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Ketamine 5 -10mg/kg? 5 AW E5Z & % BRER
TIRENHEET % 1T >, Succinylcholine
chrolide |2 T#EBH{L L, respirator (2#fk L CFH
R EFAT- 2, —F, BERICA=21L—
3 > %47V, systemic arterial pressure % H|%E
L7z, Bhikm PaCO, |3 &= 3AEEMN & L, K
IZEBIETHIZE L 36—38CIic{Rk- 72,
RAITEZECE LB CBELLEBNE
#:T, transorbital approach”®{z & ) SRS T
ICEPREEIREMTE (M 1) RUEIRRMEIK
common trunk (A 2) 2ZH L7, K\TE
RIIRIBAIE # TV 2 EREREIC Bl L 72,

Transorbital Approach

2hrs
M1 Miclip
T
y, Gr::'; A ersnanvann® Azclip
! { \ 1ch 4hrs
a e gpthaimic artery
Group B 2hrs
v~ ethmalda) artery = QIILNIDEND
\ [ gorThptic nerve
Az 2hrs
aptic nerve O} (common trunk}
A Group C 1hr

n=t ame

( Left Side)
Fig. 1 Schema showing the occlusion of M1
and A2 by transorbital approach (left).
The experiments were divided into 3
groups. «——— or <--— indicates
the duration of the occlusion of M1 and
A2 respectively (right).
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R ROLNORE %5 2REEBHS T
ENIz L AL HEL L) ¢ RA, RLED
BASE R UBASEMBR % KD 3 00 Group 125341
1T-»TA7%z (Fig. 1).

GroupA M 1 A 2 2FIEICPAZEL, 28

BICPAEZERLZLD (n=1T)
GroupB: ¥4 M 1%HEL, 16¥/#IC A
2EMAFEL:, Fo%2uEEIC
A 2 0BFAEEERL KT 1EEM
BICM 1OBEZERLEZLD
(n=6)
GroupC M 1 2BREL, 307378 A 2 28
EL. 20 1BMECA 2D

SEP
N1
I1uV
P1 10 msec
Fig. 2 Somatosensory evoked potentials

(SEP) recorded at the primary sensory
cortex after contralateral median nerve
stimulation. The amplitude of N1.P1
complex was measured following the
occlusion of the arteries.

# % BR

AZERBRELARNT0FHEICM 1
COBRERERL2LO (n=4)

(2) BAmxmEE (CBF) oflisE

Sigmoid gyrus, coronal gyrus, anterior
sylvian gyrus @ cortex 3 #FFC, XFI7NT
FrAEMNZENBIEL 2 MERE L TIiE
300 NAKEER (B#—— 1y 47 UHE
-100, 2=—7 2454 AAHE) EHW, TH
EREL T2 Ag/AgCl EE# v, HE TICHE
DIAATE, BIEREKIZ UH #—% PHG—201,
2= 7 AT ANAE) RERAL, BT %K
RZTAY AFEABRAZRINT 72 H—T%
FLERL, A7 OB MO - 1 7 2B E
two-minutes initial index g2 TEH L 72,
(3) kPEREEFBREN (Somatosensory Evo-

ked Potential | SEP) a#iE

BEDERENIEIE L L T SEP 2BIEL 2. 7%
bHEIE (BH) DRIBATERIE P % B
BEREEZ HVv, 2R F300usec # duration
TEW 1 A0ERERIB 2T 72, ZORET
THRLNLIBREME E— AR ERETMNE L
DB R—IEECEH L, Signal processor 7
TO07 (Z%#RI2%) % A\v> sweep time % 100msec
L LTCI00EmMEL € X—Y Vv 2—F—TieslL
7z, 2L T 7FHEilZ N 1-P 1 peak to peak
amplitude (V 1) Tfr~7 (Fig. 2).

