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[Abstract] With the global warming, the incidence of heat stroke was significantly higher than hefore. Severe
heat stroke has a high mortality, high morbidity and consolidated central nervous system injury characteristics. The
main features of severe heat stroke cerebral injury include cognitive impairment, delirium, convulsions and coma.
Its mechanism is related with heat shock induced cerebral tissue ischemia and hypoxia, vascular dysfunction, secondary
cascade inflammation and so on. Currently, the main treatment of heat stroke cerebral injury is the hypothermia therapy,
dehydration for the reduction of intracranial pressure, naloxone and other cerebral protection and nutrition treatments.
Hyperbaric oxygen therapy (HBOT) is effective in treating brain injury. HBOT can alleviate tissue ischemia and
hypoxia, improve circulation, reduce cerebral edema, and anti—inflammatory, anti—oxidative damage, anti—apoptosis and
other molecular biological effects. HBOT also play a wake up—promoting effect of nerve repair in the cerebral injury.
The treatment of cerebral injury has been the difficulty and weakness of heat stroke research. Therefore, this article
reviewed the epidemiology, pathogenesis, the therapeutic effect and mechanism of hyperbaric oxygen on cerebral injury
in severe heat stroke to clarify the advantages of HBOT and to provide experimental basis for further research.

[Key words] Severe heat stroke;
Inflammation

Fund program: Natural Science Foundation of Guangdong Province (s2013030013217); Medical Science and
Technology Research Fund of Guangdong Province (A2016081)

Hyperbaric oxygen; Brain injury; Vascular function; Apoptosis;

Hh B S A PR e LS R RO LA AR R D RE G, 7K L He
fife ST~ A ZE L O LA D PR o 22 2R G ) B R ) — 4L
Mo FE P E SONHLIR RS T i IR BT sl i ) 95 8l 2%
T, B ORI T R S 40 °C R Th ARl 22 R G T RE R
B, P EOA % | SO 2 B R SRR A — PP EDAE SO . HOAE
g PE A BOR R, K 2 R GO AR T B L
0 R s % R s KBS SR E R
TR FFEEAIRT , 45 M DX 22 B R0 5 SO FE AR AW AN , B %)
IR A BT R . IR QIR L RIEDTY

% BURTURE  SRER T ARSI 2 A IR R T
TR T RAFST R, (EET X v B 530 7 M 2 T REIK AL
AR IE HARXT LD o 8 F 48 (HBO)VE N — R JEBRY 7 it
WO T Sk SR LR SR RO ) S R b M T RERE ST
X i IRt A PR PP T, AT ks v e A8 A R IR
B R PR BRI SRS A WG HBO IRy T ELAE
B AR AL AR AR SCHIL] , B b 245 0 1 A T
VA RAFE | AL LA K HBO Xt b 22 46 i i
JERCRANATFHLRI AT 250



rhAfE FE A S BE S 2017 4F 6 55 29 %5 6 # Chin Crit Care Med, June 2017, Vol.29, No.6

* 573 -

1 FERBGHRITRFAZ

2015 FE 7, EALHTIH M — R BRI E T 4 T A
e ERRE I —UCHRIRAE 1 S HNRFE T 1400 R4, 72D
R A5 K L T g T L AT L, B A
FHI N AR (4 1 B 3R | Bt e BRAAE 0E , FE R 2 1 &
IR A IR KB AE I . 2016 4F 6 A & 8 AARBE AL
Hlicig 15 b B g, o 12 007 &0 4 A B0 Rk L
BB SR RGEIR, 7 GG WA EAE 2, 3 il
AWM RGGIIE . 2013 4F_ V171 X Ao SR
110 i 2 3 dh E i v 22 52 1) (|5 47.29%) 1, RET &
UL B HR e %8 B AR R A 6.8% 1 RAER
K 10% ~ 15% ,— H & & N EiE B i SE R AT 1k 40% LA I,
20% ~ 30% HYEAFH L K AVE PR M2 R e i
2 FERIBRGHIGRE RS RIENH

