficial in neuroprotection in these neonates.

[Chinese Journal of Contemporary Pediatrics, 2024, 26(8): 803-810]
Key words: Hypoxic-ischemic encephalopathy; Therapeutic hypothermia; Brain magnetic resonance imaging;

Brain injury; Neonate

A L s A8 i I P % S (hypoxic-ischemic
encephalopathy, HIE) J2& 4 [l 4= 9]k 405 | B2 1 &8 43
BG5S A A IR I3 /D BT A5 T R B A )L
i, P ECR B UL T AR 2 R G0 5 8
M FE RNz —, R B EEH L RN 1%~
8%, TE K JEH 2] ik 25%0 . AR AT
(therapeutic hypothermia) 3 12 [ {5 fiki 41 At 1 15
VA E N R e oY AN ! I PR A s e R e
YERT, 98D EAEIR IR gt Rl i K A2, n] o HIE
IRt R 2 WARIRIRYT R B AT E BR -
ME— NN BGAIT R A JLHIE B, TR 12~
244 A B R SEF RN E M A RGER L AR
I8 g 4 AR IRLIG Y 7 =08 A2 L b — 2 HIE fY
PRERYTIT R

REAA AR ) LB HIE JRLE AR R &
B4R AL T KR AR /N =, B AIEARIR IR Y7 %
AKX — NFE AR R B A LB HIE
S INAE T B . O PR R E RS A
R S5 A R45 Jmy 1 AU o — T 22 rpu i RS 7
SR B AR LR EE HIE B LA IS 53 IR AK T
@R ILEE, HARZAYT IR HIE 2R B HIE 20
MF ARG B RE 25 . W il TGk
A R A R R LD A R e AR R, H
AR T B AR T 6 h N TTAG, B DALE I RS2 B
X TR HIE BUBTAE L, ORI AHT A= JLEE iR
1% (neonatal intensive care unit, NICU) $24£7T I
IR s (ARG TR R KU, H
T3 ARl R = TR Tt 03X — AR AR AT R A 2e 42
PR EEATIIGE . AT R H 2 2R AR IR G
SR AR LR HIE BRI T RO 5% &tk
1 #BREFE
1.1 HRMK
AW ZR B L RS TR BE AL BRBTSE . AF5R
BB B 1] SCHR A R A J LR HIE 3T i 1/ 35t
RERAERAE 20% Aoy 0, BN ARSC T AR

BITHT A LR HIE ARSI S RE 3, IR
A, W JoHT A LR HIE S T ARRIAY Y 5 e
TRAE R A GE , oA AT A R 22
R TR EAEA i, ORI W IR R IT
FUEREA R N LA 804, At 160 6. ARE
B2 LR Ao o e L e ny Gii A )L
BRAEHR LR IR 2 WTbRiEE) 2 EET Az JL HIE 218
FIGBERRIE, AN 20194F9 H—20234F9 HAEE ]
IR PR e Hh A AR B2 HIE B A JL3E 160 1), 18
o BEALECT 2043y AR TR 4 AR AR TR 4
4145 80141l

MARE: (1) HAEJRRIAENICU; (2) i
Wy=36 & . HZERTE>2500 g5 (3) AR¥E kL
BRAE G PRI 12 WbRiE) ', AEJR 6 hINIZHTR
B HIE,

HEBRBRIEE . (1) A7 5T R W1 gt 2 A Qa1
P 5 (2) A B s sl rb B P Y
(3) BRI (4) AHK
A H LA 1] L /D T <50 x 10771 B ™ A 1L
(ML <100 g/L) .

ZAETE E AR AT TR B 5 2 48 B 22 D1 2% 0 4L
(EFEH A LS . KY-2019-077-01) KB JLSJm HY
MR,

1.2 MRFGE

e AR IR AL B JLEAT HIE 0% BLUIR YT . A3
HEHFIE Y 1Y ASFIR A, dEHRRIE Y A il i U
DA G 17N WA S PR &) I 4 S R T R 11
S (AT N 1 i i N 2 76 2
R B T8 MR YT AN, REL 3R ]
AR IR IR YT A (S5 CSZ K B =X B 4% TR
Blanketrol® Il ) 7£4E 5 6 h NI bf 4 & WAK IR 16T
IFRFEE72 he FITAT LS REAT IR Sk L oA, 455
22 72 h PR IE 2% A i B K (amplitude integrated
electroencephalogram, aEEG) Wil , REZL.0H WY,
AR 24 48 hy 72 h oy B UEAT L L L Bk 2
RE. HIIRER A . A BJLEAES 72 h 27 d N
% 3k fi wg AL PR % (magnetic resonance imaging,
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MRID) #i#r. MRIFHMH 15T (3EE GE, Sigma
HD) ZSE4T, 45 TR T2 IAUSAE . sREom
BUFF1
1.3 WRIEHR
131 MR A MR (1) EEARBR: IRk,
AR . PR BAE K. ApgarF43 (1 min,
5 min, 10 min) . B 3k pHAE . B 30 ik ok 3R 4%
(base excess, BE) . sl ikFLig . RN, LA
F AT MRUAG AR () H 45

