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Improved Scatter Correction for SPECT Images : A Monte Carlo Simulation

Jung-Kyun Bong, PhD. Hee-Joung Kim, Ph.D.“, Hye-Kyung Son, M.Sc.z, Jong Doo Lee, MD & Ph.D.w,

Division of Nuclear Medicine,' Department of Radiology, Yonsei University College of Medicine, Research Institute
of Radiological Science,” Yonsei University

Purpose: Abutted scatter energy windows used for a triple energy window (TEW) method may provide wrong
estimation of scatter. This study is to propose an extended TEW (ETEW) method, which doesn't require abutted
scatter energy windows and overcomes the shortcomings of TEW method. Materials & Methods: The FTEW is a
modification of the TEW which corrects for scatter by using abutted scatter rejection windows, which can
overestimate or underestimate scatter. The ETEW is compared to the TEW using Monte Carlo simulated data for
point sources as well as hot and cold spheres in a cylindrical water phantom. Various main energy window
widths (10 %, 15 % and 20 %) were simulated. Both TEW and ETEW improved image contrast, % recovery
coefficients and normalized standard deviation. Results: Both of TEW and ETEW improved image contrast and %
recovery coefficients, Estimated scatter components by the TEW were not proportional to the ftrue scatter
components over the main energy windows when ones of 10 %, 15 %, and 20 % were simulated. The ETEW
linearly estimated scatter components over the width of the main energy windows. Conclusion: We extended the
TEW method into the method which could linearly estimate scatter components over the main energy
windows.(Korean J Nucl Med 39(31:163-173, 2005)

Key Words: TEW scatter correction, ETEW scatter correction, SPECT, energy window
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Fig. 1. Schematic diagrams of triple energy window setting. (A) TEW method requires abutted scatter energy window seftings ot both
sides of the main energy window, and, (B) ETEW method does not necessarily require abutted window settings at both sides of the
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Mem

20 em

Fig. 2. A cylindrical phantom with cold or hot spheres. Diameters
of spheres and cylindrical phantom are 2 and 20 cm,
respectively, Four cold or hot spheres were placed af the 5-cm
distance from the center of cylindrical phantom and one of
them was placed at the center of cylindrical phantom.
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Fig. 3. Energy spectra were acquired by Monte Carlo simulation. (A) Energy spectra acquired with 5 % Intrinsic energy
resolution. (B) Energy spectra acquired with 9.8 % infrinsic energy resolution. (C) Energy spectra acquired with 15 % infrinsic
energy resolution. (D) Energy spectra acquired with 20 % intrinsic energy resclution. Spectra of scatter give an idea for
scatter components when the ETEW or TEW method is used for scatter comection. Solid and dot-dashed lines indicate
an appropriate main window and scatfer windows setting, respectively. A dofted line indicates a scatter fitting line.

A Estimated scatter for10% main window B Estimated scatter for 15% main window
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Fig. 4. A point spread function (PSF) of estimated scatter for (A) 10 % and (B) 15 % main energy window. TEW significantly
overestimated scatter for 10 % main energy window, and ETEW (1) and TEW for 18% main energy window resuited in
the same PSF, because ETEW (1) used the same scatter energy window as that of the TEW method.
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Table 1. NMSEs* measured for evaluation of scatter correction methods using point source

Main energy window(%) Photopeak (%) TEW' (%) ETEW(D @) ETEW(2) (%)
10 1.13 1.57 0.13 0.31
15 1.45 0.19 0.19 0.33
20 190 0.34 NA 0.34

*NMSE-normalized mean square error, TTEW-triple energy window, ETEW-extended triple energy window
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Fig. 5. The fotal scafter counts of projection images of (A) cold and (B) hot spheres phantom for three main
energy windows, Estimated scatter components by TEW were overestimated for 10 % main energy window and

underestimated for 20% main energy window.

Main Energy Window IDEAL ETEW (1) ETEW Q)

10%

15%

20%

1. A4 AgHAA sy

function, PSF)& %NMSEE ®\ %3l

=
PSFe] Bg< o|&3td PSFES Hla H7lstAth Fig. 4 At
U]

< 10% (Fig. 4A) <} 15% (Fig. 4B) Tl

168

TEW

Fig. 6. Reconstructed images of scatter
only data for a cold sphere phantom.
Scatter for 20 % main energy window
by ETEW (1) was not possible since the
scatter energy windows would have to
be set within the main energy window.,

9] PSFEE RoE) Fig 49 939, TEWS=
A BRRY BUS AR DR Dot spread  10% FAHAR O LAHEE ETEW() NS 23

FA9 AL A2 ETEW() =7 10% FAURAZ el e o33
2ot Hste Re B 5 AU B 15% F
ZlA 38 APl A ETEW(D) 2 TEW BF 15% FoldAg] <



oft
o

Table 2. Mean contrasts measured for evaluation of Scatter correction methods using cold sphere phantoms

sdat 8l SPECT MEFEE JHM:

ZHEZ AZH0M A7

Main energy window (%) IDEAL (%) Photopeak (%) TEW* (%) ETEW()' (%) ETEW(2) (%)
10 382+£29 340+2.6 37.1+£2.5 382+2.8 38.4+2.8
15 38.0+2.8 33.0+2.8 38.0+3.0 38.0+3.0 38.2+3.0
20 38.142.9 313126 372+2.8 NA 372+28

*TEW-friple energy window, 'ETEW-extended triple energy window

Table 3. Mean % recovery coefficients measured for evaluation of scatter correction methods using cold sphere phantoms

Main energy window (%) Photopeak (%) TEW* (%) ETEW(DT (%) ETEW(2) (%)
10 1269+3.2 89.9+09 98.7+0.5 1025+04
15 1342439 99.12+0.5 99.1+£0.5 103.9+0.5
20 143.5+56.7 105.6+0.7 NA 105.6+0.7

*TEW-triple energy window, TETEW-extended triple energy window

Table 4. NMSEs* measured for evaluation of scatter correction methods using cold sphere phantoms

Main energy window(%) Photopeak (%) TEW' (%) ETEW(DY (%) ETEW(2) (%)
10 4,02 214 0.85 091
15 5.67 0.83 0.83 222
20 8.46 1.06 NA 1.06
*NMSE-normalized mean square error, TTEW-triple energy window, ETEW-extended triple energy window
Table 5. Mean contrasts measured for evaluation of scatter correction methods using hot sphere piantoms
Main energy window(%) IDEAL (%) Photopeak (%) TEW* (%) ETEW(D)' (%) ETEW(2) (%)
10 709+1.6 68.8+16 702416 705416 705+1.6
15 708+1.6 683+15 703+1.5 70.3+15 704+15
20 709+16 67715 702+15 NA 702+15

*TEW-triple energy window, 'ETEW-extended triple energy window
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Table 6. Mean % recovery coefficients for evaluation of scatter correction methods using hot sphere phantoms

Moain energy window (%) Photopeak (%) TEW* (%) ETEW(1)T (%) ETEW() (%)
10 1154431 90.0+0.8 101.1£0.6 106.1£0.5
15 118.0£3.9 100.2+0.8 1002108 106.520.7
20 1212450 106.841.0 NA 106.8+1.0

“TEW-triple energy window, TETEW-extended triple energy window

Table 7. "NMSEs measured for evaluation of scatter correction methods using hot sphere phanioms

Main energy window (%) Photopeak (%) TEW' (%) ETEW(D! (%) ETEW(2) (%)
10 0.91 0.53 0.84
15 6.30 0583 0.93
20 9.29 NA 1.09

*NMSE-normalized mean square error, TTEW-tiple energy window, *ETEW-extended triple energy window
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