] 2
1) BErbnRE s E&ERESEMOEL
(Fig. 3, 4)

Group A Ti3, M 1 A 2 EEHAEIC &) sig-
moid gyrus 9 cortex ¢ I-CBF {366.1+5.9ml/
100g/min (mean=S.E.) #526.9+1.4~¢ ¥
0% DL ETRL, FOHRINTZETIzhTHT
3H 55, BRIZBRST 2MERICH - 72, —H,
SEP ) amplitude (V 1) X, M 1 A 2 FE5EA
iz L) FAEFD67+£12% (mean+S.E.) 12k
TL, £0BR2ICED L 0712123620
%ETIET L AL 28:MBICM 1 A 24
P Tz clip 2 FEBFCEFLTOREZERL
12, MRENECIIBEICEET L LD
RS NEBETEL0HY), HroBTlE
LOENH 72, SEP ?» V 1(33\» hyperemia
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Fig. 3 Time course of the ICBF values in the sigmoid cortex. } : M1 clipping, i . A2 clipping,
g . release of M1 clipping, 3 . release of A2 clipping. * ' brain swelling

DALz 16) (No245) THLAETL, 904
HIZRIT 0 RIC X Th » 7251, FoOMUTFY
0% <¢CHowETEEL7Z. 18] No247) iF, M
HERE—-BFAROREHIES SEPHV 1L
BTFL Tz, MFEENOEMELDLIZV 1
HEELTEL,

GroupB Tit, ¥ ¥M 1A LBRELS. =
iz &k 9 ICBF i255.6+4.6ml/100g/min

(mean+S.E.) #537.6+1.3~&#32% N
EEDRPLERL,SEPNOV 11384+ 8% ¢ b
FTHLETHAL N, KT 1 BEMEIC A 2
DEAEEMZ 712625, ICBF I3 51 LT
26.1+£2.0& % 0, BAERIENHSI% DD & 7%c
~7fz, =7, SEP DV 1 L BAZEFINS0%LLITic
LT L7z, 20k 2 B3, ICBF, SEP 3tick
BB biiAL N 5Tz, KaTA 2 D%
EBBLI-EZA, 26 (No227, 231) I23&v
hyperemia # 27:L, 2 512 1Bfl#&H M 15
ERMIC L) 3451 (No225, 226, 240)ic hypere-
mia # &7z L7, 58Ty SEPHV 1 7E
FEHIRBTH-72. 160 (No239) 12, A 2R
M 1PBAgic & ) hyperemia A4 517, SEP »
V 1oHEELRIFTH- 12,

GroupC Tiz M 1BZIc L 1 ICBF i358.6+

SEP(%)
100

pre O 1 2 ;3 4‘ 5 brs
t 4 bt
100 Bt
$: A clip
5o - %: M off
1. Az off
Group C *; brain swelling

Fig. 4 Sequential changes of SEPs. SEPs are
evaluated as the SEP before occlusion is
1009%.
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9.0ml/100g/min (mean+S.E.) » 543.8+3.7
L V% DBAERL, A 20AEEMZ
5 &17.523. 2L FAZERTEN#30%i- £ TR L
72. SEP®» V 1 4 Group B £ [ > < ExBEBYIC
AT HIEMICH - 7255 M 1BEZEIZ L 83+
6%, A2BAZEICENTIZ12% L FEENET
2 EFEL72 A 2RTM 1 OFASEERIC L
) hyperemia # &7z L 72Bi3 kb o 7227, 141
(No251) |2 PAZMEK % ICBF (3T L ARAMEM %2
AL, SEPOV 1 0EELTRTH -7z,
(2) NhikER%. SEP nEE

mFEB %, SEP % complete recovery ¥ iR
L 723 @ & incomplete recovery ic# 7234 D
l2aHT, myEB% 0% CBF ((AZ#jn CBF #
100& L7z & EnfuifiER#% o CBF) L D% %
ATA%E, complete recovery 2R L 724D
Tl HEFRIC L 5%y hyperemia 2 &2 L7z
L D3 7% {, —7K incomplete recovery IZ# -
724 1360 6 Bli= hyperemia #3A4 LiLiz, #
7 5 BliE Group B DL NTH- 72, 272 Group
B @ 6 #ivh 5 #liz hyperemia 74 & #1172 (Fig.
5)
(3) Brain swelling =2\ T

