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Estimation of '*’I-IMP arterial blood activity using '*’I-IMP
acquisition data from the lungs and brain without any blood
sampling: Validation of its usefulness for quantification of

regional cerebral blood flow
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E—8 NEBRAHENMRIZONT

B EMOEREREXRT ZHEROTETHS, £ ORI 140 {EHTHE
ELWhNAHIEME (—a—R U)o, FEBLTWSZa—0VK
TFRYEEBELESEICDRELT S, TOEHIC. REEHOEAL=21—H
UlchiEEZEY . TEYECBEZTHICHBTEELSICE>TLN S, BITx
LTmRIFEAELZ RTINS,

BTN E (regional cerebral blood flow: rCBF)(&. MMfEBEMEEH-Y D
BENRE (mV/100gmin) TREN D, BEKRATIE, 1 2EITHKER 100g H1=Y
B &% 50~60ml DIEAFTNLD E LN TWLS, INOEEL 1200~1300g TH
Y. ChIZHREDOH 2.5%ThHd, MFELBKOREICRET S E. 1 7RIS
#700ml DMGRE & 17 5 NI FIEBGERE L RNMEERICK >THRESN D,
MMEERICEEZRIFIOIINEORTH D, EREOEEICHT HHME
ORI%, ZOUUE - HERICE > THIE S, ZIICEFHEERF. EEEF.
t2RFEESESELREFABEET D, £z, HORIEEMEEDEL.
HOEWIBETEHT D, TEHITIAFELTEBRODARSE. ME. AT
co 1w b, ERS. R ENBTFLNS, ERAEAKICSEVT, RMREE
BHEFOFELTETETELAVWE WS BERE#KEZL D, MENEEDS
&, MERECOVTHEAZE L THROFXFFE—EICR:N b, |

MOINTERERT /85 A —4 (2L, IIMM&EE (cerebral blood volume: CBV), Il
&R EBEFRE (mean transit time: MTT) A ENH S, INIMRE (XM E L E
EH-YONERHE (ml/100g). FHEBBRIEIHTRESNS([1].

ETH RORETENEE

IR ORE L. BNSES., Bk, KES. BEHMS. KIEE. B
EEAY, SESELMERODE. FEMTOAESHORE. ABEDE
FHOHEICHERTHD., BOERECIEIRABRCEERELELDE. I
BEARERETL. BERESTREZ TEZERECEMOREZERITRTEL,
MIGRITETL, WSmkEEE 45, SSICERENMETT S E. MERIREE
FEREEZTLEL. MORKEES SICHY LNERE 4D, RMEE. X
MEROBEMEEIC LY. WomAEEITHELMENMET LKREZW
5, BMEONERE. TILYNA T —EBME, NOEERME. LE—/NME
B4R . BTEEEIEERERAED 4 DAS L, BN M RAE LIS O SRANEE (T
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FER TN DALV TEHLREBICEEL-BANOMRETAA 5N 5,

IMRERIE, HEFHEREICHETIIRILT—ROERERTHSM
MEEZRTUARNIVIZTEET SHDTHD, BARMLREE. RO RILF—
KFIETEIERD—DOTHY . EFERETEHHETE & —F D (coupling)lZ
HoTWL5,

1945 &, KE® Kety & Schmidt 5A%, [FLHTE FNDOMFTEIZ DOV TOER
EET oz, 1960 ERITIE, HHAMEFHT RO PKr H5UE P Xe #HN-EE
HEH5NIBABEENERKREA SNz, 1980 FHKIZTA S &, positron emission
tomography (PET) b % L\ single photon emission computed tomography (SPECT)IZ
& BBITEEMNBFE SN, PET. SPECT (RNFEE % &L = RThI %X Fr iR
BEANEHREBLER.REICS T HRNORERREEITIE BRAGFENH D,
5IZY 5 & technetium-99m ethyl cysteinate dimer (*™Tc-ECD). technetium-99m
hexamethylpropylene amine oxime (**"Tc-HMPAO) . N-isopropyl-p-[1231]
iodoamphetamine (‘*I-IMP)% + L—+ & L TR ULV =M SPECT, CO,, H,O0 #
fL—4 & LTHWAMIE PET. Xe-CT. perfusion CT, perfusion MRI 7% & T
HbH, THEDITONT., KRITHERDB,

E=H AERORKIMITEEE

1 "®0-H,0 PET autoradiography (ARG)i%

RO FOUEEEF: positon)REFZREX., Y4/ 0OV TEESINRD
FOUHEZEZRONT, AMRISESLEEYERS L. RBHEEZANTE
DAEARADHEHEBRE L THRETSIHEETH D, HFF (proton)EF-ITEEF
(deuteron)Z ERICIMEL T, 24— v MPEIZSDIF., FOELEZTOHERIGITE

EEGORD FOUKREREFELET S, BREICAWVWSKRY O UKER
BITEHBANELNED, RO PO VEEZEREZTI HICIE, ﬁ47DFD
>&%®HE%E,%ﬁ%m&$0%®%§®ﬁmﬁﬁ5#®®§E§%~
WS, PET RF v FHREETSHERNICBEL LS,

A4 o0 rAVICTEESAERS FOVEREIZEWT., BEFIIHE
POEFEERLTHERT S, DL E SlkeV D 2 RAOERMSTEE 180° K
HMABMIIHET 5. COEHBBEIREZREBHHTSIZLE T, REBHFEEHES
BREOBEFOMEMBELD, PET XX v+ U5 EICBRHEBEEERL. B
BEHICKYRFEOUNEZNYNBELZ/D., £-. HAMBRZREKETET
B ETHEBROBRBENBRICTES, HoMCHABEELAELTE
INEEEFRAT S, LEDEHKLY . PETHREIFENFIZEL S SPECT BIFEIC
HRRE. BEABLUVUEERHORTENRTLS[3].
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AHEIZBEVWTHAW-RY FOVKERETH S "0 FEREN 22 TH S,
FOEEICIZ. BREAREEZ—5 v MZLT. “N@dn) "0 ORIETHET SH
EEAND, WAt PO, ZKITBIFTCEET H,"0 ELTERAT 5. ABf
RTO "0 BHKERAVRIMFER T, RESIZES "O-H0PET bolus ##E
ARG EITHE 2 12[4-7], PO-H,0 #E - -MFRERED-HDOHEETILIE. K
TOEBERET HELTLB[7. I. hL—HIFHEMETHY .. b L— DK
R TOPNFIZEFICEGHICET S, 2. FL—HEFEE T, TOHMIEMELS
NEEHZ WV, £, TXTOMBF DK b L—H(P0-H0) & BREFIZR
MERE T H D, 3.FDMEEIE 10068 THI-shTH Y. TOMEBOMRER
W—Thbd, NFREBFTAEFP—FETHD. SHOBER p( b L—YDHEHS SV
MEA~NDBEREDL) ZELDBEENT—HTH 5.

choDEBEHE-9 & LT, PO-H,0 PET ARG (X, B—a/— kA Y
FEFILEEALTWS, HEBO/NKE(BEE W), BIlRE & VERN o £
NEN., REF mV/min DFRABLIUHRENH 12T 5 &, Bk & FFARMD
FL—HBEE. FAFN. Calt). CvihETHIE, FITO RL—YE QD
BRI ZE 1L dQ(oy/dt [, PO DS ERIEBEFERER VEZFRINIE. ThEk
7 =0 [T RERERE L= TEL &,

dQ(®”
dt

=EXFXC,'(t)—EXFxC, (t)

AREYILD, o THIEEZ =0 (TEEME L2, E FEMME, S BB
@ extraction fraction (b L—HNEMMEZ | ELEAT HEICMEEZEBET S
BER)ETT, L TRRE-FHEZERET S &, BRIRMLPRE Cvt) & HBIRE Ci)
EHEEHZNTLT

C,(t) =C(D)/p

DEFAEY I DO T dQ(tydt ER I KOMAZMI/NREOBEHMEE W TIRY
&

dC; (o)

rramte EXfXC, (t) —E X f/pxC/(t)

8%, ST f(mlmin/g NEAEHESH1-Y ONKETH S,
CORERE. b L—HEEE B EORKAR F L—FBE CONUTOES
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C;"(t) = C (t)mp - k - exp(—kt)

CCTRIEIEEBBRERIESTHY., k=E- fi)p &£HL Iz, PET TldH 5ERH
ORAMSTEEEEITAETEY, BEGLL)ICE+55EE

t2

t2
j C;"(t)dt =f Co(t)dtm pk - exp(—kt) dt
t1

t1

M PET BIEEICRET 2B THD, 20T, EERMIC LY B-EhRMm biRkE
R Ca)ZAWLT., A%, 5X oM PET A ¥+ VB, KELE2EEH
plEDHEIZ, WL DHD kBT HbhEIGEE fE)IHLTHEL, £ f
EOBEREHLNCLHRSD, T—TILELTHEL . BIZERATED NI PET 5
HIEA SHTTROTE N =F—IILESBLTZOMEED 1CBF BERET S
[6,7]6

