DARG (150 -C50, with separate C**0) :DBFM (**0,-C**0, alone)
CBE e

A ) l

OEF

CBV
mi/g

IDERNEE, B
EREEEEGE --.--.-
59F healthy volunteer VOW...-|

70 kg, 164cm

PaCO2: 43.4 mmHg ==.-. -
Hct: 39.3% Ea

46 HSRAEPET/CTEE (Biograph mCT, Siemenstt) > TRERS VT4 7 &HWRIZIT o 0- BB A RAPETHRE
DHFl, '%0,-C"0,M ERFR A R DOPETHIRZ(CIN 2 THIL 7 C0R ARG E 4T SDARGE & . °0,-C0,DEHJAF TS5 —ED
BEOANSEFET BHDBIMEIC & HHERDELE,
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C¥ S FUEEVLOGHS FRFILEV2O102¥ S FEFRLEQLOGI0T 40 T St < ¢

. 2
i Rrewy
.S
i
13000 pryern Tewo o 130008 e 7 Temen =
Date . 2013/02/21 AI-2 : [MBg/mL]  MFCI-4: [mL/min]l Supply=RIM2<OIFC2+ MFCA) : [MBq/min} oTE
CQ Start time - 135649 Stop time : 135849 Total Supply 271758
G RMC | MFCl | MFC2 | MFC3 | MFCA | Swol |
<% 12900 . TR K00 &7 4000 3 2000 129203
fjm P 1450 22000 08 & M0 150300
Mean &7 100 MO 4300 93200 624000 550 3500 } 40l ol3
Sd (AL 00 10242 1 10004 115400 W
02 Start time : 141110 Stop time : 141219 Total Stoply 28849
RMI | RM2 | NFCI MFC2 MFC3 MFC4
!ﬂ 50 24100 Ed ne " L 2 40882
Max T &% 20000 208 5000 4 5000 555000 0255000 200130403
| Mean | 70154 2810 208 2400 247 0200 8% 2D 250003
Sid [ =0 L2 L2 2 1Wwpae 100 t?ﬂ?i
CO2  Start time: 141649 Stop time - 141749 Total Supply 167973 d :
RMI [ RM2 | MG [ MFC2 | MFC3 | MFCA | Swob | | = : [ 1B
M‘ 108 18500 D47 2000 ne 104 2000 % 18701603
!ﬂ B os 1000 351 2000 %1 %00 1352000 768 5000 22003
8148 20804 340 400 248 0200 1154000 751575 20004503
____%__ 03678 0.0 137 3868 wnun LR 1985388
* Thw range used for Min, Max_ Mean and Std is from 20 sec after Start lime o Stop time. - T —r
* The range us=d for Total Supply is from Start Yime to Stop time plus 20 second.
* In the case of mors than two tcans for sach gas, the data of last one i employed

FAE MHEAMAREBEREENDT & FRBAARAES KUVFKERARFOHBSEEDHAT—%, EREOEKRE
IZBVWT. COESIBRATEENEBT S ETT—EDIF ) T4 DERBNERETH S,
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CBF CMRO, __ OEF CBV(C*°0)

Onset

30 yo Female
Moyamoya disease

FOE EVEVHES. EOREEPOPETIRE. CBFET LCMRO, LA . OEFEAEBRETC LR T 2L HIEEM LIz T+
A—7 v 7BRETRNESLBEEZRDHIDH,
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DARG (**0,-C'*0, with separate C'*0) DBFM (**0,-C*°0, alone)

COF {mimrig)

