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Clinical application of CT gemstone spectral imaging in assessing therapeutic efficacy of transcatheter
arterial chemoembolization for hepatocellular carcinoma HE Chuan-dong, ZHOU Ying, HUANG Dan,
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[Abstract] Objective To discuss the clinical application of CT gemstone spectral imaging (GSI) in
assessing therapeutic efficacy and in follow-up evaluation of hepatocellular carcinoma (HCC) after transcatheter
arterial chemoembolization (TACE) treatment. Methods The clinical data of 30 patients with pathologically -
proved HCC, who were encountered during the period from Feb. 2013 to Oct. 2014, were retrospectively
analyzed. One to 3 months after TACE, CT GSI and DSA were performed in all patients; the average interval
between the two examinations was 2-4 days. The mixed energy (QC) and energy spectrum (Mono) images
were obtained by single CT scanning; ADWA4.6 workstation and GSI -view software were used to make post -
processing of images. The following two methods were adopted to make observation: (a) QC plain scan, the
arterial phase and portal venous phase were used to make observation; (b) to observe the optimal single
energy, iodine/water basis material image and spectrum characteristics. Two experienced assistant chief -
physicians who engaged in abdominal imaging diagnosis separately and independently made the evaluation of
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the images on the post-processing workstation. The results were compared with DSA findings, and the
sensitivity, specificity and other indicators of the two methods were calculated. The diagnostic abilities of the
two methods were compared using Chi-square test. Results After TACE, reexamination detected 154 lesions
in the 30 patients, among which DSA showed enhancement in 100 lesions and non-enhancement in 54
lesions. The sensitivity and specificity of (a) method were 72% (72/100) and 77.8% (42/54) respectively,
while the sensitivity and specificity of (b) method were 97% (97/100) and 94.4% (51/54) respectively; the
differences in the sensitivity and specificity between the two methods were statistically significant (x*=23.04
and x?=7.11 respectively,P<0.05). The coincidence rate of (a) method with DSA was medium (47.0%, K=
0.47, P<0.01), while the coincidence rate of (b) method with DSA was good (91.0%, K=0.91,P<0.01).
Conclusion Compared with conventional CT scan, GSI scan can significantly improve the detection rate of
small and multiple lesions without increasing the radiation dose. Based on the different characteristics of the
energy spectrum images, GSI can reflect the homology of the tumors, objectively indicate whether a lesion is
a recurrence or a metastasis, and effectively differentiate the liver tumor that is lack of blood supply from
other diseases, thus, more accurate evaluation of TACE efficacy can be made. (J Intervent Radiol, 2016,

25; 34-39)

[Key words] gemstone spectral CT imaging; primary hepatocellular carcinoma; transcatheter arterial

chemoembolization; DSA; efficacy evaluation

T 4t g 9% (hepatocellular cancer,HCC) & &5 %
TELEREZAF LIS e R, AR AT
RYJEHRZ P, HCC stight PRV R R4
20%~30% ; & K& i1k 60%~70%"°, HCC FR4MEL T
RIFIERZ | T 4 5 I s kA7 48 %€ R (TACE) J&
H 55 R B 37, TACE M7 885 L it
FURRE R B VIC R, 280897 515 bR A7
Ja, T INSE RS, HCC B A . R
W, 4R 20T 2R EIRYT . B, R e T
fliiHE8 TACE Jrait, WU & BUERAF TG PR AN A
R B E T

JH9i TACE AR J5 57 20 30 e K Bifi 17 1) 5 L%
1G2A KA DSA, S K AT s (1) &b o™, (H
DSA £, TACE A J5 WEIl 4l ff 5 fz & 1Y DSA K
BRI, HAT ARG = —Fp s Jo] AR
AT AR I AR F 7 5t TACE ARG 1) /8 & it
TR R FBE T SR

