750 — I AU 2 2% 35 2018 4F 8 J1 55 27 45 8 1 J Intervent Radiol 2018, Vol.27, No.8

JEIMAE /- A Non-vascular intervention -

VUZEER R AT R Geh B CT 515 T R
FATH Rl 11 A Lz H]

T4, A, FER, HFERF, X W, ¥ K, #HiFL

(FEZ] B8 5P 0wl b 0O 2 i G 5 00 R Gl B CT 515 14 18 7 A0 (6 R 7 28
fli, Frik R 40 )75 4832 SRR Bl B T IR R (MO B R AR <5 em) SR T RE ML AL R 11
T5 144 40 161 585 BEAL A R BT AL, Hovh 20 4 £ 5 (S TA ) AT DU 2R BRGS0 R e A B CT 515 7T JH i #4
AL, 20 418 F O AL 7E % B CT 512 AT b #3053 01 P Ass 7 20 8 AT Al o vl i B2 Jik
R UCE B R AR YR, 2 RIEE B RSB IRD, CT 4 8 OB, CT 32 W I [D R 5] & S B (DLP) . WS T 401 28
PIH AR S5 H L IE SO RS 1~2 A H VTS OR R ST 20 1) 8 16 AT g #
T b 00 2o AR R ) R D A R T R G, AL o BR AL RS R R o U B EE A (1.20+0.42) Ik
I (1.25+0.55) %, P=0.803 ; £ 4 %5 Yk K M (2.40+1.17) K H (4.95+3.10) 7% , P=0.003 ; 2 3 41 F 5 4 15 18] Ky
(16.50+10.62) min t (15.20+5.82) min, P=0.725; CT F14§ K A (7.10£1.73) K H (10.30+4.09) %K, P=
0.006; CT i P ] g (40.47+18.71) s kb (59.98+32.23) s, P=0.046; CT 37 i I 1] F1 i 7 4 3% B (DLP) N
(807.39+284.79) mGy-cm Lt (1 578.67+784.00) mGy+cm,P=0.001, 7E ¥ il 1) 1 72 40 i) i3 4 0™
W EELRA, RIG 1~2 47 BV & A S 041 R BB AL (956 2 R4 90.0% Al 84.2% (P>0.05)
G598 DUZE GRS B CT 515 JFF b A8 TH miomT i S e 2T il AR b T L R R 8, CT
FIREUCBCRT CT 375 WL ) R B AT A A B fE 0 38 432 22 A i i 390 L (EL )0 5 2 0k — 2B A J0F 9 SR 0 5 DU 4 v
5 LR 8 1 TS AR

(@R ] VLR SATRLS; CT 515 IR, P

hE XS R7357 XEIRED:A XE4HS:1008-794X(2018)-08-0750-05

Clinical application of four - dimensional electromagnetic navigation system in assisting CT - guided
thermal ablation therapy of liver tumors ZHANG Zhewei, LIU Lulu, SHAO Guoliang, ZHENG Jiaping,
WEN Song, ZENG Hui, HAO Weiyuan. Second Clinical Medical College, Zhejiang University of
Traditional Chinese Medicine , Hangzhou, Zhejiang Province 310053, China

Corresponding author: SHAO Guoliang, E-mail : shaogl@zjcc.org.cn

[Abstract] Objective To discuss the application of four-dimensional (4D) electromagnetic navigation
system in assisting CT - guided thermal ablation therapy of liver tumors, and to evaluate its curative effect.
Methods A total of 40 patients with solitary liver tumor (tumor maximum diameter <5 c¢m), who needed to
receive single-needle thermal ablation therapy, were equally and randomly divided into navigation group and
control group by using a random number table. CT - guided thermal ablation therapy with the help of 4D
electromagnetic navigation system was carried out in the patients of navigation group (n =20), while
conventional CT-guided thermal ablation therapy was employed in the patients of control group (n=20). The
number of skin puncturing, the number of needle puncturing adjustment, the time taken to puncture a target,
the number of CT scanning, the CT fluoroscopic time and the total dose-length product (DLP) were recorded
and the results were compared between the two groups. The postoperative complications of thermal ablation

were documented, and the curative effect of thermal ablation was evaluated in 1-2 months after treatment.