o DNAAENE  EEEEEOE

ml/min/g

vv v Qy w h$

CMRO,
ml/min/g

OEF

| n- n ||
EoRRORn EEEEnDn
v v AR
rama EI"!O_;VEHDUS mairtormation

L e
PaC02:41.2 mmHg

Hct: 41.3%

E50E INBIEEARFRZOENIZS T B 02 HRAPETREDHERER, SREPET/CTEE (Biograph mCT, Siemenstt)
#HEoTITo1=. "%0,~C"0,0EHEWA R DOPETIRIZIZHN X TIRILAZC0RAREB F 1T SDARGE & . 1%0,-C10,DEMHEHRAFIZ
T5—EOBEDHMN HFTET HDBFMEIZ L ZERDEEE, CPORAEREZFE > THEFTIDRGETIIMEFBEOKRE
14815 TOBF, CMRO2ASEICIAENSEEZ (T TS, —AHC0RAEE ZFE1 74 LV T"0,~C"%0,DEH A R OPETIRED
HMBCBVMEIE 1T SDBFMETIX., C DFEEDCBF, CMRO2EMEIZT—F 779 R ERHIEL, KEIRMEIZH L THH2150
IZHT BMEEDIRETHAVNEZASEERLTE Y., V¥ MILZHRMAERSDBEAZTEL TS, E32E
DREEEHGERMIEDZ &,
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ESO L, IR LEFIRTEZRRT DIEFIC
BT BP0-H APETREDHERZ2/RT, 546 & FiE
2. DARGYE & DBEMIEIZ & A &R RITEAMICE

—EHLTWD, LoLnEEESER L TWSHE
WTIIRkE < ERY ., DARGEIC X VB 7-CBFE#,
CMRO,E & 13 EEZ R L A2 ENI TE v,
— 5 DBFMiE Tid Z OFEB O MEBEEED L < Z2ErT
x5, MEEBEN ERE L CWHAEEOBERIIBWT,
—EROFEE D CMROLEIIDARGEE TR TN DR
DBFMETIZE T L TWE, E7-R0MEE T
CMRO,BREZZNTWNWB 7R E, RE ERDBIRER
RS ATRENEZLND, ZOREDOFRKES
BT AEREICONTIE, EHIIBRTEBSNETDH
BEEZ BN,

WM EECTIE, ETRRAEHRA kst
T v FRIGEAGRPETRE S A T A7200 TIER <,
PEF BTFETET HDPETREMR R % > TRERED
EfE =, ERIRIE T,

FNRZIZBW TS, 2D PETEE (ECATHR+,
Siemenstt) EHEKBIDOVA 7o bu & AREESR
fif > CTREBEEZEA LBERFERER S iz,
L5 EFFEE B L OAESEFEE Y, BERZ2 5
EhRE B TV B NEBNARFAZE O B ME D FFHAE D
BB TANL—VTF A A7 V—Y 3> (BTO) %D
MITAZHELZEHRIRA LN, EENLEI
SPECT=°0-#Z 5 /K PET % ff - T CBF D & & 3Tl 2%
1Tz, TAPETREOHITIIRE TH -7,
ARFZE T, BT APETREEZIGA L, FIZCBV
B % ek T % ADBFMIEMREIZE -3 % | CBF. OEF,
CMRO,EEZWOH AEEZ B L, EAITAENE
EARDEE LERD LV IRENRIE A 7R LT BE T,
FIREORREII Y THY, IBE S L TIKEIE
7V vy BV ITIRNTEEI N, PETREDRER T,
BTORT CTIZCBFRCMRO,DEEEIZTHE VR D LR
oz, —JFBTO# TIZCBF & CMRO,DIE T,
OEF D FH N ERBCLEIZRD biv, BILOEREE
EBOTHEATDO UV A7 FHEICFA TE 2 Z L BARES
i, XECTEE % #H L2V 2DPETE AEEHKIC
RV AI v aVREEZLEL L2, BREETSE
WTﬁm FUNIZERTE, IBRFHOIREICE S

REMERNEONIEANRBETHD Z L3
wf%-s 7o

E S ERISRA e v 7 —IZB VT H2D PETEE

(ECAT7 ACCEL. Siemenstt) &HERBIDH A 7 1
v & BRREERE A o TR R = S iz,

BESHEFEE OI1E, Ho2 LORFEL TV D
HCRERE 0 ha VR TR CTh o7, F8E24
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e E AN OO =B INED R = EE S AE/BAZE 26 0F L 7o itk
Rzamef] (Bt 420, 78+68%) EXTZRIT, PET/T
A —#(CMR0,, CBR)Z EERICEH L7z, EHRE
10-14 B #% . BEEFMRI (FLAIR) 2 54T U AR IR B2 HIE
L7z £ T, CMROFEIZEH K A 8B 72 ISR T E DS 1E
2720 5 50 EBET LTz, BREEERTRICRHLT
CBF & CMRO, TIZCMRO, D EE 3 & < (62.9 vs.
71.6 %) . ABIERPEI -7 (37.1 vs. 28.4 %)

