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BLIMP % A F 3 v 7 SPECT & BjfJk — [mIFR I % FH v 72
B M3 B & R MR 5 BL B L D B B i

KEy

B F i — Bk

BRI IR

EE '"LIMP ¥4+ I v~ SPECT & —RENARIRI A & BTk MLt & (rCBF) & ML 5 ELE $ (V)
DEHEFAA. RETIE, BHOOEELLSI 770y MERITHWLRTW A ERIMS HEN
2o TR ZTV, AHBBICII—ERMT — 22X WEIE L TES N EEANBEEER L.
EEFEERES B (25 25 29 5%, TFHER 26 ) 1 L TAREL AT L, ANRBICEEARELH
WEBOEMAEE LTEIEL TH LN EEATNRBOES B L 28 ROBRKRMICE > THOICE
DANEROESBEEEAWS5EICmE OFHREHI /DS 22 HE5 X LREDCRRMT 8 7&»
5 60 3% F T) LEIET ZIRMAFHE 4 505 10 7HO—8) 2RD7Z. SHUEREORLYEERETT
Lo, BRI ZFNEFNDCBF, MR LA-EZ A, EhENREIFLAEM (r=0.87: p<0.001,
r=0.72:p<0.001) HREBO SNz, KEIZCBF L EDICALEEICEHETETH Y, BROCERALF

HrEZOLM.

L BL®IC
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MHPDOMEHHERED O ANREBEES kD Oh
5 HTHEN, L ORMKEREEIRBEIN T
5. RREMLZEEEL LTI IMP BEROE W
L) ZEELIVA7URT 2T ETFLVEHO
ToHEYR, REAEELZ2I /85— FA Vb
ETNVERCCHEBITAESY 2 EDHIToN
5. 29 LIcEEEDS CIZANBBROESEE
185 72O\ FHRILS 5 IS B R IR % LB
L, REOREURPHRENFELLEDOATELL
v,

* B ARERKZEBEHRE
Zft .74 9H5H
Rm¥EE%T 8418108
BIRIEE R | RRMXREREFEKR 1-1-5 (B 113)
HARER KFERETHRE
KK [

(FZE% 33: 251-259, 1996)

CHISH LT, HE, EHROBIREDEIRILF
BUATREIREE & IV T AR OFENL LTV, 12
AN RAR E 1ERL L T4 DA DR E 3 5 FiE
MR SN, 8612, TOEEANEKE RV
7 RETR ML E Bk S C HES N TV B,

4[|, ¥4 % 3 v & SPECT & — BRI
X o THaIMi & (CBF=K1), SEEH A=K1/k2)
DEREAA. KRRETIHEEANEE Y EH
T 254, —HBIRIRME:% AV 758 ORI
e 7T TBITOEMEIIOVTHN, &5, 4
ElOBIRIRILIC & > TR ONWDED AN H
WiHHLD S I 770y F(GP)EPIZE - T
BHEN2DCBF, MEEREIZL > THEIEESN D
CBF, AMEE DB ATV, ZORLGHEIZOVT
MEtL7-.

n 45 &

INE EEEEBEM S 6 CEYEHH 2612 &)
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T L7, 'PLILIMP 222 MBq* HENEABEE AWV C
1 DEITEEL, #ERLE & RIS Picker/ Bt
R=RRHZFR A >~ <5 2 T PRISM3000 % FI\» T
1 57 360 EEURE 60 RIDEEE 60 DD ¥ A +
Iy IIEETo 7.

EARIRM A DRAEKEIE D 712 BLIMP BHE

(A) ©)

Fig. 1 Location of round regions of interest (ROIs)
on cerebral cortices and cerebellar hemisphere.
The transaxial plane (A) +27 mm, (B) +9 mm,
(C)— 18 mm above A-P line.

