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Summary

In this study, we examined whether the optimal energy window (EW) setting depending on an
energy resolution of a gamma camera, which we previously proposed, is valid on planar scintigraphic
imaging using T1-201, Ga-67, Tc-99m, and I-123. Image acquisitions for line sources and paper sheet
phantoms containing each radionuclide were performed in air and with scattering materials. For the
six photopeaks excluding the Hg-201characteristic x-rays’ one, the conventional 20%-width energy
window (EW20%) setting and the optimal energy window (optimal EW) setting (15%-width below 100
keV and 13%-width above 100 keV) were compared. For the Hg-201characteristic x-rays’ photopeak,
the conventional on-peak EW20% setting was compared with the off-peak EW setting (73 keV-25%)
and the wider off-peak EW setting (77 keV-29%). Image-count ratio (defined as the ratio of the image
counts obtained with an EW and the total image counts obtained with the EW covered the whole
photopeak for a line source in air), image quality, spatial resolutions (FWHM and FWTM values),
count-profile curves, and defect-contrast values were compared between the conventional EW setting
and the optimal EW setting. Except for the Hg-201characteristic x-rays, the image-count ratios were
94-99% for the EW20% setting, but 78-89% for the optimal EW setting. However, the optimal EW
setting reduced scatter fraction (defined as the scattered-to-primary counts ratio) effectively, as
compared with the EW20% setting. Consequently, all the images with the optimal EW setting gave
better image quality than ones with the EW20% setting. For the Hg-201characteristic x-rays, the off-
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peak EW setting showed great improvement in image quality in comparison with the EW20% sctting

and the wider off-peak EW setting gave the best results.

In conclusion, from our planar imaging study

it was shown that although the optimal EW setting proposed by us gives less image-count ratio by 9-

16% than the conventional EW20% setting, it can produce better image quality with decreased scatter

fraction.
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Paper sheet phantom with cold and hot lesions.
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Four phantoms

were soaked in water solutions with T1-201, Ga-67, Tc-99m and I-
123, respectively. After dried out well, they were laminated with

pouch films.
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Fig. 2 Comparison between energy spectra measured for four line sources (each having T1-201, Ga-67, Tc-

99m and I-123).

They were obtained as digital numerical values from the gamma camera in air or

within scattering materials (forward scatter thickness: FS and backward scatter thickness: BS).
The shape of the energy spectrum was greatly affected by the existence of scattering materials.
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Table 1 The ratios of the image counts obtained with an energy window (EW) and the total image counts
obtained with an EW covered the whole photopeak for line sources in air (image-count ratio).
Strictly speaking, the image counts obtained even in air are not equal to the primary counts because
of various factors in photon detection with gamma camera.

Image-count ratio

Energy of window center

Window width

1 (keV) 3 (keV) 7 (keV) 167 (keV)
13 (%) 0.872
20 (%) 0.778 0.973
25 (%) 0.879
201 29 (%) 0.903
25 (%)* (for 167 keV) 1
47 (%)* 1 1 1
Window widith Energy of window center
93 (keV) 185 (keV) 300 (keV)
13 (%) 0.783 0.854
15 (%) 0.845
Ga-b7 20 (%) 0.952 0.936 0.958
25 (%)* 1 1 1
Window width Energy of window center
140 (keV)
13 (%) 0.894
Tc-99m 20 (%) 0.987
25 (%)* 1
Window width Energy of window center
159 (keV)
13 (%) 0.870
1-123 20 (%) 0.955
5(%)* 1
* Energy window widths covered the whole photopeak energy range (from Reference 4).
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Fig. 3 Comparison of FWHM and FWTM values obtained from planar images of line sources in air or
within scattering materials for various energy window (EW) setting. The optimal EW setting
showed better spatial resolution on FWTM value than the conventional EW20% setting.
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Fig. 4 Comparison between planar images of paper sheet phantoms with the optimal EW and ones with the

conventional EW20% set at the photopeaks used mainly in each imaging for T1-201, Ga-67, Tc-99m
and I-123. The FS and BS thickness were 10 cm and 5 cm, respectively. The optimal EW setting
showed less scatter than the conventional EW20% setting qualitatively.
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The optimal EW setting showed less scatter than the conventional EW20%
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Fig. 6 Comparison of contrast values on the largest cold lesions (3 X4 cm) in planar images of the paper

sheet phantoms.

The optimal EW and the conventional EW20% were set at the seven photopeaks in
four radionuclides of T1-201, Ga-67, Tc-99m and I-123.

It is qualitatively found that the optimal

EW setting showed better contrast values than the conventional EW20% setting.
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