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1. REEWE L URBRFH

KE 6 — 8kg (F57.2kg) OHRERAISIL % Hu>
oo 77 3 v dmg/kg FRARSRICKERBEL,
R, BR, 7u—t I TLEMEBEEL. &5
#8%| d-tubocurarine 0.1mg/kg % 8% L CFREMLL ,
VAEL—F =2k B ANTREEIT o, 7 FEERS
HUBIIRERIN W & O # A SHE% Astrup B THIEL ,
Pa0. % 90—140mmHg, PaCO, ¥ 35—45mmHg 2
o7z, .

EABREIRICY 7 —F v 2 BAL, mERE S

(SEN-6102, HALE, ®H) &M CESNICME
ZHER L. FHMES 80—100mmg IZHED L S
7o —e rBERREEL:.
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5050, 2= —2 A 74 AN, B 2EELE. ER
HlEEEE (NT6, Medelec #:, London) #{EHL, B
WA I TLBME LRI 2. KB
BE2FERAL, EBEE23I6°CHro3T°COMICR-
7.

HHAOMI L > — 2L EMBEDORERRIRTH
LABUSHEEHCEESEE (SM-15 REREER
WA, BEX) 2RVWCEZEL, &5 HERAOM
Mery—% L 7THRBCEELL (B1).

EBAREIE N> > DBECEES VL DIk
R THEL L. ORNEEER BLENERIDTE
(BTG-42, /4 F AF 4 ANV A4 Y REE, £R) %
HEREL.

II. RBHE

LEOMBESB L UFM 2T, SoAERBEE
ELt, MTox) hEBRE2To 2.

1. ¥ L UMERoME 2 ENs € 2 5@E0 %
BEHEORBEE 2RO 200, FBGE % FEHE
B, BIEEE, SVABKOwTEzRAFh2ELSE
7oA QMM+ L L. RIBRE X RIBERE
% 50V, S RiE% Imsec & —F L T, 1Hg,
10Hz, 50Hz, 100Hz, 200Hz ZE{b& €7 (n=10).
RIBEIE W RIEERE % 50Hz, VSV ATE% 1 msec & —

]

FZL T, 20V, 50V, 100V, 150V & &fbs w7z (n=
9). 2L AEIXHIEUERE 50Hz, fIEEE 50V £ —F
2L T 0.1msec, 0.5msec, 1msec £Z{LE €7 (n
=8).

2. MFELCKT 2O MmMEESHFREOBEDHE
RO, BHEEUNL 2 ORI H CHIR
&M CRIBEEE, 50Hz, RIBERE, 50V, L RIE, 1
msec) THEHZEEHEL, TnFholREmNOs
MEBETLAL (n=5). FROUKHICTET10
WESEYRLE, BTEL2YHLEHEEHL, A2
WCEBEI L.

3. MEECRBEENED L s WS LTS
DEFND I, RRIHRERT R ICE CRMEH
(g 4EE , 50Hz, FIBLEE 50V, SV RIE, 1
msec) THEMELRBML, MABNOEREERETL
7o (n=7). ZWEMEEMLI7 =7 3> (bmg/
kg) ##IE L, & 52 6-hydroxydopamine (100—
250mg) RRENKZESL TTo 7.

. BEEcE L sMRAENRB L SE X

COEBIF 2EBEOMM v — 2 HREREL
oo —DOHEHAL LTEZ1.2mm O&MR2 K%
Mo L MERE% 3.5mm & L CHRE LER 7 mm,
E1E 3mm OEMR O Polyacetal resin TH Y - 72

Fig.1. A: The probe placed over the spinal cord with a constant pressure using

a spring (top), and the probe placed under the nerve root with a constant
pulling force (bottom left). B: Schema showing the locations of the probes.
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Fig.2. Probes for the spinal cord blood flow measurement: Two gold plates

with a diameter of 1.2mm are installed on the surface of oval polyacetal resin.
One scale in this figure is 1lmm.

