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Types of acute hypoxic-ischemic brain injury due to perinatal sentinel events in
neonates
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110004, China (Mao J, Email: maojian827@yahoo.com.cn)

Abstract: Objective To investigate the clinical and imaging characteristics of acute hypoxic-ischemic brain
injury (HIBI) due to perinatal sentinel events in neonates. Methods  Forty-six neonates with acute HIBI who were
admitted between January 2004 and May 2013, and who had a history of major cardiopulmonary resuscitation, were
enrolled in the study. They were classified into full-term and preterm infants to analyze the clinical and imaging
characteristics. Results ~Among full-term infants, the incidence rates of white matter injury, cortical injury, basal
ganglia /thalamic injury, and brain stem injury were 95%, 90%, 75%, and 65%, respectively; among preterm infants,
the incidence rates of white matter injury, cortical injury, basal ganglia/thalamic injury, and brain stem injury were 73%,
23%, 19%, and 15%, respectively. Compared with full-term infants, preterm infants had a significantly lower incidence
of gray matter injury in the cortex, basal ganglia/thalamus, and brain stem (P<0.05). About 46% of all subjects had
multiple organ dysfunction. The 20 full-term infants with HIBI had typical clinical manifestations; 19 (95%) of them had
moderate or severe neonatal encephalopathy, with mixed lesions on magnetic resonance imaging (MRI), and moderate or
severe basal ganglia/thalamic injury was found in 68% of these patients. Multiple organ dysfunction, various abnormal
neurological manifestations, and arterial blood pH less than 7.1 were closely related to moderate or severe brain injury.
Conclusions  White matter injury is the most common type of HIBI. Gray matter injury can be found in preterm
infants, but the incidence is lower than that in full-term infants. Moderate or severe neonatal encephalopathy is mainly
manifested as basal ganglia/thalamic injury on MRI. Evaluation of multiple organ dysfunction and abnormal neurological
manifestations and early blood gas analysis are very important for the diagnosis of neonatal HIBI.

[Chin J Contemp Pediatr, 2014, 16(6): 589-595]

Key words: Hypoxic-ischemic brain injury; Cardiopulmonary resuscitation; Basal ganglia; White matter; Neonate

LR ] 2013-12-105 [ 52 H ] 2014-01-12
[PEHEEIA ] B, L, BRI, WiLoroess.
[fEES ] B, B, #%.

589



ERGECE AR
2014 4F 6 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.16 No.6
Jun. 2014

Bl 7 300 W 97 B ™ I 52 95 B R Y e O R g
e fphe S M L O A P 28 R G0 S BRE 1) R AR R
REAR, i o B e Sl 0l M i (hypoxic-ischemic
encephalopathy, HIE ) il j5 Z A, &#iE LT
R Z e i gk m e R Rz — Y, Hi,
HIE (R0 5 S B2 IR N 3 B o i v A Lzt 1)
M REIE 1 AR H HE RN,

B AN R PR ety i e . iR AR %R
S W Bk 45 1 25 34 AT S 3 PR R A It A A
T 900 i 2 95 P (major cardiopulmonary
resuscitation, MCPR, 145 [ 8.0 8 ol A 465,
OAMEIE RV FIRER ) ZREILSE T ™
FAA R G MER I BAGN P, Apgar P44
A I0% Bl K i A PE 5 R ™ R A SRR,
JIE) Apgar Vo3 HA —E F0HE:, JBE sl bk I SR A4
WX, P, MCPR ATRESZ PPN AU 1 4% WL
FEPRZ —

Ak TE s R B 14 (hypoxic-ischemic
brain injury, HIBI ) 28 =2 R0 K BiA% A5 45
WEoETe i, AFTER A R R0 8Lk it MRI
M i B 2 fh 2 M, HF MCPR &L IR IR
FAGRER R AT B . ABEIE B IR 2tk
R AR X AN [+ i 2 B TSGR AR LI A5 A9 R A
1 ZRERZE
1.1 HRWK
2004 4 1 H % 2013 4F 5 H 3BT LR b7
WOIB R 2 O HIBL AR L 46 1, £56 T I A
PdfE: (1) fF7E MCPR 525 (2) B MIH s &
FGEIR CEPURE. WUk, Jsih RS,
SERLAMTRER) 5 (3) FIHATERS MRI KA ;
(4) BROMPIXMAERGURGE . EREF T i3
AR . S AL R I AE S . Hedh 55 36 14,
110 By Y 35.5+3.5 & (28.3~403 ) , if
HERE 2467 + 854 ¢ (1030~4100¢)

