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Figure 1. A schematic diagram of brain phantom shown
in relation to the CeraSPECT™ detector. The Nal(T!) is
stationary while the collimator 0, -120, 120 rotate 360°.
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Figure 2. Three-dimensional Alderson™(Radiology Support Devices Inc., Long Beach, CA, USA) brain

phantom with skull (A) and without skull (B). Aldeson phantom was made for guantitative studying
of SPECT, PET, and MRI. The phantom includes left and right caudate nucleus, putamen, and the

remaining brain region. The volumes of caudate nucleus, putamen, and the ramaining brain region
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Figure 3. Regions of interest drawn on a selected basal
ganglia image. RPT: right putamen, RCN: right caudate
nucleus, LPT: left putamen, LCN: left caudate nucleus,
BKGD: background, RPT+RCN = right basal ganglia, LPT+LCN

= left basal ganglia.
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Figure 4. Reconstructed images of the projection data acquired with photopeak

energy window (A) and with scatter energy window (B).. The images were

normalized to the (A) so that the relative radioactivity distribution were visualized.
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Figure 5. Reconstructed images show four different cases.

(BY no scatter correction and with attenuation correction, (C) with scatter correction and no attenuation correction,

(D) with scatter correction and with attenuation correction. The images of A, B, C, D were normalized to D for the

purpose of quantitative display.
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Table 1. ROl values of basal ganglia and background with and without attenuation correction, but
without scatter correction.

With Attenuation Correction Without Attenuation Correction
Measured| True Measured| True
BG BK BG BK

BG/BK | BG/BK BG/BK | BG/BK

Measure 1 61.97 14.44 4.29 6.58 28.21 6.81 414 6.58

Measure 2 58.65 13.96 420 6.58 26.73 6.57 407 6.58

Measure 3 57.39 13.78 416 6.58 26.09 6.49 401 658

AvgXxSD [59.34+237|14.06+0.34 4.22+0.07| 658+0.00/27.01+1.09| 6.62+0.07| 4.08+0.06] 6.58+0.00

Measure 4 54.07 16.48 3.28 468 2455 7.89 3.11 468

Measure 5 52.45 16.21 324 468 23.70 7.79 304 468

Measure 6 52.77 16.12 3.27 468 23.98 774 3.10 468

AvgiSD 53.101+0.86| 16.27+0.18 3.26+0.02| 4.68+0.00{24.08+0.44| 7.81%0.07 3.08+0.04] 4.68+0.00

Measure 7 49.52 3361 147 1.86 22.26 15.47 1.44 1.86

Measure 8 48.78 33.36 1.46 1.86 22.13 15.36 1.44 1.86

Measure 9 47.26 32.93 1.44 1.86 21.42 15.21 1.41 1.86

Avg T SD |4852%1.15|33.301£0.34 1.46+0.02| 1.86+0.00{21.94+0.45/15.35%0.13 1.43%£0.02{ 1.86+0.00

BG: basal ganglia, BK: background, Avg: average, SD: standard deviation
Table 2. ROl values of basal ganglia and background with and without attenuation correction, but with
scatter correction.
With Attenuation Correction Without Attenuation Correction
Measured| True Measured| True
BG BK BG BK

BG/BK | BG/BK BG/BK | BG/BK

Measure 1 69.80 13.99 499 6.58 25.84 5.31 4.86 6.58

Measure 2 68.16 13.12 520 6.58 25.31 4.93 513 6.58

Measure 3 65.19 13.30 490 6.58 24.24 5.04 4381 6.58

Avg X SD |67.71£2.34] 13.47+0.46 5.03+0.15| 6.58+0.00{25.12+£0.81] 5.09%0.20] 4.94*+0.17| 6.58+0.00

Measure 4 65.19 15.99 4,08 468 24.24 591 411 468

Measure 5 55.27 15.39 359 468 20.55 571 3.60 4.68

Measure 6 56.37 1554 363 468 20.93 5.76 363 468

Avg'_*'SD 58.94+5.44| 15.64+0.31 3.77+£0.27| 4.681+0.00(21.91+203| 5.79+0.10 3.78+0.28| 4.68+0.00

Measure 7 50.46 3242 1.56 1.86 18.71 12.12 1.54 1.86

Measure 8 49.10 3t 154 1.86 18.25 11.97 153 1.86

Measure 9 53.91 36.25 1.49 1.86 17.43 11.85 147 1.86

Avg+SD |51.16%2.48| 33.53+2.37 1.53£0.04| 1.86+0.00/18.13+0.65/11.98+0.14 1.51+0.04 1.86%0.00

BG: basal ganglia, BK: background, Avg: average, SD: standard deviation
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Quantitative Study of Annular Single—Crystal Brain SPECT

Hee-Joung Kim, Ph.D., Han-Myoung Kim, B.S., Soo-Gil So, B.S,,
Jung-Kyun Bong, M.S., Jong-Doo Lee, M.D.

Department of Diagnostic Radiology, Yonsei University College of Medicine
Research Institute of Radiological Science, Yonsei University

Nuclear medicine emission computed tomography(ECT) can be very useful to diagnose early
stage of neuronal diseases and to measure theraputic results objectively, if we can quantitate
energy metabolism, blood flow, biochemical processes, or dopamine receptor and transporter
using ECT. However, physical factors including attenuation, scatter, partial volume effect, noise,
and reconstruction algorithm make it very difficult to quantitate independent of type of SPECT.
In this study, we quantitated the effects of attenuation and scatter using brain SPECT and
three-dimensional brain phantom with and without applying their correction methods. Dual
energy window method was applied for scatter correction. The photopeak energy window and
scatter energy window were set to 140keV £10% and 119keV £6% and 100% of scatter window
data were subtracted from the photopeak window prior to reconstruction. The projection data
were reconstructed using Butterworth filter with cutoff frequency of 0.95cycles/cm and order of
10. Attenuation correction was done by Chang’s method with attenuation coefficients of 0.12/cm
and 0.15/cm for the reconstruction data without scatter correction and with scatter correction,
respectively. For quantitation, regions of interest (ROIs) were drawn on the three slices selected
at the level of the basal ganglia. Without scatter correction, the ratios of ROl average values
between basal ganglia and background with attenuation correction and without attenuation
correction were 2.2 and 2.1, respectively. However, the ratios between basal ganglia and
background were very similar for with and without attenuation correction. With scatter
correction, the ratios of ROI average values between basal ganglia and background with
attenuation correction and without attenuation correction were 2.69 and 2.64, respectively. These
results indicate that the attenuation correction is necessary for the quantitation. When true
ratios between basal ganglia and background were 6.58, 4.68, 1.86, the measured ratios with
scatter and attenuation correction were 76%, 80%, 82% of their true ratios, respectively. The
approximate 20% underestimation could be partially due to the effect of partial volume and
reconstruction algorithm which we have not investigated in this study, and partially due to
imperfect scatter and attenuation correction methods that we have applied in consideration of

clinical applications.
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