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[Abstract] Objective To compare the dosimetric differences of biliary stent combined with I seed
strand implantation between real biliary radian guidance and linear arrangement guidance, and to evaluate the
radiation dose of organ at risk (OAR) when the seed strand is in real biliary radian, so as to provide a dosimetric
reference for the assessment of efficacy and safety of biliary stent combined with seed strand implantation in
treating malignant obstructive jaundice (MOJ). Methods The computed tomography (CT) images of 18 patients
who underwent postoperative validation were imported into treatment planning system(TPS), and then the target
area and OAR were outlined. At the same time, the treatment plan was formulated, which was employed in
patients of real bile duct group. According to the size of stent, the number of seeds and the length of
obstructed segment, the linear model was made on the TPS, the treatment plan was formulated, which was

employed in patients of linear model group. The dose volume parameters, conformity index(Cl), external index
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(EI) and homogeneity index(HI) of the target area were compared between the two groups, and the dose of OAR
at each seed activity was evaluated when the seed strand was in real biliary radian state. Results Compared
with the linear model group, the real biliary radian could decrease Dygy,, Doy and Dy, of the two target
areas, and the decline magnitude was proportional to the particle activity, and the Vg, Vo, Vie and Vo,
of the two target areas were also decreased. In real bile duct group, the Dy, Vo and Vi of target area | were
70.98 Gy, 93.81% and 43.48% respectively when the seed activity was 0.8mCi; the Dy, Vo and Vyy of target
area Il in real bile duct group were 59.95 Gy, 84.45% and 31.88% respectively when the particle activity
was 1.0mCi. The CI, EI and HI of the two target areas were poor. Compared with the linear model group, the
real biliary radian could decrease CI while improve EI and HI to a certain extent. Among the serial organs,
the radiation dose of the hepatic artery and the hepatic portal vein was much high, the maximum dose(D,,,) of
hepatic artery and hepatic portal vein were 105.28 -210.56 Gy and 257.53 -515.05 Gy respectively, and
radiation dose of other organs was low. Among the parallel organs, the D,,, of stomach was 80.25-160.50 Gy,
the Vi, and Vs, of duodenum were 5.29 -13.81 cm® and 2.11-7.09 cm’ respectively, and the Dsy, of
pancreas was 9.00-17.99 Gy. The radiation dose of the liver and kidney was low. Conclusions Compared
with the linear model group, biliary radian can reduce the dose volume parameters and conformal degree
of the tumor target areas, but it can improve the uniformity of the target area and the irradiation volume
outside the target area. For the treatment of MOJ with no obvious thickening of bile duct wall, the use of seed

strand with the activity of 0.8 mCi can enable the equivalent dose (EQD2) of bile duct to reach 60 Gy level.