DOI:10.3969/].issn.1008-794X.2018.08.011

E&TH: #1488 %8FESE (LY17H180006)

R BAL: 310053 UM W7 I B 24 DR 2 55 I R IS 2 e (Wi L X B O ) 3 T V4 b ORE IR B A ATR 9T R
(HBFE R B, 3 @i, W 3 2 )

BAEMEE . BBE R E-mail: shaogl@zjcc.org.cn



I AT A2 2018 4F 8 H 58 27 445 8 ] ] Intervent Radiol 2018, Vol.27, No.8

Results During the whole process of treatment, 4D electromagnetic navigation system successfully assisted
the performance of thermal ablation procedure in all the 20 patients of the navigation group. Compare the
navigation group with the control group, the number of skin puncturing was (1.20£0.42) vs (1.25+0.55) with
P=0.803, the number of needle puncturing adjustment was (2.40+1.17) vs (4.95+3.10) with P=0.003, the
time taken to puncture a target was (16.50+£10.62) min vs (15.20+5.82) min with P=0.725, the number of
CT scanning was (7.10+1.73) vs (10.30+4.09) with P=0.006, the CT fluoroscopic time was (40.47+18.71)
seconds vs (59.98+32.23) seconds with P=0.046, and the total DLP was (807.39+284.79) mGy-cm vs (1 578.67+
784.00) mGy -cm with P=0.001. No serious complications occurred during the process of thermal ablation in
all 40 patients. The patients were followed up for 1-2 months, the complete ablation rates in the navigation
group and in the control group were 90% and 84.21% respectively (P>0.05). Conclusion In treating solitary
liver tumor with thermal ablation, the use of 4D electromagnetic navigation system can significantly reduce
the number of needle puncturing adjustment, the number of CT scanning and the CT fluoroscopic time,
thereby remarkably reducing the radiation dose received by patients. However, more studies are needed to

further validate the application effect of 4D electromagnetic navigation system. (J Intervent Radiol, 2018, 27

— 751 —
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[Key words] four-dimensional electromagnetic navigation system; CT guidance; liver tumor; thermal

ablation

IAESE CT 515 F Mg i HOE RG22z
N TR, HERIEHAIE TRSAE CT 5 T H
FE X kb AT 20, B R/ T R g A
IE AR B AL o T b I8 R Rl A T 1 3228 7 2 ke A
4 — 2 [R] 25 Ji DR AN BB T 32 T R U0 B 9 1 i e R
HOINRERE SRR IPL S . ARG CT 515 28 JH
il o B 2 R AR R e AR IE s Tz B
WME ] AT, RIPTHETZ IR CT A
SER T ) SO TN S IR B XG0T R T 32 )
i, BT ARR R E A 25 I RREYS 2l B
B A3 R o ORI 2 A A g T RlG
J7 of B A AT BT 25 B A SR RS RS B A A
{9 Rl PRl 50 4 78 550 AR I A — o I & A il B AR
T R AT JEC I il DG BR  R D BE A R IR TR
A 3 — S A 8 e A DA TR BIDRG HE 2 S0 A
G IT A, JF R T A Bl B 2 A7 I Al CT
MRS, DK U 4E i TR G (R 44 T 1G4,
Veran Medical , Nanshville, USA) . JH F CT 51 % T
JH g POE BlA YT VR —HiRIE

1 #E5AHE

1.1 #k

L1 URPRYER #EEL 2017 45 1 H = 8 AR FHMT
CT 515 T e $H il (RFA 50 MWA ) IR YT Y 40
83, R BEBLEC T 3 0 J5 K 40 451 18 35 Bl AL 43
R A SRR OB KPP, 40 BUIE 52 ok
Il PR 12 1 I P9 B % b e, s B K A2 <5 em;