Fig.3. Probes for the nerve root blood flow measurement: Two gold plates
with a diameter of 1.0mm are molded over the inner surface of a hook-type
polyacetal resin.

One scale in this figure is 1mm.
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Fig. 4. The blockdiagram of tissue blood flow measurement device by thermal
diffusion method. One gold plate is heated by constant current.

1 min.

Fig.5. Rate of blood flow increase (%)=A/
B x100.
A is the increase in the blood flow during
stimulation. B is the normal blood flow
calibrated by the value after cardiac arrest
with KCL injection. BF, blood flow.
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Fig. 6. Increase of the spinal cord blood flow
by electrical stimulation to ipsilateral sciatic
nerve. The stimulation time was set for 0.5,
1, 2 and 5 minutes while keeping the rest of
the stimulation conditions constant (50Hz,
50V, 1msec). The blood flow reached a peak
at around 1 minute after onset of stimulation,
remained at an increased level during stimu-
lation, and decreased gradually toward the
control level after end of stimulation.
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Fn=® - (1/Vn—1/Vo)

22T, Fn MR, ®REH, Vn ZEEQMIED
ROBREZW X 2HEE, Vo XM 0 DO HE
BATHS. Vo BEZ s hEBEEIV LS MHK
BREMESRKD SN b TH L. FIB b mmEm
ERREPommsEmeg A L U, Mo niTzx
BELKEE (M5), MToRXTRDENS.

MR (%) =A/Bx100

M 0 DIEE15%%ELH U 7 4% 1 ml/kg % B
FELTMEEERERD .
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(n) TERLL. SEHOEMEEIEDOEZOREL, xt
HBEE & O LEER I I3 UM Dunnett O B E I,
¥ /- Z OMOBEM O L8 13 Duncan O HE LBk %
B, p<0.052FEELT:.
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SBEHEESAIR (50V, 50Hz, 1msec) L H[H
BOMERE, MRROMEIIEML 2. B, HERr
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Rofz (B6).
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B Y ORBMEG2ELEE 5 2 ik ) MR m=s
R, FlMELTEBIC XY EMRLL. fESE
iz MEOEIZRE D, Bol#Re T3 mE
RTEL 288, BORBRETIMEZ LRELE (K
7). UTORBRICHOWLHERGTEmMERE L
AL

25v 1Hz 0.1msec
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Fig. 7.

stimulation with three different conditions.

25v 5Hz 0.2msec

e e o
R N Ty

935

. RIS e M e

1. FIBRE

FHTRIBHEEL L Tu L mfmE s Lh
b, 50Hz THMEHARAK L - 72031008 6 [TT,
100Hz TRA LR -0 4ETH >7:. 200Hz 12
T3 & 7TIETIMICMETEINEIL 100Hz ot L T
B ko7, 1Hz L T 50Hz L EDERE T3
I CEEEBRD 5Nz (p<0.05). %7 10Hz &
100Hz t DM T HRIMNBEEEZSED SR
(p<0.05) . 50Hz & 100Hz % X ¢f 200Hz = DRIz
BMFHEMECEBEIRED o Rh o1 (F1).
FREAR CIXBINSRII 10 & & 50Hz TRAL LD,
THhUEEE2DTCHEMLE» o7z, BINEOFE
fEiIx 1Hz kb LT 10Hz U EDEETRER K
&< (p<0.05), %£7- 10Hz 12kt L T 50Hz LA L #E
ETbvbERICKEL- (p<0.05) (F1).

