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Influence factors of CT value-relative electron density conversion and its effects on dose calculation
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Abstract: Objective To study the effects of different scanning conditions on the conversion of CT values to relative electron
density (HU-RED) and dose calculation of radiotherapy plan. Methods With the use of CT simulator and electron density module,
the CT values of various tissue substitutes under different scanning conditions were analyzed and the corresponding HU-RED
conversion relationship was established. Radiotherapy plans were designed for 8, 8, 6 and 6 cases of head, thoracic, abdominal
and pelvic tumors. The parameters of radiotherapy plan remained unchanged, and HU-RED conversion curves under different
voltages were selected to perform dose calculation. The D,, Ds,, Dss, Dos of target areas and the Dy, Diax 0f Organs-at-risk were
analyzed to evaluate the effects of scanning voltage on the dose distribution. Results Slice thickness and scanning current had
trivial effects on the HU-RED conversion. However, scanning voltage has a great influence on the HU-RED conversion. There
were significant differences in the Ds, Ds,, Dys, Dos of head and neck and pelvic tumors (P<0.029), and the Ds,, Dys, Dy of thoracic
and abdominal tumors, and the average dose of brain stem, ipsilateral kidney, small intestine, bilateral femoral head, spinal cord,
bladder, and the maximum dose of spinal cord (P<0.036). Conclusion The scanning voltage of the CT simulator can significantly
affect the dose calculation. Therefore, the HU-RED conversion curve which is consistent with the CT scan voltage should be
used for dose calculation.
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Tab.1 Relative electron density (RED)

corresponding to the equivalent tissue model

Model RED
Lung Inhale 0.190
Exhale 0.489

Adipose 0.949
Breast 0.976
Muscle 1.043
Liver 1.052
HO 1.000
Bone Trabecular 1.117
800 mg/cc 1.512

1 000 mg/cc 1.517

1 250 mg/cc 1.712

1 500 mg/cc 1.859

1.1.2 HU-RED ## 22 F9FREX K 16 HE CAH CT
RO 7 ML 45 3] TAEAIRZS , JUAH [R) S5 30 2H 8L AA

a: CRIS062 electron density

phantom
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Fig.1 Electron density phantom and its CT scanned image

b: CT scanned image
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Fig.2 Effects of scanning conditions on CT values
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R2 SHSKMMERERXRERFENE
St (x5, Gy)
Tab.2 Dosimetry comparison of PTV and OAR in 8
patients with head tumors (Mean+SD, Gy)

Item Planl Plan2 P value
PTV
D, 64.40+9.84  64.60+9.87 0.004
D5 59.79+6.79  59.94+6.84 0.003
Dys 54.58+5.06 54.73+5.11 0.003
Ds 53.36+4.73 53.50+4.77 0.011
Brain stem

Duw  44.91+16.93  44.43+16.95 0.779

Dnen  22.66+12.28  22.75+12.36 0.025
Left optic nerve

Do 23.76+19.99  23.96+20.17 0.189

Duewn  10.92+11.89  10.91£11.95 0.779

Right optic nerve

Do 13.55+8.10 13.35£7.93 0.248

Do 5.55£3.04 5.57+3.04 0.488
Left lens

Do 3.36+1.70 3.28+1.50 0.536

Duen  2.2740.95 2.33+0.88 0.429
Right lens

D 2.54+1.17 2.51+1.24 0.805

Duen 1.75+0.69 1.76+0.70 0.055

PTV: Planning target volume; OAR: Organs- at- risk;
Planl: Plan with HU-RED conversion curve (120 kV);
Plan2: Plan with HU-RED conversion curve (90 kV)

PR H 2% , ELAT 25 S IR 28 | v 2 B 1 TR A # L A
FE AR BS54 0, AR S50 A 41 8UR 5]
Peo TEFIETTE A, TR R GEARYE I CT 14 15 2]
IR X F 58 R AN 38 ) 4 U IE Bk X 1 41
L2 B A TR IE A 58 R R i S OR HAR
BAEA RN BRI, H4E Constantinou %5 Aff
9%, 7E 6 F110 MV fg & 5540 T FREJ 100 Gy 5l i, filf
FHAS TR HU-RED 4% ¥ pth 42 647700 & H o, 1134
S A7) o LI (5 3 e 11 20.1% . 14.9% o PRIIL
AR O A B CT BLHLE v RS R Y7 S22 1
UG AY , CT 5L AQ RS 0 B B 252 B A T
RIS KGR RE | DTS2 00 2 RSB A0 I
ARV 5T £ B RGAIE CT AR 0UE A 14 2 1 i 2
5|36 ) HU-RED %4 il 26 O 27, e & S 2GR

R3 SHINMMERELXRERFENESHIILL
(x+s)
Tab.3 Dosimetry comparison of PTV and OAR in 8

patients with thoracic tumors (Mean+SD)

Item Planl Plan2 P value
PTV
D./Gy 60.48+6.08 60.72+6.18 0.068
Ds/Gy 56.50+6.41 56.71+6.48 0.016
Dos/Gy 53.52+6.16 53.78+6.27 0.012
Do/Gy 48.91+7.03 49.14+7.22 0.042
Left lung

Va/% 13.98+15.48  13.95+15.42 0.140
Vi/% 30.86+19.62  30.66+19.44 0.062
Right lung

