A Study on Regional Cerebral Blood Flow
Scintigraphy by 99mTc-d,
1-hexamethyl-propyleneamine oxime
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somT'c.d, 1-hexamethyl-propyleneamine oxime (2 X 3
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SRKFEFMEEFHE (BT AEKR—EIR)
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(ERC 142 A13B %)

FLOMMBERMERX & L T O ®Tc-dl-hexamethyl-propyleneamine oxime (*"Tc-d,l-
HMPAOQ) OLFHHER UV ETDENEER T v b RUE F TERICKRETL, 3o CBRBERICT
ERERE 21T - 7. In vitro TO *"Tc-d-HMPAO DOMEMEAERIME 12 BB E% T1393% L BIFT
Hoteh, DERRNICERELL. MNIRE5ED 5 BEIENERL, £52 - 34LBI106EME T
RETH->7:. MPEEZRS1AERTERECEL, N5 2BETREPH»ERITI00, %
NLUBEFOE2Ro2IEA L. T TEREENTVEMERADBWEESRICMEZ T, MBEEE~ADEWL
BERLEBWIZREINTL. 2510, TOORAKUVMBERIZES L ™Tc-d,l-HMPAO i3 Mk AxEE
FI2E@L AV I EMNTEINRL. Ty METDI 2 04—+ 5942757 4 RUMEERELCET 25
ATk, *™Tc-d)-HMPAO 2MmEfiBAM 2 @@L 2, —EMWMEM 2 BB L - EBAEO HEO
*"Tc-d,l-HMPAO (3P TH o 20 2 FEIEMEE BRI 2 Z L SHBH L /2. ®Tc-d-HMPAO iz &
% single photon emission computerized tomography (SPECT) & & N-isopropyl-(I-123)
p-iodoamphetamine (IMP) @ SPECT ff & DIz T, BOOHREICEL Tix IMP O 7H553ER
T, TOEHEHESMZT S0, Lassen 6k > THRIB& Lt b TO *Tc-d-HMPAO &
ASHEOHEETALE2HECT, MORELZEEERERFNFTECIORD 2. BMATOEHEED
*Tc-d, .l HMPAO 2 & FEEMER B ~OEBOEEEH ke) 13, MANOILEMED *Te-dl-
HMPAO » SO HEEMED *Tc-d,-HMPAO ~OBTOREER (k.) KL THRSCKERET
FRwid, Mro>mP~OMEHLSHEZ Y, ZOFLHRFMIEOKREZLI3ELELHDT, Th
HEEFLEMHFOI IR E2ELTIDEEZ M. L L Lassen 5ORBLAHERD
FUESHENCHH AR, CORMERICEID IV IR 2HBTES Z LRI NS. 20>
PO AMHBRESERENICACSNIRE VD EEZ NS, ERMADATIE 25 M OB
g8% " Tc-d]-HMPAO DEEL, BEEZEECHICEIL, #E 2B IIZ 0 R2 I EnbmD,
#"Tc-d-HMPAO 12k - THREEBROMBMOBERISRIND ZEdbhrolz. —HE N TOHE &IX
Rtz o v bOMEIE F VI &2 BT, *Tc-d]-HMPAO ¥ IMP D 2 DDRiCa > b J A D
BEEHachaPo7. i ke HRBT2EHRENTFESN, 79 PTIRE MZHART ks fEH
k: IR L CHBEEEVEEZ N, —HHTSEOEKF TCORFCB VT, X# computed
tomography (CT) & DB TIH X#R CT B%FIT *Tc-d - HMPAO » &Rz RATHIM IS % 185 L
Bl FLBAMERE I L3 7 EETHMBORMERIONT 2 MOTOFM T, X4 CT LMimeE
EETRHELESXVWEAMOEEE SRE S A, TOBTRCERIERMEMEMERNERL, T&
DOHERERTH -7, Matas & ™ Tc-d-HMPAO-SPECT %&b 3 HEIc Ly, ARAIE
ERPFORBEEERL TTLD 2Lk, EHERICSRERTY, QIBIMTE2FMET 5 Hik 26
FL. Dk ®Tc-d-HMPAO iz £ 2 SPECT ##Elx, £F25F v MBELTAFTE 3 0FRAN
EETEGTCIARETOLHETL D 58, *Tc EHOROREOKEELRSTE 30 WBREE
MTEMABECENRE/2 I TE 24, ERHOAFRBRIZEL T HIIBVLTESETO
IMP SPECT REL VENTEHD, BIREIEBOTHERSRETHS Z LHEEL .
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B4, N-isopropyl-(1-123)p-iodoamphetamine
(IMP)”, N,N-dimethylbenzyl-N’-(2-hydroxy-5-iodo-
3-methylbenzyl)-1,3-propanediamine (HIPDM)?,
thallium-201 diethyldithiocarbamate (DDC)? %z £ &
#o sigle photon emission computerized tomogra-
phy (SPECT) FE#I2S5% & 1, AT I o 574 43
BAHTbhd EICH o, ZOFTY, FiZ
Holman %99 & » THRRIE AL S hiz
IMP i, A THBLCTHR &, —REFELV L TIL
CRVBRTVS. LaLExE: "1 EHOLoRE
BOAFHIRRD 2. RES5ELRONEBEFLHE
BEBICBRERMOBRVLETSHS. O
oTc BEHEFOBHRNHEASNTEL. F v M
i *Tc BEMEAE RN, AR 28T Y
RENTRETH D, BERLHTE B OERKMT
DBRBEHAETHE206THS.

R > 5777 1 BEE LCOEEL ZHEZK
BRADBEWERE L, REEICD 2 H~0EET
b3, ZO20DFMEHLT " Tc EREHLLT
i ®Tc-hexamethyl-propyleneamine
(™ Tc-HMPAO)” »3fF & hiz . A#iE Troutner & ®
Lo THFEEANT *"Tc-propyleneamine oxime
(*"Tc-PnAO) %, Neirinckx 525%WB L7z 5D TH
5. *Tc-PnAO FIMWMBEIFI 2 EBT 2 DD, 2
WEEOVEL, TS L Y R HahaRE%E
Lz, Zhic L *Tc-HMPAO Biww#ond, 1 &
(*Tc-d,l-HMPAO) &, Bh 7 {886E% = LKA
AL CHBENLEZS.

