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Studies on the Liver Uptake Measurements of Radioisotopes
Part I fundamental study

By

Teruo Tokuyama (M.D.)
Department of Radiology, School of Medicine, Chita University, Chiba, Japan
(Director: Prof. Hirotake Kakehi)

Much profits will be expected in the study of nuclear medicine or radiation hazards,
if the accumulated dose of radioisotopes in any organ is correctly measured from the
outside of the body. However, it has never been established how to measure the dose
of RI correctly in any organ from the outside except the thyroid gland.

The fundamental experiments concerning the liver uptake measurements were prese-
nted in this report.

1. Methods of the experiment

At first, liver uptake measurement of radioisotopes was attempted after that of I-131
thyroid uptake. Liver uptake, however, requires several devices with regards to metho-
dological factors because of the following difficulties. ‘The size of liver and its depth in
the body, and the body thickness at the liver region varie from person to person. The
exact topological finding of liver is not clear from outside of the body. Liver always
suffers respiratory movement. Moreover, some Rl is taken up in the neighbouring organs
and these backgrounds are to be excluded. Analysis of these influencing factors by me-
ans of ready made phantom shall pave the way to the establishment of correct uptake
measurement.

Equipement :

The RI measurements were performed by using 17/x1’ and 2'/x2'" sized Nal cryst-
als, flat field collimators and a medical spectrometer, manufactured by Toshiba Electric
Co. Ltd. in Japan.

The differential counting method was better to eliminate the scattered radiations.
‘The B-Filters made of a lead plate to cover the liver region was employed to detect the
body background.

Phantoms:
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Various sizes of liver phantoms from 560 to 3000cc containing the equal dose of Mock
Todine or %8Au solution were used. These liver phantoms were embeded in body phan-
toms 2 to 6cm deep from the body surface. The body phantoms were human trunk
sized ranging 16 to 24 cm thick and filled with rice. As a matter of course, the phantom
used in the experiment should be placed under the analogous conditions as the human
liver. This was confirmed by the correspondence of both spectra obtained from human
liver and from liver phantom.

Experimental conditions :

Some expected conditions needed for the measurement of liver RI uptake were esta-
blished as a model using the above-mentioned phantom. Varieties of measurement were
performed in order to find out which way is the best for correct measurement of liver
RI uptake.

2. The results of experiments

The effect of size and depth of the liver on counting Rate and opposite two directions
measurement :

According to sizes and depths of the liver and body thickness the counting rates sho-
‘wed much difference, even though measured from the same distance. However, mean va-
lues calculated from the opposing two directions, front and back, showed little difference
according to sizes and depths of the liver.

The effects of body thickness and correcting factors :

The counting rate of liver phantom is considerably influenced by the body thickness.
In other words, the relation between these two indicates a negative correlativity. Hence,
correcting factors were introduced from the experiment to exclude the influence of body
thickness.

The position of liver and collimation :

The position of liver is not apparent from outside and the effect of respiratory move-
ment is to be considered. Therefore, the counting rate depends on where to place coll-
imation center. The shorter is the distance for measurement, the greater are the effects,
especially by means of collimator with narrow field of vision. This problem is almost
solved by longer distance of measurement (60cm) and wider field of vision.

Standard source :

To find the correct standard source, spectra of various sources were compared witn
that of human liver containing the same nucleid of radioisotope, and from the point of
correspondence, the correct standard source was obtained. The following ones are reco-
mmended.

(1) The size of the source is to correspond to that of liver, for example cuboid
shaped one (56x5x10) cm?® and liver phantom.

(2) The source is embeded in the body phantom made of the material equivalent to
human tissue.

(3) The phantom is desirable to correspond, in size, to the body thickness of the
patients. But standard one will do with the help of correcting factors.
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(4) The influence of the depth of source in the phantom matters little, but it is
conveniently placed in the center. These conditions were confirmed too by the data
figured out of the counting rate by means of ‘“Body-Liver Phantoms "

Erasing of body background :

Exclusion of body back ground effect was achieved by the use of B-filter contrived in
form.

3. Conclusion :

The above-mentioned fundamental experiment leads to the conclusion of the correct
measurement of liver RI uptake. The measurement is to be performed at pretty long
distance with differential counting and with collimator of wide field of vision. Mean
values are to be calculated from the opposite directions, front and back. Correcting
factors are employed, corresponding to the body thickness of the patient. B-filters of
various size and form are used for the erasing of back ground.

Standard source, corresponding to the size of liver, is placed in the center of standard
body phantom.

By using all these Parameters, a Liver uptake of Radioisotope in any Patient can be
taken easily from outside of the body.
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Fig. 1. I and '**Au y.ray spectra of the liver of patients with almost equal body thickne-
ss compared with that of liver in the body phantom with the same body thickness

as the patients.

<o |||, ===, =e=+ *¥'T and “®Au y-ray spectra of the liver of patients with almost equal body

thickness (19.0—205.5 ) cm

_a_ I and "**Au y-ray spectra of larger liver (L-L) in body phantom of medium size

(B-M).

_b_ I and "**Au y-ray spectra of smaller liver (L.S) in body phantom of medium size

(B-M).
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Fig. 2. The influence of the size and depth of
liver phantom upon counting rate measur-
ed from one (A and C) and opposite direc-
tions (B and D).

In case of the measurement from opposite
directions, liver counting rate marks almast
constant irrespective of the size and depth
of liver.

