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New neurosurgical approaches using hyperbaric oxygenation
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We have reviewed reports concerning neurosurgical diseases adjunctively treated with
hyperbaric oxygenation (HBO). Brain tumors, especially malignant gliomas, have been well
responded to irradiation immediately after HBO exposure. In addition, we have applied HBO
pre-exposure to radiosurgical treatments for recurrent and brain stem gliomas. HBO
enhances the effects of some chemotherapeutic agents such as platinum drugs and
nitrosoureas. Especially, the effects of carboplatin, one of platinums, are well enhanced in
some malignant tumors. In brain ischemia, some investigators indicated the effects of HBO
on the events at ultra-acute stage. Although radiation-induced brain injury is the most
serious problem after radiosurgery, HBO controls this condition and its progression. Wound
infection after intracranial surgery is well controlled by anti-infectious drugs combined with
HBO. This therapy is adjunctively used in the treatments of other neurosurgical diseases,
such as brain and spinal injury, decompression illness involving the central nervous system,
and so on. Now HBO is an important therapeutic option in the field of neurosurgery.

keywords neurosurgical diseases, hyperbaric oxygenation

BEEERKAE MOBAR - BSRERBEE T807-8555 JtAMMB EBEREESsF1-1
FfHH 20028128128  #3IRE,/2003F2A 138

49



50

B = WSS R E R R AR B SUE BE R G

iELHIC

I3+ R B R T 0 B RUE R 3K (HBO) 1R D JiE
WERIRDIEDE, JHERAME R B8 25106 L C T RERYIR
ke L GRS RN 7R B - 72 L
L, COMBENOFRENEBBE SN SE, HBOWH
HEAOBARENARHE OB ORI EL S Il S,
SHIT, BB T FENOBALTORMLRE KL, 2
DA ZE NHESE B LR -T2,

ETHPNEARITRY, OB HE O WA TR
B LT, HBOWRBESEE B TRELT
TREETE H 8N B X9 o> TEIze THAIEE M
DOHBOEIDISHIZDOWT, FIZHKED T —F < —
Ak BECLTHE R IT 072 (F—1), &I, HBOW
KD 5B OTREMEIZ DWW TH, T RIVEEME O
AR 2T YA

B RE 5
1) JRghisias

T IE 55 D I HHCHBOB B IS ST w2 o,
FE U TN O B IR E T H 5o 1953412
GraybIiZ&k -, BEIBG ORI 2 3B
HTHHrIENRBENDLEY, OB IBEREIC
HBOWEE S EAITAADI, 19554F 121X LD IR
R R E SN TV B, RS TlE19774E D Chang
DWEP R THY, 383G OARENE G NEI L THE
iR T o TWAY, ST TIHRE #5241
IRENTVWRWAS, 18 o A OAELFEA% 61 010%
R L CHRI R T28% THY, HETIZ 2 HIz4
DL FOAER BN T EL Tnb, L L, hHEEE
BN O O SN IE R P E OO DT H
BT TS, v A EVE R T P IBHLEL o i
MRS OMPER B FHIE SN R, BEEHIRS
T OB R B BRI D 720, SO BB E
B Bz lidhh o7z,

VS ODDREN B BT, BENEETIEMT
72T TS, BRI A T RIER OB s
WHEEL T, HBOWRH M O BUN MG %2 B vo]
IZE 72 SO HBEO LRI, KEREM

x£1 REBIABERETCOBERERZIOMADE

R HEE

1) FEEHHRIAE BRI REAEL

2) 1t EH] (carboplatin, nitrosourea TIEFRXIR D AIEEME
RS

1) BRE B METRENROAEEM

2) <HETHM: HnEEHEDBEE T

3) BRI SO FMESRE, BIEHOERSE

BERIME

EEBRBIMETRTREMS
MsHREE

ETOIHHER, FHROATEEME
KBTI EE

1) EERRINE 3R LIN OB RERRIC A ED HATF AT 8
2) —BRILKFEFE  ARETERERAEOBEIIRDLLE
LEE]
Eoh-HHES
1) BHES UEEEIRES
2) BN BEERE MENECONA
BliGaRE

BIEBEOREE

W72 A5 9 AR CLERLRR N 18 35 00 TE AN HBO R B A%
TRICHEBIFEN DLW E L 722 2AIH Do
BT BIF R R i L&Y, Zoa%kx
B ONER €TV CHERLY, SOICTEREIEF MRk
TRFEOHXIKRELECYEHLIELDDI 7Y F
7z, MEBEARE OB 5 E O B & 7% I I 55 O %E 51Tl
ELREEORE TR, MHEICET2ETORBIX
HBOWEHEM T 22530~355TdhHLL T3, bt
BIRR CRODEELBEENHBOBREK T HO— 21
B SN A EZIRPITRLZZEDOERITKE
Vi,

