B3 IEH YL R A LR 812 33 28

B LIRS B RSV
(L =

MILEYSHEE $100% 5, 6% Gk
g Of1 63 £ 6 A 30 H




{mBAD IEH YV R i MR 81 Bl 3§

W LR AR VR A R (FR AR

£

BHIX)
%

(RBFN634F 3 A 31 HZHs)

Key words : brain tumor, cerebral blood flow, differential hypothermia

hyperthermia, hypothermia

]

EMMEERIL, FNCEEZ&H TS
L REETH Y, I, B RERE %
BEFOMBMBEIITON T 50, BENL
ZAFRIMEKRTR TH 50, K4, BRFEED
BHEEICNTAELWIAREE LT, Bp
5\ RS, (bR LB L TTh I,
SHIREE, IUE, FEELCICBW IR
B ciGBBGEI REINODOH 529, b
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Fig. 1

Schema showing the experimental set-up. For WB (whole-body heating and cooling)

, the

whole-body except for the head and neck of a respiratory-controlled animal is immersed into a
water bath for control of the body temperature. For DH (differential hypothermia) , a single
hemisphere is heated up to the desired temperature by means of external microwave irradiation,
while the whole-body is kept hypothermic by immersion in a cold water bath. Temperature
sensing probes are used for controlling the generator power and for monitoring the brain tissue
temperature. The electrodes are used for rCBF measurement by the hydrogen clearance method.
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£ (B-3000, BT I o b XT 4 AL L2tk
—l K BRENR A 520G T 70> AT —T NLEE
EREIRNICHEAL, BRIELZES 7> AT
2 —H— (MPU— 05—290, =2#2F) 2L
WE L sk L 72, pH B X vEilikim A~ 25 &
(PaQ,, PaCO,) 14 pH “blood gas system
(model 165, 2, Corning) #*#H L& H%E
L7z, 272, —RIRBRERRA S 13 L b= il
% 2 ~ 3ml/kg/hr DHEE T HiEEREL 72,

EEIZ, UTD2HICOWTIT- 72,

1. £&iE-sHLE (WB) B )L 684
2T, SEMLLTO4 S % K KIEIZ&ZT,
FKEAHAZITV, BRA—EENT—TLEMNL
THEEBENICH—I 27 7o—7%@EL, A#E
IBEAHEIEIC 1 ~ 1,58 220 THIB0C e HK
i & L7z, T ENFEREIIC 3 X 4 emDEITEH
SETEM GEBHIE %, R A UIB LMK A B L 72
#%, METHI0mOERS I —3I 257 a—7

%, ZOIEEC=0.5em) ICBIEREZRAL, B4
HENDIRE & r CBF OHlE# 1T~ 72, HIEIR,
M, pH, I 4 240, Rl #ia 5 L o° r CBF
2P L ALERTE & L 72, SKICKAEI237~43°C
DIRKEINZ, AEIE % FEREIC1.5~ 2 Ko
T37T~40°COEH MR ZATV 1 BEERARER L 72,
ZF ik, AKEIZKEIKE N Z B EEIRAI30C
DEFIAMRIER X L7z, &R - mHLEDRE
i@, r CBF (2R rh e (34°C), fmike— 7
B (38C) Ltk (30C) &R AICH
WTCE—EAE TRAERIE L 72, B, LESHIT
M DWIEE B IET 5720, BEARKEHNT
NN gt R DA

2. XBMEARIRALE (DH) B 0 )L 7 SEIC kT
LT, BB LR AERA30C O FK
fRig & L7zt WmIBHEEZ ifTL 72, — 3 A
g7 0 —7 % A CEOE Y, AT 1
B2 T 10mmO RS DR E IR A L, BEM %