L L, ZDRMAERECHABNCEL TIRERZTEL
RUEL, ERNAERLHER SR TOHR L., ZOH
ROEMIRERIRITIZL D *™Tc-d-HMPAO Ofiy
WENEEZ D IZ L, ZOMMEFEy >+ 57 4 FAFlL
LTOERHMEE A2 22 L0k, Ao
BROERANEHITZ2LTHS.

oxime

NRE L UHE
I. BEBRIRFS

Abbreviations: “C, carbon-14; IMP,

1. HaHbFERmE

3 F#R D thin layer chromatography (TLC) % % F
W, ®™Tc-d]-HMPAO DOMSHEERIME 2REL
720 BIENEE & D 20MMBOY =3 v—y L DB
7z 60mCi/ 5ml @ *TcO, % d)-HMPAO D& #
WREF Y MICNZ, Z0 20l OB >k, 2HO
TLC B>V # 4 V&R Y v 7 (Gelman ITLC/SIG,
256X200mm) & 1 ¥ @ % # (Whatman No.l,
25X 200mm) DFEHE LD 23mm OB L, EHH
WERHE L. 2%0 ITLC/SIG i 8D $ @ methyle-
thylketone (MEK) (¥ A 74 1) £0.9% NaCl &%
(A7 A4 2) T, Whatman No.l 1350% acetonitrile
(¥R743) TREALL. BE%, REL, TLC &
F v+ — JTC-501 (Aloka, BX) CHETEES TR % HlE
Uiz, ¥ A7 4 128 2 JAMTEORETREDEIE v
5, YAT b 3ORANEOREEEDEEEELS
T, *Tc-d-HMPAO O RMEEEDEE (A%) %
KDt Flo, YATFA2IZET BEELHBTEDK
HEEOEE L LT *™TcO, OEE (B%) ¥, YA 7
L 3BT BREAMMEOBEEDEEG L LT ™Tec ©
BRRKBYOEE (C%) 2Rz,

BEXD, *Tc.d-HMPAO O Mkt (L 5 0 f g
(%) 2100—(A+B+C) TRK®», DM HER 2 1E
HEH2 510053 & TREFL 2.

2. ErREBUIMFRVRIZ VT 72 R

3PIOMMERERE T *Tc-d, LHMPAO % #
RAKS U7k, RIFIZ305 & CEINREEI %S, 20
H2UFM  CHIRRMETOmMF 2 V7 5> AR HE
L7z, g7RIUCABETES®RO0 — 8IFM, 8 — 128
fl, 12-24BDRPZ7 ) 75 > AR HEL 7.

3. E B AMERRVMBEEARFHEE

In vitro, 37°CO &4 F T~ ) > fi0 1 ¥ 12
*Te-d-HMPAO %@L, 1, 5, 30, 60530 A >
Far—varETok. Z0OB, BLOH . -2
DIEDKBETEERRJEL, ~= 7V v + THIET 2
ZEWCED, eMBEHNT A MBREEREEHL 7.

FAU&HETT, mMEK *Tc-dl-HMPAO #% &N

N-isopropyl-p-[ 123 or 125] Ilodoamphetamine;

MEK, methylethylketone ; SPECT, single photon emission computed tomography ; ®Sr,

strontium-85; *"Tc¢, technetium-99m ;

*Tc-d,l-HMPAO, *"Tc-d]-hexamethyl- propy]enea

mine oxime ; TLC, thin layer chromatography ; **Xe, xenon-133
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L, 1#20WLIsHA v Fax—Lik. Z0%, Kb
W0%BERBEERML, XKe T TEE, BEL, Eo
HEELCES R R, 5 %RERB T3 EKET
A2Iiicdh, MFEERHEESREEEB L.

MERR UMEERICHES L2 *Te-d - HMPAO ¢
MENEMF 2 BB T2 0E»2R57:0, 2 ADEH
RIYT 4T TCUTOERERIT-o72. RO 1A
&, £ 10mCi @ *"Tc-d,-HMPAO 2% 5L £D 3
s3Iz 1EEO SPECT ®B&%1Tv, & 242 10mCi
@ *Tc-d-HMPAO %85 L7z LT 2EBEDERER:
BMUVRLTTFo2k. 3 1 Ak, 10mCi @
#nTc-d-HMPAO #8lkeMe 5 51 > F 2 X —
varLEkEL, 1 EEHOHEERTo . Wick
BEALLAYFar—yaryELT 10mCi ©
»Te-d-HMPAO 2851, 2 BHOBEE{T- /2.
SPECT #&iZiX 1. 5. TRT VY IRHEBERAW
7z

4. & MZB B ENEESE

IFIOMMEREERE T *™Tc-d-HMPAO #iF 1
B, RO 2 BRI, v h 25 GCA-90A (EZ
B, BN TEEHBREERLL. 25 L BRI
RELLEBEOHEBOFREL Y, SEBOBEEES
MEEBORSEER T 2HSEL LTRL.

5. £ VEERT VT 4 7 TOMASH

SHEOEER7 T 47 (IR, RU2KREMN)
10—20mCi @ *Tc-d-HMPAO 2#EL, V) > 7/
FigHiga® SPECT #iE (Bms!, Headtome II, I
;P EAWT, BREREE. BEISE»510
BRI & TRENCEREL, FTERONOEZ 2rd
RELOBLEREKEE L L TEBRHIC, ABEL
TREMHEPLICHEELL. KEE, BEDRETEE]
B (FEBRD T b)), RUTESE O LORBNES 2K
BL7. &7, REHREBEOARELRETL .

B hz->TlE, B raLF —BEESEED )
A—F &AW, LATy 7OEBREMXEMT P V7
ATREL. 1 BOBRBRRMIEMGELE. &
SN/ E 57— % Shepp & Logan 7 4 V¥ % H
WTEERL, 9EAL—Y Y I 0BETo7. %
7=, Sorenson "Iz & 3 RIVEIE 21T - 7-.

6. Sy bRTDI 0t — I VATTT 4

*Tc-d-HMPAO Ml MmERErY %2 8@+ 5 2 & %
FEET B0, 27ud— I35 7 4 2(T>
Fr. R ML EY — VBT (60mg/kg) @ F >~
Va—F v b (250g) CHWEEHK» > 20mCi ©
®mTc-d, )l HMPAO ®#5 L, 243BCHEEL 2. B
PARAGERPICRD L, FI74 74 ATHHALR

ANFFY (—T0°C) WTHEBLILEZ 744 A5 v}
TISSUE TEC 4551 (=3, Hm) MV TE& 5,
m QEEYIR % 272, Zhi A NMR-2 (Sakura,
BER) 28MLIERATIA RS IACET-20CT2H
FEEmMR, B& . ZOBCZTHEK (52), &
BAM L, AT FY )t I THRRELE
L.

