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 €iii] E)] WHECT (dual-energy CT, DECT) HiEEEEMNENHEEE R % (virtual monochromatic images,
VMI) ERTHERANE AR, BRERZ AT ERIE. Z#5EMAGE Revolution CTHIENX {5
R TR ARG NN ER LMK (gemstone spectral imaging, GSI) | #EHE KM
ZHVMISNEITITRIR S (treatment planning system, TPS) i, @i #AEMEE MK IHXELCTE
MHEDTH, HRERP, VMEYTTSATPSH#HTCTE-EXN B FHEEERMANEITE, BE70~140 keVHy
BRERFSFEACTEENE MVEFITUFIENHERR/N.
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Application of Virtual Monochromatic Images Reconstructed by
Dual-energy Computed Tomography in Radiotherapy
Treatment Planning System
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[ Abstract 1 Virtual monochromatic images (VMI) that reconstructed on dual-energy computed tomography (DECT)
have further application prospects in radiotherapy, and there is still a lack of clinical dose verification. In
this study, GE Revolution CT scanner was used to perform conventional imaging and gemstone spectral
imaging on the simulated head and body phantom. The CT images were imported to radiotherapy
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treatment planning system (TPS), and the same treatment plans were transplanted to compare the CT
value and the dose distribution. The results show that the VMI can be imported into TPS for CT value-
relative electron density conversion and dose calculation. Compared to conventional images, the VMI
varies from 70 to 140 keV, has little difference in dose distribution of 6 MV photon treatment plan.

[Key words 1 dual-energy CT, virtual monochromatic images, radiotherapy, dose distribution

S

WAECTH S K2 m R P AP RE & [F R . [
Wy [E AT, — OO S A AR R
TFHTREE (keV) HRAEMAERER, &
S PR R SR MR o O AR R B (Gl
¥ PR BRI 3 FE B I 3 B 4 3 RN, 3

5% MEG L, VMIA PASE R HH
X FCEE RN e RS B (contrast-to-noise ratio,
CNR) P, mkeVIEG W IR/ &RINE, M5
@ O 5O N X I 8 K B 2 AT R & T
AEEHY, EAPIIEY: VMIFE40 ke Vi Al
AR R R X L BERICNR Y, SEBL K

LS e ke VA Ze V40 £ ot 2 785 152 1) R B LR AU
EBY, RERMERCTEY, AR E A
B AT T L X ) T R R & T Y AT R
WeRSH . 2020-10-26

A WIA: 2250, E-mail: lijing_scu@foxmail.com
WfETES: HFF, E-mail: baisen@scu.edu.cn

T T B 2 ) e A 2 B A MG AR R, s
S T AR LR R AR B R B R 7260 keV
R} R 2 BSR40 Sk 25350 i g e EL BE FTCNRY,
AT AR TR R 2 5 W 2% Y | Bl ) i Sk FH S
KASE s FETS5 ke VI X ifi g 8 & 09 Mg 2w
FICNREAE"Y, F 140 keVE 7 H:{# i MARS



Chinese Journal of Medical Instrumentation

° ‘mﬁ&%:&\ °

2021 4 45 % % 5 1

(metal artifact reduction software) FEAR I-Hb P&

LIRS, HucEm st mmt,
R ETHEZBOT TR EZIATY, R
R G0 BIAG) CT{H 5 46 s A X L 748 B2 )5 4 g
FATHEITE .. FHVMIN T 57 B piE 2R
FHEMGEEGHTPSIHE], CT{EE AL B
TE R E TSR MERYE. 20 ck 8 i
DECT5E AR CT(E 2 HEL T35 FE R ALY, (|
& VMISE f B T 07 X0 B ) B 2 58 1 AN 5
o BB AR T B A A0 A R E 1
TR, R RIS TR S S AE B VMR & #L R 5
b, WERESHNES
W R0
1.1 BEERE
AR 5T R F CIRS-062 Hi, % [ = AR A

i F KA AR AR 2 P AR B R AT ) A
CIRS-062HL T % JERER, WE BT HECDAD
MNESHEWIES (LED . BT IEANE
keVSHE @ KX W BCTE, 5% M EIg 3
FrXbt e A B SRR AR 2 PR TR & 50 1
Bk

(a) CIRS-062 HL 14 A (A L) 1]
(a) CIRS-062 electron density phantom

(b) HHCTEIR

(b) Conventional CT image

(c) 70 keVEARER & fB
(c) VMI of 70 keV

FEl1 CIRS-062 HL -5 FEAE (4 [l 5
Fig.1 Images of CIRS-062 electron density phantom

