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Optimization of simulated localizable CT scanning parameters for pediatric body radiotherapy
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Abstract: Objective On the premise of meeting the image quality requirements of simulated location for pediatric
radiotherapy, the simulated localizable CT parameters are optimized through phantom scanning to reduce the radiation dose.
Methods CatPhan700 phantom was used to simulate the child's body, Philip 24-row large-aperture spiral simulated
localizable CT was performed, and the CT images were obtained by scanning the phantom at different mAs and tube
voltages. The mAs range was set at 60-400 mAs, the scanning was performed every 20 mAs interval, and the kV was set at
80, 100, and 120 kV. Image evaluation was carried out using parameters such as image noise (N,, and mean SD), uniformity,
low contrast resolution, high contrast resolution, and the stabilities of HU values of Air, Acrylic, 50%bone, LDPE, 20%bone,
Teflon, Polystyrene, Delrin™, Lung, PMP and Water. The CTDI,, and DLP automatically calculated by the simulated
localizable CT system were read to evaluate the radiation dose. Results At 100 kV, as mAs increased, both CTDI and DLP
showed upward trends, and the fitting results were linear correlated, with slopes of 0.034 5 and 0.932 4. Image noise was
decreased nonlinearly with the increasing mAs. When mAs increased from 60 to 140 mAs, N, decreased from 0.25% to
0.14%, and SD reduced from 3.74 HU to 2.54 HU. When mAs reached 180 mAs or higher, N,, fluctuated between 0.1% and

[¥e#s B H#)2023-11-19

[BE£ B JHEEK [ AR A4 (12275357) s JLETTT FARBRE 3L 42 (7222149) 5 /o EEE 3 4 S AU Rl B D RN B 1036 4: (LC2021A15) ; H [ R 24 F)
2 Bt Il 15 e A 5% 80 i 5 RS (E2024002 )

[1EZ I 12400, 0t BP9 92 ) B RS 7 1)« B2 B R4 5 S0 , E-mail: 350202578@qq.com

(@1 1EE Meor o0, T4, mIBRSE 51 0587 1R : MRUBEHDUE (7 EIE 51 SF807 , E-mail: cinyal26¢chen@163.com



CT - 535 -

0.12%, the mean SD fluctuated between 2.0 and 2.5 HU, and the downward trends obviously slowed down. When mAs

increased from 60 to 200 mAs, the low contrast resolution of the image dropped from 0.53 to 0.29. The image uniformity,

high contrast resolution and HU values of different substances were less affected by mAs. The image quality of 100 kV and

200 mAs scanning was close to that of 120 kV scanning, but the image quality of 80 kV scanning failed to meet the clinical

requirements. Conclusion In order to reduce the radiation dose as much as possible, the mAs should be set at 200 mAs when

the tube voltage is set at 100 kV for a simulated cylinder with a diameter of 20 cm. In the actual simulation scanning for

pediatric radiotherapy, the scanning parameters should be fine-tuned according to the phantom results and the actual physical

characteristics of children to satisfy the optimization principle for radiation protection.
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Figure 1 CatPhan700 phantom
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Tablel Children body parameters

A% AifE/em  f#E/em  AEEE/em KR /ke
<1 5~9 7~13 6~11 2.5~12.2
1~5 10~12 14~16 12~14 8.1~23.8
5~10 13~15 17~22 15~18 14.7~45.6
10~15 16~18 23~27 19~22 24.9~78.3
>15 19~21 28~32 23~26 40.5~95.7

X BEAS 3 4 7 51 S 5 AL A R 4 CTP682.
CTP714 .CTP712 3 A, KIG A W8 brAd 3 11 Fil
Y5t CT (B X LU BE 43 B R0 LU 2 3 B IR
YAk B MR (N,, SD H{E )5 0 .