2 "PLIMP 12 & BRI R SPECT
D HTHh*AS5E PLIMP NI SPECT BEDHE

T P P E SR, BRFHREZKIET., BEICHBVTENET IEEN O
HENfz vy BRI, AUTHASEROVTRET S, AUITHASOBREERIE.
JYA—=F, Na(ThY o FL—43 ., ABFEEE. MEHERRGEN SERK
END, AVA—FEBBLIE-AUTRIT. Na(THHERANTHEMERZEC L.
KOIFRILF—=ITEHI LT, BH(scintillation)ZFT 5, L bITHXEFIE
EEICLIYBREIh, REHERRKICKYZONEZHET S, MBERIZT
DAL ET., T2 NEBEEIZE D, SPECT (X, #HEAERDE Y IZ 360°H >
THASOBRHEMEREEBCAEGESIEIIEICLVEEEEES., BREER
[Tk YIEWRBEEO RIKASHEFD,

IBLIMP [ DRSS UM E TH D, IMP [FFETER. FLEAENRHICIYAE
nd, TO%. BIRMFP(SEPHICHRESA, CORBIFETHERSE, X
MEROD IMP (&, MEBEMZEBL. RPDOMEERETIEIX 100%H4EEAI1ZH
YirAEND, MZ T, IMP (TEBEKAICERT 5. ZEZED 'P1E, 15%keV
DyVBERBETEIDTHURAASIZE DA A= TIZHET B[8-10],

@ "LIMP XA Y BRT 27k
1982 £FIZ Kuhl 5 &, LIMP (2 & 2 BA DKM E EAEEEZREL . IMP
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DBNEEEIA VORI 7 ERET S E. PLIMP 5%, BE T O
SPECT 53R & =B 8D R ETEE(Cb(t)Bg/ml) & BRI D A FIBEEL(Ca(t) Bg/ml)H
S BTN M 7% & (fCBF ml/100g/min)M R TRO N D & L1=[9],

CBF = -2
}.0 Ca(t)dt

CDEZEHEDT Matsuda HlE, EEREICEFHIEROHBIIEZITL.
T 20~30 HETED D EMML SPECT IREFTIHEEEELI(11]. CD
BETIE S R E 20 PBROBEHRAIEHBERVTEMKO AT + B(S)E BRO)ZE
BIE L. 20 9L SEEEINT- SPECT DBFFIZE T BE(Cbspeer) D B 5 7
DD METREZETE T Do

B(5)
Cp(5) = Cb(SPECT) 3—(2—05

@ '"I-IMP ARG %

BLIMP ARG 1% 1994 &£, fRE > ORAFK L-BEHN OEEHRICEN RN
ERETHA[8,12-17] cDHEIE IMP DM LDHENELEZEEL-2 Y
IR— AV RETIIZHS . SHIT. PBREHRVHEZHREL T, HLHLOE
BLWEET S, ANWBHEHoH LHBEANBERHZAEL T, —HOHAREE
MTZNEMPDOMESTRERENOBADANICKRIET D, COETILIZED L,
B ST RERE DRFRE S (&

dc.(t) _ _I__
dt _f Ca(t) Vd Ct

EETZDT, Bl tITHE TS BARSREE

C, (t)dt = f - C, (t)me Vadt

fMSTMT/Z : MST+AT /2 ft
MST—AT/2 MST—AT/2

TEREND, O T. Ct)ld SPECT THIE SN 2 BARINMETEERE . Ca)D A
S, Vd (ZINMEDEEEL. f (X CBF, TLTRIEIEEE S, EERT . SPECT
AExvolE, ATEMITSOT. BFEEEOKRBBEIMENIE SN D,

SPECT E{&h 5 CBF{EXEtET 5121, ANBES Ca()e VAEXZEZA T, &
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HM L& CBF{EE SPECTEHBOE Y EILADY MEDBERESFELTHEL . %
MDFE%E+H &2 SPECT EfgH 5 CBF {EZEHET 5, '“IIMP ARG %A Tl&. IMP
DHMARSEER(VIdE)Z—FEICRET 5, —RIC VA EIX, 35~45ml/ml FEE
THbdo

BEANEHIE 12 ROEBEEMNRIC, IMP §81E. BRELDEBZYIRL.
LMPOMHFEREOHBELETMBEDAV 2/ —ILMERERD, Thbd
FELLILOZANBEHE LTS, BFOEFTOEHZIEEEIENS | BEET
DEMEZICENT, FEANBEHREBAETCHEONANBEREDN L ZEHE
L.COHZEEANBERMIEET D TNTNOANBARE 05 ETHESL.
CHOBEMED 2 DODOANBEEEMOED—FFEHNARENSCLEIF#HETI00EE.
Fy)JL—avitRBEERRHE LTV,



m—E JEFRMICLEHmELURASD "PIIMP IRET—42 £ AL 5Bk
ZLIMP IESTREE D HETE

FE—H AMROER

BRKMEERE. REEOZHICEVTHKBROFTMICALNLGND, ML
—4 & LTI '"PLIMP AY SPECT ISR BRIV F I 5 74 I AL d,
EERFICHENT PLIMP EHMEFERBEENIE AKBOEEZRTFITLY,
F L TROMAEESFIZHS T2 REERENT L, 2008 EICEAZEFR LY
EEINt-. BESZEHA K54 22008 T, BRIRERICIE PXe £z
IBLIMP BB L TWAH ERE SN TLNS[18].

AHEOBEMIE. BE. ROBREFHITMEL L CTBRETRLRAASATL
2 "BLIMP |2 & AN SPECT BZEICH T, JERMIC & 5 IFREEM G MK I
NEEMHEEZHEITIETHD. REFREIROERZEOAI®E & KO
HehEA A —D U ELTORIEZEHERH D, MM SPECT (FMSTEERE D
BICEST S ERINEIC L ABELFETHRMBOLHIERENEITAIAETH
5, COBFEIELHALBREREICAVLOATEY, HNMEEE. REE. 5
BEELEOZWICALLGNS, TEMRFICKY ., NMTROBREICONT
DLWIEREEMBHT 5., BECTREHOLLTVEEREINHAE SANE,
ZL DR THEDWEREICKEBEAREL LY. TOBRIIKEL,

AMETIEKOFREDHTEICHIFNLEFEZZAVS, BFHHLIRI S
FOFEEHAL., FL—YOBEEHRET S LITK Y KMTOHETEH AT HE
AREET B, CRETORMANDEEEZNDERIL. EVOEBREF CHEND
MEEFIIEBEL, SEIFEEETFLIZE DAY, PLIMP OEMENEEIC
DNWTHUIHASERVWTEEL., §ohdT—42h oiNMREHNHERTRE
AARDZEDTH D, AMEICE YIFFEMBMFREREICET HHLVAMEN
Boh, SBRILHIPAEICE > TEAMERTRET HFEN., ZLDHEHRTE
HENBZEEXICHDILIWET S, RMFTOEERTICOVT, KAKH I
MERE. BMEOLYBLZHICHEEL., EREEZROEH. BEORAEERR
EVNS AN ROERICRIDIDICHESIZEEZBETELOTH D,

DLMP RV EEERBITE LT, ChETICZLORMREEETILAEE
INTWD, BIFETLEANT. EEORABIERESfMEEENZBRT
IR EATHEINE, REMGETILE PLIMP 2{E¥MEIA IV D0RT T
FERTIAVBRITTTETIVIIL SHICHBBIASOREVHLEBE
422 A=AV RETLBEETHD[12-16], CNDLDEHETILTIE,
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W EEBIRD S A~ D "P1IMP QA (BRI A O BERE-IMP RS - A H1ES
BZHTET A ENBETH S, RVBEOBVWAEREHHEEHRLY > T >
TTHDIN., BHREIERZHES ., COANERIEECREMDOLHEVASE
THET DL ENEELLY, ‘

'"PLIMP ARG EISESRELOMELE-BEENIOEERICEN-NNFERET
HB[8,15-17)c CDFHEILZ IMP DREMASDHENHLEEZEELF 2 a/8—F A
DERETIIZHS COFETIIEREGSEEHR(VHEZRE L T, MREITK
FLTEELTLORVWHLOEEZHES 4. AHNBHEH 55 CHEREN
Bk EEZTEE., —EAOHRIENTEOLMPOKRETEEREN SBADA
HIZTKRET S,

PLIMP 2RV K VEECTEREMLERERE LT . ENEEBLTES
T5SMELHEHEET D, XAV ART T EEKE LE=AETIK., BB
EhRE{% & HETE L 1= cardiac output FFAWVWT ANBEEEEET 5[19,20], £f=. %
ORI IEFHEIARICEADEIERTE LANZHTET 5 HD[21]. FEFSHEEGH, S i
FIZHTDH IMP OBEVHLERS, BERSHTICE Y SREIRMBES EEH#E
TELDREERBEINTINS, 'PLIMPARG EEEEICTSAiEL. Bk
FmMORHY ICEHRMEADBEHOREICAVNSHOMEESATIVA[23], L
ML, SNETOFRMETE. TOFEELTEAL "PLIMP 2RV E-EE;
EUI7LURELTLNS[18,20-26], b DA BEY ., '“LLIMP BT
EFREMTELN-MMFTEE. "0-H,0 PET ARG ETELN-HD & HE LT
(T, PO-H0 (X PLIMP ITHER L THRRTREI S TREEAT V=0
MmFEEEIZBNTILVS[4-7], LA L. PO-H,0 PET BIEICIXFERAIZH A 4 O
FOUARETHY ., FRLVEMTHRETRIIZ<DFANLETHY . RHE
4T L TLBHEERIE ALY,

KBEThhblL, HEED '"PLIMP ARG EICEBEML S EEMATT—
AEWMBL. EERSIHZAVTAABEHROKREIZANS 'PLIMP %5 10 2%
DEIRIMAKSTRERE(CalO)DEEXER DTz, COETFEICIIRFLFTOFEEZR
W= REFEEHEE. M P-IMP O activity [Effim SHBHE SN 3 "PLIMP £ K
Bk L[20,22]. e "IIMP O activity & N~ DERBITLFITEEEHBELT
LWB[27]. hivbhhld, BIIRMP OMETEEREN. NS DXL L ERADE
BOOHTARTHSIEEZ -, ERIBSHTICZE Y Cal0 #HHEFDELE L & ik
~DEBEHN SEIRESK TR L.

