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Abstract: Randomized controlled trials have demonstrated the safety and efficacy of mild hypothermia in the

treatment of neonatal hypoxic-ischemic encephalopathy (HIE), which can reduce mortality or the incidence of severe
neurological sequelae. Mild hypothermia has been used in the neonatal intensive care unit (NICU) as a routine treatment
method for neonatal HIE in many developed countries, and it is increasingly applied in some NICUs in China. However,
40%-50% of the neonates treated with mild hypothermia die or develop severe neurological disability. Thus, to achieve
the best neuroprotective effect, issues such as selection of patients with indications for mild hypothermia, cooling
method, optimal time for mild hypothermia, duration of mild hypothermia, optimal target temperature, and the safety and
long-term effects of mild hypothermia combined with other therapies, need to be further discussed. This article reviews

the latest progress in clinical research on these issues.

[Chin J Contemp Pediatr, 2013, 15(10): 918-922]

Key words: Mild hypothermia; Hypoxic-ischemic encephalopathy; Neonate

I AR IR 6 1 2 Meta 23 A7 7% GIE SE T WA IR
FEIRIT A Lo S sk i M Bk 95 (hypoxic-ischemic
encephalopathy, HIE ) J7 1] {4 %2 & PERIA R0, fiE
BN L 18 J WA PG 8 3 1 H 5 5% & LR
R (RR=0.76, 95%CI: 0.69~0.84) , HJL 18 J %
P 28 D REIE 3 A2 TG 2R W] S 34 ( RR=1.63,
95%CI: 1.36~1.95) , NNT {H (the number need to
treat ) A 7, 95%CIH (5, 10) ™, HL, #H5%
Ik E 5 COR AR R 2R L HIE 7% BG 97
5P 2010 47 35 ELRRE S AR AT 1E N

[ ks H ] 2013-01-06; [ f&[F H ] ] 2013-04-09

b LE B E BRI AN, RERZE
Hlfe PR PO WA 2 TR IR KT 35 A b
JEHIE BJL, K E (5 REE ) R kS
TR CRERRMELAAGE) BRI 34 C e ty, 4k
Fr 72 h, SRIG AR/ 0.5°CHJE 8 E IR, 116
Sk A WA IR SRR RN . AT
B TIBE . K HLAROF . PRE . PR RGURE RN
IRAESE, 0 HATZER A ERE | IR 20 RIS
BIRE TR ES, HiEZ KRR EIL
A 40%~50% SET - EA T EXIMMARE LT

[#4WH ] LigHRZEEFSI S H (B HS5: 10411960700 )

[ VR ] ooklg, 55, Aid, fEpckEi,

018



155 5 10
2013 4 10 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.15 No.10
Oct. 2013

S e I, ARG AR AR L HIE LAk
Air B, (HMAFTE S BORPRR, 50K R AR
WFFERE— 20 B e ARG 6 7 57 A2 JL HIE 5997 AL,
ARG il R AN RSO o A SORE X AR I 7
LR L HIE 1l RIS ol it e —£5id o

1 mAHERE

A B R 22 oD A e 4R, AR IR YT AT
DL EHGE P HIE BJLWBUS , IRIrimE
A5 6 W' HRAE Samat SFREFEAE)S 6 h NRE TS
A AR A 7 A B L LRI, i iR i 5 i e ]
( amplitude-integrated electroencephalography, aEEG )
FEFPE R A= L HIE /Y™ 5 AU 07 i B
BRIME, &5 T 258 U I R S5 = 2ok 5
H aEEG fE N AR EZ —, {H Sarkar % " IAH
aBEG AN A VE A WARIR A7 I I AR HEZ —
B & F M WARIRIAYT HIE B PRI 5T 40 8
£ HIE, Zhou % P WY 4R/ 42 HIE LE %
AP R G, H IR X 2 5B LY ROR
B, (A PR RV Samat 1 B (HVRE) 1
HIE JBJLS LB EIIRE 24006 ™, Samat T JiE
BILBIAEARNCIZ IR TIER AL ™ H R
HIE (L& 75 o ARG 752 45 2t 2 R Y
WF5E, 02 H TR MEAR 5 2 T8 bR e AR S L
PRAT HIE AR, (OO HIE A9 84
TPARIRIGYT T ARt —LE T BEAZ 4 Y AR L