F A4 AT CT % (gemstone spectral imaging,
GSI) Xt g o kL BB B FRIE HEA T 25 & b, sk
SR B RIIR 25T I TR, AR —Fp
HISAGEAR A Tk, Tl BRAE = IR (807140 kVp)
FIBERIIE A, AT 4R A 40~140 keV i 101 420
e MG, B ST B A A s Tl xR
B 0 Ab B ARAS 2R RE T S, DTS B4 R Y
SETE E R, KO & T 12 W %) o i M D 2 4
PR, B GSI M T HE TACE KRG E A, BTE
e GSI Xf T4 TACE AR5 J7 BT Al S B i v iy

IO

1 #MP5F*®
1.1 IRRTERE

HELEYN A 2013 4F 2 H—2014 4F 10 H T B
12161 HCC JHI4T TACE TRy 30 4], Hrp
B 19 9, 4 11 4], 4E#4 36~72 % V-1 57.2% . HERR
A TEEO M R RGN RN R X
B A Bk EERIEE S . 17 TACE RZS R
KAERFRELI TR (2011 BWROARE . T A BB
LM RS H A i, HAE B E 1T TACE
ARKGSI A2 E MG R A, BRI
Z: MR R VE 2T F3E (2011 Ji) . 30 il & 1
$3 TACE AR 1~3 I, ARHif 2~4 d 47 GSI 94,
1.2 Jrik
1.21  FEHRFREL
1.2.1.1 FARERE CT XU . i HEERE CT 94
{¥ (GE Discovery 750 HDCT) #47 V-4 I & 1 fE itk
BU& . KAl H A R A A HIEREE
ArHTK 800~1 000 ml T2, LIFI T HEA &8 B 6]
BB IC 2R | ke 5 IR I AR VS . I B
R T 20U R, AR5 o N R 2 5, S TR
B4, 28I KA 1 A B TR ) A (350)
80 ml, 4 2.9 ml/s, K55 % LA TR E 1155, A
REAR IR S FE g, TSR 35 35 s ATl ikt
4,70 s AT TR . SR )5 R A GSI iUk
PRGBGSR 42030 | IO QC BUE Mt

@ rDF T =] “pdffFactory Pro" &5 Py 4 g - www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

AT 248 2016 45 1 45 25 %5 1 T Intervent Radiol 2016, Vol.25, No.1

REIEA S REIG RIS . 24 )T .80/140 kVp
0.5 ms BEETUJ4% , mA H Bls A IRIE.1.375 : 1,1 A
FalE 40 mm,JZJE 5 mm, FHEZE 1.25 mm 0625 mm,
1.2.1.2 JHFJE DSA 15 >R 1 Seldinger HiAR 28 Bz )1
ShlbkaE ], 58 BT T U Rk g R
EahlkitRg . g BUGR MRS S | #
KIS, BH A g SR A R/ B E R ARt it 3 ik
Ja , A4S M PG 4 I A2 A sk B At i 5
Jik , 53 304 T UHE AR T B AR T LA AR JE T
TATRAT I TR B K Rt 4 LA DSA H B i
S KIG R | b e 15 S A bR et B TR
AR

1.2.2 AT —¥k CT FiS IR A fE & (QC
B KReig G, EURIE AL PR AWA.6 T AES, I
GSl-viewer %k, T 40~140 keV 3 101 4 HifE
RIS LK) FE kT R B BE T 7 R (fig
e B EISE) QC EME., FI R EcAE T H I H
(carrier noise ratio, CNR) ;&R , ) 101 4B fig & K
G Pkt s kb LRI IE I 4 U8 i i1
CNR HYHRER G, 4R X (ROI) MY TR S ik
FERLIH ORI 2 X AR IR O R X, FE R BLR A
Aear . fefE RE M ML IR 10 s R 0 R A
21 kR o 2 T K AR L AT E K N—B
ROI, Ml & &t CT A8 BUELAE |, IT i e 3 23 #r 14
(HRER I UM R B RE T I A RRAE (45 ph £ 2
RRATFERD)