HU {H (Quantitation CT) F& % 7 H CTP682 £5 B
DA, PN B 11 ROAS (] 9% B2 A i A T CT (AR e
PRI, 47 280 45 23 < (Air) TR R (Acrylic) . 50%
H (50%bone) . ik % £ & £ # (LDPE) . 20%
(20%bone) . ¥F # & (Teflon) . R K & I
(Polystyrene) . # i (Delrin™) | fiili (Lung) . 2 % H J&
CJ (PMP) (7K (Water) o ¥ 97 11X & 88 (TPS) 7E 51
TR 23X L% AT IE , HL 2 B2 TPS
X ASEAEL R A7 B A 45 20 (9 £ 9 0 CT B % (b As s
PR I 3 A AL 67 CT 3545 21 1 45 ) it CT i 4 20
BORUER AR E .
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Figure 2 Linear fitting results at different mAs
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Figure 3 Relationships between mAs and noise
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Figure 4 Relationship between low contrast resolution and mAs
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Figure 5 Relationship between uniformity and mAs
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2.3 kVITEGREFMEHFEH T

ARIFGFAGEAF KV 504 T 5 APRHER &4 T
H 45 R IEA TR LG, 25 R W ER 3 7k . 100 kV 200 mAs
AT 20 09 KGR T i 5 B bR 5% 14 45 4 45 A
MM AT O HEE Ay B R X LR 4y R
BIFFE I IREER R R REAR T 60% , LA kV
WE (80 kV) T 5 BIR B MR 75 AT L 73 3 25 R i3y o
Fb 3 HER AR L 100 KV 1120 KV 45 5722 , B R 48 5 5
i 100 kV I, (R RS T 2 28 To A i R I R

%2 FEImAs T 11 #1445 HU & (HU)
Table 2 HU of 11 substances at different mAs (HU)

mAs Air Acrylic  50%bone  LDPE  20%bone  Teflon  Polystyrene  Delrin™ Lung PMP Water
60 -971.0 123.8 749.9 -98.3 250.6 942.4 -42.8 345.0 -800.3  -183.4 5.5
80 -971.3 123.7 750.4 -98.0 253.0 942.7 -42.3 344.8 -799.6  -184.7 5.5
100 -970.4 122.4 748.8 -98.5 250.6 943.3 -42.0 345.8 -799.0  -185.4 4.9
120 -972.4 122.1 748.6 -97.5 252.2 942.9 -42.0 343.7 -798.6  -185.1 5.1
140 -971.4 1223 749.2 -97.6 253.6 944.1 -41.9 343.9 -799.5 -185.2 5.5
160 -970.9 122.2 749.3 -97.5 252.6 944.9 -43.0 343.8 -797.8  -186.1 6.1
180 -971.7 121.6 749.1 -97.9 251.5 943.8 -42.1 344.0 -798.9  -186.0 5.2
200 -971.8 122.8 750.1 -97.7 252.4 943.1 -42.3 3444 -798.4 -186.3 5.6
220 -972.0 122.4 748.5 -97.9 253.2 943.9 -41.7 343.4 -798.5  -185.6 4.4
240 -971.6 121.6 749.9 -99.0 252.4 943.8 -42.4 3442 -798.5  -185.7 4.7
260 -972.2 121.9 749.3 -97.1 251.1 943.7 -41.8 343.6 -799.1 -185.3 4.5
280 -971.4 123.0 749.5 -97.5 251.9 944.5 -41.7 343.8 -799.0  -185.6 5.3
300 -972.1 122.2 750.2 -97.6 251.8 944.0 -41.4 342.8 -798.7  -185.9 4.7
350 -971.7 122.0 750.8 -97.9 252.2 943.2 -41.6 343.2 -799.5 -186.3 5.5
400 -972.1 122.3 750.3 -98.2 252.2 943.1 -42.1 343.9 -798.2  -185.7 45
#3 FREIKV &G TEGREMESFTIEX
Table 3 Comparison of image quality and radiation dose under different kV scanning conditions

EEELVES N,/% SD/HU ¥5JH/MU L S HER/% SXT s B HF 3/ lp-cm”  CTDI,,/mGy DLP/mGy-cm

120 kV, 280 mAs  0.11 2.14 3.5 31.03 5 16.6 466

100 kV, 200 mAs ~ 0.14 2.44 2.7 27.84 5 6.9 186

80 kV, 200 mAs 0.22 4.96 29 48.75 3 3.2 174

33T ig
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SEAANL AT 5 o T BAE S S TAE h i — DAY
PR dEmi A P aoT d  LEBUE 67 CT A4
SRRk .

g5 LR A gE 45 R R ER 0 1 A 1
F11 R CT B 52 mAs B2 /IN , w] i e If R
R, IR R A mAs 20 E G 7 A
G PR 2 M0 TCVE T R IR PR SR, A DR UE 4 5 7]
JUA] fE A, o FAR U A% 20 em A9 [RIAE A, 4 Ha TR
WE K 100 kV B, mAs N BE £ 200 mAs. 7F SEBR L
FCT AP A A, AT AR R A A T 0 R
FRES B E, LA 48 S B P e oAk S5

(&% 3ik]

[1] Khong PL, Frush D, Ringertz H. Radiological protection in paediatric
computed tomography[J]. Ann ICRP, 2012, 41(3/4): 170-178.