453 47 A 2 R A I RARRAIE , TR R AT Sk 2
Sy NS S N s - W A K i RV | BN
T R A RITS GER AR Bsh 02 iR | 2R
BRI 52 IR L DU R iR & Bk S g R GER 5 &
BERAFAT HEALAG /)N X S S B Rk B S s 5 T 2 L R
B ik . PR TS AN R DU)EE 2  BAS R D) g P . A AR
5 (MRT) ¥ # #1275 FORE P32 F0 I A8 = 22 A vk 18k
I A8 CELFE TR i ol Bl RN 32 B REAE ) | Fii N 4 0L JRy
AL RRARME L FORE 2 R SR 2 T T L SR
1% /I | S R R I PR T A 3 A o v IR
AT 5, o DR v U 5 A e s L I | 4 L A
MRI H, s50IR S A5 5 2250 T 00 2 7 7 55 13 5 R S e
FORSEH A5 2207 T ]| Vg 5 [l AL v, R LK
Ji Bk R R Az L L e 9D DRI S L A A
BT WART57 S B @2 D R Y | 2K G 1 VA S| b T S
Xt 2004 4F 2 2013 4TI ZE X G R B T AE 5 24 RHISGTA 10
126 {5195 3k FAE 1 2 BN R T R B, 47.4% RN
SRR PE RGNS , B A FET IR 5 kAR 2 T D |
SO A 5 S R S o B AR R X . R g i A
ST TR I AU FE K L I 48 | PR ARAE | Il A5
iR K B , G IR REAE A - S M B R 2 L RS A
B, R AT 5 R T 32 A A0 K i AS b | SRBEAN H I, B 2
T RN TR, AT B e T BT R E
Al G IR &R, R R G T S 1~ 3 AERAE, &
BRI IR ZE A , S HR MR
3 hERBRGHRIEEEG

I P X M 58 A7 B BRI LA O I 5 2 20>, Jain
A4 B e BACT S I A A S G O VR 2
REREARIM 5 S S A . FErh 2 frh , AP35 sk e
(MAP ). i 1 375 B P 440 T BH S 9%, il i N st 40 A il
SES I L BRI AT B OSSR R,
JEE BN R 2 AT RO 20 5 | A SR A T R R B Y
B e PR R AR G B B AT fig

A @ ST SO AL B B 4K i, 4k K P
JE I B S — TR K S ER ) 5 @) S B s i 32
WG TEANE  NEE E AT, Ik 4 B PR R AE R,
BOF IS0 S PR T I PR AR A P o B B,
FIRE RSN F -« (TNF- o ), FIZIIA 28 (IL-18 | 11-6,
1L-8) 3 E i A 5 v 2 e S AR AR G 1 A S8 B
TG RGN RERENT ; @) MFT 54k & (1 5 SN . 20 i
T35 403 A5 P Bz A0 3 O A 30 3 T B8 | SRR B R A
SEURIMLE , T 1002 p o Rk A i s

T Fr A2 A LA AR IR P, X R Y IR L 9o iR
EEEHER, WIS 8 B R EELE . BT
WFFE AR T FT R ECT B B T 843 - O 40IR3E
R T B S ECT G L R b e B AR . A0 A
2, AR s @ Mz BT T SECR ikt
ARAZ L EAMINAZ (PR 2550 DNA IR 246 | W15 55 40 iR Ak,
FlEMZIGHT 5 O I A - ST R, AT AT
SRR T Bzt e A ™, TR ms R
SR R EYSGIRUNENTE SN A i E NSl AR PSP &
AR A A TSR AL A = LA T AZ R VR B
1E P TR B i 25 4 B S DI e R
4 RZRIRGEIS FHLE

A1 8 A 453 1 4 F LA 95 5520, Tl g S 4T
EURA LN RAEN TR FE RIS %. ShiR
SR, 42 CHAT Al 1 0T Janus 8 1SR A 2/ 155
T QT I SRS T 3 (JAK2/STATS ) 3 B 5 | e v A 8 4
ey AR (SOD). 5 5 A — &AL A A W (INOS). IR Fiiad 4
FRLE T 8 (MAD) % k45 (85 & TNF- o | IL-6.
IL-8., IL-1B A543 5, S BRI S R AE
S, TN EE AR 7, mE B R 1 B1 (HMGB1) i
TR S AT —xB (NF—xB) i@ AU Z 5 500 1, th 28
RAE S 4k K 204 B DI RERE AT A T A R . BT o R B
A N HMGB1 Rl 38 & IRk 6 (R 5 T
KAk ik, SEALHRG . ML R EA W -1 (HO-1) X
oA A BB A AR T T iR i ek
HO-1, JFEHATH )G 1 h ik 8 &0, PRk, 0T J5 i 477 4iE
IR AT RE S AL P T HO—1 i eI 56 i
Hh ARG N, T 2 SR I AR 5E B 1 70 (HSP70)
Er BT HSP70 B HL HSP70 HA S AL
LTS PR EZFAEY A, IEn 8 ] c—Jun 23
ARt (INK ) 38 0 0557 PN B A0 T, AR5 P9 e 454
SEREYE PR N R Sh B REAS >, T 2 BRI HSPT0
U/ AT T X AR A 11 2 SRk
5 HBMRGAETTERER HBO KBTI R

