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[ F] B HSR AR S SR LI 5175 (hypoxic-ischemic brain damage , HIBD ) A 3 fie KK JBE
FPA I T 985 & fi L (MLS-BAEP) (5200 . 3k 16 3k 5 ~7 d BRI AERERENLAY ] 3 4 B RIEF A (n =4) (Bt
SR (HD Z2H(n=6) HIRIRZH (n =6) o K FXUIN 2508 2l bk BEL W FOATLARGE A 6% 140k & HIBD LAY
BRAEBRING 2 h R AR R KR AR 67 24 he #4120 4E HI | HI J5 12 h .24 h .36 h 48 h 60 h.72 h,
4d.7d.10 d.13 d.15 d #47 MLS-BAEP Ili{, R HI A SIEW AL, N HUJS 72 h JF4G , & B R A [h)
IR AE 25 7 KRB Rl 5 10 RITHRBHIRE , (EFR 1 BB 0o, At s B Kk TIEW A, B2 HL 5
15 d R EH . HLARIRZH M REA e T ~ I\ 1 ~ VIREIAZE HI J5 60 h 227 d, VSRS ~ V
WEIRIIAE HIJ5 72 h 27 d WS T HI (P <0.05) o £5&  HrAE HIJS IR 5838 i (19 41 8 38 23 A X &
or¥52 82, 3B 0 MLS-BAEP (1445 78 OR S0 e (5] S0 F) W B, Pl T 7 HLJR 2R 7 SRk B g e, 5 1S RATBIRBE
PRIZIEH o HIUARIEG YT ol W] sz HIBD f 145147 [PEHARILFRE,2013,15(6) :484 —489 ]
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Changes in MLS-BAEP in newborn piglets with hypoxic-ischemic brain damage dur-
ing selective moderate head cooling therapy

WANG Ji-Mer, ZHOU Wen-Hao, CHENG Guo-Qiang, WANG Lai-Shuang, JIANG Ze-Dong, SHAO Xiao-Mei. Department
of Neonatology, Gynecology and Obstetrics Hospital, Fudan University, Shanghai 200011, China (Shao X-M, Email ; shao

_xiaomei@ yahoo. com. cn)

Abstract: Objective To study the effect of selective moderate head cooling therapy on maximum length sequences
brainstem auditory evoked potential ( MLS-BAEP) in newborn piglets with hypoxic-ischemic brain damage. Methods
Sixteen newborn piglets aged 5-7 day old were randomly divided into three groups: normothermic control (n=4), HI (n =
6) and mild hypothermia-treated (n =6). HI was induced through temporary occlusion of both carotid arteries, followed by
mechanical ventilation with low concentration of oxygen (FiO, =0.06) for 30 minutes. Mild hypothermia was induced by
equipment via circulating water. MLS-BAER was recorded before HI and at 12 hours, 24 hours, 36 hours, 48 hours, 60
hours, 72 hours, 4 days, 7 days, 10 days, 13 days and 15 days after HI. Results Compared with the normothermic
control group, all latencies and intervals tended to increase significantly at 72 hours in the HI group and reached peak
values on day 7. From day 10, all latencies and intervals tended to decrease, but apart from wave I latency, still differed
significantly from those of the normothermic control group. MLS-BAER variables did not reach normal values until day 15.
Il latency, I -III interval and | -V interval were significantly reduced in the hypothermia-treated group between 60 and 7
days after HI compared with the HI group (P <0.05). V latency and Il[-V interval in the hypothermia-treated group were
also reduced compared with the HI group between 72 hours and 7 days after HI (P <0.05). Conclusions Both peripheral
and central auditory systems are disturbed by HI, which shows as a significant increase in MLS-BAER variables ( all
latencies and intervals) in newborn piglets. Involement in central brainstem auditory system reaches a peak on day 7 after
injury. MLS-BAER variables still cannot reach to normal values until day 15. Selective moderate head cooling therapy can

significantly reduce brainstem damage induced by HI. [ Chin J Contemp Pediatr, 2013, 15(6) :484 —489 |