Fig. 2 A close-up picture in DH showing cerebral hemispheres after extensive bilateral craniectomy.
The unilateral hemisphere (viewer’s left) is heated by a microwave applicator (upper corner) .
An aluminum-foil screen placed on the midline of the skull is used to prevent heating in the
contralateral control hemisphere (viewer’s right) . Temperature sensing probes for the tissue
temperature monitoring (arrows) and electrodes for rCBF measurement (arrowheads) are shown.
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AT ~2AR, EfMTIAE, —32%
7'a—7DWE (r=0.5cm) IR A L 721%, HdiE
REIR DZEE L 720 5 CILERT r CBF 28I L7z,
kiz, ARIBRERTE RS 5 B a9 THRIBIEE
» SIS L 72,450MHz = 4 7 o iR %
T-72, A7l T 7 ) r—9—Lhksn
PRI K Tem& L, BASEIRO HOh REinE &
b L HICHREIL 72, A 7 v EREINRIEZA
3 BERIATVS, B4 EE T 10mm COMNiE B iR EE % 35C
(hmig P REEE), 40°C (AR Y — 78f) & EXFERY
ICRREL, A 7 uiilHhE aEflEL 22, %
B, <A 7aiic L oxH CERD) Bohng %
BT B 726, BEFIEFR EICT VI R ILVTESR
| 72485 % &V 72, r CBF (3 niEApEEE, hnis
E— 78S L OINEF IO SRS B W TH
— IR TRAERIE L 72,

Fig. 112, £+ v 74 > 70X #, Fig.

2ICEREREART.

EBEHRTR, v— 1297 0—-7BL0HE
BISRIARZEHAIL, EBRPICERIHIZEEILH
ARF & 27 2 AL OBIEMEIZRRET D S BRI L 72,
EEREIMIZ10%ER1L 7 1) 7 2 20ml D BRIk N 4%
Gic kD EREL, HIRBIIRABRSL 72 —7
12 & 2 B L SRR 0 A BRI D & PERAYIC
B/,

T — 7 D5HT  WB & DH DS EEBRBEIC BT
5 & iRE S r CBF 0%Z51bi3 paired t-test %
AW TAEBLZBRETL2, F72, MEME L ¢
CBF OAExIRIR 213 5 726, BéHARIR N2 b
(AT, C) & rCBFZ1{t® (r CBF rate, %)
& B ZHEEALIC OWTHEE L 72, r CBF rate
1R TERD 72,

rCBF rate (%)= rCBF (T),rCBF (pre-
heating) X100

Table 1 Temperature, blood pressure, and blood gas data

I : Whole-body heating and cooling (WB)

Pre-heating Peak-heating

Parameters n
Mean SEE. Mean SE
Esophageal temp. (C) 6 29.9 0.4 38.3*% 0.4
Brain tissue temp. (C) 6 30.3 0.2 38.0* 0.5
Arterial pressure (mm Hg) 6 117.3 3.5 101.3* 4.0
Blood pH 6 7.437 0.030 7.411 0.027
PaO, (torr) 6 113.6 9.8 107.6 4.9
PaCoO, (torr) 6 36.1 2::3 33.9 1.7
11 : Differential hypothermia (DH)
Pre-heating Peak-heating
Parameters n
Mean S.E. Mean SE
Esophageal temp. (C) 7 30.0 0.3 30.8 0.3
Brain tissue temp. (C)
Heated hemisphere 7 30.2 0.1 38.3% 0.5
Control hemisphere 6 30.1 0.3 31.7 0.4
Arterial pressure (mm Hg) 7 116.9 5.2 112.3 5.1
Blood pH 7 7.419 0.026 7.429 0.014
Pa0, (torr) 7 136.7 6.0 126.8 4.1
PaCO, (torr) 7 34.8 1.4 35.4 1.4

Temp. . Temperature

S.E. : Standard error of mean

+Significantly different from pre-heating for paired t-test (p<0.001).
Blood gases and pH were corrected at temperature of 37°C.
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Z 2T r CBF(T)2iEEZ{t TCH r CBF,
r CBF (pre-heating) (3fmi&sir CBF T 3.
FEBEIZHBWT, AT & r CBF rate D
REMBERICERD L, BRERZ KRR TR 72,
Y=AX+B
ZZTA, BixEYFEREE X 2A T, Y3 rCBF
rate, F7z, EEBRETHES N2EYRFRE A (R
JREROAE) OMBEIZOEFEMEERET L2,