1.2.3 FEMEWHEAN 2 HINFEEZE TSR
Fo B H AT AT P92 A R0 (800 B B 324 2 0
7 O B 1 G e Ab HR T A 2R A A LB 2
P 7 3 VP ek it 2 A TR A TR R AL A R
&ML 5 DSA XFIR, A BEEEE QC K1)
S BRI BT TR I RS T8 R CT) 5B st
SXREIE % 00 B FE B RE B IR BL/JK (fodine/water ) i
Y K RETE AL, HuE A B 2 Fhvk 5 DSA i
kb — Bk SRR —B0r, A 3 4 AL
IR G S U e fa th— 3 4hie.
1.3 Sitsrr

fii FH SPSS 17.0 % 4 B AH I Ge vtk 36 7 2%, LA
DSA 255 R G hnifE , 3 BT A B 2 R ik i R A
BE RRS R BHPETINAE | B M OAE K2 AT
ROORH K Hed 2 B L2 Wi RE T 22
Kappa Kz 5 -4t 2 k5 DSA B9 —2 i, P<0.05
HESHGEIFE L,

2 BB
2.1 DSA%%;

30 4] TACE RJ5E A& ,HCC k&N 6
B, 2 K& R 24 B, ek 154 Nkt 518 1.1~
14.4 emGARANE B AA BYR 1404 Hor
100 M5kt DSA I AT B Sk I il 45 sk (R ) e £
54 A kAN BILIH TR, T A D B Sl AR G € s b
AN (# 1),

GSI Scatterplot

2.2 WRITE B2 WSS

A JEILR T 84 Mkt ATRAL, IERIZWT T
724kt B 12 AT iAW A R A T
12 28 A= AR, 22 ANk i T Rm T3 SO
Bt A S5 5 i DR W Sy S 5 T2 18 M52 i
L DSA R &hrifi, RELE R 72.0%(72/100) , ¢ 5 )

4 S | @ —.\‘: '; ¢ ¥ ‘ 0
LK) L Jokt 5 L TR it X UL (154.1028.07 ) BH I 25 15 4 JFF 52 57 B 3= 3 KL (8 (67.36+4.87) ; s /A1 , B
X (B0 S FSE R (406 sk () I (E B HH 2, 370 R WMRIsR A7 ; BIDSA 2 UL ygi i 4% Je et

1 R TACE RJS R WIME A7

Sk 77.8%(42/54), BHPETMNI{E A 85.7%(72/84) , 1
PR R 60.0% (42/70), L WifF 4 %K 74.0%
(114/154) (% 1),

B Atk 100 kb A SR AL (K] 2), IE#612
Wi H: A 97 AN kk (D 3), 45 3 4 DSA Jeak Ak i kb
Wi HAE A, T2 3 A AR, Hh s iR

@ rDF TR0 | "pdfFactory Pro" 45 Py 4 - www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

I AT 24 5 2016 4F 1 A 45 25 %45 13 Intervent Radiol 2016, Vol.25, No.1

37—

F 1 I TACE RJS A 1 B 5 DSA K iik45 8 () b, DL DSA Shaxbrife, BURUE Jy 97.0%(97/100),

A B A o Lo 0 | T > 0
DSA ff KL A emiE RN 94"}/(’(5\1/54% . mj‘“‘u‘aﬁ 17'0/0(9\7 /
SEROEENE 72 28 97 3 100 100) , FIEFUINAE f 94.4% (51/54) , 2 Wi £ & % h
AT B TR 12 42 3 5l 54 96.1%(148/154)
Ait 84 70 100 54 154

B % CNR [l £k & B W 7 i ki 14 Fie A2 B RE JRT 4%
Wi A AL 3 ARkt AL TR TTRURL L, 6 M 7F 60~70 KeV IX[HI (18] 4) A6 ikt 5 JUk ikt i
SRR OR) B B AL AR L sy TR RRER S A E R (K] 5),

(D67 KeV it G AR A7 I R ™ i (BAHT) s QFR A7 LI (E (29.89:5.83 ) WA g w8 T 1F % HF 52 Bt WU IE{H (10.004.45) | /R 9%
A WX He A 5R AL ; BDSA TIFSE AR AR AL i b o ()