Key words: Mild hypothermia; Hypoxic-ischemic brain damage; Maximum length sequence brainstem auditory e-

voked potential ; Newborn piglets

[ Wk H 2712012 =12 =24 [ &[0 H 112013 =01 - 13
LA A VR, 40, P, B AT BRI,
3 f e & ) SIS A, .
. 484 -



55 15 545 6 1)
2013 4E 6

W E % &L &

Chin J Contemp Pediatr

Vol. 15 No. 6
Jun. 2013

il 7 40 ot A0 ke 1t 7 1 453 195 ( hypoxic-ischemic
brain damage , HIBD ) 2 [l 1) %5 L J5 5 1 B2 A9 fie 15 AL
R ™ B AT , S e B 48 T i R A T
f& St EE WV & B (brainstem audi-
tory evoked potential , BAEP) J&— i H 458 2 WL Wt 7
R T T REAIN LA, 8 A= LR 54 i) BF 5 b Ay
BZ RN o B R BAEP 7 ) s AR 5
R 5 s R — SRR A b 20 A8 TR T A
PN AN BIFFE 4 HE 10 P SR 85 8, 3 v i 22 e Y 1
o, E B I M S W D REIRAS o B KK P31 ik
FWr 48175 & B A7 (maximum length sequences BAEP,
MLS-BAEP ) gt — Rt i A 77 7%

R TRAT il HIBD (1) i By A= FRAR AL R AR TG
SPRIRIZ PR VE AT, FAT TR R Y JC R 5 1 A i A=
BEFEAR MLS-BAEP ot ol S ik 0 Je 58 A= 4 08 A7 il L 2
PR SASWLEE , LA 0 B v, A B AR ME LA
IR 140 s P, A 3 A DL R G 5 AR D AR VR T Y
g &

1 #R5EFEE

1.1 HIBD & A& & K15 4H

HR 4 LeBlanc %07yt BEATR LY. 5 ~7 d BT
AR 16 Sk MRy 2.25 £0. 15 kg, FEHLS 2 3 41
O OE 54 (4 k) L B S Bk M (Chypoxia-ischemia,
HI) 2H (6 k) HIAIRIRZ (6 k) o FREE/S , SR [A] 8K
8230 A AT UG =5 0 2 U S50 3 ik At
BRI, #ERESE R E 1 h, HLBEE SR A 6% 14,
A, [ st BELT S 55 2 ik A3t 1t 30 min, HIBD A7
SR VR W A SRR BE SRy 40% |, T U 38 3 fik
PRIZHET:
1.2 {KiEXERRERN

HI J5 2 h &30 BEER AR de s Ja , AR 20 2R 12
S IR K BRI AT 1 K BB ARIR VAT o ZEFr S R
BER 35 £0.2°C, Hr4k 24 h, JTIR4EHE7E 36. 0 =
0.2°C , (F1ELEIREEG , AARR IR # AN HTT
TRIRIAYT , dEF5 AT AE 39°C 22 ] (397 A 5% 1F % 1R I
38.5 ~39.5C) , £ 0¥ R FH o FLBL Al S XHAE VR
I, AEHF IR H S PR IR B N PR

1.3 MLS-BAEP iz

K FHZEIE Nicolet A=) & ¢/ W] A= 77 1) Bravo 75
KA, 4T MLS-BAEP £l K 54 e i o3 bro /2
HRZKH . AR FE 0.1 ms WHAR R S, 7E
o B 60 dBnHL 7558 #E47 91 227 455 11910 ¥k/s
KRR R MLS-BAEP #1043 5%ic sRIEE &
Jin 1500 ¥k, 4 Hir B E] 24 ms, 43 5ic 5% HI §i JHI J5
12h 24 h36 h 48 h.60 h,72 h 4 d.7 d.10 d.13 d,
15 dfL IV P AR BIANT ~ T I0 ~ V J2 1~ V 1]
W1, HIGEAL t 125 18 B i 14 2, 26 AR TR
[E](RP 12 h .24 h) KTk, HABRTE] 2355 HI 414
X () HIJE 36 h A7 S PR AL FIRES 12 h, 4%
HHE) o
1.4 ZitZEoHh

KHH SPSS 11.0 it # ik 47 Geit 2= b 3L, e
ARAE I £ 2% (v £5) FRoR, AL E L5
X One-Way ANOVA J5#:,P <0.05 HERAHR
ET-3'E
2 #R
2.1 FEMFMEERT BAEP I8 #5078 K H#5
Vietpia:ukigt