L-S, indicate counting rate of smaller liver
phantom (560cc) -

L-M, indicate counting rate of larger liver
phantom (1400cc)

Each liver phantoms contzines the same
dose of **Au and '*'I solution and embeded
in the medium sized body phantom. Coun-
ting rates were measured by, crystal-skin
distance 60 cm, differential counting and
with B-filter.
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Fig. 3. (1) The effect of crystal-skin distance
on the counting rate of the liver of differ-
ent size was measured by one direction
method (A) and opposite two directions
measurement (B).

L-3, L-M and L-L indicate counting rates
of liver phantoms of different size, smaller
liver, medium liver, and larger liver. Each
of them was placed 2.0cm deep in the
medium sized body phantom.

(2) The effect of crystal-skin distance

on the counting rate of the liver of differ-
ent depth was measured by one direction
method (C) and opposite two directions
measurement (D).
Depth 2,4,6 em indicate counting rate of med-
ium liver phantcm (1400cc) placed 2,4,6
cm deep in the medium sized bodyphantom.
Differential counting and B-filter were also
employed.
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—H40% D2, KM 5 % D3, 60cnT—HF
TI%DZE, KR TI3%DEE LY, HiEEE
DRECE, ZIHREIZEC & BFOEE OE8ix
WLtz (Fig.3— (D)) ZoFEIF77v 1
—ADKEFE, WEESEOMMHS FRETH
5. (Fig.3 (B), (D))

@ FokE & oiEERICEIZT S,

FoXkz 3oERckzTERCOWT, H
EMERERUES &0 2 THIE L-#EE, a) R
DMK —FHRMEE T O E 312 & 2E#E
EOZ(LEIFOMEFE R R EAE , B R BI
She, ML a3MEmRH 2R, (Fig 2 (A),
(C) J A= FRMlEE T, FOXE 31k
SEEIRMD T L, PORIITHOWTHREE
we—mehrs. (Fig. 2— (B), (D)) 3Ll
SEREEE GRS B MIROEERE) # 22 T Distance
40~60cm, FIEZHFFRASE T, WTh b Fok
& ST & 22D TNE  FRCllEEEE DA &
WEBE DA & A Y RS MRS 0cn T
FFoRE Sk 2EEEROZIFEE 2 { 4 0 ER
Ly 2BETHS (Fig. 30 (B))

L EoEiz 19AU-Colloidiz o T 3 2 Mock-
Todine iz oW T &4 ARiTH 3.

W3 AN iE

L EoEBRMER: S, FFOoXE 3 0fEERIIE
12T EE, foTFR I EREICRIZT B,
—HRRIEE TE 22 D AE R, BT IFRIE
FEHRERBE, NI A, SRS
RELTBHE, HrWT 3,

JEEIC &k BIFOIES DERFTEHBER, fEoT
FFR ISR R B8, —HrailEskc it
TEPAYVRECR, FIBEZFHEEEE V3
ERDTNEL 2 Y, FEGREMIESE O K &
B, N AR a0 T T OES T &
HEHERMENEZ, 4 %EEL2. (Fig.2—
(B), (D))

R0 T, Ay LB MAFEE60cn, MBS FRILD
WE LCHEROEftiz & hg, Fokza

— AL
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R, EEOMAEREIZ L BRI OFHERIZKRIZT
B4, BILFR IEEERE KT T B85 b
HHEE M2 5.

2T, FFoKkE 32, REDEEZITEET
524K, FRIEZ2MEINNBIELLHEET 2
ZENRFREL B,

BS5E KEOREILEERERY
(BERMOEEFOELEL @)

W1ET ZEEREM

Fokz s, fiBESOFHERIC KT TERC
DNTIHELTRIR TR 21T o7-8, ZhiA
FEEHOARE X, FER—FEDHET DWW T T
DT, EEOER TIRRBOXRE X2k h O
HERRELNS.

ZOEIZ, FR I 5D HEORINEE DOMWAR
AR 0% 522D EBbh 3.

FE2T, WDKK E I RFR I HEERIC ¥R
EOREEEZ D0 MY, iz LTEDE
B prENE LT, EBRETOR. XHKE
12k YR IFEEROBLZMIET 3 FEOABE
iz o TERERL .

B SEBRFEEUER

ERH

2y - EkE7 Mock-I, 18AU-Colloid 2 A
L7 7 v v —2 (L-S 560ce) #4EHLTZ
he REIDE O FEKT7T v b—2u ((KF16
cn~24cm) DHFOFEx DPEEITE T, Zh?,
RIE=HR & b, &8RS Ee0cm i THlE
L, 77 v —20@EDZEIC X BIFETE
ROBLERI:.

WV, Differential ik (BAU - 412+
40Kev, B« 364+40Kev), 12 & ) B E i 2 e
L B-Filter # Fv~ Body back ground #[&3:
L.

IR T~ CHRDER L F—0BETH
it b

FRREA

. (Fig.4) ofplcgGE 77 v —20kEE 7
AT, F77v +—ao il JE L k.
F—H& 77— TRF77 ¥ F—2 DS
CEBIRZA L, Ey—EER E B0, BRI T Vb
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13
I - (1=S)
o R
120 L B-5S  e——
lco — B—-M B e T

80l Bl e

=
s
g T
60|
s 1 l I 1
EI (o] 2 4 6 cM
AU - (1=S)
® %
1008 M
I |
gl 80l pgq ————
60,
1 ], 1

0 2 4 6¢y
DEPTH OF LIVER

Fig. 4. The effect of body thickness and depth:
of liver on the counting rate.
B-S, B-M and B.L show relative counting
rates of liver phantoms containing “*Au
colloid and '¥'I solution, the same doses as.
standard sources, placed as deep as 2-6
cm in body phantom of three different
thickness (16, 20, 24 cm)
Remarkable effects were observed of the
body thickness on the counting rate.
These were measured by opposite two
directions measurement, cuboid (5353 10)
cm?® source in the standard phantom.