BWIME AR L 2 3 RIEEE G EHTIZ 50—-100
Hz TH Y, 200Hz Ti3 2L WINRR\L T 2480
Hote. AT 50Hz M ETEINREREA Lo

50V 50Hz Imsec

N .
) ._.‘“,..,,\, ..n.,r',”.,‘.,,, thahivin

Changes in the blood flow and the blood pressure by sciatic nerve

Weak stimulation (1Hz, 25V,

0.Imsec) increased the blood flow, but decreased the blood pressure.
Strong stimulation (50Hz, 50V, lmsec) increased both the blood flow and the
blood pressure. SCBF, spinal cord blood flow ; NRBF, nerve root blood flow ;

BP, blood pressure.
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2. FIWEE

TRECI 50V THEMENEREL >TDIXTRT,
100V THERE L -DIX3RTH-T2. FHULE
FE%x BT MpEmEEEDd S ko, MmN
KROFHEE 20V 2L T 50V UETREEBICKE
Mot (p<0.05). 50V & 100V & & UfF 50V &
150V o REMRCERZIE b oo 7

(#2).

HWEARCIBIMRIZ L E b 50V THRKRKEeZ D,
ZhLEBEZEFCHE bR - . L LMK
WINEOFHE IR 20V & 50V M ETCREmECE
BEENEDohE» o0 (R2).

BMESRA L 2 5RMBEE I HEE 50V 24
100V BlE, WERTIE 20V 5550 V U ETH-
7z,

3. 2V RIE

HHBTIZ8IEE S 0.1, 0.5, 1msec DI BT 1
msec TIFMHIMERIRKRTH -, MFEMEDOFE
B{EE 1msec THERICRbE» o7 (p<0.05) (F

5

3).
FEARTIZ8PL L & 0.1msec TH 1 msec & 1FIZH
UCHEINE L 20, L 3IED/ IV AEOMIZ8mE
DFHEOEEERITED S ol (F3).
BIMRARA L% 2/90 X BIEERH 1 msec T,
MHEAR T 0.1lmsec A ETH 7.

I1. BHHEEIM# o0 R

BT OBRFEONB TS L UEERE LM
MEBEELIBDs o7, YIHEOLEERD
BLRIE (50V, 50Hz, 1msec) & D H8EL L
BAR L b IMFEEL 7228, MERELLELS L 57
(E8). HEYIWES & CVIKER OB X 4 1M%
BRI ERTRENZEN85.5423.3% 5 & 1 82.4
+12.9%, MER TR EINEN34.7T15.4%B LV
32.2411.9%ThH o7z, ThbLYIRETOR Ukl
F L MFEMELAEREE eh oz,
ZOFRLY, FEB X CHERO MO BN
OMEEEFHEEN LI O TRV ENHBALL. &
BB ORIB CERERL R Koo, &
Bk L UMRROMBEEMLL. ZoRLD, @

Table 1. The rate of blood flow increase (%) in the spinal cord and the nerve root

at five stimulation frequencies.

Stimulation voltage and pulse duration were

kept constant respectively at 50 V and at 1 msec.

frequency 1 Hz 10 Hz 50 Hz 100 Hz 200 Hz
SPi“E“;G)C”d 268117 5664270  893+28.7*%  024+324%  83.7-£28.3%
“er‘&)’mt 108+ 3.9 217+ 58+  37.44152*  37.14+146*  36.2+14.1%

Values are expressed in mean+S.D. (n=10). (%), percent increase of prestimulation

control values.
multiple comparison.

*p < 0.05 vs values at 1Hz by ANOVA followed by Dunnett’s

Table2. The rate of blood flow increase (%) in the spinal cord and the nerve root
at four the stimulation voltages. Stimulation frequency and pulse duration were
kept constant respectively at 50 Hz and at 1 msec.

0V 50 V

voltage 100 V 150 V
Spi“?;@c“d 31.9+19.3 84.826.9* 87.1::25.8% 87.3+26.1*
“er"(';)“’"t 2754112 36.3+152 36.1+148 35.8+15.6

Values are expressed in mean®S.D.(n=8). (%), percent increase of prestimulation
control values. *p < 0.05 vs values at 20V by ANOVA followed by Dunnett’s
multiple comparison.
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Table 3. The rate of blood flow increase (%) in the spinal cord and the nerve root
at three stimulus pulse durations. Stimulation frequency and stimulation voltage
were kept constant respectively at 50 Hz and at 50 V.

pulse duration 0.1 msec 0.5 msec 1 msec
Spi“&)c‘”d 32.8+14.9 60.5-15.8* 82.0+18.7%
“erv(;)m"t 28.8+12.4 31.24137 31.4+135

Values are expressed in mean+S.D.(n=8).1 (%), percent increase of prestimulation
control values. *p < 0.05 vs values at 0.1 msec by ANOVA followed by Dunnett’s
multiple comparison.