Group Bic T, SEP »EEH»EC, L»
{ hyperemia M &% - 72 6 FH 4 Hic 3\
brain swelling ##s 72 (Fig. 3). Group A
Tit, hyperemia D5 - 72 15 (No245) L1t
) 1 Bliz B E D swelling % 27247, Group B »
LDEETIR L -7, Group C Tld, brain
swelling 13 1 514 Zedr - 72,

1 E S

BB MR BT AN TR 5 BN
T, RSB (Somatosensory Evoked
Potential : SEP) ##l%E L 7z, M miko>EaEm
PMBERICEMET 2 HEE LG RS VB
FERICRE Y % B h B 45, Bl Tl
SEP iz & 2 #9191 Mepi—gR il L € & T
3. i S OFMENIERE & L7z SEP D#I#iE"
N 1—P 1 peak to peak amplitude (V 1)
i3, gray matter @) function # K3 5 & &
9, WEHIERE L 1o T, L b B
RS L 20, B ERIC BV TR IEE

£ & BR

ICHERATHLEEZLNT NS,

BIH o ICBF & SEP mZ&{kic>wnT

Branston!” {3, baboon % FBv>—l #p KAk Eh
W*BAEL (RFkLfE (fCBF) & SEP®
ZLE B L T3, 2R, QnEH
ZBH, rCBF 2 RMICHAT 24, ZHiciE-
TSEP (V 1) 4 BBIEAST 5, QNEHE
L5 < L 72 HE (steady state) TiE, rCBF
& SEP 7RIz i1 threshold-type relationship #*
&1, rCBF #°16ml/100g/min Ll_ETH UL SEP
R PRSI vy, $12ml/100g/min LTI
THEHETHEHEL Twb, SENERIC

CBF(@s)
200,
1501 :
i [
1004 ° .
50+
complete | incomplete
recovery recovery
0 v

A B C A B C

Fig. 5 The relationship between recovery of
SEP and postischemic hyperemia. CBF
over 1509 of initial value was evaluat-
ed as postischemic hyperemia.
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BT 2 MEFERAEERD LD ICBF %1k & SEP
NEEEATHADBE, GroupATIEM 1 A 2
EBEEAZE 7245 ICBF 2#960% DA £ 5R L,
SEP(V 1)I3FAZERTN6TRIIET L 7247, Group
B.CTit, BIM 1 DA LHPAELTBLT,
ICBF & # L #1.32%, 5% NEENEA L 7R
¥, V1 LEBERINBLY%, 83%icx THIKT
PALNIIZBELH -7, & 5612 Group B,
C Ti3, 304— 1 Reffkic A 2 DERZER M2,
ICBF 2<BAZERE53%, 73%icMPL, V 11
PAZERTENS50%, 70%icEmA Lz, 85622
LOMBEMAEELRMOZBBE L LICV 1RE
{LLTH Y, steady state icBWTd, V 14°
ICBF ¢ 4T L TRAT 5 Z L mmanie, ¢
T b3, BRI o n e fBL, nES
LT SEP icth@EAs A b i, Bypass 1§
BT &) BEZEIT T,
mifEER & SEP iz2nwT
EHIIE Llc—ERHRIcLENRE ¥ R
LT+ HER34E, ICBFESEP (V1) 7
Eh2 BBHICEEL 2. LREROFERIZ
Group A Ti3, M 1 A 2 FIREAZERKR, Group
B RUCTiz A 20HAERRBE—ERMEZET
M 10BEXBRL L, Z, SBLOES
BA & ExPEEY L MR & T, Z1U2 & 3 ICBF,
SEP nZEA{biciEWI S b i A L) & LIz
TH5, LrLAKEOEEZTLOELHC,
0 FEBIE hyperemia®? A 505 LN b
#%eIcEETAL0,HENVEELEVLNE,
BFXFTHhoiz, Group A TIX 7HIs 1HIC
3%\ hyperemia #°4 51, SEP 2V 1134:L5
KT L0 &Iz, V LiZi3izMEELZ, L
4 5%\ brain swelling 2887z, flioo 1 Hlig,
mFE*BEL I Ldd b b T —ERE ML
EIfEET, V1LETLRD, £DEICBF &
BEELV 1L ERLE #0553, FAE
HO#T0%NH V LicBREL 7z, Group C Tid,
3% \> hyperemia # E 7z L7 L D3 % - 7245,
1z ICBF izt L A4 L, V 1OERELF
BThotzborsh -7z, B0 IFNLIZITHE
FciEwW V 1 oEE» B L 1z, 72, 461
brain swelling # 2723 4h -7z, &2 A,
Group BCI3, B#Mic 6B 5 IcHE

