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[Abstract] Objective To evaluate the effect of different doses and activities of I seed implantation
on hepatic fibrosis in experimental rabbits. Methods Sixteen rabbits, regardless of the gender, were
randomly and equally divided into four groups: group A, B, C and D. Under CT guidance, 4 I seeds were
implanted into the liver of each rabbit; the seeds were arranged in 2x2 way with an interval of one centimeter.
Empty shell particles (OMBq) were employed in group A, and seeds with activities of 2.22 MBq, 2.96 MBq
and 3.70 MBq were adopted in group B, C and D respectively. Before and 6 months after '*I seed
implantation, the blood sampling was conducted to make laboratory testing, including blood routine test, liver
functions and four items of liver fibrosis. With the help of computer treatment planning system (TPS system),
the isodose curves of 120 Gy, 140 Gy and 160 Gy around the implanted particles in group B, C and D were
separately delineated, and the distances between the curve and the center point were measured. The liver
tissues corresponding to the peripheral edge of radiation zone were collected and sent for pathological
examination. Results Successful "®I seed implantation was accomplished in all experimental rabbits. The
differences in preoperative and postoperative ALT, LN, PC Il , IV-C, HA and APRI levels were statistically
significant between each other among the four groups (P<0.05), although the ranges of these indexes did not

suggest the presence of liver fibrosis. No obvious liver injuries were observed in all the rabbit liver specimens.

DOI:10.3969/j.issn.1008-794X.2018.07.012

E4TH:. BEREARARMZEES (81471762) GIH AL RESM L TH T H (BE2016783)
PEHHAL: 210009 M50 A< K= BHE ook s Be A A5 il AR

BEMEH . 4 A E-mail: jinheguo@sina.com



656 — A AT

2F2R i 2018 4E 7 A4S 27 555 7 J Intervent Radiol 2018, Vol.27, No.7

Pathological examination showed that Knodell HAI scoring had an upward trend with the increase of particle

activity, but the score was less than two points in all groups, suggesting that no hepatic fibrosis was present.

Conclusion As a therapeutic method, "I seed implantation is safe. The results of this study indicate that

the use of different doses and activities of '>I

seeds, which are within the dose and activity range used in this

experiment, to conduct "I seed hepatic implantation will not lead to hepatic fibrosis. (J Intervent Radiol,

2018, 27: 655-659)

[Key words] hepatic fibrosis; iodine radioisotope; activity; dose

JFF A8 2 e R 5 DL B R R, A BRI P PN s
K FRHEER 5 AL, BOLRHES 2 A7, o it 5 AE 4L
TR 9.1%" > WA YT R A7 19 27
2 —o AN RETE R B, Bt A 30k 60 1, i
JUFE A S A A58 0 HG 2 T U 7 Ak A ) 2R R K A
RAZHHGINCT, ATAER R TR T T B EG
J7 R HEROR |k B AR R R R U T E A
FASFIERL, TENR R S T RFRRCR . H
R, PR PR A Z VR R SCHT T b, ok AL
ST PLRL R R 8 T BIE TS P 45 47 O 2T 24
(AR SCAIE I, D I, A 52 56 400 2o S T U A A AN ]
LA PR IR T RS 6 A S se 45 bn
T U 9 327 45 AL HEAT X LG 43 BT, SR 58 AN [ 5
b AN TR JE A TORL TR BT I £ 4E AL 5

1 MR5AHE

1.1 #hek

L1l SE5esh¥) R R 16 2 MEMEAH (K&
£ 2.5~4.0(3.2+0.6) kg, BT %G qe H i gt £ Ak
K B AR E B P ) 55 2 O BRI IR

112 [R5 AFEEER 2R (i RE
= 25 BR A v ) 64 i 5 2 T8I SR I BE KR Ao )
25k x16 $7,2.22.2.96 Fl 3.70 MBq 45 16 i,
FEUH T HT 20 e e W TR A e I I A, G A
T A R E Y TR % AR MR
Sensation 64 JZ 12 i€ CT(Siemens)