Y4 A Ak Sk RE v 2 8 0T AR A T R IR
U, B B4 R G0 wE B SE TR 458 AN
fief . RS SRR B3R T 5B AT 0 i 25 Ik 2 (R
U (HRIVE), 3% 220 5 IE 2 A6 97 (CRRT), AR IR . & A



- 574 -

rhAefE HE A fBE S 2017 4F 6 J %5 29 %5 6 # Chin Crit Care Med, June 2017, Vol.29, No.6

Mo T B R RS B AR 1 P2 | B SR A iy
HRIVF ARG 2 AR A S 4 (1 Al A2 A AT ESF 8] L 38 i
M9, 0 HRIVF J&—F] B8 808 MU 1A Qa7 . BW
PR VR . CRRT AT W I 03 b 42 50 O AT
YIIRE , BRARAZ AR, Y AT SV, (E A e S L] iR o 4
RG> SR T BA R SO | e e I
R A 20 5 AT A K R B e A 55 0 TR A S ) s 0 9 i
SR A B 5 T4 T FFF 2% Ak PR 5 408 i e 42 L R R K TR
4 i 7K i B i e 45403 , ARG 57 3 B At B 483 43 97 AN
H 1 I H T ok b 2 T RE RV R T AGE R .
W T P — PR | AR EERY HSP70 5555, HimT ZE 4K B
B A IR IR EE AT IR ] () R B AR T S R i 22 )
RETCsm

HBO GI7 AT B B s w2 Thfig, x4 88 Bl
HEEVEH . AL LIAIT 3, HBO R—FIeRliar ik,
Xof v g i 40 F AT L L B HBO A7 T I 4 1
i il S Bl oL, %ot TR O AR AR SEEG R I M T 4 h
Jea /N RTINS | 330 N Bl T AR ™ S B AR
FI, BLAF 25T HRIVE 677 3O AR IR 72 mTRE 2 3 (1% 14
I, T HBO Y7 MRS Hh B R AR s o > BF9e
7R, HBO AT i T v 2 F T TR, 26 0 AR TRL T AR e )
T RIS )20 5 4w B ok AR R T AR SIS (GCS) I
REARSE [ [ 5 DA B A it 38 (NIHSS) 374, sl 2
M ARG s B R TR BTN R TR,
VAR MBI R, T VeI B4 — i 7K A ) SR IR 5 A R0 it
MR R B I3 LB | 442K 19 5, IOt O B I 1 ik
L FRERS ) 5 R A A A R I AR AR A3 , O G AT
PR IRER RGN L 2 B Thfe s ), SR prse e
7, HBO R 3 5 I8 4 i i /85 ) 8 e ik (30 A P v T L i
VR | Il i ke ) i Y i SR A R e K A 2 R BT
PR BRI, HBO HLA G5 P 2 A FRUR B ifsh
B A R AR AR T, X FT RE LR HBO Y477 2 ki
T 9 SERE RO ST T o

Vb ZERI S50 Rl PRIFFE IR A HBO TRY7 H 1348
HAE 0.20 ~ 0.25 MPa, JIUE T AR A TEE 20 min, FE
5 T B 4448, 60 min . W48 30 min X 2 YK . AR 5 min,
V8 20 min, BFH 1K, B AERCE . B8 i0 SEA R A
PATH A7 RIS T HBO RYT, I RS M HBO JRY7
RT3 )5 48 ~ 72 h Rk Wity , HBO 7K
P03J5 24, 48, 72 h USRI B O PO R S PR
R HH UL BE R W45 T HBO 697 . HBO JATTF A B IT
b, X R AR P R AR R FH AR I 8 T B UR
1 b % A 2R 10.0% ~ 20.3% , (H. 28 5 A B AG TR B 2015
GO, Ho e A Zn] U g A
6 HBO i&f7 BRI 5 R R IR £ IR ML
6.1 Bl BB - HBO V47 AT B 0 S 7E i 4
20PN PR SR, B84 P et kR SR . A0FE 0.3 MPa 9 HBO
WS PR A LR TR 2 SN 17 ~ 20 4%, A0 2R