HEPET X S MHMEERICSEATETH D,

CMRO,I%, BF IR MR DIBEIZRZY 5 5

ZENIRENT,

REFRSHEE S OITo 1Y EYRICBIT A0
ITHEENRE OBEREFOBRFNTB W T, 176 25
HER) K L CMIMITHEER 2T L. 205 biff
HIBEFZSHI6ER (24%) 15RO, ERIIHE
A2 DI 42EM B £ COHBICER D2, Wind
347 A% DOFRIZEF CTH oz, PETO/RT A —X
DAL DT, i 1L 3T & CBF I3 i 51T {5 40.8+2.1
ml/100g/min (n=4) Z % L 1@ # it T 1% 74.9+£12.3
ml/100g/min (n=6) & &/ ER 2RO, K=
CBV 2T BIE 6.55+1.34 ml/100giZ % U@ it Tix
6.78+1.94 ml/100g & f7HT & FIARIZ & B CIEF E+2SD
(4.12 ml/100g) Th o7z, —F. MMEERAFHCMRO,IX
fif B 4.00£0.32 ml/100g/min 12 %t L 1@ # i T 1%
4.50+1.13 ml/100g/min & M ER O BB EEIT 2
Mol L, 67% (4/661) © CMRO,IIEFEE
N TH o708, \ERFFIZTVWIARERE L2260
CMRO,DERZ: FH 2RO 7=, BBREEEEOEFIIN
BT 0.56:0.041Z%F i@ TIL 0.42+0.10 L HE K
TEROE, ii3-40 A O TIZCBF, CMRO,.

OFFIZEEEME L 72 v . CBVIZFEMEIC L E L 7=,
IO ENnD, HMEESMEEICKIT S FETEESR

B LA ERR D E OEBRBETIE ORFEIZ o2
HEEZDNI,

D. Z&

ARFFETIE, POAZMRILEE N R 2 - 1= BB &
%%%@mgu@%%mﬁéﬁbwiﬁwﬁ%%
VW, EHIEFTRLEE S MBRECEEEE L Hb
BCHEHEBZEH T 5, MEMEREBODEICERT
DI BBREERPE/BINT, £, TOFRE
EEEENTE L TOREMED 2006 %8 2 5 ERERR
EDOERO T THRER I,

T ZICHESL L RERMIE, LT ORIZOWTH
HET/\%’C%éo

1. BRERBNEL. SOEOPETHRED A THRE
PETTE, ZIIERORBRE v bar
HRBERELEMEINTWVD, XEBRCTRE



DO, MERESCHEBREOBEREEZED
TH15~203 LINIZFERETE 5,

2. WYAr7uvbur, BEVERK - EWREE. PETHR
BEBICERIEEERAY -2 AT —v a3 v
DEELZNICX 2 BEBEGHENT. £< DOF
DR OFEILICESL | FEEOBRLEE
EAb, 72 EIES L EEEDOBEBIL (& /11b)
ERERT —Z OEEEOHBRICER L7,

3. CBVOMEREMNRMELZZ & T, BEISESF
BIERIND, Bz, MEDIFEEZEL TCBVA
ERELTCWB I EYEVHREFTIZLY
EFER EEFTFMICEM L. EBRIRFEIC
RESNZNEEEIRES ERELTVWAE
BB L OEAEOEERE R I,

PN LWL Shiz, RVWRERRM &, /EEE
BDLZE, ZANEORAY v 72 LELTHRAEKR
ELBHTERLZ LT, HRE~OABETE T TR,
BEERAICE > CTHARERRICEMLEZEE XD
N3, BESe haiid, Y0, CP0,% AR
THHE L2 OPETIRB 21T O FiETHEA L. Bl
CPO#Be %#F AT 5DARGEE & . CPOREZ LE L
HFCBVMIE £ 1T 5 DBFMIED 572 DD HFIEIZ DWW
T, FNOOZUERTER SN2, DARGIEDHY
P DV TR Y 3R e 277 L — D Kudomi & (JCBFM,
2005) 252005 ICHE L TWVWA A, SEBERELE
DBFMIEICB W TH ZFNEARBEDCEHEELFE T2
ZED, =T AN ERBRIZ LRI CHEREN
77o BAE9IZIX. PET A 7-OEFENEBIERARE ZE N S
B EICABOIZAVER T—E L T\, £,
LB & Lo, ONEREMITE T LVIC 20T hH, %
DRUMENRHER SN, TRbb, —EOPOE#
A &R N LTt OPETHE#: /> 5 CBF, CMRO,, OEF7/2
L OBEER O EB(LEIT D 72z, POE#RILE
B (P08 X TUH,P0) OBEEHEET T ANEER <
FRSET B MENH o 78, PO TE bIcR# S
NEBTIZTETH 0& L TCBFIZDHEETE L T
MHETNHEIND, VI ETMTESO T EEK
TR TE S, TROLREPETHREIZRIT 2B
BRETEROABFENZYMER, BVREE THRILT
BLEVBFERINTZIEEERT S,