(J Intervent Radiol, 2022, 31. 775-782)
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Do(Gy) 79.85+8.31 91.92+1.20 0.001 53.96+6.06 64.29+1.17 <0.01
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EI(%) 254.26+46.01 339.77+11.04 <0.01 156.99+28.55 179.37+7.70 0.01
HI(%) 25.68+5.36 20.76+0.86 0.005 40.69+5.59 37.61+0.20 0.031
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Dy (Gy) 83.49+7.83 94.23+1.13 0.001 55.79+5.87 65.39+0.92 <0.01
Dy (Gy) 70.98+7.39 81.71+1.06 0.001 47.96+5.39 57.15+1.04 <0.01
Din(Gy) 47.16+8.38 62.65+0.21 <0.01 31.40+5.11 42.92+0.20 <0.01
V(%) 97.43+2.53 100+0 <0.01 76.97+7.77 89.53+1.16 <0.01
V(%) 93.81+£3.71 99.68+0.06 <0.01 67.89+8.06 80.93+1.28 <0.01
Vio(%) 88.73+4.83 96.95+0.55 <0.01 59.70+7.78 72.67+1.00 <0.01
Voo (%) 43.48+6.26 53.38+0.70 0.001 23.18+5.67 32.05+0.50 <0.01
CI 0.27+0.03 0.25+0.01 0.071 0.19+0.04 0.24+0.01 0.001
EI(%) 205.46+38.98 276.04+10.46 <0.01 130.88+23.87 148.90+6.84 0.011
HI(%) 30.21+4.65 26.22+0.66 0.008 41.70+6.84 38.52+0.53 0.102
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De(Gy) 73.05+6.85 82.46+0.98 0.001 48.82+5.13 57.22+0.80 <0.01
Deo(Gy) 62.11+6.46 71.49+0.93 0.001 41.97+4.72 50.00+0.91 <0.01
Dio(Gy) 41.75+6.48 54.820.18 <0.01 27.48+4.47 37.55:0.17 <0.01
Vo (%) 93.18+3.86 99.48+0.09 <0.01 66.65+8.03 79.60+1.03 <0.01
Veo(%) 87.13+5.09 95.52:+0.89 <0.01 57.55+7.67 70.57+1.36 <0.01
V(%) 80.55+5.87 89.41+0.74 <0.01 50.13+7.03 62.49+0.82 <0.01
Voo (%) 36.64+5.91 45.48+0.36 <<0.01 19.14+5.22 27.37+0.33 <0.01
CI 0.27+0.04 0.26+0.01 0.267 0.16+0.03 0.21+0.01 0.01
EI(%) 160.46+32.46 219.95+9.34 <0.01 105.96+19.28 121.30+£5.93 0.01
HI(%) 34.48+3.88 30.29+0.22 0.001 42.46+8.00 39.12+0.20 0.184
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Dg(Gy) 62.62+5.87 70.68+0.84 0.001 41.84+4.40 49.04+0.69 <0.01
Dy (Gy) 53.24+5.54 61.28+0.80 0.001 35.97+4.04 42.86+0.78 <0.01
Din(Gy) 35.79+5.55 47.39+0.54 <0.01 23.55+3.83 32.19+0.15 <0.01
V(%) 84.85+5.51 93.28+1.17 <0.01 54.92+7.46 67.44+1.38 <0.01
V(%) 77.36+6.11 85.63+1.11 0.001 47.07+6.71 58.14+1.30 <0.01
Vip(%) 70.11+6.41 79.00+0.88 0.001 40.84+6.22 50.97+0.75 <0.01
V(%) 29.63+5.11 38.04+0.29 <0.01 15.06+4.36 22.16+0.21 <0.01
Cl 0.26+0.05 0.26+0.01 0.679 0.14+0.03 0.18+0.01 0.001
El(%) 119.80+26.59 165.99+6.54 <0.01 82.14+15.01 94.56+4.10 0.006
HI(%) 38.22+4.02 32.45+0.32 <0.01 43.65+9.00 37.07+0.36 0.005

®T XA ESEECRTIEE 0.5 mCi)
40X — HUX

.
b S AR PH AL AR P
Dy(Gy) 52.18+4.89 58.90+0.70 0.001 34.87+3.67 40.87+0.57 <0.001
Dy (Gy) 44.36+4.62 51.07+0.67 0.001 29.98+3.37 35.72+0.65 <0.001
Din(Gy) 29.83+4.62 39.16+0.13 <0.01 19.62+3.19 26.83+0.13 <0.001
V(%) 72.93+6.27 81.96+1.04 0.001 43.19+6.32 54.03+1.12 <0.001
V(%) 64.84+6.47 73.71+0.75 0.001 36.67+5.95 46.36+0.67 <<0.001
V(%) 57.60+6.48 66.02+0.63 0.001 31.88+5.90 40.75+0.45 <<0.001
Voo(%) 23.21+4 .45 29.69+0.08 <0.01 11.28+3.61 16.48+0.05 <0.001
Cl 0.24+0.05 0.24+0.01 0.586 0.11+0.03 0.15+0.01 0.001
EI(%) 84.92+20.59 117.28+5.08 <0.01 60.37+10.91 64.57+16.22 0.064
HI(%) 40.84+4.08 36.20+0.21 <0.01 45.08+8.82 38.89+0.20 0.002

