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Experimental Study on the Detection of Liver Tumor Using

Scintillation Camera

Masataka Inakura
Post-graduate student of Department of Radiology Kyushu University School of Medicine
(Director: Prof. Hideo Irie)

A study was done to determine the smallest liver tumor which can be detected by use of a scintillation
«camera in combination with the following four nuclides routinely employed in liver scanning, i.e., #™Tc,
18T, M8mIp and 'Au. As a preliminary step, some studies were done on the general features of the
scintillation camera followed by studies using a phantom on the effects of different nuclides and respiratory
liver movements upon the detection of liver tumor.

It was found that liver tumors of 3 cm in diameter in the right lobe and of 2 cm in diameter in the
left lobe can be demonstrated with any of the above nuclides. Defects could be best visualized with %™
Tc, and even tumors of 2 ¢cm in diameter in the right lobe and of 1.5 cm in diameter in the left lobe ap-
peared as questionable filling defects.

Fundamental experiments using two kinds of nuclide, #¥»Tc and !!3m]n, placed in a water chamber
10 cm deep showed that visualization of filling defects was better with mTc. Particularly, =Tc was
‘more useful for the detection of tumors near the surface, and tumors 2 cm in diameter were visualized
to a depth of 3 cm while tumors 3 cm in diameter were demonstrable to a depth of 7.5 cm.  'With *1%=In,
tumors 3 cm in diameter could be detected to a depth of 6 cm, but tumors 2 cm in diameter could not be
detected even on the surface of the phantom.

Increased respiratory liver movement caused the contour of the liver to become enlarged in the
direction of the movement with blurring of the edges. At the same time, the filling defect within the liver
also became extended in the direction of the movement making recognition of the defect difficult and
decreased the detection of liver tumor, Assuming that respiratory liver movement is usually about 2—
3 cm, only tumors to a diameter of 4 cm can be detected in either lobe. This is 1 cm larger than that
‘which can be detected in the right love in the stationary state. In the usual range of radioisotope doses,
the exposure time of the scintillation camera can be shortened in inverse proportion to the dose.
‘Technetium-99 m, a nuclide with short half life and low energy, does not emit any beta rays so that it can

be administered in mCi units without concerning over the radiation dose. Technetium-99 m given in
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large doses of 6 mCi produced good visualization at 10 sec without increasing the brightness of the oscil-

loscope, and liver tumors of 3 cm in diameter in the right lobe and tumors of 2 em in diameter in the

left lobe could be detected. This is equivalent to the cptimum detection of liver tumors during the

stationary state.

Therefore, if 9mT¢ is given in sufficient doses for 6 mCi to accumulate in the liver and

scintiphotos are taken with the patient holding his breath for 10 sec., liver tumors 3 cr in diameter in the

right lobe and tumors 2 cm in diameter in the left lobe can be visualized without interference due to

respiratory liver movement.
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Table 1. Properties of commonly used liver scanning agents (Wagner, H.W. Jr.t)

. Photon mr ¥ Liver : : |
Radiophar- Boes Administered| Physical p Liver Dose | Whole-Bod
i ¥ : Half-time " ¥

maceutical (Ke\?) Dosege Half-Life (EHectliT;:) (Rads) (Rads)
9§mT )
colloid 140 3 mCi 6 hr 6 hr 0.99—1.08 0.045
198
colloid 411 300 uCi 2.7 days 2.7 days 11.4 0.7
Tm]p .
colloid 393 3 mCi 1.7 hr 1.7 hr 1.65

e 10—60 mi

: 40—60 min =

R T o 300 40i 8.1days | nitally 0.18 0.03—0. 09
] rose 3 A - ] A N i o
bengal 64 300 pCi 8.1 days | 20—30 min 0.25— 0.5 0.05—0. 15




TR f444E12525H

Lz ne, FFEEoRHECES T 2 BFix
BARBERNELLISM, ThiosLT, ¥
HEEEOMRE, BEEolE (Er#= 1% —,
OB 5EROR 1 BBILEH0EENIT), I
Bk oHE (FoE S RUEEoFEMRE), FFo
FEAEBEFERHD.

FEEBIYvF 27 LR ABoBML oA
bRIRIY, LoBREoKE SoffEE Ty v
F 7 2 T THRIHFTEETH % h T2t L.

II. Anger RISV FHASIZDNT

BE, REBEIENOEE L LtidkiedN3
4D D DAFFEE TS,

(4) ¥ v#% 2 58 (Anger type)?904s

() 4 2 —CHIEEE (Terpogossian type)
48230

() ¥4 » 7§55E (Bender Blau type)®

(=) A= F= -5 (Kellerschon ty-
pe>14)28)

TOHF TIE, Anger Mo vsh 23 nikd
FRLTHY, BReEAIhTWS.

EEL, COBRHBIVERET Lok o

Fig. 1.

1115

T, ol BIffFEEcoWT, BEo3By
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Fig. 2. Scintillation camera image detector. (Anger, H.O.9)
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Fig. 3. Paln view of phototubes and scintillator in image
detector. (Anger, H.O.%)
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Fig. 4. Isoresponse curve
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4,000FL 08 1,000L 2 V) £ — 2 — % FAV1B4
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Table 2.
4,000 Hole | 1,000 Hole Pihole
*mTc 0.114% 0.11295 0. 03842
M Hg 0.278 0.142 0. 0219
] 2.00 0.228 0. 0289
Ay 2.76 0.227 0. 0289

Measurement of sensitivity iwith plane sources
of #*mTe, W¥Hg, ] and “$Au.