1.2 Jrik

12,1 sh¥isrdl 16 HSCm R H R AL 7 % bl
LAY 4 41,20 4 0 Hie BRAE A 19 62 T3 B2 43 5]
G5 A B.C.DA, i A dhzs G4, B Ak 1%
J& 4 222 MBq,C 214 2.96 MBq,D 41>} 3.70 MBq.,
122 AR ARG b3

1.2.2.1  ARRTAE H S50 G 28 F BRI, 77 120 T
itie A 4eAk 4 T,

1222 ARAr6 h2EEEK, FRFGITHEF
ik 1 mL/kg (49550 5 2248 7 55 3% 156 T 1L 2000 1 5

W, #TE L N 2 mL/min, TR 5 25 4 Rk B AR
90% Hif JI W S 36 S bt 22 S B I 0L, T4 T RN
Yrsi it

1.2.2.3 KL F A A RT3 BT B0 kLT
T 2% )% VIR 20 min, 2 TG 0.9%NaCl
N RUIRY I WA DAY < 3/ & i L AN R % 16
e 2 T B ERAEFL 40 3 & AR AILED AT
1.2.2.4 BRI B0 SE 00 S A M B, 8T T 48
YEG AT CT 4, 8 CT R A 346 T Ik
FH 0 d )2 T O 2 )2 T B A R o
7 R (B Q) o AR T, TR EAE IR 74
ANEF 2 32, WS TUE 25 00 K oE i B AR LA BE 1 em
SEATHEZ B I 22 ) 2 O TR (1), k5
ST B BORE e G (4 b 7 ROk B o B
FERVEREA 1 BB F ST em, FRUCHERE 1 B0RE
Ty RARIAZ 1000 wm B B I 9 45 4 ZE4H3E CT
FAREW G HE A 15 50 K 2 g 4 b g o . RS
12 hWIRE ERIRE ., piFHEASREILE T,

1.2.2.5 ARG FAITHEHLIARIT R S (TPS) 43 5
2 B.C.D HE A A AR F 1 120 Gy . 140 Gy,
160 Gy “FHE A<k /&, B S b e, i
B .C.D 2 AH R 58 300 6 1 S 4 8 B 5 A i e
BB S

123 SEE R MEE KARSE  OAR G AN L5 e —
FOIRBL AL 4G 1 ISR QARG 6 A~ H AR
S H PR 28 R IKCBINL , A A  40 H F D BE TR 4T
YA 4 700 % D RE AR bR s OARSE 6 A H A FEFT A
SRS, I IO I ZH 20 DSA TR i R
3 )45 R AR B e B A S 5 % 120 Gy (140 Gy,
160 Gy % 55F 7] 12 DX J 300 19 JHF Ik 1 20, 49 1 0 340
[ 4T HE XRIRFELL Y44, 17 Knodell HAT 343,
1.2.4 TFHdebr ARG ik & KO% s AE B0 ; S i 52
R AR, FIEE . MH M, FLrdifh 4 100,
APRI 850 i B2 45 S HE Je 8 R LI
Knodell HAT #43 , 2 : Knodell HAT 343 451E 4 0
Gy AL ;1 4 LA XY K2 40 ZBLE X



A N2 2R3 2018 4F 7 A48 27 %5 7 4] J Intervent Radiol 2018, Vol.27, No.7

— 657 —

ARG IFIE CT BEIBHLT 47157 0 G T IE 5148 14 S RS2 1T s B IFIEL AR T CT P BT L 1 b T4 A
B2 32, LARIRE 1 em AT HES 9 7 2028 ) 28 0 J0E 79050 R 7 M A QR IFIIE AL 20 1 R FREAS CT 74
JEUL 4 550 SR F ARG 1 em, 2x2 P47 HES 7 2R IIEZH 20

1 BT MALR

CF 2 Ak S 2T A R 3 o3 AR B X AT 4 b A -0
WX LR A A B T AT X 2R Ak 54 53 AL
1.3 Giit ik