ZOHBOEEO G HERENTHRALN THY,
E PR CIREMREE O — D DR B TEEL TE
ELD2D2H29, ZRETOMRERERERMET LI
B XFIRAICBTD, HBOWR #EAS S L oD B &
HELTRDBWEENERINT, ZOHRBEEITM
HRESVRHC RS 3798 - U M T O IR T AT hE
WA 5",

BAE DN O RA TV AMMO BEEE, HO R
Y EHERR D — D TH HGamma KnifelHBOH#EZ H

HEEER  Vol38 No2



20034E6 4 24 F EE = AR ER 2 2 50 [T

WBLDTHDY, RHEOKGEEIE, FHOIER R
FREAN O R & RIRIC AL EOH 5 H
DL VIZRBRBOMBBETH L, FiZ, B
P T R B VR R O T RS TR RIE 2 iR <
b, BHEBAREEOLICEIEE 5, HIHHE
DERETIE D B2, AL B Il TIRAER DR E
BRI L C 2 iU Lo RSO TWwAEY, &
NOIZ BRSO 7% 2 THHRBIITE D 72K
IZHY, SHRIOBFETRIR N %,
2) ALZEHE
BRI RN T HEER AR LAHETH
0, BUSSRHREOFBIEEEL T, HHWIEHEREE
ELTHHENR TS, ZORBEOMBENIERE
ENBEREHBEONTnBILE, B0 S
THHEAELRTLRDIETH L, E6IT, FHIME
VNS OWFETIE, AR R EEAI 22 TR
{, ZOHELRSNTW5DH, HBOWHRHEOHEHIC
T, TOHRBHRSW RSN 5 Didnitrosoureash
DHEHN & AN A EEBWICHE SN TWEY T,
¥z, A& A O —DTH bcarboplatin Tl HLIESS
WIRPHRSN LI EZREERLY, FEFENEAE AR
JEIZ B\ T RIFRIGHEMSE RIS 2055,
DFREFEE B O R HFERE L, B RNIES 72 TiE ]
L HE AR BV THEELREREFH > T,

Fei 1fn E P E
1) e

BUAE, WA ZEOBE THAMEI RS
TWA DI, FHESNE H LI Otissue plasminogen
activator (tPA) DFHIRNIZ G DA TH B, KED
National Institute of Neurological Disorders and
Stroke (NINDS) %347 7 - 72 i R 3 BR O 4 B 2319954F
WCHE SN2 EITE D™ FIEND 3 7 A R OFRERR
REICH BANROLN TS, MiERee2 a5 545
BED DT & HBarthel index T O G EEIZ1.3E
WIS AEIZ 2 5T be ZO-PADBEINT AR O
BWEMEN 72D DT, HAREIRO WML PEAEZED 1055
WCRFEHIEY, FIEDD 3 HEZBA TGS BE

BIEH QA HEREN Vo MEEDH LY, PlL
DERWHEIIINA T, SHEA S EMiTHLILD
R Twa2,

I3 1 5 7 5 A T8 5 TR T L o 2 2 i i, 85 o
LT, fERPSHBOMBEARALN TEZ, &
YU CTHEBRREBEOWELHWEL T, SHTEME
B B Thypass T 03 It P 2 ICHBO R A 3k A
BILTE, 7S, HBOWHEHEN L)% -7
FIRgIZ, 19804 DNeubauers A31224) @ i i 5E 12
KLU CTIRFE ATV, FEIE 4 R R DL Clod B i
LU TR HB2/3IC i TE&2LE, WRHRTR
BRIFTHAHIEEZRLIZIETH DY, EBITLLD
DY R RE, COBRBIREIFLLLOT
Hotze LHL, 1991412 Andersond 34T - 72 5 IE
2 JE [ LN O AT 223901 % % G & L 72 = 5 E ot IR
KBTI, HBOWRBOH IR EN TH -7
WO DRERTIE, BRI IEIEAS 3 R W LAl
DIEFETYHL FEFIIERIIL, SHIZHBOEHRE D
BH R 1 F89E 20 5 - 2 L T 18I [ (10~ 1481k [H]) T
Hole TNITHL T, 19954 1ZNighoghossiand i
S4B O KRB IR P 25 2 5k G & U 7 U MR
AT TBDY, 2 ORFIRHE RO 2R3 0 B i 28
BAETHY, A 1 EE LA ORERG H BIIBRIL,
FEREAH19 + 2.7 I BICHBOWHBHRZ I TV 5™,
LAEBOMREERE T A2 LR L TRBY, 3OOl
FDHE 2 O THBIZHIF LR T, HBOWHEDR)
REBIRETEHDTH 7,

