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Abstract

Hypothermia as a therapeutic tool to improve the prognosis of neonatal hypoxic-ischemic ence-
phalopathy may have a certain impact on the physiological function of the children, as hypoxic-
ischemic encephalopathy is prone to combined multi-organ dysfunction syndrome, so it is more
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important to closely monitor the indicators of the period of hypothermia treatment. Therapeutic
hypothermia will cause transient thrombocytopenia and sinus bradycardia, other body effects are
not obvious, and may even have a certain protective effect on cardiac and renal function. Secondly,
we should also be alert to the pharmacokinetics of hypothermia; hypothermia may slow down the
metabolism of sedatives.

Keywords

Hypoxic-Ischemic Encephalopathy, Therapeutic Hypothermia, Physiology, Multi-Organ Dysfunction
Syndrome

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

2B LR SR BRI PR N (HIE) i Rl 2B J 48 A A 3R 3 B30 I 2L 2R 90 0 B8 A Bt i L 8 2 B 45 51
A HHT A LT . HIE 558 A2 LA ANBE T (i BB R R 2 —[1]. IEARIR VAT 8 A2 Lk S A4
(HIE) H Al DAL RENS 5 28 B iR, PRI AL DL RE A AR, SO HIE BH AT FB. 2R
HIE WIS 2 4 F DhREREF(MOD), LI AL AR B 2288 B ONARU R ORI M ) 2R, W& E 4
R AR B RERENG[2]. RN B LI — N E P AR A AT B R BNVA YT IR RIR RS20 . AT B AR IR
FE ARG VAT B LR DI RE I o

2. ILIEE

P A 5 2 S ECL I REFEAR[3], T ILARIRIGST A S itk — DO AET RE[4]. WFTTRM], F%
I B 20 B H R PR S KT 67%, EELR T O R GEAC, H M2 R 5], SYdE
TR A BeE V)OI FE B R e STV (B AR 5 5 [6], R REALXT L, HIE &) LAESedT] 24 /N P e 10
(B R B, X R WARIR A SR R4 F A . SRR G, WARIR AT LA EUE T R IE
WO MR RS LR BUE B - S B IR B IR 5 2 LA L, R ARIR AT ) LA 7% R W]
R[4 EUbREE TR OUE — @I RTER . Oalid SR TFHIRREIR S 5 W iR 10 i AR
e, OFRAT 80 /e, TEImMR Eog RIERI[7]. O IRAT RER t1 T M 5 BUAm i 5 R0,
MR T D5 AL[8]. FEHER FOMEARIRIG TR N AR A AR /b LR, R F AT BOA IEdE R
WARIR AT SR 2 T8 47 W 2 2R AR [ 7]

N OEEZSRE A0, SRS TR LRI - WA RGN, AT AE S e 4e, TR R S ) ik
SR 2 3 BB AL FEL 7 48 0 AT T Sh ik v s [91 o S AR TR S8 oo P i 6 BEL 7 3 n LR P W IR R AR T AR A
i FEE TR T~ 249 0 ik s v [1.07 o B ARAT AT 9 S s A S AR 9] 75 RN — S8 A 0T T T sl I v s XU A v
o2 B L ZE A SR T R [11] [12], JF BLAT R 7S O ri PR s S AT T 300 1) i o A BEL A 980, 2R &2 i s
2 T R [13] o HY BT 30 kv I 187 R A 1 P S 9 3 Ao 1 B AER T A A ke Tl ¥ I PR
&, JFHARRNT R . 5 2 55 1 2 S5 R £ DR 3 B S ) Rp 8 0 A2 i IR SR AE ) S B AT 5%, T
AEMARILIG YT o vl ik sy I i KU 5 75 B — S RUR T AR AR 5 AR AR LR YT =B L2 18 R e 2257 [7]
[14].

