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The Comparison of Quantitative Accuracy between Energy Window-Based and
CT-Based Scatter Correction Method in SPECT/CT Images

Ji-Hyeon Kim"-Joo-Young Lee?
Y Department of Nuclear Medicine, Seoul Medical Center
? Department of Radiological Technology, Songho University

Abstract In SPECT image, scatter count is the cause of quantitative count error and image quality degradation, This study
is to evaluate the accuracy of CT based SC(CTSC) and energy window based SC(EWSC) as the comparison with existing
Non SC. 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(*™Tc 74.0 MBq) in the middle and each SPECT/CT im-
age was obtained each separately after filling water instead of air in order to derive the influence of scatter count under
the same conditions, For EWSC, 9 sub-energy windows were set additionally in addition to main 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%, TEWS.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 im-
ages of the two conditions and then, the ratio of scatter count of total counts was calculated as percent scatter frac-
tion(%SF) and the count error with image filled with water was evaluated with percent normalized mean-square er-
ror(%NMSE) based on the image filled with air, Based on the image filled with air, %SF of images filled with water to
which each SC method was applied is non scatter correction(NSC) 37.44, DPW 27.41, DEW 21,84, TEW10% 19.60,
TEW5% 17.02, TEW2,5% 14,68, CTSC 5.57 and the scatter counts were removed the most in CTSC and %NMSE is NSC
35.80, DPW 14,28, DEW 7.81, TEW10% 5.94, TEW5% 4.21, TEW2.5% 2.96, CTSC 0.35 and the error in CTSC was found
to be the lowest, 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
9%NMSE(=0.35) compared to existing EWSC methods, enabling relatively accurate scatter correction,
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2R A (scatter correction, SC)YHE©] 1oty
H| Lo} A8 f-8/d0l et B717t Es] o] FolA
TH3-13],
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L= YR 7[Ht AR A W (energy window based
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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, Triple line insert phantom was used to evaluate the
total count of SPECT/CT study
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SPECT/CT GArolA ouRZ 78E Ak g3l CT 7|9k Alebe g Wy o] ek 24 vl

Ha|eF AktAl WAo] AL Qe 3715 Wil A 71 of A4 W = 7Iek CT 7|9ke] 4] H A (attenuation
Fd= D50 ofojA 4] Bl AbetAlg=2] Ayl 4 correction, AC)¥} 53| E7(decay correction, DC)¥HH=
2o 2 gor ey Fesly] 9ot WY YWies == A & AEAIA Al A W 0]9] o] MARIAE LAHAA
9 YIS G5SH3k(Fig. 3). A5EH F G2 Fotl & Z}Z}o] At A W o] A-gof whE AT ATk 1
A, ARG, 1219 AeE SAskaL, ARTEA A8 L FrpstarAl skeict,
of whg AFAle] HSkE ol izt 513l

3. EWSC MEAMZ
4 N

Hot rod

. .

Hot rod(source) in Air Hot rod(source) in Water
N J

Fig. 3. Hot rod was inserted in air phantom and water
phantom for scatter count comparison.,

2) SPECT 4 A74 % 13

AEE A HPHO nmjAER & (non scatter correction,
NSC), ol|qA% 7|8k AR A (EWSC), CT 7|45k Abgtk
(CTSC) =A| 37HA| 2 75t AGAH e, AlFH
© 2 EWSCO #ASL 7F& tjiEZF ¢l HHel DPW(dual
photo—peak window), DEW(dual—energy window), TEW
gLt 1

(triple—energy window) HEAHMHS

Agloll AR " TeAl o]l 9HA| 5 o218 140 keV
+ 10%=2 17] AAsta, EWSC H8-S 93t Bz oux%
S DPW 27}, DEW 17l, TEW2.5% 271, TEW5% 27,
TEW10% 27§ F7F sk & 107§9] oluix1ge Fsf
SPECT /- 54| B53telth(Fig. 4). 7 i Bz o
UA A% é“o Hah ARG AR EWSC Bt
FAES F=xsf9-13], that o] =

4ot
1) DPW
DPWHPH-S = of|x3e] YRS 2553 lowere}
upper 249 W2 oUXFS ARG F ke 2 A
(Eq 1) ]—Q_O}O:] ﬂ-%]__zu_[‘ scatteri é_%—é‘]‘o}i]:]'
Coatter = Cpain X STR Eq. 1
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Fig. 4. 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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T A $of A9l vl(ratio)E SJv]sh, STREES
A= A(Eq. 2)2 vt 2

STR(scatter to total ratio)=
- Cyupper

.+ C

upper

a+1
a—1

Eq. 2.