TG ok 4 98 Fe RN AR I 4R AR AR ;. HFDhBE gk
Child-Pugh A 5% B % ., QMIFAEFERIE . P o4~
Bkl K B AR <5 em, I AR R A2 F AR YIBR
o 19 B A R, @JGAS W] 4 IE (1 E 1 T R A,
JCE 0 il A B 2R 0 ECOG 1R )
RAEVESF 0 38 1 201,40 B 5B 36 4, < 4 i) 4%
34~T71 % VP 57 %, FEHGERL 40 bkt F Rk
PRI 30 4b IR AE B2 98 10 4 5 F P98 k147 1
B4 ) BFINE: 4 ) FFIVEE 7 51 FFV B8 6 AT
VIEE 5 1) JFVILEE 4 5] FFVITEL 8 5], 9 f5i] s 47 S 45
THFEL(RFA),31 8 F AT RO R (MWA) . 20 i &8
(U ) TE Y 4E L G AL R GBI CT 51 % T i
17520 Bl (X IR ZH) 76 CT 51 % F b fT 4L
PRSI AE W P b9 RN 1 BT 43 A R A DL K
HA T EE S BA ] ek,

112 U538 P2 e S i 2R 4060 45 HL
PRGBGSR R | RURE E ALIW F (V -Pad £
KR B ELE B A4S (v-Track) . CT H#HL A
16 HEWZJE CT(VE1 1§ ,SOMATOM Sensation 16) , RFA
1R ZEFH(CTRF-220) 2 RITA RFA Z 48, Lk
£ R Z& BE (ACT -1530 5% ACT -1520) 5% RITA (star
Burst xli) . MWA 3730 FE A (KY2000) , LB £
B A (KY-2450B-1),

1.2 Tk

121 Rurfes O E & H R E 22 fl
LR P KU 2828 T R IR TR A 5 () SR SRR
BT 4 h A5 ErAkok [ B 7k # AR FT 30 min



750 — A AT

2 Ik

2F2R 5 2018 4F 8 A4 27 45 8 ] J Intervent Radiol 2018, Vol.27, No.8

P JE b 5 VS A 2 kU L, #OER e T oo g
Wedp )[R B 5 T 6A 7 # JKORR 5, O M 45 rELBR BRANL , ]
FE 5 55 SORRE A RN 2

122 R MR ARG CT 5%
FEREN R REMENT R AR, o R L
HEHB, ¥ v-Pad B R A RS WG 7 &R 3 5k 1 1A 2
TR, JeAT CT F 4, 0 B 25 5 kb 2 423 v-Pad %X
PREE T CT HSECH R 120kV, IR 250mA ,
IR 2 mm, JClI IR . AR5 4 DR G R B s 4% far &= 00

PR FMARLG, REax iR E G Ak T E
A, R R A SR W R R AR B T
K VR T R % T T 45 5 R R R A B, DL AR
DI A B o AR S A0 Ll A v, DU 4 F S A
ARG ReE o AL R R R BEET R BT,
RS Ak s AR BT BT ARARRS T CT IR A fige 35 45
A 07 B, R A Bl 2 S I A WA A T O R o
DRI A, 0 2 P A o 3 I L 4 i 1 g A
A, E 1,

- Field Generator ) Bfpi e FIERES

! o PRMIE RS R261C
SitEBsE W
EM #%1ilSystem /
* Mac Minitt 5 HIF & ;

ac Min ] UPS R VTrack ifi Bt #%
o vPad & ZFil AR IE
0 vPad BCiF R ALk @)

QU2 i 1 T A0 5 G2 04 L 5 (2000 2k i 1 A0 % 8 10 G

1 Y4 e S 0 2R S8 IR 1 B A 7 I

HWHLCT 515 T2 ilE A 72 . B MEN T
IR, T o0 R LI, B o 6r b MRS I T 40 3
SRRSO, 3 CT A8 e S EF TR A A
It LB IE R B A B 2 i AR B Bk AL
B CT BSOS R 120 kV, BT 250 mA, 2
JE R JZ B EE A 5 mm'e,

1.2.3  SZjtiddmh PR CT F948, AfIA G fl i A
L E WSS, BIATIF 41T RFA/MWA ,RFA B [H] —
Mk 10~12 min, MWA I} [A] — &4 6~10 min, F4
TH A R AT AT CT 4 T AT Al B, 7 0 ORI
flvkE 3 % HE e B oRE  2% 0.5~1 em, T P R 44008
e B, 2818 AR AR AL E AT BT B T AL BT Ok
FIAEAE R, S R AT SRR, R JE D i
1 24 h, 257 1k 1 A5 6 E AR B