B AT 4 % ] SPSS 22.0 S8 i3 # dk 4 47 ik
FR T R DL (s ) e, 45 A1 3% B2 98 R0 A =[]
1) 22 SR A R O 200 05 Geih 45 R LD P<0.05
RESFGEIHFE L,

2 #R

Jir A FARIA 56 1, AR v I S5 5 i 25 AP SE
T2, ARJE 1R, ZRE b, gl 2 AL
BN IEH
2.1 ALK LT Ak 4 T 25

A H AR5 AR5 45 0021 2 4k DU 37048 s 41 22 18]
Z5 LG22 X (HA LN PCII . IV-C [d] P {45

%14 :0.17.0.155.0.254 .0.282) . B.C.D #H[d], fifi
R0 BE A B, 45 TR AR I 25 R A T
BOH 3 AMILZ ML S A 255 B fF e Gt
2255 (P<0.05) , {H 2 5 4 48 br 5L A 4b F 1E 5 i
Mo W2,
2.2 SHSEE R AN, /MR APRI 48 5L
4k

Iy M ALT AST 25 &P ,C 415 D 4145 14
HA3HMBEAT&, M ER &SE, A C.D M
HZ 2R TG 173 L (Pyr=0.196 \P\=0.154) ;
APRI e W7n : A HARHT A HARJS B4 3 4HZ[H
ZRWLGEITFEEL,CHES D Az mERY LS
e EEARRTH AH BAIHY S CH D
HzmERAGIE L, HEMABHT 3 4APRI
HA W BT e  H2 T A 48 APRI<<0.50, UL3% 3,

&1 Knodell HAT JF £ 4 AL T4 b vfE

Knodell HAT 45 0 1 2 3 4
o 42 B Tt CEXY R SO XA e 2 4 b WL el D -IC A EX A4 fbsor  MFmik
A - B 2F AL
R2SARRITFNELE 4k 4 35000 22 45 xks
N N JF£T 4E 4L 4 48 bR/ (ng/mLL)
4151 R W ORI EE/MB
H 5 LA TR TR B 1 BE/MBq Pl V-C A IN
AR 0 0 71.98+2.07 59.60+4.71 60.11x1.51 83.68+3.20
A 4 0 74.19+3.15 56.52+4.10 53.93+3.60 81.07+3.77
B 4 2.22 97.11+3.41 87.01+4.52 79.51+3.11 106.35£1.01
C 4 2.96 111.04£1.18 85.08+3.43 91.48+1.89 122.39:1.60
D 4 3.70 121.29+2.78 92.17+2.09 96.17+4.98 128.58+1.53
£R3 BHAFRKHAF RS ALT, AST. PLT. APRI 45545 xeks
21 51 R HoE A5 B /MBq ALT/(IU/L) AST/(IU/L) PLT/(10%L) APRI
AR 0 0 38.0020.81 16.50+3.11 445.25+46.52 0.092:0.008
A 4 0 36.50+0.58 12.500.58 461.25%25.16 0.068+0.006
B 4 222 32.50+0.58 19.75+1.71 474.00£26.01 0.100£0.010
C 4 2.96 52.25+0.95 34.50+3.87 414.50+6.61 0.210+0.020
D 4 3.70 53.25+0.96 29.75+8.50 418.75+15.69 0.180+0.050

1:: APRI=[AST(U/L) /AST 1E % {8 1B (U/L) /PLT (x10°9/L)] x100

2.4 LSV BRI AR
TEFT A SR bR A i A A PR IT R AT SE

SEAATAE I 200 B 3 BT, 254 SE B, R UL I S T
MBS A E , BFIELF AL 53 10 0 7B 4



658 — I AU

#2018 4F 7 HEE 27 45 7 ] Intervent Radiol 2018, Vol.27, No.7

W, ORI 160 Gy BURRERFR AR R A 1 HAis
PRZESLN T AR Z AN T, PFAr S 1 4, Ko
i f B AFREE 25 5 A 4UH , 158 0 43,
CH4l5 D Ay brArh, A D 4 BEGSah
160 Gy i E A 1 2 SR UL WY 40 i 46 40 , 37
G380 41 AR Y I 43 I RS A ) HE 4 (o rpr 1]