2 MERFGERERE

B LWARIRIAYY E AT & B IRIR . Bk
LSRRI A 4 B R R MR 7. Meta 2307
L ZRUESE T WA 7R 1A Y7 A4 L HIE J7 1 2 A #f
AR E, (EBA UESE 2 B R A R I IR
SR T BRI AR A 4G Ll A AR TETR Y AX
AT B BT L A AU . vKAR . RN A SR %
A, HETE 2858 U 2 bt I RIF 5 o T I
RRIRIT AR B 5. F 2 R R EZ TR
T — SRR AS 1) 18] 2 B R RO . BERS VK4S BE
FUAZ VR, St A AR v 3 g N s R e — YR
WE kS, (R BEAE 7~10°C @ vKEER %) |
Y H W e B AE 33~34°C, BA WAL, #4E
IS S ICE IS R B & . S8 H I B i vk
ESRE U AT RO S 4 B IR ', Thomas % ' 38
Xt 20 44 e BE g £ LIV FHEEIS vKAS AT 4 B
WA AT, WS AT 5 A FH A 358 i vk A% R R

7 (6 b 3R B RN 4k 45 AR TR T IR 1 H AR IR
Bharadwaj 4§ U P vk A St A IR, %o LB
Vi 6 A~ H &AL A T 20 1 9 5L 2 I p 28 %
BIEOAF X B4 . Horn 25 A7E R AE vk 1
AR MR A vk i SRR, REDLE A T
RERGE iR HARIR S, 76 S0 W ARIRIA T 1Y 2
FRA SR P AN B o Kendall 25 PV RS
BB = Ly IR BT, 7 W T R
BT HEAT 9k 2 B T — A O i A A ) S it ST I
TRIT AR . (R e A 5y MRy =X A R TSR
T A 7 54T e B — 2 e R VPAY o
3 HRRATTRIBT B E
3.1 HiZg i REAETT
R T B R PR b % AR A AR 2 A R
TE 2 R g M iz 38 v S WA IR IR YT A L R
#E P K CPQCC 1 CPeTS ¥ i n 78
B2 WARIR AT B HIE LY, 69% Y LR
BIEHPAT T RERAEE, 5 HAL RCT BRI L,
5B ILIRGIE A FITREAK P, Johnston %5 P BIF 5% %
Az Al IR 45 ) RS EFE 128 P RE R A 5K
i RO R EE IR B 33.5°C, BISAIA YT HUO I R
W 7E 33.4~33.8 °C Z [6], Hallberg %5 ™ FlI
Anderson %5 2 3 53 56 VA A A0 BRS A BT (R %
it 7E 2 i i v SR B R, BIAIR YT G B AR
HRIR E 43 HARIEEE . TOBY i3 . ICE
R ER A LR iR s T TRIRIAYT -
Kendall %5 " f il 22 B %%z 22 B 2oz F Wk sh i
TRAENE 89% Y HLIKTEIFK . Fairchild %5 1 X} 50
3552 WAL IR A YT 19 HIE BULHEFT T (R4
BILE e )2 EA St g sh PR, R A B
I B vk AR St E Bh R ) L 34% B L
IR <32°C, AR AR FEAE Ar iR IR SL I = 45
PR5IE M IR E M IR B 2R, ez
WH, BRI, kG B R R
Zanelli %5 PV 308 T 2 44 B B i b R AT
B, FEGT R (29.2CH129.6C) .
3.2 W4 6 h EHRITKERETT

H A 43 AR IR G 7 A kAR IS 6 h P,
R385 HIE LT Regs i T AR a7 i H) %,
WRWARIR AT BT E EE 2 A= 6 h 5, KA
ZREILZ 5. LA 10 h 2 NP E R
HIE 2 LBENLT J 4 5 WARIE . (n=46) FIX}IE
A (n=47) , 455 BoR WA 410 50 ol Hh d 5 5%
PR EMCT X Rl 2 WA bR e

