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Three-dimensional Helical CT Angiography
of the Abdomen

Tadafumi Shimizu, Keikou Aratake, Yasuo Uesugi,
Kazuhiro Yamamoto, Yoshinori Saika,
Akihiko Sagami, Kensuke Ashina, Ritsuo Matsui,
Kozo Sueyoshi, Takeshi Kawai and Isamu Narabayashi

To evaluate the quality of three-dimensional (3D)images
of the abdominal vasculature acquired using enhanced heli-
cal CT, 3D reconstructions were performed for 43 examina-
tions (38 patients). Twenty-one of 43 examinations were also
reconstructed by Maximum Intensity Projection (MIP).

The CT scanner employed was the Toshiba Xforce. Heli-
cal CT data were acquired using up to 20 continuous 1.5-
sec rotations with an X-ray beam width of 5 mm and a
couchtop movement speed of 5 to 10 mm/1.5 sec. Axial images
were reconstructed at a section interval of 2 mm. Optimal
protocol on enhanced helical CT was as follows : Iopamidol
300 mg I/ml was administered intravenously using a biphasic
technique (3-4 ml/sec for the initial 100 ml, followed by 0.7-
1.5 ml for the remaining 50 ml), and delay times of the early
and late phases were 25-35 and 90 sec, respectively. Aortic
branches were clearly demonstrated on early phase, while
portal branches were well defined on late phase. In the vi-
sualization of adbominal vessels, 3D images were nearly equal
to MIP images. However, for anteroposterior images, MIP
images were superior to 3D images in quality, because 3D
images had some longitudinal direction artifacts. Three-dli-
mensional images were considered to be useful for correctly
evaluating overlapping abdominal vasculatures. From the
above results, 3D and MIP images of the abdominal vascu-
lature obtained using enhanced helical CT were considered
to compensate for each other.
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WROVAHIEBIEH L B VEREEZERZ LN, RALN
TE/2HS, R LEERECIE, MR oFRICE Y 2
7 A AMOERFRIEICHELIPR SN, AU A IVCTI, 1
[\ OUFFAEIE T IZIAFEEOWBEATTRET, RN 2 — LA F
YUTHDHECIRBEFLTBY, 3DEROMERIE L
Twb, ¥/, MEDORFLEREBHRIBONL L
5, CTHDZEEZFIMH L7 EEIE D =RITLAERRATK
ALNTWARW-12 A bhbhik, HLrDiEglhiEo

SR AVCT % FCIERBME (MRS, KBRS
DIDFIRERATL, Fh o ORHEEIZOWTHBIRG L,
& 5 [ZMaximum Intensity Projection (MIP){% & D IEEE 4T
S DTHRET 5.

MHRBLUHE

i, FRIRRRE2450, BB RmERE 2 B, PIRRIEA
IR 151, BHE 7 61, BIEES 36, BLUBEHRK
BHIRAE 1 BIORE38HI, HE~43[ETH 5 (Table 1).

fEH L7-CTEE (X, WEF B Xforce T, HLFMIX
120kVp, 150mATd % (Table 2). X#iY — AlFIESmm &
L, F— 7 VEEREEIX, Smm~10mmT, AF v C#ifHC
o U CBEZEE L7 (Table 3). 7 — 7 AEEERESmmiILE
#2016, 10mmITEIEIES 1 4, 35 X OLER Kbl 1 Bl
Thotz, WHREEEHEECTHDI, A% v VHICEE
#5050, 5 TEOWR A% AT Lz, @fl@ERCTT, A
F v RN 1 EERLSETER0[MER, 30FN) AV A F
Y U ETo7. MEEREET VT X403, 360° FEEEE
v, 2omBR THREMEZER L. Thoo7—4%
124 — b1 v P9 —7% FH\v»TSun Workstation |24 7 T A
TR L, Fifg{ERIX, CEMAX-VIPstation¥ V2T, &
FLZ3DEE, B X U21FICMIPIE & 7ERL L 72,

EREHEB LU AX ¥ ¥4 32714, Topamidol 300mg I/
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Table 1 Materials

lopamidol 300mg 1/ml% &t 150mIEERHAREY (23525 L Clinical diagnosis No. of cases (exams)
72 D%Group 2, MEBELHITHIC, AT —7T : )

V= LB BIBEBHAR 2 & lopamidol 2 325 L 7= b © Hepatface!llulaar carcinoma . 24 (28)

EGroup 3L L1 (Tuble ). Growp 208¥7m7 | RS BEREE '@

5 A%, FFEHEAI100m % M3 ~4mlITEA e P .

L, 5%V 50ml%&fR0.7-1.5mI THEAT S DT, Adrenal mm(‘}r s
FEARIE25-30 12 FI0E, 0B H%ICHERIIGDE Abdominal aortic aneurysm ]

2 BlONY HVCTZHEAT L7z, 4 BIOKRETO

Group 20 THITIL, WTNOEFIZBATHR Total 38 (43)

Bif% & IR % BT 5 L RRIRTH
IR DEZHE SN, R BEDHEY

Table 2 Methods

B TMIREMOEEFF LN/ Z
b, KBRGFEOFRICIIRMEE,
PR 3 DFTRAC (3 g % A 7.