W0 S

& ( Y : D - i
CORFIE S5 34 BT I HEXA00 25 @00 T 41, 15 % 720 40 ; QNT I A6 3487 WL HEx400 3.70 MBq 140 Gy JH31 6 1>

ULV 52 A BE AR JEL DA KA T 400 i s 107 A 1 % 4 e
B ARG o 1y, Hoh D B C A
FEEEAAT N, 7ERRARLL YL (0 b D 4 b IR 5
RN 160 Gy B BARAS ] UL 5 J58 I 52 48 BE 21
e LR AR LU A A0 (B 2) , A0 BR AR 35 L 1
S, 5 HE JEFRIEARY &

© ©

VR WOk, BT LY 52 i A JRE O B Ak (O o Sk ) AT U 28 1 (P Sk ) R AN IRl A (R Sk ) s DI
BT, RARJEZL Y tx 100 3.70 MBq 160 Gy i1 6 A~ H J& BUM , AT 0L 5 T 5% 45 e 21 e
2 FHEAR AR 2 41

G3 W48 B R (6] — 4 P, AN () B G ) = e B
25 1 Knodell HAT PEA-AHIT |, {H BBl 35 0 T 06 FE 1Y
AN WS, B S 5] S AR, AT B Knodell
HATL PF 53 A Tt 5 09 8 3 B2 PF 40 A 3K 31 i IR 2 4
(& TN

3 itit

ST S F AR ATE NG A PR T F ) e >
)Tz WS PR IR BB RS R EL BRI 27.4~31.4 KeV
1) X SR 35.5 KeV 1Y y 2k, ANIAHZU5 7R
B O R A A B R M X5 O
B LU BC LG LS BT, PR AR
I JF O 2P e e 5 TR T R A AR 8RB P45
1B 40 FIHER P I R 2 PR ARYT
I7 R AT R AT BK0% 37.5% , P AR I R
KB 75% , oA i Jeg i JE IS R 1 Fp A7 B A A I ) G
BT ASHA 10 A H XIS S IE SRR A
VRIT 32 BINFITIX P, 45 50 s B b 2k FE
[E] R 10 S H | BABCR R 68.8% ., (HFE Lk A 3 3
MR IE 1, TPS H i UORE 7R A 19 4 J7 751 i 72 120~
160 Gy, FURL 716 B ik B A B 2% 7%, K
S WIS R IR, P PR 2 T R SRR R Y
SPF 1 453 005 2 P Je 0T 3 R e B 7 B ) A 0
PEIFBIE BT B E T A 75% 83 2 BT D Ak
AN 4 T R £F 4 Ak 101 T SR S ) £ A A R
R 12, s pk &5 BRI SY & B BT R AR S5 5
1.2 4 H D A A (7 % 2 Il /K OF- 55 A ip B 28 T
L, BAFTE G i 24 22 5 (P<<0.05) ; 1 F 48 % 45 14

B AE G B P A T UE S . Y R AR A B LRI
JE<<0.7 mCi B ARR 22 4 H & 9% 50 56 9 A 5 K51
7 T AT, LS ) I B R ARG PR R
FEARRFIE . AN FEEEE STk RA RS2 S8BT
JUE 18 PR AR 05, Tt SR T IR AT e Ak, HoA — & Y S B