Vol % 20.44+£15.04  20.40+14.95 0.265

Vs/% 33.34+14.00  33.14+13.92 0.173
Heart

Du/Gy — 61.20+£5.02  61.13£4.85 0.249

Due/Gy  14.44+7.96 14.46+7.98 0.169
Spinal cord

D../Gy — 36.7848.30  37.34+8.41 0.036

Due/ Gy 9.21+4.10 9.23+4.10 0.005

K] 2 48 HHORF T 22 A2 e A TR 351 3 AR o R 3 B
RS2 T CT AULUE A HLAE A [A] TAE
T, X B & O B XOGRE A & A A L, ANF fE
S X SGTE R B AE B ™= A () D B 00 i B 25 %
AR SCHL AN TR B B A AU 22 R AR IE
WA SR, ASFEFE RS AR AR B 7
B LT CT 22 T30/, 2R 38 e 1) L2 B
AL CTHZE SRR . FERTE B B b 697
TR B DX HL AT W 3 2 S AR AR S R e AR A
{14 Sk S350 R 425 P 67 B e v 2 SRR T B i S
iy v A DX g R e DX TG J 3 2 5, S B A R v
25 B B M. N 90 kV A% HU-RED # 4
iR 313 A B 3 i R 120 kV 9 HU-RED
g il e i TR AR B 7 A O v DR AR TR T
RPN S WA o R7 % N [ I (ER 2 3ol i g p=
HRIE T AL L % B, N ER 1) HU-RED 4% 46
M2k & SHGARE P AR 1R 2, VMAT -8 k4
AT ERALIS , 235 90 F1 120 kV B AR X HE
R i e A T R TR, AU CT (A [RIR
90 KV IR HH X6T L, 4% B 2 46 i 2 2 46045 30 (9 RE X F
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x4 HIIEAMMMEEEHNX RERBETES KL
(x+s,Gy)
Tab.4 Dosimetry comparison of PTV and OAR in 6
patients with abdominal tumors (Mean+SD, Gy)

Item Planl Plan2 P value
PTV
D, 51.47+2.79 51.47+2.81 0.943
Dso 49.04+3.28 49.09+3.28 0.043
Dos 46.79+3.17 46.86+3.18 0.002
Dos 45.51+£3.29 45.57+3.29 0.008
Liver
Dy 41.80£14.50  41.70+14.55 0.109
Dinean 5.97+2.75 5.97+2.76 0.139
Spinal cord
D 22.90+10.84  22.60+10.85 0.126
Dinean 8.26+4.29 8.27+4.29 0.301
Ipsilateral kidney
([ 28.70+16.67  28.90+16.81 0.054
Dinean 6.13+3.53 6.14+3.54 0.032

Contralateral kidney
Do 34.12+15.14  34.23£15.15 0.353

Dinean 7.37+4.39 7.38+4.40 0.056

TR PR A, X5 F 2 B R A 2L B, T LA
W TR R A R A AT (1 90 kv Y HU-
RED 40 th 4 18 A FRIGR o F A 2 Rl . 248
— B kb Jr R £ FH 90 kV % HU-RED #4428 11
B PTV SEBRAZ AR X T HE I X I 21
BRI G S B, W R ARSI Sk
S5 WG ASREAE WA b VAN T 32 B BRI
BLLRAIE CT AL A0 s 421 i Hh P AR 5 338 1
HU-RED #46: th 4 AH—F, SRk A T3 a7 iy i
ANZ R

VMAT J& FERE R E 2 s A , AR EA
BRI AR 20 Z B R R AR A &
HIREIE . AR G R BRI R E R A
FE MRS ICRU 24544, i e 18 DX 5] s A5 12 1
UFF 5% "7 AR S it 3 R v 22 R 6 2
Z B E I JRYT PR JE A 23 0 G 4
A 1.7%~6 1% 08 >, Lia RN EE &, Nk
IR 12 2% , HU-RED #4461t 2 1) 22 53 iy S (14 5] 12
AR EARENS 20

Zx LT  AERR YT L ARIER T TR R g

x5 oPIRZENMEEFLEXREREFEFNESHILL
(x+s,Gy)
Tab.5 Dosimetry comparison of PTV and OAR in 6
patients with pelvic tumors (Mean+SD, Gy)

Item Planl Plan2 P value
PTV
D, 60.02+8.59  60.16+3.53 0.002
Dso 53.59+5.18  53.7245.22 0.028
Dys 51.73+5.80  51.81£5.76 0.029
Dys 49.63+4.29  49.74+4.30 0.028
Bladder
1D 58.97+8.46  59.01+8.70 0.724
Dica 34.50+3.78  34.58+3.82 0.030
Small bowl
D 55.01+3.57 55.11+3.85 0.708
Drean 20.06+5.03  20.09+3.09 0.059

Left femoral bone

Do 45.61+5.46  45.81+5.33 0.147

Dizm 21.39+4.31 21.48+4.34 0.003
Right femoral bone

Do 44.59+7.88  44.77+7.96 0.010

Dinean 21.59+596  21.67+5.99 0.010
Rectum

D 60.49+£9.10  60.35+9.26 0.132

[y 51.20<10.39  51.32+10.40  0.102

HU-RED ¥4t th £ AR i AR 7 B2 Wy BfiE it
RIT TR, Y HU-RED % # i 2 75 22 5 iR 3
4 CTRSEALL A8 IR 1 4 R A — 2, 9 FL AN BE
AL AN [R] T B A A, R R o TS T B
FEOAS FEL 0 BE AR B 5 SR PR RO g 5 B A — 2L
RS TR SEA

(5% k)
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