—LDRESNED L, BLIFEREREST
k%. A% B-M BHKRT7 7 ¥ b— 2D IE
R, EOFMR (5 X 5 X10) cm® MK E & #{E
WA OEEE $ 100% &3 % &, Mock lodi-
ne Tk, B-M ( 102~99%), B-S ( 121~ 124
%), B-L (81~79%) &/ 5. X 18AU 12T
Y, 12 vERiT BM ( 101~99%), B-S ( 116
~ 119%), B-L (84~83%) & 71 b, Mock-Iodine
EHRBE, FE—EERECET 3 fEERozEs
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%
140 |
1201 .
. ’/’
100L /
32 ’-ﬂ?‘
gg. —
e )
. |
€0
1 1 1 L 1
24 22 20 18 16 ©™)

THICKNESS OF B ODY PHANTOM

Fig. 5. The effect of body thickness on liver up-
take.

WI.L-S and ---"%Au L.S, indicate
liver uptake of ¢ Liver-Body Phantom *’
measured in the same way as Fig 4

‘*“ Liver-Body Phantoms’ mean small
liver phantom placed in body phantoms of
thickness 16-24 cm.

Liver counting rate reveals exponential
distribution in accordance with the variat-
ion of body thickness.

gl'5:

= F T

= =

< 1o T~

o | ==
= B

IF.

b -

& 05|

@

8 1 1 1 1 1

24 22 20 18 16 CM
THICKNESS OF PATIENT

Fig. 6. Correcting factors of liver uptake for
variation of body thickness.
Correcting factor of Nucleid ——'*1 and
---ts!Au' .
When these are used, the only one sta-
ndard source can serves for liver uptake
measurement as good one to any patient of
different body thickness.

Mrbw. (Fig.4) RBOKE IRBLT 2R
DIFHERBEIRECE LI DO T H 3
2, (Fig.5) x16cn~24cmiz BB iz DA ¥ X
DEERT 7 v b —2a@durz, AU-Colloid i

BARESEHMRFELME H23% mlls

Mock-Todin ## A L7277 ¥ b—2 (L-S-
560cc) #ANT, FOFEER 3 HEE#60CH,
B7A4VF—2RAwClZE LRETH D, HEF
(5X5x10) cm® %220c0/E X O HHE7 7~ b
—LHRIICEGT, ThPEEE L, 100&73
&, HEERE, BET 7V —20EX LB
BRI BB & 207z, £ gz, AU
& Mock-Todine 12 > T, 74 ¥ HEHE LT3
2, AU ok Mock-Iodine kb 3 #5= &
B (Fig.5).
Zh#, Semilog i 7ay + 32 LIRERT 7 v
P—2 DL EE D FEEY ORTIEME BN
DENRL, ZO WK ¥ RKDZE, EREMERK
(Fig. 6) 2M85n 3. o, Z DEREE.
5 (Fig.6) # AT, Fkro FELFE L@
EREREZES RO 2 ERHERE EZ LA
5.
NOFE
DLEDZEBFEREN S, FOR IR EHESMLEF
W 355, TORBORE I RED L, HER
EBREREELRY, FOEROBMGEREL
HEBY L7886 # =T, fEo T, MTHEIC X
LR EEROZBLEMIET B 72diciz, SEEC
kD 5T Z OFERELN b, FREAREK ko
T, T TRERIET 2 2 & R5Hk2 b1t
ThHd. L0, E& UTHREIZE 3 1R
DOBRIUT LB EEZEND. vHOHEST E BIR
FRIZ T O XN X —IKFEL, EFICE DT
K 72 REHR & MRIEREE AR &1 L —3T
5. [T, R v AR ER, B, 9AUD
FE U — 7T B F DGO FRIEMIE RS ®
FIEIC L o TRDZFHAHEEL B 3.
AERIER B LU EDRR RN A S8 3
ERHSE, Th2ERTsEICLY, AMEFOR
THZBORE 212BIR2 , FHECHET S
WRAEEZILN S,
B6E REORE aUX-—4—-RUAEE
B (BERORMHOELE @)
1M HEBREM
FFOR I & 2510 Ml T 554, R
z EOBANCE K 2o, FREOHA L
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NTHETHB.

HH & Dk, FOkE SRUELHE M
HFixHEE A . LE0fE, PlAEEHEO—K,
FMREIEE T 2 EBIR b S »Thv, B
o ChAR CREET 284G, R 3F0
LFTEAOREMRE oD 2z HEETH
3. XFFErPRAEERIA B 5 DT, W9 M2RET
R L CRI —E M ERIRIC B B ML R 2R
FES ZHIMED THEECH b, BEx EiEoz
B BEEEROBELETS. o, HlXZ
RSB oRRE D BRI 512 oh T, FFRI
DHFRREDEEDCEEL > F 20, XE0k
Br b T AHEIOCTHRAT 2 0ERD
Y, ZOHEFERNE LTEREITOR.

Bef SERCHEEURR

TR NERSMEORRT7 7 ¥ P — 2D
—sEDEES 1z Mock-Todine #EHA L7F77 v
P—L R EE, HERT7 TV — 2 O RS
PR THERFHEL, WeTI ) i—F—D
RS ZofrEML BT, AACEN L, i
L EBENC X 2R ERENO L & Rz 20
BEoa V) A—F -l 3 R RFOIY A—5 —
(N) ¢IERF 2 b2y 21— —(W) &M
L7z, a2 Y A—9— (N) OEL8HE, Bk
s b OFEE40cn TERZ24cnTH Y, Ha VU A—
7— (W) 1 ZFEMA0cn TEROnTH W7 7 v
b — 2 DIFFR OB, N7T ¥ P —4T
19cn, R7 7 ¥ b —4T20THB.

