fEIMESE, 32(4) : 334~339, 1984

B % L s R e R & B
OB I R o WO
SRR & CRIRARAKE V¥ T v AT L O

ATl KEBBE? BT REY
NFR EEEED H TR R BY
D) EHRBESEAN « AR R R
2) BRI B R
3) PRS- AT 4 HN

Measurement of Cerebral Blood Flow with a Newly Developed Temperature-
Controlled Thermoelectrical Method : Fundamental Studies and
a Comparative Study with Hydrogen Clearance Method
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We have developed a new cerebral blood flow meter using a temperature-controlled thermoe-
lectrical method, Fundamental studies including comparison of cerebral blood flow measured by
this meter (thermal CBF) and an inhalation hydrogen clearance method (hydrogen CBF) were carried
out,

The probe of the meter was placed on the surface of the brain at craniotomy. It consisted of
two gold platelets; one was connected with a microheater, and the other was used as a reference
point, The temperature difference between the two points was always kept at 2°C by a self-
controlled system. The heating power of the microheater required to maintain the constant
temperature difference was used to indicate the cerebral blood flow.

A highly significant positive correlation was obtained between thermal CBF and hydrogen
CBF (r=0,91) in 7 experimental dogs. Thermal CBF at death in dogs and humans was close to
0 ml/100g/min (—3~8),

Using this cerebral blood flow meter calibrated previously by a hydrogen clearance method
in the experimental dog, the absolute value of CBF can be measured continuously not only in
experimental dogs but also in human,

It is concluded that this cerebral blood flow meter is useful as a monitor during surgery and
postoperative care, Shinshu Med. J., 82 :334-389, 1984
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Key words : temperature-controlled thermoelectrical tissue blood flow meter, cerebral
blood flow, cortical blood flow, hydrogen clearance, cerebral blood flow monitering

SRS R R, IR, TNEEMP, A2 ) v I v A, BMilie=xY v

334 EMESE Vol 32



VBRI X B Ui O WE

I BB

BEMEARMEIRC 3 W T, IR M € =
s —FBHc ik, PEREO#FREt =2 —L bk
THEMTH B, 4% CRAGBRTE RN NzES
O 1 DEESHLEAD D, TOFEXIAL )
5 v AT S el U CniR B o B & 2 il
215560 AFEILSH B, FUvAORIENFL
felsfedic, MO AR ETERRTE RV RAR
HLT W, WAk, TORAXBIELHIEZERN
MMM A ST L, T 0BT E T -7,
Bz, ABEER Y Tl L Mt e & W ALK
$o ) ¥ T VAT X B IEMO LBRE LTV &
FOEBBMR R DT, & IIRET S,

I #lEEE=XAsn e (UMW-1005)

A E &

1 St B o

RO MR M 9B Fosbic, Hicid e — 4 -
FEE, MR TO B (KR & miEs i
B GEMER) & kird, B b — 2 —~o g
(BAfr: 7w by W) OEEMD M UC, M s
ORGENEFIBERIH B &V A HED b L
FMELLDETHLDTH D,

Fig. 1 wiT X 3w, BEevv—& L THH—
a2 VAR VA YAEHERCC BoREZRLS

Set

!
|
Gold Platelets |
|
|

Micro

(2°C is selected)

BIEE (AK) &, o FBRELD B —ERE
(%iEix 2 °CHAMRER Z) &% B X 5 il  SIfHE
Bt hice — 2 B0 b5 I (BRD L%
o BB TIERThID, -4 —DH5
BAAEICAK LY 2°C Edb LB (B
fr: 9y by W) 2% JEIER (F=o0) T Wo i
Eoh D, MK (F=£) Tk, Wi HEETSEM
W) MPpBHI Lk 5T Wi—Wo=AW K&
B LT s NERS B, 0ED, M (£) &
WinmsgE (AW) & olificid, fo AW OBEFHNEK
VB, ZIC AW iz LT, ffgo
mikoBE a2 EMNTE B cHS (Fig, 2),