P E R oM, S SHBOR A
FTORMICLZDDEE Z HILA, HiatL 72NINDS
TOFRBEZHBORMICE &R, 35ICNeubauers
L Nighoghossian® D5 0HHEH T 5&, HBOWHRH
FEPARL EICE IR AP BR TR TH L, S5
\ZNighoghossianS 2348 L T A5 £912, HBOWH#
WCEELRAEHEES WL EELR YTV AT
HY?, ZOMPLIMETELEN DL, Fiz, LR
DOtPAEHBORB O G AIZ B e oo Pk L T
EZBNDHN, ZOMKREDEDSLNTVDEY,

51



52

A = RSB E A R L2 B B SRR

2) BT HiM

CHJE T H ML 2 o i 1M 4 B2 IS HBOWR & H W,
ZDOHEREZTRIRT HMEDDH LA, IR
U CTHREM MBI EZRL 2D DE %, bhvb
MIEHRERE L Tl 2 F 7278, IR I3 BE
IREB T R OB B —B T 5L L 072", L
ML, PEBITH L2021 5 HHBOM R M
THEAZRTICEE TR, 72, BIigE
WNCHBOWHER 2 AT - 72 BRI W i 0 45 358 4 12 S 4T
FBNEBI A7, HBOTRFHIN 45 54 0 F B %)
ROWGEVED %50 OB Lo JF K & 72 2 i B
IR OHHRETIE, FBEFACIEL Tz v
MAT N RED A PEDSREN 7253, BFE TN
ERERI AT T R RECEAT A EEICRY, HBO
EHEDS BB R IR e BV REVED D %o
3) M

o 98 BRAC 3 O A T 70> 5 I 1 L& A, B PRI o
M ARz Fzluxury perfusion?3HuiTHY, W
DV eI DH Dmisery perfusionZ R T ILIFITEA
Ewve L72d T, M ILICHBOWRHR DA R
H§ 5L13% 2124w BB THBO R = FAi 8
BB W72 A D H HAY, ST M EA LR
AR EJF B misery perfusion® & A TWAHIEER T
WEEELDOTH B, THIIHLT, BRI OB
Tmisery perfusionz L TWAZEIURENY, D
I INCHBOWGHEDS A ANV 5 2 REPED B 5o Hl
AN, B JT UL Rk A3 R 5 A9 BICHBO
WAV, M ARRE IR 3§ 5 S & A RIS
B3 %75, misery perfusion®FAEZRIBL2HDT
Do GEIDIINGHEBOBHRLAADZLELHSI.

ERERSME

W& 70 BT AME L, WA, O F ARG
RHMGHESDIR T MM E LS D TH B, DRi»HH
RAMEIZIZHBOR R AL, ARIEEZRET S
LONMEEAEDH DL, 3512, Glasgow Coma Scale T
9 LT 0 EAEFHAMEL168BIIC BT, “HEMRY
HERE 1T > 72Rockswold b D E T, 127 A%®

IR ZED WL THIE T I BRAE D 32% 2%t
L THBOWEHHRE TL7%E A BICHIHI S 7L T
5%, ZORERIZHETIMEIZ BT 2HBOWRE D H R
HERBELZ2DDTH S, ZOFBISH L TERARE
EORMPEAIREN TORWELETIE?Y, HBOWK M
VELAEEOBVEBETHA),

SEERAME O BRI TR MAEIRD AN B LA
5, AMERZH B R 2SR IRE LD BER R W L%
AHNTW e, ESRAH 20 2 o Mz
ML 72 i, B I XA H IR T H A2
EDIRENTZPN, EH1T, HBOWR AR ICHE RIBIER
O L F L Dlactate D HI A S TSN T W
570 ZORE R BT AME ICHBOWR R 25 A A VEH
THIEREMTIBLOTHY, SHIIMenzel HIF KK
JEF DRRFEWA T EHE B 5 A5 61 Clactate540%
s nEL TR, F, FREOEEO—D
&L CTRockswoldbld, JUAEL 7-HHZE NIE O % B
FTWAAY, HBOWBHICL A O —HNZ%D
DT, HHEBRIZErebound R BT HIENHY,
PER B & U CIRCH O W53 127250 TH A

REEZE M REEE
1) e MIE

MR R B AR 4 e IR CER S, KERIREC
DM 2 AR NS BE R T B DXL
i B AR AR IR R D AL T E2AS, ZDOHERY
PERLU MG E R ZIUSH L TMathieubl2170
BIOKEH THBOWREOK KA MEL, F&IiE 3 W DL
N OWBRHRIRIC T RIF AR EON LD, EThk
B2 BEHEIE T3 LB T WS (85 vs. 56%) Vs
3 W [ DAY o0 Pk 0 oo e R SR ki L o k3 A HBOA
WO RN EZRLZEIZEETH S,