DOI: 10.12677/acm.2024.142528 3790 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142528
http://creativecommons.org/licenses/by/4.0/

A, L

3. Mk SAFEE

WARIE P RE 2SN MR A 24 Rl 2B DR, 7T AE T 208 L R RS A 0 sl PR A S A A b )
RE 28 D0 ik 28 AN SR SCVE Bt s 1 KURSZ [15] 0 AR FT RE 2 B2 AR T RE, AT, 3T H A e 19 AR
VAT PR VS, A2 S BUKERE A XS AN [14]0 X T H ATHERE ARG 777 RELFHRIFA
BB BT DI RE S o W TR RUKIRFEIRIG YT, A 38% [ LAFAERT DI REZ B L KX 2 1990 (& LA i
1L 2y BEFRERF [16] 8 110 VAR ¥ 7 -5 ™ (10 5 I e 5 51 2 ) o, ™ I PR S 1 o 2 23 DA R ot 1 T T g
BRGSO B2 gt S 7]

H AT CAUESSARIRIG YT 5 — i Pk A s A 5% (7], ANl 5 MEARR AR 58 (4 L/ NS> I A 2 S B0
IMIEIN[A7]e BARWATIRA 5 FF A S BRI BT DI RERENS , (EEMARIR AT T 2 D) M B -2
B8, DN ZET WSS E HIE )L S 58 % W0 R % [18] -

4. BIhEE. EEMRREMPE

—IRAN 96 44 HEAT WARIR I = S8 LIRLE T, A 36 4(38%) K4 T At BEHifi(AKI), FHIER:
ZARIRIA T 0L AKL KA AR &, AR T ARIE B AT A b, E S AR IR VG 97 T R Xt
B Ihaea — & R ER[19]. £ WARIR AT IR i B /N ER MAUE S A Z 2w, —iRaIN T 6 LU 7i(667
%48 JL, RRO0.8, 95% CI 0.7~1.0) At i, WARE G YT ELH At Bt kK AR 5 E G E)LG
Z 5[]

SR AKI 4k 4 H A I3 25 L PT RE s e AR IR VA 97 BRI AR . i — 2 1 S8 LEE AR IR YR T v H 3
AR DT S G AR A IR  ER R IR AP A IURE 5 9 o DL [20] o Bl HA DB IR, mT B S 4 IE R H 25
JEHRES T AR N RS A O, SR 75 R A AR YA Y7 I A8 Loz TR A PO AR IR | ECAES If i & 2E 2 00
Guit W ZE 7] [21], HEFEEEGHARA G S MR ERR, THSR HIE &) LTE B ZE[22]Lh
JAE SR LY TEARAT IE 5 2 I I 72 v mT R H 30 s 4 ML

STV 33 2 S B8 vy LA 2 i 1 PR AT R 2 2% R SR i 5 R UM (23] ANk ph T I W 52 22 e R 3 5
WA, GO 2RE LA RV T IS AR B R OER B R SRR L, R A ARG R T TR £ 5 0 ¥ DA B [24]
5. B

1T 2 S B L 2 005 CRAUE KR« o ERT S E BRI M [25], B2k JLRTRe s 00 B i s, AT
SEORGEME NG 2 R B L, R A RERR, R BT AR, WM
S 1l 2 R AR FRHAEAU[15] o 72— TEAERE L BB 7 b o, ARV T R G Tl N E Rt R A
1 NEC KA #[26].

6. Z54 it

EEEEERLHBIMAYATAER. TR . EiET). MBS, 29 m s £l
JH U A 44 B s R AR, AR R R 9 MR T BRI = B 7 5. 9 /S A2 25 HE i) 2 ZEis 42
WARTL IR YT 7] B 2= OB A AN A RE[27] . B 50 R I VAR I V6 97 33 100 5 i A0 e 10t Bk 25 BRCBRL R 711) (o 2
PZ . IRIAMEOAE) . AL R ot 288 ] i S Lo 25 W) AR TR 12 [28] [29], IMURIRFZERE &y, P HALL AR
SR A ) LEK . RILAEIRTT HIE PITEH50 M 1A) S 2 Rl il 259K B o Sy M A Wi 98 B s ik )
ST OISR (19 PR K 25 2R AR A 2 52 JL M3/ 7K~ [30] o FH T 32 i B A HEE, R b X T 5 ThREA
AR )L AT R E R, I TE M2 B R AR R AR IR YR T BB LA R By R A R E
[20].