2 IR O HHEETE

SO EE, ok LTELRLA, T
AR HHE (ml/100g/min) RIRTHIIL, fd
TR IE R T - T S BERH D, BAEd, JEMR
e, & 5MHRO ZSBIEERTo T 5, H 1k,
SRRSO Wo & SEERofsk cllE L, HERS
By B2, BB R—EABAL A - Tl ¢ £
o WEwRko s, - ook f ofudfEk, &
ASKEZ V¥ I VAR TAET 5, 31K, AW
(=W{—Wo) ZWARNKFEZ V¥ T v AETRDI:
HosHEmoE : £ e s eCERTS (Fig. 2), &
DL RBEIShABEYAVSZ LRk o MK
B A L CHEHE TR CE S T LD
(Fig. 2),

Temperature

Heater

!
!
|
|
|
|
|
|
I
Probe !
1

Reocorder

UMW~-100

Fig. 1 Schematic diagram of cerebral blood flow meter

(UMW--100)

No, 4, 1984

335



Rrdi « KB BT « K+ 2

w
(J/sec)
Thermal
CBF fcc AW
Wi —~F =f
Yy
Wo 1-F=0 F Hydrogen
CBF

(mi/100g/min)

Fig. 2 Principle of CBF measurement
by UMW-100

Changes of
Heating powet

(mW) (ml/}008/min)

SO N D

" 2526 27 28 29 30 31 32 33 34 35 36 37
Tissue temperature
(’c)

Tig. 3 Effect of tissue temperature to
heating power (f=0)

m £ BR
A EMEEREIC XD MEEOEL

1 F &

WEBEE AL s, KEEOE ~2 - D
BEEOIMMENDENE VS ZEEFRELTHHD
Ty HIREOWEN & OBETH B E D HEN
Bb, Fo T, HERE L INSE L ORRENE L
MR, e B LT EMEEO R LAY
2 923 Bk e 0 C, JRMVER (F=0, JETKR) Kk
B IR EE O U b & B 0B bR, 12ke
ek 1 P AV CRE Ui, IMOMARRENL, MR
B e lRgEsl (ELLAB Type DU-3, Copenhagen)
CEIL, IR OZbIL, FETbE 5 AL
DERETE X o THk, MAEITER mW Ot~

336

F—TIERENDD, Fidh - T ZHREE ARy
WA e e, ImW B b o MR
2ml/100g/min & FHETE 20T, MG DL,
mW ¢ ml/100g/min oAy =V TERRLR.

2 R ,

IR (F=0) sl 5 LR B2k & IR
DTk Fig. 3 @RT X 5 Thote, Tibb, i
401 4R 2320° C 7 536, 5° C ORBI-CII R MEMSLIE TR
FUTETIZ L A E b bl 20 S LR TE
%o

B Jemiies (F=o) ([Tt B : Wo OFR

i

1 ik

(hEE12~20kg OMEAERR20ME, EBIEHTZTT,
HAEE R S (UMW-1008, ==-7 4
FapA) 0Frv— T e—7 (WP-63, EfE
13mm, ESX 3mm, EX0.6g) RRWIERMTT
R EsEY, Folkkc kA TR LA Cottonoid
(Bem Sheets®, JIIAMHFDRHE) 2B, WHES
XUt PCO; & Mifutfif oBIfRE YR 35 RBOK T
%, HElbh sy AEEEHEL, OELERTERLCH,
Hib o CPedlev a— £ — LDO & (F=0) K—FT
%I 5ic, K@D 0-Adjust O & Y AR EHET
2D E4 YA RflE Fk ote Tk, BED
F=o nIOIMEE : Wo 25 HEFTEOEEIES
ANTWEIETNE S Ll B, T r—TiL WP-
fEp e —7 3REHCT, FhEfhieowT, 20
TEnFko F=o i 5 O-Adjust D% HHA
Lote, 3Kk0 WP-6H 07w — 7 D5BD 1D,
S u— LT, EOFHEILS T Uiz Al
O 3 (FRERFEH L, 3, 6KHD KoL
<, FRke O-Adjust OREA B E 27