AWE RT3 BN 13 4% K2 15 ~ 20 435, T A R 2141
4, s HBO AT v] W48 I I A% , D/ VE T e, SR AR P 9 W TR
[ Ay 384 A — JREJRS Sl bk 3 B, i A B RAR A T sh
FRGEAE S R B S 5N L B, (i ek A R A
eI ™ s HBO 10734 AT W K0 038 25 OIS T e
VWD B B TR RRAR A T R ThRER
6.2 UG UK B R BE : HBO AT SN K K K i 18 26 11 4
(AQP4) ik, AQP4 S B 4 5 Wi B W | LA =2 [E] /K 5
3 i A T LA R R B AQP4 A AT Bl T4k i figi 57
W F) 52 e P WA K b 20 5 HBO AT i 2 L A7 1A i 200 a3
BE PR IR MG 5K S AB H T BRI VR A
D2 101757 PN R 200 B | RS 24 A4 o 25 5 RN B AT I3 4 el
M SZAGERT 5 554k, HBO A 0 i1 i 26 28 5L I 43 i 2 1 1t 9
(MMP-9) 223k , WA T 2 % X MMP—9 A 3R 1L 45 & Fl e & L J2
TR LT 4SS & 2 SR A mE T
6.3 A AR5 HBO vl A5 R ik | A5 5 24 e i 5 4
PESU T EAAR . R R AP B, HBO AT
Tl AT 5 T B I B R A i L RR T AR SR S R Y A
3534005, 7E AR TR R 7 1) HBO IR RLR 1, 0.25 MPa (974K
e, AT R R R AL GV S A AR A AR
6.4 AN 9 SN - HBO ] 38 1 41 il v 2 AR R R e
T i Bz J5 4 A TNF- o | IL-1. IL-6., IL-10 %5 % PE A F
A T8 98 TR, 4R B A7 0% 2% 0, % HMGB1 . TLR4 &
NF-«B 25 48 5175 5 R T A s i ve i
6.5 PUMIZITINT LIRS R, BRIK 0.2 MPa ) HBO
IT AT W A 40K R A 2 e TR e B 4
JE 2 HBO B0 T 4F P AT 38 1 98020 K Bel-2, KA R R
MR I R TR 11 3 (caspase—3) ik, F IR T CH
+ TG MHEAEHHEF (TGIF), #HAb E KN+ -B1(TGF-B1)
R

UEAERXT HBO J6YT 14 T AE Y2 AL B ok i £
Horb 53697 W35 AR OC 1 2 T AR W 2E AL £ 2 D B
SRPUAA AL IE N 23k - WF9E R B HBO Wi S [+ E2 A7 ¢
R F 2 (Nef2), R85 F I F -1 o (HIF-1 o ) KB A8 5
1 (TRX) Zh AL FE R 3k 2. @ T4 T HBO
A 98> HMGB1 ik il ik 20 20 K 1l v 1L-18 | IL-18
AR, TR R I 0 B VB P TP 33k
HBO A3 33 Sivt—1 FEPE , o M #4006 NF-«B 8 B T 9t
JHTHEH Bel-2, Bel—x #ik'*'. @ R kP45 . HBO A]
I HE B I L SOIRAAR | 6 T S5 R AR Bl J 2 A R PR T
(b-FGF). BIEA R EHE I 4(BMP-4) I H8  (nestin), X
SO [ T A0 A 5 430, XA 2T oAk ik
RE AF AR E IR R, I 4L g i A e
® 155 HSP %3k : HBO i 1] DL 3 HSP70 23k, Hirp
HSP70 5 44 52 5 22 491, 36 70 HSP70 2 3k nf BA & 42 i o
BRI AE TS % HSPT0 25 3235 T 42 i WA AT 52 Bk
I1, WEHUMAENE B I, BRARE T 32 R BROSHUse: , TTT%
it



rhAfE FE A S BE S 2017 4F 6 55 29 %5 6 # Chin Crit Care Med, June 2017, Vol.29, No.6

* 575 -

7 HFEMEBESRARERARAE

£ BTk, HBO Xof HAE 2 g 46 £ 5.

AT AR

JH, AL 5 T v 2 kA58 475 F) s B8 A B R AN HBO X AL
PRE A BRAE LB (BT E e s g DR A (R (D F I
IR AL 19 A DG , DRI FRIGE R Fe IS RE S 75 A s v
FHMAEE N7 @ HBO YT g I s i e iRy 77 582
@ 455 HBO X T IMipg -9 /R, HBO J2 75 m] ] T 15105
SEH B M7 @ HBO HAPIR  Hréafeints  Jrga sk
ML D REAT 2 M AR W) 243000, JX B2 5 HBO YT P
i 5475 =22 [ B BAA 3 FAILIR SO ERERY 7 X8 R AT 15
S 3k

(1]

[2]

[3]

(4]

[5]

[6]

(7]

[8]

[10]

[11]

[12]

[13]

Iidd . HAE B BG5S RS 7R ()], AR A B AR
36 (9): 883-885.

