1 T H T B MR 2 DI & Mg s - R OHE
%

SEg:jpn

HhRE

~FHH: 2017-10-04
*F—7—NK (Ja):
F—7— K (En):
YRR

X—=ILT7 KL R:
FiT/:

http://hdl.handle.net/2297/9161




590 SRAFTLEF LM £104% 55 590—599 (1995)

A R B H 2R IME ORI & BIEER - R OHER

EFKRFELIAE: - WEPRE EF DK B
# - #

ODHFEEOBEEEY BRI HEYRETL BN T, ¥EOREA X24Td, £MEMIC5 SRS Ll (5
SyfEEE, n=12) 155 B LB (1558, n=12) w4y, BMMEREORMES L UMEE  REOEMEEEY L& L
7o, BERA0%, BROORB LU w2 V0 2% DEEF ARATHEZHRE L, KBRS 0L - FREIRE RS L
TEMEOZ T L. S5MERIsoMoeMEMBCBRYBRL, ME, NMOKE, NEEEEE, DIR: LapkE
PO MBS A, MEE, e vBES X CHBELERMC0SHEZ L. BRREOKECHHEMRAIL, 5 49m
TiX 76110 & CPifELEEMERE), 150 MBETIE 543138 S TH D, 2HECHEE (P<0.0001) #bdi. 54HERD
R B B RRRCE BN A R E e h - edd, 155 MBEO MM & T BFER205 B aiED 194423 % #n L
o, BERERCEEY T LARNBRNERE EOAECEET 28M, 5 5B TI35222 4 Th -0, 1558 Tt
246440 HSEHELL (P<005). Licd-T, MECBHE L NBEHEEBOIECEE T 5HNEERT, 55RRA
—5.9%2.0 HTH-7eDH L, 55HBETIE 297140 HTHH, 2HEICEZRZE (P<0.0001) 231, BEBIOSEORK
BWRIFFT, S5 HMPETIX 0192002 & BIATHE (0.13£001) DA2B M LT Eied - 12 ad, 155 BETIR
0.40£0.05 L BMAMED270% LA EICHINL, 2 BRI AEEELRD . BERIOSLAO ERRBIRFAL O mEE, erey
BER L OFBER, 150MBER S SRR L VEBCHELTR L. 5oRBEIMREEY BT, 5oL NREELR
Bl ERHBR TV, Ledi-T, 2HEMTALhLLEOET, BOBEOREC I2&RTHL L L bz, MR
ErbTOTRETH DA LEEShL. LX), DREEROMEEEYBRTHIE, NEOCHHE L MBERBED
EEOKRNEEL X T52 L, BEREXOMMEECHMBERIERORELBMPH T2 2 &, BIU LARBIRA
MOBERLE DOFRFHEY (CLE VBB LIUAR) OEXYBERLVMCETERIZ LR EBLETHB LEL AT,

Key words cerebral circulation and metabolism, complete cerebral ischemia, electroencepha-

logram, ischemic time

DI BIFRE LcBie E, 2B Mt EEE LA
LEZORDBESEHCERL IORBOEEERIT, REMD
EWRIt->TWD, BilX, F& LTABOEREE 2 REEL
TWwa, —%, BOMKE, BRERE, 7 FoEEBEES X
UHABBEER EDIEIL, BURIEFET A DO RB -
NF—RBMBFCE CRREOBRCETAHEDOHA HiTh
Z, MREEHO =R F—le 2 BAELTRLTWS EE XD
h3. ZThooRERBOINER, OMBEESOMREkIERSE
YBEFETARREOHMBIIBABETHAS. LaL, BEET
i, DIfffEEOMOBEREDCHEERES I URFEOEBEER
&, HREBEROTFHRLOBMGATICBEIAT VS LITEL
[ 20

LB MEDOMERIED TR, BNORHERIICAZE
FEhd, B LERTIE, EAABIRESNEL B
BLLIELT, BOMMEFRICHEE L 2NEM 5 1%
ERTHZENTERY. 41 ROPE, 69 EOLKERTIE
MEREEE Y 2RI TWEET 52, 105-L 0L RE
M TREREE T REBRE 7 E ORISR EY BT 2 & 4