919~



155 5 10
2013 4 10 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.15 No.10
Oct. 2013

6~10 h Z L ARIRIGYTY, BILARAE ALY 18
H G e B R AR AR R S AR 6 h Z N3 AR
HBIRIT I IR, %78 45 4R R HE IR 1 AR I
TR HIE LR L, (B Fs Zak— 2 1k
ROERE S E N

4 RITIHERE

BE BRI AE 6 h WG WARIEIGYY, JFEF
Rk R YERE I it iR, A ARHIEAR
PR E R o B T8 LIS G st Ta] X LR A2
H A IR IT FREe Bt Ta) 2270 48~72 he 6 MR
RIS N IAYT RS AR 72 h, Gunn 5F P PEATHY
FRELIHE] g 48~72 ho, K R] PR EAG f 2 A4 AR
FH, AELTR] st 2 338 Jn e 1l ) 136 e i A 4 B J g
ERRN M EAR, BRrd A B 72 h B
IPRLB RS . ARk, B IR YT RS ] 3 A
W JGE R

5 REEBrHIBIREE

2P BRI T VARG R L B A5 3012 1 B
I, —S6i{ 50 2 B 2 TR IR R B AR i b 2 £
PR, Compagnoni 25 P HE 47 it — 33 [0 Jo51 4 AF
FERF LA XTI (n=11) | BRI (%
TR U B 4E HAE 32~34°C, n=10) K IR AR R 4
(oA i Y B 4 R 7E 30~33°C , n=18 ) , X A2 i 2
AUMRI 575 MR 28 K B 518 500 3805 T B AR
FELH, MREAREH Z RG2S, HAW
EF| AN RN . H R I AR E 3 2 Rk
TR VE— L BT BB LA 25, PR bl R R P o A
R R e R, IR YT R T R AR TR TR
33~34C,

6 SR

BRI E e IERR, R TR BT
A AR Y HOR B 0 sh Y S8 R . B
L TR HRER, LENIZ MR, SR
FFTE 25~26°C, WJEFEHITE 55% ~60% . 85 2
HZEM, BE=5h, (KR ET< 0.5C /he #ER
P A R S R AR A MR TS . S Bk e il
EEIM T BE RS RS 45 P Battin 25 Y HR3E 1 134 L
TE A R R P B s BRI R . DR okl A2 R A R AT
SWEIATIR , IR IEH 55 4 h I — AR

7 TRERBEEEMIBITHE

I PR35 UE 52 T P AIRIR IR 7 HIE A9A 30k,
AR IR A Ho ARy 7 7 e 15 il DLARAS A Al IR
R WE? Wu ZE PN HIE B E 4 b 44, HU4%
TR A L ZE (EPO, 250 Ulkg, n=3;
500 U/kg, n=6; 1000 U/kg, n=7; 2500 Ukg, n=8)
A ARIRIAYY , 3T I EPO ¥R AR 2R T T FL
BT, W EPO FH4 1000 Ulkg BB A A
BIGYT HA i & e, SCsrhJestT
B E N BN KA, Fan 25 B BESY 2 WK R
XA EPO (5 KU/kg) RERE 26% MEth: K BRAYHIZE
KEEER, Fang % PV A S 7 d KRB BRI
RS HIJFENZ) . 24 h J2 1 843531455 EPO (1000
Ukg) XA 8 h M BIRIGYTY, HIJ5 2 JAA 6 4
oz IR (eylinder rearing test ) F1ZH 4
PE AT IR A2 SRR S iy, S5 R &
A 2 BITEI B 2200 A5 7 B HE KR,
A ARG T A ALV ER], AE B EoGs
e IS P Bl A R M AR,
e 2 A A A 2 R P R A IR
REVRC/ZD G MRS A9 58, 9020 R 2 XSl 1Y) 240
Ja T B, Chakkarapani % ™ 3 35 52 56 5000F T %
PG 12 R G T A1k o