Before Block After Block
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g e e = - ’
75 —— o e
- LT Tr;'\:
— Fig.9. Changes in the SCBF and the NRBF by

Fig.8. Changes in the SCBF and the NRBF by

sciatic nerve stimulation before and after
cordotomy.
The SCBF and the NRBF increased when the
sciatic nerve was stimulated after the cordo-
tomy, but the blood pressure did not change.
SCBF, spinal cord blood flow ; NRBF, nerve
root blood flow ; BP, blood pressure.

sciatic nerve stimulation before and after
sympathetic nerve block. Sympathetic nerve
blocking agent was administered systemically
and the sciatic nerve was stimulated. There
was still an increase in the SCBF, while in
the NRBF and in the blood pressure, the
changes were very little. SCBF, spinal cord
blood flow; NRBF, nerve root blood flow:
BP, blood pressure.



938 =

FED LR TEHES &L CHEROMEAMINT 3
DTREEWI EHMEBELT.

OI. SEMCHRRERT ik 0 Fli#
EWERSCLVMERERL, BHMRS & UH
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IR LD, FEHOBE X MBI BRI
NORFBH 5 Z eHAHBEL L. WREROBAE CIE
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ENLBFICI3EEZ N,

% &=

RBHROBIFBMIMERE D EBFHEDBER X
BRCHOONTE M, —FHREEE LT HEEE
HahTtwa., LyL, ERFEB L 2EA28
LT 0RRETHDEANS . 20 1DLL
THELEBIRBL IR, #EZ 0 b0omTom
PEBEROBRCAET 20 TREZVWIALETIER
bhs. Plz IEREMRETORRE L LTHEEHE, &
B, #ZRoHMKEER S THE D2, RIGHRD
ESNEB RMRBTORRSEDONE. 20K
BRI, BERREC & 2 HMMEREO%E, Mem
omLEzoND . FES ZHBEMIETEE
TAEFCH L TREMHEHERERFM 2 6EL L
THRIRIGHL, RENERE L CRFRBERELZS
TWw3Y ZZTHREOBRRE2H V31, whi
BRI R MM LWEME ¥ 2 » %85
BRETEZEBBLETHD. KR TR ZOEERME
PEYMERC L ORREL, MESHAAOFEN»D T
3LDTHD.

HH#i6 L UBRROBHZE EOME B & UIE S5
DS » S, FRMFE, HRBOKEOHEIXR
SNIFETOATEETH L. FH~OMF O
BHEENEV HEMETH 5. Adamkiewicz 12
REANIBHMSEFHERTCTYAL, EHELA->TW
3. - THMWDOARIE—FBTHRLSBMUICL>TRE
3. IOBEBELEREEO L OEHO MFRIEHER
BohTwns.