DOI: 10.12677/acm.2024.142528 3791 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.142528

A, FHL

BN AR TR B IR R Pt n] e 5 e 25 3 AR . SRR AR A 0 A1 78 S0 A AL 20 B 2590 mT g i it

NERLRE, BB )L TS MZ R E . T AR A 2L e K i 254, ZIRWIE T Re 25
PRI B T S BT K [27] [31].

7. &g

WARIEIRYT HIE CON 8RR IT TB. WARR AT REXS & LI — AN E B R A A5 o /MR

D FISEE B 7 e WARR B WA RN, BRI Z AR FEAN S0t MODS A A 3 LSRR B 7 A A i
(RIS

SE K

[1]

[2]

(3]
[4]

[5]

(6]

[7]
(8]
[9]

[10]

[11]
[12]
[13]

[14]

[15]

[16]

[17]

Wang, Q., Lv, H., Lu, L., et al. (2019) Neonatal Hypoxic-lschemic Encephalopathy: Emerging Therapeutic Strategies
Based on Pathophysiologic Phases of the Injury. The Journal of Maternal-Fetal & Neonatal Medicine, 32, 3685-3692.
https://doi.org/10.1080/14767058.2018.1468881

Jensen, A., Garnier, Y. and Berger, R. (1999) Dynamics of Fetal Circulatory Responses to Hypoxia and Asphyxia. The
European Journal of Obstetrics & Gynecology and Reproductive Biology, 84, 155-172.
https://doi.org/10.1016/S0301-2115(98)00325-X

Ovali, F. (2022) Hemodynamic Changes and Evaluation during Hypoxic-Ischemic Encephalopathy and Therapeutic
Hypothermia. Early Human Development, 167, Article 1D: 105563. https://doi.org/10.1016/j.earlhumdev.2022.105563

Nestaas, E., Skranes, J.H., Stgylen, A., et al. (2014) The Myocardial Function during and after Whole-Body Therapeu-
tic Hypothermia for Hypoxic-lschemic Encephalopathy, a Cohort Study. Early Human Development, 90, 247-252.
https://doi.org/10.1016/j.earlhumdev.2014.01.014

Gebauer, C.M., Knuepfer, M., Robel-Tillig, E., et al. (2006) Hemodynamics among Neonates with Hypoxic-Ischemic
Encephalopathy during Whole-Body Hypothermia and Passive Rewarming. Pediatrics, 117, 843-850.
https://doi.org/10.1542/peds.2004-1587

Ferferieva, V., Van Den Bergh, A., Claus, P., et al. (2012) The Relative Value of Strain and Strain Rate for Defining
Intrinsic Myocardial Function. The American Journal of Physiology-Heart and Circulatory Physiology, 302, H188-
H195. https://doi.org/10.1152/ajpheart.00429.2011

Jacobs, S.E., Berg, M., Hunt, R., et al. (2013) Cooling for Newborns with Hypoxic Ischaemic Encephalopathy. Coch-
rane Database of Systematic Reviews, 2013, CD003311. https://doi.org/10.1002/14651858.CD003311.pub3

Gambassi, G., Cerbai, E., Pahor, M., et al. (1994) Temperature Modulates Calcium Homeostasis and Ventricular Arr-
hythmias in Myocardial Preparations. Cardiovascular Research, 28, 391-399. https://doi.org/10.1093/cvr/28.3.391

Lapointe, A. and Barrington, K.J. (2011) Pulmonary Hypertension and the Asphyxiated Newborn. The Journal of Pe-
diatrics, 158, E19-E24. https://doi.org/10.1016/j.jpeds.2010.11.008

Rubini, A. (2005) Effect of Perfusate Temperature on Pulmonary Vascular Resistance and Compliance by Arterial and
Venous Occlusion in the Rat. European Journal of Applied Physiology, 93, 435-439.
https://doi.org/10.1007/s00421-004-1235-x

Thoresen, M. and Whitelaw, A. (2000) Cardiovascular Changes during Mild Therapeutic Hypothermia and Rewarming
in Infants with Hypoxic-1schemic Encephalopathy. Pediatrics, 106, 92-99. https://doi.org/10.1542/peds.106.1.92