& R

. HERTE L R — 7 B To AR <
TR —F =Dz DONnT
R L 72 IE% Y OVIBEED NIRRT S L R E
— 7B TR (FOEIR), WEEHE, FHEhik
IE, pH 3 L il 7 A5 EDHEIEE %S Table
1iz/RL 7z, WBETIZ, MERTO &£EIRIZ
29.9+0.4 (n=6) TH', [EEFICHEIEL 2K
AHAIE (30.320.2°C) I H~NETEETH - 72,
e — 78 CI3 ALEIE1338.340.4°C, AMAEAS
i21338.0+0.5CTH D, AEIRITHEIZHT HIz
EfE%RL 72, —F, DHE T, g — 76

IYRE 659

TIZAEIE230.840.3C (n=7), NMEANHEA
181338.3+0.5CTH 1, & HEMKIE T I BaAL#:
OFEIREYINE (DH) A 7hinsz, 72, MR
ATl R AERRIR1231.720.4CTH D, 1T THIE
L ULORIB I #ER S L7z, SEYED IR (X
WB # T117.3+3.5mmn Hg 7> 5101.3+4.0 mm
Hg t A& (p<0.001) I2{&F L 7245, DH#T
3E BB E O %D - 72, HHERT PaCO,i3
WB #1730.1~43.6 torr(36.1+2.3 torr), DH
BE730.3~40.9 torr (34.8+1.4 torr) & FEE
BT/ )7 X 2588 L7z s, fHr DFEBR
B2 B\ Tid PaCO, N EENIEEZEF15%
LI #EFE S 1172, pH, ML A A5 IS IR AT,
MHEE— 7B W Uz B W T L MEEBREENDM
BB EZIRD SN h - 12,
2 EHIE - wHMLE (WB) o r CBF 12 i
TREIZ O T

BaiHfk/E 3 & O r CBF (2, &2BETI.7+
0.3mmn (n=13) B LU10.7+0.2 mDKE'E T
Bl S 7z, ZINER A TORRE Table 212
~L 72, r CBF (ZHRIEEMy, EEREE TR

Table 2 Tissue temperature and rCBF measured in normal animals during whole-body heating and

cooling (WB)

Pre-heating

Mid-heating

Peak-heating Post-heating

# Animals
Temp. rCBF Temp. rCBF Temp. rCBF Temp. rCBF
1 30.7 26.15 35.0 40.29 39.7 49.31 27.8 18.24
2 29.7 14.74 33.2 19.52 38.8 33.16 30.0 14.74
30.6 11.75 35.0 17.77 36.9 19.25 30.2 11.55
30.2 21.18 34.3 40.76 36.3 44 .17 29.8 25.67
30.6 20.38 35.0 31.04 36.9 33.80 30.2 20.09
30.7 9.49 35.2 13.86 36.7 15.71 30.3 8.88
4 (BRAIN 1) 30.9 17.68 34.2 24.04 37.7 38.01 31.2 17.15
(BRAIN 2) 30.2 12.20 33.6 16.96 37.8 31.14 31.1 13.66
(BRAIN 3) 30.3 12.38 33.6 15.47 37.8 26.67 31.1 14.73
5 30.1 28.88 32.5 44.71 37.0 50.42 30.6 27.72
30.2 15.07 32.5 18.73 36.7 25.65 31.1 16.12
6 29.8 16.70 34.5 23.90 38.2 31.15 30.0 18.54
30.1 17.11 34.8 29.12 37.8 31.23 30.0 20.53
Mean 30.3 17.67 34.1° 25.86% 37.6% 33.09 30.3* 17.51*
+SE 0.1 1.74 0.3 2.91 0.3 2.91 0.3 1.46
(n) (13) (13) (13) (13) (13) (13) (13) (13)

Temp. : Temperature of brain tissue (C)

rCBF : regional cerebral blood flow (ml/100g/min)

*+Significantly different from pre-heating for paired t-test (p<0.001).

*Not significant from pre-heating (p>0.1).