7. 7 v MYTOFENEL

*"Tc-d-HMPAO ORTOILENELLE2R 3 12
DIISTED N ) a—F v b (180g—220g) IZEEIK
&9 10mCi @ *™Tc-d-HMPAO %2#&5 L 7-. #ak
14y, 54%, 104, 3043, 605MCHTEEL , Bl RBUE®
PICED U E S5ml @ 0.32M FERICTREY S
4AXLtz. Zhzdml DAY/ -V THBL, 2
O Ea > b -0 *Tc-d]-HMPAO 0 &
0p] WRLTI. 1. KBW2LABEEBs o~
VT 4 BTN

8. Zv MU TD~A4 270 R7 =7 £EDLEK

#Tc-d,l-HMPAO % Fivs TR % & B{bd 21
YA 7 ORT7 27 EFLEBRATE 2052 HRT 2
T OBETET A 2 0RT7 2T EDLEET o, Ry
PYAVE Y — VEEEET (60mg/kg) OS5 KD F »
Ja—Fw Mz, ®Tc-d-HMPAQO & Strontium-85
(¥Sr) TZ_nLizeA7aRX7 =7 NEM-052A
(NEN, XE) 2EKICEES L. GHEIR, ZREE
PRicRY =F Lo Fa—72BAL, AEEROZA
BEZEZTHEALL. TOEZEXD *SrE#~{1 70
A7 =7 %, EXB#IRLD *"Tc.dl-HMPAO %[/
BRIZ45F T TGS L7, ®Sr R A 7 uRA 727
(p15+1.5) 120.01% Tween-80 #MZ 7210%F *
ANTICFESY, BRI 1 -2 xCi, ¥4 70
A7 x 7 DEIZ40,000—80, 000 I THEL THWT2.
#Tc-d-HMPAO X 200—-400, Ci 2% 5L 7.

EARBERICEALZAT—T LI DEHARCHETT
AMWE~A 7 0F a— 7R L. 2 EBFORR
%5 2 HBICHTEL , eI EERD H L, BREL
MEEZOMOEREEREL, Frehvry—L
T *Tc & ®Sr O BEEEZHEL 2. ™Tedl
HMPAQ & ®Sr 3~ {7 0A 72720V, &
M E % TR Lizds> TEHL 2.

Cb(T)=F [sCa(t)dt - (1)

HL 22T Cb RMEORS (T) To oD HEtEE,
Ca RBIIRITE OBEHEE, (1) WEEMTH 2. *Ted,
-HMPAO O#S5EMOESRERX 1. 1. OFEKE
DRY, BOENMFEEZNTHIELR.
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9. 7v MYTOVIEEEEFORK DI D AHK

Fy METOVEBERRIZS T 20D *Tcd,l-
HMPAO O M D A & F %, Crone @ Indicator
diffusion method™ iz & B Kbz, S5LDR b 2N
ES—VHEBETOR Y 2—5 v b (200—300g) 0
WEBIRIC A T — T v EEAL, *™Tc-dl-HMPAO
r “C &1 XV » NEC-164A10 (NEN, XE) [
B®5 L7z, *Tcd-HMPAO i# 100x Ci %,
MCHEEA RV i1 2Ci%, AL 100x] DEEITE
PLTEV. ZORSOERCHIRALSIZ KX EH
FTeE, 2EXARRSRIBET2HBRIZ, 7
FA7 7A4N—=7 4 V¥ — GF/B (Whatman, X[E)
ZREEIRIM 2 SR L 7. SRS EATICHRIRL 72~/ >
meme, RE5TIREWO—HEEHL, AL
filter K F LAY Y5 —FE L. ™Tc ORETEEIZ
HrRyvFr—yvavavry—AnTllEL,
C OBSRER 0B B HEY v Fr—yva v b vy
F—ERAVTHEL:. 8L S 2WED, YEEES
BHORVIAAE (E) T TEOZT L Hobans.

E=(Cr-Ct/Cr e (2)
Ct=(Aam— Xem)/(RCP Dten) +++++(3)
Xom =CtDtam(1~RCP)  -on (1)

HELZCTCid, B 2iiRmb omstseED, &
ELL RSN T 3T, Ttk FhEREEL
ROHEMED v —P— (1 XY V) &, BT 288
V— % — (*Tc-d-HMPAO) % % ¥ . ™ Tc-dl-
HMPAO OBEHMEEMMER, AREHR LS L L
100% Tid % 432, *Te.d -HMPAO St %id, I
MEEEFI & @B L 2V L EETE 20T, Ct 3R
ERWEDEEENS . HLZODE & Agn, Xom,
Dtem i3 % Z I U 7o BUERIRID T O fesdeE, B
<IEEERIMEF D *Tc-d,l-HMPAO L4t D ustss, #%
El7efeges® . 7 RCP ZH¥5HED
*Tc-d-HMPAO Dt bssiETHn, 1. 1.
TR IBOBE o= 57 4o TR 72T,
B2D7y bitBWTRERIBECOEMEOBSH
Emax) # W EHEBRICB T 2D *Tcdl-
HMPAO OWYDAHE L L7z,

0. 2y MTO=20t— 594757 110 &
% IMP kot

TIUF— IO ST T 4Tk D ERIRE T
BWT *™Tc-d-HMPAO & IMP LD H#E& 2T o7,
RYIINVEY — VEREET (50mg/kg) @ 4 ED K
YVavIy rOREBBIRICYF—FALEBAL, B
PRI SR HIRE 0 3 BEREETI. Tamura & 0 55 2 &

D —RIO P RE4ENR % /"B Zen clip (Ohwa Tsusho
Co. Ltd, H¥) THES®TB VL.

20mCi @ *"Tc-d-HMPAO & 50 Ci @ ™1 #Z5%
IMP (AR AV 74 ¥y 724, ) 2BEL T
0.3ml 2L, KERBRARL D 20M0 3 TIRE L. 20
BYDOO 14MRHTHBEIZ, KO 1 SMEIZ K208
BE&WZ, & 0.03ml ¥ O20E0EIRIELE B % -
7.