224 WAIEECHT WERIX G HI BEc, HAH BRI N o2 25 558 SR L (P<0.05);
AR IX — HI N 20.66%~40.84% ,HI Btk 115 E S N RE — s B A B S FE X — ) HIL, T+
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Vg, 53314 2.2 em?® 0.7 em®s KL 7% B ) 0.7 mCi
2 85 1 D, 535078 1 .619.38 Gy 170.32 Gy,
1] V74Cy g3 1.8 em’ 0.5 em’, R 7Lk V3()Gy\
Voo, 29114 5.20~13.81 em® 2.11~7.09 cm®, Hrf
MRFIE N 0.7 mC 1 0.8 mCi i, (AT 1 & 1)
+ A5 Vs, M3 10 em®, BEBRAY Dy 9.00~
17.99 Gy; 45K F 1% E A 0.7 mCi.0.8 mCi i}, Dy
k10 Gy &8 43500 7.8 1], Dyl i 40 Gy
MR E Y R 1, T R G a2 s A, e A2
ZHILT N0 Gy, WES.9,

3 itig

i 4 JE ST AR T 2% i MOJ B PR EE A B 5 ) i
(R REAR: , L b e A R s IR A P e 3 AR SO SR Pk
7, AL FINNTEXT MOJ B4 BHL v 3 8 i 47
PTCD J& , 751 %S P B A 4K -192 B 7 54T T
A Bl T SE A B T8 S 40 3 g b [E] O 3 BN E A
SCHRER A LRI Ak KL SRR B TE KL T S 4R
BB EERL A Y SOt AT WA —
E TR

MEE B MOJ B, A ARBEAT T ARIRYT SO R
MRS AT A7l SR OT o Herb RO ke Stk 5]
X4 T 45.0~504 Gy, HUGEN 1.8~2.0 Gy, #

®8 fEMAEMAESH(—)
LTI
1.0 mCi 0.9 mCi 0.8 mCi
210.56+542.87 189.50+488.58 168.45:434.29
515.05£745.64 463.56x671.09 412.04+596.51

[V A

NF3lbk D, (Gy)
HFTTE#IK Dy (Gy)

THE# I DW(Gy)  82.96£57.65  74.66+£51.88  66.37+46.12
FF Mk D, (Gy) 18.20£15.12  16.38+13.61  14.56+12.10
A 8k D, (Gy) 30.07+23.83  27.07+21.44  24.06+19.06
LB HIK D (Gy)  21.82%15.31  19.64+13.78  17.46+12.25
£ Fh Bk D, (Gy) 3.03£2.19 2.73+1.97 2.42+1.75
LB EIIK D (Gy)  39.78+31.72  35.80+28.55  31.82+25.37

HF Dy (Gy) 3.17+2.32 2.93+2.12 2.60+1.89

H Do (Gy) 160.50+£540.00 144.45+486.00 128.40+432.02
T 246 Ve (em®)  7.09+5.06 6.00+4.34 4.49+3.66
246 M Vg, (em®)  13.81£9.66  12.28+8.60  10.62+7.47

JHE R Dasoe(Gy ) 17.99+16.12  16.19+14.51  14.39+12.90

B Dy (Gy) 0.91+0.86 0.82+0.78 0.64+0.60

£'E Dy (Gy) 1.13£1.07 1.04+1.01 0.92+0.90

25 Dy (Gy) 0.01+0.02 0.01x0.02 0.01+0.02

9 EEABEMRESH(C)
. B0 B
e 0.7 mCi 0.6 mCi 0.5 mCi

147.40+380.00 126.34+325.72 105.28+271.43
360.54+521.95 309.03+447.39 257.53+372.82

JFFIIK Dy (Gy)
HETT##IK Dy (Gy)