Count/sec/ml
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30 40 50

60

33 % 3 5 (1996)

Count/ml

(B)

(A) Standard Input Function and Input Function obtained by 28 times arterial blood

Bl OB EEIRAICA T — T L EEEL,
IMP FHEBE & 0 FEREIIRIRIN % 17 - 72, 4Rl
BZAEERG 2 % ETRISHITE, 200
LE59%ETIIIONITEL, 105%FTIR 1S
TEERIML, ZhPBEZ 124, 144, 17 5,
20 4%, 2543, 3047, 404%, 504, 60 IR
MEfTo7. T LCHLONABRNLE 42 ¥
J =Vt L, SMORSREREICH 2 ¥/ — )L
iR 2 e U TR O N BERIRSTRE R AR 2 A TIRE
BE L.

I7o, REANBEEERCT, 40 AR
& 5 —EEIRERIMEE % BV T, IE L 7-1Zi
AN E Lc, T ofE#E AT BIHIZ (3 FK AR M
EWfgEt v 4 — 205 3 v ¥ 2 — ¥ 38/E Nifty Serve
5> BN S (WAL At AUE L i R D
B,

SPECT E{RALIE B BRI ER 2 5
& - EFEHE IO 2R Fh 1 51 360 B DIUE
Ty EMBELC25NET—SLL, AFM R
JE9mm, 64X64 < +1) v 27 27D 30D SPECT

1231

Case1-5
—— Standard Input Function

50000-

Time (min)

sampling for 5 studies. (B) Integration of Standard Input Function and Input Function
of by 28 times arterial blood sampling for 5 studies. The bold solid lines correspond to
(A) the standard input function and (B) integration of standard input functions. Arterial
input functions and integration of arterial input functions obtained from 5 subjects by
sequentially sampling the arterial blood following IMP administration (dotted line).
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BLIMP ¥ A+ 3 v 7 SPECT & Shlik— BRI & v 72l Mo 45 & OF i i 5 o8 #0 %E =ik

1 Calibration Time(min)
034 O 2min
j ® 4min
4 6min
¢ 8mn
= [Omin

~ 12min

7 17min
20min

~ 30min

% Average Deviation

+ 40min
# SOmin

60 min

Time (min)

Fig. 3 The optimal time to calibrate the standard input function in the individual study and the

optimal period of the upper limit time (t) to which input function is integrated from
IMP i.v. for analysis of the equation were determined to minimize the difference
between integration of the calibrated standard input function and that of the input
function measured in each of the 5 studies. The % average deviation (% AD(t)), which
represents the difference, is defined follows;

1 2‘ | [yca(s)ds—/s Sa(s)ds |
5 k=1 f(:Ca(s)ds

where Ca(t) is the individual input function (whole-blood radioactivity X octanol
extraction fraction) and Sa(t) is the standard input function calibrated by the single
arterial blood sample. Minimization of this % AD(t) yields the optimal calibration time
(4 to 10 min after IMP administration) and the optimal period of the upper limit time
(from 8 to 60 min after acquisition start).

JoAD(t) =

253

CBF - A8H #HSH»HELL2a0 85—}

filter (N=7.9, order=0.220), FHER 7 1 L ¥ 121
Ramp filter ZfEH L, WRIGHHIE ST L %2 -
7.

ROIEEE ALl (ROD OFKEICIE, K
i - ERATOEAR, %IEMEB L ORI THREiEEL
L, TO3 8% @8y 5% fisE—% K E % 8
9 % (AC-PC Line) & LT, SPECT &% {E
B L7, 29 LTSN SPECT f£DAC-PC
Line ® L7 +27 mm, +9mm, —18 mm O 3 §fiH
FCEARRFERDORIEE K, HIARE, %KL
BB X OVIMEEERIZ 4 pixel K (4.5 mm/pixel) D
F ROl % 3k% (Fig. ) L, F¥HH 7~ b&FHHIL
1z,

AV MNETNOERGEX BT S GP 2
eV, ERBURSHH LTI 7 Lo YR D
K1 (=CBF), XY H & ) K1/k2 (=1) & 57,

III. #&E118H

BEt1 A, 77 7@V AN
oL LTHER SRS, £2C, —RIEIREFIL
EPRDBBREDNIVFEIIT L2012, EE
ERE S BlOE 4 O AT B (Car) & — mERIML
T & D BUE SN AERE A SRS (Sa) & %
&9 LTS N5 D OB MMETREMAR & D&
DNEWZ ENLEENE, TN E il TEMRIRM
e & AT I BT B 1 X ) EIRMED R & B
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& h