B2 NN R TACE RJG5AT

4T ITERE RS 5 10 JHSL UK B34 50 K /h— %01 ROL; 2)CNR
2% HFA MR A AR g R AE 60~70 X [H]

B : 4 I TACE RJG IHA M
T EECHRRITEL R ) B, 2ARE R, iR Sk (L)

V1, SL I, QC SIS B, GSI ST WL RS s F Ik PIFNJT i RS 22 A W ST R (0=

ML AR R 23.04,P<0.01) FESHHE 2 RATGE 2 1 L (¢=T .11,
PIA N s

e TACE R ARRINEREA p<0.05);A 1% 7DSA —5HE 15 (c=047,P<001) B

™ (HT>

5 DSA —#(k K 4 (x=0.91,P<0.01) ,

Spectral HU Curve 2

D) - B s g ©)

S 4 a7 0 L !
5 BT KRk 5 A Rk 2 51— 3K ROI; RO ikl i I 2k 3 A — 5k T &, 41 /8 Wi MBI [F] ; DSA TIESE AT

P 22 2 BevgRg e (g
B 5 JF TACE RJGAFNHER

@ PDF TR0 | "pdfFactory Pro" 45 Py 4 - www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

— 38— A A

e 2016 4 1 A5 25 555 18] J Intervent Radiol 2016, Vol.25, No.l

3 itig
3.1 i TACE REITFRCEA i PR

DSA JEITH TACE J7 2% R UFFRE S 1 7k
REVERA 1 10 7 TACE A7 J5 Bl A7 1 PR AL 1 i 92 1
WU SRR LM SIS O, IR
PEATHRL IR YT, — BN R 2 e AT g 1) 4
PaifE, {HIZ, DSA A BIHAE, TACE A S5 Wil saf
WHE B ) DSA KA AN B . BRI R L X
TACE RJG IR, M M 1 F B £ (1
FEIE CT MRI, MRI ASZBUR TR 5200, SCHk i
TEH RS A5 S AER PR T CT A H
AQIEL , IR, Bl TR A7 X S5 3R
X DWI (55— HE, %/ R sk A X/ it
P kAl 25 1 I BT PRI E . MSCT Rl 488 - i s 9 ot
A8 Rz G O, J2 VR R I TACE ARG 185
ALY AR, L CT RIRGhHeR, &7
AL h R, B T CT H Y 88, fn b
TACE AJ5 ML sl 7124 A Ak UM BTN 5]
TR B IR, ikt i A R 3
UL AN = 5 S AR S OB Ak il | SR Ak
EArE A iAo Yl eI PO A
25, WA ERAE AR CT P s s R i v] 22 45
W ORI H 5 TR L CT PR s A7 MR
HAUKBEST BT CT W2 FIxE, 34k, B
T IRBC I 4 2k = i 4t ok g 1X B ik i 2 R Y
Jo KA BEFEEIRBE , DL X s ] H S A AR
0, BB X IR — R B MR R e R K
FHLCT X = i K /N kA H 24K, T2 g il
FEAD LS ARBFFEAHRE A RERE CTOHS THFICT)
FEUZ A PEA i A P, SR RO A B 5 T 3l
DUBLMR 2 X SRR, (B4 12 il 25 oy
WU A R R 2 AL, T2 28 A~ it
Skt ; 22 ANkt B TR TP SRR AT S S R A
I Ry B B 18 RIS b
3.2 GSI 7E i TACE A J5 BI7 &0 Hr S bt s v
FIE AT E

GSI o7 FH LA 4 e 2l 8 A8 v A a5 1P 1) 4 TR
WESAE, SCELT B KV B D)4 B2 S RB i CT AR
1%, H W zs R PR e H s 19, R
PRI P TR S 1 | PR 7 | DR 2 W R R B o T
BIT T SRR T SEME R, SR AL CT A
0 R S
3.2.1 ARG E A A L GSIm itk
PRI 5t R 6 S AR PRLRE 2 RS, 7 R T3 o