1.2 & MRl &

G A B 8] 52 95 5 6+£5d (1~26d) , MRI
¥ H Philips InteraAchieva 3.0 T I PRAN . B
JLIEATH L MRI K2 DWT 4. i AR L
ZANBUK G A, KA O, HE
PH BT MR GERE P24 A HI PR s 52 04 75

BB [E] oA 205 H 25 5
1.3 ®REFENRDE

HIBI A4 (1 )BNZHZUKM; (2)FE)ETT -
Fefilfitn (5. vy EEE) 5 (3) BTt (.
o HIE ) (4) KER gL d L H1E); (5)
FB (CWMD ) (Japkh Bl izl gRig Al ) ;
(6) Mt =X - EP I, s
Jo I R PO A S IS

LT — B X B 2 oy o iR B rh
FEFNE R, BB R Rk RN w5
W H AT IR AMUAZ R ) 85 5% TS
ZIEVER, TN SV BN ki Ve ) S
JEG S5 CGRETE T2 AT L) |, FTRER M BEIE
T — P DX A AN [R5 B 45 A A IS
- el XTI B R AR T R AR
BR8P,

i 7 e R e 1T N e 2 - 1
P L FE 20 BRI, T S M A7 =z ) 3 B 3
b, BESJAER R, SR ERNAR, S
PRI A R REFESE, Ry,
R 3 AT AR FRA /S5 Sl b B+ 2547 P

R 23000 0 ol AR 5 B e B A S, B e
51 JARIMIK A BT RE S, 1| AR K2
e . BES e i ah 1~2 40, i
Bith 3~4 kb N EE 4R 2T 37 RO E R

CWMD (1) MR 2 Wi 53 AR HE N R Miller J7
2O RHE TIWL, T2WI Fl DWI 5% S5 06 43
Jpe (1) JakbtE CWMD: BN =AM . 2R
HOHABARADAEEZA (< 340) Rk,
(2) J7ZM CWMD: W2 A 2 Bl AEA
WETHARZ R (R >34, 82 REEA
= 2mm, SCPEABEIRIRSIG) 5 (3) 5KiE
CWMD: i % 55 0 1 BRI )2 T B 52 R
1.4 ZEEEHITS

% 2% Miller J7 37, % MCPR i & W F ¥ 43
PR THEENCAR 1 s 2 4, MAMETE 3
gy, B LR 449, BHTE R 9 4, S EME,
PR R
1.5 SHitEHH

i HH SPSS 17. 0 ik T ge it o0 #r, W%
BHAE £ prifE2E (R+s) B0F (%) Fow, A
(6] FLA R ¢ A3 5% Fisher K HAG LS, P<0.05 K22

590~



ERTECE NS ] P E S RILFEE Vol.16 No.6
2014 4F 6 A Chin J Contemp Pediatr Jun. 2014

SAGIEE X, LB 2Rl CWMD (38/46, 83% ) , ik WK
G, LG R E G (24/46, 52% ) | LR -

2 #R T 0 458 495 (20/46, 449% ) K ik T #1405 (17/46,
37%) o 5L, H= LA bif Bk

21 KRR ARG (WP R R DL 2R A4S ) Y R

ARG R T R A TR, PR
LA AN, o, P K 2= 42 4],
P A 0 30 4, BRGE 30 12 5, Bl S A,
B~ A DL AR SEoK R 16 9, Al o 12
B (A7 i EE 2 0, Z2esi8 fl, 4T45201) , &
PIEE 11, S 0RO ] (BB o
IS, FRi 46, RA R e B, [l E
2l AR EEEAR RSSO0 PR
545, o, SR BRI B BRAE 2 4, EJE
WP RIS A TN TR, a2 i R v P O B 57 1
1], PRl OO O O B R 1 3