CBF from Individual Input Function (ml/min/g)

0 02 04 06 08 1

(A)

CBF from Standard Input Function (ml/min/g)

33 % 3 5 (1996)

60

Vd from Individual Input Function (/min)

0-....,......,,
0 20 40 60
Vd from Standard Input Function (/min)

(B)

Fig. 4 Comparison of Correlation Coefficients of CBF and Vd values obtained by the
graphical method using single and frequent arterial blood sampling. The whole-blood
radioactivity concentration measured at 8 min was referred to scale the standard input
function, and the period of the integral upper limits was from 8 to 60 min. (A)
Correlation of CBF measured by two methods. (B) Correlation of A measured by two
methods. The solid lines devote the results of the linear-regression analysis. It should
be noted that CBF and A values were in good agreement between the two methods,
which validates the feasibility of substitute as the standard input function calibrated by
one blood sample for the CBF and A estimates.

L7, Ca@) & Sa(t) DRESMEDEREDTEEL L
T, IMP BERIED S DBEL) 12 BT 5 [y Ca(s)ds
249 % [Ca(s)ds— f, Sa(s)ds DL ERDHTEN
FND % FIJFR7 (% Average Deviation: %AD) &
L, Thx8HL~.

| /5 Ca(s)ds— ;' Sa(s)ds |
f(,' Ca(s)ds

ZDEE, BAD EHR/NETHHIED/-DHDDE)
BRER M%) % 2 @R MBFZ], %AD D f/hET 5
&5 X ERRME D Be W & E@E SR & L
7=,

Bit2 WRE 1 TEHOSNAE#ERMEY & E#
BOBEmTFICBITE XY, YO T—9% 757k
\27a vy kL K1 (=CBF), KI1/k2 (=) *&i
L, SRBIEIRIRILY 51555 ED AR %E H
WTHEHB SN2 CBF, AEEHEL .

a3 AKikE L0 ERE{L 5 7201 SPECT
UREREE % 50 4, 404, 3040& 604 & )<

1 5
%AD(():? g g
=1

L& &ICEH &N 5 CBF, A& GPi% (60 &
INEE) S EH &b CBF, AfEE DR
DEEIZOWTHRET L.

Iv. # 23

(1) @EFEEZFSHIIBIFLENEROA
DKL Tk LicEA D% Fig. 2A
WRY. F72, TREZPROANBEOES KL
HEANBEBOES BT Fig. 2B IRT. 4
DAL IMP BHE 6 5% £ TldatREiRE
REEESKECH S S LUETIZIT L A LIEEA
DB ERBEORE Y — %KL Tw5 (Fig.
2A). F7:, ZORESBEED FEROEMmAAL N
0 HBEHOMBEROEREIL LV (Fig.
2B).

(b) %AD DEBEMEILIZDOWVWT, FREFNDE)
IRIR L% (Calibration Time) = & |ZHE$ % (Fig.
3) L EE 8 5 LLBE 60 45 LAN T ISR MBFH) %
A6 1053E LT, ZOBREOEEIL 8% LL
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Table 1 Effects of '**I-IMP dynamic SPECT acquisi-
tion time to the correlation coefficients of CBF
and A measured by graphical methods using
single and frequent arterial blood sampling.
The correlation coefficients of CBF and A
values measured by two methods were
compared between 4 different acquisition times
(60 min, 50 min, 40 min, 30 min)

(A) Comparison of CBF measured by present method
and Graphplot method

Acquisition Regression Correlation

time line coefficient g
60 min y=0.70x+0.19 0.87 <0.001
50 min y=0.73x+0.18 0.86 <0.001
40 min y=0.76x+0.17 0.83 <0.001
30 min y=0.84x+0.15 0.81 <0.001

