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Three-dimensional CT Angiography of the
Portal Vein Using Multiple Threshold Display

Tadafumi Shimizu, Yasuo Uesugi,
Kazuhiro Yamamoto, Keikou Aratake,
Hiroshi Nishigaki, Ritsuo Matsui, Takeshi Kawai,
Kozo Sueyoshi and Isamu Narabayashi

To evaluate the usefulness of three-dimensional (3D)CT
angiography of the portal vein obtained by using a multiple
threshold display, 3D reconstructions were performed in 15
patients.

The CT scanner employed was the Toshiba Xvigor. A
volume of 150 ml of Topamidol 300 mgl/ml was adminis-
tered at 3.3 ml/sec intavencously. Portal venous phase heli-
cal scanning was initiated 80 seconds after the start of the
injection. Helical CT data were acquired using up to 25
continuous 1.0-sec rotations during a single breath-hold with
an X-ray beam width of 7 mm and a couchtop movement
speed of 7 mm/ sec. Axial images were reconstructed at a
section interval of 3 mm. Both the shaded surface display
(SSD)and multiple threshold display (MTD)were generated
by using Xtension with Sparc20.

MTD was performed as follows. First, voxels, with higher
CT values than that of liver parenchyma, were selected. Then,
selected voxels were divided into eight parts, which were
each assigned gradations of white to grey. The highest part
of selected voxels, with higher CT values than that of the
second branch of the portal vein, were set to white and a
transparency of 0 %. The other seven parts were each as-
signed transparencies of more than 0 %.

MTD images were compared with SSD in 15 cases by two
radiologists. MTD images were superior to SSD images in
quality, because MTD diminished surrounding artifacts due
to liver parenchyma and enabled small vessels to be depicted
clearly.

Based on the above results, it was considered that MTD
was a useful method for 3D CT angiography using enhanced
helical CT.
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A A VCTORRRIS YV, volume data® B &
M3 ORI sz R o s L2k, BEEEEIC
BT HIMED 3 KILFR (three dimensional CT angiography
VIR, 3D-CT angiography) D75 HItEAS i ST 54100,
FNoD% L, CTED 2 fE1LIC & % T dH % shaded
surface display (SSD) % & maximum intensity projection (MIP)
EAPHE N TV 2, TOBOBOIMMEEIEHS L
TW5, SEbivbiud, BEOCTEEZMNYT 55T
% multiple threshold display (MTD) 'V % [ [iik 5% 9 3D-CT
angiographylZJGH L, SSD#EIIC & % 5 W /23D-CT
angiography{% & [T 5 2 & TMTDEOA HME TR L7z
DTHET 5.
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1. B&FHE

i L7-CT#@ 1L, BCEHE Xvigor Th A, A,
B BhE AZR 2 IV CHRERFIRIAY12300mgl/ml, Jopamidol §1150m1
#3.3ml/sec THA L ((EARER45H), EEANEARBI0HN

L7z, RWFFETOLT O3DMEIRI%, 80500 & OFIIREERL
HOTFT— & & HWTIER L7, ~) #IVCTIE, 135kVp,
150mA, 1 [z 1 #, X#Y— 2408 7mm, 7— 7 ILEHhHE
BE7 mmTHEIT L, A ¥ v VEEMIZ25F, A% v v a#ipHiE
16emTdH %, HiMEMRE 7V T) X 202180° HiklEE#* H
W, R 3mmE v F & LT, 568Dk E%
YERi L7z, 3DMIf%1%, Sparc20Z{#FH L 722516 Al Mi{g WueE o
2T L Xtension % W TLERL L 7.
2. MTDOER A

multiple threshold display & (Z¥E D % F V" T3D |4
VECT 55 Tdh B, XtensionTld, 8 TEEIDMYE (CTIE)
DERENHET, SREICOWTOERE (0~100%) 12 % 3%
ET 5. MIRFEOMTDDIER k% LT O (1) ~ (4) 127°
7.
() FFEEICROIZZE L FDOCTHEZMET 5. FDOCTIE
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Fig.1 Bounds and transparency