SEBL T4 8 H30RZAT, PR T4 9 A2THRE

bhTuwa? SEZEET, HEORMA X2UF X, L7
KEIRZER LT 5 9B L5 HoLMEm > BT L, N
EEIUEBMER - ABOEEEE Y LR L.
HRIBLUHE

. MEBIUHREHZE

KB, (FE 8~14kg DHEBOMI S 224FLH 2.
B2 3 v (=3, ®R) 20mg/kg LT F =y (I, X
fR) 0.5mg DEFFIZ & W RBEAEA L. B{kyrro=nr 2
v (Uz, B 20mg OBHETKERBE LT, ALTR
25 LP6 (IMI, 8#) st Le. ARG, BENY, F
F60%, ~m 2 v (RHE, KR) 05~1.0% OREHTADRAT
BB AR T2 L L b1, B{btv o m =y a (Z3) 1~2mg/
RER FERERO B IE L CIEBE LAs. AR, S5cmH,0 O
SHRBEL ML cREBERST L L, BilkimREY A5 E
(arterial carbon dioxide pressure, PaCQ,;) #% 35~45mmHg &
£B Xy, —EBEKE (10~20ml/ke) X XU BEmE (8~
12[E/4) BFELIC.

Abbreviations : BE, base excess; CBF, cerebral blood flow; CCI, cerebral circulatory index; CI, cardiac
index ; CMRglucose, cerebral metabolic rate for glucose; CMRlactate, cerebral metabolic rate for lactate;
CMRO,, cerebral metabolic rate for oxygen ; CO, cardiac output ; CVP, central venous pressure ; DPH,
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I. FHFRELUVEREE

BB WML EE LT, —floKBEBRICH 7 —F 0
»EBEL, EbF Vv AF 2 —H — TI2AD-R (Spectramed,
Oxnard, US.A) W& L CFHH IR E (mean arterial
pressure, MAP) ZFREHCHIET S & L b, Blr— &
LCER LY. MEAFASCIIEBIMEK A A 98 et ABL-3
(Radiometer, Copenhagen, Denmark) %, MEENEZIES
MEPERHRT7 2 P Vv ¥ (UZP) 2EALE. ¥k, Erey
FAE 3 & O FLERELY, BESREE A VT HAZT050 (Aaz, R W
FhWELR.

b, AMOXBHRL »BEFRAMBRY 7 -7 1
Swan-Ganz catheter (American Edwards Laboratories, Irvine,
USA) #BAL, B EERBEEDR», FHFMBIRE
(mean pulmonary arterial pressure, MPAP), I MmES AL
(pulmonary capillary wedge pressure, PCWP), h.L#IRE
(central venous pressure, CVP), .0>fitH & (cardiac output,
CO), ¥ (cardiac index, CI), # Ifl % # #T (systemic
vascular resistance, SVR) 8 X UM &R WUETES X
ic#EfE Lz, Clix, 0 COABEAKEK (KZ, EX) 2Bk
HF—F b Sml EALT, LEHEI v E . — % —
EH-11 (7 7 #BF, ER)ICX h CO 2#HIEL, TDERHE
thEEE (012xEEY) ThRL TRD LY. SVR i,
(MAP—CVP)x80/CO 1= & hR®d7=.

DER (OEHE) B JOUMEY, SARERESERERY 7
ST7VAT L (AAXRE, ER)WCL ), ERMCEETEs X
S L. ok, MEEoRSGT, REEZ LD lan £
EENMERZE D 2em RENCHEBERAL, SLCEAICE
HEBREPATEEVHOTESHELYH 2.

MBI, FA7 .- U g VERRE Y S STCH02 (7%,
) 2R, ABEAREKY 10ml/ke/BOEETHRE L. £
Brfil, DEWIST, KB XA TEEOAH, /2B LE
Fazvbr— LEEM YBA05 (HIL) ®RFERY + — =
PF-150 (} — 1 v, W) W X5 £F OB LTV, MR MK
% 38.5~39.5C DEEICRE -7z,

R, BEIEEML & U, B2 AN RN EN EEEE
(3o hAF A0, By CEELL. AUEERZEL,
BARXEBOKEE=2— TGA2 (X1 F+AF 4 H Ly A=
VA, &R) D vy -k ANEBCEETSLIOCEAL,
M & (cerebral blood flow, CBF) # EHEMICHIETE 5 &
51 L7z, bE&RIKEIRIA (superior sagittal sinus, SSS) & g&H
LTC247 = S AKS (A, RO RBAL, BEEAGT
Ta=P g vy voHy s STCE2 (FA%) g L.
FEhL, MERE R CIodIic, ~o%) v kY v A (UME,
R 48 50IU/ml B THMI oA B &K 0.5ml/BOEE
THRFIEA L, SSS L IRM A HERHRM TE A L 5 Lz,
INHOMFE=2—-DevH—BIOAKENL, EEEFOF
AL % s & {6 B B #| PRESIDENT (Colténe, Altstitten,
Switzerland) TEHTAHZ LI I VEIEL.