8 IRiESZFEJLHIE

AT AS 375 48 3G IR BE 75 7200 T = L
145 ¥, NICHD i3 "', CoolCap i % ', TOBY
IR P RL R RN BIMEL ™ H LB 28 A bR UE R I
= 36 J&, ICE XL " Fl Eicher 25 ™ 147 (191436
G = 35 JH, Laura %5 ™' Fl Azzopardi 25 ™ X 34
JE Y HIE 5™ ) LSgits 4= B WARIR IR T bt i & 18
AR RS H, s bR = LR 5 46 T
TARIRIAYT 2249, Hall 45 1% 15 Z -G 5t
P/ NAHLE I R N4 il R =)L (Bl 27 J8)
BT RIEVRIGY, SRR TACRIRIT KK
PEJLH L, B SR IER, HER R TARIR G
7T REAT I IR BEE /NI 25 B 96 N 22 4 B T8
(RS /NG IS 1Y HIE LR 22 2 nf510 . A 1Y
FEORHAA I LR )L HIE T AR T
WAIRTHE— 2DV L 22 MR 2

9 WRIEATTRIIZHAMRIFZIR

Z I RCT WESTIESE R, ARG YT AT DARE

1920~



FISEE 10
2013 4 10 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.15 No.10
Oct. 2013

HT A2 L HIE (98 56K N 18~24 A H B 7™ 5 15 5%
() A A R PO fH S ) SR AN{AT 2 Shankaran 25 %)
X HE A7 1 WAR IR VA YT HY HIE BLBETT & 6~7 %,
WAL A Y 21 45 A 2 32 WA IR IR YT 4 AH e A8 %
ol E AT R ) e A R R BRI (RR=0.72, 95%CT:
0.54~0.97, P=0.03) . Guillet % “" %}£: 5 CoolCap
R Y Y HIE LI TR IR UG 2 7~8 % JF 1T
PATIRETEANY, 45 R R HBIL 7~8 & [Hf
ZINREIEM 45 R 5 H 18 N H B A1 2 T RE I 25
A, $n 18 4 A MM AT Re v HAT AR S Y
I HIAE. N ERTE &k RTFEERA,
WARIR AT B )L HIE A9 B R A5 1A

10 THRIEBTHIA R R

ARG TT AT DA RSO3t g2 . QT (Al
SER MO EOR O D R I S
VAR 35 A Dl /0 il 3 1 5 0 B 1) 7 A, A i of,
BB S, BRI IR R e 4 B (1
MTREFNM R RE B, FEAUVA MM >, A4l
Mg /b, SIEEEMBEAT . L, FE0 . O S
WAL 2 S E DR E, LR HBR
i, SFEACHERR P B nURE A U

HIE JZ8 A ) LI W, HIE 784K FE K1
IR A 1~2/1000, 1 7E % J' o [ 504 0L,
St AR 400 T3 B A LBE TR B 99% KA
fEREPEZ, /4 SEFEEEBA L™, HAmH
PUHIE 2%, WalEBAILIET, fFIGEEAEEEa
AN FRBE I 3 . ik R B AR AE MR
ST L HIE (8 BIE T 7 ik . BEAE X HIE 5 3
A B ARG I B F 28 AR B ] A AS W IR AT 5 LA
KR R, g k& v E RIS A 1
AR IR 521, A 58 22 1Y RCT BFFE ke b 3 [m] 01

(& £ X k]

Shankaran S, Laptook AR, Tyson JE, Ehrenkranz RA, Bann C
M, Das A, et al. Evolution of encephalopathy during whole body
hypothermia for neonatal hypoxic-ischemic encephalopathy[J]. J
Pediatr, 2005, 160(4): 567-572.

Azzopardi DV, Strohm B, Edwards AD, Dyet L, Halliday H
L, Juszezak E, et al. Moderate hypothermia to treat perinatal
asphyxial encephalopathy[J]. N Engl J Med, 2009, 361(14): 1349-
1358.

Gluckman PD, Wyatt JS, Azzopardi D, Ballard R, Edwards AD,
Ferriero DM, et al. Selective head cooling with mild systemic
hypothermia after neonatal encephalopathy: multicentre

randomised trial[J]. Lancet, 2005, 365(9460): 663-670.