T3 2\ U T SRR G T R S B B I BE ST
(RO —=Y ) ETRN— Ao Do BIH I e 8
DOHLEICALI, BEIZZODFRDORF T I
AN MBI OMIEFENTH L, SHIT, BH
1 BYEO RIS BB FIRETAONDLLEDOTH S
2%, BREVEM RIS RS L Twh, TE

HEEERE Vol38 Noz2



2003456 H 2411 R = RV E R 25 2 50 [T R R

b= A5 B A PG T AEFNIW S TRV,
HBOWHH IR IE O AT 2 B3 252
EOEBMICHERESNTWAY, ZOZ LT MmEERN
FEVC RS 3 281230 L CHHBORE A A AN AE
THERFELT, 7A=Y 2O EE L TWaS
ERIREL T Do i ML N 45 % 5 O A AR5 &
HOT, TORBESBEOMERETHA),.
2) —MALi P
REWRREEBDERREETH L BILKE
(CO) AR Ak E R IR T 2L b, TaEs RS
BENLIEDE V. ZOPRBITH T HHBOBHR DR
BRI SN /2dDEEZ SN TEDS, EFREREK
JEBNCBWTRAIE T OBEWA LI L 7B,
HRED—F " H TR,
COFFFHICHBOWREEA HWHN B LI - 72 2k,
1%, 18954F 1CHaldane S B W F Bk TH A2 R L
72222 EBW, S5, RIS HICE 5720,
1962412 Smith 232261 O AYECO PRI HBO R # 2 ik
ATRIFRBREZREL22LTHEY, LTAN,
19894 ZRaphael 53T -7 “HHE MR TIE, Hilk
[ 522 b R WIE BN HBORE E KL T COME
WA DAREIT, TNOHDRFHRIIES NI EE
ALY, CORIEOH VR 2T TLIE
277z SHIHELIE, BEREEZPEIEMICBY
Th, 1MHE 2 HEDUBOWRFN: T HAERE AT
BWERRTW5D, TOBDEIEHZ BT, KT
TOWHER S5 LHBOHRFE L DL T, HBOWHA
VAR THLHEL 2RO T,
RIEWeaverHH37 o7z ~H B HGRER O Hid
PECOP RT3 2HBOWEH DA AL T MERRAL 72 %m
W25 TWAY, EH0$R-72771E, Raphael> D%
SALIZIZFAL TH DAY, AV mEkEE )ik
Rpbo $hbb, 24RHELIAIC 3 W OHBOWR#EZ
B 1 MOAKKET TOEEBRAZITIDDT,
WIE OHBOE# TIESATATHBEEZ WD, WA
650 RICIZ2ATA TV, ABRA15045E L Tnb,
COBEBRENCBWT, 638E12 » H %O R
BB EELZEL 220D TH LY, TR

HBOWHE DO RAE B ETHLDTIED S5, KA
TOREZEW AL THBOBRENIVARTH AT
LEIRL72DDITIE SR,

P EoZ2MECOPR BRI T 2R B LD BLR S Wy
5L, HBOBBDOAREETRET DD TIEE WIS,
COFBERIIBOTRAE TEBHEBRALO LR
AR BETHSHY,

MEtiREE

I e B D £ {23, L 4E TldGamma Knife
WA SN AR CHRFE ST RBY, Tl
DFOEREOAHNTET WL, X, BEDS
I BRI, B IR AT AR S B AT Ay
B, TADPARIS=Fr Ve ORERENEL, %
E DL L DB FHRIR SIS SN 5 L)1
o T&Iz, LIAD, TOWHBEDORRKOEINEH A

HIRALRE A AR S, e TOH R B
WCTH Do WO HIEE IR EFO T R0 b
HAE, KT B R EORGERTHIETH b,
L7ehioT, ZORSEBERIZ L TERDETT 5
B, ARSI BRI e b UL, U
TRV O WRPET R LT HIRANL, BB A K W2
WS 7y, B AR A 3 A HIBUCAE L T
WHIEDLL, I O B R R H D Do
FOWPELTCHIHHEN D AT 04N, TR
WCRIRTEDHODHILOETZ IR HHDOTIZ
2l M/MRBEREEI A &b ALN T B2,
ETHIRHI U BRD RB A TH LY .