RIZ. DO ORELEZFEEIFEETHDI LMD, TOEEMEIHEE
(TR, EOBEDREFSOMTM LI, #E Calo ZRHLNTHE SN (CBF
[E & EBEOBRMY > TILh 5RO T-EH Cal0 ZFHWVTETE L1 rCBF {E% Lt
g LT,
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X5[2. =DO0OAETELNT- (CBF fEZR—BIZHET L1z P0-H,0 PET ARG
(2 & % rCBF B & Lk LTz, #5E Cal0, 338 Cal0 B LT "“IIMP ARG & T
£+% L1- rCBF {BIZDWTEFNFN PET TEB L= rCBF{EL BT HZ & T,
BREDFHEZET o=,

B8 A

1 HEE

HEIF.20004 1| AH S 2010 & 11 A F TIZ.E—BIZ ""0-H,0 PET & 'I-IMP
SPECT #87& %17 - 1o 8%k 24 fEH| (FE#h 25-77 . BHEOIA, XK 154, THE
4530, BERE169)THD, R ITHBEOEKRBEREZFLO-. HERED
EEORRIZNSA—FD VRN 24, ERETANAN L A, BIZEN 1 4.
M EEENEDON-HBRE 20 L THD. TRXTORBREICOVWTEELTDE
B, EROBEIXEN ST, BIEROHLIWEBREIX 128 o1z, TNTOH
Ea# (L SPECT #Z L FBIC PET 8E % IMP 2504 | BREATICHET L= 1 E
BlEESTRO FL—HOBHICEEAR SN2, EERFTH SRS L1,
PET BETIZ 3 EHTHARLY > T v F kB LT=f=®. "O-H,0 PET D T—
REBMBTELOIX 2067 >1-, FRIFLHERZEFREGREZESRE
SHIMENKADEKRES 9-302)IHDIEThh, TRTORBREICH L TRED
BlcA v I74—LFK -avty bETo1,
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1 FRRATREZTERFOSHER. LEE, DEEOREOHE

wWERE DRED MEED
F2 M BE KB BERE BE{E BE{E Disease &%

1 M 171 76 (+) i3 mL CVD susp. PETEINRIEMT—5EEL
2 M 174 83 +) ®mL mL CVD susp.

3 M 171 63 (+) L m|mL CVD susp.

4 M 164 83 (+) =L =L CVD susp.

5 M 176 78 ) mL L CVD susp.

6 F 160 52 =) ;L L CVD susp.

7 F 164 53 -) mL mL CVD susp.

8 F 150 50 ) L ML meningioma

9 F 151 39 ) =L mL Perkinson

10 F 155 52 (+) mL L CVD susp.

11 M 174 60 (+) ;=L ML Epilepsy ~ PETESfRIEM T—2EL
12 F 152 53 (+) ;L mL CVD susp.

13 F 149 49 =) ;L mL Perkinson

14 F 149 47 (+) ;L oL CVD susp.

15 F 153 48 (=) L 08 CVD susp.

16 M 165 55 (+) mL L CVD susp.

17 M 168 69 (+) | &L CVD susp.

18 F 155 55 (+) | mL CVD susp.

19 F 150 50 =) L E:: CVD susp.

20 M 170 73 (+) L L CVD susp.

21 F 151 55 =) &L ;L CVD susp. PETEINR{EM T—5EEL
22 F 152 44 =) mL L CVD susp.

23 F - - ) L L CVD susp. SPECT,PETEIRIEM T—2EL
24 F 148 46 (=) L ;L CVD susp.
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150-H,0 PET Scan

150-H,0 370 MBq bolus
intravenous injection

l 90 sec

[ ]

| E——
Brain scan

Arterial blood sampling ————

123].|MP data acquisition
with gamma camera

10 min
One-point arterial blood

IMP 222 MBq sampling
intravenous injection 3 flnin 13 lmm 45~?° min
3 min 1 min 1 min 30 min 1 min
| | | |
—{—{H H ]
Lung dynamic Brain static Brain static image Brain SPECT Brain static image
image image (Pre-SPECT) (Post-SPECT)
(5 min)

E1 PET(EBHE. HUIHAS(FR)ICKIMETO oL

2 0O-H,0 PETARG ikl & % rCBF E&

E1IcF—42IENDTO ba)LERT, PETIZ& S rCBF BIEIX. EFLICK
% 0-H,0 PET ARG EIZHELVIEST L 1=[6-7]e "O-H,0 HREEIZIZ, AE—H
4 %4 8 k0> CYPRIS HM-18 (Sumitomo Heavy Industries, Ltd., Tokyo, Japan)Z Fj
L\ = PET R 3 F & SET2400 (Shimadzu Corporation, Kyoto, Japan)Z Bl =, €
NENDOHEEREILER. MEAMI TPET DESICENE Tz, RAMICRIFEIEDT-
HD I VRI YL aAaVARF Y UEToRZ, FHEBRKFELETOEOICHT—
FLEEEHRICELANE, FLTEEF21—J% g REBEBEHT/—N
— R T LTz, RICEIRIL— b Z RAHUOREIRIZHERL T, PO-H0
BEREABICEKLE, AE—HY/420 b OVIITTa—TAYEN, +H,
(04%)IZBE LIz#. 32— Y FARZEN, HRITE>THWE Lz, HAREY
450 raVENNSF2—TEBLTPET EIEAT., PO-H0 A XIE PET E
IHAEHIABOEEBIEKD/ANAS ZIICNTY Tk >THES I,
WEINTz P0-H,0 ZERBEICTIHBICRO LT, FEERN S PO-H0 @
R—S X EE%T-o71-, BELRABIZIII Vv a ATy oA LIz, Bk
MOMETEEREIIRE ERBFICR—2ERHBERAVTERMICAELZ, T
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2w a VUK 90 #BETLY, BIARIRMIE 210 T o=, HBEOT—42UX
£#%."0-H,0 BEFALEBICHE - "0- 1,0 2F 12— JICELTHRELRLE
ETOHMBREF[ICEEL-. ALBERZHBREICHEL, P RIEEATEIR
TLICTRRDEELWHEREZAEL, 7O0XRFr)ITL—a &%
T2 BONEET—F(XOSEM EZZXRAVWTESBEER L=, TEEMHFIZ
mMET—42 L BEREEZAWT "0-H,0 PETARG EIC & Y IT57=[6-7]0

3 HUIHASIZLKD "PIMP OTF—42 L&

'"PLIMP DUREIL. ZREEHF T HASDHECAM ESBRHBRAHUTH A
7 @ GCA9300A/UI (Toshiba Medical systems company respectively, Nasu, Japan)dD
TONEEEFEALE, ECAM IC& 2B LHBIEFER T RIILF—ANEA
Y A—F F5RE L TIT > T2, SPECT INE&EE GCAI300A/UL [T TET R ILF—H
BT 7 VE—LO)A—RFEEFLTIT>1z, PET BRE®R. HEE(TS
FIROIL— b ZHERLE-EFFEREBEZEH L. ECAM OESICHER THEICL -
fz. BMHEBEMWERZIEDF, "PLIMP 222MBq  (Fuji Film RI Farma Co., Ltd.,
Tokyo, Japan)Z | FEIDEE THEEIRE YEA LTz, FALBBIC—REIHFICT
MISOBEFEEE )Y RY A X 128x 128, INEHIKE 145 T 3 5/
(Isec/frame , 10sec/frame)iXEE L, £ D&, BEEZBHIE. BEHIHEEGHLEE
T2 1=, 10sec/frame MEYREINE (L 15 0 E THIT. FFFICEEOFHETLEE DI
£%. YU ORY A4 R 256%256, UEEKE 1.45 TEEH®R 45 9. 125 21
1 DRT o1z, TOM. 8% 10 RRICEBERMY > T 5 %1701, BHEE - 8%
REIRUNER . REREZAID SPECT REEITHEI St GCAIZ00A/UI DERIZE
M Tz, SPECT IREIET FU IR A X 128x128, YU TYLVITRE 4 E. 2
SET360 BEIREZTL. SESZEME Lz, TRILF—T4 2 Fold 159%eV
FlMZ 20% Tty L. ZTOMEIMKIC 7%DEEY A > K9 %8 IT1-, SPECT
INE%. BUHEREZ ECAM OB RBICEH I, 3 DEDESREEGRINES |
51T o 71=. SPECT LRHIEDFHBIRELDA V2 —/\)LOBBARCIZH S &
SHEEIT oz BoNTII’FE T — 2 L triple energy window (TEW)i% & ALV TEK
EAFDMEZIT o=, /N2 —T—X T 1 LA (cutoff frequency: 0.65cycles/cm)
FRAVWCERR/ A XOBREZT>1z, BREBERIE. 748 —#EEE
(filtered back projection: FBP)EIZ TIT o1z MIRBIEEIRET -2 DY A/ TS
LIZRA Ly 3L MEICTHEBRE ZAREHE S L THE L. Chang X2 R LTHT
o=, "I DEFEBFHEEE LT 0.146/cm DEEA =, MEY > FILIEE 0.5ml
D3 KICHELIZ, FSINEH U TLEF—FrIILHH Y % (Aloka
AccuFLEX y7000)[2 TNy Z 5359 KOAY Y FERE L=, 3 HRAEE
T, 2MAETOMETEERE(ER Cal0)ZR$71-, 1CBF EILBRASIZL S