BHoOEREN SN-3D PETIREEDEEEED
WENLREN, BVEETOZERAEIZR 2722
LULYEETHB, To—ATATHEEICEET
ZERVVELTBRIZ X DB R FRFEHEIL. & FTOPET T
BRI EENRD L2 L CRERBIEICIE RO
NI L NHERTE R, LL, RIEE LTEETS
Tz AT AT NOBE R AR R BEBROER &
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2o TW5, BEMROMEEIC O W TIEKE S
L, ZNAREOEBIZEFHINTITIWD R, |iE
THOHZENEESNTRLT, BEFEOEE TR
MERBREERE 2> TV, ZOMBEX, £9E
BEOFEZRY 2 ERICERT AL OBREVTH
oIzl —vara— RERFEL, BEOFTE
ZHEE Lo, PETERIC & - T, KR O BRIZ
MEATEELTOVAIHABRERJT D LR TE
T EOICBERBHEOHEEICBVWCHETFEY
BEIFTWEILEPERTHoZ, T OREICSK
¥ BB e L7z BT, EROBEGFEHERICHEZR
ANDZ LIS Lz, TR, AFFEHEE
(B33K) ICEHLTWBEY THD, ZOMEN
RENTHBIL, MEEMT ST 7 PAICT = — R
< R 7 RO BRI D FFTRE A BN U 7 ST AR T
%LU TORBE TESENFELND Z ERHALNTR
0. ZHUIREEOPETEEF I Z K& S ATESE S
DTH-o7, IDINEBICEHRE N O>EEMIZR o7
TR, BOVEETCOEEREIX., BHRGAL
EHRALOBREICHRBEINTND LB, HEE
SEIICR T A TV ER] oBHICLE
BRLTWD, %I BIZEL DEFIT, ZOERN
LMo TV b D ERBPILS,

YA 7u by b ARREREICHSETESL LY %
EEHEOBFMENT X BEERK - fHEEBIC OV T,
EE#i e LCOERICHERI L, EFEICES
EFEMES T ANME LTORRBERE, ik
D, BRML SN SUEMETHEINZHRES AT
L3, REZEOFTHLRIANARTH D, M
BOFEICHLER M P A EREREERESCH A
RS, S OICEIMER T OKSTEEED b EMEN
BEEFHETHIVAT AR EOEDOERIZB
Th, &fEzRel L. EREEA—I—~DEI
BEEITo, ZHIZED, SHBITHEERA —T—0
OV R—NEZTRBOREEREZITY Z L3
BETHD, EEPDREIRESMEL, TTIEOAH
DOERAZ v 7 OB TERADBREIZR 722 & T,
WS NER L. T4 F~ v FgEl oEEs
AEEICT AU AT APRFHEBEVICER LEEELDL
b,

UM EL L Z—B LU/ RFEO2EHRICEB N
ThE, ERAED2D PETHE & DY A 70 b
nrBIOHBEREBEZME> T, AREZFAL
ToREIRIF RN 72 STz, BYEHIMEE~DO#E AR,
EYEYREEOMEREROMEZEIEL LT,
% 7= B REIIRIBE 1 38 1T B Adif & BAZEVR IR O AT
BREEE L TOFRESHERINTZZLIZEETH
Do



