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The Fundametal Studies on Scinti-scanner of 5in. ¢ for Tow Opposite Directions

Department of Radiology, Tokyo Medical College
(Director: Prof. S. Okamoto)
Hiroyasu Murayama, Taira Niwa, Akihiko Sakurai, Tamiyuki Ishizuka and Shuichi Suzuki
Department of Surgery, Tokyo Medical College
(Director: Prof, K. Makino)
Hirosi Aoki, Akira Shinoda and Keizi Kato

Radio isotopes (R.I.) administered to patients show in the organs destined distributions varying with
the patients’ individual differences and different phases of involvement. The count also varies with the
size, shape and position of the organ, and it is difficult to grasp perfectly the R.I. conditions of a three-
dimensional organ from a scintigram which is only one-dimensional representation. For improving the
diagnostic quality of the scitigram through representing the behavior of R.I. in the organ as faithfully as
possible, we have developed a scanner in which two detectors using respectively a scintillator of 57 ¢ x 27
are opposed. This apparatus enables us to obtain scintigrams utilizing the upper detection count, the
lower detection count, the addition of these two counts, the upper count subtracted by the lower count,
and the simultaneous counting of the upper and lower counts. These methods, the improvement of the
measuring instrument, the enlargement of the scintillator, the opposed layout of the detectors, etc. have
greatly improved the sensitivity and the resorution to enable as to obtain scitigrams of high diagnostic qua-
lity. (A) This system is composed of the equipment with the circuit formation as shown in Fig. 2. It ena-
bles us to obtain scintigrams by the scanning system as follows: 1) Linear scanning, 2) Temporal scanning,
3) Area scning; a) positron scan, b) multi-nuclide scan, c) lamino scan, d) by countings of the upper detec-
tor, e) by countings of the lower detector, f) by sums of the countings of the upper and the lower detector,
g) by subtracting counts of the lower detector from counts of the upper detector, h) the coincidence scanning
of the gamma emitter.

B) The negative shadow of a cylinder of up to 0.6 cm in diameter could be discerned at a depth of
5 em when a gelatin model of 10 cm in depth and radioisotope of concentration %11 0.1 uci/ce were used.
The positive shadow, at a depth of 5 cm in the same model, of a cylinder of up to 0.5 cm diameter of R.

I concentration 1 3 pucifcc could be discerned.
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C) The high sensitivity and the possibility of addition enable us to use only a small dosage of radio-

isotope. The possibility of using a faster scan speed enables us to shorten the scanning time.

D) The use of the adding system has expanded the permisible range of scanning condition, so that it

has become easier to set the conditions.

E) This systm is very helpful for diagnosis for its capacity fow various types of scanning techniques

and obtaining of good resulution.
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Scintiscanner |319504F Cassen 3% manual
scintillation detctor % FIRJEE R © Wit
LThbic R Lic. Bk, &< o%MHR
WX Y S h B bR SR B O BUR 2L 5
h, ERSHCES SR S h oo b DIEK B2
WrHEETH 5.

VUFAF L VEVIEDOHLVWERLELT
Ix, 19634F Levy iz Xt % Three-Dimensional
Scintiscanning. 19644F Kuhl%B% L = Cylin-
drical and Section Scanning %, Z[bOMU
HCOBFE L AREZER L SREAF ¥ v =
VIENRBD. X, EBRFTETHHIEAR, KB
A, FHIHADS B« BiEL% & 1F multi dot-
system, colour system 23 L2200, FHFL
Memory system [ X 1 5 &4 Fo L ic i 4 7o
FREETLTHE TV ScHEBRLE TN
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T, I, SOEBEFER-CHIRR & St s E o s
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(T1) crystal i L iisin EFeRtf L
fiiz T\~ % . Detctor & AGFL7c v FIT crystal
< scintillation 2#FE 1L, SEEFHEE T electric
pulse WA ENhD, ZOEERE 4 ONERIE
#r%al b spectro meter 1ZA b EEER] & hinig
F#HFEELRD, CORETHMNTGL TS
B OfES, THRHOES, WEOESOME
®, b oFS X ) THBH oA s 2 i
bhRME LT HEES O 2 HTEER T Xbh
ZF .