1.2.4  Bysulc s O0F T S AT 2E RN G B 2E AR Y
P ISR AT AR B - R Rl ik 2 b % B Bk 2 R B
BT HE B, 2 H AR R (AR SE 1k CT A
R 2 A B B3R H AR AR EE A, CT k%L,
CTT 375 40 B[] 0 8 28 2 32 1) A3 300 it (R R K
TR DLP R ), WLEE T 21 £ 3 #TH R 5 OF &
g% A FAL B A DL

1.2.5 RIGHVI 580 R 1~2 A E 4
[ EFR G SR CT o MRI R 2, IEM i s i, 564

THRl(CR): 2 8h 258558 CT o MRI 145 , Jib 8 #4378
il T A X B A K % B, B Dk IR DL S A 5 AN 58 4T
il (ICR) : & sh A48 58 CT 2% MRI £33 , il $478 gi
T X3 P SR 35 2 ok 0T AT s Ak B R A b g A%

B, 0T FL R G Al R A R e T R T
1.3 Siit=rhb3s

I SPSS17.0 GE it 27 84, M ST FEAS ¢ A 50 L
AT 2H 50 B 1 B R R L R AR OB
ZEFIHE H AR B ] CT 48 U CT 2 A0 B[] 5
HKERF(DLP),P<0.05 NN 2ZRA G5 L,
(R A L x? A 30 b s 79 26 A8 35 109 58 4 01 il %, DT 3
fEPGHRAR G 1~2 A 89758,

2
2.1

#R

UL 2L JHF P 72 R

SR 20 151 £ A AT R AR m Y A AR
Ry 7 FH DG 2 H R AR G 2 A I R
By 28 R B (1.20.4) 0, &R 7 ¥ B0l
(2.4£1.2) W (1~5 W), 2 JIHE H b5 197 X 1] 6] 2y
(16.5+10.6) min(5~35 min),CT F94 4N
(71+1.7) K (5~11 ), CT i W X Bsf ] 4y (40.5+
18.7) s(15.6~71.6 s), &5l & & J& e F1 (DLP) 3
{4 (807.44284.8) mGy+-cm(340~1 128 mGy-cm),



I AT 272435 2018 45 8 H 45 27 %5 8 1 ] Intervent Radiol 2018, Vol.27, No.8

— 753 —

20 B FATAL B AL 1 R AR AT AL A B
ToHARIFRAE K e SR RS T AR I, A A RS

Ja 1~2 M H &4 FEHH G CT o MRI, 31 18
AN kb 5E A TH R, 58 A TH LR 90% 52 A9k kSR

AEALBE 20 1] 8 A 58 AR IR BB, 20 1 R BB AT DR AL, A SE AT R 10%, B2,

AT CT HHURIFV B AL 11 em BN (%) s QAR BB U4 BE LR %5 A CT £
iR MWA 158 28 ik s QARG 6 A 1R 5k MR /%95 kL 56 42 Tl , 3 Bk ) o 0L Wi & 5 Ak
2 NFEAL TV Be, i I 0 4 i i 5 JR G AT I I MWA A

2.2 XFHRAL(CHEL CT 515 F ) b3 #430 il

XF B ZH mh 20 1 B8 EAXAE # L CT 515 F A
SE A Mk e AT o R X R 4 R B B TR 2 o
FIRECH (1.320.6) K (1~3 ), EH R BUCH
(5.0£3. 1) (1~14 W), ZF fil 50 H A5 19 2 1 [6] 2
(15.2+5.8) min(7~30 min), CT $13#F ¥ & Ny
(10.324.1) K (6~23 ¥KX),CT i M- 210 7] 4 (60.0+
32.2) s(24~134 s), MR E R (DLP) ¥ {EH H
(1 578.7+784.0) mGy-cm(661~3 816) mGy-cm,
20 i) X} HE 20 5B TP A 1 A A i SN b
T 20% , TCH AT RAE KA iz B D B Oy
TRALERL 20 1] 5 & 19 658 AR S5 i, 1 R

PRI HL Al 2% 22 K 5% % SO0 T oK S8 LB 7, DA 9%
BRI, 19 BB E ARG 1~2 4 H B4 FEam
CT 5% MRI, 331 16 405 k58 27 fil, 58 47 Al %
R 84.2% 33 /™95 Kt SR B K A AT AT UL Ak AN o8 4
TH AR 15.8%,
2.3 PILH A IR X L