DEDBEIKRT Lictk, BERE & HEREY e AU
fimlic, 1% 2 e H1 v (B8R, 3R X5 RFTREL O

RL7ehb, GEIMECHEBEL, ##IR L 0RMO EAHIR
BLOTREIRCTh TS RIEROF -7 2R L7z,

Il. £REm DR

FHBRERSIUVEREBOURMIATET LA T, BIRMY
AW E TV, PaCO, 2% 35~45mmHg DEIFENCE 5 X 512,
MK E&HYBEHE L. vk, PaCO,DIgEL LT, REH A
=2 — OIR-TI01 (B A X BN & H RKRIKRERY A5 E
(end-tidal carbon dioxide, ETCO,;) #BFEMNICER L1z, ¥72,
WEEMEH (base excess, BE) 25, +£3mEq/l LIRICA2 X 512,
8. AN EREET bV v 4 (KB) #BIELTHIE L. 0%k,
N~ X RERI2RCEREL, REH AHTER AA-102-37-
0(7a=, KD WIDER L m 2 VIBER, REPERE
0.2%) EF LIV RE LRSS TENELT, TOEYE
METE & L.

BMETEEHE L3008, £MERXBB L. Zhk
2, EUSDHFE 2RV, ¥ BT KBIIRE B3 5 IR 265
E#TC DeBakey D M8 FIC & DML, 5I¥HEVTHI
BLTEBWT - 7RI N EAEIRE TREREZEE L (R
1). KEVRERTHIZ, EO0BOEAMHERCLE > DHBRENE
EOBKLRERBEEC LD OHEERXHIET A0, L
HEEYZROEBERAEKTAH L., L, BEREOCK
BOETRE <2, RERIMBIR 2 7 — 7 4 CRIE L 7=
BIRMA&E %L 39.0~40.0C WTHfofz.

V. EBREOER EBREAOER

WA, B8Ry 5 seNEnEE (LT, 5 oHE,

Fig. 1. Method for complete cerebral ischemia. Complete
cerebral ischemia was induced by occluding the aorta with
a DeBakey's vascular clamp which was placed just
proximal to the brachiocephalic trunk. The superior and
inferior vena cavae were also occluded with umbilical
tapes. Ao, ascending aorta; SVC, superior vena cava;
IVC, inferior vena cava; AZY, azygos vein; D, DeBakey’s
vascular clamp.

delayed postischemic hypoperfusion; ETCO, end-tidal carbon dioxide; HR, heart rate; L/P ratio,
lactate-pyruvate ratio; MAP, mean arterial pressure; MPAP, mean pulmonary arterial pressure; PaCO,,

arterial carbon dioxide pressure; PaO,, arterial oxygen pressure; PCWP, pulmonary capillary wedge pressure;
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n=12) L 15HeMEmE (LT, 1558, n=12) K&FA
Zoltie. Tishd, 5 0HEBAVWIISHOSKEME,
KR, TARERK, ®wCLTXBIROBCENZERL, 7§
BrERAI L. BEREHROLOSMI ETCO. 12k b, +h
LAz BhRIL S A 67 & b, PaCO, % 35~45mmHg @7c %
IOwmKEEEAGT L. REET Y V- 2A0HER, B
BRI0DUE»SEB L, BE 28 £3mEq/l ARz % X 512
BERBF Y vai®E Uiz, BERE, MAP 28 7T0mmHg i
BLILWHAR, 1~bug/ke/HDIERE N2 v (BAFEE, K
W) REELR.