FHOMBEEENCHET 2 AHBLLT, 28
ERMCEB~O P L ——DWDAZE A DD,

f&

BroDs7 VT 7 2A5RET 2 20 EMNH 2.
Bi#E X Ce, ®Sr, “Sc, I, *Cr & K ORETEE# o~
A70A7 2T RRG, A= F79FT57 4 —TH
ETB2LDTH2. BEILZ “Ke, TLT>H20E
KFELVOLFEESTREZAWT, ZofB»50 s
V7 A%BETAHDTHE™®, Znsnk
HBTRMBEOHIHEZBIEREETH 548, MEOE
P 2BEBT 20 RETH S .
EEACIRERAET 2 FEe LTHI VTS
RENHD . EROBBNEZIFEENAELINT
Wiz, ZHRSEMOBEZEMEEO MR+
ZLLTEHEL CWoI, EBRICIEMETEIEL
PRODOENBP SO THE”. SEEFEENH O
BUBUERBEORR, GRET » 7OER, v47
o7avyh—ick 2EE0NEL EETY, BRAY
5D 2WEMRHMORBREEZOHESHEBOMFKE &
EMBERICH2 & LTEHEL, EBLATEgLEL -
1o EFEN»OEENKMKHAENTCEL I LY,
KERICEHROBLHEELRLE LS. £7- Carter
5™ Koshu %% Peltier stack % 8\ 72 BhiLs0E %
A TRINFEOEE 21T\, EFEM»DERMICH
ETEREREL TS,

EHADKTIE, BAELTTET 2 & HAH & TTEL
ZOWMAOMFEES ML, KAizR#EETT2L
MFEESHAT 5. FHLAROEANED SIS,
B3 A 2AOTREERURLEHETNOEH
M7 ki T &% angiography TH~N7: . BB
TRABA OBEBMEOHIRIED &l ss, JINE
TRMCHFHEOEORLNED N EREL T
5. FREWHROBERREIC & 0 EEEO MK Em
T5IEE, BroMRAEEEHACTHRESATL
5. Tbb Field 5 BER 2R, v FORF
R ETRE LS, BERoMT,1 EmT 2 2L
EHREL. L LEROBENETIXERN MR
Bz fETES am-otz. EENCHEMEEZHEL:
eELX LT, Marcus 5° B3 FEY YO THOBAE%
REEHER A EME 2 HE (30V, 5Hz) L TIUHE
# 2L, EHEOBEEKEE O M H»FI50%EmMT 5
ERERATUAT 2 THEETEHEL. £72
Kobrine 5™ 3KFH A7V T I RAEEANT, ¥
VO REHREHEA HE O BEO MK % 142 519
(mg/100g/min) MM T 5 Z L 2WEL L. L
U, Bl mmEmEol@ficonTiEREL T
W, B S ICERIME 2 BE L s, M
BSODKEARZY T I AEERNT, LEHEE
BEEHB L 72354, 50Hz, 0.5V, 1msec D&M TH
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BRMFSEML 72 E VI REDHATH S

D& ICAEHEOBEIHBEIC &0 BB HER
OMIMFELEMT 2 2 Lk, BromfflEEEzHT
FEESN T3P, FIBGSRMG & MFEMNOBEEE 30
CHEL 2R EEan. L L, BREBEERCE
BT 3B, RIESM & mREMoBEEE S
LTBDERD S . 22 TEZ IR L BEHS
& UPRMRAR O I HE 3N o0 BE 4% % R B o BE40 AR ET L
7.

HEETIIRIBUERE 3 50Hz 25 100Hz THFshn
KIFHEAERD, 200Hz 123 3 & fcBEINE I ET ¥
M H o 7z FIMELIE 50V 2 5 100V THENR
BEAKERD, ZhUEBE? EIF CHEMREEDL
bl 2O AMEE 1 msec TEMEBIZFEKX &
molz.

AR T I RBER I S0Hz TRA L £ 0 FhLE
BEE2H T THEMEIEL ook, FBERER
20V 25 50V THMREERERY, 2hULEEE
EHTCOWMEREEb SR >7z. /SRR 0.1
msec T lmsec THIZIFF UMK L 57z,

IOEDHIEEFEREL S Z LIk D MR
LEAEL. 85 CMTBINELNTER L 72 3 MR
R RN TIRER 7. ZORGREIHET
DEROFBETHY, BB ZORGLERBTOL
MEMTRDHBI LR TEaV, RBEE 50Hz
»5 100Hz OFEE THEWEE, SV AESEHE
BROMBEICESHEE LN S .