BRAIN 1 — 3 correspond to the regions indicated in Fig. 3a.
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- 7255, —f#ic, rCBF 3KE (AEE) B8&
O BMAEAIR I el L <& kL 72 (Fig. 3 a).
r CBF 13 /{8 & (fix # %% 12 30.3+0.1C) i
17.67+1.74 m1/100g/min T& ", higtE— 7
B (37.6+0.3°C) 1213, 33.09%2.91ml/100g/
min & A& (p<0.001) 2¥mL7, 72, &
% (30.3+£0.3C) 13, 17.51+1.46 ml/100
g/min & 7Y, (ZITHNEREICEL 72,
1BAIESA TELN72AT (X) & rCBFrate
(Y) r »BR £ BRI RL 72 (Fig. 4 a). =
N5, BEEICAELIENHEE (R=0.925n=
39, p<0.001) #5&H, AT »-2.9~9.1C»

%

& TY=12.2X+100. 8D EMREIF & 70 - 72,
3. XiMEMREME (DH) o r CBF IcRIZT
BHIZ DO\

<4 7oy BE (Net power, 30—80
watts) 12 & 0, @BEAE TR 5 ~10
SUMNICEHERE (34CH 5\21340°C) 12hmis
N, KREIC05H 5 1 MRS N, &
EBRIZBWT, BABEIIHESRAMIZLD 2
~3CHNT 7 X HFBeH L7z (Table 3). fix
MHfIEB L U r CBF 12, ZNFNUMETI.7+
0.3mm (n=17) BLU10.7+0.5mOMEE T
HIE S N7z, AEMIR T3, r CBF I3 BERE
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Fig. 3 a Relationship of the temperatures in the brain tissue and in the esopha-
gus, absolute rCBF, and rCBF rate with respect to time course in one
animal (#4) treatment by WB. BRAIN 1-3 correspond to the regions
shown in Table 2. Blood flow increases with an increase in the brain
tissue temperature. Note rCBF showing pre-heating baseline level after

cool-down to post-heating condition.
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I L& b L7z (Fig. 3 b). Ini&Rio r CBF
1215.64+1.43 ml/100g/min (K% 4 #%1530.3+
0.1C) TH 1, MiEFREIEET1226.26+3.51 ml/
100g/min (34.940.4C) 2, S Lichige—7
¥ T1334.52+2.89 ml/100g/min(38.1+0.5C)
EAE (p<0.001) icHEML 72, miEdiE#£13
17.78+2.04 ml/100g/min (30.9+0.4C) %%
L7z, —HIEMBMBIC B CiE, BAERIE
29.1~32.7CH &I TEEY L 7295, r CBF &
ELTbIBH N LG5 (p>0.1).

1MAES TELN7ZAT (X) & rCBFrate
(Y) & oBFRE=HBERICRL 72 (Fig. 4 b), =
NolZATH-0.8~10.6'CH&HEE T, Y=15.2
X+101.7 (R=0.925, n=29, P<0.001) »&
MEVREZRLZ2. 72, EUREE (EHOEER)
TREN B RAEBEIE 1 °CHEILIZHES rCBF o
Z{bE (r CBF rate) i3, JGic/R L7 WB E£(12.2
%/C) IcH~NTDH# (15.2%/C) 128\ T
FE (p<0.01) ick&EH» -7z,
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Fig. 3 b Relationship of the temperatures in the brain tissue and in the esopha-
gus, absolute rCBF, and rCBF rate with respect to time course in one
animal (#9) treated by DH. BRAIN 1-2 and CONTROL correspond to
the regions shown in Table 3. Note remarkable change in the tissue
temperature of the heated hemisphere (BRAIN 1-2), while the relatively
constant hypothermic temperatures in the contralateral hemisphere
(CONTROL) and in the esophagus. rCBF in heated hemisphere
increases with increase in the tissue temperature and decreases with

decrease in temperature.
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Table 3 Tissue temperature and rCBF measured in normal animals during differential hypothermia

(DH)

