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Application of Computer for Radioisotope Imaging:

The Method of Isotope Subtraction Processing
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The image subtraction method (dual-radiocisotope technique) using a small digital computer was
studied. Tumor (or selected organ) was extracted out of other image with this data processing.

The positional pulses from the scintillation camera were fed into 4096 words memory through
matrix input controller, and transferred from computer to magnetic tape recorder.

Nuclide imaging study of the patient with malignant lesion was done using tumor imaging agents.
Patient remaining in the same position was given another radiopharmaceutical for subtraction which
distributed in normal surrounding tissues without specific localization in the tumor.

Matrix images of magnetic tape were fed into small digital computer (16k words memory) and
radioisotope images (6464 matrix) were displayed on the graphic display device (TEKTRONIX-
4010). The location for subtraction was selected by the cursor on the tumor image. The positional
information was transferred from the graphic display device to the computer in order to calculate count
ratio (subtraction ratio) between the two images. Counts on the matrix image by a second isotope
were multiplied by the subtraction ratio. This normalized image was subtracted from the tumor image.
Subtracted image was consisted of areas whose ratio exceeded the subtraction ratio.

The method was applied for tumor imaging with #Ga-citrate, 1¥"Hg-HgCl,, "Se-selenomethionine
and 9mTc-pertechnetate. Representative cases were presented. Improved visualization of the tumor

was observed by elimination of obstructed images.



684—(34)

BRI R 1% 68 S8, BiHE 35 %
o, HROBSHERIES (UF, ESRHEAR I
LEET) BB TEL. Lvl, EREEG
DL R T AR T EHE Xh T wic
V. RICIEFBA~OEE IR L ey,
TERENERE R & DB H RS & 7o B BA DS,

VYFAATEI AV a— R VAT AR
WL, 284HR I{#Ro subtraction QLBH % frat
U, BEEBZE~OIEH 2R % 1.

-

A) R I DR

FEBEIA R 1 OIERH~OEES i, %
FEBIHA R Tt LA B 8T 5 R 1
(LAF, BEEGBRERR I L383) #AIV-CHilk
Lic. TESHHAR T LfEEEREHR 1 & oM
aFhei, UTFomml L.

JFFldE

0 "Se-selenomethionine - 1%Au-colloid

0 %Ga-citrate » 1%Au-colloid

HER 55

0 %Ga-citrate L 99mTc.pyrophosphate

019Hg-HgCl, » 18I.RISA

JEHS : :

0 MmTc.pertechnetate L 131].RISA
B) R 1Dl

VI A AT LOMEES%, ADC, Matrix

Input Controller#z /1, :==2v¥ ., —x (16K
Words) D L7 2 —F 4 VAL B2T AT Y —
(64 x 64words) [ EFE Liz. “DO=FY , 2%
12— ORBRT — THBCEE, RE L.
C) R I{E04H
FEEGIREAR 1 B oG s C, Bk
AR I bOEEYRL 1o, kowShhol
Bk 7o,

(1) =FAF—2_27 br2 ) —-0FH
=RAF —SHETRE IS R R 1 &G
BREMR I L oAb A BN L.

(2) RIEFEEDZEOFH
FEEEBREAR I & LCRkROEEREEY
v, EEBHAR I 0fRLYER T2

AAREFRERERER Hak B8

[l Iy <8
D) R I{@[Ee> subtraction
() 7974 9 2F 4 A7V 38 (TEK-
TRONIX-4010) ic, W% 11 V<A D 71— 2
T = TEEFER L,
(2) T4 AT VA CHERE O AT,
subtraction #ff L 514) & n— v RE L.
(3) subtraction #ic s\ T, M R
TR EPEHGERIHR T ED I~ b I (subt
raction ratio) # 3R s, FEE@IRIER I {4 fk
R LA 2T subtraction 30 4fihe
BELL D Lo, MEEREHAR I {EvHIE
(LLF, normalize . ) L.
(4)  [HESSHHA R 1 B & normalize % ofis
HEBREAR T &2 WE L,
Tigib, subtraction 514 Yok G4 L ,
S5, Y)=Mi(x, y)—My(x, y)-K
=My(x, ) —Ma(x, y) -ppome Y2
S (x, y); subtraction {§
Mi(x, y); [ESBIIHAR 14
Mo(x, v); BEEEIREMR 15
K; subtraction ratio

(%a, ya); subtraction i}

Subtraction {51,
M (%, ¥) < Mi(%a, ya)
Mo(x, )~ My(xa, o)

DAL B IBLDO B A ERT 5.

(5) subtraction i3, X EH Y FHEic ¥
EL, ORERRE ELBEC L TRELL.
¥ 7, subtraction ¥ (normalize 4aff) % ZF &
T, BATHC subtraction % 457c\, #EE03F(f
iCix, ROIAE (R IEMOBOEIRMIR I &
D277 7R FERFETRAIE S EVPERL, B
L.