36 1] B JL ' 5 min Apgar ¥ 4> < 5 4> # 18
Bl B ki S o T AR AR BB TE]  B S5 1222 h
(0.5~72h) . 32 B I5)5 6 h INBIIKIIL < 34T -
pH{H N 7.159 +0.209, BE {5} —12.4 + =7.3 mmol/L,
Horp, 1S pH /N 7.1 89 8 4911, /N 7.0 1 4 431,
BE {H KT -12 mmol/L () 12 7l Fr 5 8 L3475 ifi
RS IRT, 24 BTSN, 22 BT
MEEIRE, FHEEEIRITFINS5£34 (1~9
a5 .

L ENfeZ B 21 ] (46% ) . HIBI &
UL B2 R G e R O DLk T AR (38/46,
83% ) , HU HEPLIREHRA (32/46, 70% )
54k R 5T S w (31/46, 67% ) R BR (27/46,
59% ) o JEH LA ARTEREMA = L2 AN
S, AR R LA R A R 45 A SR B g v
fin (P<0.05) (1),

22 HEFEHR
44 1) fB L /5 MR IESERG #3475 (96% ) o #x

591

it (P<0.05) ; HAJEEBIL 441, ¥iRA R
Wi, 3 BILIGRIET - i, £
CWMD, 1 flLL CWMD 3, fEBERLRT -
it LI 1~4 FE 2.

23 HEBFEATSERIFRXER

HRAE HIE I Ry BEAR e, dF—20 2 A LA
Sy R REGSE 1B, RS 9 i, G 10
Bil; 50% (10/20) FFAHBIE A, 35% (7/20) FET-
CHEROIER 1 B, RIS faE 0T 6 ) .
Hr L EE MR AL, Sk MRT AR £ o0 TR & 45
i (1419, 74%) , FFLhirh . HEREEFRTY - Bk
Wik F (13/19, 68%) .

MR FEAR 06 5T SR A A B, s 46 il
HIBL B Lo e B . WP B CIRA B
JE UL TR 28T 4 B A ) P . o,
BRREA 13 0, hREEL 18 B, EEE 156, A
FEERIIAY 3 4118) 1 min, 5 min Apgar PF5 N 2 B
BHBREEZRILSITFE X (P>0.05) , HILS
pH {E/NT 7.1 X Z 8B URe2 2 5 PG % V)
&, W3,

F1 TERBRBILEEREREEZNLE [#] (%) ]
o T JEhR WEKOD L EBMR
AR g grew mw T
=37 20  630) 18(90) 20(100) 18(90)  18(90)
4~ 14 204) 10(71)  11(79)  536)"  8(57)"
B4 12 866" 325" (58 433 6(50)"
P1H <0.05 <0001 <0.05 <0.001 <0.05

e a5 =37 A4, P<0.05; bR'g 34 i ~ A1HER,
P<0.05,



516 % 45 6 ] P E SRR E Vol.16 No.6
2014 4 6 A Chin J Contemp Pediatr Jun. 2014

B1 EET-EREERSG 397 JHB L, PR, Apgar 743 1 min 0 4%, Smin 54y, LSS, Mob
R R EIRERE D (REERIE 95 ), BilifE 24 h 173k f5 MRIAS . A, B: MRIT1 A1 MRIT2 J5 51 0l UL K i, C:
MRIDWI J381 0] WAEAN LR — e S+ 2 5w sfn s (fsk s ) o

B2 spgMERAaRRG 337 EBE RERRH, Apgar F4F 1min 245, Smin 54F, S@EHEEI (28
SRSy 258 ), S 3 ATk MR K AL Be BBIB G MR A T LSRR TL SRS, T2 ARME SR,
MRIDWI J 1) ] DI % 55 BR8P I M i (s o (LEaiih iR ), el LRkt i (e
KFR) o

