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Application of low-dose iterative reconstruction technique for radiotherapy localization images

YIN Xujun, WANG Xin, LI Xia'nan, CHEN Yalin

Department of Radiotherapy, Peking University People's Hospital, Beijing 100044, China

Abstract: Objective To discuss the feasibility of a new low-dose iterative reconstruction (IR) technique for radiotherapy localization
images. Methods Computed tomography (CT) radiation doses were analyzed based on the experimental data of a phantom. The
quality evaluation parameters such as CT value, low-contrast resolution, noise, uniformity and geometric distortion of IR images
were quantitatively analyzed. Additionally, an anthropomorphic phantom was scanned and reconstructed with IR technique, and
then simulated dose calculations for the anthropomorphic phantom were conducted in the treatment planning system. The absolute
dose of the volume of interest and the Gamma passing rates of the plane doses were analyzed. Results Low-dose IR technique
ensured image quality while reducing CT radiation dose by about 60%. When the tube voltage remains constant, the effect of IR
on the accuracy of TPS calculations was negligible; the maximum dose difference of the volume of interest was 0.6%; and the
Gamma passing rates of the plane doses were higher than 99.82%. Low-dose IR technique had a certain effect on the low-contrast
resolution of images, and the effects needed to be further analyzed based on clinical images. Conclusion Low-dose IR technique
can be applied to radiotherapy localization images, but the changes in image features and some image quality indexes need to be

paid attention to. The target areas should be determined by low-dose IR technique combined with PET-CT, ultrasound, magnetic

resonance imaging and other examinations.
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Fig.1 Diagram of CT value measurement module
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Fig.2 Diagram of low—contrast resolution measurement module
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Fig.3 Diagram of noise measurement module
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Fig.5 Diagrams of transverse and sagittal geometric distortions
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Fig.4 Diagram of uniformity measurement module
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Fig.7 Measurements of CT doses at different tube currents
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Tab.1 CT value of acrylic under different tube currents and

reconstruction methods (Mean+SD)

CiVE:9s08 A B C D

FBP 125.90+5.60 124.50£7.09 124.80+10.83 125.00+14.49
iDosel ~ 125.50+5.28 124.8046.36 124.50+9.79  125.70+13.31
iDose2  125.50+4.98 124.60+6.11 124.50+9.12  125.70+12.49
iDose3  125.80+4.29 124.50+5.39 124.50+8.39  125.70+11.62
iDose4  125.80+3.91 124.80+4.96 124.40+7.60 125.00+10.46
iDose5  125.60£3.89 124.60+4.47 124.40+6.88 125.50+9.54
iDose6  125.60+£3.03 124.80+5.41 124.30+5.97 125.40+8.31
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Tab.2 Measurements of image uniformity under different tube

currents and reconstruction methods (HU)

L FBP  iDosel iDose2 iDose3 iDose4 iDose5 iDose6
A -1.9 -1.9 -1.8 -1.7 -1.8 -1.9 -2.1
B -1.7 -1.8 -1.7 -1.9 -1.7 -1.8 -1.6
C -1.7 -1.8 -1.8 -1.4 -1.0 -1.6 -0.6
D -1.3 -0.8 -1.1 -1.0 -1.2 -1.6 -1.7
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Tab.3 Measurements of geometric distortions under different tube currents and
reconstruction methods (cm)
EHR W FBP iDosel iDose2 iDose3 iDose4 iDose5 iDose6
A A 11.70 11.73 11.68 11.70 11.71 11.68 11.70
Aijs 1168 11,70 11.71  11.75 1171  11.73  11.70
Sk 11.10 11.01 11.03 11.01 11.08 10.98 11.03
B vl 11.68 11.68 11.68 11.70 11.68 11.68 11.70
GV 11.73 11.71 11.73 11.73 11.71 11.70 11.73
Sk 1093 1096 1094 1098  11.07  11.06  11.10
C v e 11.68 11.70 11.68 11.68 11.70 11.70 11.68
HIJE 11.73 11.73 11.68 11.71 11.68 11.71 11.71
K 11.06 11.05 11.03 11.00 11.01 11.07 10.93
D It 11.73 11.66 11.68 11.68 11.70 11.68 11.66
IV 11.71 11.73 11.73 11.71 11.73 11.70 11.75
KA 10.96 11.07 11.10 11.00 11.07 11.00 10.94
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Fig.8 Noise measurements under different tube currents and reconstruction methods
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Tab.4 Levels of low—contrast resolutions with different tube currents and reconstruction methods (mm)

BH X R FBP  iDosel iDose2 iDose3 iDose4 iDose5 iDose6

A 1.0% 2 2 2 2 2 2 2
0.5% 6 6 6 6 5 4 4
0.3% 8 8 8 8 8 8 8

B 1.0% 3 3 3 3 3 3 3
0.5% 7 7 6 6 4 4 4
0.3% 15 15 15 8 8 8 8

C 1.0% 4 4 4 4 4 4 3
0.5% 15 8 8 8 8 8 6
0.3% 0 0 15 15 15 15 8

D 1.0% 6 6 5 4 5 4 3
0.5% 15 15 15 9 9 8 7
0.3% 0 0 0 15 15 15 15

=5 TRIZERZEKGREERAT IR TREABERFIELR (cGy) ANt CTAE B 520, e T i T CT-255 B 5L %

Tab.5 Doses to volume of interest of different reconstruction

images in the same plan (cGy)

LR ARFR A(FBP)  B(iDose3) C(iDose6)  1%2/%
C1 /M 171.1 171.1 171.1 0.00
IR ME 176.5 175.5 176.5 0.60
FHIE 173.8 173.8 173.8 0.00
c2 FoME 1737 173.7 173.7 0.00
R 1809 180.9 180.9 0.00
SERME 1771 177.1 177.1 0.00
C3 /M 175.5 175.6 175.6 0.01
S YNE] 188.1 188.1 188.1 0.00
A 1828 182.8 182.8 0.00
C4 FoME 1728 172.8 172.9 0.00
R AE 185.7 185.6 185.6 0.01
FHIE 179.6 179.6 179.6 0.00
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Fig.9 Diagram of iterative reconstruction processing
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