KEEEIL, FORBOEZHEHELEZERD
AMHMEEERICBVWTERATHS LHFENS,
TTIZBEDSE S OTERIZ L 0 | AdEE R i o E 5]
T, AR (RRIRMRE) ORI A IEREICEHTTE
%, IEK MRIZfE- 7=2WE (DTL PWPLR E) 13R
<FHENTWE D, EEOBEBRFTOF TIILT
L bR E CHEREOBR W RZRR L TN
BEMEREHEENTWVWD, ZhiX,. MRIBBEOET
HARGHRBRICBEGRT D FREEN & 5 & R,
BT —)L RAFZ v F— REREIL L FENRE
FIZE o TRELAKETDH L LH/FEND, IF
\Z72 > CMRIEPETE #— L L EE L ERLX
NTNDH, YEMFEEETHE L EiFoEAI
XV, MRIBBIEOREILEBIT ST — L N2 Z
F— RgliE s LToRBEBEfFI D, £,
BERBEANRKESEMEINTZZ LT, MEEKRBIZ
(b L= BERRERIC BV T S T O ARITEV, X
MK B DB IIHERD B CPOW AT X 5 EISF
ENTWER, MIEDEZHET THOIZZ DT —#
BEBEIFRETHS, MEBE M ELEZZ LT, oL
BIBEL TV D A EOERT, FEBENAm ELT
WA LR/ TE S,

L2sL—F T, ANBEEDOERDDIZITEREE
MEHELLTWS, REENEL, RREORR
BRLCEZD, ZLOERMEEY Bl HFENE
Za3h, < OHRERH Y, SPECTREFI OV L DT
¥ % "Pldodoamphetamine(IMP) % fif - 7= BREE T,
— BERMEN B EOBEREICFA IR TWS (lida
et al., INM 1994,1998, 2012) , 7272 LPO-EikfemH
A & fFE S -PETHE CITE/ZHESL L TR 53, KAF3E
THIDDFEEZRRZY, EEBELE L STIIE
IR IMICREIT TE DIZIEE > TR, BER
RIRIEEL L TCOREBET e ha VORBREFORY
PR 72 & ORET B MNETH D,

F72 PO-EHRBRIISESHBOBREBEELE
BT 2ME—OKREBEOZEIILAEH THY . MET
£ 9 L EMEBCMIER R & ORER T b ARIF AN
HAEETH D, LB EEROBEEEEDFH
Wb %< DEEREILD D B EEZEEL LT
DEBEITEFHESIL TRV, 25 &ESRIcBiT 3
BEMHEEICOWT S MEFEOME T O E#ERE
DR O TIHERN 2 RBERETH - 255,
DBFMIEIZ E S ENTED BB IC L » THERFOA
MRHDEEZOND, —FH. LHEESC, EEHR
FORMENPBEBFIZCEEND L 2 2BAITIX, T
R EELDSHETL L TS, TRLF—EEIC
DN BHIRARH R AFEE L L TOBREREEE, BL
OEEEEHXDOHVETH 5 BT E % B CER
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CEBTMMTE DRV AT LN, BIZERTINE
DITHONT, SROBFNEEN S,

ABRPIE T, BEEEGENT 7 1/ F A EFD
W, BEHEOU—I7 AT —a VEFHBEE L, B
BA—IOBAOEIL, ERESL L TOREHES
JIBSF L2, D3 DMBAMNERREEE A — 0 —DBEAFEDE
B L7z, Bx OMIEL S DEGEERN G, e
BB OFHE, HENE~OHENY AT 1 A0E, Hb
MU DED BN IZEER LR ORE & FLEhn
BB AHEREEEOREHE., & HICKEREER D
Ego Z7OHAE TASIZTEEE CETTAZ LN TE
B. EBEOMEERRIISHERE., ZIUMRICERBREN
Ei Sz & 9 B ETH ROBREOERFICFHES
SET CE/DHILEEWRT D, T, EIHNCEOHY
PR SN BB ERICE ST Y 7 o T
DEREE SR L, EbIla—P— A v F—T =2 — X
DEEHREE Bx DY T N—F o O EF—Lb & L
T2 FDOETRY 7 Ny =7 ORFBIIH P HEE
SHEZBERELL, EBI2Y 270 e TOREIT O
THELOOBEE(ToT MRy —LELTDY T
N T TIHEIN . EBDNA—T g Ty PR
L ARETH D, '

