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The Comparison of Quantitative Accuracy Between Energy
Window-Based and CT-Based Scatter Correction Method in
SPECT/CT Images
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Pumpose  In SPECT image, scatter count is the cause of quantitative count error and image quality degradation. Thus, a
wide range of scatter correction(SC) methods have been studied and this study is to evaluate the accuracy of CT
based SC(CTSC) used in SPECT/CT as the comparison with existing energy window based SC(EWSC).

Materials and Methods  SPECT/CT images were obtained after filling air in order to acquire a reference image without the influence of
scatter count inside the Triple line insert phantom setting hot rod(74.0 MBq) in the middle and each SPECT/CT
image was obtained each separately after filling water instead of air in order to derive the influence of scatter
count under the same conditions. In both conditions, Astonish(iterative : 4 subset : 16) reconstruction method
and CT attenuation correction were commonly applied and three types of SC methods such as non-scatter
correction(NSC), EWSC, CTSC were used in images filled with image. For EWSC, 9 sub-energy windows were
set additionally in addition to main(=peak) energy window(140 keV, 20%) and then, images were acquired at
the same time and five types of EWSC including DPW(dual photo-peak window)10%, DEW(dual energy
window)20%, TEW(triple energy window)10%, TEWS5.0%, TEW2.5% were used. Under the condition
without fluctuations in primary count, total count was measured by drawing volume of interest (VOI) in the
images of the two conditions and then, the ratio of scatter count of total counts was calculated as percent scatter
fraction(%SF) and the count error with image filled with water was evaluated with percent normalized
mean-square error(%oNMSE) based on the image filled with air.

Results  Based on the image filled with air, %SF of images filled with water to which each SC method was applied is NSC
37.44, DPW 27.41, DEW 21.84, TEW10% 19.60, TEW5% 17.02, TEW2.5% 14.68, CTSC 5.57 and the most
scattering counts were removed in CTSC and %NMSE is NSC 35.80, DPW 14.28, DEW 7.81, TEW10% 5.94,
TEWS5% 4.21, TEW2.5% 2.96, CTSC 0.35 and the error in CTSC was found to be the lowest.

Conclusion  In SPECT/CT images, the application of each scatter correction method used in the experiment could improve
the quantitative count error caused by the influence of scatter count. In particular, CTSC showed the lowest
%NMSE(=0.35) compared to existing EWSC methods, enabling relatively accurate scatter correction.
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Fig. 1. Total count spectrum(right) adding count of areal(left) to primary count was set up in main window. Count of areal is same to count
of area2(right) equal to area subtracting primary spectrum area from total spectrum area.
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(Fig. 2). & 9] 9172200 mmo| ™ Yo i= 27 7 mm2]
o}z o] 37) Qltk. zF Tojl= @A 5 mm, U7 me-‘l] gt
& g4 (hotrod)E AM] 8 4= 3131, 7] €} H(point) ==
(line)& A1 Y (source)= AU = vk Ag 2wy I4

of] ""Te A Y-S 0]-8-8}0] BFAHs 74 MBq(2.0 mCi)E A 4 5}
ot
AN .

» 2 -

Fig. 2. Triple line insert phantom was used to evaluate the total
count of SPECT/CT studly.
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Fig. 3. BrightView XCT (SPECT/CT with flat—panel detector) was
used for experiments.
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Fig. 4. Hot rod was inserted in air phantom(left) and water
phantom(right) for scatter count comparison.
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Fig. 5. A total of 10 energy windows adding 9 sub—energy window for applying EWSC to 1 main energy window was set up.
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Fig. 6. Post correction image(right) is acquired after subtracting
sub—window(=scatter) image (center) from pre—correction
image(left).
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and total count of VOI was measured.
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Table 1. Residual scatter count based on the error value between air and water phantom according to each scatter correction methods

Test Scatter correction method (Unit : count)

No. NSC DPW DEW TEW10% TEW5% TEW2.5% CTSC
1 665,253 398,289 309,891 264,117 232,078 197,977 68,339
2 655,365 420,366 305,027 268,231 223,436 186,379 65,242
3 656,106 385,862 300,889 255,873 216,546 183,155 49,988
4 656,106 385,862 300,889 255,873 216,546 183,155 49,988
5 654,580 421,994 306,655 269,859 225,070 188,007 66,820
6 655,186 421,069 305,730 268,934 224,145 187,082 65,915
7 654,208 421,683 306,344 269,548 224,759 187,696 66,539
8 654,147 422,362 307,023 270,227 225,438 188,375 67,208
9 653,010 422,607 307,268 270,472 225,683 188,620 67,443
10 665,253 398,289 309,891 264,117 232,078 197,977 68,339
11 654,208 421,683 306,344 269,548 224,759 187,696 66,539
12 654,147 422,362 307,023 270,227 225,438 188,375 67,208
13 653,010 422,607 307,268 270,472 225,683 188,620 67,443
14 654,208 421,683 306,344 269,548 224,759 187,696 66,539
15 654,147 422,362 307,023 270,227 225,438 188,375 67,208
16 655,365 420,366 305,027 268,231 223,436 186,379 65,242
17 654,208 421,683 306,344 269,548 224,759 187,696 66,539
18 654,147 422,362 307,023 270,227 225,438 188,375 67,208
19 653,010 422,607 307,268 270,472 225,683 188,620 67,443

