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Improved Activity Estimation using Combined Scatter
and Attenuation Correction in SPECT

Jeong Rim Lee, Ph.D., Chang Woon Choi, M.D."%, Sang Moo Lim, M.D."?
and Seong Wun Hong, M.D.

Cyclotron Application Laboratoryl and Nuclear Medicinez,
Korea Cancer Center Hospital, Seoul, Korea

Purpose: The purpose of this study was to evaluate the accuracy of radioactivity quantitation
in Tc-99m SPECT by using combined scatter and attenuation correction. Materials and
Methods: A cylindrical phantom which simulates tumors (T) and normal tissue (B) was filled
with varying activity ratios of Tc-99m. We acquired emission scans of the phantom using a
three-headed SPECT system (Trionix, Inc.) with two energy windows (photopeak window:
126~154 keV and scatter window: 101~123 keV). We performed the scatter correction with
dual-energy window subtraction method (k=0.4) and Chang attenuation correction. Three sets
of SPECT images were reconstructed using combined scatter and attenuation correction
(SC+AQ), attenuation correction (AC) and without any correction (NONE). We compared T/B
ratio, image contrast [(T-B)/(T+B)] and absolute radioactivity with true values. Results:
SC+AC images had the highest mean values of T/B ratios. Image contrast was 0.92 in
SC+AC, which was close to the true value of 1, and higher than AC (0.77) or NONE (0.80).
Errors of true activity by SPECT images ranged from 1 to 11% for SC+AC, 22~47% for
AC, and 2~16% for NONE in a phantom which was located 2.4cm from the phantom
surface. In a phantom located 10.0cm from the surface, SC+AC underestimated by 24%,
NONE 40%. However, AC overestimated by 10%. Conclusion: We conclude that accurate
SPECT activity quantitation of Tc-99m distribution can be achieved by dual window scatter
correction combined with attenuation correction. (Korean J Nucl Med 1998;32:382-90)
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Fig. 1. The amount of activity concentration injected in a cylindrical phantom and six
bottles was represented. The unit was kBg/m!l. The injected activity ratios of
bottle-to-background were 2:1 (1), 4:1 (2), 5:1 (3), 7:1 (4), 11:1 (5), and 3:1

(6).
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Fig. 2. A sketch of dual-energy window method was - represented. The
counts within the photopeak window were composed of both
scattered (lined area) and unscattered (white area) gamma rays. The
counts within photopeak window was assumed to be 0.4 (k value) of
the counts within scatter window (gray area).
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Table 1. A Comparison of Image Contrasts in
NONE, AC, and SC+AC Images

Contrast*
NONE AC SC+AC TRUE
0.80+0.17 0.77+0.14 0.92+0.10 1

*, Contrast=(T-B)/(T+B); T, target; B, background;
Values were normalized to true data and averaged
in all injected activity concentration. NONE, no
correction; AC, attenuation correction, SC+AC,
combined scatter and attenuation correction.
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Fig. 3. SPECT image sets of six bottles placed within water-filled cylinder containing Tc-99m were
represented. SC+AC, AC and NONE methods were performed, respectively.

Table 2. A Comparison of Radioactivity Values measured in SPECT Images

Radioactivity* (kBq/ml)

T:B NONE AC SC + AC TRUE
2:1 38.7+5.0 522+6.7 352457 355+6.0
3:1 37.31+5.8 68.019.5 47.2+16.4 61.8+79
4:1 67.61+9.2 99.9+14.0 74.7+12.3 68.8+8.3
5:1 81.0+11.8 123.24+18.1 99.0+16.1 89.2+94
7:1 107.4+19.6 162.3+29.8 125.2124.6 127.3+11.3
11:1 167.3+37.5 23594378 171.1£40.3 193.5+13.9

*, These values were acquired at 2.4 cm depth (2:1, 4:1, 5:1, 7:1, 11:1) and 10.0 cm depth (3:1) in a phantom.

Mean

+ standard deviation of all slices on SPECT image was presented. T, target; B, background; NONE,

no correction, AC, attenuation correction; SC+AC, combined scatter and attenuation correction.
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Fig. 4. Profiles of SC+AC, AC, and NONE image sets were com-
pared. The injected activity ratios T:B were 4:1 (at the depth
of 2.4 cm), 3:1 (at the depth of 10.0 cm), and 11:1 (at the
depth of 2.4 cm).
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