Ak &% 7 R B % 60cm, K U20cm & L T, Rz |
Harbu Dl BN PR S ST EROR(LRERER T )
A—F—DFET ORI EEI RSN R

SRR .

1) a2)2—7—DEE
Fig.7—(1) W3V x—3—DEEL2L57-D
12, IV A—F—=NEU2Y) 2—F —WD 2 Fz
DL THIERR L LB L= b D TH 3.

R 0cn T I 2o ) 2 —F — DR I
Byse (Fig.7— (B))a ) 2—F—NTi3f
HEROBBENCAE 5 HEr ¥R oz bz, LT, L4,
Fz 5enDFEENCHK L TI3%, a3V 2A—F—WT
5 BREETI) A—F—NOFER K E { #k
L, X@Egeocncid (Fig. 7— (A) ) KL b
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a) 100% - icl 100%
1 - =

= . P b

= = /""/ o
#

Ed &
3 50. £ 50,

! 1 i ! — A 5

10 5 2 5 o [+] 5 Q 5 10(CM ]

18} ,ff&ii\ o ook _
T e ey,

S50+ 504

L L L L ] L L A
10 5 O 5 10 10 5 35 10 (CM)
SAGITAL HORIZONTAL SAGITAL HORIZONTAL

DISFLACEMENT OF COLLIMATING POINT FROM THE BODY CENTER

Fig. 7. (1) The variation of liver uptake with
the movement of collimating center was
measured by means of two collimaters
with different fizld of vision.

(A), Crystal-skin distance 60 cm

(B), Crystal-skin distance 20 cm,
- - -Collimator W, ——Collimator N

(2) The wvariation of liver uptake with
the movement of collimating center was
measured under two crystal-skin distances,
20cm and 60 cm.

(C), Collimater N, (D), Collimater W,
———Distance €0cm]||||Distance 20 cm

CITHEEROZEZ D 2~5 BEEL R 25,
Oy 2—F—-WOEBHrRKENEEZRT. Bb
o) A—F R AE CTHAELTH, B
BoR-SDREL, REEHON & WERHEER
OELEKRE W, WJEEOEEr A3 L, B
W EROFRCEREOREWEAMEEZE X 5 h B
2, [Fig.7—(C)] offiz, a1y A—#—NIZ
NNT A B & FAMEGUL 5 enD BB T B EFEER
oz, HEe0enT 2~ 3 %, 20cnT 8 ~18%
ThHY, BHLMT0DEREFRTHB. XY
A—F—WTHHEKTHZ R, (Fig.7— (D))
HEke0enT (2~39%), 20emT 7 ~8 % & FDZE
BAhEw, Biba ) 2—7—N, WitowTh
b DR & WERER ORI AE S HR 0
{zAdx ¢, HEFOR~ Collimater B2z Dzl
KEw.

/NFE
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DU ED 6 Collimater 1XH15F o KTt
B, PR E wHFRE .
FHHOER LT Y A — % — Tl iE60cn
TORMEHFLREENC £ 5 FFaF R0, &4
S5cenT, 2~1%, ET5cnc2%EETH Y,
RIMHNZGEL T3 EEILNS. ek
(Crystal-Skin Distance) i35z f_FfE#60cn TF
DTHBEEILNS,
BTE BESEREORS

L MR OZME

B FURBGERR OME & A, FRI&?
WISET 5 BT L HE L parameter D —o 3 fE
WRRTH B, HEOTIELL, s cozhry 2
AR 2 Ve TR D B,

1D A EEHEERO—FH DM~
BRI, FcBEoTwW3RIBEEEOR
TiZzHEHA LA, AKF EE—0HBER LR
SRV NEL LD YRTH B, MHLED,
FTOAMFORIE2HARLIE L WET 35
BARTRETH 205, FLARBORI 2 SAE
MR T V23T, ¥ LTAKIFE H¥
RO R T—E L7 i 2 LB B 3
e, '
FHIAEFORY BRI LF7 7
Yh—=2FHEALT, ThERELLEZOED
MR & OFERO—Zz o T, Higka#
mZ, EORZEMERERARLEYTHIINER
HT ROEREIT 207,

2) THARZ P AO—F
HERD—BI MR TH B8, — BTN
DOHDYFRART PV EAKBERRI NS DT
ART PV EG—ETIERBETH 508,
MNEF YRR RTZ PUIZ DT AT 1 AL R
N7 PaRA—F—F e, EhLES N
PEHEL T 2ERTHETH Y, RO TAKIFT %
ART YV ERDT, ARZ LD LEhbEFRE
—ET MR RO 2EIC L b, EIFEER
FERUHTERHRS. R4 s
LT RART bV BRUEHEERD & T AMEF & —3
L, L dEEEDBERICL—F v & LR
BB LTEORANIZ S D TR TR b A\,

BARESHRARESMRE #2238 mlle

ORI EDSRME R LR E | CEESED S
B2 TH IR 2 Fio7=.
B2 TARRRT P AL 0SS

H1H EREW

TREART PO b AMEFCHIET 22
DOEMERIR 2RO T, ZOhhSERC G2
SRR S h 7 BN 2 B O T e
DETHS.