Su L. Review on prevention and treatment of severe heat stroke [J].
Med J Chin People's Liberation Army, 2011, 36 (9): 883-885.
Glaser J, Lemery J, Rajagopalan B, et al. Climate change and the
emergent epidemic of CKD from heat stress in rural communities:
the case for heat stress nephropathy [J]. Clin J] Am Soc Nephrol,
2016, 11 (8): 1472-1483. DOL: 10.2215/CJN.13841215.

B Wiz M, AF L EIETITRLIX 2013 4F 6-8 J hg i
WATIEESHT 7). IR B2 | 2016, 28 (5): 310-312.

Gao HM, Chen Y, Yang Y, et al. Epidemiological analysis of
heatstroke cases in a district of Shanghai from June to August in the
year of 2013 [J]. Shanghai J Prevent Med, 2016, 28 (5): 310-312.
WIESEE AR, SO G TR R A R YRR
FOMHT (1] FEr B Ba2# L 2013, 39 (2): 1-5.

Hu MJ, Yan QH, Ma W], et al. Analysis of influencing factors of
heatstroke on residents in Guangdong Province [J]. South China J
Prevent Med, 2013, 39 (2): 1-5.

Fushimi Y, Taki H, Kawai H, et al. Abnormal hyperintensity in
cerebellar efferent pathways on diffusion-weighted imaging in a
patient with heat stroke [J]. Clin Radiol, 2012, 67 (4): 389-392.
DOI: 10.1016/j.crad.2011.09.009.

Jain RS, Kumar S, Agarwal R, et al. Acute vertebrobasilar territory
infarcts due to heat stroke [J]. J Stroke Cerebrovase Dis, 2015, 24 (6):
e135-138. DOI: 10.1016/}.jstrokecerebrovasdis.2015.02.001.

Li J, Zhang XY, Wang B, et al. Multivoxel proton magnetic
resonance spectroscopy in heat stroke [J]. Clin Radiol, 2015, 70 (1):
37-41. DOI: 10.1016/j.crad.2014.09.004.

KUZSH . 57 I3 EFASR o E R 55 A PR 23 B B AR DG AL g 52
YRHF5T [D]. M BT EERNR 2 | 2014: 3-4.

Liu YS. Clinical analysis and experimental study of related
mechanism of brain injury caused by severe heat stroke [D].
Guangzhou: Nanfang Medical University, 2014: 3-4.

R TR AR S, AR R B T MRT 2 B (],
WEARAUS , 2014, 5 (5): 339-342. DOI: 10.3969/.issn.1674—
8034.2014.05.005.

Li J, Wang B, Zou ZM, et al. MR findings of brain after heat stroke [J].
Chin J Magn Reson Imaging, 2014, 5 (5): 339-342. DOI: 10.3969/
j.1ssn.1674-8034.2014.05.005.

TR, XS AR, % L HOE P g PR R ST AL
MIWFTEHENE [J]. "PARfE B 2R, 2013, 25 (9): 570-572.
DOI: 10.3760/cma.j.issn.2095-4352.2013.09.022.

Li L, Liu ZF, Gu ZT, et al. Advances in research on mechanism of
central nervous system lesions in severe heatstroke [J]. Chin Crit
Care Med, 2013, 25 (9): 570-572. DOI: 10.3760/cma.}.issn.2095—
4352.2013.09.022.

Lin JJ, Chang MK, Sheu YD, et al. Permanent neurologic deficits
in heat stroke [J]. Zhonghua Yi Xue Za Zhi (Taipei), 1991, 47 (2):
133-138.

Inoue Y, Hayashi Y, Kangawa K, et al. Des—acyl ghrelin prevents
heatstroke—like symptoms in rats exposed to high temperature and
high humidity [J]. Neurosci Lett, 2016, 615: 28-32. DOI: 10.1016/
j-neulet.2016.01.003.

Wang JL, Ke DS, Lin MT. Heat shock pretreatment may protect
against heatstroke—induced circulatory shock and cerebral ischemia
by reducing oxidative stress and energy depletion [J]. Shock, 2005,
23 (2): 161-167. DOI: 10.1097/01.shk.0000150779.47107.