1.2 ERIXER

TEGE Revolution CTHFHAX_F 43 HilXF =M
RHEATCTHM M EMG E R . BT H L
HiE (kilovolt peak, kVp) K120 kVIXIE A RE
Bg, HAWSHCh: FHE120 kV, B/
Fi180~540 mA, I2FE0.992, JEJ0.625 mm, &
GRS mm, BAXEA. GSIHEHES
e EHJES0 kV/140 kV, & H7i280 mA, 12
#10.992, JZJ80.625 mm, 450410 keV HH]
P40 keVH| 140 keVE 1120 i UL LR B[R]
&, BTERZEE3mm, &HRIRIH.
1.3 CT{EZKEX

FFHRAF I CIRS-062 H 1725 LA (A 1 1241 ]
%S \NJGIT TR & St Eclipse (Version 13.5, Varian
Medical System Inc., Palo Alto, CA) , #E+[A
TR HRIX (range of interest, ROI) | & 452
Kg EREACTH (BU% B 1FROIEL38.05
mm’, HMFHER502.45 mm®, ROISHEHHEZ
Z I mmiige) U B AR LU
HCTME, HEAREGCTHERNZESR .
1.4 HRIEFSEIE

TEEclipse f G A4l BSR4 X R ZH A
RIACTEMG, IR 6 R ECTE-F+
IR CHEAL120 KV iR #EATCTE S
HL 95 AL . SRR 0T = A A L it o
FI3FIAFZERA T v (ILERD , RFHHRI
ZH. TR X {AFH (planning target volume,
PTV) s RIRAES 124 E % L, EHitHEES
B EASE EHYTIRI, MR FE R
ESFI RS, HIPTVHF 2 AE F K
(dose volume histogram, DVH) 24524
TR EESEFR. MEclipse3REUDVH, %iitSBRT
T 5 100% A 1951 & (D100) , IMRT
FVMAT 4 B 3595 % A AR & (D9S)
HitBEVMIE 5 E G E bR LR & 2%
(6D:|DVMI_D120kVp|/Dprescription) I FfEclipsey
Frubvtkl . PTVESHY ., FESHHMCTEIR A
3DVH (Version 3.3.1, Sun Nuclear Corporation,
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Tab.1 The basic information of the 3 treatment plans

Wy [ER | IR oo
MR | R | (MV)| D Gy) | T 2RO
i i yed SBRT 6 60 10
It e | IMRT 6 50 25
R | VMAT| 6 20 5

2 2
2.1 CT{ELLE

i 3 X CIR S-062 Hi, - 535 B AR {4 45 4 A )
&, ZEAXNHSAWCTEN TR, %
TEAREEG FCTHEAME R K, 70 keV., 80 keV
F1% 55 L E 5 (6L 70~80 Hu, 40 keV[E
BNk 212 Hue JEZ R/, ZHEEETE
20~365 HuZ [d]. Agli FLPRZEFI97E100 Hubd
P, PRSI PR AR A R TR R 5
FHICT{EAS b /NF40 Hu, 7KAGCTIEASLIITES
HubA . AR & E% EICTE L A EE, 40
keV & 14 5 5 HLE R CTE I 2= (8 5 T Ho g 400
RERES, 7T0keV. 80 keVERHIZ(E /N
22 FENT

=T R B A X R B 2= R
1640 keVIEE I, DVHE L EG2ZE B 5k
TE40~70 keVIEGR b, 2555 B i 52 48 Tl 7 2 38
/Ny HET0~140 keVEE £ 28N, T4 VMLE

FHLEBR AR ESDVHELE,  ANE2FR .
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(a) iR SBRT 1 %1 49 R 3D VH
(a) Partial DVH of SBRT plan for brain cancer

0
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(b) Y\FEIEIMRT R i R DVH
(b) Partial DVH of IMRT plan for mediastinal cancer

100
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(o) IEHER R IR VMAT R Y J5 #DVH

(c) Partial DVH of VMAT plan for lumbar metastases

P2 VMIFIE HL PRI UE TR P TV Y Jay 552 (AR AR By [
Fig.2 Partial DVH of PTV in VMI and normal image verification plan

F2 A R BN S ALCTE (Hu)