15



121 IMP ARG (%12 & » TR 1=[15,16], ARG BT (ZH (T 5 Vd (£ 45ml/ml BEIFE &
Lt-o IREDRDEEZIL 32~35 D121, ZEANBHEIIILEBERETERSN
-t D&EFEALT-,

4 ROl DEREL=RTATHROIBITY T hHT7

IBLIMP OB ~ADEBEL IV VT I VARBEHSE=HIZ. bhbnlEH 2
(2R Ffi D ENRE(R (ZF ) T region of interest (RONEFRE L1z ROID AV > b &
Y BB DB — AT e IR RO T=(E 3). MO METEERE (L 'L IMP O #:E
#®. $30 M5 40 RRICE—VIZELz, TOER. $3 DETHRAICE 2T
1=, FEFDER—RETEEsmR D E—Y A 2 M(L(peak)) & IMP §#iE# 3 2B
ZHBITBEDDY MLR)DES % IMP Dffic b dDHELE LA™ k(lung washout
count at 3 min after injection [LW3]:L (peak) - L 3)) & & L1z, BFRFIDIEARFRIE
BICEAILK FHTROI #RE L. #THE. 55 & SPECT IREAIR DA FFER
D IRETRER E [counts per sec (cps)] &€ 4L brain count at 5 min (Cb5). brain
count before SPECT(Cbpre-SPECT). brain count after SPECT (Cbpost-SPECT) & E
% L7z, PET. SPECT ¥ X TOBEBEBHERITI=RT ROl #HV I L7,
3D-SRT (made by Fuji Film RI Farma Co. Ltd, Tokyo, Japan)Z FALN T Z1T o 1=
[28-29].

SRR

5 min Pre-SPECT Post-SPECT

2 "PLIMP BT E#OMBE & BRI OB IHES

16



12000

L(peak)
gﬂ 10000 * 3
5 \
2 | . LW3
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2 ——~ ) \“* ¢ “.—A
= ) 6000 r MR ST S
-B’ Q.
5 2 | L(3)
) 4000
(6]
[+
S
-g 2000 f
o

0 1 1 1 I
0 50 100 150 200 250
Time (sec) after injection
B 3 FEP R R OB R R

3D-SRT [X{B4% DBERER ICREEIFHBEELEZT e, ERIZ12 4R
9 D (anterior, precentral, central, parietal, angular, temporal, occipital, pericallosal,

lenticular nucleus, thalamus, hippocampus, and cerebellum)IZT > FL— FZ#E&EL.
ZERTDBFRHDDY %28 5(E4), SPECT EHhH 2 k&, 3D-SRT TH LN
&ET AV CDBFAHD Y FOFH{E (average brain count during SPECT
(CbSPECTav))& L7z, SPECT & PET D ERE(ZIZH TS L MEHKNMTE
(mean cerebral blood flow (mCBF))[E& 5 A > D BFAINMTTE (regional
cerebral blood flow CBF))Z ¥ Lz D EEE L 12(XK 2),

17



4 =RTEBROIFBHY 7 FOFTL—FROI

& 2 @ERE ) 3D-SRT RMEARMFER. BEAI(E[ml/100g/min]

Segment Right Left Segment Right Left
AfuzDa 5094 4936 GTEA By 46.22 4584
BP.Lom 50.08 4911 H: B2 EIE 5254 5251
Cp.L . 4278 4243 ILX1% 5583 5768
DSRIA 4342 4182 JERE 54.34 517
EA[ 50.73 5276 K85 4940 4243
F-{8128 4555 4398 LM gk 4979 4732

5 #REHEEMT

SRIBHHETSHETEM Y 2 FIZIE STATCEL 2 (OMS publishing Inc,
Saitama, Japan) % FL\1=[30], BRIZ % Cal0 & L T.LW3,CbS5, Cbpre-SPECT,
Cbpost-SPECT, CbSPECTav M 5 DM/ A —R ZHAZEHE L=, BHEHE
HBAEHOT—2(E. RO Y —RESEREICLIYEREDREZIT o1,
Cal0 & 5 DD A= DEAREERRSHZAVTHRIFBEBEERICE LT
R EMTES,

Cal0=A "+ LW3+B * Cb5+C - Cbpre-SPECT+D - CbSPECTav+E - Cbpost-SPECT
+F

ADDERERIICETIERTHS. ERRAMTE. TERENDHRAE
HMEANSEDERTHITLLNDERLT, SHICEHFZERT L. BHER

18



DFREICELDEEZR D, ADDF OEHIE, RIN_FEEAVTKROT=, 4
BARIACEEHEET7 YV OHBREOBRETHE L, Z20OHEBEEKICE
BENHDHIMNE S ML, STATISTICA (StatSoft, Inc.), version 03] LN TIEAE
BREORFEDREICTHE Lz, HEFMLEEZEE P EZEALT p<0.0l
ER &L,

RIZ, HETE Calo &3EF Calo ZFNT "PLIMP ARG EIZTHE L-BR0Mm
MEDTFHEZE mean CBF (mCBF)& L THEDEFRZAR-, SSIZFIEFH
® mCBF fE% “0-H,0 PETARG %2 & > TH 5N 7= mCBF {E &t L1=,

F=H R

1 IREEGEHRAEHRD DDV
RIITA— b ILAD A EFRNTEA L IMPETE 10 2 BOIRLOD
BERERE(Cal0)E EE LI-RBELHO—EETT ., HBEE 23 (FEIRES LT
FL—UARBRADERELRDONIEEER LIz, KBFHNSKRI LT,
B 5 [Z "O-H,0 PET ARG (5D EEBRTHEREBRERT, B6/E '“LIMP &3
fidd I 57 SPECT BHEDEMEBR TH D, o g "PLIMPARG A TR LI-EEE
BAR T THD,
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%3 HERED Cal0 EHBPETHOBER

Cbpre— Cbpost-
Cal0[cps SPECT Cb SPECT SPECT
HEREES /g LW3 [cps] Cb 5 [cps] [cps] av [cps] [cps]

465.6 1208.1 18773 24744 205.1 30125
517.4 2237.5 17738 23214 129.0 32840
665.5 4259.6 28016 34694 275.7 41496
490.9 1969.2 26881 33126 194.8 41628
615.5 2919.6 41447 50263 306.4 58825
769.9 2107.7 40451 50048 350.0 61986
695.2 3987.1 27704 32469 3717.5 41143
719.5 4102.7 40926 48069 354.3 55050
779.9 5743.6 43339 45486 3835.7 91679
805.3 3497.2 42496 56177 419.1 65306
739.4 15421 20340 23929 265.5 43795
647.7 1262.8 279717 35072 288.8 97283
9144 3193.6 37128 46379 400.3 58404
764.9 3060.5 37605 49083 374.4 69564
684.7 3594.2 49993 57117 426.9 62623
688.3 3577.0 30613 42272 330.0 56392
599.5 3393.7 28247 35814 293.9 42966
606.7 2725.3 26355 33145 265.6 42718
897.3 2868.8 40341 50294 372.9 69981
973.5 3617.3 31345 42481 306.8 46493
901.5 3334.6 39885 52105 423.4 66092
778.6 4099.5 63126 78501 426.7 82244

880.9 4749.2 36890 49349 454.4 60563

NN N N N b e e el e ed ek el ek
BPON—=-OO©OLODADRWN =PI wWN =
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6 '"*I-IMP () SPECT E{g(GEHEE)
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7 "SLIMPARG ZOEEB#ERESR, BAAOKMFEE [mV/100g/min] REDHS—X
F—ILIZKYBBRHFIATIVS,

2 EEFRSHICELS 10 SEFEIIRMASTEERE (Cal10)H#E
SODHBATHEN 5. EF LI Calo FEMEHE L THE LEERRSHO
BRETRT (R 4-6), EFEEEZRE10.907. REFRSIZ 0.822, fEEZE p (£ 0.01 LL'F
T. SBAZEHIEIEMTHOTAICRI-> TS EHESNIz, F—EVT LY
UL 2,676 FEoTz. BONT=HTE Cal0 EEF Cal0 ZEEE L -BHRZEX 8
(2R, EB Cal0 LHETENDHERZEZEDHTZER 9 (T, HTFE Cal0 EEAEDZE
DHR#FER10IZFRT, TNEFNADT S TICTHREFHZ0MS-90 ITHH L. 5%

ZICHBERohGA o, EFEEHIUTORET o=,

Estimated Cal0
= (2.09x1072eLW3) —(2.29 X 10™* e Cb5) — (9.87 x 1073
o Cbpre — SPECT) + (1.06 » CbSPECTav) + (1.03 x 1072 « Cbpost
— SPECT) + 165