W21 ERFEEER

B[-Rosebengal, BI,H.S.A. %15 1A U-Colloid
FPIERGICEEL T, o hbRI®
THRERAARZ b % Medical Spectrometer Fif
Level Scanning Recorder (E%iR) 12 ko T
R L7z, BB BRIE & EROF A Y
A—F—FEH L. e Z60cns L. 2
AEFFTRERRT YV & —BcT % EMEsE Sk
O THEx OEMERE 2 /8L, 1) 08 0 kX
& (10ccHBE, 50cce——, B HME (5 X5
X10) ecmd ff7 7 p—2 (L-M, L-S,L-L) 2)
MET AN 3 BEEERA 7 7 v b—a Dk E X
(B-L, 24cnfE ; B-M, 20cn/E ; B-S, 16cm/E ; ) 3)
77V b—LRISEOMES (EFE» 52,4, 6 cn)
FREITH 2 DEMERR & /EBIL, Zhizo
WTART P VOZLE W L. Bz hE A
HFRRZ YL EZHBL, Zhb52En s Ek
IR NRE R, ARRANRT WA & —Bt 24
HEGE 2Rk 7.

AEA

D AFFARZ } A

AU, RU B 12owT, AMEFFRRZ b A
LTS, (Fig.—1) ofRcF#EoREs
DEFERE SELWATHE, FEYHEAR7 b AE
HIZE =3T3, o THFMEOREDIE » &
L NEFF O, MG L2 ART VL E
T3 OENERE R T EAHR S, T
EHOEEDE DI AFRIFART + 0V 2455 3
& [(Fig. 8 —(3)]) OBz F DO AT } M EIL
HOUREY, o THREDE - AMFIFIZE LT
IR 2 — 2 722 ) 2B R A BT, &
& DFRERO ARG L - EEE 2 Jrhd
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bhweEIbh3.

2)  ANPRIF MG 2 ins

FFR IIE O &oEEimiiz, FREoSs
LR, BERVESEIEHE 77 v b—a0 2
DOESTREE LG E R EI», XFOEDOTT
Y=L OKREE, ROKEES, RUTT V)
— L DRTORES BEETH B.

(1) ZemgfiE e 7 7 > b — AHREEIZ DWW e
ZerhisA CRIRETH 200 8 5 i) ¢ % A2,
AU, B fF7 7 v b — 2 w 2o R OEESER (f
E20cn) 77 v P —a (B-M #D AiziEe
T, RRDART P A#EY, FESOEREDE
SELCEEFART PV EHE L. (Fig.8
—(1)] ORRCEE T T v P —NOF7 TV b —
LDART P MTHEZBIT A7 L & U T 3
B, BRCEWEFZ77 Y P—20XX7 Vi
L ANEFRART 2RO TREY, fEoTR

(1)
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X7 P AD s b3 AT R 28 R R
ThiHETRAB.

(2) FUEDOKE X RUEMEREH 7 7 v b —2
RODEEEIZDWT ¢

HEROK E STEOHALE Y phantom rhoy i
T DT DM FH B 712, 10cciAEF, 50
cc¥—H—JUf (5 X5 X10) cm®fFh7 7 )
— 4 (L-8) o 560ccnfizsks MAU Fror B
B EANT, RESOROBIAEEY, 2%
20cm/St & DEHEII NARGEAM R 7 7~ b — 2 (BE
WB-MIEL) hoffiz OVEXZENT, Fhhbo
THAARZ PAFEEL, ZHEHEZIE L
T ZEEBIOFF v $EART b L& % LB L7,
a) HEOKE & :

SE10ccRERNE (0 %9 0.7cm), ¥ —F--50cc
LFHET T I — LD EDEIILBENTYH, F
NHEDART P VG AFRIFART + L E—E L7

131
I

FEN
/AN — )
.%ﬁkﬁﬁa ,%fggg§
217 A (R /"*’5\ /A
o o e o 1 . o \
S| & AN = N\ =
=z \‘\« _ i ":"::'-2'.:.:"5‘
= N
= i
. i)
© "
T (| T T 1 1 g L 1
100 200 300 400 500 100 200 00 400 50
EV KEV

PULSE HEIGHT

Fig. 8 (1) ™1 and "®Au liver y-ray spectra of patients were compared with those of small
liver phantoms and cuboid sources (5x5x10)cm® embeded in various depth of body
phantoms with the same thickness as patients.

y-ray spectra of these sources placed in the body phantom coincide with spectra
of the patient liver, irrespective of the depth in the body phantom.
= a,b,c, indicate **Au and ' spectra of smaller livers embeded 2,4,6 cm deep in the

medium body phantom.

— - —=— 1Ay and '] spectra of L-S in the air.

—l—=1—]—

— Au and ' spectra of patients, body thickness 20 cm.
18Au and "1 spectra of the cuboid (5:¢5 % 10)¢min the medium body phantom.

i 237 and '**Au spectra of the cuboid source in the air.

— 20—
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PULSE HEIGHT KE

Fig. 8 (2) "*Au and I liver spectra of patients were compared with those of sources of
various size placed in the body phantom of the same body thickness as patient.
The spectra of the source almost correspond in body thickness, to the patient,

are well agree with that of patient.

— ———"''T and "*Au spectra of patient’s liver, body thickness 20 cm at liver region.
—i—I—i— % Au and '] spectra of cuboid (5x5x10)em* at the center of the medium body

phantom.

——®Au and '*'T spectra of smaller liver in the medium body phantom.
mananasnnntiBAn and ¥ spectra of beaker, 50 cc, in the body phantom.
—-e—eee 198Au and ¥ spectra of Test Tube, 10cc in the body phantom.