2 R

KD OEER (F=0) kit % O-Adjust D &A1 ¥
A B, 7w—7 1T 0.52£0.07 (Mean +
S.D) i 0.15 THb, 7Fr—7 2 Cik 0.80+0.09
(Mean=+8.D) # & —7 3% 0.2120.06 (Meanzk
S.D) Thotc, BADEDLDEH0.20TH T2, &
OIE o X A5 I B #8243 % & {a] ml/100g/min
ot Bnlts KOPEHRC CRRBH T v =7 1 OED

"5 %yx 11ml/100g/min @M Lz, S OEHDED

EEL, MofkEc:sbobdbsbd, FTr-7E
I DR OBIEE, TiohbIEEOM S O R
FTwaTEbFrbhs,

BMNERE Vol 32



AR M & 2 B o e

Sr -1 B T ARSI 3 Hlo O-Adjust
oy, FhFh0.52, 0.53, 0.54TH D, ROY
& (TIED. 52) &iF& A EEL D Ieh 2T,

C  HIBIEERIEBm A LBMARXKES YT

ZiElc & B RO L

1 F ¥

7 TLoHERERR (12~20kg) & ketamin hydroc-
hloride 10mg/kg #HHAMRS L, SEHRE LR
»%, pancronium bromide (0,08mg/kg) # M\
e, BT 1 RS 1 OEIT AT IS CRlES
Fotco FHEEIRNC B TIRILES WE L, M¥EH AL
T EE Lze POy ik 90~150mmHg, PCO; 1320~
4ommHEg DTHTATIPRS OFEIL i L, E
B35, 5° C 2 H38°C OEETH oo, ZEIRETIZ
T 3 cm ORI\, TEREIREME, S,
Fa—7 1 KOCIE 2 T CNECEE, &0 kh
biEfric B LA Bem Sheets® % 2~ 3MEZ, Iz
AR ok &b, BUWERRML, MMt e
Lize ¥fo, 07 a— 7 ORIOMEMI, KE2
)5 vAROESER (UHE-1008, 2=—7
AF 4 W) B, HMELY I~ 2mm OB
AL, UHA—%— (PHG-201, ==—2
AF A 1T RBERARKRZ Vv 7 VA
Wiz & By BEEE O RO WEEZTT =7

LT SRR MUPEE e & 7 I LIS B oD (e (S TE
s DX B3 1ffotz, O (F=0) ik, £flich—
7r—7 1 %E o, 0-Adjust © FE%*0.521
e L, RWT o1 R iV Fe R I -
flED WE A RDT, ZOROMY : £ ROiE
(ml/100g/min) EBAFRKFEZ V¥ T v ABETRD
fr, = OFO HurMETEE 3 [HfTY, 41,6, 40.0,
38, 5ml/100g/min & -7, W 23 40ml/100g/
min HERTH L5, HIEHERAAMKOTE 0%
o Full Scale Adjust @ &1 ¥k £l LTH
¥, Tiibb F=o 0o Wo ##RE0LL,
F=40 Ok W40 #3540 E 725 & 5 RBIER
Fote, 2VLHFRORRL, Zo&FRELDZE
o ATV A SRR AR R & B R (B
T Thermal CBF LBE3) 0EART -

WA K7 VY7 Ak s Mg (CUF
Hydrogen CBF kW%J) 1%, monoexponeutial cu-
rve #EALODOLEHL, Aukland HDDX A
Wk,

IPRHERIER B S ik T PCOy RE(LEEL

No. 4, 1984

Thermal
CBF (ml/100g/min)

60t
50
40
30
20
10

0

hydrogen CBF:

— 45ml/100g/min

I min

Fig. 4 Measurement of CBF py thermal
and hydrogen method

Y. Thermal CBF
7 (ml/100g/min)

60
50
40

30 y=0,47x+13.7(r=0,94)

50 60 70 80 90 100 ‘
2 Hydrogen CBF
(mi/100g/min)

10 20 30 40

Fig. 5a Correlation of thermal CBF and
hydrogen CBT (one dog)

y:Themal OBF
(ml/100g/min)

4

[=3

60
50
40
30
20

557680 80 100
a; Hydrogen CBF
(ml/100g/min)