921

[4]

[5]

[6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Simbruner G, Mittal RA, Rohlmann F, Muche R. Systemic
hypothermia after neonatal encephalopathy: outcomes of neo.
nEURO.network RCT[J]. Pediatrics, 2010, 126(4): €771-e778.
Zhou WH, Cheng GQ, Shao XM, Liu XZ, Shan RB, Zhuang DY,
et al. Selective head cooling with mild systemic hypothermia
after neonatal hypoxic-ischemic encephalopathy: a multicenter
randomized controlled trial in China[J]. J Pediatr, 2010, 157(3):
367-372.

Jacobs SE, Morley CJ, Inder TE, Stewart MJ, Smith KR,
McNamara PJ, et al. Whole-body hypothermia for term and
near-term newborns with hypoxic-ischemic encephalopathy: a
randomized controlled trial[J]. Arch Pediatr Adolesc Med, 2011,
165(8): 692-700.

PN, DRI . JA SO . AR IR YT A ) Lt S e 1 i
Tl RAICR 9 Meta 2347 [J]. AP EFEIE LB | 2000, 4(4):
340-348.

Tagin MA, Woolcott CG, Vincer MJ, Whyte RK, Stinson DA.
Hypothermia for neonatal hypoxic ischemic encephalopathy: an
updated systematic review and meta-analysis[J]. Arch Pediatr
Adolese Med, 2012, 166(6): 558-566.

Perlman JM, Wyllie J, Kattwinkel J, Atkins DL, Chameides
L, Goldsmith JP, et al. Part 11: Neonatal resuscitation: 2010
International Consensus on Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care Science With Treatment
Recommendations[]J]. Circulation, 2010, 122(16 Suppl 2):
S516-S538.

Perlman JM, Wyllie J, Kattwinkel J, Atkins DL, Chameides L,
Goldsmith JP, et al. Neonatal resuscitation: 2010 International
Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science with Treatment Recommendations|J].
Pediatrics, 2010, 126(5): e1319-e1344.

Sarkar S, Barks JD, Donn SM. Should amplitude-integrated
electroencephalography be used to identify infants suitable for
hypothermic neuroprotection?[J]. J Perinatol, 2008, 28(2): 117-122.
van Handel M, Swaab H, de Vries LS, Jongmans MJ. Long-term
cognitive and behavioral consequences of neonatal encephalopathy
following perinatal asphyxia: a review[]J]. Eur J Pediatr, 2007,
166(7): 645-654.

de Vries LS, Jongmans M]J. Long-term outcome after neonatal
hypoxic-ischaemic encephalopathy[]J]. Arch Dis Child Fetal
Neonatal Ed, 2010, 95(3): F220-F224.

Thomas N, George KC, Sridhar S, Kumar M, Kuruvilla KA,
Jana AK. Whole body cooling in newborn infants with perinatal
asphyxial encephalopathy in a low resource setting: a feasibility
trial[J]. Indian Pediatr, 2011, 48(6): 445-451.

Bharadwaj SK, Vishnu BB. Therapeutic hypothermia using gel
packs for term neonates with hypoxic ischaemic encephalopathy
in resource-limited settings: a randomized controlled trial[J]. J
Trop Pediatr, 2012, 58(5): 382-388.

Horn AR, Woods DL, Thompson C, Eis I, Kroon M. Selective
cerebral hypothermia for post-hypoxic neuroprotection in neonates
using a solid ice cap|J]. S Afr Med J, 2006, 96(9 Pt 2): 976-981.
Horn A, Thompson C, Woods D, Nel A, Bekker A, Rhoda N,
et al. Induced hypothermia for infants with hypoxic-ischemic
encephalopathy using a servo-controlled fan: an exploratory pilot
study[J]. Pediatrics, 2009, 123(6): €1090-¢1098.

Horn AR, Harrison MC, Linley LL. Evaluating a simple method

of neuroprotective hypothermia for newborn infants[J]. J Trop



5 i ] 344X S AT ol. o.
515 % 55 10 0] FE SRR & Vol.15 Ne.10
2013 4 10 A Chin J Contemp Pediatr Oct. 2013

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

Pediatr, 2010, 56(3): 172-177.