DX PR OHHBOBIRT, Chubabid
19974E ICHBOWRB O F A EZ R L Tw A", 2D
Wit TI3, DROTHENITE DBFBIZ AT 72
MBI D 4T, AT UARFE IS L 2A> 7210
FEBNIT L CTHBOWBHEZ 4TV, AE IR D U35 R T
BORENREPIIHEOLNITZEL TWD, 61T,
Leber® 3 I B # IR 45 T 0 B 43 M/ FE R HE % 0 B
Ml 2 FEFNC L CHBOWRHE DO AR T 292 LT,
HEIRETTE DPE LYW HEE RO T B, HBOWHHE
DO EIE TandonSDFERNZH AL, ATHARLH

53



54

B = BRI ERT LR A KT RGO

BEFOEHTIZBEO#ETEEVIEDONT,
HBOWEHRZHH 5L THEDKBIZESTWEY,
bbb OWRFEBITIE, PEDATUAREHBOGR
DU TR BN Tz, HBOWH#EZ LT
BEREIREALLIRE ORI AN, HBOREDH
P CHIIEDEITEMA AT ENTRETH -7 Hh
WL DBHTIE, HBOWHEZ P ILT 22 HE
WHIWT S B0 EA B Do

It D JACER MR AE O AL 27 R M Tl lid i 0 2
S THEY, BRD N B M >0 R ik
ZALR MAE OB S A3 2 L, SHITISHED
gliosis (PR IEIE) TH B, L LI ZFE FARIZ,
HBOWGH A ST BRI A ACHE 3 A 135
NTIER V. EXAVERIE, EBEEEETVICT
HBOE# Aivascular endothelial growth factor (VE
GF)Z I T# S AL WME SN, SHITEHELS
&ix, VEGFOII ko | B AR FRE Tla e
HBOWBH THHILE/RLIZETH DB, ZOHBOM
L BVEGF O IEAS, W4 1 AR % B4 ©
REZRIHRRKDNLEZONS,

S am el s

B 1R R ARE R 26 D RGP IR UICHBOWR YA
A 2281E, BARER DA TR Sh
TWwhe ZAITHLT, BIRECBERLICHBOW #
DRADINTEIZAY, Al FWRANIEZ R 7]
Td v, —7, LarssonSHI3MiE B FA#i 2 0 FAlal
wrpubh & L 72 iR VR IR AE \ICHBOWR D R R I T d
HEBRTWE™, HHIE—ED36HNHBOWE % 4T
W, 27BN TR A E R R i R RS
72ELTW0de SHITHBERAZZT TR, B
AMROMPSBEHTHAEIELRIBL TS, bl
b b I TR ORI &S A b 2B, R
LOHBOWREZICH L RIF ekl 4 T& 7,

F/o, BB BRIYEICIZHBOE B O A SIEIZ S A
TRaRWAE, RRENrOCHENITESIRHREE
B EYSAE ORhinocerebral mucormycosistZiZHE &
HEDBFHTER THIEEINTWEY, LaL, W

mAETHRLESZREBL 7225, HEDOHL K
—IFAICHIH S BIZL THHIBIEHEETH 720

EH-EHER
1) FHEHEG

FHAMEE B LEL THBORENH VLN TV
B, EOREDOWRBHRI IS 2 TEAR V.
Gamacheb 32561 D F fERE ICHBOWRHE A T > T W
B2, WREROYESFINHEONBICL THRER
DBEFRERLEREZ L VEBRTVEY, FREBRD
JeE S I BRI D 2 e T, Asamotob 33461 %
2 FEIZTHBOWRE OB R %2 M E L Tw5Y,
WHEEDOTHIHBOBHIFICHB N TT52%THY,
PEAITECTl365.1%E L TWBDS, RERSDHEHIT
LD ENRADPAR+5TH B, 72, I
BB EEL CRIEESDIFON B, ZOHRE
~OHBOWBRHEOH ML EN TN EY,

AP RO W T LB O F IR S 30
W Tdh b, ThbbH, RINLEBICHRDE VW
TR B\ G RIS, FRCIERT A L B
BEATEICRY, SIIIZER ORI A E
T3 50 L72HoT, COMOVRAIEESNLS
EPOHEMBEEOFHREIARTHL, ZNITHLT,
BIEE TIEEROBRRMWROVEITHENET S
TEMDYE YR BRI T BRI R R RSN B,
DT EIZF BRI AE DI AR % % 2 5 1 CHLIR
Vo
2) AL

T B B DAL C IR HE AR AL IR B ~HBO W # 7)8
RAbi, AEEZRBTH2HMEDH L, LPROHR
BB CTREET AR DS T S Tk n®, L
L, BE OB HEMHBOWR % BFH
THIET, HFIREIHALHERCELZLE]
PIREBRL, CORBIZHHBBROMRIE R T
%o

3}
R FRE LB RICHBOWR R AL D XIS H &

H&MERERE Vol38 No2



200346 H 24 H

TWbHY%, MRLXMEDEIILTHEALA. &
DR FEB CHBORHE S EE L EHZH-TWAHD
ERWILPTHBD, INHODRREFERITKD
SNHLOE [RHFAIRIL] THob, ThE KRB
BOWORSZRWHEDY, 21 #H T 2 EHIEDHVE
T, FRBOHEBLBIIEMED, FIEEERS
NBRERIZZVTH A9,

BEZEH

1.