TIEFIK D, (Gy) 58.07+40.35  49.78+34.59  41.48+28.82
Bk D, (Gy) 12.74+10.58  10.92+9.07 9.10+7.56
i Bk Dy (Gy) 21.05+16.68  18.04+14.30  15.04+11.91
A7 # K D, (Gy) 15.28+10.72  13.09+9.19 10.91+7.66
e Bk Dy (Gy) 2.12+1.53 1.82+1.31 1.52+1.10
7 # K Dy (Gy) 27.84+22.20  23.87+19.03  19.89+15.86
T Dy (Gy) 2.28+1.65 1.95+1.42 1.63+1.18
A Do (Gy) 112.35+378.00 96.30+324.00 80.25+270.00
T A8 Vo, (em?) 3.88+3.00 2.94+2.42 2.11£1.90
T 48 Vi, (em?) 8.88+6.26 7.09+5.06 5.29+3.89
JEE AR Day(Gy) 12.59£11.29  10.80+9.67 9.00+8.06
HHE Do (Gy) 0.64+0.60 0.55+0.52 0.46+0.43
A Dy (Gy) 0.81+0.79 0.69+0.67 0.58+0.56
725 Dy (Gy) 0.01+0.01 0.00+0.01 0.00+0.01

BB — RGBT 32 R R, TR Ak O R R
F 60 Gy ££ZEH & HIRYT hE 5 IR E A 210
fif 32 17, AHEGERE b T R O 72 Gy, 5B R
PP R 4b T BEAH TR, BBORL T A4 i 5 20 A DB
o — 0 B0 ok - 4% K B R HE AR B R kL
T HARWA RS, EER E,H TR
FEBE Y 25 52 4 AR SO B (O AE 7, S BURLA S 19k
FARAETE — 5 W | 2 A7 A 22 b5 il 1) 155 0 1
SIVINE B = o 1 7 £ o 1L DN (T B YA < e B2 )
i EE R, MR 2 B EOR T R S, HE S
IR R/ANS ARG, ARl S A TS CT B& 1
S E A, AR R TR T A
O, BAE R R 5 5 4 HE A R T AR R kA7 5
S EGA, DT PFAh S IR A S b 7 4% 771 2 1Y)
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AL

AW U S AR SR TR AT ) i AR BH B RS O
SONHR X — | E R TP A IE A RE G I (4 R
o B o5 7 A LT B DX IR AZ I O 5 R A SE
T N T AN S mm AN X EAE A R B gt
Fra)m, FFE CNHRIX = 82N T PRAS 76 R4
BEAT W Gk 3 Sl o 7 A LR I XA R O A7 A
B, R X AN RS T IR R AT I
PRHE DX/ 1) 532 K B 3 R~ S AR 0 X ) ] 7 14180
g R, 5 LB AL e, I IR SRR
B IX 1 Diogs « Dooes « Diooss » FL T B B 55 K7 16 JEE 1
Ett ,ﬂié\l‘%ffﬁﬂﬁﬁﬁgﬁ’ﬁ on%\V%%\VIOO%\VZOO%o jﬂg
S AR GE T RIS R TR 9 1 kLB 0 5
SEEF NG DL, 4R R R T % IR AR X ) 4y
A B R B, GABESE A R KL, AL R K
B, 2l RT3 R 0.8 mCi 1k 4Rt ELSZ AR
AL X — 11 Do, Voo 23911 K 70.98 Gy 93.81%, fig
Tt A2 3 [0 R BRI T D 23 HEFE I WL 90% 5 3 7, TMi
B feff 3% B e K (1.0 mCi) FRORE 1~ 45, #0LIX. — B I
)52 i WA S INARTE o ASBF G IR BE I T XS
T8 % CI 30 X AR BLE 20 E1L ¥ 5146 %0 HI 948
IF, S5 RN R BAR SRR AR X 8
{H A Fi o L XA 2 50 B R IX A1 Y A7 REAR B iy
PR b B G2 0] BE 2 TR A% A i R T R
THHEA TEZMNES, WX A CLLELLHI ¥
2%, FEF R AR AL T SRR B — N T AR
A L B v e s 2o, R 1 B Y A R A R