o W Comers EZ A DPW10%(L) S| A5
Cupperi= 2 O[HAH DPW10%(U) o] Al=olth(Fig. 4).
4 T Clower®t Copperd] A5 B]2 M, Pretorius[10]2] AT
oﬂ oJahH T YL AMEEIYS wo] a ZH 2.640]H,

o] DPWHIR o= ZH2 3hS A-8351qlt. 7t Bz of

LVVCH A A% 9= DPW10%(L) 133.33 keV +

olaL,

5.0%, DPW10%(U) 146,66 keV * 5 0%°|t},

2) DEW

DEWHHZ 5= o UuA[Ze] 25 AouA] gl 5 f
AP 22 Gol(£10%) 9] EaouA] Z= 2% &
E]— ‘T”]— —1(_2: éT(Eq 3){2‘. o]_Q_s].oi] ?’_]-7:"_!‘ scatter% ]—
steiet.

C@m,tter = ks x Ce Eq 3

o] W k= DEWYH AME- A| 57 49| ov#] A E
HollA Bz ouAAe] F Hﬂ F= oA Wil &
Az AtAlete] IS ofu|Ritt. Jaszezak[11]9] S+
of st " TeAd e AFEIRE W] & gk 0,500, 1
Hho] thokst e BB AL &k o2 0.55 7P Wol
2g3te] A7 A ol FolA & e ) 2 A
o] DEWHHo| = k2 ZhS o] 83lit), = BE ouXA]

% DEW20%(Fig. 2] Aolo], ofux A% wel=
114,54 keV + 10.0%°|c}.

3) TEW

TEWH S Ichihara T.[12, 13]94 ARLE Hxslo] =
o7 e] 22 Aoluix] ezt £ TofiA] Qelo] 7}
Zh Bz oyx3t 1714 F7kstel & 3709 oflvAls A
X‘IUI— e I;]-;__‘q— @3 /'\‘](Eq 4) O]—g_—é_]-o:] /1\_1—%]:7&“']‘ scatter
£ 4kEsilch
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TEWHHS B2 oUx%e] §ol(%)E thystA
AlA AL 4= glom, Holo whE AlgtR A o] Ak
zpo|7} WAYEL7| ufitol °q?LO1W 5%,
10%% WHro] Yol dAshal, & 3714 TEWHS A8
Skt

TEW2, 5% A Clonlt Wiows ZH2F B2 o 2|3
TEW2,5%(L) 9] Al5=e} ovA] A4 §¢] 2.5%5 o|n|shH,
Chign®t Whigin= ZF2F B2 o[ q 2% TEW2, 5%(H) 2] A<=t
oflux] A7 H9 2.5%F oulgtth(Fig. 4). ZF X oY
A1%F9] o 2] A A H 9= TEW2,5%(L) 124,40 keV
+ 1.25%, TEW2.5%(H) 156.0 keV * 1.25%0]c}, 2= oy
A% oUA] A R Woar 20%52 AlF- A7 RIS
140.0 keV + 10%°]t},

TEWS%E AN A Crowt Wiowaz ZH2E B2 o YA A
TEW5%(L)S] A=t |z A% "9 5%5 9Ju|sh,
Chigh®t Whigin= Z1ZF B2 oUR|%F TEWS%(H) 2] A<=t
offtx] A7 ¥9] 5%5 ou|gtthFig, 4). ZF Hx oA
20] o x| A Al HY= TWES%(L)= 122,92 keV =
2.5%, TWE5%(H)= 157.95 keV + 2.5%0|c},

TEW10%HAA Cowt Wiowis ZH2E B2 YR
TEW10%(L) <] A4}t o|A] A4 #$] 10%E 20|,
Chign®t Whigris 271 B2 oY A% TEW10%(H) 9] Al<=2f
offtx] A4 ®9] 10%E ougtch(Fig, 4). ZF Bz o|A]
Aol ol g 7] AA AR M= TEW10%(L) 133,33 keV +
5.0%, TEW10%(H)= 162.2 keV + 5 0%°|c},

ks
Jehd
= 7247} 2.5%,
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W AR AR A BR AR SSe,
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<Post correction>

<Pre correction> <Scatter>

Fig. 5. Post correction image(right) is acquired after
subtracting sub-window(scatter) image(center) from
pre-correction image(left),
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SPECT/CT G/JolA olvA1% 7%t Alsk

A} CT 7)8k Abebr A ub o] Hekx] sy ujm

J HIH(NSC, EWSC, CTSC)o.2 HAE Z9]
TS dder CT°§%§ FHAIA HE 5]
A 0]
o] Algtd Aol profile A% 8}01 *PEWJHT«I s o
s} ] ellA 12p412] A

S8 op e} F gl W2 ARl E 23717 $i5te] F
o $19] T&él%‘?‘%% %@5}‘2‘1 . Ao R Aot 34
A= ROIE & 107 sliced|