FEF) 1 12Group 20 1 ik R$. ZD
7077 L Tlk, RIIETIE, B
IRAAEERLDEAS, BEAZETIX, PINRMA
BEALDOEHHF O N TS (Fig.1).

Bt HiER LT ICRT.
(1) 3DFTRIC BT 3 PIIRAE DR HEE
1R

FFg % ~1) H VA F v > L72760(32

CT scanner : Xforce (Toshiba Co.)
Scan condition : 120 kV, 150mA, 1 rot/1.5 sec
X-ray beam width : 5 mm
Couchtop speed (/1.5 sec) : 5~10 mm
Scanning time : 30 sec (20 rot)
Pretreatment : Oz inhalation via face mask, 5¢/min for 5 min
CE-CT : loparnidol 300 mgl,
injection rate 1.5~-4 mé#/sec (uniphasic or biphasic) ,
total dose 100~150 m{
Interpolation algorythm : 360° linear interpolation
Reconstruction interval : 2 mm
Images : 3D images (shade color) ; all exams
MIP ; 21 exams
using CEMAX-VIF station (CEMAX Co.)

Abbreviations

) i2DoWTHEF L7, ZORRIZ, FF
HRaRE240, BrismbiERE2s, X
UFiRiESIRMETZE1BITH 5. EE
FEBIFAXFYy 543713,

rot : rotation, sec : second, 3D : three-dimensional
exam : examination, MIP : Maxirum Intensity Projection

Table 3 Selected couchtop speed (mm)

(X-ray beam width : 5 mm)

Group 1 : 8[8], Group 2 : 19[d], Group
3 s[EDER276] (E32[0]) TH 5.

No. of exams

Couchtop speed (/1.5 sec) 5 6 7 8 10

18 E 18 1 2

Group 2T, BHiBEDT—% #H\T

Total 43 exams (38 cases)

3DM|{% % VR L 7.
FIlRAZ D3DFERIL, HHCTED M

Table 4 Scan protocols of enhanced helical CT

% LFR{EIZ900-1,000 HU L L, TRE
L, FIIR 2 RO DOCTE % FEHE(E &
LTREL, BEMELZ. THRE
%, Group 1 :90-200 HU, Group2:
120-200 HU, Group 3 : 180-250 HUT

Group 1 : IV, lopamidol 300 mgl/ml, total 100 ml, 1.5-3 ml/sec, delay time : 40-50 sec

Group 2 : IV, lopamidol 300 mgl/ml, total 150 ml, biphasic, 3-4 ml/sec for the initial 100 ml,
followed by 0.7-1.5 ml/sec for the remainder delay time : 25-35 sec (early phase) ,
and 90 sec (late phase)

Group 3 : SMA-IA, lopamidol 300 mgl/ml (X1, 2, or 3), total 60-90 ml, 3 mi/sec,
delay time : 25-40 sec

Hot. Abbreviations IV : intravenously, SMA : superior mesenteric artery, IA : intraarterially

O N73DEIRIZOWT, &b BRI
WZHH S RO PR 2 R34 %, poor, good, excellent
D 3 BRFE TR L7z, E0HEEEREL, PR RGHARE
FIZETE R\ D%poor, FEMREL D D% good, FHBELZ
i E N7 D #%excellent & L7z (Table 5).
(2) PIRRALDIHEEIZ DT DIDER & MIPIR & D3R
B

JEgE ANV ANZF v L, PIRERICOWT3DER L
MIP{& % &  \ZER L 721060 GE~15[0) THREF L7z, £ DA
#UdGroup 1 : 3[8], Group 2 : 700, Group 3 :5[EITH 5.
L, THEE, WREICOWT, BOBODEIZOW
T HeARES L7z,

ERETE11 A 25H

(8) KBRS DHEHEEDIRET

KENR RO HEEIZDOWTIZ, B8 7 60, BIRES3
B, BLUHBEHAERE 1 BloFrLBlIIZOWT, REL
i,

WRY, Group 2070 b=V THIATLTEY, FH
D7 — % % F\VC3DE RS L UMIPE % ER L7z, &6l
ICMEEREHITLTSBY, KRGO HEEIIDWT
M &R & xt HRRES L 7.
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TRISHRIBICRETH Y, 3DER & MIPE O PR

- - HEEIL, BIZR%Th -7 FiEIC2VTIE, MIPEOE
(1) 3DFRRIC B 1 3 PIMRFE D HEHBED#5 5T HAMEN T/ (Table 7).
HA 2 FREICT, Group2, 3271 LH HERTEBY (P VRIS HER 2R,
<0.05, P<0.01), Group 2& 3 ORICIZAEEIIRSNE JEB 3 1Z, Group 3@MPortal CTOHERIT, A EEEEHT
- 7z (Table 6). WL TWAB /DI, 3DEETIE, AEHITRIEE 425
fiEf 2 12, Group 200fEATHIT, L%, wifkEE bICKX Twah., MIPASIDEIR L ) bERTWERNTH L,
B ATHHBE ISR S TEY, excellent & HI5E & L7 (Fig. 7z, HIfA%TIX, 3DEIRIX, HELMOT —F 7 72 M
2). HiZ>Twa, MIPI&E, BIESENTWAD, 2 RICH %
(2) PIBRAE DHHEEIC DU T DIDEHE & MIP1E & D3 AR ThAH7:0, MEOHEBHROLRIZITE HAD b OIS
& ERASL B TH 4 (Fig.3).