EHIIARY — 7 AT —3 3 Ak, IS RER E R
HREEEC B EE RAHGERE OEEn /' ABT —Z DO
. FEETANLEEBE AR TT D Z & T,
MBS —PEEERED I TVICER LZFESE
SRAD Y AT FERET DRRPEI N, =& 23,
MRS D Z A 2 7B & 9 7esGE BEHE T R
DWANREBNTZHE BUE T A—F DATNII AR H
ST HE R EDFHE EOZ T — DR A LAREIZERL
TEEER D B,

E. #&w

SRR ZE DM b 5 F AT RE 72 iR 7 APET
REVAT LOBEL B LT, EREMRITER
DIBEE 77T LEE, REREMGEOBEHE
B - SR, YA 7o o ORBEZITV., FEx
DOHREFM 21T > TE 7o, MEREOEHIZE DX,
BEELE-> CEERMEOR LML ZEMN., BHME
DHEERN 72 ENTz, T TIZ2000 288 2 5 EF & X 5
WRENERIN., BEVRAT LAORZEEERENRE
W BEHER I S NT, ROV AT hxfFEoT
MEAY AT AOFALED T, BEHMEEDRE
BFHZbBZELTHATED Z LR TERL, 49
FOEE LTV B ICHERENER, —ED
BMENELNEEEZOND,

SRIT. SOICEMMEEZEORELZ. MRIRE



(T2WL ADC, FA72 &) OFER LBt & Lo 28 1L T
W MLERD D, TOMIZHL, EYEVHEBLOH
BIRSFFICB T 2EERMEO Y 2 7 FMOREE
ZHERL, BEAFHORBEE~OBEREBE LML
TV, &5, MU OEEDOERICB N THY
SR EBEORAEBIC OV THRE LT, fEkL
Vb KIBCRREIAEEN EF L, 2 omEEL»
EREELSNT-BREEDO LT EEEE OIEE
FEBERICBITZ2ERIZIOVWT, ZHAICHEED
TEED D,
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Abstract

Introduction A physical 3-dimensional phantom that
simulates PET/SPECT images of static regional cerebral
blood flow in grey matter with a realistic head contour has
been developed. This study examined the feasibility of
using this phantom for evaluating PET/SPECT images.
Methods The phantom was constructed using a trans-
parent, hydrophobic photo-curable polymer with a laser-
modelling technique. The phantom was designed to contain
the grey matter, the skull, and the trachea spaces filled with
a radioactive solution, a bone-equivalent solution of
K,HPO,, and air, respectively. The grey matter and bone
compartments were designed to establish the connectivity.
A series of experiments was performed to confirm the
accuracy and reproducibility of the phantom using X-ray
CT, SPECT, and PET.

Results The total weight was 1997 £ 2 g excluding the
inner liquid, and volumes were 563 & 1 and 306 + 2 mL,
corresponding to the grey matter and bone compartments,
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respectively. The apparent attenuation coefficient averaged
over the whole brain was 0.168 & 0.006 cm™! for Tc-99 m,
which was consistent with the previously reported value for
humans (0.168 =+ 0.010 cm™%). Air bubbles were well
removed from both grey-matter and bone compartments, as
confirmed by X-ray CT. The phantom was well adapted to
experiments using PET and SPECT devices.

Conclusion The 3-dimensional brain phantom constructed
in this study may be of use for evaluating the adequacy of
SPECT/PET reconstruction software programs.

Keywords Brain phantom quality control - SPECT -
PET - Attenuation correction

Introduction

SPECT and PET can provide volumetric images of radio-
labelled ligands’ distributions in living organs, reflected by
biological and/or biochemical functions. Several proce-
dures need to be adequately taken into account, in order to
achieve quantitative reconstruction, including corrections
for inhomogeneous detector sensitivity, dead time, attenu-
ation and scatter in the object [1-5], motion of the object
[6-8], systematic errors attributed to limited spatial reso-
lution of the imaging devices relative to the object size (or
partial volume effect, PVE) [9, 10], etc. Adequacy of the
entire procedures can be evaluated using physical phan-
toms that simulate geometrical configurations. The Hoff-
man 3-dimensional brain phantom [11] has also been
utilized for this purpose, as this phantom simulates the
static cerebral perfusion of the grey and white matter. The
digital design of the cortical grey matter in the phantom is
referred as a gold standard of the reconstructed images.
Inter-institutional reproducibility is also an issue, as Joshi
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