A . Heated hemisphere

Pre-heating

Mid-heating

Peak-heating Post-heating

# Animals
Temp. rCBF Temp. rCBF Temp. rCBF Temp. rCBF
7 30.1 13.20 NA NA 40.7 36.50 29.8 12 .41
8 30.1 12.60 NA NA 36.8 28.74 29.5 11.21
30.3 11.18 35.9 16.90 39.1 25.28 29.5 11.09
9 (BRAIN 1) 30.2 12.38 35.9 28.88 40.7 34.31 29.4 13.62
(BRAIN 2) 30.9 8.06 33.8 10.19 37.3 14.29 30.3 8.38
10 30.0 14.44 NA NA 38.7 34.40 31.0 16.17
11 31.0 20.38 33.7 30.80 36.6 42.78 32.1 24.32
30.8 17.77 33.5 27.72 38.1 43.31 33.4 25.20
12 30.0 20.09 35.5 34.56 36.6 30.13 31.9 25.48
30.3 18.00 NA NA 38.4 43.70 32.3 22.57
13 29.7 23.90 35.8 34.65 36.5 46.29 30.4 25.10
Mean 30.0 15.64 34.9%+ 26.26% 38.1% 34.52% 30.9* 17.78
+SE. 0.1 1.43 0.4 3.51 0.5 2.89 0.4 2.04
(n) (11) (11) (7) (7) (11) (11) (11) (11)

B : Control hemisphere

Pre-heating

Mid-heating

Peak-heating Post-heating

# Animals

Temp. rCBF Temp. rCBF Temp. rCBF Temp. rCBF

7 30.1 29.40 NA NA 32.5 26.65 30.6 31.50

8 29.1 7.97 31.9 11.75 30.7 9.43 29.6 8.56

9 (CONTROL) 30.3 18.24 29.7 17.95 31.9 17.77 31.0 17.69
10 31.0 32.23 NA NA 32.7 32.44 30.2 30.94

11 30.7 31.50 32.3 38.50 31.8 34.30 30.8 34.65

12 30.0 9.56 NA NA NA NA NA NA

13 29.5 10.50 30.8 12.05 30.6 11.18 30.1 9.87
Mean +S.E. 30.1 19.91 31.2* 20.06* 31.7* 21.96* 30.4* 22.20*
(n) 0.2 4.13 0.6 6.31 0.4 4.38 0.2 4.75

(7) (7) (4) (4) (6) (6) (6) (6)

NA : Data not available.

Significantly different from pre-heating for paired t-test ; p<0.001* and p<0.01+*.

*Not significant from pre-heating (p<0.1).

BRAIN 1—2 and CONTROL correspond to the regions indicated in Fig. 3b.

% %

b b e im #1350 ~ 55ml/100g/min &
AN, HFEOFRETTIIZEHIL L, ok
IR D & E b THEEMESE 2, fé 7z
B A JUTTEIRFICIE, E, PaCO,, Pa0,,
SHENIE, MBREFARE, MBS 2T 5N 5%,
AEBRIZB T, THART MR E— 7Tk

B 8T X — 8 — (%, WB B CES SR ILE
HURRAD L 7205, BELALHIIRZD LN
o 72, PaCO, I3l 2 DEBRBIME TS/ R -
727, EBRLBHOEENT ZEMIZ B\VT15%
NI 2 72, Table 1ICEL 2L, %
BREMIE, HRIED L < IZRERGENE B2 2L
PISY, BBy 2 IE R PN 72 E 2 1L
5, F72, AEETII ketamine (20mg/kg) (=
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Fig. 4 a Scatter plot of the relative rCBF change (rCBF rate, %) vs temperature
difference above pre-heating (A T, C) to all data points (A, n=39)
measured repeatedly in 6 normal monkeys treated by WB. The solid
line (Y=12.2X+100.8) represents the linear regression fit, showing a
high correlation coefficient (R=0.925, p<0.001) within a specific &

T range from —2.9 to 9.1C.

k245 MET I r CBF #illl%E L 72, Ketamine
DA BT T8 DWW T, Crosby?® 5 (4,
ketamine 10~ 30mg/kgD#&5-12 & V), W/BATED
LG U 72 R BAY MRS B b 2 SR L 7297,
LN OB EE CIEERELELERED L h -
REHELTHD - T, KEBRICBWTr CBF
D ARECHELZLOE, KED L <MK
A IBNEETH - 12 L HZ b,
PRIBZAL OB MRl &3 T 8 DWW TS,