PRI OfEHBEIC DWW TIE, g, THEHEZIIoW

Table 5 Criteria of evaluation in the observer test

poor : Segmental branch was not visualized.
good : Segmental branch was visualized.

excellent : Segmental branch was clearly visualized.
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Fig.1 A 52-year-old woman with hepatic hemangiomas

Total dose of 150 ml lopamidol 300 mgl/ml was administered intravenously as biphasic (3.5 ml/sec for the initial 100 ml, followed by 1.3 ml

for the remainder 50 ml).
(A)Early image (delay time : 30 sec). Hepatic arteries were dominantly demonstrated.
(B)Late image (delay time : 90 sec). Portal branches were clearly visualized.
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Fig.2 A 52-year-old woman with hepatocellular carcinoma
Total dose of 150 ml lopamidol 300 mgl/ml was administered intravenously as biphasic (3 ml/sec for the initial 100 ml, followed by 1.0 ml
for the remainder 50 ml). Delay time was 90 sec. On 3D images, secondary portal branches were clearly demonstrated three-dimension-
ally. This case was judged as excellent.

(A)Three-dimensional image (superoinferior view)
(B) Three-dimensional image (anteroposterior view)

20 HAERSE £55% £14%5
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(3) KEMRAH DHEHBEDARET Table 6 Visualization of portal branches
\_l_/ ]E T ;@J HJR. J_A H?’.“ f‘rﬁ Hﬁ EP}J HJR‘ ﬁ:ﬂl‘ ﬂ?ﬂ ﬂff(, Hufi i‘j} poor gg.od excellent
Wk, EFEIIRIZ 2B TR S, 3DIEES L UMIP{E
i3, F%TH -1, Group'1 = g Oj* .
@ HIfRI&TIE, WL, 3Dm§ T Group 2 0 10 9 -MS]
T—F 777 MEHALS, MIPEDEE->Twiz, 7 e . . s ]
rou .
— 7 VB Omm) 2 BITI, BEARR% 5 P -
bOD, E"ﬁj}fﬂ]’(@ﬁﬂgﬂij‘ﬁg *$H o7z, 3DWET Note ; # : P<0.05, #+ : P<0.01, NS : Not significant
13, B SNLEE, ERHIRCHBIRZERZE L72H  Table7 Comparison between 3D images and MIP for portal branches (No. of cases)
RERCHE P % e S 24 %73 B LRI H 7z, Rk

T, MIPIETIE, Hefhz brE U7- iR « ik
ET HULENDH Y, KEWRAEIRE @ S hEn»
Wi % 2 L7856, WEREBIR, BRSOk
AR s A Z &, REDIENR SN,
PFIES 2 s,
ﬁ%4d,ﬂ‘ﬁ%ﬂ@ﬁ&@f 3D {% T
&, EEshi-igE, e RO 76 | ZEE)
HRASR 2 22, MWfd%ﬁLhméﬂfw

Superoinferior and/or oblique images

Group 1 : 3D=MIP 2
3D=MIP 1
Group 2 : 3D=MIP 1
3D=MIP 6
Group 3 : 3D=MIP 4
3D<MIP 1

Anteroposterior images
3D<MIP
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Fig.3. A 60-year-old woman with hepatocellular carcinoma
Total dose of 60 ml lopamidol 150 mgl/ml was administered to
superior mesenteric artery via catheter at a rate of 3 ml/sec.
(A)Three-dimensional image (superoinferior view). At the right lobe
secondary portal branches were obscure because of parenchy-
mal enhancement.

(B)MIP (superoinferior view). Secondary portal branches were
clearly depicted at right lobe.

(C)Three-dimensional image (anteroposterior view). Three-dimen-
sional image was useful for evaluation of overlapping portal
branches correctly, however had somewhat longitudinal direction
artifacts.

(D)MIP (anteroposterior view). MIP was superior to 3D images
on image quality. However, several projection images were nec-
essary for three-dimensional observation.
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Fig.4 A 54-year-old woman with adrenal tumor

Total dose of 150 ml lopamidol 300 mgl/ml was administered intravenously
as biphasic(3 ml/sec for the initial 100 ml, followed by 1.0 ml for the re-
mainder 50 ml). Delay time was 90 sec.

(A)Aortogram (DSA, arterial phase). One right renal artery and two left
renal arteries were shown.

(B)Three-dimensional image (anteroposterior view). The renal arteries were
concealed behind enhanced other organs.

(C)MIP (anteroposterior view). The renal arteries were demonstrated.
(D) Three-dimensional iamge (superoinferior view). The smaller left renal
artery was clearly depicted (arrow).

(E)MIP (superoinferior view). The smaller left renal artery was shown, but
the origin of artery was concealed by the larger one.
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