AA B A4t iﬂ@—‘% THEo] 4 Xﬂﬂo B
T H VoIS

Measuring
Total countin ROI

Hot rod (point or line)

10 slices(=VOl)

Fig. 6, VOI was made from the sum of ROIs drew through
10 slice and total count of VOI was measured,

=T

error =T, water L air

scatter

O] W} Tiparrers AFHEA W o] 2185 F VOI Yol &
e 02 ARASEA 5712 BUE 11o] 2431 o
WFIE, Ty bk B0) SRE VOLO] & A4o]n,
T 371WE ] VOIS & Al S48 Snlzich. A=
B Av g v F Al 5 A ARl BEee]
%SF (percent scatter fraction)[14]%} /}‘ 1A A

2 929 Al HAFo R 240 BEUXAS ol 4
O]L-

D

E

oxa T vwa

_{

%NMSE (percent normalized mean—square error)&

o 22 A(Eq. 6, 1) o83l AbEsHRTHe, 15].

%SF(%Scatter Fraction)
%SF ( water T(ur/ Tuafer) X 100% Eq 6
%NMSE(%Normalized Mean Square Error)

ZZ [ air uater]z

S NMSEy,; = xX100% Eq. 7.

ZZ[ /11!]2
or
Z[T - uate7]2
% NMSE oy = ——————x100% Eq. 7.
Z[Tair
. &

A2y 3718 A WEe] & Aledivl &2 A2

S0l 42 d&hy Hlw

2t Abere g o) A8 o)F & AG(100%)% Holsle
WE Ao ulgsl asFE HAL oA Agke o
(NSC) 37.44%, DPW 27.41%, DEW 21.84%, TEW(10%)
19.60%, TEW(5%) 17.02%, TEW(2.5%) 14.68%, CTSC
5.57%%2 A AkEA W 2= CTSC 218 A] %SF7} 714
okt BWSC Wi Follkl= TEWS] %SF7} 7P Wake
™, 53] TEW= AREE Hx o |21 Yol(w)7h o
2 9SF7} Zr45k9tHTable 2, Fig. 7)

ZF AR ®H O] Ao w2 B YIS 7|EFAt
I WY FA 7F X0 AlET HER ﬁ?ﬂ 3t BNMSE=
HAL 3}A] 2492 wj(NSC) 35. 80%, DPW 14 .28%, DEW

7.81%, TEW(10%) 5.94%, TEW(5%) 4.21%, TEW(2.5%)
2.96%, CTSC 0.35%% A AletsA Wb 2 CTSC A&
Al %BNMSEZ} 7P Sekeh, EWSC Wi Foll4l= TEWS)
%NMSE7} 71 Wokon] 53] TEW«= AREE H ofUA]
o] Yol(w) 7} HL4E %NMSE7} 143819 tHTable 2,
Fig, 8).
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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 49,088
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 65915
7 654,208 421,683 306,344 269,548 224,759 187,696 06,539
8 654,147 422362 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 08,339
11 654,208 421,683 306,344 269,548 224,759 187,696 66,539
12 654,147 422 362 307,023 270,227 225438 188,375 67,208
13 053,010 422607 307,268 270,472 225,083 188,620 67,443
14 654,208 421,683 306,344 269,548 224,759 187,696 06,539
15 654,147 422362 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
17 654,208 421,683 300,344 209,548 224,759 187,696 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 422362 307,023 270,227 225,438 188,375 67,208
22 653,010 422,607 307,208 270,472 225,083 188,620 67 443
23 055,305 420,306 305,027 268,231 223,436 186,379 65,242
24 654,208 421,683 300,344 209,548 224,759 187,696 66,539
25 654,147 422362 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 49,088
29 665,253 398,289 309,891 264,117 232,078 197,977 68,339
30 065,253 398,289 300,891 264,117 232,078 197,977 68,339
Pvalue 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 <

Table 2, Comparison of each correction method about %SF and %NMSE based on error value 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 5.94 421 2.96 0.35
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SPECT/CT G/JolA olvA1% 7%t Alsk

A} CT 7)8k Abebr A ub o] Hekx] sy ujm

%Total count (100%) = %SF + %Primary
100% s==m r==my  m=m pmmep rm=m e -

80%
60%
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21.84] 19.60} [17.02] H4 SBI

5.57
N&C DPW DEW TEW10% TEWS% TEW 2.5% CTSC

O%SF O%Primary

0%

Fig. 7. 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,
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40 3580

20 14,28

7.81 s.94 a2 206
o 1 1 1 —— e
NSC DPW  DEW TEW10% TEW5% TEW2.5% CTSC
O0%NMSE

Fig. 8. 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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