AWMHRESHEC L 2 miEmo#EL L Th
E, R#fz L TR rolasfflansg. K
WHERERAEC L v DFR FREL, MRIEHES &
UHHRIR & &I L 72 RABMERIBIC & 2 ED
BRico>0nTit, B EESLBFEENL, B
ROBELREBMEITHEIZ t®HEIRTL
20 eBMED FRIC K > THBO MR #IZZEL
254, BECHL T, MeRBCE RS
EELTHY, H2RENOBRECELTRNKE
B—FICRen 2 Z L pEEBE s T % . Griffiths®
R70—t b LERERETORTIE, FHMR
BIZIME 60—150mmHg ORIClt—EwHEEh 2 Z
ERHE L. Kobrine &' b EEFMD O Y L TH
BEIM 813 FHIMFE 50—135mmHg O TR EML A
<, 50mmHg LT CRIMEDET & & b izEd L,
135mmHg U ECiz R OMEENEL, MED L
R bR 0ERIHMNT 2 LREL TV . SEO
KRB BT ME LR - MFEMOBFRIX AL T
Wihro o, FORIEERETIRIEIZET L 228, 1M

WML 2. &L FRUNBORBCIRMEREL
Limofzas, MEEEEMLL:. ZoZtizBEsniz
FKBHRERHR I X 2 MBOEMIIMED EH
FoTHEDLDTREVILERTHIDTH 2.
KR BESREO 2 L OBFHOMFREINOBE
ML T BEEhcE > RBEEMEIc LV EZ 2
DTRZOHEHERENTVE™, SEOERICE W
T O X RBEREN R ORI T » IiigMmssEmo shi:
i, LEEHRESHBO 2 LOBERO MM
WRBMHEUADEFIZL 2 OMNTRINE. &5
AR O EER T MFEMS R & 2 RIBEED S
HRIBHEEIE 1 Hz » 5 8i0s ¥ T < &l ik im
LTw< 2, 50Hz 25 100Hz TERKAXERZD
200Hz 129 % £ MITEMEIMET T 2 A H o 72
MR X o TRIGHDE msec » 5 +47 msec
EEINTWBOT, REOES 50Hz »5 100Hz
TERALRB:0THD, 200Hz TIRRORBUIZ TG
Hrb2oBB2RITILNTET, HICRAED
B#SEPTE20TREV»EELONS. FKE
EB & UL 28k 50V 5 100V, 1 msec T I
MEEEFERICZD, ZALEEL LTLENREZED
Slahrol, ZOZLEVHRORENRRKICR ST
FRcmi@ind JAC2 2 Z RN, hid
MR T I s W BE L RBsEnT 3 2
LW EDMBEMMNEIZ EEIME™IC—BT 3.
FRBOMBATICEL CRBREE CHRELN EL YD
THRL, ERBRREIC S 2 WERO MR INOE
FIZOoWTIRELBHINLTL YL, SEOEEDE
BTRMREROBSIIMBNERK & 2 2 MR ERE
BEERR2-oTED, LBORBKGTHINRZE
Kegotz, ZOBRIHRBOFOMMOBE L E
BLRLVRBUNOFREL2FBRT 26D THS. ¥
rERUNBRORBE T I 8NLzz L b, £
BIMED EF I HEVERIRO MBI 2 & DTt
RO EDSEO b ER o, & 51 KRR R
Szt R o Mk ginL , SERBRORIE T
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Abstract

Hemodynamic changes in the spinal cord and the nerve root induced by electrical
stimulation to the sciatic nerve were studied with a thermal diffusion method in
anesthetized dogs. The electrical stimulation increased the blood flow of the stimulated
spinal cord and the nerve root. The optimum stimulus parameters for the maximum
increase of the blood flow were different between the spinal cord and the nerve root.
Strong stimulation at a high frequency of 50— 100Hz was effective for increasing the blood
flow. The increase of local metabolic rate appeared to play an important role for the blood
flow increase in the spinal cord. The sympathetic nerves may play an important role for
the blood flow increase in the nerve root.



