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1. D72V bFA
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ml, P2/201 m/, P3/471 ml, P4/904ml, P5/1,539 ml)
L2EDHF7 7+ b 4 (L1/1,800 ml, L2/1,475 ml)
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20cm DA O FRIZA S L 5 ICAE D 52T
DT, F7 7 v b ARERE 32em OFEME O
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Rl Y ik EhZ2h 01~21.1 mCi o EED
omTe kI E AN, EY OXKEICET77 v b A
WRSRED zhZh 1%, 5%, 10%, 30% 2%t

24 % 1 5 (1987)

I&3 B IRE (mCi/ml) o #9mTc KiFike »iz L,
Ny 539 K (BG) &Lk
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nx—¥ER& A (AP) L EsrfEEM (HR) 2 fl vie.
Table 1 iZ;RL72 & Dic, M@ 77>+ 4 P2, PS
12 AP L0 HR o= ) 2 —# TRIL, T
77 FAL2IFTHR 2 ) 2 — 2 DL TfTolz.
FOMIILT AP 2y 2 —2 FFHni=.
F—gizwnwEh i 360° EEETINE L, AEY
VANEIZ6AE L., e P s var e T4,
FHREG L LIc64x64 7 L EL, 1 EZ &
AMOKEXIFIRBLZ0.64cm, 1 K7 ELOREIX
0.258cm3 TH o7z,
HGEEERIE e Y= 7 v 3 VEGEEEE

Table 1 The breakdown of phantoms and experimental condition

Phantom Dlé?:f]ilggiémm) V.(orl:[l;]e A((l:;lcv::t)y (Bo/cj) Collimator
P1 60 x 40 113 S.1 1.0 AP
1.0 5.0 AP
0.5 10.0 AP
P2 80 40 201 2.36 1.0 AP, HR
0.5 5.0 AP, HR
0.25 10.0 AP, HR
0.10 30.0 AP, HR
P3 100 x 60 471 5.66 1.0 AP
1.16 5.0 AP
0.6 10.0 AP
P4 120 x 80 904 11.4 1.0 AP
2.3 5.0 AP
1.14 10.0 AP
P5 140 x 100 1,539 21.1 1.0 AP, HR
4.3 5.0 AP, HR
2.3 10.0 AP, HR
L1 1,800 4.9 1.0 AP
4.8 5.0 AP
4.7 10.0 AP
L2 1,475 7.0 2.5 HR
6.0 3.0 HR
3.8 5.0 HR
1.68 12.0 HR
0.95 12.0 HR

P1-P5: cylindrical phantom, L1, L2: liver phantom, AP: low energy all purpose collimator,

HR: low energy high resolution collimator
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# Shepp & Logan 7 4 v # — & FHWIEEHES
W TITY, RIHIER X HP OBRERHE
#® (Radial Post Correction: RPC) & Sorenson
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CO®®®®
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Fig. 1 (b)
Fig. 1 Transaxial images of the liver phantom (L2) with BG=1Y; reconstructed with
RPC (a) and PRE (b) attenuation correction methods.
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Fig. 2 The optimum equi-count threshold level given as pzsrcentage to maximum count
vs. phantom volume for cylinder phantoms with RPC (a) and PRE (b) methods.
Higher background (1% to 10, 309%) gives higher equi-count level with both
methods. The linear regression curves for 1% ( ), 5% (eoreeenes ) and 10%;
(—-—-) BG are shown.
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eP1,P2,P3,P4 & P5 with AP colli.

*L1 with AP colli.
80 OP2 & P5 with HR colli.