592



162 % 6 1 ) % LA Vol16 No.6
2014 4 6 A Chin J Contemp Pediatr Jun. 2014

3 JizMRABRBG 397 HBE, FHMEFE, Apgar PF4F Lmin 548, 5min 9 4y, ZAMEES, HOSMEE R I
IR (AR 84r) , 4d Rk MRI KA, A, B: UMGERTMA . SRR IRR bG8 T RS, T2 IME
FUCE. C: MRIDWIFFU R WG A AT A . R, BRI e S BRIRARIEEAE . TR AT IS 5 55 (kiR ) o

B4 HERAREGHEOREUEMBREPEERT - ERIRG 36" FB L, AR 24 ORI I LOBRTR
LSRR AN RS R RN (S EE T 94y ), 3 dJRATk MRIAG A . A, B: DI RTA . S8 B2 00 5
DS TGS, T2AMESMAS; € MRIDWI P4 AT UL 28 55 0 U M 2 T USRI S m 55 (LLEssk iR ) |
O - el WiRiEME S R S E Y (EARLITR) o

593



55 16 4 55 6 1] Nl RIS FEY Vol.16 No.6
2014 4F 6 A Chin J Contemp Pediatr Jun. 2014
F2 WRGRBRSE [6] (%) ] *3 HEFEHZEIEERESR [H (%) 8 (x£s) ]

e s =37 34~ <34 J 2 i i jE
RIS (nzzf . A 5 (n:lJZEJ) Pl MRI 43t (fi TZ) (if’;) f;’;) i P
Sl =37 J& 3(23) 6(33) 173" - <0.05

JryktAE 5(26) 3(23) 4(33) 34 J ~ 4(31) 8(44) 2(13) - >0.05
It 10(50) 6(43) 1(8) <34 JH 6(46) 4(22) 2(13) - >0.05
Rk 421) 2(15) 3(25) I min Apgar 3?48 2.0£2.0 3.0+20 20x10 1.661 >0.05
ait 19(95) 11(79) 8(67) >0.05 5min Apgar i3 6020 6020 4.0£20 1.394>0.05
KT - Felil Smin TFr< 54> 4(31) 7(39) 7(47) - >005
B 2(11) 0 2(17) 6 h WK<
HEE 6(30) 321) 0 pH 7.18 +0.16 7.24 £ 0.18 7.06 £ 0.25 1.231 >0.05
Gl 7(37) 0 0 BE “11x-5 -10x-6 -16+9  3.304 >0.05
it 15(75) 321)" 2(17) <0.001 pH<7.1 1(10) 1(9) 6(55)" - <0.05
Jiki—+ BE>12mmol/L.  2(20) 3(27) 7(64) - >005
RE 1(5) 0 2(17) CBiN 5+3 5+3 6+3  1.568 >0.05
HhEE 7(35) 1(8) 0 I >64r  4(31) 9(50) 7(47) >0.05
GENES 5(26) 1(8) 0 il &= 2(15) 8(44) 4(27) - >0.05
G 13(65) 215 2(17) <0.05 AR 10(77) 10(56) 11(73) - >0.05
K2 AN 7(54) 8(44) 9(69) - >0.05
R 4(21) 1(8) 0 EHNIE 4(31) 7(39) 8(53) - >005
U 4(20) 4(31) 0 EIRER 0 0 427) - -
Gy 10(53) 0 1(8) EZ2L FUEAYT N 5(23) 9(50) 1493) - >0.05
Zr 18(90) 5(39)" 18)" <0.001 EZ B 2(13) 10(36)"  10(67)" - <0.05

i i 4535 3(15) 321 325) 20.05 T ask 55 AL R, P<0.0S; bR 5 B 4L G B

RAH 19(95) 4(29)" 4(33)" <0.001 P<0.05,

W ang= 37 B4, P<0.05,

3 it

S VEHIBIZE B 2 Ff 2 B, W W N
CWMD, H WK Fidifhi. CWMD & & H JLHE %
AR 2RI, OO K st 2 A LRI
o S E SRR - MO F, B
JRIER o AR UL S m RAEIR DI OC, (H
I min, 5 min Apgar iF-455 X 2 B8 55 E 50
FEEETCAH A, $R78H ML Apgar PF-23 K B 2= 2
HIBL BA R BR¥E, 7 455 1Mo B Sl RAE AR 25
EEpagii