HI A FNER A T ~ MEREHAE 91 /s iR
AT, HBH T R (PR m ) ARl
ZERAGI R X (F =3.963,P =0.035) , MTEHK
e PR R A 32 (227 ~ 910 IK/s) T, BB L (72 h)
BT 22 A Ge it B SCCF B 430 R 5. 126,
3.974 6.267,P 43 %)k 0.016 0. 042 £10.008) , i}
BT e 8 A A4 AT it v 0 A e 3R LY
/N SR BT R, AR 1,

VAR A AE 91 ¥R/, 227 /s (¥ 4E HI J5
72h~13d); 455 %X/s(72 h~15d) ;910 ¥X/s(4 d ~
10d.15 d) HIMELERT, B K TIEEAH (B P
<0.05) ,#&/x HI{f VIS RIE R, W3 2,

HI ZH7E SR R R R V g R 1~
TG ) 001 247 O 8 A2, JE A 455 Wk/s Rl R R T
W, WOR UYL 455 Y/s iR 2 R Ry
USLIE
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F1 HIAFMEFAFEE ] ~MERAHERANRNBEEXTHENBEMNEZNL (ms,xxs)
iR Al 158 SEHYRT 12 h 24 h 36 h 48 h 60 h
91 /s IEH4 4 1.68 £0.12 1.75 £0.15 1.69 £0.08 1.75 £0.04 1.74 £0.05 1.78 £0. 10
HI 41 6 1.78 £0.12 1.73 £0.15 1.86 £0.21 1.77 £0.17 1.76 £0.19 1.77 £0.07
227 /s R4 4 1.84+0.15 1.88 +0.16 1.84 £0.06 1.86 £0.06 1.88 0. 10 1.91 +0.10
HI 21 6 1.95 +0.08 1.91 0. 11 2.05+0.24 1.93+0.16 1.93 +0.19 1.93 +0.04
455 /s TEHA 4 2.03 £0.17 2.02£0.17 2.01 £0.11 2.00 +0.10 2.05+0.15 2.02 £0.09
HI 41 6 2.09 £0.09 2.20£0.27 2.10 £0.22 2.09 +0.13 2.10 £0.15 2.09 £0.07
910 /s IE#4 4 2.16 +0.19 2.15+0.13 2.11+0.12 2.14 +0.11 2.20£0.12 2.18 £0.11
HI 41 6 2.23 +0.09 2.23 £0.07 2.32£0.18 2.24 +0.13 2.24 £0.17 2.25 £0.09
gkl
g a! %k 72 h 4d 74d 10 d 13 d 15d
9l /s IEH4 4 1.74 +0.08 1.78 +0.07 1.76 +0.07 1.75+0.02 1.64 +0.08 1.69 +0.09
HI 25 6 1.82£0.16 1.91 +0.18 1.98 £0.27* 1.90 +0.18* 1.79 +0.08" 1.77 +0.07
227 Wk/s IR 4 1.88 £0.08 1.91 £0.09 1.90 £0.08 1.88 £0.05 1.79 £0.06 1.82 £0.15
HI 41 6 1.98 £0.13® 2.07 £0.19 2.17 £0.29* 2.06 +0.24 1.95 £0.09* 1.97 £0.07
455 /s ERA 4 2.02 +0.09 1.98 +0. 11 2.04 +0.10 2.03 £0.08 1.94 0. 14 1.93+0. 14
HI 2] 6 2.18 £0.20° 2.20 £0.19* 2.36 £0.21*"  2.22 £0.25° 2.11 £0.08" 2.13 £0.09°
910 Yk/s IEH4H 4 2.15+0.13 2.11£0.12 2.20 £0.10 2.17 £0.11 2.11£0.13 2.07 £0.15
HI 21 6 2.34 £0.18" 2.30 £0.17* 2.46 £0.25* 2.35+0.18" 2.28 £0.13* 2.28 £0.05*
a: HIEH AL, P <0.05:b: SIRAT AL, P <0.05
Fx2 HIAFMEFEMERE VEERBEARANRNBESEZTHRBENZTHL (ms,vxs)
EES il BiEx 2 T 12 h 24 h 36 h 48 h 60 h
91 /s L4l 4 4.64 £0.21 4.62+0.22 4.61 £0.09 4.65£0.13 4.68 £0.11 4.66 £0.15
HI 41 6 4.84£0.16 4.81+0.16 5.06 £0.55 4.83 £0.25 4.85+0.19 4.87 £0.15
227 /s IEHEH 4 5.00+0.22 4.94+0.29 4.92+0.13 4.94 +0.02 5.00 +0.07 5.00 £0.09
HI 41 6 5.22+£0.15 5.17 £0.17 5.44 £0.62 5.18 £0.28 5.22 £0.26 5.19 +0.18
455 /s IEWA 4 5.47 £0.30 5.43 £0.29 5.43 £0.14 5.39 +£0.12 5.47 £0.17 5.48 £0.20
HI 41 6 5.64+0.12 5.60 +0.21 5.65+0.58 5.61 +0.28 5.62+0.24 5.62+0.20
910 /s TEH 4L 4 5.98 +0.30 5.99 +0.26 5.96 +0. 14 5.98 +0. 18 6.05+0.21 6.02+0.18
HI 41 6 6.04 +0.08 6.06 £0.19 6.27 £0.52 6.06 £0.28 6.04 £0.26 6.04 £0.10
gk 2
i % s % 72 h 4d 74d 10 d 13 d 15 d
91 W/s IEH4 4 4.68 +0.09 4.70 +0. 13 4.69 +0.09 4.67+0.12 4.59 +0.18 4.59 +0.17
HI 2] 6 4.97 £0.21* 5.08 £0.35" 5.40 0. 63" 5.15 0. 50" 4.87 +0.10° 4.95+0.20
227 /s IEHH 4 5.00 £0.06 4.99 £0.04 5.05 £0.09 4.98 £0.10 4.92£0.16 4.93+0.36
HI 21 6 5.36+0.23° 5.39 +0.33" 5.81 £0.67* 5.52 +0.57" 5.24 +0.16° 5.35+0.22
455 /s IEHA 4 5.42+0.10 5.39+0.15 5.49 +0.19 5.44 +0.10 5.34+0.22 5.25+0.25
HI 2] 6 5.78 £0.23" 5.79 £0.26" 6.20 £0.60™"  5.91 +0.52° 5.68 £0.16" 5.71 £0.18"
910 Yk/s IFEH4H 4 6.02 +£0.13 5.96 £0.14 6.03 £0.13 5.98 +0.14 5.96 +0.28 5.88 £0.32
HI 41 6 6.21 £0.21 6.25 £0.29* 6.60 £0.57* 6.42 +0. 46" 6.18 +0.13 6.25+0.11°
a: SIEHA L, P <0.05; b: 5T, P <0.01