Collimators used in this experiment were pin-
hole, 1,000 hole and 4,000 hole Collimator.

= F L F — D AU -8B A1 4,000
BV 1,000z E vk =2 U 2 — % —D%& 2
10075, 1064 DREE AR L.

wie, MLayx—zx—&fut, BEo=x
NFE—DER L BEEOE N EHDB L, k-
AMCRER4AEoWThoEEr vt i BE i
EXRRDILHOT. Zhied LT, 4,0008L=2 Y
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A= —TREEo=FLF - KEL KB
e, BERRECEA L. Thib, *Tc
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17.56%, 1%Au 322 .45 Th ot

1,000fL 2 ¥ # — x —T%, FEFREEOMHE T,
Bo= 3 F-pKELBeohtT, BRER
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Hobo s LTHAILESREILERL TV,
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2 —c k 5HF (geometric factor) & IE[E DfL
EWREDIEL 2T (intrinsic factor) D2
ORF BER Shich ot X hRE Sh 599,
intrinsic factor 13, Na I ok E 2 %8 TF
HEE OWERE W XoTHE 5 HEEAY oREof
BORFCEAEIEZ D = LixHRinv. Las
L, 2V 2—x—Rindol &<, 3EZLxLs
haoT, 3Eoa) 2—z—gonTEELE
if.%@ﬁ&ﬁEObfﬁﬁLt

. ERB%

W&06m®+)I%V/ iz, #94 pCifml
DOEIEWR T 2HA L TRBIRAZFR L. To
AL E X 1omp 25 7 4 VHIRHIA 123
O L, Fig. 5 02 & L b~ HEEG
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Fig. 5. Line-source phantom. This polyethy-
lene tubes containing a radioactive solution
were placed in groves of parafine plate.

Polyethylene Tubes Used To Measure
The Resolution Ability OF The Camera
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il | | | |
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Fig. 6. Over-all resolution of **»Tc line
source with pinhole, 1,000 hole and
4,00 hole collimator.
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Fig. 7. Scintiphoto of **mTg¢ line-source phan-
tom placed parallel to and 2em away from
pinhole collimator. 23x10° counts were colle-
cted. Each distance between line sources

was 4, 6, 8 and 10 cm.
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Fig. 8. Over-all resolution with *mTc, **Hg
and '“m]n (1,000 hole collimator).
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Fig. 10. Counts of 1 point source on the
detector surface was measured and isores-
ponse curve was drawn. The distortion was
not marked.
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HEBK~OICHCH 72T, Edban iz
EL Y vFh AT oMY HET A ERFIeo
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Dl TROBEE 7 7 v+ — a2 T, vvF T
F FEBT, RIDMHEMCRGEIT VS0
B TR L

a. FEE:

Fig. Il-a o Z & &, ™1 BHc Az #F8
ORI 7 7 v b —ak b, vvF74 B
fo. BB S, EEH 20<10* A % v b Intensity
4.75, Window width 20%-C #>7-.

b, &R

Fig. 11. Line-source phantom and scintipho
of it in contact with surface of collimator.
Using "I-rays, 2x10° counts were collected.
Uniformity of scintillation camera perfor-
mance for most parts of the field of vision
was satisfactory.

4 4 22 4 4cm

(a) Crossed line-spurce phantom

(b) Scintiphoto of crossed line-source
phantom (1,000 hole eollimator)
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Fig. 12. Schema of phantom used for

measurement of detectability of
spherical tumor models.
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Fig. 14. Schema of Machlett Alderson
liver scanning phantom
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Fig. 15. The effect of Window Width. Count
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ded as 100%.
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Fig. 16. Scintiphotos of the liver phantom
with pinhole, 1,000 hole and 4,000 hole colli-
mator. The liver phantom contained 3 mCi
of *mTc sclution and artificial tumors 5cm
and 4cm in diameter were placed at the
level of the center of the right lobe and
left lobe, respectively.

(a) Pinhole collimator

(b) 4,000 hole collimator

(c) 1,000 holecollimator
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Fig. 17. Detectability of tumor models in
liver phantom containing "mTe¢, [, 3m]p
and '"*Au solution by scinticamera. Window
width 20 % and Intensity 4.50.
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Fig. 18. The effect of respiratory movement
on the detectability of liver turnor models.
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Fig. 19. Liver scintiphoto during stationary state and during 1, 3 and 5cm

of respiratory movement.

Liver phantom contained 3 mic of *mT¢
solution and artificial tumors 5 and 4 cm in diameter were placed
at the level of the center of the right and left lobes, respectively.

(a) Stationary state.

(b) lcm of respiratory movement.

(¢) 3 cm of respiratory movement
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Fig. 20. Liver scintiphoto taken at 10 sec
exposure. The liver phantom contained 300
uCi of *mTc solution and artificial tumors 5
and 4cm in diameter were placed at the
level of the center of the right and left

lobes, respectively.

Fig. 2. Liver scintiphoto taken at 10 sec
exposure. Liver phantom containd 6 mCi of
“mT¢ solution and artificial tumors 3 and 2
cm in diameter were placed at the level of
the center of the rignt and left lobes, res-
pectively.
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Fig. 22.
with "'I point source.

(a) 1,000 hole collimator

I Ir.’.

(b) 4,000 hole collimator
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