[2] Miglioretti DL, Johnson E, Williams A, et al. The use of computed
tomography in pediatrics and the associated radiation exposure and
estimated cancer risk[ J]. JAMA Pediatr, 2013, 167(8): 700-707.

(3] 4 4, P, 438k, & )UF CT 1248 508 MU iF A6 5T 70 3 &
(D] P A S E 52 5 B 47 26 &, 2020, 40(2): 156-160.

Niu YT, Su YP, Niu YT, et al. A review of the long-term cancer risk of
CT scans in children[ J]. Chinese Journal of Radiological Medicine
and Protection, 2020, 40(2): 156-160.

[4] Rik, AR, FRF, & RIKE ¥ E(70 KVp)BEA FLASH # A £
U o 2 CT Py R [J]. F B4a4t 2 £, 2021, 30(4): 501-505.
Chi J, Xu DF, Yin SN, et al. Application of 70 kVp tube voltage
combined with the FLASH in low-dose CT of pediatric paranasal sinus
[J]. Chinese Journal of Radiological Health, 2021, 30(4): 501-505.

[5] FREA, JERME, 1) 2, 5 )L CT A% 2244 5 R AL F A IR
[T]. &0 E SR 3R, 2020, 41(1): 72-75.

Xing DJ, Fan CY, Liu H, et al. Exploring the optimization of radiation
dose in children's CT examination[J]. Journal of Taishan Medical
College, 2020, 41(1): 72-75.

[6] E&%, 2k, FMEE, F . UFECT 28312 B A ZHFT 547,
PGS E S 5B A 4 &, 2017, 37(11): 866-869.

Wang XH, Liu CJ, Sun JZ, et al. Analysis of CT- related sites and
effective dose in children [J]. Chinese Journal of Radiological
Medicine and Protection, 2017, 37(11): 866-869.

[7] ZXR4h, Ask#E, MAF, F . ILECTHRE Pl A8 aklT].
PR EF SR E, 2014, 34(6): 466-469.

Li DW, Zhou XF, Yang CY, et al. Optimization of scanning parameters
in children CT examination [J]. Chinese Journal of Radiological
Medicine and Protection, 2014, 34(6): 466-469.

[8] vt B4, Z#, vk Bt LEMIH CT b S F(Cl/E+—
ReEBFBHELZESYRFATTEELE T HELSSVRFTR
B A IFHIL . R F B ¥ B E LS F 4, 2010: 727-729.
Ye GW, Wang SZ, Ye ZT. Selection of CT scanning conditions for



. 540 - o [ B S a1
children's chest[ C ]//Compilation of materials for the 11th National BREAHAMALE: WS 519-2019(S]. b WP B AR kAL, 2019:

Symposium on Integrated Traditional Chinese and Western Medicine
Imaging and the National Course on Research Progress in Integrated
Traditional Chinese and Western Medicine Imaging. Wuhan: Chinese
Association of Integrative Medicine, 2010: 727-729.

(9] @isd, FIIAR, 22 5. JLE kA CT 4238 i 4R (1], F 4t
&3 5B 2 &, 2004, 24(5): 447-448.

Gao DC, Gu WG, Mao DL. The selection of scan factor about CT of
children skull[J]. Chinese Journal of Radiological Medicine and
Protection, 2004, 24(5): 447-448.

[10] AAPM. Routine pediatric chest CT protocols| EB/OL]. (2017-07-21).
https://www. aapm. org/pubs/CTProtocols/documents/Pediatric-
RoutineChestCT.pdf.

[11] AAPM. Routine pediatric abdomen and pelvis CT protocols[ EB/OL ].
(2017-07-21). http://www. aapm. org/pubs/CTProtocols/documents/
PediatricRoutineAbdomenPelvisCT.pdf.

[12] %) g Re . CTAEMUEAx R 4[], E9T R 4, 2010, 23(2): 1-5.

Liu YZ. CT simulation system[J |. Medical Equipment, 2010, 23(2):
1-5.

[13] BRIz, A de, J00i, 5 . RILAE CTHEBUE AL R 5o fe i dt it 77
Fag A 1] B EAE, 2010, 23(1): 14-17.