(2) FEWIGARSR . )5 72 h N AR
JE RIMpE AR . RRIRAE . MUmE . 20
Mg (A2J5 72 h N LA T4<5 x 10°7/L) ™, i
BRI (AR 72 h I MR <150 x 10°7L) ™
Jifi b RIS K s AR RS 72 h N S L
I K B0 A S B I TS B ] (activated
partial thromboplastin time, APTT) FI%E il fif It B (1]
(prothrombin time, PT) ; 5 72 h INHLARE S A] 5
A BE R E) 45
132 aEEGitEMn BRIl T R4k
72 h aEEG Wi il (Nicolet One Monitor 37 2E JL i%i 2
eI AL, TOMEE TR AR AR AR o i)
P FAR " X aBEEG #7028 IEH (aEEG I
HF=10 WV AR A5 wV) . TERE (aEEG I
HARS10 WV AR AR <SS wV) . BESE (aEEG |
HH<10 WV R H <5 wV) .
133 (MMRIEEFF5 2% AR
% IR AR J5 #2572 3% s B MRLRS 2y, A 4E T1 M
T2 INAURAZ . SREBUMABUT 51 . MRIEGGE i B H
TE 2 24 B B s AR SR [F] 4B . A TR, I
10 SRATAr] MRI 2% 0945 5 F28 8, >R Barkovich
PE4r 240 1 43 Hr MRI - i 64 43 %) 7™ ot A A
. Barkovich PF4) 248 B W 50 UE 1 n) i a5 B
J¥ 31 AR 8O AT 5 AE B AR L HIE il A7 3T
3 RN |1 4 5 5 % < e S5 Ol ) N < | B e v
FERR X Sk T A . MRT H 8 B 45 52 S R i
I/E DX 3 A A =2 4 B 4 K I X I A 4y
2341
1.4 Fit=ah

181 ] SPSS Gt - 12 24.0 X ECHR AT 58 12745
Mro IERSAATFE R LISE « brifE2E (x£s)
Foon, YA HEECR A o5 AR IS A
TORHH A gL (DU g EIEE) [M (P, Py) |
RN, dHiE] bR F Mann-Whitney US55 . 114X
FRHBIBRN 03 (%) s, 4R AR

7R EY Fisher 8 UIE %75 . P<0.05 =5 A 411

RSV
SS9

2

2
21 MAELZERHILE

WA R ZH 80 Bl L, 2 B FEshZERIB
L 5 447 3k /i MRI A A 5 JE AR IRLZH 80 i) £ L
H, 1B ESNERE, 3BHEL4TT M MRIR £ 1%
PENPSB=RY B S O N C Sl VA= R R S LR IR
AN BT 153 ), Horp AR AL 77 491, dE
WARIRAL 76 6] . WAL ILIAGHES . AR . H
Agral, MR Sk pH{E . BFEhk BE. Apgar
PB4y . aBEG K 25 5 e B2 B L 45 FL 4R R
R 2ZE R G4 (P>0.05) . WA B ILSE T
MRI A A () H % LU 22 7 4145 L (P>0.05) .
W1,

2.2 WABHIEAMRIILLE

WIHA 5 72 W PRI . R IpE . O AR
FA L8/ WCIURE | i /BRI o il i, A
SR T B Ik v R 1) & A 236 R ML AR ] 7 g
ZF TG XL (P>0.05), ARG ZHA¥ B a]
FAEJE 72 h N PTHRK TR AR (P<0.05) . W
A 72 h NSRRI FL B LA 25 R G T4
X (P>0.05). WF&2,

2.3 WAHAMRIKEERIILE

FE 153 6L, 6641 (43.1%) =k /G MRI i
NSRS . WARIRALA MR 5% & A RAL T3k
WARIRA, ZRASITE L (P<0.05), A 25
BEIL (16.3%) {746 MRIHVE R s . AR
20 Y MRI A B i 163 005 % 28 A TR AR 4
ERAGIFE YL (P<0.05), L33,