Gray LH, Conger AD, Eber M, et al : The con-
centration of oxygen dissolved in tissues at
the time of irradiation as a factor in radio-

therapy. Br J Radiol 26 : 633-648, 1953

. Churchill-Davidson I, Sanger C, Thomlinson

RH : High pressure oxygenation and radiother-
apy. Lancet 1:1091, 1955

. Chang CH : Hyperbaric oxygen and radiation

therapy in the management of glioblastoma.

Natl Cancer Inst Monogr 46 : 163-169, 1977

. Kohshi K, Kinoshita Y, Terashima H, et al : Ra-

diotherapy after hyperbaric oxygenation for
malignant gliomas : a pilot study. J Cancer Res
Clin Oncol 122: 676-678, 1996

L AR, RN IE S A AR S SUE

T 32 T B R DR e, IRt 7 ¢ 479-483, 1997

. Kohshi K, Kinoshita Y, Imada H, et al : Effects

of radiotherapy after hyperbaric oxygenation
on malignant gliomas. Br ] Cancer 80 : 236-241,
1999

. Kunugita N, Kohshi K, Kinoshita Y, et al : Radi-

otherapy after hyperbaric oxygenation im-
proves radioresponse in experimental tumor

models. Cancer Lett 164 : 149-154, 2001

. Kinoshita Y, Kohshi K, Kunugita N, et al : Pre-

servation of tumour oxygen after hyperbaric
oxygenation monitored by magnetic reso-

nance imaging. Br J Cancer 82 : 83-92, 2000

. Beppu T, Kamada K, Yoshida Y, et al : Change

10.

11.

12.

13.

14.

15.

16.

17.

18.

A& = WA ER T E R bR AL R R HHR

of oxygen pressure in glioma tissue under
various conditions. ] Neurooncol 58 : 47-52, 2002
Inoue O, Ogawa K, Yoshii Y : Short term result
of the irradiation right after hyperbaric oxygen
exposure for the malignant glioma of brain.
Undersea Hyperb Med 29 : 100-101, 2002
OIS, KESRE, REEIEE b EEsY
F—= T AN E KRB R ET vz
FHURE AL AR, 610 H AR AR S R
FERHE2002

Overgaard ], Horsman MR : Modification of
hypoxia-induced radioresistance in tumors by
the use of oxygen and sensitizers. Semin
Radiat Oncol 6 : 10-21, 1996

HiiERE, R IEZRR, ORTRIE, i PUEg
W& R RSE - P REE O - B
JEPERE 31 :199-204, 1997

AT, AN, A8 R, #IRECE B AR
R LR EN 7 )A —< O -
TFATICEBL A HEIIRENC T, 31 H A
RERCITREAE S 2002

Akiya T, Nakada T, Katayama T, et al : Hyper-
baric oxygenation for experimental bladder
tumor. II : hyperbaric oxygenation in com-
bination with chemotherapy in N-butyl-N- (4-
hydroxybutyl) nitrosamine-induced bladder
tumors. Eur Urol 14 : 150-155, 1988

Alagoz T, Buller RE, Anderson B, et al : Evalu-
ation of hyperbaric oxygen as a chemo-
sensitizer in the treatment of epitherial
ovarian cancer in xenografts in mice. Cancer
75 : 2313-2322, 1995

Kalns J, Krock L, Piepmeier E Jr : The effect of
hyperbaric oxygen on growth and chemo-
sensitivity of metastatic prostate cancer.
Anticancer Res 18 : 363-367, 1998

A AT e T ORI O tR R SUR R R,
A} 28 : 763-771, 2000

55



56

19.

20.

21.

23.

24.

26.

28.