3 HESE Cal0 & E3f Ca10 #AULVT IMP-ARG ;%IZTEHE L 1= mCBF

{ED ELER
BERDBEREICONT., LORIBKZEAWTETE LIHE Cal0o DEZXRALT
1 IMP ARG (%I & BT 21T o= mCBF {E& . =8 Calo #AWLVTRI L
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IMIBHITUVVE SN T- mCBF {EZ LB L 7=(K 11)omCBF [ZHE W THETE Cal0 A

W=35& &R Calo ALV

3.51mL &7 o Tz, HHEARENUE 0818 £ oT=,

&4 ERRIHOBR

A THDEFHZEKT 856mL. ZENEFEERFET

T—3% 23
FHERBARHR 0.907
RERHR2 0.822
BHEBEERARERK 0.770
ViR {EDIZHERE 62.246
HA—E -JrYULE 2.676
£ 5 PBOTER
Z2HA REFAM _BHE EHFES Fi& P F(0.95)
Bl 304882.450 5.000 60976.490 15738  0.000 2.810
RE 65867.878 17.000 3874.581
E 370750.328  22.000
£ 6 ARFRHOEELEDRE
Bl HRE BERE ZXDREN EEEEHR  tE Fig___ PiE
EHIE 164557  68.033 164.557 2419 5851 0027
LW3 2.091E-02 0.019 0.180 0253 1.080 1.166 0.295
Cb 5 -2.286E-04 0.006 -0.019 -0.009 -0.038 0.001 0.971
Cb pre-SPECT -9.866E-03 0.006 -0.968 -0.372 -1652 2.729 0.117
Cb SPECT av 1.059E+00 0.343 0.686 0599 3.084 9509 0.007
Cb post-SPECT 1.033E-02 0.003 1.034 0.608  3.159 9.977 0.006
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Mean CBF values calculated using the directly measured Cal0
(ml/min/100g)

11 FEFLT= Cal0 ZET "PI-IMP ARG & CEHT L -2 T YKML TS & #E5E Cal0
AT "PIIMP ARG % THHT L - £ BT 195 f 5% 8 O 8
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4 H%E Cal0 &£EH Ca10 ZHLV= 21 IMP ARG & TR&® = mCBF
{E& & °0-H,0 PET ARG ;& TR &7z mCBF {ED LLER

AFFED 24 FEFHO S B, 20 FEFIZDNT PLIMP ARG ZICTIMZ TR—ABIC
50-H,0 PET ARG (2 & % mCBF {EZHG L1z, %fl Cal0 2LV ZLIMP
ARG 3£ TR 7= mCBF {E & 0-H,0 PET ARG 3% T3k 7= mCBF {ED & %R
4 (& 12)o ERD Cal0 EALV= "PLIMP ARG i& & PO-H,0 PET ARG ENDFEME
[Z 0.698 (p<0.01)T&H > 7=,

13 [ZHETE Cal0 B U= 'PILIMP ARG % TR & 7= mCBF fiE & "0-H,0 PET
ARG & TR T=- mCBF ED LB %R T, M& DB FREIE 0.590 (p<0.01) & 7%
5120 PI-IMP ARG i Tt & L = mCBF {# & ""0-H,0 PET ARG ;& TR & 1= mCBF
EOHRBEOREEE, =8 Cal0 ZRAVWVEBE X YHTE Cal0 ZRAVVHEDIEFES
A LIE < 1 5 12(1=0.590 vs. 0.698), LM L. COZDOOMHEEZRBOMIZIE#rEt
FHRLEEEEZR oG, o1,

D
(o]

y=0.4768x + 18.42

r=0.698 *
50 * , 4

40

Mean CBF values calculated using the directly
measured Cal10 (ml/min/100g)
*
*
*
*s

20 30 40 o0 60 70 80

Mean CBF values measured by 0-15 H,0 PET ARG method
{ml/min/100g)

12 0-H,0 PET ARG % TRI%E L 1= mCBF {E & 663E M '""I-IMP ARG 3%ICTR®HT=
‘ mCBF {EQ & HE
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<O
= 60
[
B y = 0.3488x + 23.88
Esed
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a
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Mean CBF values measured by 0-15 H,0 PET ARG method
{mi/min/100g)

13 0-H,0 PET ARG % THI5E L 7= mCBF {E & #5E Cal10 ZH U = "PILIMP ARG &
[Z& YR&T- mCBF EOEFE

[

FEOET EE

AMEIZT, bhbhld '""LIMP ARG &2 & ARMRESAMTICHS LT, 1t
FRIZ PLIMP OFIEROMBESESENOBRIIEEREEMT 5 & T,
'"PLIMP ARG (5 TOEHEA N DIREIZALS Cal0 ZHE L, PLIMP @
otk BIROG O PLIMP OETRERE XM, S E Eh b PLIMP £ KRBT
%[20,22], Ff=. M "PLIMP ORETRERE & INADERBIZLAIT B[27], DN
hhix PLIMP ORFENSDHENE L ERADERBNS 5 DD/ISA—4 %k
&, Mk "PLIMP OREEEEBEEHE T AHEMBETILEER =, 5 DD/IT A
—FEEEIRATOHRBAEHE L TRV, bhbhAEERSHFTICHL =
BAZEHIE—ARH7A "PLIMP ORETINETRLLDTH D, bhbhOBE#A
T—RREEDPICIE, EVBEOBEAZLEETNT IS, £-. BERIREMD
PAHEICEET FREILED, ChONBELT—2RELHBHRNS, M
'"PLIMP OIS HEEE 2 EMEFRE 0907 E VS BNVEETHETE Lz, AWET
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Eﬁéhtﬁﬁ@mwm FICEWTHEARAT A LEIIAETH D, TDIHEE.
FNEFNOBRICEWVWTEHONN\SA—2ZRANVTCERRHZTL. BIF
XERODDIDENH D,

AFEIZE T, Calo DHTFEICIL. FEFDEIRER & INDFRRER & SPECT &5
5 5 DOHRBAERHEEDT-, ERIFSITO—ARMLZEBIL, u(o#@ﬁﬁz
HEEBMTHOBOBREMDZEICHD, ERMBSITICIE. T—20NETNE
NEBRPALTWEIENRIRTH S, —RIICEEBED T — QﬁEﬁ Kitl
ERTCENMONATNS, SERNELZT 2L TN TNEBREBMTERS
FHLTWAI LMW ERESh, EQRSMOEREIZETHLIEEA DN, K
HZE T Cal0 DHETEITHAWNE S DOHAZH LY LS SITHRERC Cal0 ZH#E
FTEHIRSA—FDHABDOELNFET HAEEREH S, BFERITENT. Hbh
OISt DOREAZHICET 2FADO Y (FEF->TULVELY,

IR DEERTICH T EANEKE X, BFRBi~EHINE PLIMP RE
DEEEHETHD, —RICIELMBEEEREIC PLIMP REOHEEXREZR
CTROHA[9,11,12], AABEHKITHEEOEBARRL E A 2 / — )L 7B %3R8
TEHIENRLBENEL[S], ChDDEEF—BOBKRICEVWTILE#TH
%, ZEEANBYE | AHIRIEMTHIET 5 '"“LIMP ARG A[15,16](XFEE & &
Exx#ERER. L<ERL gE
=ze LDL. COFETIE.
WEFIZ 42 'PLIMP D%
[CEAENEFEL. RIDLER
M H0OFE Y H LUICEARRED
INTGDENEET H I EHA
HBNTWBD[27], EERINE
B, fhRE. NE—RE—7
—ZTIIEBEDOANBEHIE
ERE (TRHMICRLE LA
HEMENEZ BND[15-17]. &
MEEITo-24EFHDS 5.
BUMERED &H HHERE L 12 i
Thof=. . FIZEREDH
PEBREBEEIVGDN O ®mi4 BELE PLIMP AESBARISRA TV 1
PLIMP #EROMBBRER I, £E0TL—Lh SIECHIEROBEHBSEET
KTDHCERBBREEAD +,5L—L414,18 OEET IMP HESHAISEATL
PLIMP DEMEEDIEREIC 3.