CT 7= A A 2R SRR Ak A2 Rk G 1 2 S asss iy, 4 v
PRGN MR (0 X e = LT R B i 2
3.22 EHOMT LGRS vk 3 B bR
ML 2% I CT HINAL, (R K NEZ K
AT R E N 3~6 S H 12 GSI ML EIER v] 4%
D T R ¥ — AR A A 5, DT (] 925 Js AN [F]
a8 K AN [l A8 1E JRe B Bt B I O . B 9 45
SR, RO EL TRV TN ) e B 2 i () I
FLSEE 2 (A1 S AR DG, By e S B
)25 TG Fa L B31
323 ZIMBLR/NEAERIRLH  GSI BEARIEAS [
JRAEARR G FRE R F AR BN E, 7= 445 H
AN 0 R P R A T 5, DA TSI B 490 I 114 4 5 A
Yo, B AR TRIY 5 Y BB 3 1 £R A R[] Y KeV 7K
153 25 BEAN ] LAY e TS M 26 - BB FRLEE KeV (1)
VSN, B L I B bk BTSRRI CT (B 2588 K, AT
PEE AR 5 1R 2R B9 X L EE DA R H 4R Y
XFHCRE AR | 28 AR ; GSI BB &5 = i ik AN
IINRE B 22 R R R AR RS W P | s
Gokhistin™, A TR R REEIRTE 60~70 KeV
DX [, 55 SCHkRIE — 20, GSI & ikt B 2 1
IRG RS, 205910 97 AN FN 72 4, 55 DSA By—
Bk R AR GSI KA 2H 1) RALE 5
BI0R .51 QC 4, 3 4~ GSI sk kb - Fiigd s
b K AT O X 35k JE [, 7 DSA AR HOE S 2
FEG5HT B Ay | R K il £ R T R i Ak
S kb RIIE B S Bz 6], 25 1 5 i TACE RS
TP R ZE2H 2k (R BUM TR G, AHFFT GSI 41
3 151 B 3 b e A L e ML R R TR AL, UK
(B0 AR B i BE i T R 5wl D iy 370
B BRI AEATT I Ie/b mAts6Re 9 . 53 4b GSI b
AL T A BT kL S D R R kL BE AR B AR, &
SR b A A8 4P S RS VR AR S e e B
YIS, AEABIFGE T & B kb 5 TR &
o 110 R T i 2 R BRI PRI S AR — 3, 4 i
A RRIEE , ABOR—EA R R AT BE R F T R TR
TEIRTE , BRAT AP A0, RO IR A AL IR FE
FSWTOE S PR RS

25 I, i TACE AR5 T8 2748 A0 7 B 1l
WAL, BT IEZS 2410 I AN BE Tl 2 7 RO i 22
K. S1E5: CT A, GSI (1 CT i 5tk i A 5
AR, I GSI Y CT (iR 22 H /N iR,
B M B S A B . GSI A LI R K L
QAT AN o % B A T e e e, A% 4 CT (e

@ rDF TR0 | "pdfFactory Pro" 45 Py 4 - www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

A AT 2 2016 4F 1 45 25 %55 1 8] T Intervent Radiol 2016, Vol.25, No.1

39 —

XTI A PPN B ERS B R 7T, JFRE
3 30 ey IS 2H 2R B A i A RN XS U YR T R IS
o e PR ) A8 Ak T 422 S e 2H 85 1 ) i 3
T At i sh 127784k 50 B0 CT 3 R, gk
W Z R/ ML, GSI IR REIE & X AT BEd AL 5 R A
JERE TS 43 BT L AR (4 X5F b, B % R e A D R 46 53]
NG BRSO CT S
3.3 GSI 7E/iFE TACE ARJTrRCiTAl A bt i b
A

HAR GSI B th 5 18 B+ R (metal articacts
reduction system,MARS), ZHF5E %kt ROI 1)1k
PEAR s T R TR 8 X SRR DR, (AT
Ak B FRGH TR W RE . wi2; 0
VFIC I EES KE (7K & S AR B 15292 A 2 ik ; RO
H RN HCE AL B TS AN R R R B g i
LRPRAREK, I, 075 B G I R T AT AN
Wit Ak GSIAHCH A