. BiIbFh b 0K E & OfgE: AR ERERE
ELTRESTH B, (Fig.8—(2DFA~77 >+
—2 (L-S) s 560ccHUFFH7 7 ¥ b —2a(L-M)
1400cc KU EFHEHE (5 X 5 X10) cm® 42 0
BRI T T v b2 AN BB DART
PAREND EAREDIE S L AFFR AT b
MVEBEERES—E LT 5.

b ) SHREOEHREER 7 7 v P — A NDES ¢
FREDO T T v P — A NDPEE DT L B ART
PAZREFCHIC L AR b oMIBEEAL
A TR, FRERE Q. (Fig.8—(1))
b RS & Bz, T I HIE L 72
RESOMBLEHERFEMR 77 vt —LaD1E s
JuzB L, AMEFAR <7 PV ERL—8T 3.
RO THHROK & S IRBEEMGLVAR & K
LEDODRIDENETHS. XFEK7T7 ¥+ —
LR TOFPFEOEI IER TR, BIIWWEIBR

R7 T NDEEE A B G 2 S R
7Y =2 OHRINEE P ECT D S vwbidTh
5.
FHEGHSEGIRE L CHEFAEER (5 X5 X
10) cm® Z fwv7z28, Zh FERESEE 7 7 v b
—AWAND &, Ay A7 o e -
LCERMEETH 3. HHE EZh b ESEgE A
7TV b—2OHfIMZENTHEMA L. [(Fig.8
2169, 393€) D]

(8) EMEGNER 77V b—adK E X 1T 0w
T:
NEFARTZ P VRERRB E, 2y 0%k
PRTHIIIEORAN. KEIDRO0RZE 00
W77 v b—a (BERB-L, 24cnfE : B-M, 20cn
J& : B-S, 16cn/E) oz [F7 7 v F—a4 (L-S)
EUHEGEER (5 X 5X10) cm® 2%, #0
ANRTZ PN EINE=ZFTHOFE T T v F—DK

— 50 —-
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100 200 300 400 500

PULSE HEIGHT KEV

100 200 300 400 500
KEV

Fig. 8 (3) The comparison of'**Au and I liver spectra among patients and phantoms of
considerable difference of bedy thickness. a,b and C show liver spectra of combination
of patient and phantom with almost equal body thickness. They agree pretty well in
each group, but different groups show divergent spectra according to the variation of

the body thickness.

—(a,b,¢) indicate **Au and '*' spectra of *“ Liver-Body Phantoms ** of three different

body thickness, 16,20,24 cm.

C---) (), Qi) (B), and(— - —)(A) indicate ¥sAu and 1 spectra .of patient’s liver
whose body thickness are 17.5cm, 21.5em, and 25 cm.

& QTG L7 R0 B3, (T s A)—25cnfk=
—a, (T+U) ~21.5cufkE—b (ZA) —17.5
afffE—c, D TRRFRRZ } L 2#E
L, ZRH6DAR7 A EHBLY. (Fig.8—
(3)] @i = 20cufR/ED AEFF 2 < 7 + A (Patient
b) iz, 20c0/EBD BKT7 7V b —2HROFT7 7
VI—alI b BT T =D ART Y LR
B —#¥ %4, Patient a--25cnf&/E Patient
C 17.5eufREHEFFT AT F Mix, 20cn/EL D
FHFRRT7 P L@l —H L. OXEE
(16cm, 20cm, 24cm, ) DEKF77v b —a R
N7 PV ERZCAE L RIEDBE, (T A)
25cma (1T, 21.5cmb, (ZeA) 17.5cmc) @
FFARZ bR —T 5. fEoCEMEE
R77vr—am k& 30X, 13> B &K EC
THELERESDIDTHIERBE T b 3.
[Fig. 8 —(3)]
JNFE 2
DI EDFERN L, FFR IERERFEICS>TO

B, DEEOKEKEOAE XICHE LA
HEAHEAR7 7 v b —2a (k& iz, Rice-body
phantom) #fEMEMNEF Y 7 v b —2 & L CHEA
T52E, 1) BMEOKE XRFOAT X124
LABREELDODDORFEYTHB. L LEE
SR IEEO b D L LT, [ phantom iz #HE
LB, (5 X5 X10) cmd, 3R W REC &
BWEELA Lz, 1) ZhbimEoRsE 7
VP AHITOREIE, ART FARIEBRECE
By, T SR v e 7
T ¥ b — DRI TER L.

WIHET FHEeRN L o

EMEHNEOIF R T EIERIC Kz T

W1IH SZEER/

RIERICIATART } A D s B 05 IF EEMERaE
DR ERD7B, Zin s PIEEICHBERO Er
LI T2HEMUETHY, Z0RCHHEITY 7
Y b= AR ACTERED, HHEEO NS D
TR 2 EMERIR O 2 HERT 2 DR DE

— 51 —
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B HITH B.
W2TE HEROFHEEURER
BRI '

Sz, EEOARCRFICERE A
Tw5RIBREMTRVME, ZHhEEROR
I 2 SUERMERE 2R, HEMET 2 ik
. ETAIFIZ2 o & LBz EEERC
ERL-EETF 77 b —22EMA L. 208
BEHET TV VP —2OKE XX ZHT, (BL,
B-M, B-S.) #hbtohofix DEES, =ZHO
KEIDOF77 v b —2FECTEHOSRIT7
Fvb—ad UL FF7 7 v b —21xMo-
ck-Todine =13 98AU-Colloid D #iF—50uc %
HALZLDOTHY, ZikE—&ED MockIo-
dine &1 B, 198AU, Colloid # iz AE DG
FEoRcE AL, ThFENEHEA7 7 v b—24
WA, EEESEE LTHW IE LR T
GEARIF7 7 v b — 2 & ERERE & OFHERIER
&L, o TR U 100% L2 %5Db
Behsd. Bib, FHLEERRIERRT 7
v h—a (5X5X10) cmd #iEE L, 23
FRUEET TV b — R ICEC SO, A7
7 r—2aigE (L-M 560cc) KUERBEFLIE
FPHEETT v — LRI ECTLOTHS. Z
nooFHEERE FROEHOEERT T v P —o
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LUfEIZ80+ 2 %, 1004 2 %120+ 3 % & 72 b, Ell
H78%~123%BEDK & 228 #ox+ (Fig. 9)
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Fig. 9. The effect of the standard source on
liver uptake.