FHHGC g E T rate down 52 cut off OFHEH
i & fdot reccorrding headiz 6 b0 % 4 @ & co-
nirastor % {E LT A5 dot recording head jz
EOhDTHAEMATE D, EbbOHRTH
scintigram »38531 % . contrastor (3 A JHEE D
- % QBRI IR A E S B ERRE] & b 42
VIRFOREFESAEAEL, Th & bR\ EEERET
BRLEFIEI LI SR LEEBTHD.

X, RRFCEHBEIHREEOES I EDF & pho
to recording controller 3%}, rate down &
pulse width ZEF§0 A2 5 BETHZ LD
contrast ¢ 1\~ photo scintigram 2§ 50 % .

1. Rk

BHEBRERS A v, EX2 24 vF o scint-
illator \EfE 3 1 v F OREFHMHEY 1 KA
®TH%. 2ADDetector [TIFLFR_EITH 7 LT
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Fig. 1 Entire view of scanner 5 in. scintillator Table. 1 Composition of 5--in scanner.

detector for two opposite dirrections.

detector X 2 ( 5inx 2in), preamplifier x 2,
spectrometer X 2. add-subtract selectorx 1.
coincidence circuitx 1, rate down scalerx 1,
dot recording headx 1,
photo recording controller and headx 1,
2 den recorderx 1,
detector movement mechanismx 1,
profile scanning bedx 1,
collimatorx 9, (slit conex 4, tapered conex 1,

honey cone; F: 1lem in airx 2,

F: 20cm in airx 2. )

U

Fig. 2 Block diagram of scanning system.
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Fig. 3 Isorespons curve patterns,

M M (m () 0
I r
\ ﬁ f\ /
10
, 20
, 15 ‘
5
20 '
10 |
5 \_/ ( j
)

(DLK-15-11) in air  (I(LK-15-20+(LK-15-20) (V)(LK-15-20)+(L K~|5 20) Angls,
(ICLK-15-20) in air  (W(LK-15-20)+(LK-15-11)

— 5 —



426

Fig. 4 Tsuya Scanning Patterns.
Response for '*'1.
Scanning Speed 50 cm/min. RD 1/,

Cculhator‘ Face

!

1) LK-15-11 in air 2) LK-15-11 in water
3) (LK-15-11)—(LK-15-20) in air 4) LK-
15-20 in air  5) LK-15-20 in water  §)
(LK-15-20)—(LK-15-11) in air 7) (LK~
15-20)4(LK-15-20) in air

109 holes honey cone. LK-15-11; F :1lcn
in air. LK-15-20 F; 20cn in air

% . collimetor |} 109 holes ¢ honey cone —¢fi
pxZedrcilon (LK15—11) *20em (LK15—
200 2B 2 fEFE BB . TCsE10% D HUHE S
Bk n =) 2— 2 FELHRIXF =11cmh’ 0.009,
F =20cn’* 0.003TCh b, thbrHEa#HaeT
T 5. SRUCHIR L ERA ¥ v vERT.

2. {LHOEE

1) scanning HJE 1% fF4r20cms H80cm % THf
ZETHD, space (X3, 6, 9mmd 3 BYHRTH
% . FEFTMREILAT SRACH (ARG 45 X 40em, B
BEAIETRA33 X 33enTH B .

2) ratedown# 1/1, 1/2, 1/3, 1/4,
1/5, 1/6, 1/7, 1/8,1/9, 1/10, 1/20,
1/30, 1/40, 1/50, 1/60, 1/70, 1/80, 1 /90,
1/100, L8R, cut off {20248 500 cps 2
BREHED L5t B L.

M, spectrometer ¢D pulse height analyser %
BB LT pulse height} level HpEpi—3(+ 2K
L7z, $62T, gain % ZF 2 T3 photoelectric
effcet peak L level B3 haid: Ui, ¥,
hight volt adjust DR X h WEHENEES &
(9% I8

3)  RFEFEEEE D 2 % f=¥ positoron scann-
ing 13705, BT RIS OwFIFL
T background @ffL> scintigram 23 {550 5

AAEZRARERNE H28% 45

4)  EARERHE, TFHEHME, FiE o nEEse
EEBBEHAE X b T A U L f scintigram
»nEbhb.

§) bed 13 T2 © collimetor Fj L b I
E_EAFC20emEBE T % & &p kS 0T fo-
cusing collimetor @ {FHIE, T o #HBoHE
A BRI AbLT o L FRETH S .