¥L2 with HR colli.
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Fig. 3 The optimum equi-count threshold levels for all phantoms obtained with RPC
(a) and PRE (b) methods. The regression curves ( ) calculated from the
cylinder phantom studies using AP collimator are shown. The lines (—-—-) are
also regression curves determined from all data for HR collimator. Error bars
at each point mean the variance for the same phantom with different BG values.
Table 2 Equi-count threshold levels correlated to the various volume of phantoms
with RPC and PRE attenuation correction methods
Colli. Phantom BG (%) No. of data RPC PRE
P1-P5 1.0 5 y=—0.006x+43.9 y=—0.003x+46.9
r=-—0.936 r=-—0.839
P1-P5 5.0 5 y=—0.007x+45.6 y=—0.004x—49.4
r=-—0.964 r=—0.896
AP P1-P5 10.0 5 y=—0.007x+47.2 y=—0.004x+51.4
r=-—0.89 r=-—0.732
P1-P5 1.0-30.0 16 y=—0.007x —46.7 y=—0.005x+50.7
r=—0.81 r=—0.58
P1-PS, 1.0-30.0 19 y=—0.006x+46.7 y=-—0.007x+51.7
L1 r=-—0.79 r=-—0.77
HR P2, P5, 1.0-30.0 12 y=—0.002x+47.7 y=—0.002x+52.8
L2 r=-—0.29 r=-—0.37

AP: low energy all purpose collimator, HR: low energy high resolution collimator, y: threshold level (%),
x: volume of phantom (m/), r: linear correlation coefficient, RPC: attenuation corrected with radial post

correction method, PRE: attenuation corrected with pre-correction method.

Fig. 3 (a), (b) IZ;RL7. £AII £ 25 BG {Hic
BIF3WEHEOIEBHERIVEDOITL-E 2T,
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5,10, 30% BG) #» LEMH L7z —REIRH (—)
BIXUOHR 22— TIRE L LTOTF—%#
P oELNERER -—-) TH3. FF7r7rv

FADEBEWEEIZ, AffzrrrahbR
ERE#KE Y ¥h, PREEDIZINZ O FhR
K&hofz. HR a2y 2 =72k 5L 0k AP =
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KB B - T2
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Fig. 4 Correlation between estimated volume and real volume for all phantom studies
in Table 1 with RPC (a) and PRE (b) methods, respectively. The linear regression
curves for all data are shown.

Table 3a Correlations between real and estimated volume for various group
of phantom study with RPC and PRE methods
Colli. Phantom No. of data RPC PRE
P1P5 16 y=1.00x—6.05 y=1.01x+48.0
AP r=0.997 r=0.994
P1P5, L1 19 y=1.06x—28.7 y=0.90x+50.0
r=0.996 r=0.983
HR P2, PS5, L2 12 y=1.11x—11.6 y=1.03x+8.6
r=0.985 r=0.992
all 31 y=1.09x—26.9 y=0.96x+33.6
r=0.991 r=0.984

y; estimated volume (m/), x: real volume (m!/), r; correlation coefficient.

6 EEOHREICO>WVWT L, Table 2 iIZ;RL
7z. AP2 Y 2 — B TR LEZEBGIZEIT BN
EE L AR OB ARINEERE L bic 5% BG
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—ZHOPT, Aff77r A DR (1=16) B X
U7 7y baz&nlcbo (n=19) o HERK
PHETHL RPCETEF77 v a3
T LIk Y HEBREAME T L7228, PREEL Y
BCEWHEBEE TR L.

AP 2 Y 2 —# TR, ABi7z7v o 0H%
ff-oT, HR 2 ) x — 2 HTRETHOT— & 2

> THEH L2 EYRES (Table 2) 2> H5PE L%k
BECBTBEIWEEZHAVWT, BEL 77V b A
OREEZEH L. EEOFELEAETHHLE
KHEOB%% Fig. 4 (@, b) IR/ L. BEHREZER
IRIEET, £To7F—#»bEH L ERER
Td 3. RPC, PRE kL b iz #H I £% ¥k i 0.99,
098 L EfEZ R L. EREROBEZIIZELZH
1.09, 0.96 & 1 iCEVWME L 7z o72. RPC iz~
PRE il X 284, F77 v+ A RHE 0 BERE
BHALOFRANRDE o, HHEBEOEWIC X 35
RS DE W% Table 3a 127/ LTz,
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Fig. 5 Calibration curves for the estimation of activity in the organs obtained by using
AP ( ) and HR (—-—-— ) collimators with RPC (a) and PRE (b) meth-
ods, respectively.
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Fig. 6 Correlations between estimated and real activities in the phantom for all phantom
studies shown in Table 1 with RPC (a) and PRE (b) methods, respectively. The
linear regression curves for all data are shown.