Eicher, D.J., Wagner, C.L., Katikaneni, L.P., et al. (2005) Moderate Hypothermia in Neonatal Encephalopathy: Safety
Outcomes. Pediatric Neurology, 32, 18-24. https://doi.org/10.1016/j.pediatrneurol.2004.06.015

Sehgal, A., Linduska, N. and Huynh, C. (2019) Cardiac Adaptation in Asphyxiated Infants Treated with Therapeutic
Hypothermia. Journal of Neonatal-Perinatal Medicine, 12, 117-125. https://doi.org/10.3233/NPM-1853

Shah, P.S., Ohlsson, A. and Perlman, M. (2007) Hypothermia to Treat Neonatal Hypoxic Ischemic Encephalopathy:
Systematic Review. Archives of Pediatrics and Adolescent Medicine, 161, 951-958.
https://doi.org/10.1001/archpedi.161.10.951

Thoresen, M. (2008) Supportive Care during Neuroprotective Hypothermia in the Term Newborn: Adverse Effects and
Their Prevention. Clinics in Perinatology, 35, 749-763. https://doi.org/10.1016/j.clp.2008.07.018

Gluckman, P.D., Wyatt, J.S., Azzopardi, D., et al. (2005) Selective Head Cooling with Mild Systemic Hypothermia
after Neonatal Encephalopathy: Multicentre Randomised Trial. The Lancet, 365, 663-670.
https://doi.org/10.1016/S0140-6736(05)17946-X

Boutaybi, N., Razenberg, F., Smits-Wintjens, V.E., et al. (2014) Neonatal Thrombocytopenia after Perinatal Asphyxia

DOI: 10.12677/acm.2024.142528 3792 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142528
https://doi.org/10.1080/14767058.2018.1468881
https://doi.org/10.1016/S0301-2115(98)00325-X
https://doi.org/10.1016/j.earlhumdev.2022.105563
https://doi.org/10.1016/j.earlhumdev.2014.01.014
https://doi.org/10.1542/peds.2004-1587
https://doi.org/10.1152/ajpheart.00429.2011
https://doi.org/10.1002/14651858.CD003311.pub3
https://doi.org/10.1093/cvr/28.3.391
https://doi.org/10.1016/j.jpeds.2010.11.008
https://doi.org/10.1007/s00421-004-1235-x
https://doi.org/10.1542/peds.106.1.92
https://doi.org/10.1016/j.pediatrneurol.2004.06.015
https://doi.org/10.3233/NPM-1853
https://doi.org/10.1001/archpedi.161.10.951
https://doi.org/10.1016/j.clp.2008.07.018
https://doi.org/10.1016/S0140-6736(05)17946-X

A, L

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]
[30]

[31]

Treated with Hypothermia: A Retrospective Case Control Study. International Journal of Pediatrics, 2014, Article ID:
760654. https://doi.org/10.1155/2014/760654

Azzopardi, D., Strohm, B., Linsell, L., et al. (2012) Implementation and Conduct of Therapeutic Hypothermia for Pe-
rinatal Asphyxial Encephalopathy in the UK—Analysis of National Data. PLOS ONE, 7, E38504.
https://doi.org/10.1371/journal.pone.0038504

Selewski, D.T., Jordan, B.K., Askenazi, D.J., et al. (2013) Acute Kidney Injury in Asphyxiated Newborns Treated with
Therapeutic Hypothermia. The Journal of Pediatrics, 162, 725-729.E1. https://doi.org/10.1016/j.jpeds.2012.10.002

Sarkar, S., Barks, J.D., Bhagat, |., et al. (2009) Effects of Therapeutic Hypothermia on Multiorgan Dysfunction in As-
phyxiated Newborns: Whole-Body Cooling versus Selective Head Cooling. Journal of Perinatology, 29, 558-563.
https://doi.org/10.1038/jp.2009.37

Shankaran, S., Laptook, A.R. and Ehrenkranz, R.A. (2005) Whole-Body Hypothermia for Neonates with Hypox-
ic-Ischemic Encephalopathy. The New England Journal of Medicine, 353, 1574-1584.
https://doi.org/10.1056/NEJMcps050929