A = RS RHER R £ 2 AR AL IHR

Mz, BBRM, MEEE, b FIEEs
FRE B L 09 B i ST FR SR T AL R I,
EE611H H A A A4 RE 2 S5 48 432002

The National Institute of Neurological Disorders
and Stroke rt-PA Stroke Study Group : Tissue
plasminogen activator for acute ischemic
stroke. N Engl ] Med 333 : 1581-1587, 1995
Clark WM, Albers GW, Madden KP, Hamilton
S: The rtPA

stroke trial, part A

(alteplase) 0- to 6-hour acute
(A0276g)

double-blind, placebo-controlled, multicenter

: results of a

study. Thrombolytic therapy in acute ischemic
stroke study investigators. Stroke 31 : 811-816,
2000

2. Nighoghossian N, Trouillas P, Adeleine P,

Salord F : Hyperbaric oxygen in the treatment
of acute ischemic stroke : a double-blind pilot
study. Stroke 26 : 1369-1372, 1995

Neubauer RA, End E : Hyperbaric oxygena-
tion as an adjunct therapy in strokes due to
thrombosis : a review of 122 patients. Stroke
11 : 297-300, 1980

Anderson DC, Bottini AG, Jagiella WM, et al :
A pilot study of hyperbaric oxygen in the
treatment of human stroke. Stroke 22 : 1137-
1142, 1991

5. Jain KK, Toole JF : Hyperacute Hyperbaric

Oxygen Therapy for Cerebral Ischemia. North
Carolina, 1997

Kawamura S, Ohta H, Yasui N, et al : Effects of
hyperbaric oxygenation in patients with
subarachnoid hemorrhage. ] Hyperbaric Med

31 243-256, 1988

. Kohshi K, Yokota A, Konda N, et al : Hyper-

baric oxygen therapy adjunctive to mild
hypertensive hypervolemia for symptomatic
vasospasm. Neurol Med Chir 33 :92-99, 1993

Molyneux A, Kerr R, Stratton I, et al : Inter-

29,

30.

31,

32.

33.

34.

35.

national Subarachnoid Aneurysm Trial ISAT)
Collaborative Group : International subarachn-
oid aneurysm trial (ISAT) of neurosurgical
clipping versus endovascular coiling in 2143
patients with ruptured intracranial aneury-
sms : a randomised trial. Lancet 360 : 1267-
1274, 2002

Kanno T, Nagata ], Nonomura K, et al : New
approaches in the treatment of hypertensive
intracerebral hemorrhage. Stroke 24 (suppl I):
1-96-1-100, 1993

Kanno T, Nonomura K : Hyperbaric oxygen
therapy to determine the surgical indication of
moderate hypertensive intracerebral hemorrh-
age. Minim Invasive Neurosurg 39 : 56-59, 1996
Siddique MS, Fernandes HM, Wooldridge TD,
et al : Reversible ischemia around intracereb-
ral hemorrhage : a single-photon emission com-
puterized tomography study. J Neurosurg 96 :
736-741, 2002

Rockswold GL, Ford SE, Anderson DC, et al :
Results of a prospective randomized trial for
treatment of severely brain-injured patients
with hyperbaric oxygen. ] Neurosurg 76 : 929-
934, 1992

Clifton GL, Miller ER, Choi SC, et al : Lack of
effect of induction of hypothermia after acute
brain injury. N Engl ] Med 344 : 556-563, 2001
Shiozaki T, Hayakata T, Taneda M, et al : A
multicenter prospective randomized controll-
ed trial of the efficacy of mild hypothermia for
severely head injured patients with low intrac-
ranial pressure. J Neurosurg 94 : 50-54, 2001
Bergsneider M, Hovda DA, Shalmon E, et al :
Cerebral hyperglycolysis following severe
traumatic brain injury in humans : a positron
emission tomography study. J] Neurosurg 86 :
241-251, 1997

HEEERE Vol38 No2



20034E6 H 24 H

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Martin NA, Patwardhan RV, Alexander M]J, et
al: Characterization of cerebral hemodynamic
phases following severe head trauma : hypo-

perfusion, hyperemia, and vasospasm. J
Neurosurg 87 : 9-19, 1997

Rockswold SB, Rockskold GL, Vargo JM, et al :
Effects of hyperbaric oxygenation therapy on
cerebral metabolism and intracranial pressure
in severely brain injured patients. ] Neurosurg
94 : 403-411, 2001

Menzel M, Doppenberg EMR, Zauner A, et al :
Increased inspired oxygen concentration as a
factor in improved brain tissue oxygenation
and tissue lactate levels after severe human
head injury. J Neurosurg 91 : 1-10, 1999

Kohshi K, Yokota A, Konda N, et al : Intrac-
ranial pressure responses during hyperbaric
oxygen therapy. Neurol Med Chir 31 : 575-58],
1991

Mathieu D, Wattel F, Gosselin B, et al : Hyper-
baric oxygen in the treatment of posthanging
cerebral anoxia. ] Hyperbaric Med 2 : 63-67,
1987

Kondo A, Baba S, Iwaki T, et al : Hyperbaric
oxygenation prevents delayed neuronal death
following transient ischaemia in the gerbil
hippocampus. Neuropathol Appl Neurobiol 22 :
350-360, 1996

Ernst A, Zibrak JD : Carbon monoxide poison-
ing. N Engl ] Med 339 : 1603-1608, 1998
Haldane J : The relation of the action carbonic
oxide to oxygen tension. ] Physiol 18 : 201-217,
1895

Smith G : The treatment of carbon monoxide
poisoning with oxygen at two atmospheres
absolute. Ann Occup Hyg 5 : 259-263, 1962
Raphael JC, Elkharrat D, Jars-Guincestre MC,

et al : Trial of normobaric and hyperbaric

46.