BILD, bhbhnlEERIRH

28



S5 L1 PLIMP ASNEERIRE B H L CEEEHICHN T - - ERA5EH
ZREBLEZE 14). COEFMIEEZ L HRFICEENHDEDEEZ SN,
CD& 5 HEHIE PLIMP ARG EDIEEA NEHOERITEE T, AHEOE
ATHHEL, kD "PLIMP ARG i TIXZ DREFOBEORE TR TEAL,
MITEROMEEEINETZEANBHOBESREICR/ID, DES. kS
DEEELEREZDBEE~ADELEIZOVTHEHTBATHY . SRS SHEAFELN
EThHb,

AARTEONE-HEEOTMEIEL. 'PLIMP ARG ;ETRSHF= mCBF {EIZ DL
T PO-H,0 PET ARG iEDERE ) 77 LV R ELTHEBET B ETHo 1=, 1t
EDEB Cal0 ZALVz 'PLIMPARG £ &) 77 LU R &ML, mCBF fET
0.698 LELVERINE o, BEDRE L FEREDHEREN. £-EFL LIENE
REGHHE[1217]e R T ICAHARTHEON-HBERKEBEIZHRE SN
'“LLIMP ARG % & O-H,0 PET ARG i & OFEBIREE £ & H1[17], BEDIR
BECTRVWTIIEREOHN 4~8 B ERMAE L LEHE L TOAL, XML TIEHE
BEOHMN20LTHD, SHICERL-BEHROIEHY 7 FTIEEFROHE%
HBHLECERET 5. TO-HERICOFEDNHBIFITEVELCE LMENES ETH
TWEWIZ EREN, KBIE®D 'P1IMP ARG i% & "0-H,0 PET ARG &N #E1Z
B, BEOREICHR L TEIMEIZA-REREEZ SN, 1. "PLIMP
(& °0 H0 [T EE#R L T & M $E18 0 I 7 fiE % 5B/ NEFE 9 B [14-16,31], D 1=,
ER/RXDEEHN 0477 & 1 FYEBWMEERZEDEEZ SN,

HE Cal0 ZRUL= "PLIMP ARG 3% & '"0-H,0 PET ARG % & MO #8(% . mCBF
T 059 & of=0 AARTRELIZAZTH SN mCBF & "0-H,0 PET
ARG D mCBF {[EQHBENEVREI, '"PLIMP OYEREHMEEORRIZH
HEFZA bz, ORI mCBF EOB/NEHEOER & L TIE. PET &k
B LTz SPECT DIEWVER S AERE. a2 T b U8EL. RIEEDKOIRE. BE)
ROI 4TV 7 FERAW-C &£I12& % ROI DIHBENRL EAEZ SNT=[32],

5 EIDfEHT T SPECT Eif§ & PET E{&0 rCBF {EQBGIZ(EBE) ROL 2T Y 7
b Z R -, SPECT BEiIf & PET BIfED ROI Z2FET—H I H B Z LIZIFBREN
HH., BE ROIfEH Y 7 MMIBEHZMICEEZ L SN -2 L TEHT ROI
ZEty b9 D, TORHEETIIVTE—HRSEIEMERS L. BENT
FRVBMEBMEZH RIET -2 2BHENTRETH D, BEDEEBIF
TIE ROI FEEZELARILDRASA R IZEY bEh, ROIODEYEILAD Y b E
FHLTROTLD, TNBITHED ROI hH Y FELMISERT AMEICBE
NELDHEEZBNT[15-17],
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%7 BED IMP-ARG & & S0-H,0 PET ARG EMDEBEFR . HEREH. BELE - RUNE

EDF%
TERE R 2 n BUELERMEIE RUNFEIE(u)
Nagoya 2011 0.698 23 - (HTEW Chang(0.146)
lide et al 1994 0.860 5 ' (+)
lida et al 1998 0.752 6 (=) 0.07
lida et al 1998 0.912 6 (+)TDCS 0.167
fth i % 2 EaA 701996

Akita 0.67+-0.14 5 (+) Sorenson

Tokyo 0.70+-0.06 4 (=) None

Kyushu 0.86+-0.09 8 (=) Chang

SEhET IEH

IZLIMP ARG EIZH T, HE3D SPECT IREIC IMP I 5E&ICHE OB E
CEEE DR FIERES EBMINE T 52 & TrCBF E2ICHEY Cal0 EHHT
HEFEXNB O, HTE Calo EFF Cal0 (IBHTHUWVEREZER Lz, #FE
Cal0 & =B Calo ZBWLT '"PLIMP ARG EICK YEH LI=ZhEFnD mCBF {E
DOREIZHBOERARSD S, HFE Cal0o AL "LIMP ARG %IT& D
mCBF fEIL£5E 8 mCBF {EIZxt ULFEHIRE 351mL THE SNz, #E Cal0 ZH
VT '"PILIMP ARG 35 CTHEH L71- mCBF fE& B Cal0 ZAWWTEH LT~ mCBF
EixE iz, A—BAIZT>71= "O-H,O0PETARG J.IC&K YEB L~ mCBF{ELEH
EICHEL., KEOZLUUABELM ISz, CNHDFBERICELY . BHAFKID
REEIZEWVT. '"PLIMP OFARMKSTAERE ZIRMIC L YT T H55ED.
HEOBRBEMEZELEETE2HEOERLGRBRERIIGYBDIEEADNT,



B=E SPECT BLUPET DEEMOHEICHET IEE
E—8 PET $& U SPECT DF— 2 INEEDIEE

1 [XLC®HIC

REFIL., BN-HREZHE ORFAUEESR L TOEMHEBLHMHEICIER 518
IZHEM, TLTEIHoBONSEREZBERKECATI=ZDDERNORY L
D, WMRENDEELZD 3 DOEFROHFEERADICULNLTINETERELT
T, LAL, EERBFTOBEMLORITENTIE, REBRINEMEILS
LW COETH., ROREEREZHEITT HICHIZY ., PET. SPECT DEEM
ZEGSRAICOVWTERET 5, HFICKMREERETIX., DEMIHREEN
EfgINE. EGBER. MRS T I DRERESEITELEEICEDLS,
BRODEETRMTIANEZER, FETARSREZRHICOVNTHERS,

2 SPECTOT—AWEELEESIE

SPECT THWON AWM HRATERIT | BEOA U IBERE L TELT HH
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Abstract

Purpose: The conventional methods for the estimation of regional cerebral blood flow (rCBF) using
I-123-labeled N-isopropyl-p-iodoamphetamine (1-123 IMP) autoradiography (ARG) require
continuous or one-point arterial blood sampling. Patients who need rCBF quantification benefit
from the avoidance of arterial puncture. In this study, we attempted to develop a method without any
blood sampling to estimate [-123 IMP activity in the arterial blood sample at 10 min after injection
of 1-123 IMP (Cal0) for the purpose of rCBF quantification. For the evaluation of validity of this
method, the mean of rCBFs in various regions of the brain (mean CBF) calculated by 1-123 IMP
ARG method using the estimated Cal0 was compared with that calculated using the CélO directly
measured with the actual arterial blood sample. Both groups of the mean CBF values were also
compared with those measured by O-15 H,O PET ARG method.

Materials and Methods: 1-123 IMP ARG study was applied to 23 patients and O-15 H,O PET ARG
was applied to 20 patients of them. Dynamic images of the lungs, time series of static images of
the brain, and brain SPECT images were acquired after injection of 1-123 IMP. Arterial blood
sampling was done 10 min after injection of I-123 IMP.  Multiple regression analysis was employed
to estimate CalO using 5 paralneteri from the lung washout counts, time series of brain counts, and
brain SPECT average counts as the explanatory variables and the Cal0 directly measured with the

actual arterial blood sample as the objective variable, and the regression equation was calculated.
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Results: The regression equation was calculated by multiple regression analysis as follows.
Estimated Cal0=(2.09x10°2-LW3) + (2.28x10*Cb5) + (9.87x107:Cbpre-SPECT) +
(1.06-CbSPECTav) + (1.03x107-Cbpost-SPECT) + (1.65X](;2) (counts/sec/g), where LW3: lung
washout count at 3 min after injection, Cb5: brain count at 5 min, Cb pre-SPECT: brain count before
SPECT, Cb SPECT av: average brain count during SPECT, and Cb post;SPECT: SPECT brain count
after SPECT. The estimated Cal0 values closely correlated with the directly measured CalO values
(r=0.907, p<0.01). The mean CBF values (ml/min/100g) calculated by 1-123 IMP ARG method
using the estimated Cal0 also closely correlated with those calculated using the directly measured
'CaIO (r=0.818, p<0.01). The mean CBF values calculated by the 1-123 IMP ARG method using
either the directly measured or the estimated CalQ significantly correlated (r=0.698 and 0.590,
respectively; p<0.01) with those measured by O-15 H,O PET ARG method. Conclusions: The 1-123
IMP arterial blood activity can be estimated reliably without any blood sampling using the 1-123
IMP acquisition data from the lungs and brain. This method can serve for a convenient and

noninvasive rCBF quantification technique instead of the conventional methods requiring arterial

blood sampling.

Key Words: cerebral blood flow, I-123 IMP, O-15 H,0, SPECT, PET.
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Introduction

The measurement of regional cerebral blood flow (rCBF) is necessary for evaluation of
the cerebral circulation in the diagnosis of pathological changes of the brain.
N-isopropyl-p [I-123] iodoamphetamin (I-123 IMP) has been widely used as a tracer for
the measurement of rCBF by SPECT. I-123 IMP has a higher first-pass extraction fraction into
the cerebral tissue and negligible back diffusion from there within an early time after injection (1,2).~
These characteristics of I-123 IMP bring about a good linear correlation between its accumulation

into the cerebral tissue and rCBF. Moreover, 1-123 IMP is one of the most suitable SPECT tracers

N

used for the measurement of rCBF because it excels in the contrast between normal and defective ~

cerebral areas.

In the past few decades, many studies were conducted for rCBF quantification using I-123
IMP. Quantification of rCBF using 1-123 IMP and SPECT based on the microsphere
model was performed by Kurl et al. (1,3). In addition, there were several studies for rCBF
quantification using I-123 IMP based on the two-compartment model, the arterial blood as one
compartment and the cerebral tis§ue as the other compartment (4-8). These quantification
methods for rCBF so far reported require continuous or one-point arterial blood

sampling by arterial puncture which is invasive for patients. A simple and reliable
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quantification method for rCBF using 1-123 IMP SPECT has been developed by lida et al.
(1-123 IMP ARG method) (7,8). In this method, continuous arterial blood sampling and
measurement of the lipophilic fraction in the blood sarriples were avoided, but one-point
arterial blood sample is still necessary for determination of the arterial input function for
each subject.