reactive hyperemia # &7:L, ZOwWwini V
1DEEI AR TH-72, 564623
V> brain swelling #5857z,

Ubn#&REsr o ifiBH#%N SEP (V1) @
EEICiEA% K &L 4 DORFHAEERLTWD
borEz onfe, Tibb, RLFEHECE
MAHRER)MFEFE %N ICBF (K reactive
hyperemia & no reflow phenomenon)(4) brain
swelling (edema) T 5., TN LIZERKEICE
T AENE ) ERBERES 5 VISR LST
BERZBOTSELRALE>TwELNTH
D, INb4AIZDNTUEDTOEREL T
<.

F ¥R & recovery 22w T A5 &,
Crowell*¥ & 13, unanesthetized monkey @&k
INENIR 2 BE L BT, 05— 4R 0
DA, 13X A Edfull recovery #iml, 8B%
% 1 6 DR MLOFE T reversible TH
Sz EBELTWA, 72, Dujovny® 5 Nk %
- 72EBRT, 3—5KE%? embolectomy
3, B Th-2 b nBEYVSB, LrL, T
ERMABFAIL 3 — 4 4T irreversible 12 7%
3 EEND, ZOHOFSICBWTIL, BHEFYRVE
BEARFEEI LN, BKEHEE R
FEBRMIC BT, ZOMOBHRLERY
% b b collateral circulation DFEEEH WY
FloRE (b ->TL 5 EE2 La, Sundt®®
52, monkey TER %17V, collateral »47e
Wit 3 MR MATRE TH 545 collateral
FEELLNZ OBRMOEMICHI LNd &R
HLTwa, 72, HEPYLIL, 50—60%BED
MFAET 2 BT, R LB ED
bbbz LTwa, —F, ok n
T{, OEHRIIC LD ERS 2BEREIBL
Nhho7eh), GLABLLZ L HE
{H 64)15)21)29). %@m%ﬁbx [ {h ﬁﬁkﬂ&@)ﬁﬁ(
EBOBODEEMAFE L TH S Group A & B &
% HB L T L R RBMEINRA & 0 collateral cir-
culation® & 1) & { EM L Tv 5 Group BT
recovery BV, BANTEEZIREIZ LT
recovery NDELEL #FMETE L W2 L 2RL
Tk, %L TFTIcBRKRE T acute revas-
cularization I2 8 T, BEMBEF L 9 & col-
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lateral DIRENH 5, result Ic Kk E LRELE L
DI ELATRBENTE T 53, SEDERDP S
b, B KMMEIARY & @ collateral circulation #*
BB RIF% 51iF, 2 — 4 B¥Hlo ischemia Tl
FREBIC L D WEEODB LR TE L L EZ
Litz, 72721, Group B T SEP M EIEA
BTho7lzZ & &Y, BikKENRAS 5 collateral
B, ischemia 1283 3 torelance time
B tERMIc ks bNEEZLNS, Tk
% @) ischemia NIZEIL, EEHE X L Tvan 72\
¥FDL{ bWTHAbH ? Branston'¥ 5 13, SEP
) recovery L7249 & non-recovery L7224
RO REOE D L R TATWE, £1L
T recovery L 72 & 3 i L b o flow 9 F 3
22.58ml/100g/min T4 1, non-recovery TH -
724 7(38.55ml/100g/min Th "), BELEH
Hotr LT3, 72, Jones®hid, 23ml/
100g/min LLFIZ flow 254> % & reversible
paralysis 23 = 0, 10-12ml/100gmin LLF A% 2
— 3 EERAEE < L irreversible damage 254 5L
EHEL T3, 5 EDEE T 20ml/100g/min
B TSEP R L Tw3inrbNBL %
critical flow level {220ml/100g/min &7 ") & &
26N, -CBF " ZNLUTICh -2 &%, £
o flow OFGEEMIZBNOBIEE L > TRE#E
DWERELZLTLNEEZ LN,