153 L, 604 (39.2%) 7E3kfHi MRI -
B K I o ARG IR 2 1 0 AR I 5 45 A R
RTAEWAGRA, ZRA5H%E L (P<0.05).
AR IR ZH 53 K W 5345 PF 2 I AR AR IR 4, 22
A E L (P<0.05), WAL ZH A K35 1
W23 0 0 R AR TAE AR, 25 A %01
X (P<0.05), L3,

VAR 5 2 AN A S AR i 2H S Y/ B i 45 % A=
R ZER TG FE L (P>0.05), FLE T/
G TE4322 43 B A R e AL [A] ) 25 S TR G H2F
=Y (P>0.05), W3,
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ity AL (n=76) WARIRLL (n=77) ZiME P
G [M(P,, P,.), 8 39.7(39.1, 40.5) 39.3(38.4, 40.4) 2.641 0.104
HART [M(P,, P,J), 2] 3:300(3 050, 3 640) 3 193(3 003, 3 580) 1.065 0.302
BT (%)) 14(18) 16(21) 0.082 0.840
P [n(%)] 55(72) 50(65) 0.982 0.384
WEZIL [n(%))] 5(7) 7(9) 0.334 0.765
/NT G L [0(%)] 6(8) 10(13) 1.059 0.429
FRIEFLE [n(%))] 23(30) 28(36) 0.641 0.494
FKM BTG [n(%)] 26(34) 24(31) 0.161 0.732
JEJLUE NEHA [0(%)] 55(72) 52(66) 0.676 0.411
TR I [n(%)] 30(39) 33(43) 0.181 0.743
TG [n(%)] 25(33) 26(34) 0.013 1.000
AL R] [0(%)] 26(34) 28(36) 0.078 0.866

YT YRME PRI [n(%)] 10(13) 14(18) 0.730 0.506
JBF stk pHAE [M(P,., P,J)] 7.13(7.10, 7.20) 7.14 (7.08, 7.24) 0.071 0.790
IR BRI AT [M(P,s, P,,), mmol/L] ~10.72(-8.60, -13.01) ~10.98(-9.39, -13.68) 1.284 0.257
I Eh Ik FLER [M(P,s, P,,), mmol/L] 6.7(5.0, 8.2) 7.2(5.3,9.0) 1.167 0.280
1 min Apgar 753 [M(P,,, P,,), 571 7.0(6.0,7.0) 7.0(5.0,7.3) 0.018 0.892
5 min Apgar ¥¥-53 [M(P,,, P.,), 571 9.0(8.0, 9.0) 8.0(8.0, 9.0) 2.798 0.094
10 min Apgar ¥F43 [M(P,, P,), 7] 8.0(8.0, 9.0) 8.0(8.0, 9.0) 2.907 0.088
aEEG [n(%)]

IEH 27(36) 23(30)

rh 46(61) 52(68) = 0.643"

GiVjs 34) 2(3)
AT MRUAEAT A HIY [M(P,, P,J), d] 5(3,7) 5(4, 6) 1.165 0.360

TE: "R Fisher iYL [abEG] JRIFAE KA.

F2 TRERAFIFTREEAEEIGRIIRA LR

Ei=tn A WARIRLL (n=76) WARHRLL (n=77) 7 PE

fIRIILE [n(%)] 14(18) 12(16) 0218 0.672
MR [n(%)] 3(4) 5(6) = 0.719"
DEERHE [0(%)] 79) 15(19) 3.277 0.105
JZRRIAFE [1(%)] 0(0) 0(0) = =

H AN [n(%)] 0(0) 3(4) - 0.245"
TSILAE [n(%)] 9(12) 13(17) 0.789 0.490
IL/IRIE D [0(%)] 6(8) 10(13) 1.059 0.429
WUEF [M(P,s, P,), pmol/L] 73.5(65.2, 83.2) 74.0(66.0, 84.8) 0.130 0.718
PT [M(P,s, P,J), 5] 15.4(13.8, 16.7) 16.6(14.5, 18.7) 6.188 0.013
APTT [M(P,, P,), 5] 53.0(44.5, 59.2) 52.0(45.4,57.1) <0.001 0.993
Jii 1 11 [(%)] 3(4) 709) 0.921 0.337
HIVEIM K [n(%)] 5(7) 5(6) <0.001 1.000
RSk = R [n(%))] 3(4) 2(3) - 0.681"
ML ST E] [M(P,s, P,y), d] 0(0, 1) 0(0, 1) 2.784 0.095
fEBERTE] [M(P,s, P,J), d] 6(4, 10) 8(6, 11) 12.457 <0.001
. R Fisher B DIMER ] BRI BGEERT R [APTT ] 35 Al 53858 i 7% e )
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Ei=tan WAL (n=76) WAL (n=77) 7 Pl