V. AIEHEBE& L URIERSR

KEBIRER & v EEOMEN TN CERET 2 ¥ T RED
HEAKME L, BRBS L VEERALCREIER T2 T
YREOCOHHERFME L. LA (heart rate, HR), MAP,
MPAP, CVP, PCWP, CO, SVR, [tiBikn¥%iE R L CBF @
MBI %, BhRIME SSS MEHBMLCEhERI-DW\TM
WA ALHT, MEEE, CArevBERLUCABRELRIE L.
mEHOBEEEE L, Hb BE, BEHNE (oxygen
saturation, SO,) ¥ X U'EEFK S IE (oxygen pressure, PO;) DHIE
E»STROKX TR,

BFEEHE=1.39xHbxS0,/100+0.0031 X PO,

AR HE & (cerebral metabolic rate for oxygen, CMRO,)
1% CBF & Bpikim—SSS MR EHEBEOHET, M7 Vv
EE & (cerebral metabolic rate for glucose, CMRglucose) %
CBF L ®iRm—SSS mmEEHZEOHT, HIBMELE
(cerebral metabolic rate for lacate, CMRlacate) 1% CBF &
SSS m—-BfRMABEEZOE TRD L. B, CBF,
CMRO, % X ' CMRglucose 1%, BMBMEX100% & Lizs &0
BEHERTELE., BERIER (cerebral circulatory index,
CCD 1k, CBF % CMRO, TR L TR®, Fiz, NEEOFHER
K5 & CMRO, 32 M AT{E (100%) WER LB A EREFEHl
EL7W CMRO, DE»SEH) Lozxd, BECEHRAL
CMRO, DEHE OREfE AR L B8 Lz, sk, LEROKLEE
W, R MBHA305 R (BMATE) 3 X OEERI0SH2 5360%
BoMTERIlE L.

VI, #EtErE

REM@IE, T XTPAELBEERZETR L. MEOKELL
BEHIARE, 8IO0RECEHEL CMRO, ©EE ORMIIE
B Bi3 A Mo, AIGDRL Student @ t BER B
o, FOMOMEME ORI I BB 5 B0 & /G
D7\ Student D t BMEY, BRTLITITHIGDOH D t BB
Bonferroni DEIE.TT- T, P<0.05 2 FEZLHEL ..

X #

. BREEE E1)

BRMFTOBREET, 2BHECEEZYRDh 1. BIE
B, 155 MBED HRIZ, 120082 RV e CORRET, 54
MELVEBCEELTR L. BERES, 55BH0 5> b0
SEIE LT, MAP 2 T0mmHg W Lis s, 2~54

M, HEE P veELE. Lal, BERIOSUED
MAP, MPAP, PCWP, CVP, CIl X' SVR 1L, Wiy 2
BB AEBE LD o1,

BAZ LA cBE, BEREO HR 2, £2TORKAT,
FEHACBOIEL VERCEMBELR L. 72, 548R0
MAP RBEER20, 300X 02400 L%, 155MED
MAP 22405 A EMBTE & D BEICEME R L. L
L, @m#EDO MAP &b, EBRKETEE T 100mmHg L E+®,
T\ iz, MPAP i, 5 4B CTEERISH, 1558204
B, BEMAMEL OV BERCEMELR L. PCWP X, 55mR
THEERISHE, 155 MET0sRICBOETEY h ERCEE
R LIS, KEYEBELRAFELEDIL) 7. CVP i,
2RELEMAMEEL HB L CTHBELRD o7, CliZ, 5
DEFHTHEBERIOSEDOK S L6050 LI, 155 MBE 604 L
&, RMmAEL b EBICEMEER L. SVRIE, 59EHTE
TBR1205 LikE, 154 EBECO00 LA, BMATME L 0 BB S
ExRL7z.

I. R REFE2)

WE, BmBinE, KUETRELL, BEARE LD
HE&LL., MEAEEILTSFTORBIL, 55EET
19515 %, ISHMBET 2. 715 B THy, 2EMCESE
ZRDILM . BRIRE, MEABHET S ToOREII,
54HBET 7.6+1.0 4, 155 T 54.3+3.8 5 TH b, 154
MR CEBRCEE L.

0. &S X954 E3)

1. BjliRin » = 44K

Bk pH, BE, PaCO, 3 & U B) IR Ifu B 32 4> £ (arterial
oxygen pressure, PaQ,) 13, £&8% @ L 2 BB EEEZLR
DAtz pH BXU BE 12, 28 Ed, BREEISBTE
MAMEL D EBIET L. LaL, ThBIE8. 4% EREF
FU Y ADHRER LD 5 HFLUNCERFRICHE X . PaCo;
12, 2HELETORSCEERMBENTSH -7, PaOid, 28
LA L TORSET 150mmHg L ETH -1,

2. SSS fuH Ao

SSSm® pH B LU BE 1X, £ @ AL 2 BMEEEY
Bdighrote, Lnl, 55HEED pH IZBERE0D LI, 15
SEEEDO pH X105 %O &% & 02400 LIRIC B m AT iE & 0
BEEWEESRR L. BE 12, 28 & BEEBI0S B B mAl
B HhEBCET L.