Horn AR, Joolay Y, Tooke L, Harrison MC. A servo-assisted gel-
pack cooling method for newborn infants with hypoxic-ischemic
encephalopathy[J]. ] Trop Pediatr, 2012, 58(3): 236-238.

Kendall GS, Kapetanakis A, Ratnavel N, Azzopardi D, Robertson
NJ. Passive cooling for initiation of therapeutic hypothermia in
neonatal encephalopathy[J]. Arch Dis Child Fetal Neonatal Ed,
2010, 95(6): F408-F412.

Laptook AR. Initiating therapeutic hypothermia during transport
for encephalopathy: current state and future direction[]J]. J
Perinatol, 2013, 33(3): 169-170.

Akula VP, Gould JB, Davis AS, Hackel A, Oehlert J, Van Meurs
KP. Therapeutic hypothermia during neonatal transport: data
from the California Perinatal Quality Care Collaborative (CPQCC)
and California Perinatal Transport System (CPeTS) for 2010[J]. J
Perinatol, 2013, 33(3): 194-197.

Johnston ED, Becher JC, Mitchell AP, Stenson BJ. Provision of
servo-controlled cooling during neonatal transport[J]. Arch Dis
Child Fetal Neonatal Ed, 2012, 97(5): F365-F367.

Hallberg B, Olson L, Bartocci M, Edqvist I, Blennow M. Passive
induction of hypothermia during transport of asphyxiated infants: a
risk of excessive cooling[J]. Acta Paediatr, 2009, 98(6): 942-946.
Anderson ME, Longhofer TA, Phillips W, McRay DE. Passive
cooling to initiate hypothermia for transported encephalopathic
newborns[J]. J Perinatol, 2007, 27(9): 592-593.

Fairchild K, Sokora D, Scott J, Zanelli S. Therapeutic hypothermia
on neonatal transport: 4-year experience in a single NICU[J]. J
Perinatol, 2010, 30(5): 324-329.

Zanelli SA, Naylor M, Dobbins N, Quigg M, Goodkin HP,
Matsumoto JA, et al. Implementation of a 'Hypothermia for HIE'
program: 2-year experience in a single NICU[J]. J Perinatol,
2008, 28(3): 171-175.

Li T, Xu F, Cheng X, Guo X, Ji L, Zhang Z, et al. Systemic
hypothermia induced within 10 hours after birth improved
neurological outcome in newborns with hypoxic-ischemic
encephalopathy[J]. Hosp Pract (Minneap), 2009, 37(1): 147-152.
Gunn AJ, Gluckman PD, Gunn TR. Selective head cooling
in newborn infants after perinatal asphyxia: a safety study[J].
Pediatrics, 1998, 102(4 Pt 1): 885-892.

Compagnoni G, Bottura C, Cavallaro G, Cristofori G, Lista
G, Mosca F. Safety of deep hypothermia in treating neonatal
asphyxialJ]. Neonatology, 2008, 93(4): 230-235.

Battin MR, Penrice J, Gunn TR, Gunn AJ. Treatment of term
infants with head cooling and mild systemic hypothermia (35.0
degrees C and 34.5 degrees C) after perinatal asphyxia[]].
Pediatrics, 2003, 111(2): 244-251.

Battin M, Bennet L, Gunn AJ. Rebound seizures during
rewarming[J]. Pediatrics, 2004, 114(5): 1369.

Wu YW, Bauer LA, Ballard RA, Ferriero DM, Glidden DV,
Mayock DE, et al. Erythropoietin for neuroprotection in neonatal
encephalopathy: safety and pharmacokinetics[J]. Pediatrics, 2012,
130(4): 683-691.

Fan X, van Bel F, van der Kooij MA, Heijnen CJ, Groenendaal F.
Hypothermia and erythropoietin for neuroprotection after neonatal
brain damagel[J]. Pediatr Res, 2013, 73(1): 18-23.