2011,

[ 14 ] Liu WS, Chen CT, Foo NH, et al. Human umbilical cord blood cells

[15

[17

[19

[20

[21

[22

[23

[26

[27

]

[

]

[

[

]

[

]

]

[

[

[

[

protect against hypothalamic apoptosis and systemic inflammation
response during heatstroke in rats [J]. Pediatr Neonatol, 2009, 50 (5):
208-216. DOI: 10.1016/S1875-9572(09)60065-6.

A, A, AR A T P A LU i 6 I R D) READ
54T JAE SO IIAHOCTERSE (1], rhARfE TR 2B , 2016,
28 (4): 303-307. DOI: 10.3760/cma.].issn.2095-4352.2016.04.003.
Cao CW, He X, Li L, et al. The correlation analysis of intestinal
mucosal barrier function damage with systemic inflammation
reaction during severe heatstroke [J]. Chin Crit Care Med, 2016,
28 (4): 303-307. DOI: 10.3760/cma.].issn.2095-4352.2016.04.003.
AR IR, X EE L AF 06 S 45 Bel-2, Bax £k 2
ST R NG Y B AN T B SE (D). AR S T
FEEF | 2014, 26 (7): 458-463. DOIL: 10.3760/cma.j.issn.2095—
4352.2014.07.003.

Li L, Gu ZT, Liu ZF, et al. The effect of reactive oxygen species
regulation of expression of Bel-2 and Bax in apoptosis of human
umbilical vein endothelial cell induced by heat stress [J]. Chin Crit
Care Med, 2014, 26 (7): 458-463. DOI: 10.3760/cma.].issn.2095—
4352.2014.07.003.

Tao Z, Cheng M, Wang SC, et al. JAK2/STAT3 pathway mediating
inflammatory responses in heatstroke—induced rats [J]. Int J Clin
Exp Pathol, 2015, 8 (6): 6732-6739.

Chen SH, Lin MT, Chang CP. Ischemic and oxidative damage
to the hypothalamus may be responsible for heat stroke [J].
Curr Neuropharmacol, 2013, 11 (2): 129-140. DOI: 10.2174/
1570159X11311020001.

Tong HS, Tang YQ, Chen Y, et al. Early elevated HMGBI1 level
predicting the outcome in exertional heatstroke [J]. ] Trauma, 2011,
71 (4): 808-814. DOI: 10.1097/TA.0b013e318220h957.

Wen YT, Liu TT, Lin YF, et al. Heatstroke effect on brain heme
oxygenase—1 in rats [J]. Int ] Med Sei, 2015, 12 (9): 737-741. DOI:
10.7150/ijms.12517.

Wang 77, Wang CL, Wu TC, et al. Autoantibody response to heat
shock protein 70 in patients with heatstroke [J]. Am J Med, 2001,
111 (8): 654-657. DOL: 10.1016/S0002-9343(01)00974-3.

Liu Y, Jiang S, Yang PY, et al. EF1IA1I/HSC70 cooperatively
suppress brain endothelial cell apoptosis via regulating JNK
activity [J]. CNS Neurosci Ther, 2016, 22 (10): 836-844. DOI:
10.1111/ens.12581.

Hsi-Hsing Y, Ching-Ping C, Juei-Tang C, et al. Inhibition of
acute lung inflammation and injury is a target of brain cooling
after heatstroke injury [J]. J Trauma, 2010, 69 (4): 805-812. DOI:
10.1097/TA.0b013e3181ch431d.

I B I ] RO T R B IR T A A SRR 5T [D].
WL LR | 2012,

Men ZH. Basic study on the treatment of heat—induced disease
by reverse hypothermia of jugular vein [D]. Hebei: Hebei Medical
University, 2012.

ER L A AL S IR IR T B
IF 2% H I RERE LA AR BN (L ()], 70 [ PP T R A R
&, 2013, 20 (4): 216-219. DOI: 10.3969/.issn.1008-9691.2013.
04.010.

Wang Z, Li JJ, Dong HJ, et al. An evaluation of therapeutic effect of
continuous renal replacement therapy for treatment of patients with
heat stroke complicated by multiple organ dysfunction syndrome [J].
Chin ] TCM WM Crit Care, 2013, 20 (4): 216-219. DOI: 10.3969/
J.1ssn.1008-9691.2013.04.010.

X, FEURE 8 F 45 Rl T X PIT T B S A B3
MR AN A 3 -8 5 p38 5 T A IS (). Hh g
PELE & ARt | 2010, 17 (2): 83-86. DOI: 10.3969/).issn.1008—
9691.2010.02.006.