ERTES A e gl B AR B 55 3 N i S e o
0F 52 NN A o < VA Y S B1= 57 <8 R [ N7}
T HORLF 2% [ fg AR A RE SRR £ Dtk v TG
R A AIF 5 10 B 17 3k 2 v O R & A TR et IR
FECGRRGE AL . AR AE P Sh i St iE S
TAERCR R IR R B E A AT
[F] 300 2 A 21 kAR A SR IS Y, R4 T )
HE N 80,120,160 Gy B ,60 d N Z b=k H B H
AL SR, R TR R 46 A8, JE B 414
e 25 A D B b ) i S T, A IR R B
KRR, AR T & AR
5 BN o S a B R IR 52 5 o T PR (AR 4R
2010 4 3 [5 B= 2= Wy 3 #p 25 Task Groupl01 i 25 i
TTVE 2 I 38 2 28 55 28 X EQD2 ~ D72 (M 2 Jii 41
Z1) SRR A e Y R PR A S S R A
R BRAE . 25 5 WoR BT AT ST 88 B (sl ik ]
K T FR K E S S B kB R bk R ) 1Y

D T A 49 A B8 23 55 2 BRAEL (720 Gy)., AT 1 4
BF Bk 2 1 B3 T T ER K D, 3T 720 Gy,
AR A AR RS, (ES —TEN R AR Ve, B
F 10 em®, ASWFFE b a4 30 R R o e 1Y) 2
BERFEME S RILEM L ARE BT 45t
B ARG N R kL1 45 AR IR IS, (EL7E
B J 118 7 3 i v 3 B A A M R T R 1
KAE  HATAE P H Y D, 4 80.25~160.50 Gy, 24
BFIEEEN 0.6 mCi LA LR, B #) D, #8i1d 90 Gy,
B RGBS B D 17X w5 1 £ 2
JE A 2 g AT CT HA AT T K1
K, B AT, R AR BN R b A SRR
A R E A S — HARREY ORE H I E
SEBR Dy 23 HEGETHEE R, IF Hax 2 B8 # B i &
i R FRBN Vo, ART 10 em®, + 2461
Visocy  Vaoy FF- 35 (B35 A 8 Ao 751 o B AFL , X 0 7906
0.7 mCi B, A 1l B Voo, H2E 10 em?®, {H7E
Z e W R R R B 3R s s AL
JBE R B Dag, 9 9.00~17.99 Gy, FH{i ¥ 76 57 & FR
EHZ N (40 Gy), Mk F 1%k 0.7 A1 0.8 mCi B, 3
A1 PlERE T 40 Gy, EZE R %8 N AR
ARG IEH RARARFRE N o L5 2 X IS w5570
JHF I FUE S5 3] G AU ) B, FL TR T 4
JIE A3 | O R 22 A

AR FE AN JE 22 Ak S T g A AR T S AR AR
¥R 8 mm, A HEH I8 F A 9 AR e H Al R
B, BRSO X ) 2 A S, P T REA R AR R
A LS JIH A 2 e S AR B g 1 4 A 3 Y s IR
A PR AT o U AL R A7 AR S A AT, 30 B TR K R 1 AF
Y KEEA R i — 250, i T HOR A 8] Y
) AT, R R A ) A R B R 4 R A SR R
SR AR BRL B M R BB R K EETE TPS E AT
B, A J5 AT ) R D52 1 S SRR - 2% AR Hh 2tk
AR DT DR 25 R R R S 4R R S
0 T B4 B G b 0 R R A AT AARGE A R
GEAR P | 30 nT LAAT 00/ i e AR IR R
ARV R SO . T R SR 5
W 2 A W98 8 R IR (R BE | 30 408 AR kL
51 B R e B R SR AR ) SRR 4 A
FERZR 2, MRk A T 200 T IR 8
14390 4 2 0F 9, ) B R I IR T S 2R 1 51
HEES IO

55 H AR H RS DI 2 A1 e IX 11
FI AR TS HUORGE Y B, 7 Rl o035 0 DX 1Y 3450 B I
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