BE20BICIEL, ERICED B LS —70
CTHBEL, 754 F+A%y MiZT~20°CF T 20
pm DY EEHL, R34 R 7SRRGB s
72 BREIOBEHE *Tc-d,-HMPAO & %2E 2 7= Iz
LSBTV, *"Tc DOHSEESELREL 2 7 HE
(™ Tc DWBHFHHE) £ IMP %8272 2 F
BoBX% 2 5 ART- 1.

BB - SPAT 71 DDDARY v —F
2B 728, 30—300x Ci/g ® *"TcO, & 0.15—
1.64Ci/g ® IMP #&%, 028 DESF > & 1.0
ml OFEEKIZEY, 6CCETEDFIA 7L RATH
WHILI:, ZO¥EFED 7544 R 9+ 20um
DYIF %%, MEIF IcBEs . B OXSE
METRERE (4 Ci/g) 22D vy vy F L —
YarAhav I —THEL.

Brain

~ Cb,
Ka| kq
Cb,p

K4
ko

AND
BBB

Fig.1. Diagrammatic representation of the
kinetic model for determining cerebral blood
flow and the rate constants of K,, k., k, and
ks using *"Tc-d]-HMPAO. This model
consists of four compartment, which are
diffusible tracer in blood (Ca,), nondiffusible
tracer with respect to the blood-brain barrier
(BBB) in blood (Cawp), diffusible tracer in
brain (Cbxp) and nondiffusible tracer with
respect to the BBB in brain (Cbyy). The
conversion of diffusible tracer to nondiffusible
one is assumed to be irreversible such that
ki=ks;=0 and it is assumed that the nondiff-
usible forms of the tracer (Cayp and Cbys) do
not cross the BBB. )
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F—-bIVFTILRTA 70T E 2T -k
Wit F Yy b A—F—THREL. Tk CCD & X
Z TI-22A (NEC, ER) #7+u 77y ¥ L (A-D) 2
v 8—% — (ADS Co. Ltd, £R) #BL T 702
v Ea—%— PC-9801 (NEC, ) WEFLTE-
jz. AD a2 N—F — 3256 X256 7 & VD SHiREE R
b, MREO S vA VL ERED. TYSMELTE
4 A—YREESTORAFKE LA A— VLB T A
FHAVTIERE Y S —a—FL 7.

0.03ml ¥R 7 BRI OB &L 1.0ml
OF 77/ —NEMAEMLE. fBsh T2V
IMP % #hii4 27-%, 1000rpm T 5 RO L8,
tEoA 275 —VEELYD 0.5ml 2HOBRERE
ot *Tc ORETHEERERL 22 THRZ, &2
KOBBRED ¥l OBGER vy rFr—ard
vy —THELL. Bifkin: 4 2% /—n0.5ml %
St b ODOHEEE® A cpm, £ 7% ./ —1 0.5ml ©
HESLHDOOHETEESY Bepm LT3, ERET
D475/ —LHHE (OER) B THROAZ L R S.

OER=2B/(A+B) (5)

BRKOFEER IMP f» 5~ A 70R7 =277
NCEMOTROREBOTEHR L2,

F=100Cb(T)/[ [ FOER Ca(t)dt] - (6)

BLZ 7, FIRAMMKIE (ml/100g/min),
Cb 3B (T) OAo IMP #E («Ci/g), Ca ik
RS (t) OB E LT oEIRmmD IMP BE (uCi/g)
ThH5B.

¥ 72 ™Tc.d-HMPAO b b~ 27 aA7 27
EFNMCEM O R TFEORIC & - TRAAMIDSTE 2R
ol A

F=100Cb(T)/[ fTRCP Ca(t)dt] - (7)

{fALzZT RCP 3#%5EH D *Tc-d1l-HMPAO
ORsHEERHET, 1. 1. O#EBrzo~ /7
TARTH DR

11. & MM BIF 23 089— b A MR

oo d -HMPAO 2B CIMMR * 8T % %
FAEE1®IICRT. Cap BRI O ILRREFT I
WHUTHET 2 b —y—BE, Caw HIMEHFICE
ERX AL 2w b L — S — BRI Cby 3N
OB S BRSEMD ML —Y —EE, Cbw KA
BrBRshz KEEDO V- —BETHI™.
K5 ke DEEEHIZE I /S~ bR PHED b
VY —OBEERRET S . MERB L UTRATOE

WAREHFHE LRET S, 2D ki=ke=0
TH> THBLZ W L —3— (Cano B &V Chyp) ik
M 2 £ {BEBRL ARV ERET 2 &, TEo
MAARENEa V= A v MEHCERS RS,

dCby/dt=K Cap—(k:+ksyCbp ===+ (8)

dCbyp/dt=ksCbp e (9)

dCanp/dt=kLap=ks(Ca—Cayy) -+ (10
BL Ca RERMFPOEIL—Y—-BETHS.

Ca=Cap+Cayp e 1))
ZZTK BROEICRENS.

K)sz ...... (12)

{BU f BEMERY D ORMMKE, EYHEERED
WORABRETHE. ThERALTROER2E5.
Cho(t)=1E exp[— (k. +k:)t]®Can(t) --13
kifE
(k2 +ka)

Can(t)z {l—exp[—(kz—i—kg)t]} ®Can(t)

fE
Ch(t) —(m) {ks+kexp[—(k.+kat]} RCan(t)

Cap(t)=Ca(t)—ksexp(—kst)@Calt) - {19
BLZZTCb B&lMD L —Y—EBETHS.
Cb=Cby+Cby e a
FQREERS>EHS DT .
R15L16& H Can(t) M7 &

fE
b “(ko+ka)

®[Ca(t)—ksexp(—kst)®Ca(t)] - )

{kst+kexp[ — (kt+kot]}

IMMmAAREE O B 4 A TR ENT & BT & &&
EEHERDT:. BERIR2 AOBRT, FHiE54-
6T TH -7z, 3ARZ EETHML AMINEET
Hot:. RE»SREE COHMIIZ I —428HTH-
7. BRIOBEBE L TOEMO M v —y—EE Cb
() &, *Tc-HM-PAO #5305 % CL120 8 & 1LH
LV RLEEDELAF Yy > T 52 Lo TRD
7. ZhCiE 1. 5. T v 78 SPECT ¥ A
FACBREI) A—F—%EE L TAVE:. Bl
BRBLTHELMEEY 4 ADBER & 2 AOREER
HEEHICERY, PR ENKEAEEABERHEYET 00
Y U7z, £ 8488 X CT HERIUE O EWHS
wEBE L. oM E L TOBIRMA by —F—
BEE (Ca (V) HEBBIRL D ORMICK > TR
MHo 3 SIS & ce DBRIRMBEELL TS
oml #0305 % T L. MFD s L ——BE
WA vy Fr—yvavavy sy —TKDI.
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SPECT Y RT ALE Uz VA Ty —DHO7 R
Fr)7rv=varid, BHOBED *™Tc Tzl
72 EE 20ecm OMEE7 7~ b A BOWTITo7:.

