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A numerical analysis on photo-scintigraphic outline pattern of
liver with Au-198 colloid.
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The study is concerned with one of the steps to the objective evaluation on hepatic scintigram, using

electric computer.

In polar co-ordinates, of which origin is arbitrarily placed at the midpoint between the right and

left lobes, having an origin in the center of the liver scintigram, the contour of the liver is showed by

radius r to be a function of angle #.

The function of equation is expanded in a Fourier series.

Each Fourier coefficient contains a character of the pattern, and four parameters are induced from

these Fourier coefficients.

They are informations on the size of liver (Ao), on the grade of deviation from the standard pattern
(V), on the feature of left lobe (L) and on the feature of right lobe (R).

The above analysis is applied to the photo-scintigrams or liver in a series of 21 cases.

"The points plotted on Ao-V plane in each case can be devided into three groops, which are well

correlated to the clinical diagnosis of normal, cirrhotic and tumor-containing liver, respectively.
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Fig. 1(a) A normal photo-scintigram.

Fig. 1(b) Iso-density plotting of the scintigram
(a), combined with smoothing process.
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Fig. 2 Diagramatic illustration of the human liver,
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Fig. 3 Fourier series approximation to liver con-
tour in polar co-ordinates.

FR & D IR &P, BT R A % 2 MR
w52 % Wy e 75 s B oOWTHEd
BT ZBER () i XoTHE & £RT 5
(Fig. 3). 2O X5 LTEEDOLR (0) #F

-_““\\.
/“ ‘\.. R(G ) =1
3

R(6)=cos58

HRE O R &8 83458 §10%

R7 — 9 =RBOCER L £ O R Rkad 5.
Rwyﬂgti(Ammm+Bmm@ (0
i BOREL AO!'Als"', An, By, By, Ba 13845
e ML, choa@fitszLroTix—
AR EDOWIED DL, F—2D+ 7Y v LA

TEAE D15k 2482 L.
oL # g
1. B4 7 — v =¥
(DROERBEDOIERAEE 2 5 L AdLFOk X
BERETE AT 2 -2 —LicE. KICREORE
FIFEOFH Y DEINE S D X5 eIboMEE
wiohh ThZhR LT hs (Fig. 4). 5%
FHKECE S Z LR BDOIEOREDF O
RET 2HOBELIT B L5 2 EThH S,
BlOfT+DmRLTHD D DILFDOFH a0
HEARL, —2F0NEOFEHN T fiy

~— |

R(6)=sin® R(6)=sin2B

S

R(©)=sin48

N
‘44%
g7

R(8)=sin306

)

B
'4\\\|r/ i+

L
QA

R(8)=sin50 R(6)=sin60

Fig. 4 Characteristic pattern in each of Fourier cofficients. Plus sign: expansion to the same
direction. Minus sign: Contraction to the opposite direction.
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Table 1 Fourier coefficients expected from normal pattern of liver.
k |1 | 2 3 s | s | s
Ay sign = | = ! AE I _ + 9
cosine term magnitude medium large small small medium
By sign I T ? ?
sine term magnitude large large medium small
Table 2 List of Fourier coefficients and parameters in a series of 21 cases.
| Sy
Sl | A v L ®| A A A A | B B B B
1 l 7.46 0.61 2.68 4.74 | —1.31 —2.61 0.29 —0.56 2.30 —1.69 0.78 0.17
2 | 6.67 0.36 2.11 3.7 | —0.82 —1.92 0.32 —0.35 1.93 —1.00 0.66 0.10
3 _E’ [ 7.05 0.82 2.72 4.95 | —1.38 —2.24 0.51 —0.70 2.60 —1.50 © 0.86 —0.11
4 §= 6.33 1.05 2.47 2.68 | —0.51 —1.70 0.36 —0.72 1.72 —1.26  0.69 0.74
5 8.48 4.23 4.92 5.83 | —0.90 —2.22 0.57 —0.46 3.92 —1.90 0.46 0.31
6 6.97 4.73 5.3 6.23 | —0.62 —2.00 —0.16 —0.66 4.02 —1.90 0.81 —0.21
7 7.79 1.67 3.05 5.11 | —1.22 —2.00 0.62 —0.53 3.00 —1.27 1.43 —0.11
8 6.82 6.31 —0.14 2.8 —0.74 —1.65 —0.04 0.12 1.04 0.44 0.28 —0.11
9 | .= 8.50 2.12 0.58 3.8 | —1.91 —2.64 0.14 —0.23 1.75 —0.74 0.85 0.59
10 -::f-: 8.07 6.23 2.19 2.02 | —0.46 —0.36 0.64 0.10 1.69 —0.96 0.35 0.03
11 | © 7.97 8.37 —1.37 2.54 | —2.41 —2.37 1.05 —0.11 0.74 —0.30 0.04 0.57
12 7.52 4.98 0.88 2.81 | —0.32 —2.05 0.68 —0.06 | 1.23 0.03 0.46 0.47
| 13 | 5.38 9.45 1.12 3.08 0.16 —2.42 0.03 0.55 'l 1.21 0.25 —0.17 0.55
14 6.87 35.9 —3.35 —1.56 | —2.46 —1.39 0.88 —0.42 | —3.25 —2.36 1.98 —0.30
15 9.44 954 1.89 2.79 0.74 —2.70 —0.78 —0.45 0.43 —0.72 1.63 0.34
16 | 8.48 5.60 0.8 5.53 | —1.39 —3.22 —0.03 —0.19 1.59 —0.60 1.51 0.72
17 E‘ | 7.43 8.06 1.33 2.9 0.07 —2.98 0.08 0.71 0.53 —0.73 1.46 0.55
| 18 | 2 6.02 31.7 7.51 9.0 —1.69 —0.92 0.44 —0.64 7.52 —1.68 0.84 —0.56
19 | 8.46 11.0 4.87 8.22 | —0.34 —3.16 0.17 —1.34 4.56 —0.65 1.32 —0.50
20 7.03 2.11 1.57 4.58 | —1.14 —2.44 1.21 —0.36 2.12 —0.59 0.66 —0.02
21 7.8 7.83 2.51 6.09 | —1.51 —1.98 —0.33 —0.12 4.06 0.04 0.22 —0.05
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Fig. 6(a), (b), (¢) Photo-scintigrams reported as
Fig. 5 Fourier coefficients in a normal case. normal,
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Fig. 7 Fourier coefficients in four
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Fig. 8(a) A case of cirthotic pattern. (Case 12)
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Iig. 8(h) Fourier coefficients in the same case.
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Fig. 9(a) A case of large space-occupying lesion. (Case 14)
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Fig. 9(b) Fourier coefficients in the same case.
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Fig. 10 Parameter plotting of the findings in each
case.

A, A parameter for the information on the
size of liver.

L: A parameter for the information on the
left lobe.

R: A parameter for the information on the
right lobe.
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Fig. 11 Explanation of the parameter V.,

Solid lines: The standard pattern.

Broken lines: Apattern in a sample case.

The Fourier coefficients Ay and By with prime
indicate the standard pattern and ones without pri-
me indicate a sample pattern,
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Fig. 12 The comparison of the average value of the Fourier coefficiens between
4 normal cases and 21 abnormal cases.
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Fig. 13 The points plotted on A,-V plane in each
case. The plotscan be devided into three groups:
normal pattern, cirrhotic pattern and tumour
pattern.
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Fig.-14 The change of Fourier coefficients on
A,V plane caused by the selection of the diffe-
rent centers in a case. Each of seven doctors
selected a center in a case in the blind test.
O normal, A cirrhosis, X tumor.
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