1 BT D b 4% AR B IR IR M jR B A 4 FE (carbon dioxide
pressure of superior sagittal sinus, PsssCO,) i3, 2 EfCHE
ERBDIr o, BIEER0~605%DOEIC 11T 5 150 HHEO
PsssCO: 4%, S4MIBL v EBREBMELR L. S 9HEED
PsssCO: 12, BERIODBCEMANMEL » BB EMELRLA
23, 304 LARIZ M B{E AR Lz, 159 R D PsssCO %, B
BRI UECENMEL V EECEELRLE.

B AT D LRI IR M 8 % 4 £ (oxygen pressure of
superior sagittal sinus, PsssO,) 12, 2 BRIICHZEZLADR
ot BIERE0D LN D155 EEED PsssOyit, 59 L D
BFEWEMELT L. 5 5B PsssOz, BRERI0SHRICE

PO,, oxygen pressure ; PsssCO,, carbon dioxide pressure of superior sagittal sinus ; PsssO, oxygen pressure of
superior sagittal sinus; SO, oxygen saturation; SSS, superior sagittal sinus; SVR, systemic vascular

resistance
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MFE L Y BECEMELT LA, 205 DM EEz R L
7o, 165 B D PsssOld, BIERI0SH 2 THRMIEL VEE
BT LAY, 1205 AR EME % 7R L7z,

V. REIR - O

1. CBF (K2)

158D CBF 12, BERI20GEZ CS5OMBELIEEC
EErTL, LrbBER0SBICEMATED 194+£23%
mliz (P<0.05). —J, 548D CBF i, BEREHKRL
AEBIMUieh -7, ¥70, 5 5E#EO CBF 2, BIEHR305 L
BB MATED 60~80% 4 L7z (P<0.05). 155 MHD
CBF %, FFUEBR 1804 LAREI I R M AiTME O T0~80% Wi L

Table 1.

(P<0.05), F{ERIS0OSLIE 2 BRI EEELRD A, 1.

2. CMRO, (X 3)

55 f# o CMRO, 12, BHEE2404 LK, & mATED
120~160% 1280 L7z (P<0.05). 154 & D CMRO; i3, BIE
BI0SBICEMAED 64.6+8.2% TH-7oht (P<0.05), 504
LAME3009 8 % TR MATE D 150~180% i Lz (P<
0.05). ¥7:, BEBEEAICEMEL T L CMRO, 2\ E M#H#E
EET AT, 598 T 135122 HThH-122, 159
BETIL 246140 HEE LK (P<0.05).

3. MEOFHIEE CMRO, D EIE ORI REE (F2)

Z ORERIPMEEL, 5o TIE 59205 TH D, K

Hemodynamic parameters at preischemia and after 5 or 15 min complete cerebral ischemia

Hemodynamic parameters®

Group® Time® (min)

HR MAP MPAP PCWP CVP CI SVR
(beats/min) (mmHg) (mmHg) (mmHg) (mmHg) (1/min/m? (dynes-sec/cm®)
5-min Preischemia® 14597 136£5 20.2+1.0 9.8+0.7 T7.7+0.3 3.171+0.21 6188628
10 177+9% 134+6 24.1+1.5% 13.6+1.4° 7.91+0.4 2.72+0.16% 6975638
20 174487 123+5% 22.2+1.4 13.0£1.4 7.8%0.5 2.8340.20 61774594
30 1738 123+4% 22.1+1.7 12.6+1.8 7.8%0.5 2.64x0.15 6535% 587
60 171£7# 130£5 21.94+1.5 13.5+1.9 7.6+0.5 2.39+0.17 77351682
120 175+8% 136£5 24.41+1.8 14.7+2.1 7.5+0.6 1.96+0.10% 9467 586
240 1757 124 5% 24.7+1.7 14.3+2.2 7.0%0.6 1.95+0.10% 8644 +438%
360 1707 111 £5% 23.6+2.0 14.0£2.0 6.7+0.5 1.96+0.10% 7678 £419%
15-min Preischemia 1588 1427 22.5£2.0 11.3£1.2 7.8%£0.3 3.30%0.21 6336624
10 216£12** 16617 27.0%2.8 17.1%2.4 9.1+0.5 3.28+0.41 7392815
20 220+12** 165+14 26.9+1.8% 15.9+1.7 9.1+0.4 3.57+0.33 6616586
30 212+11* 161£10 25.1x1.9 15.941.8* 8.7+0.4 3.21%x0.23 7317732
60 201+£9* 149+8 23.3%1.8 15.3%1.9 8.0+0.4 2.35+0.12°% 93211007
120 190+ 7* 1507 25.1%£2.3 16.2+2.6 8.5+0.6 1.71+0.13 13162414427
240 1965%* 126+6% 26.7+2.8 17.8+2.9 8.2%0.6 1.62+£0.12% 11564+1312*
360 199+5%* 104 7% 26.2+2.3 15.8+2.6 7.9%£0.5 1.63+0.14% 90301013