Ca (t) & Cb (t) OFEROE R, R1BRE T LT
LORWIEBRER/N_RE? LI DEELE, P (1)
»o5P (4 DABEDNT A=y —%RDI:. ZITE
DEIRT. 9. TRKOLEEL, 2HTELV LRE
L.

Cbt)= {P(1)+P(2)exp[-P3)t]}
® {Ca(t)—P()exp[—P@)t] ®Ca(t)} --19

K.,=fE=P1)+P(2) e 0
k:=PQR)PE)/[PQ)+PQ@)] - @
ks=P)PE)/[PQ)+P(@2)] o )
ks=PM@4) e 3
II. ERARAOMRES

1. BEMEBBETCOXK CT Lo
FIMIMEBESET 231A (BHISA, LA,
18—758%) O BEF WXL TEH 40 @D *™Tecd,l-
HMPAO W X 3BHIIE Y v F 75 7 4 —%1{Fo 12,
BEONFRIZ 7 TETHIMISE, B 6§, 12
BETOURE 4 ), BGBIRSARATZ 36, AMHim 24, RV
—EWNE M, EE, MG, S10Ths.
RELDREE CORMIZ, 2 BLAMB5E, §—
7H»S11E, 8 —14H#87E, 15—-30H28 B, 31H
UEB9mETH 2. #EIZIZ Headtome II & {Ex %
VE—FABHBED ) X —F — £ Hni. 1EOBG
BRIZH104 & L. ™Tedl-HMPAO I k 3
SPECT &, FIRHEITL 72 X4 CT REBEEN
I HERRE LTz

R BEERFITO *™Tc-d-HMPAO O AIZEIRX
FEERTERREZ M EEEZRSOERRES, &
ADXEE - ROFEC L 2EED b Li{Thill:.

2. BEMEREASETORERK

BRAKICE T 2 *™Tc-d-HMPAO i & 2 BXInE
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X#g CT, MMEES, RATHRER, EHRMERE M
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URTA B BIIR A O BETRE DAL (C%) 2 TELD & 5
WEHB L.

C:100[1’“(Cid/crd)/(Cih/CI'b)] """ <Z4)

HLZ ZT&EFIE, A b RUARTH @) i
3, PRIEIIRS 2\ i3 BTAMEIIREER (C) R U/
4 (Cr) DfsgEERT .

IUUF.\'

Radiochemical purity(%)
o
Q

", ‘_J//S/g
e — o
50 100
Time (min)

Fig. 2. Time course of radiochemical purity of
#Tc-d-HMPAO. @—@, primary complex
of *Tc-dl-HMPAO ; ®—M®, secondary compl-
ex of ®™Tc-d,-HMPAO ; M~, ¥ Tc-pertech-
netate ; A — A, hydrolyzed ®™Tc-reduced.
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4. BERFITO IMP & DR
EEMEROBEBCNL TIT- 72 *Tcd,l-
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IMP iz & 5 SPECT &, HEMICEEL L
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RIS EIIRAE L A, IXBEZE 6 A, MMEDRRIRET
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Fig.3. Time course of blood activity during 24
hours after intravenous injection of *"Tc-d,
I-HMPAO in a patient with cerebrovascular
disorder.

Fig. 4. Influence on brain activity of preincubation of *"Tc-d,l-HMPAO with blood for
5 minutes. In a control study without preincubation (A), two-step administration (a,
first; b, second) of equal doses of *'Tc-d]-HMPAO doubled brain activity. Brain
activity after second administration was normalized to 1.0. On the other hand, in a
preincubation study (B, a), brain activity was reduced to 34% of an expected value
(dotted column). Column B, b showed brain activity after administration of the
additional same dose without preincubation. Tomographic images obtained after
preincubation of *"Tc-dl-HMPAO with blood at 3 cm above orbitomeatal line
showing marked activities in transverse sinus (white arrows).
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1 hr

ANT POST

2 hr

ANT POST

Fig.5. Anterior and posterior views of whole-body scintigraphy of ®"Tc.d,l-
HMPAO acquired after one and two hours postinjection.

Fig.6. Normal brain perfusion
eyes closed.

tomographic images using *"Tc-d,.-HMPAO with
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1. ERrRE

1. WM R

In vitro T® *Tc-d-HMPAO D&t bErIME
BHEMEHRTIZR TH D, ABRERFIICHR L, 365
HITIE83%, 665313 77% ., 10001213 73% &
ot (@2). woid *Te-d-HMPAO @ kM
FEEB LU " TcO, DEIGNER10%FI & TREF
FHCHENL 72 ®"Tc ORITKEEYIE 4 %F1#ER &3 F
—ETH- 7.

EEOBREORECH 2> T, 5EH *Tcdl
HMPAO OMEHEEMIME %R L 7z & 2 2%
4043+ 79+ 3 % (meanzstandard error, s.e.) TH -
7.

2. EPICBUBIMPRTREZ VT Z A

7 )77 A, &5%252, 55, 105, 15
4%, 304, 3EERE, 4 EFRE, 6 BERE, 23— 28RERET
£X27.6+2.2, 4.0+1.1, 3.0%£0.8, 2.7£0.6, 2.2+
0.5, 1.5+0.5, 1.3+£0.3, 1.2+0.2, 0.6+0.1%
dose/L (meanzxs.e) THo7z. 1FI%#HIITRT.

Rep7 )77 > A3 0 — 8 R, 8 —128%f, 12—
24MER TR/ L, 2625, 5+ 1, 8+ 1% (meant
SEM) T& b, 24 IMIC S R DFI40% MR
Pt X A7z,

3. EFTOMBRRUMBEARBER

In vitro TOEMEPE (~<T b7 Y v M36K%) XT3
MmERFE ST, 14, 54, 304, 603D 4 > Fa
R—Y 3T, &&17, 27, 34, 31%TH -7z,

In vitro TOMFEABERE, 1 5RU1GFA >~
Fanr—va>T, FERIBEIB%THoI:.