2.2 HI % HI j5i& # % 3 #B{K & Xt MLS-BAEP
A

2.2.1 HI 4 HI &% 20 Fo 0E 5 20 & 0k 1K B A
455 R/s Rk & Z A TROAT R 69 AL FER SR
i 60 dbnHL F1 455 /s HIMEHE X F ,HI J5 72 h
N HI ZH & WA I TC AT AT B J2 19 28 4k, {HFE HI 72 h
i, TV VRIS 55 4 R — 20 4
K88 7 Kbk E g, 5 R SR A R, 25

G2 E L (P <0.05), W5 10 RIFER T .
I, VR F4M, EE HL 5 15 d, T, V)
TR P AE 5, ¥ B 8 A [ e ) 1
41(P<0.05),

IRIRIRYT G 45 R B « Bl HI J5 B[] ) 28 4, HI
FRIRAL T Ik VB ER 01 7 45 5k ) i TG A S i A8 Ak, TN 4%
B e A HI A HU R, 22 RS2 o 3R
BITX T BRI I s
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HI IR 417E HI J5 36 h ~4 d #/a] T J V v
fRIGI%: HI A o B 09481k, (B4E HI 7 d J5, 8 T4
£, 50 13 RAES 15 RITInaT46% 8T HL 4 =
P TFARH R HI JixX A0 E &, B2 R TG T2

HI IRV B RIE HI 536 h 48 h 5

HI 20 e 2 e RG22 (P > 0. 05 ) (H ISR
WME HL 60 h J5 VR IR IIAE 72 b )5 W] 2 J6 1 HI
(P <0.05)  $&/nKiias ] i HI 5 2t < py M
V BRI 4R . TAE HIJS 10 ~ 15 d R4 1]
AR TR AR 3 2 S o gt it o 0 S, s AL mT il
HIBD I,V ORI s 4, LI 1