F & L TERIBIC & 2 Bl & B
BWTKRE &1L Twv 5. Rosomoff and
Holaday??1%, kK% v T4 X 2 & FEKiR
L7z, AEIEAE5CH S25CITIET Y 51
12, SRS MR IR KA EICZELL, 1C
I2DE6. 71 4% THORWITHZ L2 HEL T
5, [ABEIC, Michenfelder and Theye?(3 A
X 2T, LEIRH37.810.2CH 532.0+
0.6°CIZIE T3 % &, Bii#i358+ 5 ml/100g/
min 7> 536+ 4 ml/100g/min ~ & H & (p<
0.01) AL, R MEERABHEIZI0CH
7210 55% A L 72 LA L T b, 72, Meyer

and Hunter? |3 kKB iz & 5 & H{EARIEREC £
I REEDR 2 BEIREE T I B L, KIS
L 22013 2200my FRE O MAEIZFERE T, 30C
TZNDKRESDMERIZTEERFN50%! :ﬁ‘f“’a/J\L
PZERNTWS, —F, B EA LB s
BEIRIC Ob‘f@ﬁxm 34 7% v, Meyer and
Handa®®(3, i@KIMNEICE D 2 a RO L2 E
KR & L, venous out flow % V> THK I
ZHEIEL, BMMAEIZERE3.0~39.4C F Tl
L Ay, 39.4CLLETIZEE IS
L, 37TCHBFN149% & 7 - 7275%, 41.9CLIET
I T L, EREMIISET L 72 L8~ T
W é T3, FEEFICHIE L 7204888 & OVKhR
B Bk I i AY £K<40~42°C T200~260% i,
39.7~42.5°C T460%12 2 L { L 72l e,
N SR T U8 ME B B IR I IR 13 B x, 40~43C T
130~150% i ¥hnL 72 DIc T Eher -7z & ‘ﬁit‘:
LTwa, £72, Allen 5273 & HHNRRFIC &
s I 7 %2 N,O uptake #CHIZEL, W?ﬁb“S?.S“C
7541 .8Clz FR L 2oz, BxImiti328.3
ml/100g/min #* &41.0 ml/100g/min (145%) =



664 B

5

o
8/
o D H: NORMAL BRAIN
(HEATED HEMISPHERE) Q
_ Y =152 X + 1017
wel R = 0.925 (N = 29)
g 8
=
z
o}
£ 8
a ~N
w
&3
w
[1e]
Q
o
8
8 T T T Al T T
(o] 3 6 9 12

DELTA - T ( DEGREE C)

Fig.4 b Scatter plot of rCBF rate (Y, %) vs AT (X, C) for all data points
(O, n=29) measured in 7 normal monkeys treated by DH. The solid
line (Y=15.2X+101.7) is the linear regression fit, showing a high
correlation coefficient (R=0.925, p<0.001) with a A T ranging from
—0.8 to 10.6C. Note the linear regression coefficient for DH (15.2)
is significantly higher than that obtained for WB treatment (12.2)

shown in Fig.4 a (p<0.01) .
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Effect of heat on regional cerebral blood flow
of the normal monkey
Toru SATOH
Department of Neurological Surgery,
Okayama University Medical School,
Okayama 700, Japan
(Director : Prof. A. Nishimoto)

The effect of the tissue temperature on regional cerebral blood flow (rCBF) was studied
using anesthetized and respiratory-controlled normal monkeys. rCBF was sequentially mea-
sured by the inhalation hydrogen clearance method, during localized brain heating under
generalized hypothermia or differential hypothermia (DH), and was compared to that
obtained by whole-body heating and cooling (WB). For WB in 6 animals, the body temperature
was controlled by immersion of the body in a hot or cold water bath. rCBF changed with a
change in the tissue temperature in the range of 27.8 to 39.7°C, showing a constant 12.2% per
degree Celsius change. For DH in 7 animals, the brain was locally heated by external 2450 MHz
microwave irradiation, while the body was kept hypothermic (30.0-30.8°C) by immersion in a
cold water bath. rCBF rate of 15.2% per degree Celsius change was obtained in response to
change in the tissue temperature ranging from 29.4 to 40.7°C. The results indicated that rCBF
changed proportionately with the change in the tissue temperature within a specific tempera-
ture range between shallow hypothermia and modest hyperthermia. rCBF changed at a higher
rate after DH treatment than was possible by WB treatment. The response of the rCBF to
changes in the tissue temperature of the normal brain may play a significant role in thermo-
therapy for brain tumors.