TFEERZ>T 472NN TEERTIE, SBEL

Tablel. Biodistribution of  *™Tc-d,1-
HMPAO one and two hours postinjection
(n=3, meanz+standard error)

1 hr 2 hr
Brain 4.74+0.66 5.23%0.68
Thyroid 0.31+0.18 0.28+0.05
Lung 8.51£0.74 8.72+1.16
Heart 1.76%0.13 1.79+0.14
Liver 13.22+£0.82 12.85%+1.23
Gall bladder 4.06£0.99 5.08+0.32
Kidney 6.36%0.72 6.69%0.39
Bladder 5.81%1.35 7.62£2.25
Spleen 2.28%0.31 2.25%0.40

(% injected dose)
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2L D H66% DRI A SN (Hda). Fhd A—
O ELEIRAOE A 5 iz (E4b).
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Fig.7. Time course of brain activity concent-
ration (a) and gray to white matter ratio (b)

in a normal volunteer. G, Gray matter; W,
White matter ; O, Right ; @, Left.
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5. b NEBERT YT 4 7 TOMKA I

TEERT v 7 4 7 OHIRFETOMO SPECT e
61T . *Tc-d-HMPAO 3 KE & U LIKEHE
R L TEVERERLL. FELROKEEIEHN
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WRETEEERAT 2R L7z . BRI IS S R A E
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Hotz.
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gFofe (M9). —Havllo—LzREALLYTHE,

ITLC/MEK ¥ 2 7 4 ¥ Whatman No.l/50%
aqueous acetonitrile > & 7 4 T#42 Rf, 0.9—1.0I2
B TURRE R SR 72

8. 79 MHTHOTA 70727 kDK

7w b OERICR L TS A MRE S, R
4 70 A7 27 T3 33+ 3ml/100g/ min (meant
SEM, N=5), "™Tcdl-HMPAO Tif 20+ Ilml/
100g/min T®H - 7-.

9. F v FIKTORNELEBEFOR DI D A A5
Te-d-HMPAO o b2 ik 13
BI%TH 1. HERIMHCB T M2DZ v M T
O EEOFIFNZEL 2 K101 . FIREEEREO RO
N AAZFE (Emax) (£0.90+0.02 (mean+ SEM, n
=5)ThH-/:.
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Fig. 8. Microautoradiographic localization of *"Tc-d,]-HMPAO in caudate putamen of rat

brain. Scattered grains were observed in parenchyma (X 2,000).
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TLC studies of tissue homogenate of rat brain one minute after injection
of *"Tc¢-dl-HMPAO and its control sample.

Fig. 9.

remaining activity
postinjection.
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)
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All three systems showed

tissue homogenate up to 60 minutes
system 1, ITLC/methylethylketone ; system 2, ITLC/0.9% saline;

system 3, Whatman No.1/50% aqueous acetonitrile.
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Fig.10. The extraction (in percent) of *"Tc-d,

I-HMPAO during the first passage through the

brain. Zero time corresponds to the peak of
the time-extraction curve.

Z7 4T "™ Tc & "l ORETEERIIIL THHITE S
pERE. IEEOBEXTO T OBREDRAR
1%L T Th-7:. 2EEDOFEATIE *Tc OREI
Aohighrols, INHED ZD2IHEEL - T IF
757 41 *Tc-d L HMPAO & "I IMP &2 D%

LBl IZBOINDEVE L. BMIILEG&®%
*"Te-d-HMPAO = ™LLIMP O& X2 » BT, €7
TLEBIZEEE L. &5 v FIZDE15,0008 7 LBl
Lo EITOEE 2HEEE (p<0.001, K11).
FOINMEENTA =TI T AERIIRT .
20o0BBEALCAHMEERLE. *Tc-d-HMPAO 0
&% LIMP OB TE - TRFNILRLEGE 252 L iE
LAEH R TRy — L ERLE (€12). Z02
LEEMEE T LEMBEATY 2 2OBICEBEOE
ZEERT.

“LIMP £ 0B S0 7 BATRAILFRAE & 0 —243ml/
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NI RE T 124ml/100g/min TH - 7. BEIRFER
OEEFEEIE, *Tc-d-HMPAO = & % M iEH
WLIMP 2L T, 49% —82% D /NGl & L T b
ZERRUE (E11).

11. & METO T o8 — b A Y MR

RIBIZERMEZHS S ETH LN 4 DDNNT A
F—k, ZRIVEEINL MM HEERE, K
MEEEEDERIIDOVT, £2 LR 3IRT. k8
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Dy B, HEATRER *Tc-d,-HMPAO o fikf




*"Tc-d-HMPAO 2 & 2 Mt s >+ 275 7 4 313
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Fig.11. Comparison of LCBF values between IMP and *"Tc-d,l-HMPAO
images on a pixel by pixel basis.
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7z (®16b). SPECT T3 MHIFTIREE & HEAEED
BFMMAET 2 #ZD SN (M16c). BE6HE LD
%9t kR EES CATEEER H B L 7223 1AM
TR L. BL6ME B IMBIIREIRIE W 2 AT L T %
DOEMARREL 72 .

3. Matas BRIC & %’;ﬂ&iﬁﬂgﬂﬂﬂﬁ@%ﬁé‘f

REWL 2ENEERT
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WwENASN T (F17b). Matas BHATDO *"Tc-dl-
HMPAO S TIEBAM 2 MFRE T A s nghno1,
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Fig.12. LCBF images representing *"Tc-d,]-HMPAO and IMP, and LCBF ratio
image between the two tracers in experimental brain ischemia.
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EIRIE A, B o ER S gD o 72 (18b). BIAME)
TR E b EEBRER Lo TERaLL (@
18c). Matas &#fATD *"Tc-d-HMPAO {§ Tk Mk
ETHAIRA SN Z o 2h, Matas EFEFH O
onTe.d l-HMPAO I3 A RTRINENNR SRR T28%,
AR RGEIE T29% , A RTRIMEIRE T22% D
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B, EEZFENEEEZ 2O EHEHROERIRE &
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Table 2.
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4. BRIKFITO IMP & ot

HED *Te-d - HMPAO ##E DM 8 [HTRHATN &
ERETHRESNE. 205 5, IMP I TERET
2 #Tc-d-HMPAO &4 Y b LEHE ThH -7 b D,
*"Te-d,1-HMPAO TR &7 LS OERMIIC b ERIE
Toasnbd, 243 *Tc-d-HMPAO #4& Y %
EMETOESNM -7 b0 4ER sz, f
DAETE IMP & *Tc-dl-HMPAO TR—FFR T
Hot.