47.

48.

49.

50.

51.

54.

55.

B = RS FHER LR bR UL R G H

oxygen for acute carbon monoxide intoxica-
tion. Lancet 2 : 414-419, 1989

Ducasse JL, Celsis P, Marc-Vergnes JP : Non-
comatose patients with acute carbon monoxide
poisoning : hyperbaric or normobaric oxygena-
tion? Undersea Hyperb Med 22 : 9-15, 1995
Hampson NB, Mathieu D, Piantadosi CA, et al :
Carbon monoxide poisoning interpretation of
randomized clinical trials and unresolved
treatment issues. Undersea Hyperb Med 28 :
157-164, 2001

P S g TR —T00 - JWRE - JeE—- 2
BYLHE, HE 2001 ppl73-180

Weaver LK, Hopkins RO, Chan KJ, et al :
Hyperbaric oxygen for acute carbon mono-
xide poisoning. N Engl ] Med 347 : 1057-1067,
2002

Tandon N, Vollmer DG, New PZ, et al : Fulmi-
nant radiation-induced necrosis after stereo-
tactic radiation therapy to the posterior fossa :
case report and review of the literature. ]
Neurosurg 95 : 507-512, 2001

Chuba PJ, Aronin P, Bhambhani K, et al :
Hyperbaric oxygen therapy for radiation-
induced brain injury in children. Cancer 80 :

2005-2012, 1997

. Leber KA, Eder HG, Kovac H, et al : Treat-

ment of cerebral radionecrosis by hyperbaric
oxygen therapy. Stereotact Funct Neurosurg
70 (suppl1) :229-236, 1998

. Kohshi K, Imada I, Nomoto S, et al : Success-

ful treatment of radiation-induced brain
necrosis by hyperbaric oxygen therapy. J
Neurol Sci 209 : 115-117, 2003

Spiegelmann R, Friedman WA, Bova FJ, et al :
LINAC radiosurgery :
Neurosurg 78 : 638-644, 1993

Sheikh AY, Gibson JJ, Rollins MD, et al : Effect

an animal model. ]

57



58

56.

o7.

28.

99.

B = AEABERTER B

of hyperoxia on vascular endothelial growth
factor levels in a wound model. Arch Surg 135
:1293-1297, 2000

Lampln LA, Frey G, Dietze T, Trauschel M :
Hyperbaric oxygen in intracranial abscesses. J
Hyperbaric Med 4 : 111-126, 1989

Larsson A, Engstrom E, Uusijarvi J, et al :
Hyperbaric oxygen treatment of postopera-
tive neurosurgical infections. Neurosurgery 50
1 287-296, 2002

Ferguson BJ, Mitchell TG, Moon R, et al :
Adjunctive hyperbaric oxygen for treatment
of rhinocerebral mucormycosis. Rev Infect Dis
10 : 551-559, 1988

Gamache FW, Myers RA, Ducker TB, Cowley
RA : The clinical application of hyperbaric oxy-
gen therapy in spinal cord injury : A pre-

liminary report. Surg Neurol 15 : 85-87, 1981

60.

61.

62.

63.

64.

EVERL & S

Asamoto S, Sugiyama H, Doi H, et al :
Hyperbaric oxygen (HBO) therapy for acute
traumatic cervical spinal cord injury. Spinal
Cord 38 : 538-540, 2000

James PB, Jain KK: Decompression sickness.
In Textbook of Hyperbaric Medicine, 3rd ed.
Edited by Jain KK, Hogrefe & Huber
Publishers, Seattle, 1999, pp118-141

Palmer AC, Calder IM, Hughes JT : Spinal
cord degeneration in divers. Lancet 2 : 1365-
1366, 1987

Warren LP Jr, Djang WT, Moon RE, et al :
Neuroimaging of scuba diving injuries to the
CNS. AJR Am ] Roentgenol. 151 : 1003-1008,
1988.

Ravicovitch MA, Spallone A : Spinal epidural
abscesses : surgical and parasurgical manage-

ment. Eur Neurol 21 : 347-357, 1982

HEEERE Vol38 No2