BEWXEICBIT 27 7 v b ARKREER L B
B ORAR % Fig. 5 1R L. RPC ¥ (Fig. 52)
PRE 1 (Fig. 5b) & b1z AP =2y 2 — ¥ BETid [
77 a0, HR 2) 2 —7BiCHHLTE
AToF—2PbEREREERLE. ZThbD

E#I3 0.9, Eo X wiEEE R L, #E- B
BrEHiR L LT & 5. RPCEEIZRIT 3 AP
B IO HR 2 ) # — % OEH#IR Y(mCi)=0.211X
(Kcps)+0.058, r=0.997 3 X 1% Y(mCi)=0.377X
(Keps).—0.169, r=0.998 L7 9, PRE ¥EizHiF
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Table 3b Correlations of real activity with estimated activity for various groups of
phantom studies with attenuation correction methods of RPC and PRE

Colli. Phantom No. of data RPC PRE
P1 PS5 16 y=0.97x—0.06 y=1.00x—0.01
AP r=0.995 r=0.995
P1 P5, 19 y=0.98x+0.15 y=1.01x+0.23
L1 r=0.988 r=0.985
HR P2, PS, 12 y=0.89x+0.40 y=0.82x+0.42
L2 r=0.985 r=0.992
all 31 y=0.94x+0.26 y=0.93x+0.34
bk B r=0.989 r=0.981

y; estimated activities (mCi), x; real activities (mCi), r; correlation coefficient.

~2000,
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a *
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Fig. 7 Correlations between two attenuation correction methods RPC and PRE for
estimation of volume (a) and activity (b), respectively. The linear correlations
between both methods are shown for the estimations of volume and activity.

3Rz = ZFh Y(mCi)=0.374 X(Kcps)+0.136,
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# L, HR 29 2 — 7 OREHIIEEIRESROMHE
okl LTHELh, MAEHELLIC, BLELS
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r=

6a |3 RPC i, Fig. 6b iZ PRE ki X v {ERR L
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ZRL. A7 7 v a7 7o bkl
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HHBIEToTF— 2T 2RRERTHS. &
# (Fig. 7a) ioxt T+ 3 EROR B X O HEREE,
y=0.8763+64.1, r=0.985 L 7 v, HithE (Fig.
7b) ict LTz y=0.99x+0.06, r=0.996 &7 -
7o, BHEOM T E X PRE # RPC EX ) 2%
RiEE R L. £, @772 b2 0RHEICE
LTREHEZLEWHEEERLES, F77v b
AL TR EDENKE -T2, L L, B
HEOBEHIZ7 7 v P ADBHESKESIZILT,
T X —E L.

1v. = =4

Bl & E & AEOBIRIERI TH B L IKE
LTkt L7z, A% 100~2,000 m/ o[E 7 7 v
Fax AP 2 ) 2 =2 TREF LI, E D TIE XL
FEL, ZoRYURER» SERFICBIT 2E8E
XErEHTESZLERBR LTV (Fig. 3).
L»L, HR 2y 2 — 7 BHTRIAEMIC X 281LH
Wiz, ML I Ao, THRERORR
B 77 b ADbETHRLIZ ENFEL
TwsEBbhs., SEEHEBZ 7 bAIRRES
LR T ol2lz®, HIROEWEERMIC
LhxBz iz TNk, BRiZE-TH
BECEXENRRESZ LTRSS hT.

BG 2 < 251 ¥V & AP kAo (Fig. 2).
Oz LT LLOEW PRE HiZX Y {ER
L7t BG 235 <&, (RHEE D RPCEX Y HW
WEfichsz bl nw—FE R LTWS. BG
EBWEEDE L - ik, FEMNEW (113
ml) 2 ¥ KkELE7ZHR XDAP2Y 2 — 4 DiF
INKEM o, LXICHR 2Y x—2 B4
BG fE 1~10% @A TRV HICIZ L A EEN
i otehs, BGEN%ICE S L, EIFERD
L¥FNT< 5. Fig.3 ©200m/(P2) 77 > b A
DEBEBVEHEOIELSOENKREVDRIZIDOLDT
H5. BHRGHCEEL T, MRBESREEBCE
->T BG MR L%. Lal, 1~10% ofHET
BAEIO7 7> b AEBRSSEM L ERRTH
PR BLEEXBS.