The estimated four parameters along with chi-square values (xi) in the

nonweighted nonlinear least squares fit in Eq. (19)

Case Counts P() P PGB P4 X

EIWL SALsemicomd) g3 o916 0ma 1510 Ll 225
(0.042) (0.086) (1.401) (0.542)

White matter 36 0.180  0.034  1.272  1.183 174
(0.031) (0.028) (0.978)  (0.d96)

Hore, SATL er 50 0300 0120 1.283  1.230 186
(0.056)  (0.860) (0.898)  (0.564)

White matter 36 0.174  0.026  1.003  1.234 123
0.03) (0.018) (0.678) (0.532)

8 %i“a{: SAH, semicoma) 51 0.237  0.083  1.082  1.202 158
(0.053) (0.054) (0.786)  (0.485)

4G4, infarct, aler) 132 0.252  0.067  1.320  0.953 286
y 0.065 (0.043) (0.850)  (0.321)

M, male; F, female ; SAH, subarachnoid hemorrhage.
Figures in parentheses are standard deviations for parameters.
“Counts are reconstructed counts per pixel after reaching a steady state.

Table 3. The estimated values for blood flow and rate constants in the same patients as
in Table 2
Cas K Flow k2 k3 ks A
ase (ml/g/min) (ml/g/min) (min™)  (min~)  (min ) (K1/k2)
1
Gray matter 0.31 0.34 0.46 1.05 1.18 0.67
White matter 0.21 0.24 0.20 1.07 1.18 1.10
2
Gray matter 0.43 0.50 0.36 0.92 1.23 1.20
White matter 0.20 0.22 0.14 0.95 1.23 1.43
3
Gray matter 0.32 0.36 0.28 0.80 1.20 1.10
4
Gray matter 0.37 0.41 0.42 0.90 0.95 0.89
Mean£SEM 1.14-£0.06
Gray matter 0.36+0.03 0.40%0.03 0.38%£0.04 0.9240.05 0.97+0.12
White matter 0.21+0.01 0.23+0.01 0.17£0.01 1.01%0.05 1.27£0.1
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Fig.13. A time course of total tracer activity
(Ca) and diffusible tracer activity (Cap). Cap
is calculated from Eq. (16) for case in Table
2. Note the rapid decrease of the diffusible
tracer.
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Fig.14. Time course data of total brain activity
(Cb) and the fitted curve (solid lines) for gray
matter (a) and white matter (b) for the same
patient shown in Fig.13. Time course of the
diffusible tracer (Cbp) and nondiffusible tracer
(Cbyp) in the brain can be separately estimat-
ed on the basis of Egs. (13) & (14).
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B, 3) Fv MZHA D ™Tc OMSTHEEE, 4)
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WS OEI &ML, 2), 3) PR ZhEL
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VAL —FOEFIC LD, MECEERT 255D
2Lns . BELEBEZRTRVWTIOBETLHER
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Fig.15. X-ray CT wversus *"Tc-d,]-HMPAO
positive rates in 40 studies of the patients
mainly with cerebrovascular disorder.

X-ray CT.

+ : abnormal low or high density area.

— : negative study.

*Tc-d,I-HMPAO.

+ 4 : focal decreased activity in the normal
density area on X-ray CT.

+ : focal decreased or increased activity area
in the corresponding area to the abnormal
region on X-ray CT.

— : negative study.
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Table 4. Relationship between HM-PAO scan findings and low density areas
(LDA) on X-ray CT, angiographic early vasospasm, early ischemic neurological
deficits (EIND), or delayed ischemic neurological deficits (DIND).

CT Early No. of
E
(LDA) Spasm IND DIND Cases
~ - + + 2
HMPAO o — + + 3
(+) ~ - ~ + 4
~ - - - 2
HMPAO - - - + 1
(-) - - - - 6

Table 5. Predictive values of HM-PAO scans for Delayed Ischemic Neurological
Deficits (DIND).

DIND(+) DIND(—) Total
HM-PAO(+) 9 2 11
HM-PAO(—) 1 6
Total 10 8 18

Positive predictive value=82%
Negative predictive value==86%%
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Fig. 16b
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Fig. 16¢

Fig.16. A case of a 75-year-old female with a ruptured aneurysm. a. X-ray CT
scan on admission (Day 0) showed thick clots in cisterns and fissures (Fisher’s
CT grade 3). b. Right carotid angiography on admission revealed a posterior
communicating artery aneurysm without vasospasm. c¢. *"Tc¢-d-HMPAO
SPECT on admission revealed decreased perfusion bifrontal cortices and the
right temporal cortex. She manifested frontal lobe syndrome from six days
after the onset.
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Activity change

ROI Territory (Flow change}
| Right ACA 1% increase
(2% increase)
2 Left ACA 0%
0%)
3 Right MCA 4% decrease
(3% decrease)
4 Left MCA 3% decrease

(+% decrease)
e

Fig.17. A case of a 67-year-old patient with
right hemiplegia. a. X-ray CT scan showing a
low density area in the left corona radiata.
b. Right carotid angiogram during the left-si-
ded Matas test showing good filling of bilat-
eral anterior cerebral artery (ACA) and
middle cerebral artery (MCA). c. Transaxial
brain perfusion images using *"Tc-d-HMPAO
befor the Matas test showing no focal perfu-
sion reduction. d. Transaxial brain perfusion
images during the left-sided Matas test
showing no significant reduction in the left
hemisphere. e. Quantitative analysis of
resional activity changes during the test using
Eq. (24). Figures in parentheses are flow
changes calculated from Eq. (A8).
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Activity change

RO Territory (Flow change)
1 Right ACA 28% decrease
(36% decrease)
2 Left ACA 22 % decrease
(21% decrease)
3 Right MCA 29% decrease
(38% decrease)
4 Lelt MCA 1 % decrease

(2% increase)

f

Fig.18. A case of a 73-year-old patient with
right blephaloptosis. a. X-oray CT scan
showing a round area with slight high density
(CE(-)) on the right side of the sella turcica
with marked contrast enhancement (CE(+)).
b. Left carotid angiogram during the right-s-
ided Matas test showing nonfilling of the left
ACA expected for the most distal portion
filled from the leptomeningeal anastomosis
with the left posterior cerebral artery. c.
Right carotid angiogram showing a giant
aneurysm in the cavernous portion of the
right internal carotid artery and filling of
bilateral ACA. d. Transaxial brain perfusion
images using *"Tc¢-d-HMPAQO befor the
Matas test showing no focal perfusion reduc-
tion. e. Transaxial brain perfusion images
during the right-sided Matas test showing
focal reduction in the right MCA and bilater-
al ACA territories. f. Quantitative analysis of
resional activity changes during the test using
Eq. (24). Figures in parentheses are flow
changes calculated from Eq. (A8).
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Fig.19. *"Tc-d,-HMPAO versus IMP positive rates in 14 patients mainly with

cerebrovascular disorder.
“"Tc-d-HMPAO.