A5 R FH I DR 8 FH TG B2 16 21 kT ik 47 sh i
S BRIV R 3E B A [R] ) SR T4 AR S T
fil I H AL 2T 4L 4 T %5 18 50000 A8 AL B kT
IR 55 AN [ 0] 2 DX SR B 25 2R AR Ak, R B9 R T
T BE 1R AE A BT IR T 4E AL B R, S 3 4G
EERPR PIRFHAARG 6 N, BE BT
JE RS, IR A R ALT AST 8% 76 B 4 K%
YHRA A R T, BB ESTT% 2257, Ul
B R 0 B AR B — o B R, 2 S BUFIE 9 18 4
#1455 ; LN \PCII . IV -C . HA . APRI 35 #5035 % A 1k 2 #F
JUE £ 4 Ak 0 R B AP Bl 5 R 8 B A 14, 4% 5
Fe bR AE AT B o T i 1 R g FLIG T B A e 0 A
Z 0] 22 SEAFAE G vt 3 X, 3k $ s Bl 6 3 B Y
B, e £F 2 Ak 0 IXUBS: 2 A7 AE 1Y 3X 5 0 Rz 20 1Y
JRHRAE A — 3, LIRSS RER PR T ARYT
JHF B S b e s, b ) e R T B S
LA B RE 305 i, R mT DAGE Yl AR
2549

A5 B LS B, 78 IR P9 R A 1R 7 R
SR /NT 160 Gy . AL BE/NT 3.7 MBq B, i
FEAE I Y B OR & U IR AT 44k, (BAFEAS TR T
FER A A h 3R AT & B, i AL e B ) R g



I ABCE2F 2% 35 2018 4F 7 A4 27 %45 7] ] Intervent Radiol 2018, Vol.27, No.7

— 659 —

JHF 55 457 BE D Bz Ak TF 41 B AR 7 A8 M R i iR L A
I £ S5 L 2 AR BRI A B R 2 HLBE
L35 JBE (0 3G, T IOk &7 4 AL 175345 B 2 T o 1
B DI B TG B A SR TR A S B y S
S JE F A 8L 0 Bz i 0 oA 2T 5 8UIF
LT 4Edb . BIF9E B, 08 T2 i) B IR 50 R 4R Sl
XA VE A FZEHLE, A ERAMESE KB, T
L SR AT 7R A R 49 43 A e A8 R B BHL A T
G2/M 1 Hihl iy ¢ 344k R xS s e H
Wi R 30, R A 5 iR ) R AT X
ARG RERY S .

Park %5 SURIAAF 57 K B, A6 AN ST A B8 ) 56
/NT 40 Gy 40~50 Gy , KT 50 Gy Hy & ) i IE
TR & 53 0 4.2% .5.9% 1 8.4% ; i 6 A 52
iSRS G BHEEA S R R o A il YA AR .05 N YA R U N
[) 751 L FRAR A PE A Z [l R WL GE i 24 25 5 0 X &
PR IEAT, PR FAEA R, TR SRR TG
MY ETHE T, TPS iy &k J5 7l 7E <160 Gy i, Bja]
IR RRZ AW X5 H G R I 5 5
4 Ty R B R AR A T 5 R AT R SR A A S
Sl 2R R RN R B AT AR — R R AT AR S ML
R 7 B 38 N FHRPUAEAE — o KR H AR R A i
BERAMEGE [R5 P BR R 3R a2 5 2 S BU
JE 12 VR 45 T £F AL 7B Rk — 2 B 5 R IE

AN AR5 Y T £F 4k 4L 4 150 APRI 485 %
255 I L JHF U 7 2 Ak 1 52 56 25 K A 45 1L 5 0 o
SEIRMW G AR R AR LR BATT, ST 4k 1L 4
it APRI 5 £ 0F T 1 2 Ak 7 3 02 AH X T HE 1Y, 78
I TS T A G H: 2 2 38 2] e LA BRUAS g B 465 SR 1) 15
BUR, X TR G T R E NI LT dE AR
J7, BRI E SR A A — S H R L,

SR, AL IR AFHE— E MBI FG . 1508, B F i
SPGB AR A R AS [ 5 2 4 20
SR BRI i AT H AR A, HJ2 5 B IE B 0 &
Z MR — R W 25, LUk R4 A ZE I
PR B T 3697 I e | AR S 56 1R 2% 18 21 BT
FE LR R A AR ] R T, e, ARSI R
CINER R T A e AT S R YA B A R A T
STHB L  BRFEA R ERITFER HRFEA
AN/ | X B 7 Je S s i vh i — 2 e 3%