MRI 4 [n(%)] 43(57) 23(30) 11.124 0.001
MRI P B 5T [n(%))] 21(28) 4(5) 14.085 <0.001
Ay IKIBHG [n(%)) 39(51) 21(27) 9.276 0.003
KIS [M(Pys, P,y), 53] 1(0, 3) 0(0, 1) 10.001 0.002
G3IKIEBH T 5323 43 [n(%)] 19(25) 4(5) 11.746 0.001
7RI 5 ) B [n(%)]

AT Rk B A 16(21) 8(10)

T R 437K IS R 55 5 4(5) 9(12)

HTEUGE S 7KIE K R A B 19(25) 3(4) = <0.001"

HIJG 207K X A5 545 S 0(0) 1(1)

T2 B T R 0(0) 0(0)
LIRS/ G543 [n(%))] 8(11) 2(3) 2.745 0.098
FEIETT/ FEIGPES> 243 [n(%))] 4(5) 0(0) 0.058"
FEIRC T A T AR [n(%))]

TEH BPRST 1 SRk R AR AR 68(89) 75(97)

FewifE5 55 4(5) 2(3)

i RN A R e 2(3) 0(0) - 0.176"

. R, BRI S R 2(3) 0(0)

g 0(0) 0(0)

TE: R Fisher M UIMEATL . Y] Barkovich -3 R &G0 E LA BN [MRI] 3R I0%

3 g

AWTFEILAA 153 42 B2 HIE B2k L, AR
2 AN AR IR AL P AL B L IR LR TORA L. WA
T4 AYT 5 MRL S5 5 0 R AR AR AL, 43
KGR B TR, HEENE, AL T
P4 22 (8] MRI a4 & AR e 25 5, 60
MR AL AN EE WA IR ZH 53590k 5% F1128% .

JERT RIS R WEAE ) LR HIE LA R
M RB GRS, (HAIERE PR T3 — W
AR ER, 30% ~60% 1 AE LR HIE B ILTE
MRI_FAETE— RN S . Goswami 55 ™ 3@ i fin
EIHE LM R AT T X AR ) LR B HIE
SELAY [REPE A GBI 5, s ARG TR ZE A e AR I
RIRAA EMPOMRIEH S LAEFR (41% vs
62%) . Gagne-Loranger % " [AJAfF 58 & 8L T #E 8 A&
JURREE HIE 2L, WARIRZ 31% . AT AR
JRIT 4 40% B LAE MRI FAEAE Mk #14 . Wang
S PV AEDESE R BN TR AR LR B HIE L,
STV L 2H A E AR AR TR 2 7 MRI A 58 A Y M
Pl % (16% vs 43%) . ABFRGE R 5 ik
ghAL e g

HIE 5 £ 8 H WL AR A A5 4 7K 8 DX sl £ LA

T v 5 R A i 4 R R e T A5 . K
Wi w SWatE B A%, MKW S
PR S B 2 BRI ST o B A L ER
HIE F= 245 05 006 (5t , 1 v 3 5 3 HIE B 25 5 40
GidE A Y AW ST oh AR AT AR TR AT
(R HIE LR K sifh3 (51%) W& T
BEOR W/ 0 R (11%) , 5 BE A B oY 45
vl g SRIE LAFT BB T I A ST
TR IAT R T84 LS HIE f52m, i HLREAE 5%
T U HTE 2E 7 AR TRIR T A 28 5% 2 A
IRITRCR TR A BRI . AW 9 & B A RL4H 5
IR 5005 e A= 2R B B AR TR WAL, P2 (]
Ao KISt B 455 . E—TZ
HTREPERFSE T, Montaldo 25 > R 38 75 B Ak LR B
HIE v, AR s 2 A% (50%) W%
TR WARIRA (87%), HAR I 2H /i 11 5 6
ivE oy AR T AR WA IR AL, P 4H S8 LR I VR A%
Ao 22 S IE4 24 B Lo Goswami 55 ™ figHF
FERM, WAL i &R (6%) B3
TR TAGRA (13%), PRI IEr 25T
GiiteEE . Walsh 4 ™ R BUZE B A= L% HIE
BIL, 36% KA T ke, HA 4% Fehksg
RIRM AT HRFHES . Rao % ™ BIBFIE IR & B
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FrAe LIS HIE 2L 10% KA T 3R B i
B, M 49% KA T 4y KW . A5 Lk
BRARIE S5 ™ 22 AT . FF Wang 45 PV (5%
Hh SRR T 2R R SV AV TR 2L VR 2 TR ] A 45 45 A ()5
M ERERTHEZS, ARG ESZ A,
XA R S TR EARREDL o AL, AR 2 Y
Wi E R, HEEARRE D, 25RAEMAA K.
EARFE RN, Sk B A 5 B e Sl ot 1)
ANERABE RS eh ARG IR Y6 YT R AR I A A
BB AR L HIE (9 LT BB MOAIRIR Tk 45
FERELE MR _E SR A B0 i et