(A)Bounds: CT voxels with higher CT values than that of liver parenchyma were selected. Then, selected voxels were divided into eight
parts, which were each assigned gradations of white to grey. The selected voxels, with higher CT values than that of the second branch
of the portal vein, were set to white. (B) Transparency: The highest part was set to a transparency of 0%. The other seven parts were each
assigned transparencies more than 0%.
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(2) PIlR2 K53 HLICROI & 3% L EDCTE X WET 5. £D RITEHEOFEN DV T 1Bl RT. 8 FREEDSER L 723

CTIEDFIE (@) Ll LDt % white & T 5. HEHEO N OFFOBEE L A2 4 B i DRV CTEDFEE (LLTF,

B)O~@%757#E L, greyh SwhiteD % B RS2 b 1 TSI OFEHE® 0, 1, 5, 100% &2{bsd5 &, %8

75, FEDVNS WHDTREIIHIRO R 7 iz L D & (i g hTw

(4):EHHREIE, white® 0 L L, CTEOR S DIZEEVE % (Fig2). v7bb, EBHEL 0% L THIE, FOMEOET
PIERET D, DRT LD S, 100% & TIULZDEED R 7 Ll

- B OMIERRE Tolz K ST, 3 XTI TIREL £ 04 LA s ¢
BIfEREED | a7~ d. 8 DMl (CTl) %8R, grey 72bDLREFEDMENFONDZLERD

A BHwhite D FE ) 1417 5 (Fig.1 (A)). BEHEE IZwhiteZ 0% 3. SSDOEK %

&L, CTEOEWV S DT EFMERFRET 5 (Fig.1(B)). SSDOVER kIS, F FMTDD FHR{E X 1) 30HU #\ Mili %
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Fig.2 A 52-year-ocld-woman with localized fatty liver. Transparency of the lowest selected part was varied ranging from 0% to 100%.
Higher transparency had MTD, more hepatic vessels were shown.

(A)MTD (superoinferior view): transparency of 0% (B)MTD (superoinferior view): transparency of 1%

(C)MTD (superoinferior view): transparency of 5% (D)MTD (superoinferior view): transparency of 100%
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Table 1 Criteria of image quality evaluated in the observer test

(+2) : MTD image provides far better information
(+1) : MTD image provides better information

( 0) :MTD image gives same information

(—1) :MTD image provides slightly inferior information
(-2) :MTD image provides inferior information

Abbreviation: MTD: multiple threshold display

Table 2 Result of image quality evaluation

Score +2 +1 0 -1 -2
No. of cases 8 5 2 0 0

average 1.4 S.D.0.737 (p<0.001)

AR L CHE RN 21T - 288, EFNCIC U TRREZ #E
A&, SSDEIZ X A3D-CT portography #1572, # LT
&b MIRRDTEIF IS SN HiE % b - TMTD & D
aTHRm 2 L7z,

4. WBEIAHE

xgiE, FFES S EEDN T 3 HECTA T S 721561
T, TOWERIE, FHE1000, FFEZ 3 6, FFAssa 14,
FRISHERRRGIT 1 Bl TH 5.

MTD, SSDIX, Rk HiETIER L7z, SHESI TR D
JHEETSSDB L UMTDIZ & A3DW{E % R L, EHE{ETH
FIRROWEIE %, WA EMEE 2 412 X 1) Table 10 #:iE
TS5 EBMEDSEEEIC L Y HBEE L7,

7 R

FERIL, +2 08, +1 560, 02T, scoreDFHl
131.4, EHE(RZ130.737 T o7z (Table 2). MTDIZ &I
SSD & 1) [F%H 5 WIZRIFOHIETH Y, MTDAEEICE
Tz (P <0.001).