6) #ARH%E0 scintillator |3 JHEE5 1 v Lk
ECETRNALTERL, i bREH R

45° R TH D, mHEROERIFL Figs o
BHTHEB.

Fig. 5 Relativity diagram of upper and
lower detector.

(1) Focus distance : 20cm

upper detector rolling center
B collimator
% \ \/ X 3&5:

00z

bed face /\‘\ 7 =
b / 'an 0 *y

= CU|||maIDr
fce

lower detector rolling center

(2) Focus distance : 11cm

upper detector rolling center

collimator /ﬁ‘

@ Tace _‘( 7{97"/

S e -
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_ | bed fage 2 T

Y
2 collimator”__ /7 | it
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lower detector rolling center

3. RFrFr=v ik
FEBIRDOAFY v IR LBV VT

T3 ahELBRD.

1. Linear Scanning
2. Temporal Scanning
3. Area Scanning
i) Multi-Nulide Scan
ii) Positron Scan
iii) Lamino Scan
iv) ¥ gREt#Eo scintigram
V) THEERIERETEED scintigram
vi) LB AR EE T TR AR B b
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BUT-E D scintigram

vii) EERRIHASETE L b TR EREEE W
BUT-EYED scintigram

viil) ETF#EE O AREHEOT & 2 EHEE
@ scintigram (Positron [/} OEfEIC X %)

m FtECHnT

BECHEIRER 11X, BEECHRETLD
BRI cofMmni s L it EiRokE X,
%, BT X > THEBEROEHRREL, —
WILDFERTH BHscintigram T=WICTH 5 IREs
DR I OREX ERCHEETH Z LIRETH S
7%, HRARFREC BB TOR I OREEY
scintigram {27~ L, BWifEm Lait 53l
OO AW B AR A, 2% 574 scint-
iscanner % BAZE L LAV R X & B8 b
fedT, 2, ZORBEER LA
WET5.

1 . scintillator MK ZZDF M

1] gegayEe k5 Nal (i) o %%, scin-
tillator o> ifili |- 10cm O fEEET 579 x 27 11 37gx
2D 3 EL RN L. fEoTEBRCEE S
ZR 1 DfFEH 3¢ OAHREE © JT 3¢ LR
BEN EoEE,EbhE. X, 3¢ LFERE
ORI %5 L scan 35 L3I FERHT 5 coll-
imetor| 3 BREE 2 Bl Ui R D X\ 3 D p3TH]
fEE TR b, BWRHE OE - scintigram 23§ Hh
5. Figeiwc 1 SR v 32 Nal (i)
DRI T .

Fig. 6 Counting efficiency for 1
point source
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W oML, B, FACE-3 O O
NEHTHD. X, ETHIEEDINERC X % sci-
ntigram A& %5 O C, collimetor DFE H% H
g lEoOR 1 APl TtE 5
LR, ETFHEEoESY AR AEe LY
rate down¥ }i<>3~ & #i gL O section scanning
MAREE TS, X, HIHBEOREN IV LR,
TR X BEHEER © W X b scan spexd
PHTH T LIRS Lk, R
W0z kb b0k, B, ¥, A%, £
HD AKE BB THBHH, MEHKX T, E
i, fiFo 2 TS T i 2 B oh DR
scan % JEH W 4EMET B © LS HIBRTRRIT
H5b.

1) Negative shadow [ZHE\ T

1) fRAERANGE ¢ ¥ X10em @ I 0.1 pcifml
gelatin phantom % {§ifl LTS 5 enDZE Tho
B X g, negative shadow [LEEE 0.6cm
oHMffife scintigram ERIh%.

i) InEJ7sK & Bl o Heil « TR S 12emfElo
en® B (.1 pci/ml water phantom % {FH 1,
Lo X5 b0 & TR #EO IR R X
HyowkkiEgTsL, Fig 7TRTISCH LA
CinEHR»EFITHS .

i) e AER ST TR AT
BEER O 5 LR e X IR4ET, BERE sci-
ntigram WCEFAETLSHL, HHDD I <kd L
5T T i OTH D BRI,