IR, S.K. 457, B, i (511D,

19A-colloid 1= X % 2 ST, FFFIEED i
PR SKAEDR » b, FFEELHES FiHE 2
BEbhic (a), ®Se-selenomethionine &G, /v
BRI SRR @ Hhts (b)), Subtraction 3
ZIFEEER (c o« BIFE) 1w@sE L, ™Se-seleno-



W F494E 9 H 250 . 685—(35)

(e) (d)
Case 1. A 45.year-old male with hepatoma.
Decreased activity around porta hepatis extending to the both hepatic lobe is seen in "**Au-
colloid image.
5Se-selenomethionine image shows activity around porta hepatis.
"5Se-selenomethionine image after subtraction processing. Subtraction ratio was determined at
the riget hepatic lobe (.). Note "Se-selenomethionine activity in the tumor and pancreas.
"*Se-selenomethionine image after subtraction in which subtraction ratio was deterrnined at
the tumor area (.). Note remaining pancreatic image ().
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(e (d)
Fig. 2. Case 2. A 49-year-old male with hepatoma.

(a); '"Au-clloid hepatic image shows decreased deposit of the radioactive colloidal gold in
upper and lower portion of right lobe.

(b):  Accumulation of gallium in right lobe of liver corresponds to negative defect on **Au-colloid
image.

(c): *'Ga-citrate image after subtraction processing in which subtraction ratio was determined at
the left hepatic Jobe(.). Arrows indicate *’Ga-accumulation in the tumors,

(d): **mTc-pertechnetate processing image subtracted by '**Au-colloid image shows activity in the
tumors (7).
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Ced (d)

Fig. 3. Case 3. A 56-year-old male with lung cancer.

(a): '""Hg-HgCl; chest image shows activity in the mediastinal portion including tumors.

(b): **I-RISA chest image shows activity in proportion to blood volume.

(e): Chest roentgenogram shows a dense shadow with atelectatic changes in the right lower lung
field and right upper mediastinal mass.

(d): '""Hg-HgCl, chest image after sublraction processing. Subtraction ratio was determined at
the heart (#). Note activities in right lower field of lung, right mediastinal region and
right supra-clavicular region (/). Primary and metastatic lesions are visualized.
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Fig. 4. Case 4. A 47-year-old female with carcinoma of breast.
(a): Chest roentgenogram shows an irregular shadow at right hilum.
(b): ®'Ga-citrate chest image demonstrates activity in mediastinal portion. No accumulation is

present in the tumor.

(c): *mTc-pyropho sphate chest image after 1 hour of injection shows activity in the same area.
(d): *'Ga-citrate image after subtraction processing. Subtraction ratio was determined at the
manubrium sterni (.). Accumulation of *’Ga-citrate in the right hilum and mediastinal por-

tion is shown. )
(e): Ten counts area of image (d).

TIKL, RipgEbh ot & 2 Ro 5 X
5 4odfz (b)), Subtraction {#i4 S35 (c @
v HIER) I EEL, S7Ga (@55 198Au (&4 subtr-
act L7cfER, RIEHEEZ bR 12 iy~ “Ga
OFEA B & otz (¢ DRER, Bods 1R
DERT O —8T%. Fiz, ""Tc-pertechn-
etate {4715 %Au-colloid {4 ¢ subtraction 1, [5]
BRlcfE e m Ui (d),

a-Fetoprotein [F#:Th v, mEEHAR » 5
LR < Bebh, AL —F L7

LS. 56%F, 5, Hiisé (R43),

B3, aid "Hg-HgCl §ii:fhodmsiife, bix
VI.-RISA #1454 © {8 CTHh %, 19"Hg-HgCl,
DIEFNIHEPR AT A TH S5, O, KinEE
DEeh Ofzsd,  TEEOR ik B 55T,
W¥Hg-Cl, 0 £ FEOABNE T #2435, ¥
-RISAf Gl i hl Lic AfiemTh o &

Ezbhsd, FEEMOSERKG, AiEE EEEEo
foib, RIS HIEA Eiute BI-RISA 75 i
PRICIERE LT B AMEEMED 2 2 bivle, X#REBT
VoA PO & S, HERIoLEK, g v
SRR HEE e, FoBEEOR LB
{RILE B3 Cicws (c), Subtraction 5 0
(do* ) w3 L, YHg-HgCly {405 1#11-
RISA {% o subtraction % {7 7o of-f5 58, JFHIELL,
HERR e D UM B LIS R b fii X h, [ES o
iR A IR & ot (d oZEHIER).
M X b, HTFHERCL B&K,  HEhEciao)
K, FHSE B 5 AKOMEEI R S .
hEfl4, F.N. 47, 4, I (K4).
SR IRSS 3 8, Al Ly v &g
Ba &ic U, X ECuanhrRaEmgme s it
bhic (a), “Ga-citrate {HEASIN I &, *=Tc-
pyrophosphate {16048 & @ il vom £ 5