Chen YG, Xu BH, Li XB, et al. Clinical application of large bore CT
simulation in radiation oncology[J]. Medical Equipment, 2010, 23(1):
14-17.

[14] #&F, THzk, 278, 5. BARLE 16 £k CT & R4 A &

AT RLT]. PSR S 5 B AP 4 &, 2006, 26(2): 180-183.

Lai AP, Ding XF, Gong FQ, et al. Optimizing scan parameters to

reduce the radiation dose on 16 slices CT examination of children[J].

Chinese Journal of Radiological Medicine and Protection, 2006, 26(2):

180-183.

HORIG, $ak i, AR, F L BBUEAR CT #9ALA Z A2 R A HT CT A

Fask o a[T] F BEF M F L, 2017, 34(5): 439-444.

Zheng QZ, Ju ZJ, Shao Y, et al. Impact of different CT simulators and

scanning parameters on CT value and image noise[J]. Chinese Journal

of Medical Physics, 2017, 34(5): 439-444.

[16] 3K3p, $hdh b, 527, & . CTAMUE Ao pLiath &4 5T BAR R F 09 %
vy [T, BRI B 52, 2022, 30(4): 693-697.

Zhang K, Han JJ, Li F, et al. The influence of scanning condition of
CT simulated positioner on image quality [J]. Journal of Modern
Oncology, 2022, 30(4): 693-697.

[17] Solomon J, Lyu P, Marin D, et al. Noise and spatial resolution
properties of a commercially available deep learning-based CT
reconstruction algorithm[J]. Med Phys, 2020, 47(9): 3961-3971.

(18] PAAREFERREZAMREER 2. XML AR ERYE

[15

[

1-8.

National Health Commission of the People's Republic of China.
Specification for testing of quality control in X-ray computed
tomography: WS 519-2019[S]. Beijing: Standards Press of China,
2019: 1-8.

[19] Mutic S, Palta JR, Butker EK, et al. Quality assurance for computed-
tomography simulators and the computed-tomography-simulation
process: report of the AAPM Radiation Therapy Committee Task
Group No. 66 J]. Med Phys, 2003, 30(10): 2762-2792.

[20] Pearce MS, Salotti JA, Little MP, et al. Radiation exposure from CT
scans in childhood and subsequent risk of leukaemia and brain
tumours: a retrospective cohort study[ J|. Lancet, 2012, 380(9840):
499-505.

[21] Kopp LM, Gupta P, Pelayo-Katsanis L, et al. Late effects in adult
survivors of pediatric cancer: a guide for the primary care physician
[J]. Am J Med, 2012, 125(7): 636-641.

[22] Kumar S. Second malignant neoplasms following radiotherapy[J]. Int
J Environ Res Public Health, 2012, 9(12): 4744-4759.

[23] Muhammad NA, Kayun Z, Abu Hassan H, et al. Evaluation of organ
dose and image quality metrics of pediatric CT chest-abdomen-pelvis
(CAP) examination: an anthropomorphic phantom study[J]. Appl Sci,
2021, 11(5): 2047.

[24] Zif &, TR AL CT 4286 % %, BAR & a4t m 2 (1], P B8
S, 2010, 19(2): 187-188.

Wang DQ, Qi YG. Optimizing CT scanning program, reducing patients'
radiation dose[ J]. Chinese Journal of Radiological Health, 2010, 19
(2): 187-188.

[25] Vazquez JL, Pombar MA, Pumar JM, % . JU& SR % % 94K 5 & %
B CT kA [T, B EFH4 52 &, 2013, 36(5): 508.
Vazquez JL, Pombar MA, Pumar JM, et al. Optimization scheme for
low-dose multi-slice CT scanning of skull deformities in children[J].
International Journal of Medical Radiology, 2013, 36(5): 508.

[26] Iyama Y, Nakaura T, Yokoyama K, et al. Cardiac helical CT involving
a low-radiation-dose protocol with a 100-kVp setting: usefulness of
hybrid iterative reconstruction and display preset optimization[J].
Medicine (Baltimore), 2016, 95(46): e5459.

[27] x5 2, # il . 3% CT AR B e B g e 47[)]. P 4
A2 &, 2000, 34(1): 9-12.

Liu JX, Yang HS. Helical CT image noise: experimental study of
influencing factors[J]. Chinese Journal of Radiology, 2000, 34(1):

9-12.
(%4 &I AR)