EL

Hf (¢

E1 HIAHREBRAMEEASKERA(HE)EISS /s RBEEXTHRENETL o 5E84A0E,

P<0.05; b5 HI L%, P <0.05,

2.2.2  HI 4 HI &% 20 Fo E 5 20 & k9% 7] B 12
455/s Rl A F TR A 69 T4 HI A s AEse
By 15 d N, 7ER A 3R B 60 dbnHL F1 455 ¥k/s il
WMELZAT HIA]D ~I I~V 1 ~ Vigaz
WrAE K . 7E HI J5 60 h Py HI 21 5 W ] 111 J5 B 4 119
A BAE HI 72 h 5 A WA 2K TS5 4 K
B — DA 55 7 KRB ik g, 5 HLAj L, 1 ~
Mm~VHMI ~VERIERIFTHEL(P
<0.05) , M7EIE & 4B A AT WA A2k, W5
10 RIF b & e [a] S0 ka T4 4, 56 13 Rift— P45,
HES 15 RADBAYKE IEH , 0 7E 1E 5 23 Fh i e 1)
AR IR 457 HI S W o 4% 8 12 19 41 )
LRz 2, %M N T ~M I~V .1 ~Vig
[ HAZE K .

IR e R S A A RA T ~T. 1 ~
VIl ~ Vg I7E HI J5 36 h ~ 4 d W[4 HI {i

TR HBEHL 7 d, 8 FEK, 513 X
S 15 RIFda T4a50, 5T HL 4 (HAK FAL
(1) HI Fip X A ) 5 (H 22 R e g it 2 o

HIIRA T ~M. 1 ~ V. I ~ Vg HI
J536 h.48 h 5 HI b 2 RG22 L (P
>0.05) fHT ~M .1 ~ VI&E]#AZE HI 5 60 h BY
WA T HI 41 (P <0.01,0.009) , il ~ V W a] A 7E
HI J5 72 h 4B B8 T HI4H (P <0.05) . $ER1K
BGF A HL R T~ M ~V. 1 ~VIig
(] B4 5, ULIAT 2,

MEEASI TSR] DL 8 AR5 HT J ki1 Wy i
PR AN JE A0 AXER 43 ¥ 2 B, KB MLS-BAEP
I ~ VA& VR A (B 30 ) B S S 4, PPl 4 53
TE HL 555 7 Kikmlg S8 G 3R B2 15 K
AR 8 IR . HUKIR A YT 7] W] 5 98 HIBD
() 2B T4 o
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HI J5 i ] (d)

HI J5 i E] (d)

B2 HIAHIERAMEFEHASIEEI(E)ESS X/s IHESERTHRMNENTN . 5EFAkE,P

<0.05; b: 5 HI 4 k4 ,P <0.05,

Wig

WL A AT R 24 10 ~ 15 ms
AN 3300 e — U L e i | e — AT i W 335 26 e
it PRI E] o AT I DAy sl 6 55— U TR | e ) L 5 0
S R— R E R, 9§ AR — U A S A
R W 175 i FL S R P ) P R S — /N T
65 ~ 100 ¥K/s. 1 H— ELAjJ5 PR G 3 3 &l
K, H L BAEP (198 X E AR A BEHS I U6 1 AT
RPIL o FEK . X8 BAEP 7P I+ DI AE 7 Ifd
SR T — 2 BRI, 1 22 W1 5 3 A U0 A 3 )
S SEORAR AR A A 1 3 i —
F R AR T 7 vk MLS-BAEP R i, s
POEURE AT 1K 1000 YR/s , A AL MBS DR T F KL BAEP J57
VA RS OHE B 52 B R AL, [N AEE % MLS-
BAEPYE Sl PR I 1B B0A, o 72 5 % ML BAEP
AR . FRLE B — R R B 2 —
I SERE LG BIBEIY , 76 n UCR RS TR LI B
A n WPTE B H53 5P . i MLS-BAEP
SE— PSPPI LS T R, B — 8
SO BT R | R 1) 5T AN R B e — B2 1
R B — PP A BB AL % T ok Ja T B L EE 4
e B A BIR B9 45 1 5 % M BAEP A — 2
B o i TN AU , 8 G 13 e, A5 2]
AR R Sl T B B I S92t S IR S92 s ot 22 v, 2 B

i MLS-BAEP 8 o 7 R s A Ak 1 % i+ i
"3 B A 28 T B A i, AL I RE I R O M 4
JCHE S ] B A2 AR 1o 1) 00 A T I 1Y B T 32 4
P2 TC X 2 RIS TR 8] E AR LI AL 33—
5 A ORI RE I R ARG , € B g T8 AR S0 e [ 391 1y W)
SRHER o PRI R A R SRR A N A 5 1
JLEFR, X AR B T MLS-BAEP Ffu#tk, A5
R B A RALUER] T X — ki