5-min, 5 min complete cerebral ischemia ; 15-min, 15 min complete cerebral ischemia.

Time, preischemia and time after recirculation.

HR, heart rate; MAP, mean arterial pressure; MPAP, mean pulmonary arterial pressure; PCWP, pulmonary capillary wedge
pressure ; CVP, central venous pressure ; CI, cardiac index; SVR, systemic vascular resistance.

Preischemia, 30 min before the onset of complete cerebral ischemia.

? Values are x =SEM for 12 dogs.

, P<0.05 vs. 5-min group.

# P<0.05 vs. preischemic values.

Table 2. EEG" changes during and after complete cerebral ischemia, and dissociation time between
reappearance of EEG and recovery of CMRO;”

Group® Number of Flattening time? Reappearing time® Dissociation time"
P dogs (sec) (min) (min)
5-min 12 19.5+1.5¢ 7.6+1.0 -5.942.0
15-min 12 21.7£1.5 54.3+3.8* 29.7+4.0%

EEG, electroencephalogram.

CMRQO,, cerebral metabolic rate for oxygen.

5-min, 5 min complete cerebral ischemia ; 15-min, 15 min complete cerebral ischemia.

Flattening time, the time from the onset of complete cerebral ischemia to the disappearance of
EEG.

Reappearing time, the time from recirculation to the reappearance of the burst EEG.

Dissociation time, the time between reappearance of EEG and recovery of CMRO, to the
preischemic values.

® Values are X =SEM.

* P<0.0001 vs. 5-min group.
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Fig.2. Percent changes of cerebral blood flow (CBF) in Fig.3. Percent changes of cerebral metabolic rate for
recirculation after 5 or 15 min complete cerebral ischemia oxygen (CMRO;) in recirculation after 5 or 15 min
compared with the preischemic values. Data obtained at complete cerebral ischemia compared with the preischemic
30 min before the onset of complete cerebral ischemia values. Data obtained at 30 min before the onset of
were used as the preischemic values. [}, 5 min complete complete cerebral ischemia were used as the preischemic
cerebral ischemia (5-min group, n=12); @, 15 min values. [J, 5 min complete cerebral ischemia (5-min
complete cerebral ischemia (15-min group, n=12). Values group, n=12); @, 15 min complete cerebral ischemia
are X £SEM. *, P<0.05 vs. 5-min group. #, P<0.05 (15-min group, n=12). Values are X £SEM. #, P<0.05
vs. preischemic values. vs. preischemic values.

Table 3. Blood gas analysis at preischemia and after 5 or 15 min complete cerebral ischemia

Blood gas analysis®

Group” Time" (min) Arterial blood Superior sagittal sinus blood

pH BE PaCO, Pa0, pH BE PsssCO, PsssO,
(mEq/1) (mmHg) (mmHg) (mEq/1) (mmHg) (mmHg)

5-min  Preischemia® 7.40+£0.01Y —0.5+0.4 38.2+0.6 199+3 7.34+0.01 —0.9+0.4 47.1%1.0 41+1
10 7.34+0.02% —5.0+0.6% 37.3+1.3 176%8 7.324+0.01 —5.5+0.4% 40.2+1.3% 547