RIIEB &R T,

FEBI 1 0 FFAEZE 20 ) Bk O 8E T, SSDEMTD %R
. SSDTIXFME BB DIFEZ ICHFET 5 /4 XHi% <
AT, MTDOAAEMEFRSLT L, Mk ~ 2 k%
BROBBESHEEDICHEBENR TS, + 28 gL
(Fig.3).

REWG 2 © IFAEZ & gastrorenal shunt % 3260723 T, SSD&
MTD %759, AFIZBWTYH, MTDOHIFERAR T
CHEAEN TS, scoreld, +2& 5% L7z (Fig.4).
FEGI 3 ¢ TP EIEDEE T, SSDEMTD %Y. ERYFL
DR EEILFEISTH A5, MTDDOHATFIR 1 ~ 2 Koo
WFEE S DIHBE SN TBDESTWS, scoreld, +1&
% L7z (Fig.5).

SEW 4 FHEOEET, SSDEMTD %77 . SSDEMTDD
FAIR Fefti tE REIL I IZFEETH A, scoreld, 0 EHEL T
(Fig.6).
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3 RICHHEIE, MEECHEEOLARIILIE P 2R G 0iEh
KL LBRENHY, CTRMR imaging % FOTLHR L L
TERENADZ EBE WY, A A NCTIE, MEEGERICE
W, 1 O] OIS I T VR CIA SR DR ATE RE 2 72
B, BEIfeibsashd L lmhttE o L WEEsE SRS Fl s
»HY, HEORVIDEREZVERT A Z LATREE 22 o 72,
H7E, 3D-CT angiography D5 (%, SSD LMIPAYLH S
TV, ZOBOBOIMERFEHINTVS,

SSDIZ & A3D-CT angiographyld, Wi{EFEHERIZES TH
BERIIECE 2T L &, EEOHMDLOBEINTE,
IRE DV AERIIBYF e E 22 2 EDPFRHMTH S, —
73, BMEDRCEIZ L D BESKRECENMT S EHFRET

Fig.3 A 65-year-old-man with liver chirrosis and gastric varices. MTD was clearl-‘y superior to SSD images in quality, because MTD dimin-
ished surrounding artifacts due to liver parenchyma. In MTD, the smaller portal branches were clearly depicted. We judged it ( + 2).
(A)SSD (anteroposterior view) (B)MTD (anteroposterior view)
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Fig.4 A 34-year-old-man with liver crrrh05|5 and gastrorenal shunt. MTD was clearly superior to SSD |mages in qualny because MTD
diminished surrounding artifacts due to liver parenchyma. In MTD, the smaller portal branches were clearly depicted. We judged it (+2).
(A)SSD (inferior oblique view) (B)MTD (inferior oblique view)

b, Thbb, HELIMEEED TRIELTOF 2 v &, MERHEebE LoBEERER T RET 2 LEIFD

DFFIIERDNS, T/, HHEEND K7 LIV E—0k NEHTHLILR, 2 f)‘\ﬁwf‘%i'(:‘%% &b, I O

i s b 720, MEBEDAIRILD XFITE 2W, HBAROILIRIZIIZ H D O OBEIERALETH Y, L
MIPIZ, BMEEEDUED TN LHH—EDEIEAEEH HIFMz BT 5% EOREDH LN LI

NAREDHAH. 7z, SSDEWEL T, KHMEDHHAS ARG, DEER 0B RO S tir?;_c‘;zj?ﬂT 1T, CT{&

MEETHLEHESNTVALS, LaL, BiREOHE PO VA & EB A S M 2 I T & 5

; < | [N 5 ¥
Fig.5 A5 5 -year-old-man with hepatollthlasrs MTD was superior to SSD |mages in quality, because MTD diminished slightly surrounding
artifacts due to liver parenchyma. We judged it (+1). (A)SSD (anteroposterior view) (B)MTD (anteroposterior view)

