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Abstract

The Peltier stack, which allows quantitative measurement of cerebral blood flow (CBF) by
means of thermal diffusion, has a probe too large for use in small animals. However, it is difficult to
measure CBF by a thermal diffusion method involving the use of a constantan heating wire, because
of heat conduction between the two gold plates. The authors developed a new thermal diffusion flow
probe, using a constantan wire as a heat source rather than the Peltier stack. With the new probe,
separation of the gold plates and attachment of a pair of long thermocouples minimize heat conduc-
tion between the two plates. Moreover, the probe itself is considerably smaller than that of the
Peltier stack.

The new probe was inserted to the subdural space of rabbits and the voltage (V; mV) was
measured with an amplifier by the circuit of constant current method. CBF (F; m/100 g/min) was
measured simultaneously by the hydrogen clearance method in the adjacent cortex. A regression
equation of F=29,111 (1/V—1/226) was obtained between 35 pairs of F and V (r=0.92,
p<0.001), which verified that CBF can be accurately measured with the new probe.
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Fig. 1 left: Photograph of the former thermal diffusion flow probe.
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right: Photograph and diagram of the new probe.
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Fig. 2 Schematic diagram of the blood flow recorder, illustrating the constant current heating method. A-D indicates alternating-direct
current; LED, light-emitting diode; D-A, direct-alternating current. ®, V,: constants.
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Fig. 3 Diagram of the probe as it rests on the cerebral cortex.
T: temperature of the cerebral cortex as the reference
plate, At: temperature difference between the heated
and reference plates, Qa: power dissipated from the
heated plate, F: cerebral blood flow (GBF), V: voltage

on thermocouple.
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D, ZORE&HCRVTIAKEE I&ROBRE AR
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Table 1 Relationship between temperature and voltage
measured (V)

Tissue* temperature ('C) V (mV)
30.0 214-217
31.8 215-218
33.8 216-218
35.0 215-217
36.0 215-217
37.7 215218

*Pieces of chicken meat.
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Fig. 4 Heat conduction from the heated to the reference plate
through the atmosphere. upper: Note the unstable
temperature of the reference plate of a former probe.
lower: The heated plate of a new probe does not affect the
temperature of the reference plate.
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Fig. 5 Relationship among the distance of the two plates, the
heating current, and the voltage measured by the probe
(V) placed on a 10% gelatin plate.
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Fig. 6 Measurement in a water flow model. /gft: Schematic il-
lustration. right: Note the linear relationship between
the water flow and the reciprocal value of the measured
voltage (1/V).
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K15 mm, $10 mm OFBLBT, KPIoHKERY F,
FABAEN A #& B T o B I T B« TD probe % A L 1.
probe DHEAMBIXTE K CMEY#F, &RoH
O EEEEAEC 5 mm i/t & 5 FEFR L, probe E OB
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KEENCBRARXKEZ V7 7 v 2 HoBERERE00
pum, £I30mm O P-Ir ff, BV v i va—)RHA
L, BAEAMEER Y S E R R CH -1 (Fig. Tlft). —
DOEBIC L LB TFRE LD, BxDARMCE
DMK ERE S LD, ThZhoAN F CRETE %
ﬁof:(Fig. Teenter), KFE 27 VT 5 v AELCE T,
10~20% DAKRFEH A% 3~5 FHBRA L, ZTOH 5 5
D7 YT I AMRNrOROAEXEN L. BIEROA
fif & L TiX, PaOy DA L(10~100% Oy DF A X b
Pa0; (330~324 mmHg), PaCC, DEAL GEER & 5~10%
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Fig. 7 lgft: Schematic illustration of the rabbit experiment. center: Sample record of simultaneous measurement of CBF by the thermal
diffusion (A) and hydrogen clearance (B) methods. right: Relationship between the reciprocal value of the measured voltage
(1/V) obtained by the thermal diffusion method and the GBF (F) by the hydrogen clearance method. A linear regression curve
of F=29,111(1/V—1/226) was obtained, with a coefficient of correlation of 0.92.
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Fig. 8 Sample record of real-time flow mode measurement with
the thermal diffusion flow probe. Note the increases in
CBF induced by intravenous norepinephrine (NE) in-
jection and experimental hypercapnia. BP indicates
blood pressure.