20 7.41+0.01 0.2+0.8 39.2%0.7 185%6 7.34%£0.01 —0.3+0.7 48.6*1.3 3/E1*

30 7.40%0.01 —0.4+£0.4 38.4%£0.7 186t4 7.32%0.01 0.0+0.3 54.0+1.5% 30x1*

60 7.4040.01 —0.7+0.4 38.7%£0.7 181%5 7.31£0.01* —0.4+0.3 56.0+1.5% 30x2°

120 7.38+0.01 —1.64+0.4 38.7£0.6 183+4 7.29+0.01* —1.5+0.5 57.2+1.7% 29+2°

240 7.384+0.01 —1.6+0.3 39.0+£0.6 183+4" 7.28+£0.01* —1.2+0.3 59.2+0.9% 26=%1%

360 7.3940.01 —1.3+0.2 39.2%£0.8 177x5% 7.294+0.01* —1.1£0.3 56.9+1.1% 292

15-min  Preischemia  7.4140.01 —0.1+0.5 38.2%0.6 195+4 7.35+0.01 —0.3%0.4 46.9%1.1 2+2
10 7.2240.01* —11.840.4% 39.7+0.9 186+7 7.20£0.01* —12.0+0.4% 42.0%2.5 994 7**
20 7.41%+0.01 —0.3+0.9 40.0%£0.7 192%8 7.37+0.01 —0.440.9 43.1+1.3* 65%=3*
30 7.40£0.01 0.3+0.7 39.9%0.8 189+T 7.38+0.01 —0.4:£0.6 42.3%1.2* 52£3*

60 7.414+0.01 0.1£0.4 38.4+0.6 189+6 7.35%0.01 0.2:£0.3 49.2:41.0* 38+x2*

120 7.3940.01 —0.9+0.5 38.7%0.5 183%T7 7.32£0.01 —0.6%0.4 53.8%1.8% 332

240 7.37+0.01 —1.8+0.3 40.3+0.7 173+9 7.28%+0.01* —1.3%0.4 60.0%2.1* 30=x2°

360 7.38+0.01 —1.6+0.7 39.60.7 173%8° 7.29£0.02%* —1.5+0.7 58.4%3.1% 30=£3

9 5-min, 5 min complete cerebral ischemia ; 15-min, 15 min complete cerebral ischemia.

Time, preischemia and time after recirculation.

9 BE, base excess; PaCO,, arterial carbon dioxide pressure; PaQ,, arterial oxygen pressure; PsssCO, carbon dioxide pressure
of superior sagittal sinus; PsssO;; oxygen pressure of superior sagittal sinus.

9 Preischemia, 30 min before the onset of complete cerebral ischemia.

9 Values are X =SEM for 12 dogs.

*, P<0.05 vs. 5-min group.

# P<0.05 vs. preischemic values.
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Fig.4. Changes of cerebral circulatory index (CCI) at

preischemia and in recirculation after 5 or 15 min complete
cerebral ischemia. Data obtained at 30 min before the
onset of complete cerebral ischemia were used as the
preischemic values. [], 5 min complete cerebral ischemia
(5-min group, n=12); @, 15 min complete cerebral
ischemia (15-min group, n=12). Values are X £SEM. =,
P<0.05 vs. 5-min group. #, P<0.05 vs. preischemic
values.
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Fig.5. Percent changes of cerebral metabolic rate for

glucose (CMRglucose) in recirculation after 5 or 15 min
complete cerebral ischemia compared with the preschemic
values. Data obtained at 30 min before the onset of
complete cerebral ischemia were used as the preischemic
values. [, 5 min complete cerebral ischemia (5-min
group, n=12); @, 15 min complete cerebral ischemia
(15-min group, n=12). Values are X £=SEM. #, P<0.05
vs. preischemic values.

Table 4. Cerebral metabolic parameters at preischemia and after 5 or 15 min complete cerebral ischemia
Cerebral metabolic parameters

Group”  Time® (min) Arterial blood Superior sagittal sinus blood

Glucose Pyruvate Lactate  L/P ratio® Glucose Pyruvate Lactate L/P ratio
(mg/d)) (mg/dl) {mg/dl) (mg/d}) (mg/dD) (mg/dl)