Negative shadow 1Z2\~T
A RE X S WERREED bRy,

2) Positive shadow (Z5f\ T

) B FRE  PEX10end BT 0.1 uci/ml
gelatin phantom Z{ff L THEE 5 cnDZfET,
IEHR I Xy ¥ 3 pci/ml ¢ positive sh-
adow |3 £ 0.5en@HE;Z scintigram 12 FE7RT[
HBThD.

ii) RIZFICX% scan Feff: : R 10em, R I
PR 0.9pci/ml @ water phantom # {#ifj L T
VEX 5cm @ fi7f& 1 3 cmg, 2cmg, 1cmg @ Ef
% AL, 0.9pci/ml o R I % #fA L positive
shadow * Uf-. R [1% ¥ RIHSA, 9nTc

iv) lamino scan:
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*"Fig. T Negative shadow scintigram patterns of
single, and add and angel method.
0.1 uci/ml. 364 440 KeV. Scanning
apeed 35 cm/m. Negative shadow 1.5
cmg cylinder,

(1) Single method
0 rate down 141 upper
“cmmucnmwmcammm

e-8@1

rate down 1'/3
Cut nif 16cps Cut off 22cps Cut off 32cps
il ‘;'—'ﬁ&:f A
F U_?a.'_-. N

(2) Add method
rate down 1/3
§ Cut off 28cps Cut Uff 3 3CPS Cut off 3cps

@ 3

(3) Angel add method
rate down 1/3 Angel:upper!d lower 14

Cut off 25<:ps Cut off 27cps Cut off SOCPS

O~,, ""InFe-DTPA T ), scan ZF5ELfh%
FE~ZEZ TR I 5ic30[@ scan L, k7 sci-
ntigram OFTHRL L RFIRTVWELODH
B Fig 8.205 b ¢, Zu@E»bhit\. X,
CDW, [[{— scan &0l Fig 8.105 Y
T, &0 HED LIt oT scintigram ¢
BOBRCHVIRIRY , scan Lfk 0 HEX b
B

3, Eic phantom % L, 1311 RIHSA i1
&0, BT & T R AR E 4
@ scan | Figo b ths. EiffitHxc
$ 1 cmg B positive shadow oFHILTIET
BHHM, RELMENNR I X b OBITHEH A Ligw
EBHEREETH D, RUREOEES 20 %
IEHRIT LI scan FHESRMOHERF LK
ECERCHFITHS .

i) _E#E T EFIE © s : 2 1.5
BB 3 peifml @ positive shadow 1, #Ex12
cm, £85 enD[FfE 1z B 0.1 uci/ml water pha-
ntom {245° C positive shadow 2 EE L,

HARE SRR #o8% #45

Fig. 8 Result of phantom examination, by
1], #mTe and Wm]p,

1) By the same scanning condition.
SCAN COMDITION
rate down 1 1/5. light level : 500,
scan speeds 80 cmsm, add.
1:364+40Kev. Tc:142t40Key
In: 390240 Kev
L, #mTe "3mY

e
e @
3@%&? @

"d A O
2) Bf varied scanning condition. - . o -
T RIHSA: 364+40Kev ; 2y

rate down: 178, gl . "

light level; 600 1' SR
sc speed i 40cm/m .

#m Te—(0 5 142£20Kev i
rate down: 1/6 . ®

light level 800 Y
speed: 30cm/n 1.\
8- FeDTPA:390+20Key .
rate downi 1/6 &
scan speed i 40 cmein T
light level: 700 q'
The use of the adding system has expand the
permisible range of scanning conditions,
so that it has become easier to set the co-
nditions,

BWHIC X B4 o (ch1), T (ch2), LT
BHOMI X540 (ch3) o g % Fig 10
(S P 14 i el b N N B € e b 4 o)
DFLRED B < T Y scintigram A &g b x
2T BH, EFIRANK I X i positive
shadow 7% b & FE IS S G L LB
NB LT rate o dow FBBE D Gl 0HAIM
b RE S RHREVBLTHD.

iv) lamino scan: £ 1.6cm, £ Z 6 cno i
W M3 peifml s f A L, positve schadow L
L, S 4 enfFicds® ofEx LA, B, C,
D¢ Fig. 110X 5gkET5.