Recent studies indicated that rCBF could be calculated using 1-123 IMP and
SPECT with venous blood sampling (13) or without any blood sampling (10-12). The
methods without any blood sampling were based on the microsphere model, and
calculated the input function by using dynamic lung images and estimated cardiac
output (10,11). In another study (12), the input function was estimated by setting region
of interest (ROI) on the pulmonary artery, and the integral of arterial input function was
estimated using dynamic lung‘ images by single regression analysis instead of
continuous arterial blood sampling. A more simpliﬁea 1-123 IMP ARG method was also
developed using dynamic SPECT and venous blood sampling (14). In these less
invasive rCBF quantification methods, the results were compared with those obtained
by the method using 1-123 IMP as the reference (10-15). However, there were no reports in

which the rCBF values estimated using 1-123 IMP without any blood sampling were compared with

thpse obtained by O-15 H,O PET ARG method. O-15 H,O is considered to be more suitable for
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the measurement of rCBF than I-123 IMP because O-15 H,O is not metabolized inside of the body
and the extraction fraction is comparatively high (0.85-0.95) (16,17).

In the present study, we attempted first to develop a method without any blood sampling for
the estimation of 1-123 IMP arterial blood activity from parameters related to the 1-123 IMP ARG
acquisition data from the lungs and brain using multiple regression anaiysis. The study plan was
essentially based on the findings that the arterial input function correlates well with the total
radioactivity cleared from the lungs (11, 13) and also with its accumulation into the brain (18) after
injection of 1-123 IMP. Secondly, for the evaluation of validity ;)f this method, we performed
comparative determination of the rCBF values obtained using the estimated,arterial blo;)d activity
and those obtained using the directly measured activity with the actual arterial blood sample. Thirdly,
we compared these two groups of the rCBF values with those obtained by O-15 H,O PET ARG

method.

Materials and methods

Subjects
Consecutive 23 patients (age: 25-77, mean = SD: 53 + 16.9, male/female: 9/14)

underwent PET and SPECT studies. The study patients consisted of 2 with Parkinson
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disease, 1 with symptomatic epilepsy, 1 with meningioma, and 19 with suspected
cerebrovascular disease. In the 23 study patients, 12 patients were smokers or had an
experience of smoking in the past. All the study patie;ts had no serious deficits in the
cardiopulmonary functions. Both PET and SPECT studies for each patient were
performed on the same day. In PET studies of 3 patients, we failed to acquire the data
because of a difficulty of performing continuous arterial blood sampling. The study was
performed according to the approval of the Ethics Committee of Medicine at Nagoya

University for Human Studies, and informed consent was obtained from all patients

before the study.

Image Acquisitions by PET and Gamma Camera
Outlines, of the procedureé of 0-15 H,0 PET ARG and 1-123 IMP ARG data

acquisition by gamma camera are shown in Figure 1.

0-15 H,0 PET ARG Method
The measurement of rCBF using O-15 H,0 was performed according to the O-15
H,0 PET ARG method described by Kanno et al. (19,20). PET scanner SET2400

(Shimadzu Corp.) was used. Each patient was laid in PET with their eyes closed and

50



then transmissions scan was performed for the attenuation correction. The catheter
was inserted into the radial artery to acquire continuous arterial blood samples, and the
extension tube was connected with the Harvard pump via the beta ray detector. Next, a
vein route was secured for the antecubital vein on the other side, and connected with the
O-15 water automatic injection device. Baby cyclotron CYPRIS HM-18 (Sumitomo
Heavy Industries, Ltd.) was used to produce O-15 H,O gas. Following bombardment of
deuteron to N, + H, (0.4%), the target gas was swept out by N, gas. The gas was
transferred from the cyclotron room to the PET room through a tube O-15 H,O gas was
trapped by bubbling in a saline-filled vial set in the O-15 H,0 automatic injectién device
installed in the PET room. The emission scan was initiated after a bolus injection of
370 MBq O-15 H,0. The concentration of radioactivity in the arterial blood samples
was measured continuously using a beta-ray detector. The emission scan of the brain
was continued for 90 sec, and the arterial blood sampling was continued for 210 sec.
The projection data was reconstructed by OSEM method, and the quantification
analysis for rCBF was done with the arterial blood data and the reconstructed images

(19,20).

1-123 IMP ARG Data Acquisition with Gamma Camera
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Two gamma cameras E.CAM for two-detector type and GCA9300A/UI for
three-detector type (Toshiba Medical Systems Co.) were used. Acquisitions of dynamic
and static images were made by E.CAM equipped wit}; a low medium general-purpose
collimator. SPECT data acquisitions were made by GCA9300A/UI equipped with a low
energy high-resolution fan beam collimator. After PET study, each patient was laid in
the E.CAM with their eyes closed and the detector was turned to the thorax. 222
MBq of 1-123 IMP (FUJIFILM RI Pharma Co., Ltd.) was infused into the antecubital
vein at a constant rate for 1 min. Each patient underwent a dynamic planar scan of the lungs
with one of the detectors for 3 min after injection of I-123 IMP (1 sec/frame for 60 seconds and 10
sec/frame- for 120 sec), followed by static scan of the brain (1 min/frame). Data acquisitions for the
brain were made 4.5 and 12.5 min after injection. Arterial blood sampling was done 10 min after
injection of 1-123 IMP. After dyﬁamic and static image acquisitions, the patient was
moved to another SPECT room, and laid in the GCA9300A/UI. SPECT data
acquisitions were performed around 360 degrees with matrix size 128x128 and in
sampling angle 4 every 2 rﬁin, and the data acquisitions were made 15 times. Finally,
the patient was moved to E.CAM again after SPECT data acquisitions, and the third

brain static images were acquired for 1 min. An interval between the static and SPECT

data acquisitions were adjusted to be the same time. The obtained projection data were
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corrected for scattered photons and the images were reconstructed by filtered back
projection with a Butterworth filter (cutoff frequency: 0.65 cycles/cm).  Attenuation
corrections were performed using the Chang method with the outline extracted from the
head surface by the threshold on sinogram of the projection data. To determine the
concentration of radioactivity in the arterial blood taken at 10 min after injection (Cal0),
the arterial blood samples were dispensed in triplicate as 0.5 ml aliquots into tubes.
After subtracting the background count, the tubes' were measured for 3 min using an
Auto-well gamma system ARC-370 (Aloka). The rCBF value was calculated using
Cal0 and 1-123 IMP SPECT according to the method described by lida et ,al. (1-123 IMP ARG

method) (7,8).

Data Analysis

A region of interest (ROI) covering both lung fields was set to obtain a clearance of 1-123
IMP from the lungs. A lung time-activity curve was made (Figure 2). The radioactivity of the
lungs usually reached the peak at 30-40 sec after intravenous injection of I-123 IMP and declined
thereafter until about 3 min. The lqrig washout count at 3 min after injection of 1-123 IMP (LW3)
was calculated from the peak radioactivity of the lungs (Lpeak) and the radioactivity of the lungs at

3 min (L3) as follows: LW3=Lpeak-L3.
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ROI of the brain was set on the time series of brain static images, and the radioactivity of the
brain [counts per sec (cps)]) at 5 min after injection (Cb5), before SPECT (Cbpre-SPECT), after
SPECT (Cbpost-SPECT), and an average count during SP];CT (CbSPECTav) (Figure 2) were
calculated. All reconstructed image data from both PET and SPECT studies were applied
to the three-dimensional automatic ROI analysis software 3D-SRT (Fuji Film RI Farma
Co., Ltd.) (21,22). PET and SPECT images were anatomically standardized using
SPM99, followed by quantification of tracer accumulation in 12 segments (anterior,
precentral, central, parietal, angular, temporal, occipital, pericallosal, lenticular nucleus,
thalamus, hippocampus, and cerebellum) in both semispheres of the brain.

The relationship between CalO (cps/g) as the objective variable and 5 parameters
(LW3, Cb5, Cbpre-SPECT, CbSPECTav, and Cbpost-SPECT) as the explanatory
variables was examined by multiple regression analysis as follows:

Estimated
Cal0=A-LW3+B-Cb5+C-Cbpre-SPECT+D-CbSPECTav+E-Cbpost-SPECT+F,

where A to F are the coefficients of the multiple regression formula. The estimated Cal0
calculated from this regression formula was compared with the Cal0 directly measured

with the actual arterial blood sample. Then we examined the relationship between the

mean of rCBFs in various regions of the brain (mean CBF) (ml/min/100g) calculated
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using the estimated Ca and that calculated using the directly measured Cal0 value. Both
groups of the mean CBF were compared with that obtained by O-15 H,O PET ARG

method.

Statistical Methods

All data were statistically analyzed using the STATCEL 2 (OMS Publishing Inc.). In multiple
regression analysis, the regression equation was calculated using the least squares method. The
acquisition data for the explanatory variables and the objective variable were confirmed to follow a
normal distribution using Chi-square test. Pearson correlation coefficient test was applied to the level
of significance of the correlation coefficient. The significance of the difference between the two
correlation coefficients was determined by the test of equivalence of the correlation coefficients
using STATISTICA version 03 (StatSoft, Inc.). Statistical significance was established for p-values

of less than 0.01.