WINREEICE s THEEWEELRZ o 2

(Fig. 3a, b). RPC #:ix PRE #:1C e~ A AMEL
BGE LD, BV E, FH, RatheE
W L RPCED L BN L o7z, FFICAP
Y A—ZFET, A7 7 AR ORELZY
X (Fig. 3) B X OBEM#R (Fig. 5) & AV THF
77y b AOREBIUORNERZER T3 L,
ME7 7 v b A0HICH L THEREKMET 5
2, #OET PRE B2 l_T RPC b
#» - 7= (Table 3a, b). PRE T LM FT L 1R &
BRENMET 5720, EgPLCHEMAMH7 7~
A LB 7 7 v b A TIREHKEIC X
ZEENEHEOREVFNRES - LEDbRB.
Z DAEBE DYV RPC HEIIIC & 2 HEHR
Wiz,

FRRE R B U THSRE DRI, RIHHIE
% BBROKEEIRW, a2y A—20f@EHICLL
FHEAME & FHEMES X WHEB 2R L (Fig. 6). Z
Nz, xiE, wAFF-rECIBLE
BB IC T BTANHEL Y 3k
SMENEEDRTWEZ L E—ET 5.

V. #& @
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— Lk oTbLRE-. A7 7 b ATHRE
LRy X ED» 658 b BIRER D D&M
KHTA2VWEEEZLLEDINODONVWEHEEZF-T
MA@ L7 7 v b20RBEHEH L. #HEA
EIERNEL 098 UL ED X WHBERLZ. &
TemE 7 7 v b AD LRE LT HRERHHE - 3 EE
g » LB LZETH 7 7 v P A OHUIRERE
BEHL, ERoEL il &S, RPC, PRE #
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Summary

Evaluation of Estimation Method for Organ Volume and Uptake with
Single Photon Emission Computed Tomography (SPECT)

Hinako Toyama*, Shigemichi YONAMINE**, Atsushi YAMAGATA**,
Hideo YAMADA**, Eiichi TANAKA*** and Hajime MURATA****

*Institute of Clinical Medicine, University of Tsukuba, Ibaraki
** Department of Nuclear Medicine and Radiological Science, Tokyo Metropolitan Geriatric Hospital, Tokyo
*** National Institute of Radiological Science, Chiba
**¥x Division of Nuclear Medicine, Toranomon Hospital, Tokyo

Estimation method for an organ volume and
uptake was evaluated using five cylinder phantoms
(113 cc-1,539 cc) and two liver phantoms with all
purpose (AP) and high resolution (HR) collima-
tors. The volume was calculated from the summa-
tion of voxels in the region districted by equi-count
threshold level at each section of the SPECT
image, which were reconstructed with two attenua-
tion correction methods: radial post correction
(RPC) by Tanaka and precorrection (PRE) by
Sorenson. The optimum equi-count threshold level
(percentage to maximum count), which gave the
nearest volume to true phantom volume, was
estimated for all phantom images and the activity-
count calibration curve was also generated. The
optimum threshold level is tending downward as
increasing the volume. Higher back ground gave
higher optimum equi-count threshold level. Fur-

ther, the optimum equi-count threshold level is
changed with a kind of collimator, form of the
phantom and attenuation correction methods.

Estimated volume and activity are well corre-
lated (r>0.98) with their real values in the same
situation. In RPC method than PRE method and
in the estimation of activity than the estimation of
volume, less dependence on the form of phantom
was found from the present study comparing with
cylinder and liver phantoms. In conclusion, the
estimation for the volume and activity, further-
more uptake of pharmaceutical to the target organ
with SPECT would be useful for clinical applica-
tion, if the calibration study has done previously
in the same situation as clinical one.

Key words: Single photon emission CT, Organ
volume, Uptake, Phantom study.
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