Liu ZF, Tang 1.Q, Zeng P, et al. A study of effects of ulinastatin on
interleukin—8 secretion and p38 signal pathway in human intestinal
epithelial cells with heat stress [J]. Chin J] TCM WM Crit Care,
2010, 17 (2): 83-86. DOI: 10.3969/.issn.1008-9691.2010.02.006.

SEPRAE 1w T BT BN B K U 2 R A R
FHEIBSE D). Jbat : v E A RAERZE B4R L 2014

Wu ZH. Protective effects of ulinastatin and heparin on neurological
damage in rats with heat stroke [D]. Beijing: Chinese People's
Liberation Army Medical College, 2014.

BRACHE BRI, BRIWITY , 45 T T BTN [ AR RS T
R TTEFIRFTE [1]. P 2224, 2008, 8 (8): 779-781,
815. DOI: 10.3969/}.issn.1672-3619.2008.08.008.

Yan YE, Zhao YQ, Wei MF, et al. Effects of geranylgeranylacetone
on hyperthermia—treated rats [J]. ] Trop Med, 2008, 8 (8): 779-781,



576 -

rhAefE HE A fBE S 2017 4F 6 J %5 29 %5 6 # Chin Crit Care Med, June 2017, Vol.29, No.6

815. DOI: 10.3969/).issn.1672-3619.2008.08.008.

] Tai PA, Chang CK, Niu KC, et al. Reduction of ischemic and

oxidative damage to the hypothalamus by hyperbaric oxygen in
heatstroke mice [J]. J Biomed Biotechnol, 2010, 2010: 609526.
DOLI: 10.1155/2010/609526.

T REAR, SRABR , O 25 R SR e R S A

PR I 22 AL PR (T PP BRAS GO il i A
2015, 13 (15): 1776-1778. DOL: 10.3969/}.issn.1672—1349.2015.
15.030.

Xue F, Wu WX, Lu JY, et al. Application of Xingnaojing injection
combined with hyperbaric oxygen in rehabilitation of patients with
heat stroke [J]. Chin J Integr Med Cardio/Cerebrovase Dis, 2015,
13 (15): 1776-1778. DOI: 10.3969/j.issn.1672-1349.2015.15.030.

I HZM RS R RIS R RS R P Bk

#HOE 1)) hEBEAR | 2010, 25 (2): 110-111. DOL: 10.3870/
7¢kf.2010.02.011.

Tian JL, Zhang Y, Yang C, et al. Curative effects of early hyperbaric
oxygen integrated therapy on coma patients due to heatstroke
[J]. Chin J Rehabil, 2010, 25 (2): 110-111. DOI: 10.3870/zgkf.
2010.02.011.

1 TG W . WD o U T e ek S i 2

EhrRI ). BEPEHEE | 2014, 35 (2): 148-149. DOI: 10.3969/
J.1ssn.1000-7369.2014.02.013.

Ding XQ, Yao JM. Application of Xingnaojing combined with
hyperbaric oxygen in the rehabilitation of brain in patients with
coma [J]. Shaanxi J Tradit Chin Med, 2014, 35 (2): 148-149. DOI:
10.3969/j.issn.1000-7369.2014.02.013.

Niu KC, Lin MT, Chang CP. Hyperbaric oxygen improves survival
in heatstroke rats by reducing multiorgan dysfunction and brain
oxidative stress [J]. Eur J Pharmacol, 2007, 569 (1-2): 94-102.
DOLI: 10.1016/j.ejphar.2007.04.037.

1 Jadhav V, Ostrowski RP, Tong W, et al. Hyperbaric oxygen

preconditioning reduces postoperative brain edema and improves
neurological outcomes after surgical brain injury [J]. Acta Neurochir
Suppl, 2010, 106: 217-220. DOL: 10.1007/978-3-211-98811-
4_40.

Lee KL, Niu KC, Lin MT, et al. Attenuating brain inflammation,
ischemia, and oxidative damage by hyperbaric oxygen in diabetic
rats after heat stroke [J]. ] Formos Med Assoc, 2013, 112 (8): 454—
462. DOIL: 10.1016/j.jfma.2012.02.017.