Fig.6 A 58-year-old-woman with hepatocellular carcinoma. MTD was nearly equal to S SD |mag<ﬂs in quality. We judged it (0).
(A)SSD (anteroposterior view) (B)MTD (anteroposterior view)
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O3DEHEZFRLTWAEY, VTEE, F)a—al v 5
YTHEO—METHY, CTIER 3 ATTEM LTRSS
ETHbEMESINTVEY,

MTDIZ, #HBOBMEZFET 5 2 & TEOHPHOEED
R 2 2 TR & LB AR TH 5. BT
BICRRET A LI X hmEMRE, ik, AIK{bR EoH
HATEETH S L SN TWDY, 4albhvbilid, IFE
HOFHCTHEU DR 2% 8 5L T, greyh il

2 B EOCTIED R 7 )b Fwhite (2385 L72. white %
EWE O &L, EWCTEO RISV MEDEHEE & % E T
AT EIZKY, CTE:R B HF2H MWL S B 723D M/ {§ & (ER$
HIENTEL. CTHEEDHLZBERMIED L) BT,
MTDIEVTIEISEWEEZER L T A D LEZ NS,
72, FIRR EFEBRDCTEDOEN D2 WEEIZIE, SSD
Tid, REEBERBOCTEE 2T AFEEHRD L FA—0fE
e LTERENDOEELED 7 4 XL 72 ) KR OH
HEEDME T35, —J, MIDTIZ, /1 XIZH75E50
FEHEZECRETHIET, /4 Afgidgrey & LTHER
SNTMIRARD T > b T R FDSREFE %2 0 B O L5
2Y (A

T —DRFEIZOWTIE, SEIMED 3 KTEEHNHE
BTHY, EiREESS dwhitell, KBRS 1Xgrey Il TR
5D, bIbIUBERREHEIC IR B LS\
EEZT, BT —FROUFETH 5 Dwhite b grey lZFEE
L C3DHE1E %57

MTDDR & LTid, SSDO—HTH A72H12, SSDE
FERECBREDRE R EFAROBE I L Y H{E 2t 5
ZERFEITHNDY, FOlzHIbivbil, —FOMTD
OVEFFEERRE LR, /2, VIEE B2 ) BB s
W EHEIRETE VD, EHEOBREICH LT

OFEERALTETH Y, FREH T X 0 @it 2 B0 EE A1k
5. SEOMETIE, REEMHIROEZHEIX, 10~70%
ThHolzh, 100%& LTTIRELE iP5 EhULBEE 25
BEbA RS, EEHEMEREERIZOWTIX, MTDESSD
DYEREM % LT 5 & vwihd 3 5L TFTH - 7298,
MTDDFAEBORERMTEL /2.

W) B IVCTOREWHEZICIN A T3DWIE 2 Ek 35 2 &
Z& D, EHRFMOMEGEERLSMEOHBIES & 5.
MTDiE & 2 MIRFBDID-CT angiography &, SSD{FIC kL
L CEIF2MIRFBOIDEEZERT A 2 L ST CTHET
HhHLEZLND,
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1. MiiRAD3D-CT angiography |ZMultiple threshold display

(MTD) ZIGH L, BEOM L% 7.

2. MTD#E, BERME(CTE) &+ 0EHE (0~100%)
EBRETAHIHETH S, FEEOFHCTHEYD EOKRZ £V

T8 MEILT, grey®HMIR 2 RELL EOCTELL Eoofl

R L72E 7 vk white lZFRE L72. whiteZBHIEE 0 & L

CTHEOFIRIZ &R EHE 2 e L7,

3. FREB1SHIZ-2oTSSD E MTDDIET% & ¥uikic Tl

BL7:8 2%, MTDIZSSD L W b FEICENL TV,

4. MTDIE, CTHO %% H LR S5 2 & AT fE

T, /AR50 EREYH ERETAILICL

DA XHREA L CEHEIUET S ZLH6MIRFROID-

CT angiography lZHEH TH 5.
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