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Detector 2

Fig. 1 Uniform volume source for theoretical con-
sideration to measure radioactivity in the body.
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Fig. 2 Phantom study with various source depths.
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Fig. 3 Liver phantom study with various source
volumes.
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Fig. 4 Method for estimating effective liver volume
rate using conjugate counts recorded with
opposed detectors. N 4 is counts for i-th element
of matrix with anterior detector and Np; is
those with posterior detector. Geometric mean
+/Nai-Np; was calculated for each element
of the matrix.
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Fig. 5 Results of phantom study shown in Fig. 2 using 198Au (left) and °°™Tc (right). Counts
recorded with two opposed detectors with anterior and posterior projection (O—O), those
for geometric mean (@ —@®), those with attenuation correction (A—A) and theoretical

counts proportional to depth (—) as a function of source depth.
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x1000 x10000
20 1 10 A
, 104 T
400 800 ml T 800 ml
Volume of lggAu Source Volume of 99m'[‘c Source

Fig. 6 Results of liver phantom study shown in Fig. 3 using 198Au (left) and 99™Tc
(right). Counts recorded with two opposed detectors (O—O) and corrected
counts by conjugated mean (@ —@®) as a function of source volume.

V NAi-Npi 10703 18822 68028

ELVR ( %) 15.7 % 32 % 169 %

Fig. 7 Case 1 Twenty-five-year-old woman with hepatoma. Original camera images and
the geometric mean image with colloidal 198Au (upper row) show a large defect
in the right lobe. Values for geometric mean and effective liver volume rate for
each of the flagged regions (lower row) are shown.
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Fig. 8 Original camera images and geometric mean image in case 1 with 131[-BSP
(upper row). Estimated effective liver volume rates by flagging the same regions
as shown in Fig. 7 (lower row) show decreased values due to absence of splenic

activity.
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RO 1
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ELVR ( 2 ) 58 %

19 % 6 5 (1982)

‘Geometric mean image

66260 99743

66 % 100 %

Fig. 9 Case 2 Sixty-one-year-old woman with cholangioma in the hepatohilar region.

Original camera images and geometric mean image with colloidal 198Au (upper
row) and flagged region of interest (lower row). Focal defect is seen on right lateral
view. Values for geometric mean and effective liver volume rate for flagged ROI

(lower row) are shown.
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Fig. 10 Phantom study with various locations of the
source.
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Fig. 11 Results of phantom study shown in Fig.
10 using 29mTc. Counts recorded with two
opposed detecters with anterior and posterior
(O—O0), those for geometric mean (@ —@)
and arithmetic mean (O0—0O) as a function
of source depth.
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Fig. 12 Results of liver phantom study within a human
body phantom using 2°mTc. Counts recorded
with two opposed detecters (O—O) and
corrected counts by conjugated mean (@ —@®)
as a function of source depth.
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Fig. 13 Subtraction of bone marrow activity in a patient with hepatoma and liver cir-
rhosis. Original computer images (upper row) and geometric mean images (lower
row) before and after subtraction of bone marrow activity.
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Summary

Estimation of Effective Liver Volume Rate by Processing Liver
Scintigraphic Data with an On-line Computer

Tadanori HIRANO*, Tsuyoshi NAKAGAWA*, Hisato MAEDA*, Akinobu ARAKI**,
Tokio KiTaNo**, Mitsuo TAGUCHI*, Takashi NOGUCHI**¥*,
Yoshifumi KAWARADA*** and Ryuji MizumoTo***

* Department of Radiology, Mie University School of Medicine
**Central Clinical Division of Radiology, Mie University Hospital
**+* Lirst Department of Surgery, Mie University School of Medicine

It is naturally important to estimate functional
reserve of remnant liver tissue preoperatively at
major hepatectomy. For this purpose a method
is devised which can estimate regional liver func-
tion, refered to as effective liver volume rate
(ELVR). The method is based on the regional
counts on the liver scintigram with colloidal 198Au,
colloidal 2mTc¢ and/or 131I-BSP. Following the
collection of scintigraphic data from anterior and
posterior projection with a gamma camera and
an on-line computer system, the geometric mean
of the conjugate counts is automatically calculated
for each of the elements over the 64 x 64 matrix
and displayed on a CRT so that the brightness is
proportional to the calculated values. Various
regions of interest (ROI) are flagged on this image
with a light pen or keys according to surgeon’s
operation plans. The ELVR is calculated as the
proportion of the sum of the geometric means
over the ROI to that over the whole liver area.

Theoretically, the effect of attenuation can be

approximately corrected by the geometric mean
of the conjugate counts of which the accuracy is
dependent on the energy of the gamma ray and
body thickness. In a study with a 17.5 cm thick
phantom, the geometric means were almost pro-
portional to the volume of the source irrespective
of the source-depth in the phantom with under-
estimate of less than 5.39% with 198Au and 239
with 99mTc,

Functional reserve was determined by the
product of ELVR for the remnant liver portion by
the ICG Rmax to obtain remnant ICG Rmax. It
was evident from the data of 79 patients who had
hepatectomy that postoperative course was
favorable in 65 patients with remnant ICG Rmax
of more than 0.4 mg/kg/min. This method was
considered to be useful for the operation in
determining the indication, selecting the operation
method and estimating the risk.

Key words: Liver Scintigraphy, Liver Volume,
Attenuation Correction.
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