| Cevik NG, Orhan N, Yilmaz CU, et al. The effects of hyperbaric air

and hyperbaric oxygen on blood—brain barrier integrity in rats [J].
Brain Res, 2013, 1531: 113-121. DOI: 10.1016/j.brainres.2013.
07.052.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Xiao YD, Liu YQ, Li JL, et al. Hyperbaric oxygen preconditioning
inhibits skin flap apoptosis in a rat ischemia—reperfusion model
[J]. J Surg Res, 2015, 199 (2): 732-739. DOI: 10.1016/j.jss.2015.
06.038.
Chen X, Duan XS, Xu LJ, et al. Interleukin—10 mediates the
neuroprotection of hyperbaric oxygen therapy against traumatic
brain injury in mice [J]. Neuroscience, 2014, 266: 235-243. DOI:
10.1016/j.neuroscience.2013.11.036.
Guo ZN, Xu L, Hu Q, et al. Hyperbaric oxygen preconditioning
attenuates hemorrhagic transformation through reactive oxygen
species/thioredoxin—interacting protein/nod-like receptor
protein 3 pathway in hyperglycemic middle cerebral artery
occlusion rats [J]. Crit Care Med, 2016, 44 (6): e403-411. DOI:
10.1097/CCM.0000000000001468.
Tsai HM, Gao CJ, Li WX, et al. Resuscitation from experimental
heatstroke by hyperbaric oxygen therapy [J]. Crit Care Med, 2005,
33 (4): 813-818. DOL: 10.1097/01.CCM.0000159193.42628.
Kang N, Hai Y, Yang J, et al. Hyperbaric oxygen intervention
reduces secondary spinal cord injury in rats via regulation of
HMGB1/TLR4/NF—kB signaling pathway [J]. Int J Clin Exp Pathol,
2015, 8 (2): 1141-1153.
Wee HY, Lim SW, Chio CC, et al. Hyperbaric oxygen effects on
neuronal apoptosis associations in a traumatic brain injury rat
model [J]. J Surg Res, 2015, 197 (2): 382-389. DOI: 10.1016/j.jss.
2015.04.052.
Godman CA, Chheda KP, Hightower LE, et al. Hyperbaric oxygen
induces a cytoprotective and angiogenic response in human
microvascular endothelial cells [J]. Cell Stress Chaperones, 2010,
15 (4): 431-442. DOI: 10.1007/s12192-009-0159-0.
Geng F, Ma Y, Xing T, et al. Effects of hyperbaric oxygen therapy
on inflammasome signaling after traumatic brain injury [J].
Neuroimmunomodulation, 2016, 23 (2): 122-129. DOI: 10.1159/
000445689.
Xue F, Huang JW, Ding PY, et al. Nrf2/antioxidant defense pathway
is involved in the neuroprotective effects of Sirtl against focal
cerebral ischemia in rats after hyperbaric oxygen preconditioning [J].
Behav Brain Res, 2016, 309: 1-8. DOI: 10.1016/j.bbr.2016.04.045.
Yin X, Meng F, Wang Y, et al. Effect of hyperbaric oxygen on
neurological recovery of neonatal rats following hypoxic—ischemic
brain damage and its underlying mechanism [J]. Int J Clin Exp
Pathol, 2013, 6 (1): 66-75.
Camporesi EM, Bosco G. Hyperbaric oxygen pretreatment and
preconditioning [J]. Undersea Hyperb Med, 2014, 41 (3): 259-263.
(Hickis H 491 - 2017-01-20)

2017 ERNEEMIPEZMEES

2017 AFEWCH FEAE W 4P B2~ F DR AFE 2006 T 2017 4F 9 1 23 H ZERCH B bR 4 40267 7

- SEARNG B -

1 RKUREF « WO AR 4 B2 b 1982 4 3 H o+ HINBUSST . bl — D AREAI A E PREp 2, SCRPFIE E BE
AP B E AR R R R f i b A 22 2 BHG YT e R MR i R A WER Al R g . R 2ok 3 Ll
S FS A R BTN | ORI

2 EPEAGL : RO EAE W B2 241325 (European Society of Intensive Care Medicine, ESICM )

3 ARG IRE EPREBE UME L

4 EEhHLE : BRI 4D

5 HHERE:2017 49 ] 22 HE 29 H

6 WERER : © KM 2017457 H 13 HAT 540 BT 3 2017 4F 9 A 14 HRT 620 KRG 5 2017 4F 9 H 14 HJ& 660 BT

(B E WAL U AR RSV THE RSN AR B R R N TLI ). @ SR, 1 H R 24
%, I FE PREE BEUME OBk B R 2 I B0 et AT T 807 , 42 HE 2SI

2 HW 201749 H 23 HE 27 H 156 R P 2 e MV a6 22 2
S A B S g YN =P |

23 JE51E « Harbour Grand Kowloon HL3T : 010-56126719

FINRNT « BRI EAE AP R 2= P 2s MFAE : hongshengtianxia@sina.cn

2ok A [ PR B B IME O B E « http://www.aihee.com/

http://www.esicm.org/