Results

Multiple Regression Analysis for the Estimation of Cal0

Examples of lung and brain images and a lung washout curve for a study patient
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are shown in Figure 2. A regression equation for the estimation of CalO was derived by
multiple regression analysis using 5 parameters as the explanatory variables (LW3, Cb5,
Cbpre-SPECT, CbSPECTav, and Cbpost-SPECT) as follows.

Estimated Cal0=(2.09x102-LW3) - (2.29x10*Cb5) - (9.87x10°-Cbpre-SPECT) +

(1.06CbSPECTav) + (1.03x10>-Cbpost-SPECT) + (1 .65x10%) (cps/g).

Comparison between the Estimated Cal0 and That Directly Measured with the

Actual Arterial Blood Sample (Measured Cal0)

Figure 3 shows the correlation between the estimated Cal0 and the measured CalO (cps/g) in
23 study patients. There is a close correlation between the estimated Cal0 and the measured Cal0

(r=0.907, p<0.01).

Comparison between the Mean CBF Values calculated by I-123 IMP ARG Method Using the
Estimated Cal0 and Those Calculated Using the Measured Cal0

Figure 4 shows the correlation between the mean CBF values (ml/min/100g) calculated by
1-123 IMP ARG method using the estimated Cal0 and those calculated using the measured CalO.

There is also a close correlation between both groups of the mean CBF values obtained by these two
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methods (r=0.818, p<0.001). The maximal and mean + SD differences between them were 8.56 and

3.51 £ 1.96 ml/min/100g, respectively.

Comparison between the Mean CBF Values Calculated by 1-123 IMP ARG Method Using the
Measured or Estimated Cal0 and those Measured by O-15 H,O PET ARG Method

Twenty of 23 study patients underwent the measurement of the mean CBF values
(ml/min/100g) by O-15 H,0 PET ARG method in addition to the measurement by 1-123 IMP ARG
method. Figure 5 shows the correlation between the mean CBF values calculated by I-123 MP
ARG method using the measured Cal0 and those measured by O-15 H,O PET ARG method. There
is a significant correlation between the mean CBF values obtained by these two methods (1=0.698,
p<0.01).

Figure 6 shows the correlation between the mean CBF values calculated by 1-123 IMP ARG
method using the estimated Cal0 and those measured by O-15 H,O PET ARG method. There is also
a significant correlation between the mean CBF values obtained by these two methods (r=0.590,
p<0.01). Degree of the correlation between the mean CBF values calculated by 1-123 IMP ARG
method and those measured by O—lf H,O PET ARG seemed to be a little less in using the estimated
Ca than in using the measured Ca (r=0.590 vs. 0.698). However, the difference between these is not

statistically significant.
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Examples of rCBF Images Obtained by 1-123 IMP SPECT and O-15 H,O PET ARG Method
Figure 7 shows functional rCBF images obtained by 1-123 IMP SPECT, and O-15 H,O PET

ARG, and the SPECT images treated with 3D-SRT in a patient with no pathological findings in the

brain and a patient with right frontal lobe meningioma.

Discussion

In the present study, we estimated 1-123 IMP arterial blood activity using the 1-123 IMP

initial circulation images of the lungs, time series of static images of the brain, and brain SPECT

images. After intravenous injection of 1-123 IMP, the concentration of 1-123 IMP in the arterial

blood reflects the amounts of 1-123 IMP released from the lungs (11, 13) and is proportional to its

accumulation into the brain (18). The method developed in this study was based on these findings

and designed to estimate 1-123 IMP arterial blood activity at 10 min (Cal0) after intravenous

injection using 5 parameters relevant to the lung washout counts and the brain accumulation counts

of 1-123 IMP. The parameters were used as the explanatory variables in the multiple regression

analysis. Despite a simple data collection method, the results of this study showed that it could

estimate accurately 1-123 IMP arterial blood activity. For the evaluation of validity of this study, it
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was demonstrated that the mean CBF values calculated by I-123 IMP method using the estimated
Cal0 closely correlated with those calculated using the measured Cal0, and that both groups of the
mean CBF values significantly correlated with those measured by O-15 H,O PET ARG method. This
method developed in the present study can be applied to a clinical use in other institutions. For this
purpose, it will be necessary to calculate the regression equation using fhe parameters obtained in
respective institutions.

The standard for the input function in the conventional methods using 1-123 IMP for the
estimation of rCBF were mostly obtained by frequent or continuous arterial blood sampling and the
measurement of the_ octanol extraction fraction of the blood (1,3,4). These ,tasks are iﬁvasive and
somewhat complicated in the clinical setting. I-123 IMP ARG method developed by lida et al. (7,8)
requires only one-point arterial blood sample and, therefore, has been widely used as a convenient
clinical examination. However, it has been known that in the method there are diversities among
individuals in retention of 1-123 IMP in the lungs and in its release from the systemic circulation
into the brain tissue(18). Furthermore, in severe cardiac diseases, pulmonary diseases, and heavy
smokers, the standard curve for the input function may differ as suggested previously (7-9). In the 23
study patients examined in the present study, there were 12 patients who smoked in the present or
past, but no patients with severe cardiac or pulmonary diseases. We experienced a peculiar case in

whom 1-123 IMP injected into the antecubital vein flowed into the brain directly through the
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internal jugular vein probably due to an abnormality of the venous valves (data not shown). Sucha
case is not suitable for the application of the method developed in this study. Influence of severe
cardiac or pulmonary diseases on the applicability of this method is still unknown and must await
further studies.

In this study, 5 parameters such as the lung washout counts, time series of brain static counts,
obtained at 5 min, béfore and after SPECT, and brain SPECT average counts were used as the
explanatory variables for the estimation of Cal0 as the objective variable by the multiple regression
analysis and the regression equation for this purpose was calculated. 1-123 IMP is known to
accumulate in the lungs after intravenous injection and is gradually released from the lungs into the
systemic circulation (11). IMP permeates into the brain and is retained without significant loss from
the brain for several minutes after injection (18). The general purpose of the multiple regression
analysis is to determine the relationship between several explanatory variables and an objective
variable. In the multiple regression analysis, data have to be normally distributed. The 1-123
IMP acquisition data used in this study were confirmed to show normal distribution among the
study patients. Therefore, the use of multiple regression analysis is considered to be reasonable. In
the other hand, there might be parameters other than the 5 parameters used in this study which can

be used for the estimation of Cal0. At the present stage of our studies, we do not have any clues to

the other parameters.
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The mean CBF values calculated by 1-123 IMP ARG method using the directly measured
Ca significantly correlated with those measured by O-15 H,O PET ARG method (r=0.698). This
result is comparable to the results of the previous reports (4, 9), although in the other reports the
degree of the correlation observed in this study was a little lower as compared with the previous
results (6-8). The rCBF values measured by 1-123 IMP ARG method iﬁ high-flow regions tended
to underestimate the values by the PET measurement. The lower correlation might be caused by the
limited first-pass extraction fraction of 1-123 IMP (6-8). Another possible reason for the
underestimation of rCBF values by 1-123 IMP ARG method in high-flow regions may be the
lower SPECT spatial resolution than that of PET, Compton scattering, én error inAabsorption
correction (23), or the partial volume effect by using automated ROI analysis software. Further
studies with a large number of patients are needed to increase the accuracy and usefulness of this

method in the clinical setting.

Conclusion

In the present study, we developed a method without any blood sampling for the
estimation of I-123 IMP arteria} blood activity at 10 min after injection of 1-123 IMP
(Cal0) using the initial 1-123 IMP circulation images of the lungs, time series of static

images of the brain, and brain SPECT. The mean CBF values calculated by 1-123 IMP
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ARG method using the estimated CalO closely correlated with those calculated using

the Cal0 directly measured with the actual arterial blood sample. The mean CBF values

calculated by 1-123 IMP ARG method using either the directly measured CalO or the

estimated CalO significantly correlated with those obtained by O-15 H,O PET ARG

method. These results suggest that this noninvasive method of estimating 1-123 IMP arterial

blood activity for quantification of rCBF can be a convenient alternative to the conventional methods

requiring arterial blood sampling.
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FIGURE LEGENDS ' '

FIGURE 1. Outlines of the procedure of O-15 H,O PET ARG method and 1-123 IMP
data acquisition with gamma camera.

FIGURE 2. Data acquired after intravenous injection of I-123 IMP. (A) Lung planar
image taken at 3 min after injection. (B) Time course of radioactivity of the lungs after
injection.  (C) Brain static images at 5 min, 13 min (pre-SPECT) and 45-50 min
(post-SPECT) after injection.

FIGURE 3. Comparison between the estimated Cal0 and the directly measured Ca.
FIGURE 4. Comparison between the mean CBF values calculated gsing the estimated
CalO0 and those calculated using the directly measured CalO.

FIGURE 5. Comparison between the mean CBF values calculated by I-123 IMP ARG
method using the measured Cal0 and those measured by O-15 H,O PET ARG method.
FIGURE 6. Comparison between the mean CBF values calculated by I-123 IMP ARG
method using the estimated Cal0 and those measured by O-15 H,O PET ARG method.
FIGURE 7. rCBF images obtained by O-15 H,O PET ARG method (A,D) and by
[-123 IMP SPECT (B,E), and the SPECT images treated with 3D-SRT (C,F) in a patient
with no pathological findings 0{ the brain (A,B,C) and a patient with right frontal lobe

meningioma (D,E,F). Arrows indicate the site of meningioma.
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