rine O A HEC L A M k& (BUHE A i H C€180~200
mmHg), pentobarbital sodium (15 mg/kg) DEEL, Th
THATLMREC X 2REFET 7 - e, RBECHELS

Vv akEEL, TD probe K THIMEEN 0D L ZDE
FE Vo %I L7z,

R 4PORRCAHFRSE, TETR M, SE358
DENLTNDOFEL LA PEEL B, KEI27 VT 7V A
HORD KM ES F (m//100 g/min), TD probe TK
DIBEDMEA 1/V (1/mV) &L, ZD3B58DF— 5%
7Ry bTAHE, F=29,111(1/V—1/226) & DEIRERD
Bonic(Fig. 7 right). HHBEAREIL0.92(EEER0.1% L)
THH, Z O TD probe iz L % HIEEH S EEHMMFE
PEETELZEEHTEL. Tihbb, 29,111 (BR
KTz @) 3 L 108226 (Vo) 13 T D probe iZHH D L D
ThHY, AEORETCHET LR 0L, ZoRic L b K
MENAEHTELZLHERTS. HxiLe L Vor~a
rmave, -2 -0OEEEKBICATL, EBEOMOKER
BEEOIZ, Lhb ) 784 A0 TESL LS EKRY
2% L7 (Fig. 8).

v % =

19334E, GibbsDiT X b #4% B HL1 heat clearance 1T X
LR RIEE L, ExOEBLELDOD, Carter 39
X roEEENERLIN. EIH heater ¥ AL
72 Gibbs?, KRS0 HETIIEELIIRETH - 1o
P, Carter5343 Peltier stack i X D LB ORENL XN B
CETEBMAER L. Load, Bl e, &
PREER LR CHLERNCEF=001/V-1/Vy &
VORI L W EEBLWREIX T THD. XTOBLELHEL
LT, O@RoREZEY L h K& LD LIRENA
EHEMNELTSH, @heater i L AMABORE LR T
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EDRFNILL, ABLRERED, @ probe & 4R
EDDBAI A TEDREFEHE, 22O L probe & D
BOBTHRITEDIRT I TAIERENELLRS,
2T, @REOBOBENNET 2 HETIIBES,
probe D ARG, MEMOZENEL LRLM, XD
probe TRHHIZEZEX N L T h OBELRBEH L T\ 22
LD B (Fig. 4 upper). T D L5 IR TIIOD S5
fof eI heater il % L W ERCT A EHNEELD
B, FRCEBLERE Lo TLEY, QDB
Shicfesr. Zhiex L, 2t BE TD probe Tit
reference il DR E L5 5370\~ (Fig. 4 lower) 723, heater
DREAMZ en B (Q), RO BEEY LD
L@nTE. T, &RYE S SRR R
Lz B, Fxdelmo FEYELe = -2V TRY, #
REDWBW LD Q). EHIT, NEYOIBEED /)
TR LTt lET 5 L TEMEDR LYK
512(@). UEDENSEIERBILATRERD LOLELE
WEEZBNRE. 5%, ZO/NHID probe i1, NEHTD
EBRDH D ITEDIARI L HRIHOBEFRE &\ o
HCBEOCTERLZFERCEY S B0 LEbh 5.