690—(40)

fBemiic (b o). LbicfaBi ~o HHHE0
d b, [EEH~D “Ga-citrate DIERILERC
X7g\~. Subtraction % JgEREH (d o - B
WEE L, “Ga-citrate {27 & %mTc-pyrophosphate
e subtract LA, XARGHOMRHRIc—H
Liciffz (d DREIR) DYH BN & o7,

¥ i, 67Ga/'991nT(: He A & [F A HE L v AR

HARE SO SR MRl 348 B o %

L7HER i o 4885 (e) (XHNFLBIIR Y v -2
BREOB Y EEbh S, 94 7 B, Xig#iT
bR S i,

RO TH LRIy 5.

IEGIS. S.F. 57, 5, B (25).
EEMCREFMTER, W & A TIRIEL s, B
WiEBD LA, Shic. YG.citrate 2T,




MEF494E 9 A25H

691—(C41)

nf?

(g

BER~OPEH G2 EE L7, EETE S5
BT 52 ENTEILh2f (HEW).
®mTc-pertechnetate DIFRFIIILEHEIZ 35\ C,
20~24% % X V24~28Fp DR a, b Tk, JEEHA
BT & EBEEBIROETH < JoER (%
) R@RDBRI. 5~640H0 ¢TI, BBRA

£

Fig. 5. Case 5. A 57-year-old male with carcino-
ma of bladder. 8eqential ?*™Tc-pertechnetate im-
ages of pelvic portion (a.b.c.). At 20—24 seconds
and 24-—28 seconds (a.bh.), distal portion of abhdom-
inal aorta and left iliac artery appear to be nar-
rowed (7). At 5—6 minutes (c), increasing activ-
ity of ?*mTc-pertechnetate along the arterial re-
gions is followed.

(d): 'I-RISA image of the sare portion at 5—
10 minutes shows decreased activity in area
of both iliac arteries.

(e): **mTc-pertechnetate image after subtraction
processing. Note visualization of abnormal
%mTc-pertechnetate accumulation, Subtrac-
tion ratio was determined at abdominal a-
orta (*).

(f): Ten counts line areas of image (e).

(g): Angiographic study suggests tumor invasion
along distal portion of abdominal aorta and
both iliac arteries.

ICRFIERGE S ED b, WI-RISA M5 ~
104048 d & Bie ol R % R L iz, ®¥mTc-per-

technetate #ER 5 ~ 6 4 TIRIBE ~ © M 12
BETEDLHEX, EBRBIRE (e O*HIEH)

i subtraction ¥ & 55 L, BI-RISA 5~104

{4 % subtract L7z (f),



692—(42)

MEEY (¢) THEAABIRTS X » ke

BRI B SPRAE L BEAREENFR b,  subtraction
1§ D BH R - —F UIci i~ D i8I 5 He 5
Shic. 3 » A%IEE, REERTc—&K L.
EEE R bhit.

5 #

b= —DZMHEHEE XD R I I25k\-
T, MHIFENAEBIROMER &, EREIVER
MHEENLOENNLECTHD, B R
Tz T, £ < [ UAE CEREO a4
BTaRIGEOMENMBIETHD 2 L%\,
[Rl—HRAL T D A EAERAL OGP 4L B b, kP
PR EB LN, LhE{ORIEHRYS 3
FHEATOBININELES 5.

R 1 RO MR %, 2HDOR 1K
D HRBRCHEI L THa s b o LRz &
BEL, FREBELRCAGVBRTWEZ 74 v v
F 77 A b EHTFFROERN oV LEREMK L LT
TaEILLOLIBR L. b v -y — i
BT, HEOMGE (CENEHR oHEELLD
bEMERYEE IS, 27 2%
Y —7x & DRMOEREL O RER T O KB
B R TERRO B OB NE L EZ 2 bR b,

2 KR 1 {250 subtraction QLB 0 #4009D
114 <, Eif$fEo normalize, ¥ 4 A LA o &
W, HEOHEDPYIRRI bR TEL. ¥, K
ZWP, FIEEZEO R Y, BB KX o
subtraction X% & X T,

ZE1z, WERIGE DO F4 27 v( kT,
subtraction ¥4 » — v L4EE L, EHICE{EED
normalize #4778 5 Hika B Lic. ¥, 2
fER 1{#f o subtraction JLE%, EFSMHEO
HNERRTH I FEREEL, I, MR, BETo
ErEEZnc G LTal., B EEEL S
i %, 28MER 1{£RJ0 subtraction 1= XD
THFETHHER, BB, £ ORERE
%. R I DR, MNENTE, —s1r¥—2%
LB RRD HLOMMRE DX E2ER LT,
% Bl subtraction o\~ T DEEKNY T fER
NI EhBERETHAS.