10 20 30 40 50

Fig. 5b Correlation of thermal CBF and
hydrogen CBF (all 7 dogs)

y, trinetaphan camsilate (Arfonad® r vy a
#) % ethylphenylephrine hydrochloride (Eff -
ortil® ~<—y vr—ih) KX > T EHMERELS
, 1 EORCTFE 5 ROThZhoRERE & 51K

337



HrRf « KH - BT K - ZE

miEREE e (Fig. 4,

2 f5 B

1EDRILDE, SFELH, 7TETHEHITMOER
Fhofl@gic L3 MinEaEEr®c. 2EH0R
ToERFROFike X 5EMY Fig. fa wrd,
& DR OTRELR X 5 HBEHL, 0.83, 0.84,
0.88, 0.92, 0.93, 0.93, 0.94THh, 7ERMEDIH
BIEH30.91Ch - 7o (Fig. 5b), T/t Thermal
CBF=0. 45 x Hydrogen CBF+11,5 (r=0,91) &\
5XBEBHRE, Fr~F 10 O-Adjust © &£+
AR 0.52% v b LiziB4, JETIEo Thermal
CBF |1, —3~8ml/100g/min (3 7ci>t 11ml/100g/
min) ‘CHBHOT, v —~7 10 0-Adjust O fHD
X%k, MRS 5 & 11ml/100g/min
inhZ kiTie s,

v % 3

A AEFEELCOVLT

OB A EE, ThE—EOo~NERD
EROWMHS~OH B MENRE L - THEL LS &
T BRI <, P8 o PIE L, 19334F 0 Gibbs)
Lkfrhh Ty, BBETE, FELIDoTh
TeEgeasds B, BT, PR D F\ A T i
EART S v S e — TR LRE L TRV,
W SIREREE X > CEE A9 5 BT ) & 8
g &0, MAERMWETS 2 L2 FE LT
WaAH, HaxOBIRELAL DT, 200 gold plate-
let DE OB ELEY EIC—RIC o BB e — & —
B8 < I (BAGT W) OB b &SRB A
BERT, MMMELXAELL S L LbDTHS,
SERAATUIE, JEMTER (FETRE F=o) Itk T,
TAD AR 28° C 525 36,5°C DfEICIil g :
Wo oZ{bi, BmiECETs LAV
WHZENTE, ZoMEETIRMOEERIE O
A EHTER LV ERRLTVA, FR
EREOBELEHTEL DL ELLN D, BIEAL
LTl MR (F=1) oMmEE : Wi & NoMAskER
BEDTHEN EDRESH BN E VW H 2 LR TV 5B,
VAT NG X % e S~ R0 iz ou
TTH BB SFETOWRELNDOHETR, Fv—
BB T 20mA REOC—EIN#E L TR,
MHFAE T » TR FEMES LR/ L, oh
2 X B IR D BB O BN D o Tohd, Fhick
5 EEa0BEY, HBEEEL 2°C L—Eriild

338

THTWBDT, e & 5 e o faikiise i
it oTWwad, Ly 2°C ThoThERKHEO
monitoring & LCHAWREAIL, MEMoBE,
epileptic focus & 7 BWHEM: L H A DT, SHEHUHE
PR PBRBETHH 5,

SHEAB O Wo ORI DL T TH B, 4ETD
MERILIE X B IMFENEOBE, OR (F=0 D) 2%,
{EERE L o TR - Tb, L2biEx0il
Tl Liv—T b bR Rb bhich ool &
MRETHol, L, B40F Rk 3 LA~
w—7E WA L, Wo i 445 & 1lml/
100g/min OEEMETH D, LOMWEATO Kr ik
DHTENTREE I wic, Wo REEETEPRL -
TW3BEBLRAH, Fr—FLREOMOEER,
Tiebhb, 7r—TOME~OEHORE L EELS
2 T35 EBbhien T, HIEC OME DV THRE
LT3, SEMEHCERI LoV 21k, Wo iZREA
MDMTIZE A LRI WS L TCHB, 2D
ZEMD, - r—FD WokFw, TLTTEK
EXHTL > TRARKEZ V¥ T v ARTHT 2Tk
&y Ro[EHEZEHE o o M DHERHEO AT 2 5
ZEDRELT, A d, KEF CRET TR
SHEWENRTE D LWL X 5,