(1) Shows the effect of the size of sources and
the depth of sources in the phantom upon
liver uptake.

(A), (B) and (C) represent liver uptakes of
‘¢ Liver-Body Phantoms '’ measured by us-
ing following standard sources, such as
L-S, Test-Tube, and cuboid (5 x 5 x10)cm*
sources embeded in the center of standard
phantoms, (D) shows those of cuboid (5 X
5 % 10)em® source placed in the air,

(2) indicates the effect of the thickness of st-
andard phantom on liver uptake,

Figure shows liver uptakes of * Liver Body
Phantoms '" obtained by using the standard
source cuboid (5 % 5 x10)cm?® placed in the
medium standard phantom (20 cm thick).
‘¢ Body-Liver Phantoms ** were prepared by
embedingl iver phantoms(L-L,L-M’,L-M, L-S)
containing the same dose of RI (Mock-Iod-
ine), 2,4 and 6cm deep in body phantoms,
B-L, B-M, B.S,

Thl, REFEK77 ¥ b—2(5 X5 x10) cmd
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TR 22 1 B TR W MR & LR
3L, LUSTH2%EELWEE R L
(Fig.9)

A%, RESRECIF7 7 b — 2885 R U
PEL 22RO EY 2K E &, BOKEZR
B EE—RED NRSMEE R 7 7~ Y — APIZA
NbOREHTHY, ThEEATAIEELL
FRIEZMET 32 & B3HKBD I THB.

D DR BROERN L D, AT T
Lo TR EERORFEY TH B LELDL
i

A ERMENE, NE

FFR Ik z 4540 & W5E T 3 a0t
DWT, ART PNV RUFEED H» b HRE 2N
i i

BRESURICE MEFFICHIG L2k E X, BOFF
Phantom #5i s, BRXEHMAK (5 X5 X10)
cm?®, DR AV, 2 FEFOEE it L7
RE&n, AbLE—ERED AMREMEET 7 v b
— LRI ANTHERT ZURERDS. = O R%
EMRREET 5, FRIEZELQHET
BENRARETH 5. iz Differential EJHI%:
T, 5 ILTHBL 2T LR EREDMEAZE
& B EER D2, WY REMEREE v
THIET 2HATEELE X SN 30T, BN
D77 v r—2aiz, EEOKE XOREBT T~
P—a—FEREAT M VEEI LS.

B8E JF RIERZRZENTEICONT

1 rFERMY

FFR T4k 2451 & W WIET 358 0HETFITD
WTHEBAER 2 7o Tl 8, T ho b SHEREEE
EMEL UTUTFR THEEER 2 FRCHlET 212
HEEEOFHFC I, EOBEEICE L HIER
RBPIZODCTHRIT BOR T DEERDOENTH
3.
E2Hh PR URR
EB Tk -

(1) Phantom, [ phantom, L-M (1400cc)
L-S ( 560cc) iz3k =z 198AU-Colloid ¥ %3~
i (50mc) HAL, ZhiREIDEL-ZE-
DEKEE Rice Body phantom, (B-L 24cm thick)

1365

B-M 20cmthick), (B-S 16cm thick) oo Ff~
DIREWEE, WD BETHOLM 2 ET BT
HKT7 7 b2 L7

JERERRIRE LTI b kSR o 198AT
Colloid, #k%, EAEKZ7 7~ b—2 (5X 5 X
10) cm® WHAL, Zh 220cnffE0 A MRS
Ric:e-body phantom @ ez fFhy~ TEEMERSE &
LT L.

FEOTI NG OFRERPE T T 100% & 72 2]
FEMEN RS IFREREEEE 2 5.

(2) B FEk:

FEDOCDOW BF—HET7 7+ — 2 % ANED
BAE L, Zhe LEEMREE A, B7A
¥ - % {#i i U Differentiali iz ( 4124+40Kev)
W& DElE L.

IO, feko—FmlllEkE, EEOMB
FRBIEE & A THBE L, RERRIEREL % 68
FI U2 B2 JEG ARE & 1240 TR x DSBEGR 3 1
7.

@ —HE LU=
(P'a—F’ap) -} (P"A—P" 43)
(8'a—8"a8) -+ (S''a—S""an)
O=F A+ HERE
LU.= (P’a—P’s8) 4+ (P’a—P"'aB)
PTT(Sa=S"a8) + (§7a—S5"18)
LB, .
by
(1) B FRNEEC X 3R I &0
g
MR & LT, kEdnfo- 300 A48
fligRER7 7 v b —apici@an s FEF7 7 > ¢
— LRI 7 7 b —2 DRI, EHE
(5% 5x10) cm® #{E & L = 1 2 EMgREG: 7
T ¥ P —LWICiE T 0 R EEGEE LT RV
T—HRE»LHIET 3 &, (Fig. 10—(1))0fk:,
FFoR T &, ok &, BEEUREGBOXE
EkoTtkrTHh Y, A—EHR77v I —2A
Tkl 21F B-M N Ti93%~ 127% & 349 03k
FRL, THICRBOKREIITEZ2RFANS L
T1%~ 155% L 78%BO R I MMEEDOK X 7235
FARY. €0, —FHllEETE, FRIA&?Z

@=%r LU=

pgs
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DEPTH OF LIVER PHANTOM IN BODY PHANTOM

(cm)

Fig. 10 Various * Liver-Body Phantoms’ were constructed by embeding smaller liver (560 cc)
[, and medium liver phantoms (1400cc) Wl containing the same dose of RI (Mock-
Iodine) 2 and 4cm deep in body phantoms, B-L, B-M, B-S.