Gt Hr, S AL AN B ALY B IR
B, CT FHGRE, CT 40T 1a) L K i 5] K afe 1
(DLP) Wy 22 55 HA G223 L (P<0.05), MiPiZ &
1 B R 2 B, 2R E AR R 25 R S
R (P>0.05) I H A0 41 FonT BEZH B0 7 2%
12 3G 45 L (P=0.661,P>0.05), W& 1,

F1 WAERERM CT5ISH 5% M CT 51 S 41 8048 LA

SR VY 4t L B A CT 51541 WHLCT 51 54 P{H
B R 2 R 1.2+0.4 1.3+0.6 1=0.252 P=0.803(>0.05)
LRG3 2412 5.0+3.1 1=3.241 P=0.003(<<0.05)
ZE fil#0 H AR I A] /min 16.5+10.6 15.2+5.8 1=0.361 P=0.725(>0.05)
CT H3# ok 7.1£1.7 10.3+4.1 1=3.002 P=0.006(<<0.05)
CT BT a] /s 40.5+18.7 60.0£32.2 1=2.090 P=0.046(<<0.05)
4. DLP/(mGy-cm) 807.4+284.8 1 578.7+784.0 1=3.913 P=0.001(<<0.05)

3 e

ARG N MR B9 FAH RilR T AR 10 Akl
HEGGE B RCN — P2 A R R BB A AR
ST B 451 L0 BRI CT 5152 £, P&
FAUHE, BREAEy YRS W W G A YT LA
FEf o AR AN R R HL S B AR R EOR
KA EYIRFR . CT BRI BER B , Al i 0 7
RN B B LS RBHARN LR, A2
PRAE#R RIS, (B CT 5] S iy B RE Sy 1k, #4
T P A ) PR 0 R T A, B 3 B0 4
ARIRF-, A CT 515 R HE i b 7 2 22K
CT i X &gy X, Hih THZ, /" ARy,

T8RO AIE . R T ARG CT 51 30 ST H AR
ZRNEM, G KR CT 51 St A R 5 M
RS R g, b i I R G W]
LT AT R e Sl G R AR A T AR R
SR G A T 5 5 0 e AT vl A 5 e 1 o HE I R 1Y
25 (B o7 B, T SE AR B CT 51 S 09/ERS . BETR
FHAE 22 1 F B T £ F2 22 36 [ Veran 24 W) 2E 77
B DU A FL W AT AR GE, T R T I T 4
A, AT REEE G T P I Bl R R I E A T, R
KL T WA GERIRT BE 127 i 78 I R 1 Jieb 783 i
BN AL T & Wos T E IS, KBS i
TG HERENE G Veran WA ARG,