Fang AY, Gonzalez FF, Sheldon RA, Ferriero DM. Effects of
combination therapy using hypothermia and erythropoietin in a rat

model of neonatal hypoxia-ischemialJ]. Pediatr Res, 2013, 73(1):

1922

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

12-17.

Hobbs C, Thoresen M, Tucker A, Aquilina K, Chakkarapani E,
Dingley J. Xenon and hypothermia combine additively, offering
long-term functional and histopathologic neuroprotection after
neonatal hypoxia/ischemialJ]. Stroke, 2008, 39(4): 1307-1313.
Thoresen M, Hobbs CE, Wood T, Chakkarapani E, Dingley J.
Cooling combined with immediate or delayed xenon inhalation
provides equivalent long-term neuroprotection after neonatal
hypoxia-ischemial]J]. ] Cereb Blood Flow Metab, 2009, 29(4): 707-
714.

Faulkner S, Bainbridge A, Kato T, Chandrasekaran M,
Kapetanakis AB, Hristova M, et al. Xenon augmented hypothermia
reduces early lactate/N-acetylaspartate and cell death in perinatal
asphyxialJ]. Ann Neurol, 2011, 70(1): 133-150.

Chakkarapani E, Thoresen M, Hobbs CE, Aquilina K, Liu X,
Dingley J. A closed-circuit neonatal xenon delivery system:
a technical and practical neuroprotection feasibility study in
newborn pigs[J]. Anesth Analg, 2009, 109(2): 451-460.

Higgins RD, Shankaran S. Hypothermia: novel approaches
for premature infants[J]. Early Hum Dev, 2011, 87 (Suppl 1):
S17-S18.

Eicher DJ, Wagner CL, Katikaneni LP, Hulsey TC, Bass
WT, Kaufman DA, et al. Moderate hypothermia in neonatal
encephalopathy: safety outcomes[J]. Pediatr Neurol, 2005, 32(1):
18-24.

Eicher DJ, Wagner C L, Katikaneni LP, Hulsey TC, Bass
WT, Kaufman DA, et al. Moderate hypothermia in neonatal
encephalopathy: efficacy outcomes|]]. Pediatr Neurol, 2005, 32(1):
11-17.

Laura F, Mori A, Tataranno ML, Muraca MC, Rodriquez DC,
Giomi S, et al. Therapeutic hypothermia in a late preterm infant[J].
J Matern Fetal Neonatal Med, 2012, 25 (Suppl)1: 125-127.
Azzopardi D, Robertson NJ, Cowan FM, Rutherford MA, Rampling
M, Edwards AD. Pilot study of treatment with whole body
hypothermia for neonatal encephalopathy[]]. Pediatrics, 2000,
106(4): 684-694.

Hall NJ, Eaton S, Peters MJ, Hiorns MP, Alexander N, Azzopardi
DV, et al. Mild controlled hypothermia in preterm neonates with
advanced necrotizing enterocolitis[J]. Pediatrics, 2010, 125(2):
€300-e308.

Shankaran S, Pappas A, McDonald SA, Vohr BR, Hintz SR,
Yolton K, et al. Childhood outcomes after hypothermia for neonatal
encephalopathy[J]. N Engl J] Med, 2012, 366(22): 2085-2092.
Guillet R, Edwards AD, Thoresen M, Ferriero DM, Gluckman PD,
Whitelaw A, et al. Seven- to eight-year follow-up of the CoolCap
trial of head cooling for neonatal encephalopathy[J]. Pediatr Res,
2012, 71(2): 205-209.

Polderman KH, Herold I. Therapeutic hypothermia and controlled
normothermia in the intensive care unit: practical considerations,
side effects, and cooling methods[J]. Crit Care Med, 2009, 37(3):
1101-1120.

B, B BT AR LB BRI PR IR W 5367 R B )]
rp SR LRHR S | 2007, 9(4): 289-292.

Sankaran K, XJ¥% . WEARIELXS 7 AE ) Lt 003 i) it 22 BRAP VD -
AT KA AR AT (0], T R AULRRE | 2010, 129):
597-601.

(AR A7)