20 654,208 421,683 306,344 269,548 224,759 187,696 66,539
21 654,147 422,362 307,023 270,227 225,438 188,375 67,208
22 653,010 422,607 307,268 270,472 225,683 188,620 67,443
23 655,365 420,366 305,027 268,231 223,436 186,379 65,242
24 654,208 421,683 306,344 269,548 224,759 187,696 66,539
25 654,147 422,362 307,023 270,227 225,438 188,375 67,208
26 653,010 422,607 307,268 270,472 225,683 188,620 67,443
27 656,106 385,862 300,889 255,873 216,546 183,155 49,988
28 656,106 385,862 300,889 255,873 216,546 183,155 49,988
29 665,253 398,289 309,891 264,117 232,078 197,977 68,339
30 665,253 398,289 309,891 264,117 232,078 197,977 68,339

Table 2. Comparison of each correction method about %SF and %NMSE based on error value(=residual scatter count) of water
phantom image in contrast with air phantom image

. Water phantom
(Unit : %)
NSC DPW DEW TEW10% TEW5% TEW2.5% CTSC
%SF 37.44 27.41 21.84 19.60 17.02 14.68 5.57
%NMSE 35.80 14.28 7.81 5.94 4.21 2.96 0.35
+ %NMSE(percent normalized mean-square error)“”% or
S} e FAL o] g5te] ALEBHATE [T - T
W NMSEyor= ——————— = 100%
2| T,
1) %SF(%Scatter Fraction)
%SF: (T"wate’r - fra/r/ ]—'7117{11‘,67') ¢ 100% 7E:l J_-"I'
2) %NMSE(%Normahzed Mean Square EI"I"OI") /%—]@ ﬁeiq' %7]% iH—‘(r_)— l—‘,ﬂl‘gqu %_7:"_/,\_(71%03 /\o]_) T:HH] %
_ 2 5 - = L
6 NMSE ) = p3pI [ Toir ngtcr] .« 100% = A& WH Y TATAHEA F = Y= S7HE AT &
X[ T,] S A Mol Ak g 28471 4] & NSCHAYE] &
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O%SF C%Primary

Fig. 8. The value of %SF after applying each SC method was the
lowest in the CTSC. The low value of %SF means that the residual
scatter count is low.

2l th(Table 1).

7} Abgh i 7 Bh o] A8 o] 3 FA=(100%)F Fotdl=
A2 ARAG= ] H89] %SF= RAS HA] oke )
(NSC) 37.44%, DPWoJ| A 27.41%, DEW©] 4] 21.84%, TEW
(10%)°] A 19.60%, TEW(5%)°l| 4] 17.02%, TEW (2.5%)]|
A 14.68%, CTSCO|A] 557%= HA| AetEA Wy =
CTSC A& A| %SF7} 7H4 Wttt EWSC % Foll A=
TEWS] %SF7} 71 ok o, 5§35 TEW= AHE-E H % o

U AZ2] | ol(%)7) 555 %SF7| 4k}l th(Table 2,

F 3 %NMSE:= 2 AL 3}A] 9kghe IIH(NSC) 35.80%,
DPWol A 14.28%, DEWoA 7.81%, TEW(10%)o]A]
5.94%, TEW(5%)9 A 4.21 %, TEW (2.5%)%l| 4] 2.96%,
CTSCOl|A] 0.35%2 A AletE A uhe = CTSC A4 A|
%NMSE7} 7}4F wekth. EWSC " Zoj A= TEWS)
%NMSE7} 7}4} Lrol o o], E5] TEW= AFLH B % of| 1] 7]
Zo] ¥0](%) 7 F2+5 %NMSE7Z| 7433 th(Table 2,
Fig. 9).
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7.81 5.94 a2
- - 2.96
o | | [ 1M 0= ) o

NSC DPW  DEW TEW10% TEW5% TEW2.5% CTSC
O%NMSE

Fig. 9. The value of %NMSE after applying each SC method
was the smallest in the CTSC. The low value of %NMSE means
that the accuracy is high.
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