The figure indicate liver uptakes of ‘‘ Liver-Body Phantoms '’ measured (1) from
one direction, (2) from two opposite directions, (3) from two opposite directions with

the correcting factor.

Liver uptakes marked (1) 77-155%, (2) 79-123% and (3) 96-101%. By (2) with
good standard source, correct liver uptake can be obtained independently to the body-

thickness, depth and size of liver.

ELSHERBR 72 RESTH S &5 ERH
k3.

N (% - T R <1 S O T Sy e g
T % & (Fig.10—(2)] R THuz, Fl—okE
X ogxEe, WiE, BMTI LU 100~96%
L4 %EEL Y, RIEBNEMEL, 13—
FETIELWESGESL . BIbE—RK&7 7 b —
LN TIRIFOKRE &2, VX OUIEE KTT#
Brn EENET 38, BHOKE 3k 38
hhabhkE{ Dz, BS, BM, BL¥@UT2
3¢, RIEMEME (LU%) D479~ 123
% (3%44%) TH 5.

(2) REMERECC & 2R I B EO LS
LREORER Y, HEMERE (B53) 12
OTHIE L7z R (Fig. 10—(3)) o #1c F—K
BOBZTHEL, TRTOERBOKE X125,
D, RUTFORE &0, S0 X 3 8
LIFGEMEL, 70T o MIEME W, 101~96%
(#£S5%) BE:LY, BREANEMEZRL T
2. RIHEEEERH C (5 X 5 X10) cmd3 R
W77 v b—2 pEMERDET 7 v F—2IC N
N7z TV, FIEIFREE R & E

L, FIZHRERIE# T3 E, FR I EHlEE,
KRESRBEE, RRIZLZEEN BN h, +
DUIEMEDZER R, —HR, REFMIEL L
4 Range 78% (LU7T~155%) # &, Range
5% (LU 101~96%) &, H&¥ I LLkBHEIh
5.

Y, zhbokikot>T, WRIEE,
DKE S, JKBRTORE, RUEEROKE X1
LOWEEINBHE L, RE—EHERD, D
TERCHIE SN BEHICAS. fE2TIhs0Ml
SEFNEIT R T R Ok e T 3 2 &
w3,

W AN IF

D EDIFR I & DEBERIBE ORIENENC X
DT, FSEEO R’TF BT 3 S2BER It W
tk, Db ERvEisR, RitR—FmlaEyk, MR
FRIERE O, ITH o A8 Collimater, B-7
A4 V% —, Differntial I35 %4 g L, Dista-
nce 60cmz A CHIET g, IEREAFFR T HHeR
DWERTTEETH 3. Zh b DOFEZEM TR
<, B THEANTHY, fEoTHFR I IR
WllELE R VB3 LEZLNS.
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5.
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BIFOMTWBIZT ¥,
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LTFOR I & 245551 L (HIET 2 HEkC
DTSR F T 07z,
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ATEETWDTC, 3377 v —2 2L T
Fhbizd by, ILPEEER T o THEII T R ERR
ANk 35 e L.
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& LOMBE RN L, Xoh?, @iz
WEFECHlE L CllERFO— >— 2 ¥ #i
L, FFR I8 280 IE U < Ml sk 5 5 i & 9%
(E7=2

777 r—4&

7TV —23EZROEBEE LTRIEETD
5. HERLRT7 T v} — 2N g 2 3
BEE LT L 723~ AREF &8 s F—4fF
WHBENPEIPIEDCTETHARTZ P A D En
LS 1o,

By, MEDEFFT#ARTZ VAV E, BHF77
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T L, BBREEToT, ERLET TV
F—a (BHE—FF7 7 v b —2) EAERFIRE
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FFR T $EHERME EoREA ¢

D7 T b2 AT, THRIAZMHE
SfF 2 BEIANCEL 2w oh DEE—F7 7~
F—a R EDH L.

R BN R L, FoMa=iReEs s
FRENZ, FADZLOBKROBEH THB.

(a) HoOKRESERUVHFATOERIDFRI
IR Rz T R
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FFoAE &, WEDMEHERTEZ » 2 ) L
U,

ok & QRS EHSLh BRI BT
FRIE D W REME 2 .

(b)) REHOKE ZIOES: 3L LTIFFOR
SORFOEL b EEERFELL, AFRIE
IRiziEEys L Ebh3. Lhl, Zhix,
JEE STl B 0 T FRIE O WRE: B35 5.

(c) FFoETF, ZEEONERBIRAI 2 &%)
DIZL DT, KHERT, o b [E CHEME £ it
TAHHIAWEETH 5. fE0T, KDL IT
BHERIC T EEE, FOMEAFEPRITT 3
WBER D B.

(d) FFoREDCEIERZRS, B2 AT ERIR
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7: Body-back ground &7z l), Z OpEirEaE
VIR & 7 B ATREMER B 3.
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ek o FRER B SEERAIER b T 3
Bz, —FHFnb, Flat-Field#lay 2—s — 3%
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