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An automatic extraction method of liver vessels in non-contrast X-ray CT images
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Abstract : We propose a new method for liver vessel extraction from 3-D non-contrast X-ray CT images and evaluate the
performance of the method. First, the X-ray CT images are smoothed to reduce the noise using a median filter following by
the extraction of liver region, and then the voxels in the range of pre-estimated liver-vessel grayscale levels are enhanced.
Moreover, the line components in the liver are enhanced using multi-scale filtering. Finally, the liver vessels are extracted
by using binalization. Twenty cases including two cases of contrast-enhanced CT images were employed to validate the
proposed method by visual assessment between the vessel-enhanced result from non-contrast CT images and the result of
vessels from contrast-enhanced CT images. It was found from our preliminary study that our proposed method may be

useful to enhance liver vessels in non-contrast CT images.
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Fig.1 The flow diagram of our proposed method for extracting liver
vessels from non-contrast X-ray CT images.

—141—



2.2 FThgsE1 D B Shim
s, [S1DFH:% v Thit Lf_ (Fig. 1 @ Liver

extraction). [51DFFEDOREHIL, FENIEBOWERN 26 &
L7 O iR P AriE 2 T - T A &U?/E‘ﬁﬁ+/\7fﬁfi‘%
WL, RAOIEFNIIHTT 2 AP O MR 2 [ L& ¥
TWLZETHA.

2.3 FFigIME D EEEES T & A \A?‘.:Hﬁﬁlﬂl"’é@ﬁ%ﬁ
J A XBREBEOIEEE X CT g T 128U A FFlsi e
(Ef‘;mjﬁ’]t@ EREEFNFhue ol L2 X, X(1)
WZHEoTI DRET (x), x= (x,y, 2) 5 L72HEE p ()
BAERT A2 LT, HRMEDWREMESSVIREHEZ b D
K7 X 2RI ER T 5.

exp[*{é(j<;<>*ﬂ};] (1)

T AEBETH Y, I

p(x)=u
x () 1F, K2 EME(X) |

(}EF%%‘EELK’\E (RREERERSA [5]) exp [— {10 —p}? 1/
202) I p #FL72DDOTH .
gL O e Lo 1%, kDL HIHEEL /2.

9, XEISIOFHEIC LD, H?H)fiiﬁﬁiﬁ/\ﬂitﬂ?ﬁ)fiﬁ@%g
T . RIS, MRS R O PO EE % 250
AR S, ESEBICE, FRNE»% < aihf
VB ITREMEASE V. 2 °C, ESHEBOR 7 L IVEDFY
D, CANTTAGRERRDDZET, HEILE DT
Wh el L, ZOMRE, ZrElsloe A 77 Lk
BIZEBGATH D Z LD o/2DT, FEINE DR
FEEER A7 % LB & ARGE L 72[6].

2.4 Ny BITHNCED IR T 1 IV 2 % BVl NE DR
JFIE ML I HER o ) —IROMEEZ L TWb &) IR
FDD &, 23 Tl L2 5RO 20D

IEIRAYIZHI L, MO 250§ 2 2 & 2 e L.

WURORETE 2 BT 5 HEICIE, BIRTOTELR E9H 5
A5, 22 TIIMA RIEOMMEE I L7z, Sato b OFEFE
L7427,
0, =s¢'"1i=1,23,s=0=15(0, =15, 6, =225, 6, =3.375)
L7z a,,, ve \IHHEEOBRES, o THB L
WIEDOLEIIE L TWAEEZTIWVWIITA—5TH

INT A—=#13a=0257, =7, =05,

L. B0 13, BREICEECHHOERENES TH 5,
EENI RV EHLMEFBATE L L0 BIEH
LRE L7z,

2.5 MEDHH

Ml ALEE (Fig. 1 @ Vessel extraction) TlE, Liko
20®ﬁ&”lbﬁﬁm%%ﬁﬁttﬁﬁuﬁt,2@%
ZATH) 2 LD, FlENE 2T 5. ZORE, HE
ﬁwm%ﬁkqu®m¢&\#%é%u,%h%%@%
LTWa, IMEOEFEUHEZ: E134T > TW R \nws, BIER
HHTHhHb.

3. E&R

FROREFHEEHWT, BERKFHIERPE Ckg &
7242 20 FEB O AREEER 1 2 CT W (A L IFI i o 5k
T ATV, FOEREEY MIP BEIC X 5 2 RITHER
OHBIZE > TEHB L 72, 9 B 2 ERNLER L IFERZOM

hwEte.
IRERER CT TR O REFH 1L 16[bits] TH 5. CT Mg %
sinc B X B4 1S ibiﬁ& WL, 1 K7L D

HREHEMRE T &R - e L ICHE - 1 - B3 XT063
mmumitw,H%%AGSQMEMXﬂﬂmEMXsn
[sliceslDFEIB % B0 O HY L 72, GE LightSpeed 16 O i #pizik
A=AV CHRE SN, EEEE 120(kV], EERITABIH
ETH5D.

HED ) A XL )V IR T 72002, IR E %
EFEHVITEYR CEATITHRE) OFIED (64X64X64) 12
DWW, EEANEARIROMIEEG] (A, B) Z#RL, CTfHE
DONHHU & BHERZE % RO 72, CTHO Y b EE{R =
&, JER A TIEHIAEIC 62.5[HUL, 16.3, 15 DE
12 129.4[HUI, 25.0 C, JEBI B TldiEFaiAEIC 62.4 [HUI,
16.4, HEEDYEIC 118.0[HUI, 23.6 TH - 7-.

4. BREEE

FEERERO—FI%, Fig.2 (2R T. N5 (a) FEE
(FEER) & (b) 23 & 24DFFEICL BN Gk
) ERHALLERO1IATIAATH S, Fig.2 (a) DIE

(b)

Fig.2 Results of liver vessel enhancement.

(a) A slice of an original non-contrast CT image.
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(b) A slice of the enhanced result.
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Fig.3 Comparing the results of liver vessel enhancement.
(a) Magnified slices of conventional contrast-enhanced CT images, (b) magnified slices of conventional non-contrast CT images, and
(c) magnified slices of virtual contrast-enhanced CT images. (a), (b) and (c) are aligned from left to right with ascending order of slice
number of images. Virtual contrast-enhanced means the technique of vessel enhancement proposed in this paper. rHV (right hepatic vein),
mHV (middle hepatic vein) , IHV (left hepatic vein) , and PV (portal vein) in the images indicate the corresponding vessel, respectively.
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Fig.4 A surface-rendering image of the result of liver vessel extraction
from Fig. 1(b).
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