Pl hoEyRFRUEER,
NHEBREENBERBICIEEIC A BB H
2B Db TETHDES, BEEETEIC
LTIz mRAERA, &L A ischemic brain {2
BB 5252 LI LLAMNEET
b5, THbbLMEE NI ARBRKICE
I € { % reactive hyperemia & U¥ brain
swelling®?® T 5, Z i, BuhOEBEE
2 E T 5 acidosis % autoregulation NEEEIC
Lo TRIZLNEEZ LNT 3%, Branston'?
i3, BRI ROMEMAEI: D\ recovery &
non-recovery & 25FFE L, non-recovery N4 )
DFFH, recovery DL DL N MKEBE% D
reactive hyperemia 2% ¢, ¥ 7z, SEP »frecov-
ery ZiRL 72 Lo i EE#%15—2099) ICBF
i3, control flow & 0 L HFEICES - 12 L B
LTvw 3, ¥/, BF?, Sundt?®, Morawetz®?

Ea

5L EFEOEES L (BY, 2D reactive hypere-
mia {3, Kizik-~X 3 brain edema %° hemorr-
hagic infarction 25| Z8Z L, G L 2B
525 LT3, AANERTHEKRDOH
B tTH ), hyperemia N3 DiiTize
B recovery »*E ¢, brainswelling # &72L T
WAHRLNWEDP -T2, ELTR LI DT
TH B E, AT 5 ischemia HVEEES LD
3y, EEMrRECII Y OHEREZICE
hyperemia 45 Z - TE 1, iz ischemia NFE
B8k (, BE»EL - 2L D Tid hyperemia
BRI LTV, HBVREBI-TLEETH
DLy HEFELN,

Sundt® & |3, B %O M HEER Tl EEDS
WENERET, & 51 ischemia DIt k% 5727
FRTHBEL T3, £/, BREATLEHE
P nFEECHEERHO: & T LS
(BRESNTENYS, L ELFEES Bl
TVWBLDEEZ bNE. D vasoparalysis
DRE TR AR BEI UL, MOEER
L, mERSHREL, MFESCHLE R
ZTLNEBbNb, SENERTL MKER
%, WIRHYIC reactive hyperemia & 23K 7B
FBRE % (DL 0BITRHIZ, Z L TENLI,
WL SEP @) recovery DBWLDTH 12,

PlEDZ &b, MEligogismg s 28
252 5WFIIKREL 2D1IZPFLNE, 12
IR ORERE LEFRTH ), RELNEEDL
£ EAE A 7 collateral circulation (25 { &
FRTELHOTHSE, L9 120, LFEEHE
o reactive hyperemia & % #1112 4 9 brain
swelling T4 2, BIFFEIA4E { collateral cir-
culation "B E ThIUL, MFKER%D reactive
hyperemia 253 {, brain swelling $13& A &
Ed%w, W TRIFBRERENFETE
5, —%, RMEEHE A& € collateral circulation
HE LT, LB % reactive hyperemia
133 <, EBB% brainswelling # 57272 &1
%, o THREEIZEL, L Basic
UBBELHETHAY.

Pbo =k, BmEoMEN & BEIC £ 24
B AR, BEhcE D (EenR
FHHEEICBEEL, ZhLIIREER: iz
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ftLTwa, -7, MTHELEE TS0
2o T, EROKELLEL, BRENEFE
YEGERTLL0EFHLEELLNS.,