Yoneda, S., Ibara, S., Kobayashi, K., et al. (2005) Low Adjusted Serum lonized Calcium Concentration Shortly after
Birth Predicts Poor Outcome in Neonatal Hypoxic-lschemic Encephalopathy. Journal of Obstetrics and Gynaecology
Research, 31, 57-64. https://doi.org/10.1111/j.1447-0756.2005.00241.x

Cueni-Villoz, N., Devigili, A., Delodder, F., et al. (2011) Increased Blood Glucose Variability during Therapeutic Hy-

pothermia and Outcome after Cardiac Arrest. Critical Care Medicine, 39, 2225-2231.
https://doi.org/10.1097/CCM.0b013e31822572c9

FAETE. AL WACRBOR X £ 85 B Th eG4 S0 8 Las B ThRE R SL IR [D]: [ 220 30]. &8 @ERR
2%, 2014: 60.

Giussani, D.A. (2016) The Fetal Brain Sparing Response to Hypoxia: Physiological Mechanisms. The Journal of Phy-
siology, 594, 1215-1230. https://doi.org/10.1113/JP271099

BB BLEE, Rt BTAR ) LA L 1 s MU ATGIRL VA 9T S TR T R I P4 B SR I [ e R BE AL R BT AL [I].
PEIF LR &, 2021, 16(3): 209-213.

Tortorici, M.A., Kochanek, P.M. and Poloyac, S.M. (2007) Effects of Hypothermia on Drug Disposition, Metabolism,

and Response: A Focus of Hypothermia-Mediated Alterations on the Cytochrome P450 Enzyme System. Critical Care
Medicine, 35, 2196-2204. https://doi.org/10.1097/01.CCM.0000281517.97507.6E

Wood, T. and Thoresen, M. (2015) Physiological Responses to Hypothermia. Seminars in Fetal and Neonatal Medi-
cine, 20, 87-96. https://doi.org/10.1016/j.siny.2014.10.005

Zanelli, S., Buck, M. and Fairchild, K. (2011) Physiologic and Pharmacologic Considerations for Hypothermia Thera-
py in Neonates. Journal of Perinatology, 31, 377-386. https://doi.org/10.1038/jp.2010.146

Liu, X., Borooah, M., Stone, J., et al. (2009) Serum Gentamicin Concentrations in Encephalopathic Infants Are Not
Affected by Therapeutic Hypothermia. Pediatrics, 124, 310-315. https://doi.org/10.1542/peds.2008-2942

Fukuoka, N., Aibiki, M., Tsukamoto, T., et al. (2004) Biphasic Concentration Change during Continuous Midazolam
Administration in Brain-Injured Patients Undergoing Therapeutic Moderate Hypothermia. Resuscitation, 60, 225-230.
https://doi.org/10.1016/j.resuscitation.2003.09.017

DOI: 10.12677/acm.2024.142528 3793 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142528
https://doi.org/10.1155/2014/760654
https://doi.org/10.1371/journal.pone.0038504
https://doi.org/10.1016/j.jpeds.2012.10.002
https://doi.org/10.1038/jp.2009.37
https://doi.org/10.1056/NEJMcps050929
https://doi.org/10.1111/j.1447-0756.2005.00241.x
https://doi.org/10.1097/CCM.0b013e31822572c9
https://doi.org/10.1113/JP271099
https://doi.org/10.1097/01.CCM.0000281517.97507.6E
https://doi.org/10.1016/j.siny.2014.10.005
https://doi.org/10.1038/jp.2010.146
https://doi.org/10.1542/peds.2008-2942
https://doi.org/10.1016/j.resuscitation.2003.09.017

	亚低温治疗对于HIE患儿生理的影响
	摘  要
	关键词
	Effects of Subcooling Therapy on the Physiology of Children with HIE
	Abstract
	Keywords
	1. 引言
	2. 心血管
	3. 血液与肝脏
	4. 肾功能、电解质及血糖
	5. 胃肠道
	6. 药物代谢
	7. 结论
	参考文献