(B) Comparison of Vd measured by present method and
Graphplot method

Acquisition Regression Correlation

time line coefficient p-¥aite
60 min y=0.60x+8.17 0.72 <0.001
50 min y=0.61x+7.33 0.68 <0.001
40 min y=0.71x+4.47 0.59 <0.001
30 min y=0.66x+4.69 0.46 <0.001

MicE&ETh, Lich>T, EBFESERNTIES
S5 60 DM TH ), EEBERMEFZIX 4
SO 100DOMO—HE V) T Ll b,

(2) MEHRMIC X > TANBEE*EB L ik
(GP ) L RFEICL > THEIBE N A CBF, AfE%x
FNENLLE L /- (Fig. 4). CBF, AOWFNh bR
b 72 #HR8 (£ £ r=0.87, p<0.001: r=0.72, p
<0.001) FH N 7.

3) Q) THEONIHRIIEDVWTRIERL %
HERR kL L, 7o 7MITICAV S E
FRIEDBEREIH % 8 SR LA & L CUUERER % 60
5, 504, 4043, 30 E L LA, Rk
Lo THSNAHCBF, AfEE GP i (60 53 IU4E) 12
Lo THONACBF, AEEDLEEITo /.
CBF, A Wi hdHFELMHE (p<0.001) 2R
A%, BRI A T 513 CHBREUIET T %
f[6) % 7k L 72 (Table 1).

V. & B

YA VORAT L TEFTNCIEECE L2 ERT
% 7:& CBF Z#/NsFli§ 5 Z L HIObNE, —
i, 23 08— b A2 PEFLVTIIIEREIRANC
FEID & B IRATESS I3 b BEEOBVE,
MCTEHRLETERMET S, $/0, ANEHE
1825 72 (CHEER I L 2 BRI iSTRE iR D
BEx*E LA FHEALELTAREANDS.
=g A S RA% % F v 7o — [ B ARIR M AFA%E &
h, ChxHW/CBFL ADEEFEELTT—
TNy Ty TEODRTT Y 7 A7 2 TED
MWEEINL., L2rL, ThHDEEFETIE
CBF, AD/NT7 A—952EHT57-DICRH% -
BE D 2 EIUESVLETH ), FENOBHKD
DL 5.

BHOHPEELIA— S IVF T T 1ED ]
1 [ SPECT Y% - —RBIBRKM DA L b T
NAROBWEN - EEETHEIP A —E LK
EFLTWA, AIZL D CBFEHE~NDOHEEII L
CERRMICIZIIE ALV D EEZOND
A, ADEBTEICED L D REBERTOIR
BAEb%<, LERELRMT LT A5
Z25EZTOMPIIRETHL. 22T, bhb
it 1 BlD 5 1+ 3 v & SPECT - —RIEIRIFIM O
M2 E 5 TCBF, AD2200EHOBEHRMT:.

(1) GPEICH I I3BREFHROEFEL

77770y MESEHH I N T =5 07
K28 ErERL, COEKES 77 kIcTOy
FLUTHBEHRNAT A -7 2B T5HETH
B, COFFEICRIICERT S 2EHE-
T, Gjedde'®, Patlak®' @ AR Logan H'® O
FELNHLH, BSOS LI GPETII2 0
Y= P AT FEFLVOMSFRAEFFZELL,
2EMICERBEEIEONTEOEKD Y U
&, XWHE»S5KI, k2, A2BHLTWwS,
CDIOFTEDIEE ICHAMAOBEIIIT) T LD
T&, CBFUSNDAHEEN/RT A -5 DHELND
CEDFIETHB.