L AT, &REOEEET reference | DR E T FE Y
5.2 % (Fig. 5) e, TORMEYFC—TBIBE DT £03E
BLERETHY, 08, SEBABRBDBETHAH. ¥
1z, Z @ probe (2FEFEIHEET, TOHEDATIIHER
BE LA, HEBFTOBETHECHEALCEEL
fo. T OBE, probe K L AWEOEHEL MK R & D2
BEOHELYE2 50 RMBETHY, SBRAVDLETHA
5. i, plate Bl probe i3 needle il <R D IBE T A
7o\, heater I X AMEORE FHITEET T, A
DERTIXE DR KEIHRERE + 2 °C(Vo=226 mV)
W L, fEERTK (BREEMEAR) ¥ A8
LB LEEELRLID 2 CRBELTE0, ZORE
FREIAEBHMOREC T 5 HEYRIT T, Tr
NDBER LT D75 BRI E S RIFTHIEo0 T
HIHIBERATETS.

calibration i ® & Vo liEEOEW /. HIXF UERK
ELTHRS T ENTEDLH, REOBWTCAETA2HEIC
i, FOREBOEBROBECI D ® S Vb BAEHHD
LHERIZI NS, i, RECEBHTH » THRMEEL S
DB E LSBT 2HE L, TOBEERL R -
TL Bk, EEMCHENETLZ EATRIRS. &
NORBILE v —DRBRFHELE2 LS. BEDLO
HFHLHEESOEE drift 12 0.1 uV/ CEREEKD H DIT
BN, s h B -z LA ERILIRES LE—R
THAH. B, ¥4 7rav.—-2—XhIV T
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24 ACMFEEFERCTED I HRIR -1 Lk, ZOF
RffifEx -2 5T b0 L Bbh 5.

BEEB T, ERoZ L BERMRAR L EREZE
MBHRLD B D, BETREREOREESY —EILHED
fHOARRRRIADEL LS. Lrl, BEX&RHETS
BBEHCIBER, DD, SOLREROBEREDOLDILE
RERBEOILECIIFRERYE TS, Zofd, B
BIBE*HE hKELT5LEBRVIREE L TREEDRE
Lieh, Lich-TC, BEEXHIBEDOLATHLE
DT, TOFER, BEESEFCI—TR TR
D, BIEBECEEYE LS EATEIREY, Zhiekt
L, Bi#EOBEENRCEBR T LT TLL, BE
DL O MENET S Lt Likd-T, IR
BETELERT H00FY L Bbhs. AT, BN
MEARTRORENMET T2 LEROBE,SERL, K
BBEBETS OBV HHIN, ERrBEUCEDH
BEREEOREHEYHREcE L, Toi4E Uk
V. B 213100 mA OEBREEA Lich, AEFRORE
FRIRETH226°C(V) THh-t. BREZEMEHRI
BUTHREREZIL2CELTEHEANELY, RE L
Ric X HMBEOBRE &V HTEECIER L
Eibhb.

SEOERTIEIED Vo k&, 5HOERERDN
B X HRIEED SEIRER L RD I, 50 Vo &k
WEREOREMEO AT A VS L, ERERIF=
26,428 (1/V—1/232), #EEIFRE0.84L 70D, % DILT
HHDD, ARAENSVOBELELIDOTHHI L%
ZzE, TOERCMz2 530 Bbhab. Lichis-
T, BMBWDEETL L5, 7— 20 e ToECe
1 Vo ZBIE L7 < & % probe @ calibration 23] 88 & B
5.

I g & &

1. EHiH % heater & L7z TD probe KRB &INZ, #T
LAPNELD probe #ER L, EEFINE SR A FHV TR 4
DERFER L BWRREIT-

2. KEXRF-LEHWERCKT, KEZVT7 TV A
BECHIE LR F (ml/100 g/min) & TD probe T
B2 E ML CHE LLEEY (mV) & ORI,
F=29,111(1/V—1/226) & DEIREEH,IE S h, HBERK
120.92(fEBEOAL L TF) TH oo, ThiLLD, 0D
probe TIXF BEE O/ B T b T EBH 72 BX MR EIE H ]
BETHHZ ENHRIN.
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