Tab.2 CT value of tissues measured on different images

VMI Bk R gl FLIR Wl W ki LA JFIE k
120 kVp 904.605 236.110 —63.575 | —35.870 [ —508.615 | —797.665 51.980 58.870 —13.950
40 keV 2116.790 601.545 | —133.985 | —76.155 | —541.470 | —830.395 81.560 83.515 —12.410
50 keV 1564.305 439.325 —99.260 | —56.050 | —526.845 [ —814.570 68.310 72.005 —14.930
60 keV 1213.500 329.965 —78.000 | —43.785 | —517.505 | —805.195 60.315 65.045 —15.460
70 keV 978.505 260.555 —64.775 | —36.110 | —511.750 [ —799.790 55.365 60.675 —15.310
80 keV 826.760 216.005 —56.335 | —31.165 | —508.680 [ —795.620 52.145 57.865 —15.230
90 keV 727.265 186.740 —50.745 | —27.915 | —506.255 | —793.280 50.075 56.020 —15.130
100 keV 657.825 166.390 —46.905 | —25.650 | —505.310 [ —791.800 48.550 54.725 —15.170
110 keV 609.015 151.910 —44.210 | —24.045 | —503.920 | —790.855 47.515 53.795 —15.160
120 keV 574.360 141.755 —42.250 | —23.035 | —502.745 | —789.805 46.775 53.120 —15.150
130 keV 547.685 133.950 —40.780 | —22.100 | —502.235 | —789.310 46.230 52.610 —15.200
140 keV 526.240 126.890 —40.540 | —22.435 | —502.995 | —789.705 44.835 51.250 —16.170
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Tab.3 Statistics of target dose (Gy) and standardized dose difference (%)

I O | IR

VMI/kev | SBRTil-&l IMRT |- %] VMAT |- %]
D100 | SD D95 | 3D | D95 oD

40 54.90 1.57 | 4792 [ 0.65 | 19.46 | 0.75
50 55.32 | 0.87 | 47.71 | 0.30 | 19.21 | 0.33
60 55.57 | 0.45 | 47.58 [ 0.08 [ 19.08 | 0.12
70 55.84 | 0.00 | 47.52 | 0.02 [ 19.01 | 0.00
80 55.84 [ 0.00 | 47.47 | 0.10 | 18.96 | 0.08
90 55.90 [ 0.01 4744 | 0.15] 1893 | 0.13
100 55.94 | 0.17 | 47.41 | 0.20 | 18.90 | 0.18
110 5598 | 0.23 | 47.39 [ 0.23 [ 18.89 | 0.20
120 56.00 [ 0.27 | 47.38 | 0.25 | 18.87 | 0.23
130 56.02 [ 0.30 | 47.37 | 0.27 | 18.86 | 0.25
140 56.03 [ 0.31 4736 | 0.28 | 18.86 | 0.25
. A3 SBRT#HX| ¥, D100=55.84 Gy; 7 *FH 21 IMRT %)
%, D95-47.53 Gy; fe3m8AVMAT#H%] ¥, D95-19.01 Gy.
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A AR RO AR A A DX ) AR T . B
FU0H I CIRS AL -4 E AL AR AN (A7 AL,
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MV F 1l 50 A 22 R it AT TR
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FHE2/Gy i 2E/Gy M 22/Gy
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Fig.3 Statistical histogram of voxel dose difference between
70 keV and control group for the three plans

BHLATEARRVMIFFCTE 5% M E B A A
LEZER], BN B TE40 ke VAT CTIE P 2 71
ikl 212 Hu, KECTIEHTES R E K% F1Y
K73 Hu. CTIEMZE R T HE NV A=
WAL, pbESTLRRER . YR R TR
FIEL 72 BE T AR AR, A 1545 2 e i P
120 kKVESIR A MG, VM RUR I A H 80
kVAI140 kKVHH fFEEZ HaEE ESR, H&H
LU BN, HUILER A FREERNCT
HEER. HIHFE T XKEFHCTEZ L TPS
HbREREZ CREAL120 kVpIaH) ALl %
B, DARRAAABEEXHARNY SRR IE G,
MFETTRIZE T HRE AR ERIF AR B

FARFHREEMHELT (Gy)

Tab.4 Statistics of voxel dose difference (Gy)

VMI JiEi iR SBRT i X1 B IRIMRT i} %) N HE 98T VMAT - X1
I/ ML i g e KA e/ MIL v g I KA I/ ML i s e KA
40 keV —2.510 0.022 2.451 —11.958 0.064 2.955 —2.819 0.029 0.772
50 keV —1.959 0.006 1377 —9.133 0.061 6.196 —2.234 0.006 0.451
60 keV —1.937 0.005 0.905 —7.934 0.056 8.647 —1.555 0.006 0.800
70 keV 0.000 0.000 0.000 —6.717 0.050 9.977 —1.393 0.005 1.241
80 keV —1.781 0.005 1.258 —6.201 0.045 10.110 —0.954 0.004 1.305
90 keV —1.787 0.005 1.268 —5334 0.043 10.812 —0.933 0.004 1.320
100keV | —1.775 0.005 1.383 —4.738 0.041 10.846 —0.934 0.004 1.319
110keV | —1.758 0.005 1.428 —4.680 0.040 10.883 —0.934 0.004 1.323
120keV | —1.739 0.005 1.419 —4.680 0.040 10.661 —0.936 0.004 1.335
130keV | —1.738 0.005 1.434 —4.679 0.039 10.679 —0.938 0.004 1.335
140keV | —1.737 0.005 1.548 —4.679 0.039 10.999 —0.936 0.004 1.616
Z: yiidF 4 4 100.0%.
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