AR TIZ 2T 85— b AV FEFIVEBTDI:
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33 % 3 5 (1996)

(ml/mg/min) 1.5

14

Cb(t)

j:)Ca(s)ds *

1
'
'
4"

Y(t) =

0.5

® (-8 min. Data

O 8- 60 min. Data

""" Regression Line
(0 - 60 min Data)

— Regression Line
(8 - 60 min Data)

30
(/min)

Fig. 5 A case of graphical analysis in right frontal cortex. The y-intercept and x-intercept
represent the CBF (K1) and A (=K1/k2). The slope of the line represents the k2.
The open circles of data from O to 6 min and the close circles of data after 8 min. The
open and close circles shows early (0 to 6 min) and delayed (8 to 60 min) data,
respectively. The solid and dotted lines devote regression lines of all (0 to 60 min) and
delayed (8 to 60 min) data, respectively. The overestimation of CBF and under-
estimation of A were demonstrated to comparison the CBF and A measured by all data

with those by delayed data.

DHOFERUIIH S 2 BFR L1, HEWS
23X

Y®=KI1— k2 - X(t)
GO [, Cb(s)ds

M= o=, S =
fo Ca(s)ds f o Ca(s)ds

FHW. COLEHHFHLOGPETIIHZIZE
FLI2EBOSBICANTRBROB B AV
T, TOLEZDANEEELES-OIHHBIO
BRRIMZIT-oTw5a. LA L, 40, AHMEHK
\ZHERE AN A V5 Z L T 1 B OBIRIRIL D
AT CBF, A B T2FEr Lo/, ThiC
Lo TREFHOMBELE L CHERE~DORRD
BRSTELZVAEREL LTT) 2 ETE
5.

(2) CBF, ABHICH T2 ZHEAHBEBOEA

NEE

R T & < K1, A(=K1/k2) DEHIZASME
BOBSMEBEFHLCAD, BLsDANE
HEBERDIFEANBEBOBETEBEDEL K
BNELTBIEDPRBEIRD., ZDODEN
®2ODANBEBEDEEMADANEEHE O
&k, ROUPSLTHIEEEZT.

ZDEE&CBF, A\BEHORMEE LTEADASD
BI%3 Fig. 2A ISR ZE L 6 HLUAHNICEWE —
7EAEL, BRENKE L, EEADBEKEDE
PHWTLE) HELSHITORE., LichoT, Z
D TEEA DB E AV 2 583 BIE#RDIE
#EAN B E B 4 D ATIBBEDFE DB D [ D Te s
HRELED, 23— A PEFWVICES
L b OB L TREYELLER
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Summary

Quantitation of Cerebral Blood Flow and Partition Coefficient Using
131.IMP Dynamic SPECT with Single Arterial Blood Sampling

Sunao Mizumura, Shin-ichiro Kumita and Tatsuo Kumazaki

Department of Radiology, Nippon Medical School

A method base on the two-compartment model was
developed to measure quantitative cerebral blood flow
(CBF) and partition coefficient (A1) of IMP from dy-
namic SPECT and single arterial blood sampling. In
this method, the linear differential equation of two-
compartment model, Yokoi proposed,'? was em-
ployed and quantitative CBF and A values were
measured with the standard input function calibrated
by single arterial sampling. The input function was
derived from the standard input function scaled by a
factor determined by the single arterial blood sample.

This new technique was applied to 5 normal volun-
teers (Ages ranged from 25 to 29 yr., average 26 yr.).
The optimal time to calibrate the standard input func-
tion in the individual study and optimal the period of
the upper limit time to which input function is inte-
grated from IMP administration for analysis of the
equation were determined to minimize the difference

between integration of the calibrated standard input
function and of the individual input function. Minimi-
zation of the difference yields an optimal calibration
time (4 to 10 min after IMP adminstration) and the
period of the upper limit time (from 8 to 60 min after
acquisition start). Comparison of CBF and A values
obtained by the graphical method using the calibrated
standard data and individual input function were per-
formed. It should be noted that CBF values were in
good agreement between the two methods, respec-
tively (r=0.92, p<0.01; r=0.72, p=0.01). This
method is easy to estimate CBF and A by only single
arterial blood sampling and IMP dynamic SPECT,
and useful for routine studies.

Key words: '*I-IMP dynamic SPECT, Cerebral
blood flow, Partition coefficient, Single arterial sam-
pling, Standard input function.
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