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Effects of different degrees of bladder filling on brachytherapy for cervical cancer based on

Monte Carlo simulation
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Abstract: Objective To investigate the effects of different degrees of bladder filling on the dose distribution in brachytherapy
for cervical cancer based on Monte Carlo simulation. Methods A Nucletron-mHDR-V1 Ir radioactive source model was
established with MCNP5 Monte Carlo particle transport software package, and then placed into a three-dimensional voxel model
obtained from the conversion of CT images taken from a patient when he had different degrees of bladder filling. The prescription
dose of brachytherapy was 60 Gy, and the reference points were selected according to ICRU 38 report. The single tube source
device was used. The location of the radioactive source was divided into 18 steps and the distance of each step was 5 mm. Results
The absorbed dose to reference point A was 60 Gy when the bladder filling was 54 mL or 328 mL. The absorbed doses to the
reference points of the bladder and rectal were 30.21 Gy and 49.05 Gy at the bladder filling of 54 mL, and 33.59 Gy and 50.19
Gy at 328 mL; the absorbed doses to femoral head were found to be 6.33 Gy (left) and 6.39 Gy (right) at 54 mL, and 6.15 Gy
(left) and 6.12 Gy (right) at 328 mL. The dose volume histogram of the bladder was obtained based on the absorbed doses in the
voxels of bladder wall. When the bladder filling was 54 mL, Vi, V2, Vo, Vi, Vso, Veowere 100%, 39.69%, 26.20%, 17.89%,
14.48%, 11.69%, respectively; when the bladder filling was 328 mL, Vo, V2o, Vi, Vi, Vo, Vowere 86.07%, 26.53%, 15.58%,

9.44%, 6.01%, 3.72%, respectively. Conclusion No significant differences were found in the absorbed dose to the reference points
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of the rectal and the femoral head between the bladder filling of 328 mL and that of 54 mL. Although the absorbed dose to the
reference point of the bladder increased (3.38 Gy) at the bladder filling of 328 mL as comparison with 54 mL, the irradiated volume

of the bladder was significantly reduced (the irradiated volume reduced by 13.16% when the dose was 20 Gy, 8.45% when the

dose was 40 Gy, 7.97% when the dose was 60 Gy). The simulated results in this study provide some guidance for the brachytherapy

of cervical cancer.

Keywords: cervical cancer; brachytherapy; degree of bladder filling; Monte Carlo method; voxel model
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a: Transverse section

b: Coronal section
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Fig.2 Profiles of three—dimensional voxel model
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Tab.1 Conversion of CT value to elemental weights
- No. of Elemental weights in percentage points/%

materials H C N 0

Na Mg P S Cl Ar K Ca

(-0,-950) 1 - 755 232
[-950,-120) 2 103 105 3.1 749
[-120,-83) 3 1.6 681 02 198
[-83,-53) 4 113 567 09 308
[-53,-23) 5 1.0 458 15 411
[-23,7) 6 108 356 22 509
[7.18) 7 106 284 26 578
[18,80) 8 103 134 30 723
[80,120) 9 94 207 62 622
[120,200) 10 95 455 25 355
[200,300) 1 89 423 27 363
[300,400) 12 82 391 29 372
[400,500) 13 76 361 3.0 380
[500,600) 14 71 335 32 387
[600,700) 15 66 310 33 394
[700,800) 16 6.1 287 35 400
[800,900) 17 56 265 36 405
[900,1 000) 18 52 246 37 411
[1000,1 100) 19 49 227 38 416
[1 100,1 200) 20 45 210 39 420
[1200,1 300) 21 42 194 40 425
[1 300,1 400) 22 39 179 41 429
[1.400,1 500) 23 36 165 42 432
[1 500,+50) 24 34 155 42 435

- - 1.3
0.2 - 02 03 03 0.2 -
0.1 - 0.1 0.1
0.1 - - 0.1 0.1 - -
0.1 0.1 02 02 -

- - 0.1 02 02 - -

- 0.1 02 02 0.1
0.2 - 02 02 02 0.2 -
0.6 - 06 03 -
0.1 - 2.1 0.1 0.1 0.1 4.5
0.1 30 01 0.1 0.1 6.4
0.1 - 39 01 0.1 0.1 8.3
0.1 0.1 47 02 0.1 10.1
0.1 0.1 54 02 - - 11.7
0.1 0.1 6.1 0.2 13.2
0.1 0.1 6.7 0.2 - - 14.6
0.1 02 7.3 0.3 15.9
0.1 02 78 03 - - 17.0
0.1 02 8.3 0.3 18.1
0.1 02 88 03 - - 19.2
0.1 02 92 03 20.1
0.1 02 96 03 - - 21.0
0.1 02 100 03 21.9
0.1 02 103 03 - - 22.5
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Tab.2 Specific gamma-ray constant for the "’Ir radioactive source

Percent per decay Energy/MeV Percent per decay Energy/MeV
1.15E-01 1.10E-01 2.90E+01 2.96E-01
4.66E-01 2.01E-01 2.97E+01 3.08E-01
3.29E+00 2.06E-01 8.28E+01 3.17E-01
4.14E-02 2.15E-01 6.62E-01 4.16E-01
2.61E-01 2.83E-01 4.78E+01 4.68E-01
7.46E-02 3.15E-01 2.90E-03 4.77E-01
1.57E-02 3.29E-01 4.52E+00 5.89E-01
7.29E-01 3.74E-01 3.73E-02 5.93E-01
1.46E-01 4.15E-01 8.18E+00 6.04E-01
5.80E-02 4.21E-01 5.33E+00 6.12E-01
3.16E+00 4.85E-01 3.02E-01 8.85E-01
3.97E-01 4.89E-01 5.55E-02 1.06E+00
5.80E-03 7.04E-01 1.66E-03 1.09E+00
1.81E-01 1.36E-01 1.24E-03 1.38E+00
1200 =3 TEBEMFEEERZSE SREGIE(Gy)

Tab.3 Absorbed doses to the reference points at different
degrees of bladder filling (Gy)
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0.200 Bladder 30.21 33.59
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o.oo 500 10.00 1500
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3 EEAEES e £
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Fig.4 Dose—volume histogram of bladder at different degrees of bladder filling
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