MRI B Ry 2 T #h 28 % B WS 22 T H
Barkovich P43 28 4t 5 BT X6 iS5/ B i A1 43 7K i
DX AT VAL, AT A 200 e S TR 8 R B B
BT S | e BR AR BRAS Ak, DTS Bl B A AR
o I e E R FE AN TN LM R E R . 7E
“WARHRIHAR”, MR AT LG R0 A 46 WA IR R
F7 AR IR 1A YT B9 HIE LMK I TG * . MRI
r R M 473 B T B A I S A T A G )
R 2 fEARfFs, R4 WARRIRYT %
£ HIE f2LMRI Fh B st 1) 2 4B % (28%) 5
HoAh A5t E 5% BE HIE ) LK R 2 % B G
MR Y —8 FEARTFR T, WAREA MRI
W I AR (5%) BT AR AR AL
(28%) o X HE/ WARIEIR YT X8 A LR HIE A1
TEM 2R AL

FH T B R 22 A IE B 3R B — 23 A ) LA B HIE
AT B 2 R B AR, TR Z NICU J
AL HIE 248 ARE TR YT ™0 Goswami 46
T R R L2 K, Horp 36% 18T
A LR HIE UL T T WARIRIAY Y - JEEDImMHT
A J LB N B HIE 3232 WA IR VAT 7 89 L9
2010 4E 1Y 46% I TF 2 2018 4E 1) 79% ', Oliveira
S5 OV REE T S E O F TR LR B HIE SE T AR
BIT A E WA, A 360 (75%) Nk
JLEREE HIE SR ARTER YT . XSS Bonir 2
PREE A B 2 T IR R A2 L SR B HIE $2 435 R IR 3G
7, LAk AR TR

RO Z 5T R A LR HIE UL
A RERZ t8 TWARIRIGYT , (HiZIGIF A TE R X
B o FEABEZE T, WARRACEKRE . IRNE .
FARALE A /RS A | il sl ik e R 5 e A R
HAEWACRAA L 8225, mEAGRA PT K
FAEARIRAL, (F 5 20 [a] H I 05 1 & A 2R T

W10 225 . Wang %5 Y HUBIFSR A BLARIR 2HAH AR
AR A A EA BT, LAKE 2 /4 8L 3%
SERHE], P Z A R S E R S A R T
ZE5t o AWTFEAL 7 AR 25 A4 4 e ik 1] e 25 4
TARWARIR L . BARABEFER s AR IR
O R RN, AH AR IR VA T B i b 2 5 R
TR ATy T ZER AL | K] Ay BT Xk I a8 1 i
VIRTSE, LA REEALIE M sy = 2

ARFFER R BRIECLSS . B, XJE—Ti/hE
FrpbpER T, HEAEAIR; ik, R MRI
HA B JEE 45 3 2 IR IR U AT SRS P 1
(EARIEAL ) Ao 22 e T P EA AT AR 2 Bt , ASBIE ST
= 2 R T BRI RE DR -

i LR, ABRSERY], Bk )L HIE L
AR AT 5 75 MRL_E it s 19 % A= R fiE,
HRAERE X, $#2 WARR G 7 n] XS X 28
JLRA MG ER],  HOR WA ROV

S A RKARELERE S FFER
MA (FAEINLEL) Foh,

kAR ER . REARBAATA, ATAH
R EXxI, BAKER L ETWREERMER; T
AR TMRIL RGN, HRsfLFERREER
A, AR IEEEB SN WHEE R aEEG
Flag; MRFTAL, AL ATHF IR SRR B

P @b RBR: PRSP AR A EAEATA

(5 % x #
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