AARE SO S s M4 B 5

R I @80 Bk & liiZeor 3% sub-
traction YLEIZ B\ T, R0 subtraction &
Fied> normalize S ALHERI 2, BHFE A0
HTENPIETH D, Eic, subtraction FFOAFT

By PRI X b subtraction Zefth A 4F % CEH
KRBT EHNELEL B,

TSR 1 EEEGREAR I L OJHR,
Mafbricowtix, SEbBRIEMmL, o
A b ISARA LR Ll EEx 4%, &b
B2 TETORBRAZ B L CHE L.

=

R1%DF 4 A7 VvA LT, subtraction fff %
T3 12 BN ATRET: subtraction JUEEJ5E: A #aEd
L, JiF, &k, EREHES2rcEi L.
7o b, PSe-selenomethionine, Ga-citrate, 197Hg-
HgCl,, **mTc-pertechnetate 7 & i I HH R
1 {&3s 5, *8Au-colloid, #*mTc-pyrophosphate, 1311~
RISA 7z XD R I 4% subtract Li=. = OFEE,
BHEEOR I 2WNCE L 5 5By 2 .

CHHRE 2 T DR RO SR, SR AR, 7B

TS B T e 22 o o rh s ORI o IR, BB, g
BEocpoRolmeyEzbL 1),
o

1) Burn, G.P., Gottrall, M.F. and Field, E.O.:
A. Ratio-subtract Device for Detecting Selec-
tive Localisation of Isotpes in Clinical Scin-
tiscanning, Brit. J. Radiol. 40 (1967), 62—65.

2) Blanquet, P.C., Beck, C.R., Fleury, ]J. and
Palais, C.J.: Pancreas Scanning with "*Se-
selenometionine and '**Au-colloid using Digital
-Data-Processing Techniques, J. Nucl. Med.
9 (1968), 486-—488.

3) Bergeron, D.A. and Vogel, J.M.: Dual
Isotope Pancreatic Imaging Utilizing the
Anger Camera and “*mTc-Sulfur colloid, Am-
er. J. Roentgenol. 109 (1970), 764—768.

4) Eaton, S.B., Potsaid, M.S., Lo, HLH. and
Beaulieu, E.: Radioisotopic ‘Subtraction’ scan-
ning for Pancreatic Lesions, Radiology 89
(1967), 1033—1039.

5) Hundeshagen, H. Creutzing, H. and Dop-
slaff, H.: Doppelradionuklid Pancreas-Funk-
tionsszintigraphie mit einem ProzeBrechner,
Angiography/Scintigraphy, pp. 289-—298.
Springer-Verlag, Berlin, 1972,



IR f494:9 H25H

6)

7

8)

Hamamoto, K., Torizuka, K., Mukai, T.,
Kosaka, T. and Honjyo, I.: Usefuless of
Computer Scintigraphy for Detecting Liver
Tumor with *”Ga-citrate and the Scintillation
Camera, J. Nucl. Med. 13 (1972), 667—672.
Kaplan, E., Ben-Porath, M., Fink, S., Clay-
ton, G.D. and Jacobson, B.: Elimination of
Liver Interference from the Selenomethionine
Pancreas Scan, J. Nucl. Med. 7 (1966),
807—816.

Overton, T.R., Heslip, P.G., Barrow, P.A.
and Jelinek, J.: Dual- Radioisotope Techni-
ques and Digital Image-Subtraction Methods
in Pancreas Visualization, J. Nucl. Med. 12
(1971), 493—498.

9) Staab, E.V., Babb, O.A., Klatte, E.C. and

10)

11)

12)

693—(43)

Brill, A.B.: Pancreatic Radionuclide Imag-
ing using Electronic Subtraction Technique,
Radiology 99 (1971), 633—-640.

Suzuki, T., Hamamoto, K., Kosaka, T. and
Torizuka, K.: Positive Scintiphotography of
Cancer of the Liver with *"Ga-citrate, Am-
er. J. Roentgenol. 113 (1971), 92—103.
WAGERL, EchZaE, MEERRIE, aREk
Ga-citrate It L 5> v 5 574 -8B L8
2V E - Av Y5 AOFBEEN~O
IS, B, 10 (1973), 467—477.
WD T, NSERUEE, sFBI3E, MiE—:
i Fh A SER VR v S -0
REFR L roBmbRE, AREHRSEE, 33
(1973), 511—522.