+ : focal decreased or increased activity area.

— : negative study.
IMP

+ + : focal decreased activity in the normal activity area on *"Tc-d]-HMPAO,
or focal decreased activity with larger-sized or higher contrast than the
corresponding abnormality on *"Tc-d,l-HMPAO.

+ : focal decreased or increased activity area with the same size and contrast
as those of the corresponding abnormality on *"Tc-dl-HMPAO.

— : negative study.
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Fig.20. A case of a 67-year-old male with dysarthria and right hemiparesis. a.
X-ray CT scan showing low density areas in the left corona radiata (not

shown) and in bilateral caudate nuclei.

b. Transaxial brain perfusion images

using *"Tc¢-d,l-HMPAO showing no focal perfusion reduction. c. Transaxial
brain perfusion images using IMP showing the focal decreased perfusion in the
right occipital and the left upper frontalcortex.
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Fig.2l. A case of a 42-year-old male with residual ateriovenous malformation

(AVM) after operation. a. X-ray CT scan with contrast enhansment showing
extensive enhanced areas and clips in the right hemisphere. b. Transaxial
brain perfusion images using *"Tc-d,]-HMPAO showing no focal perfusion
reduction at the site of AVM. c¢. Transaxial brain perfusion images using IMP
showing obvious large-sized perfusion dificit with surrounding perfusion
reduction in the right hemisphere.
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Fig.22. Relationship between flow values and
the retention ratio ks/(k.+ks)] of ®*Tec-d,l-
HMPAOQ in the brain tissue estimated from
the obtained mean values for gray matter in
Table 3.
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A Study on Regional Cerebral Blood Flow Scintigraphy by *nTe¢-d,]-hexamethyl-
-propyleneamine oxime Hitoshi Terada, Department of Nuclear Medicine, School of
Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med. Soc., 98, 302335 (1989)

Key words “"Tc-d,1-HMPAO, cerebral blood flow, single-photon emission computed
tomography

Abstract

Basic studies were performed on chemical characteristics and in vivo kinetics of a new
radiopharmaceutical for brain perfusion scintigraphy, *"Tc-d,1-hexamethyl-propyleneamine
oxime (*"Tc-d,1-HMPAO) in rats and human volunteers. Clinical usefulness was evaluated
in patients with various brain disorders as well. Its radiochemical purity was 93%
immediately after labeling with *"Tc. The purity gradually decreased with time. Average
brain uptake was approximately 5% of total injected dose and remained constant
throughout the first 10 hours postinjection. Blood concentration had a peak at about |
min postinjection followed by rapid decrease until 5 min and slow decrease thereafter. In
addition to the hitherto reported high affinity of the tracer to blood cells, a high affinity to
serum protein was also shown experimentally. Furthermore, it was demonstrated that
»nTc-d, |-HMPAQO bound to these components could not cross the intact brain-blood
barrier. From microautoradiographic and TLC studies in rats, it was revealed that
wTe-d,1-HMPAO crossed the blood-brain barrier and free lipophilic #nTc-d,I-HMPAO
rapidly disappeared in the brain tissue. The comparison between *»Te¢-d, I-HMPAO
SPECT and IMP SPECT images in patients with cerebrovascular disorders disclosed that
IMP was superior to *"Tc-d,1-HMPAO in detecting brain ischemia. To elucidate the
reason for this poor contrast of ®"Tc-d,1-HMPAO, mathematical determination of the
cerebral blood flow values and the rate constants was feasible with a kinetic model
describing the in vivo distribution of *"Tc-d,1-HMPAO in human as presented by Lassen
et al. Since the conversion rate of diffusible *"Tc-d,1-HMPAO to nondiffusible one in the
brain (k,) is not infinitely high relative to the rate of backdiffusion from brain to blood
(k,), there will be an initial loss of radiolabeled tracer from the brain to the blood.
Greater prominence of this initial backdiffusion in high flow regions of the brain than in
low flow regions could result in poor contrast between normal regions and ischemic
regions in *"Tc-d,I-HMPAO imaging. The validity of the correction technique proposed
by Lsssen et al. to overcome the poor contrast was both mathematically and clinically
confirmed.  Accordingly this correction technique is expected to be widely accepted
hereafter. The diffusible *"Tc-d,I-HMPAO as the input function to the brain rapidly
decreased in the blood and approached zero by 2 min after injection, which indicated a
brain distribution pattern of *"Tc-d,l-HMPAO preserving blood flow information
immediately after injection. The discrepancy was not observed in the contrast between
woTc-d,1-HMPAO and IMP images in experimental brain ischemia in the rat unlike the
human. This could be explained by the species differences in the values of k;. The k
value may be infinitely high relative to the k, value in rat brain. The *"Tc-d,I-HMPAO
imaging unveiled more local ischemic foci than x-ray CT in 75 clinical cases. In a study
with “"Tc-d,1-HMPAO in acute phase of subarachnoid hemorrhage due to ruptured
intracranial aneurysms, this tracer could detect local cerebral blood flow disturbances which
were not shown on x-ray CT or angiography. Positive cases in the study manifested
delayed ischemic neurological deficits with considerable frequency, which suggested a high
predictive value for prognosis. Using consecutive *"Tc-d,1-HMPAO studies before and
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during Matas’ test, a new noninvasive and time-saving method was developed for
evaluating brain collateral circulation. The *"Tc-d,1-HMPAOQ is superior to IMP in terms
of availability because of its kit form, suitability for emergency cases, high resolution with
short acquisition time owing to large injection dose, and appropriateness for an activation
study of short interval. In conclusion, *"Tc-d,I-HMPAO SPECT imaging is a quite useful
auclear medicine technique for assessing brain perfusion.