5-min  Preischemia®  101#57 1.3+0.1 20.8+2.7 16.7%x1.3 80+4 1.3+0.1 20.3+2.8 15.9%1.3
10 174+9% 1.7£0.2* 30.8+3.0° 19.3%2.2 13711 1.8£0.1° 29,9+2.8% 17.0+0.8
20 1376 1.7+£0.2% 28.6+2.8% 16.8%1.3 1137 1.8+£0.2% 28.3%£2.7* 16.1%0.7
30 123+ 7% 1.84+0.2% 27.9+2.7 15.8%+0.7 101£7% 1.8+£0.1% 27.0+2.7* 14.8%0.7
60 1067 1.3+0.1 24.1£2.7 18.6%+1.2 73+4 1.6+0.2% 23.5+2.4 15.3%1.1
120 1126 1.1+0.1 22.5£2.5 20.5+1.3 74+4 1.4%0.2 22.0+2.3 16.3%1.4
240 108+5 0.8+0.1* 16.1x1.5 19.8%x1.5 T7+4 1.24+0.1 15.3+1.4 13.5%1.1
360 1075 0.8+0.1 13.6x£2.0 18.7%1.2 81+5 1.0+0.1 13.2+1.8 14.3%1.5
15-min  Preischemia 105£5 1.3+0.2 18.4+3.2 14.5%1.3 80+4 1.2+0.2 18.7+3.3 15.2%+1.6
10 22017 2.5%0.2* 50.4+3.1** 21.5£1.7% 179+16** 2.6x0.2* 48.0+2.9* 19.2+1.3
20 189+18%  2.9+0.3* 41.8+2.5* 15.1%1.2 162+15% 3.0£0.2* 42.5+2.7*F 14.9£0.8
30 165+15%  2.840.2*F 39.84+2.9* 14.3+0.7 14213 2.6%£0.2*  41.1£3.0* 15.9%1.0
60 1267 1.740.2 31.8+2.8% 20.3x2.27 103£7* 1.840.2% 30.8+2.9% 17.1%0.7
120 1047 1.1+0.1 23.3%+2.6 23.7kx2.2* 74+5 1.3+0.2 22.1+2.6 17.6%1.4
240 103+5 1.4+0.1*  25.1%3.4* 21.5%2.6% 7415 1.6£0.3 24.3+3.5% 16.0£1.5
360 1067 1.3£0.2* 26.2+3.8* 22.7x1.7% 117 1.6£0.3* 26.1+£3.5% 17.9+1.1

9 Values are % +=SEM for 12 dogs.
*, P<0.05 vs. 5-min group.

, P<0.05 vs. preischemic values.

5-min, 5 min complete cerebral ischemia; 15-min, 15 min complete cerebral ischemia.
Time, preischemia and time after recirculation.

L/P ratio, lactate-pyruvate ratio.

Preischemia, 30 min before the onset of complete cerebral ischemia.
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Abstract

To find out better methods of reducing neural after-effects following cardiac arrest, 24 mongrel dogs were subjected to 5
min (5-min group, n=12) or 15 min (15-min group, n=12) of complete cerebral ischemia, and the recovery course of
electroencephalogram (EEG), cerebral circulation and metabolism were compared between the two groups. Complete
cerebral ischemia was induced by clamping the ascending aorta under anesthesia with 40% oxygen, 60% nitrogen and 0.2%
halothane. The EEG, cerebral blood flow (CBF), cerebral metabolic rate for oxygen (CMRO,), blood gas analysis, blood
glucose, pyruvate and lactate were periodically determined for 360 min after cerebral ischemia. Reappearance time of EEG
was significantly earlier in the 5-min group (7.6£1.0 min, %:SEM) than in the 15-min group (54.3+3.8 min) (P<0.0001). The
level of CBF in the 5-min group did not significantly increase after recirculation, but that in the 15-min group increased to
194+23% of the preischemic value at 20 min (P<0.05). Recovery time of CMRO, to the preischemic values was
significantly shorter in the 5-min group (13.5+2.2 min) than in the 15-min group (24.6+4.0 min) (P<0.05). Therefore,
dissociation time between reappearance of EEG and recovery of CMRO, was significantly longer in the 15-min group
(29.7+4.0 min) than in the 5-min group (—5.9+2.0 min) (P<0.0001). Cerebral circulatory index (CCI) at 10 min after
recirculation was significantly higher in the 15-min group (0.40+0.05) than in the 5-min group (0.19£0.01) (P<0.05). Values
of blood glucose, pyruvate and lactate in superior sagittal sinus (SSS) were significantly higher in the 15-min group than in
the S5-min group (P<0.05) during the first 30 min after recirculation. It is known that the 15-min group shows severe neural
after-cffects of complete cerebral ischemia but the 5-min group does not. The differences between the two groups, therefore,
were thought to be not only the results brought by the duration of the complete cerebral ischemia but also the causes of the
neural after-effects. It was concluded from these results and considerations that the neural after-effects of patients resucitated
from cardiac arrest could be reduced by procedures to shorten the dissociation time between reappearance of EEG and
recovery of CMRO,, to prevent an abnormal increase of CBF and CCI, and to decrease glucose and its intermediate
metabolites (pyruvate and lactate) of SSS blood to the adequate levels.