ESRE 0 2 X540 DOX5ThHA
Ay, ETHHER © 5% B AT AR

I) b rate down L cut off & <¢ LT
W< &, HEAEHEELIAE @ positives shadow |1 bE]
KL, BOZO@RMXELR, HAHSE © lamino
scintigram 8537 |

3) 3"¢ scanner } PHTO/Gamma camera
& 2%}m 5'¢ scanmer |z ;' % organ phantompr
X B iz,
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Fig. 9 Comparison with phantom examination,
the scintigrams by countings of the
upper detector and by sums of the coun-
tings of the upper and lower detectors.

PHANTOM CONDITION. [y vo w1 6 0o i

pcs:twe shadow :

1 0.9 uci/ml
At lem diameter sphers
B:2cm diameter sphers
C C:3cm diameter sphers

(1) By countings of the upper
® detector,
@ (2) By sums of the countings
. of the upper and the lower
detector

10¢cm
| 515 |
@

°

[4}] (2)

rate down 1/3
cut off 20ces

rate down 1/3 ‘

cut off 40eps ‘.

rate down 1/3 @ -

cut off 8Qcps. 1._ ) ’ .

Fig. 10 Comparison of upper and lower and
add scintigram,
Y3 peifml. 364+40KeV. Scan speed
35 cm/m Cut off 25 cps Rate down 1/1,
1/2, 1/10, 1/30.
Ch 1: Upper scintigram. Ch 2 : Lower
scintigram, Ch 3 : Add scintigram,

em rate down  1/1 172 1710 130
Chi ‘. W e
1 ]

machlett-alderson organ scanning phantom. li-
ver scan F L, 1%Au colloid 300uci/ 1,400
ml T/ LRI TR LSHES htws e
i>h Bscintigram 3. Fig. 12041< TH h,3"s
scanner (A). 3¢ scanner (B). PHTO/Gamma
camera X b EL\ 2% 78 54 Tumor Lo 1
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Fig. 11 Lamino scintigram.
Positive shadow 1.6cm cylinder 21
Suci/ml. 364 + 40 KeV. Scanning
speed 35 crn/m
(I) upper: rate down 1/1 cut off
15eps () Add: rate down 1/4
cut off 32 cps

30em—++30cm

»

Water [ ]
F-

[ ]

h

[ ]

ey

emg ZW BT Eh T3,
Iv # &

19664F10 7, ErEBUERT O ic X b 5ep Ui
zi‘ﬂhj 5''¢ scintiscanner DR, R, thE
R AR Tk 728, 3¢ scanner L o
k%mﬁﬁéb,%wﬁﬁﬁromfu?&ﬁt
. B oW TEH Th ¥k o @b th
5.

1) 8¢ rhR IO EER AL TEH I,

2) AFXVAC— VYRR F 5z L Hk
5.

3) AFYVORELUNKRELBHETHS.

1) RBADI> v+ 75 aniBbh%.

5) EEMBHBAFYF—kb ETFmERoH
BIEFEEFITH B .

6) MAHRTHFF e > TR
WD BN, 2HF AETIEAED BRI,

7 BADFHFEORAFYv=vICLsvvs
77 2 ERETT B & LB MIIE A -

8) HIEEDRARMBEL 0.1 pci/ml D77
Vb= ATRHFTEIE 0.6enp [N, HEs s
R EfE7 7 v b — a3 peifml 2T 0.5emiE
VVF TS ACHERATRE A B .

7._.
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Fig. 12 Machlott-Alderson organ scanning phantom liver scan scintsgram pattans.
300 pcif1400 cc of *** Au collid.
C:2cm D: lcm diameter sphers.
Negative schadow A:4d4cnm B: 3cn

Entire view of tumor set up in liver for scan.  Tumor position of organ phantom

i
' g/%m
_ " . @ 1D
A
B

A 1?/—-:/

R

Taken with 3¢ scanner A. Taken with 3¢ scanner B.
Single. collimater 19holes 60C/m Single.  collimater 37holes F:9cm
50%Sup 0.2sec TF 8. 412=50Kev rate down 1/3 cut off 25¢cps

scan speed 50cm/m

Taker with 5"¢ scanner .
Add. collimater 109holes F:20cm+F:20cm  Taken with pho/gamma scintillation camern
412+£40Kev rate down1/3 cut off 18cps  Exposure time 4minutes; collimater 1,000 holes.
‘maximum count rate 120 cps
minimum count rate 48cps
scanning speed 50cm/m

®4E
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