—754—

A AT SRR 2018 4F 8 46 27 445 8 #]  J Intervent Radiol 2018, Vol.27, No.8

FERIBE CT 515 B e i #4301 al oy 9] 45 8BS 7
R

A 7 v A A AT AL AE R ARG ke o AR
Hh R Ty 1N DO 4 FL R A R G kT R AT A AE R
CT 515 58 )l i 968 A0 il ) %o BRI 58 45 2R s
AH P AT 0T BRZEL I 5, S 00 A AR 3 0 BRI il P R
PR HBON (2.4+1.2) K I (5.0+3.1) K ,CT HH#E K
BOR (7.11.7) K (10.3+4.1) K, CT % AL 8] Ky
(40.5£18.7) s F£(60.0£32.2) s, B E K JE R (DLP)
7 (807.4+284.8) mGy-cm H (1 578.7+784.0) mGy -
em, A] LA BN FH VO 4 oGS 00 3R G0 s T I el D
FROT Fl e AR e A A VR B VOB, CT 1 VB
CT MR, [6] B R K BRI 1 AR 5 422 52 1 o 53 5
i, Narsule SEU0N FHRE S0 A G4 B CT 51 547
25 J il b SR AT R L N 17 6 il P gge AR B AL 4
HHBE A (n=T)FHE M CT 51 T4 (n=10), 45
S W R S A 2 AT Rl Y S8 e () A O Y o
7.6 I 19 min,P=0.022) ; J Ik 28 4 B> CF 348
1 b 1.25,P=0.082) ; T3 &> (CF¥ 8 5.6 T
11.8,P=0203);CT B R a4 (P38 213 H34.3 s,
P=0.345);CT =8> CF¥28 7 1 15,P=0204)
Santos %"V T 19 B CT MG FALE1 ST 19 il
P et 2 I Rl AR 19 91 TR K R ZE 4R 1 RO
Uy, SERE BB 1.2, S0 Rl (]
1~20 min, ¥ 5.2 min, A2 058 45 5 5 Sk 3o
SEHRAT, PR aT LI Sk DO 2 G S R G
FH R K FE 1T I 88 A3 mlya 7 0 8 T B B AR
T DX R T A ) R ORRORT X R L
ARG T T T AR 2E AR H B S 185 [R] Ry
(16.5+10.6) min (5~35 min) , % T X i 20 28 4
HEH BRI E] (15.2+5.8) min(7~30 min) A T
HE 3% AT R85 B AR RS 2A R S 0 R S8 4R A
iR T SO A BT R G DA B R 4y R LAAR B R
iR AW EES RVER A Seeri i) | W | =K A
B B[], DTG S BT AR B () A A OG . BRILZ 48,
SRl AT A ARG 1~2 A~ H i #G30 fil7 80
L, A S EaGIT=E X, TR SHEAREA R
AHOG o PRI AT 5 28 1 — 20 B AF 58 R 1 10 4 v
ST FR G 0 I R A D T R R 2 O ESOR 2
FEH B i e ) R A B T bR AR A R S

PN Ve

Zi BRI VU2 L AR SR TR AR T CT
WAAGI AR, 2 CT 515 T b8 $ Rl iy A 2L
i B T B, I (EL A i PR A L Hp e (H DY 2 e
T A 2R GEAE S B B8 B S AR P AT A R — S8R
WNRI 28 A oy B8 WP T R N G 5 o A
WeAs B SR DRI, A ] S 4 S T A A T gk —
B TERIT

(& % 3 ]

(1] A 2o O 2 03 S A A2 2. 2 2 VT O o 8 S5 0030 v
JrBAERE  RIGI[T]. PR3, 2012, 46 581-
585.

[2] & M, HBE. FHPLE ARG FEE T eI R R
FIERE(T]. T E S AR5 iRIT, 2016, 13: 111-113.

[3] Chen MH, Yang W, Yan K, et al. Large liver tumors: protocol
for radiofrequency ablation and its clinical application in 110
patients: mathematic model, overlapping mode, and electrode
placement process[J]. Radiology, 2004, 232: 260-271.

(41 FBhnAs, JE TR, $IBLSC, 5. A%0 ] 5 HME g 240 Bl 7
BRI RALAE A T2 G 3R T. 6 R I 2% 3%, 2017,
33 1864-1869.

[5] #bfhiz, PREx, BRER. 1G4 i M RS 4 8 CT 515 F
JIf 245 5 27 SR 3 G A A R BE T[] A A = 2R A, 2016,
25: 682-685.

6] B &, H#HE, K W, % BESMALECTEFTE
B g JAN IS A AR R R [ ], R E A ASEAR 5697, 2012,
9. 172-174.

(71 & &, AT, & W, F ETHRSNNEGRI RS
A IS TR0 JEF P88 T v v B2 [T ). A AU 27 2%, 2016, 25
969-972.

[8] wififh, HOIE R SR T Ui W O 2 i R AR A A AR
SEHRI ] A AT 22k, 2017, 26 948-951.

(9] EBGL, BREE, R, CT DU 4k fE S 78 s el A~ A
HIT AR LT ). Ao AU A28 2014, 23 93-95.

[10] Narsule CK, Sales Dos Santos R, Gupta A, et al. The efficacy of
electromagnetic navigation to assist with computed tomography-
guided percutaneous thermal ablation of lung tumors[J . Innovations
(Phila), 2012, 7. 187-190.

[11] Santos RS, Gupta A, Ebright MI, et al. Electromagnetic

[

navigation to aid radiofrequency ablation and biopsy of lung
tumors[J]. Ann Thorac Surg, 2010, 89: 265-268.
(Y H 1 .2017-12-03)
(AR A #h 2R