" EL

MR ALTEE Ay, Bl rE R O i R
BOBFELFKE (1-CBF) s ERESZSREN
(SEP) nZfbic v TEBRMME 217572,
Transorbital approach |2 & ) S kBRI
R (M 1) BURIABiZEIIR common trunk (A
2)% 307 type IZHRES L UHERERT S =

rizkn, 178% 350 Group = 4M} 7=
GroupA M 1 A 2 #EIRRCEAZEL, 2658H
BIM1oBAESBERLZLD
(n=17)
GroupB: ¢ M 1 #B2], 1&MBICA
2#HELL. 20tk 28MEIC
A 20BREZBBRLRAT] R
BICHAELBERLZLD (n=6)
GroupC: M 1 2BFEL, 307%ICA 2%
EL2 zo%1EMEBIZA2D
BAEFHRRLANTIFTHEICIM 1
NEAEXBBRLIELO (n=4)
SEP (V 1) &, ®iisit I-CBF mg4 & F
L TIET L, 1-CBF #*#320m!/100g/min TV
Lg%k L7z, nfEER% SEP (3, RmEER
PRELE ENNEREHI KL ML -7 Group B

X

TEDREHTRTH -2, £72 SEP nHEN
AR LTI, MifER#%IC#F L v hyperemia
& brain swelling #* % & 57z, HICEA
A  BIMORRE L HEBRYE S - 72 Group
C Tii, SEPmEKIZRIFT, LRBEREN
hyperemia % brain swelling |338& & 1L h2 »
7z,

Utz &b, MbEER% SEP NEEI
BELEZ DRTELTR, KE( 2004
HHBEEZ LN, 1 2@%TT 5RO
EBETH D, o 1 D3l %D reactive
hyperemia & ##Lz{#5 brain swelling T# 5.

Reactive hyperemia (=343 % EX &Y It
BERALY, BOOBREIEL -2 LNTIE
7 hyperemia 4 5% ¢, SEP #»EIELEH =72,
- CIKEREFEL & SIcTRL 2,
INFEBERIcE VERE TR Z IR T LN
TnwEEZ LN, :

BerbbiclAs, HBRELIHELELE- 7B
B, BILKEMMBENRTER BHRL S ISR
F2IC D & EEEIEN 2 @\ 1 B ERE R AES
BAAZFHIFICRBH LT, TAERICE
LBIBNS, B w e R ERE, BAE
Bk, WPAERE, BEFERLIIULHHRER
i (R AR I S
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Experimental study of cerebral ischemia
Part 2. Relationship between cerebral blood flow
and somatosensory evoked potential
Ichirou MIYATA
Department of Neurological Surgery, Okayama University Medical School,
Okayama 700, Japan
(Director : Prof. A. Nishimoto)

Local cerebral blood flow(l-CBF) and somatosensory evoked potentials(SEP’s) were mea-
sured during focal cerebral ischemia and after restoration of cerebral blood flow in 17 mongrel
dogs. The animals were divided into 3 groups in order to examine changes in SEP’s following
cerebral ischemia of varying duration and degree. The first portion of the middle cerebral
artery(M1) and the common trunk of the anterior cerebral artery (A2) were occluded using a
transorbital approach with an operating microscope. In group A(n=7), both M1 and A2 were
occluded for two hours. In group B(n=6), M1 was occluded for four hours and A2 was occluded
for two hours beginning one hour after the M1 occlusion. In group C(n=4), M1 was occluded
for two hours and A2 was occluded for one hour beginning 30 minutes after M1 occlusion.

SEP’s were suppressed following the decrease of 1-CBF and disappeared below 20ml/100g/
min. Following restoration of flow, the SEP’s of group B (where the longest and most severe
degree of ischemia was produced) recovered poorly or not at all. In animals where SEP’s failed
to recover well, marked hyperemia and brain swelling were frequently found following
restoration of flow. In group C where the duration and degree of ischemia were less, the SEP’
s improved better, and hyperemia and brain swelling were not found.

In this study, two major factors may be considered to have influenced the recovery of SEP’
8 following restoration of flow. The first factor is the duration and the degree of ischemia, and
the second is hyperemia and brain swelling. In animals where the degree of ischemia was
severe, SEP’s failed to recover well, and marked hyperemia was found in spite of graded
restoration of flow. It is felt that the restoration of flow may actually be harmful if collateral

circulation is poor and/or duration of ischemia is long.