B #lHER A MmAE EMARKEI T

RE(C & B Ry B iE o 4EBIRE{R

4 ETOMEYIT X B T IE CRAOR HX, 1
FOMSHEMEL T E el o 7o 2 ETH B, RiCIB~
fok B, FRIETIRORIEE LML LB L2
D ofe DTy BHEC ARSI LcE Vw253
g ot, WAILS HICHMMDRTI < HiHER K
BB, Hﬂﬁﬁﬁkﬂfﬁfﬁﬂﬂ'ﬁ& Wik, LashEHMED,
b PEH: & 0 HBAL L WIOWARKFE 2 V¥ 5 v
AR X o THSHERIE R T o c, 7HEORT, Wil
Ee X MR EOBB R M Lick 2 5,
FRENORTOMHEBMEHIL0. 837 50, 94 & IEH IS
<y Fioy 7TEEECHEBSAEII0.NTH I, L
L, Thermal CBF & Hydrogen CBF o{HX %,
0.45THBDT, WMARKE 7 V¥ T valkelh LT,
Fox OFHETE, —BE ECERELRLL, Lk
Hydrogen CBF o E U MiEAY, Thermal CBF Ti3{E
BriilEshTc\na, coBERE LT, 120, T8
WIEAS, O & 40ml/100g/min TifbhicZ EMFE %
BiIs, 15 120 BERICKEWT, b—2—hbiK
A~ OBOBIA, mEOMmE &b ET 57

fEMERE Vol 32



TR AU & 2 ML b i o> JE

weEbhb, WED, MEOWMINE & &I BEE 4 @ = oM AV TIUE LB & mA
Ay iR T, BoOBEAMIEY 25 < KKFE 2 ) ¥ T v AR X B A & o R AR R
HBTDTHH o ¥ r =091 OE\VIEBEBEGENS -7,

@ MELER L MmO NE EFRKOFHTH S
vEED® BRI M MESTTHETH B L0 5 2 L DM, {
® TEHHDOMRELALAEHRC X KON MoRBORRLS DR, HERFATES LV
FRCHBEME, OR (F=0) MHE—ET, Lin 5 &b, WHHE/BOMRIC D 2 Mo =
DRARRLNETRTC L 0T AIMBERRL =4 -2 LT SHHMciz s LSS5,
e BRSE L7

X [

1) Aukland, K., Bower, B.F. and Berliner, R, W, : Measurement of local blood flow with hydro-
gen gas, Circ Res, 14 :164-187, 1964

2) Gibbs, F.A, : A thermoelectric blood flow recorder in the form of a needle, Proc Soc Exp
Biol Med, 31 :141-146, 1933

8) WREBRILIS, M, aPhE, AR O, OWERIE, TR MERRIC X 5 RIERONE. TE
2k, 41:384-397, 1965

4) FREFIAL « BB L B MR R oNE. TEEE, 42 : 274-281, 1966

5) FREHRIOES : MIBTRIIIE O h—% ot & fitfl—. “FEERE, 43 : 130-140, 1967

6) TKEIURIUER, EAE  ohs Ui R AVERTc k5 NmiEEoE. O, £F7A¢— 3 xx -k TE
44 : 240-249, 1968

7) PRERRAR, (U 5 AESR X B Mmoo ET, PNE, MR & M. TEERE, 45 :253-261, 1969

8) WL e BREAIUES : BVERINC X B MR ONE IV, —IMRFHESEL50% Sorbitol —, TR, 45
: 262-268, 1969

9) (L BEBAEC X B o BB IR OB gE. IREE, 10 : 61-69, 1970

10) HF B BEFEN, £ i MdEl, B EWED KFE2 Y v I v AR X B ERTLTE
OE—IFPds XU Venous Out Flow & o#fBI—. Mli#%, 30 : 47-57, 1978

(59. 4. 11 ZFED

No. 4, 1984 339