Jiang 235 70 i) FEL = 19 55 9 2 0 B L,
3 TAERE S 1.3.5.7.10 Kifff7 MLS-BAEP ],
KBV PSS W RS, ST~ VORI ~ V
e [ B 25 B SRR el e iy AR
I, AWFFEERE] HIBD B A #4575 HI J5 % H
WA I IRESTE . HI )G 72 h &R A
B[] B O A A0, S R 1 A e i, e S R e 2
ARG E . BT R IERIIRIE ] I — R, Ul
WYk ofrtid T ik — A e

HIBD I, 4 % 1k fE 1 5238, 52 M #l 22 0 % A 1Y
7 B S T O ORI A HE A 5 o 22 40 i H
Jai 5 SR A IR] Bt N AR R AT A R B IR S, 34
TN i S2E Fh] ANF [, ol 250 068 PR U2 4 5 %y 1R TR
15 NMDA SZAR45 &, 4 585 8 1 NI, 5 B IR
e, T 5 T A T, SR R T A A S R, B H I
D 2 AL HES ZETL , P2 3 S A9 ) 2D A R
IR, S 22 % A 19 4% S 3 B2 AE , N TR T HLJS 9
M EFINRERERT . BETERI, S oAk
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AEAE UL AP AR 7R HEJEEUN sk £
KO0 28T SR 4k S T B AR i 1 1 g A A
ML H o ASHFFE N A MLS-BAEP Wil 7 HIBD J5
Jigi T H A PR A58 A 1 B, B HIBD 37 A 5% B 1
SE RN TR AE HL 7 d 174k, X 5 HI
Je UK RE o v I A R (PR VR e S

A5 R IM HI J5 60 h(FH 24 TR )5 36 h)
HI {IGiR2H MLS-BAEP {5 (R 391 Finide (7] 3974 HI 41 45
i, SIEH AR LSRG 208 Lo XA R
HI J5 28 S SR IR 94T /T A% HIBD Bk 5%
i TS B A R SR HEJS 7 d 31 10 d, HI A
PRI | V I TR R 30 R4 Ueg ) 1) 11 B i) o EeAT A
HER A, 5 IE R 2 i TR R AL AT B A e
FAI , W] HIL i R A RE 52 4 b G ot 1, Sk 4 Ml
T3 R AGR A2 2 Mk 4 HI J5 i) 2tk el
SRR , R M 2T IR 0 K 2 BE R IARYT R .
HI J5 13 d JF46 , HI fIRiE 41 MLS-BAEP Jiy A 1 Fnie
LT T 45, S B G370 M5 T ) B T T
A, 5 HIBD J5 M E A 5%, 5 HL A AHLE, HI AR
VIR EL Y PR SR ) B0 1 2 S5 0 et 9 — A5 4 ok
PR S TBIGIRAE S HI J5 () P AR ph 28T 3

AT B s e HT J5 PR 1 309 ) BT 46 45
5 BB S BRI AT AT LA K L SR . B2
BUARIFFE % B, HT S5 AL VA 7 Rk /0 i B ek T €
P 3R AR ACIPIRES A AR, 3 24
PEFRT R AT 20 A o A b 2 5
JEA R PR RE T, 5 5 fiok 20E S s B 4 01, 2 o8 17 % fih
LIRS IR TA YT J5 0 25 240 I SR B8 R T 2B
SRR P2 A M 0 25 48 N Ih e ERTE R S,
S P TR A AR B B v, o 20 27 2 1 £ 5 R 4
/5, 2% BLAE MLS-BAEP | 4y 8 (R 19 0 06 1] ) 1) 45
S, DI FEL A B A B AR T R AR A

(& % X #]
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