AT LI, JEH L HIBI #2250 5% R
W, B LA S, B L& AR
fFR R B R, BIETTRRSMHAREKER
JRAEAR G, L7 JLBE BB G N e A 1) A ik mT BEAY
DA B 452 e BB X, B0 2= ol o030 mT e aod i P
P R S R ROR I, (HIm PRI B3, B “rl
IR B o PR IR 3 R B A I PRAE DR LA
B E, st — 2D SR R R AR, A
b e e N K o e A 2 B 20 o 8

HIBI 2RI 2 Fh 24, AW &I 96% f&
JUAETERG 451405, $27n MR RF5 4% 1 A 1902 e L
FEE L, MBS IR % VIFHSE . CWMD
R, R R AEE R AL,
Bl G TR, KAz BRI B REAL, X—2=
S 1) B e AR i L P S 0 R Il A AR
G B ARG P TR, R L JE R
FR A & A 5 XIS ARG B . R
5 JE 5 240 L A B AL T R B R B N 5 8 B
LRI F IR R BRI B 2t ok
HZ ) HIBL sh¥) S B0 AR

HIBI [ B2 A 55 2= 5 a4 1) P o R sp 2 st
) PIAE , AbEse 4 HIBT 288 T3 BTy -
Fr i S K X A 47, TP P 43 74 HIBI Y
PG T Ry oK B AT, R T LR R Bz
JE i o R 5 X, B L) LA i = ] L) 1 S 4 4
R G Y HGE AR AT W], CWMD 22 H
Az L HIE AR IR —Fpdii g =1, [kt =
LK UL B A5 26 1 AR AR5 TR o AL 1) ki 463
2 ) CWMD, IR - Fifiifs, 7™

594 -



ERGECE AR
2014 4F- 6 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.16 No.6
Jun. 2014

X — 22 SRR, AT RES R B LA AE L =1
PEPEBR BN R 2R AT S A DG . 4 A RN R
FAFEHIBL , Yo d BEIR A BB 3, 3 LA
FLRT - Bl £, A S 2% HIBL
A, HS MR IeMH et 20 B AL, &
FE MR Serp . EERE SRR - B L R
SOk 5T M B AU BT BN A 1 2R R — B, gk
PRI B A, SR i, HAFs:
BRI, DI s ok i e Az 3R, T 55 ik % B
PAPETCHT ARG, R IIfG PR 40 FE 5 4 473 7 R
JEAEAT o

T 2 o 6 1 R 7™ S0 sl B i PR 3R 30U 25 Xof
HIBI A2 Wr [R) BE B 3 Apgar PE4>J& PEAL B 28 )L
ZEMHIE, BAERBRME, B84 imn
M B NER AT Z I8 R0 ' L RIRH, 4
10% 8L AE IR AN AR BE B T30, A2 1% /Y
BILT MCPRY, AWF5Eh iy (B LIS AFTE MCPR
g, HESBILARZERER A, Z IR K AT
@225, 454 2010 FHEFISRMHEILERE
IR, APEFEN HPE AR e Tl ek, AR
it S IR WP TG A T SR A O, A BT
1~4 533, SR S METTE I 2= B R IR R
AT LI, Apgar PR e 25 B2 IS k4540
FPEEARBETCAOCNE, FTRES 80% L AIE)ZE
B TGN, T IR A IEAR DG T
JBF I M Gk, BT T =B IS 6 h B
Bk SR, B kin< pH {E/NF
7.1 5 EREEBG I EAEBVIME, sk
M XS AN &= B P s B Lo E L, H
BNLAER

KRBEFAFAE—E S BRYE. e, ARWF5E h [H
JPERFFE, XSk A5 MRT G A5 4 st ) TG 1 00 47 48—
MRLAE s Lk, BB sikin<sor, =EE 0
(A SR AR AR, RIE AT RERZ I Apgar TE43
Fz B Do 50 R T R, B
FEREA /D, AT REAFAE AT o