BZ TR HETIE R AL 7 5 iR B IE 1
B R L 2N, IR 2 S B IELT 44k (1 )2
TR PG R BE 5 R EEE S g, HRX
() AR AN R) 355 B . AN TR 500 o 1251 ks X6 F O £ 4k b
FIFZ IR, AT F ik — 2 1 9% 45 S ok 50 31E

(& % x #]

[1] Wong MC, Jiang JY, Goggins WB, et al. International incidence
and mortality trends of liver cancer: a global profile[J]. Sci
Rep, 2017, 7. 45846.

[2] Jemal A, Center MM, Desantis C, et al. Global patterns of
cancer incidence and mortality rates and trends[J]. Cancer
Epidemiol Biomarkers Prev, 2010, 19: 1893-1907.

[3] Weiner AA, Olsen J, Ma D, et al. Stereotactic body radiotherapy
for primary hepatic malignancies-report of a phase [ /1
institutional study[J]. Radiother Oncol, 2016, 121 79-85.

[4]  ERA. tE KR XA AT I8 IR YT 5 K R ik

[J]. "R Mg 4 2=k, 2016, 25 301-303.
(5] FERA. WOk 1 k1 20 21 ) 3 B 2596 7 IF 9 FIT 5% B0
[J]. W 2%, 2015, 2 18-22.

[6] FEULI, ERA, FEULE. MU MR ¥ 2 2R I 1 25 1R 97 1P 96
(D] *F B I PR S5 FE L, 2007, 14 164-166.

[7] MEV, ER, 2 F, % CT5l5F =0T 42U A
RITHMEIAPE TR [T]. A ABAT #2455, 2015, 24 260-264.

[8] X fd, kA, Rz, % CTFm T 2L FH AR
FTRXHFRELT ). v ABAE A2, 2005, 14 606-609.

[9] Gil-Alzugaray B, Chopitea A, Inarrairaegui MA, et al. Prognostic
factors and prevention of radioembolization -induced liver disease
[J]. Hepatology, 2013, 57 1078-1087.

[10] Kalogeridi MA, Zygogianni A, Kyrgias G, et al. Role of radiotherapy
in the management of hepatocellular carcinoma: a systematic
review[]]. World J Hepatol, 2015, 7: 101-112.

[11] Lau WY, Lai EC, Leung TW. Current role of selective internal
irradiation with yttrium - 90 microspheres in the management of
hepatocellular carcinoma: a systematic review[J]. Int J Radiat
Oncol Biol Phys, 2011, 81: 460-467.

(127 3k e, T bk A B S iR Y OB R R (D], JE M . O

M7, 2015.

skovk, BEE, RREM, S CT 5% NIRRT P RA

TR R R TR 3 00T R e R[], AR A R A TR

Z&iki, 2013, 19; 483-486.

FARL, WA, BT, A BT RLT A A B AL

PO [T ], B2 R R, 2000, 25 945-948.

[15] # %, B8 Hh, BCERAN, 55, KBB4 05 1 4 7 BE 2

[J]. IR T 4¢3, 2016, 3: 18-25.

WRABBH, SO, MM W-125 365K TOR SHG-44 411 11 2h

JHEUFR e P A6 T A B ORH SR R TR GRS i [, 75 MR 2%

k- =240, 2010, 36: 456-460.

(177 A, A0 W1 I Ji 240 0 S A el 2 e D81 3% 1) F 9 0 T
[J]. AR B2y, 2017, 57 105-108.

[18] Park HC, Seong J, Han KH, et al. Dose-response relationship

[13

[

[14

[

[16

[t}

in local radiotherapy for hepatocellular carcinomal[]]. Int J

Radiat Oncol Biol Phys, 2002, 54: 150-155.

VA, PN MW, Bk R PR T A AR YT IR A9 I R

I LT ] B B B 22 B B2 27 2 ik, 2010, 34 102-104.
(W B 197:2018-01-23)
(RS - AT 38 40 )

[19

[}