GSI FIAZZHUL , E R HE L CT AURETEA
2EH CTH S BG4 CT DB S22
AT Re# s, a] LS AEG 0 B TACE AR5 97
ORI e AR A TG Mk B Rk SR kL R
TACE A5 & A FBE D —Fp iy B Jof] | 3wl
AR KA TR I TACE K5 B E—20 09
TBIT BT R SE S AR AR, T T B 42
FRE AR AR,

(& % x k]

[1] Song do S, Bae SH. Changes of guidelines diagnosing hepatoce -
llular carcinoma duing the last ten-year period[J]. Clin Mol
Hepatol, 2012, 18: 258-267.

[2] s ARSI R[], SE O 2243k, 2011, 27,
784-787.

[3] Llovet JM, Bruix J. Novel advancements in the management of
hepatocellular carcinoma in 2008[J]. J Hepatol, 2008, 48: S20-
S37.

[4] Zangos S, Gille T, Eichler K, et al. Transarterial chemoemblization
in hepatocellular carcinomas: technique, indications, results[J].
Radiology, 2001, 41: 906-914.

[5] Zheng XH, Guan YS, Zhou XP, et al. Detection of hypervascular
hepatocellular carcinoma: comparison of multi-detector CT with
digital subtraction angiography and Lipiodol CT [J]. World J
Gastroenterol, 2005, 11: 200-203.

[6] Zhao LQ, He W, Li JY, et al. Improving image quality in portal
venography with spectral CT imaging[J]. Eur J Radiol, 2012, 81:
1677-1681.

[7] Kubota K, Yamanishi T, Itoh S, et al. Role of diffusion-weighted
imaging in evaluating therapeutic efficacy after transcatheter arter -
ial chemoembolization for hepatocellular carcinoma[J]. Oncol Rep,
2010, 24: 727-732.

(8] JEI X, ATH#n, b AR B4, 4. 5 MR TACE
AJ5 CT Fl DSA BT T L s34 [3]. A A RS 4%, 2009,
18. 942-945.

[9] Haider MA, Amitai MM, Rappaport DC, et al. Multi-detector row
helical CT in preoperative assessment of small (<15 cm) liver
metastases: Is thinner collimation better ?[J]. Radiology, 2002,
225: 137-142.

[10] L P, Lin XZ LiJ, et al. Differentiation of small hepatic hemangioma
from small hepatocellular carcinoma: recently introduced spectral
CT method[J]. Radiology, 2011, 259: 720-729.

[11] Matsumoto K, Jinzaki M, Tanami VY, et al. Virtual monochromatic
spestral imaging with fast kilovoltage switching: improved image
quality as compared with that obtained with conventional 120 -
kVp CT[J]. Radiology, 2011, 259: 257-262.

[12] Mendez-Romero A, Verheij J, Dwarkasing RS, et al. Comparison
of macroscopic pathology measurements with magnetic resonance
imaging and assessment of microscopic pathology extension for
colorectal liver metastases[J]. Int J Radiat Oncol Biol Phys,
2012, 82: 159-166.

[13] Graser A, Johnson TR, Hecht EM, et al. Dual-energy CT in patients
suspected of having renal masses: can virtual nonenhanced images
replace true nonenhanced images?[J]. Radiology, 2009, 252; 433-
440.

[14] Zhang D, Li X, Liu B. Objective characterization of GE discovery
CT750 HD scanner: gemstone spectral imaging mode[J]. Med
Phys, 2011, 38: 1178-1188.

[15] whede, A iR, SEBPE, 55 CT RRiHL AR I UGN AN 7 T
JUE AR A RS2 B B0 AR (3], FP AR 245, 2011, 465
718-722.

[16] MRIEER, Tk =, BEVEM. CT REI UG 0 A SR HE 5116 PR 1
FIWFFEERE[J]. shAeU“#A4iE, 2011, 45: 798-800.

(ki H #1:2015-05-05)
(ARGl AT F 2R )

@ PDF TR0 | "pdfFactory Pro" 45 Py 4 - www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