ZE LR, N REMECEERTE L HIBI I
PRI 5 G B A 0 2 B AR G, T B B4 ol
Rl R B &4, P EEE NN
P, WEEETNIIER, XA L2 &
gt fa st A 2R

595

(1]

(2]

(3]

[4]

[5]

[6]

(71

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(& % x W]

Trotman H, Garbutt A. Outcome of neonates with hypoxic
ischaemic encephalopathy admitted to the neonatal unit of the
University Hospital of the West Indies[J]. Ann Trop Paediatr,
2009, 29(4): 263-269.
Martinez-Biarge M, Bregant T, Wusthoff CJ, et al. White matter
and cortical-ischemic encephalopathy: Antecedent factors and
2-year outcome[]]. Pediatrics, 2012, 161(15): 799-801.
Amuchou SS, Abhay KL, Nalini S, et al. Neonatal outcomes
following extensive cardiopulmonary resuscitation in the delivery
room for infants born at less than 33 weeks gestational age[J].
Resuscitation, 2014, 85(2): 238-243.
Okereafor A, Allsop J, Counsell SJ, et al. Patterns of brain injury
in neonates exposed to perinatal sentinel events[]]. Pediatrics,
2008, 121(5): 906-914.
Martinez-Biarge M, Diez-Sebastian J, Rutherford MA, et al.
Outcomes after central grey matter injury in term perinatal
hypoxic-ischaemic encephalopathy[J]. Early Hum Dev, 2010,
86(11): 678-682.
Firh ., Bl 20, 45 L R LI B 16 PRI s e
FPRFAZ2E I ] RS AL | 2010,12(5): 321-326.
Miller SP, Ramaswamy V, Michelson D, et al. Patterns of brain
injury in term neonatal encephalopathy[J]. J Pediatr, 2005,
146(4):453-460.
Toet MC, van Rooij LGM, de Vires LS. The use of amplitude
integrated EEG for assessing neonatal neurological injury[J]. Clin
Perinatol, 2008, 35(4 ) : 665-678.
Volpe JJ. Neurology of the newbhorn[J]. Major Probl Clin Pediatr,
1981,22:1-648.
Scafidi J, Gallo V. New concepts in perinatal hypoxia ischemia
encephalopathy[J]. Curr Neurol Neurosci Rep, 2008, 8(2): 130-138.
Alvarez-Diaz A, Hilario E, de Cerio FG, et al. Hypoxic-ischemic
injury in the immature brain - Key vascular and cellular players[J]].
Neonatology, 2007, 92(4): 227-235.
Malamitsi-Puchner A, Economous E, Rigopoulou O, et al.
Perinatal changes of brain-derived neurotrophic factor in pre- and
full term neonates|J]. Early Hum Dev, 2004, 76(1): 17-22.
Rutherford M, Srinivasan L, Dyet L, et al. Magnetic resonance
imaging in perinatal brain injury: clinical presentation, lesions
and outcomel[]]. Pediatr Radiol, 2006, 36(7): 582-592.
Li AM, Chau V, Poskitt KJ, et al. White matter injury in term
newborns with neonatal encephalopathy[J]. Pediatr Res, 2009,
65(1): 85-89.
Harteman JC, Nikkels PG, Benders MJ, et al. Placental
pathology in full-term infants with hypoxic-ischemic neonatal
encephalopathy and association with magnetic resonance imaging
pattern of brain injury[J]. Pediatrics, 2013, 163(4): 968-975.
Casey BM, McIntire DD, Leveno KJ. The continuing value of the
Apgar score for the assessment of the newborn infants[J]. N Engl J
Med, 2001, 344(7): 467-471.
Barbercevv CA, Wyckoff MH. Use and efficacy of endotracheal
versus intravenous epinephrine during neonatal cardiopulmonary
resuscitation in the delivery room[]]. Pediatrics, 2006, 118(3):
1028-1034.

(ARG TIREL)





