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CT Angio. means the method that visualizes the vascular bed of the liver by CT after transvenous
injection of a bolus of contrast material,

To establish the plan of CT Angio, scan, the hepatic circulation time was studied by using #*mTc-
pertechnetate. Based on the result, one hundred or fifty milliliters of 609, Urografin was injected
intravenously at a rate of 5 mlfsec. and the CT scan was started 20 sec., after the beginning of the
injection.

Possible artifact and alteration of the CT value due to flow of contrast media during CT scan were
studied on the phantom. Consequently, artifacts were not seen and the CT value was proportinate
to the flow volume of the contrast medium.

The diagnostic ability of CT Angio. was clinically evaluated on 33 hepatic tumors (15 hepatomas,
3 cholangiomas, 13 liver metastases, 1 cyst and 1 hemangioma) with EMI 5005 or GE CT/T 8800,

The CT value of the periphery of tumor was increased in all cases of hypervascular tumor (15
hepatomas, 7 metastases and 1 hemangioma) and the CT value of hypovascular tumor (3 cholangiomas,
6 metastases and 1 cyst) was nearly equal to that in plain CT and contrast enhancement CT (CE-CT),
Therefor, the tumor vascularity was easily diagnosed by CT Angio.

The detectability index (DI) which means a difference between CT value of a tumor and that of a
normal liver was increased in 19 of 23 hypervascular tumors by CT Angio., so that the margin of tumors
was high dense, In 10 cases of hypovascular involvement, tumors were more easily detected by CT
Angio. than plain CT,

The contrast accumulation patterns on CT Angio. were analized to ascertain the possible correla-
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tion between CT Angio. and histology. The accumulation patterns were classified five types (homo-

geneous, mottled, patchy, ring-like and negative types).

In the homogeneous type, a tumor was homogeneously opacified. In the mottled type, a tumor

was inhomogeneously opacified to be recognized as a linear or dotted accumulation. In the patchy type,

a focus was partially or almost totally opacified. The ring-like type that was observed as a circular

accumulation was divided into a thick wall and thin wall subtype.

In above four types, the lesions appeared to be hypervascular on conventional angiograms, and

hepatomas were frequent in the patchy type (7 cases/15) and metastases in the thin wall ring-like type

(5 cases/7).

No accumulation was obtained in CT Angio. of hypovascular tumors (negative type), hence the

differential diagnosis of them was difficult on the accumulation pattern,
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NOVA 3 (= data $E & 1T/ - 7z,

Bohic data X b, FFEOASIE B O
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JFFIE & © DTGB 2 JITE Lie.
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Fig. 1 Hepa.nc circulation time from basilar vein
(Time Activity Curve)

HA: Beginning of hepatic arterial circulation.
PV: Beginning of portal venous circulation.
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Fig. 2 a. Phantom for study of effect of flowing
cotrast media during CT scan. During CT scan,
cotrast media (602 Urografin x1/5: 100ml) is
flowed in tube. b. Alteration of CT wvalue in
tube by distance from injection side.

A-E: Control study. A: 60% Urogrfin x1/5; 100
%. B: 80%. C:60%. D: 40%. E: 20%

< WRHE o FhA IO EA & 7 b BB A
L, ¥ = — 7OWm% AFs/MciEi L.
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B, ¥ =— 70—k b #EFH60% Urografin %
HERCT5HIER{M Lz d @ 100ml %, 45 5ml
DMETEAL, BEHAEABS & MR EMI
50051z T, CT scan #{77r - 7=,
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A. CT Angio. Scan Fik

i L7 CT #:Ex, EMI 5005 (20f) scan,
slice I 13mm, 320x320matrix) 4, L <3, GE
CT/T 8800 (9.8F) scan, slice fii 10mm, 320x
320matrix) TH 5.
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Fig. 3 Alteration of CT value (Hypervascular
tumor)
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Fig. 4 Alteration of CT wvalue (Hypovascular
tumor)
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Table 1 Mean Tumor CT Value
Angiographic finding CT scanner Diagnosis plain CT CT Angio. CE-CT
Hypervascularity EMI 5005 Hepatoma 41.99 38.40 63.14
9 cases (8.79) ( 12.84) ( 17.03)
Metastasis 35.04 34.93 51.87
7 case (9.64) ( 10.17) ( 12.75)
GE CT/T 8800 Hepatoma 45.34 99.22 71.42
6 cases (3.67) ( 10.30) (9.62)
Hemangioma 23.79 32.61 123.2
1 case
Hypovascularity EMI 5005 Cholangioma 31.79 31.33 30.78
3 cases (7.48) (9.40) (7.30)
Metastasis 30.83 34.03 32.51
& cases (8.94) (9.42) (7.96)
GE CT/T 8800 Liver Cyst 4.33 5.32 4.02
1 cases
Normal Liver EMI 5005 25 cases 53.28 77.36 66.09
(9.66) ( 10.93) (8.88)
GE CT/T 8300 | 8cases 52.37 69.30 72.96
I 5 (5.62) (6.93) (5.61)
( ) ......Standard Deviation
TD%&, CT Angio. &b 3 CE-CT i\ EEH
CT fEn@ < fe oz (Table 1), Fiz, IMmAFHER ﬁ'
| hypovascularity %% L 72 #t%, Cholangioma ' —— Hopatoma(EMIS005)
30, IEEBHEEFIEDS 6 61 CHAE 461, Nis 1 1, 1 <Hopatoma G C/T
L6 1 01) TOBFIEND 1 IO 10BICH 5. © o)
ZhBIEFOEES CT {Ei, Fig. 4 ofnl o
£l ji\ T plain CT, CT Angio., CE-CT p=
ZLLBER—T CT EOZEE 12 L & bhis .
1N ol
—75, IEHIFEAL o CT {13, Table 1 oy
<, EMI 50051 J »C scan #%{F75 7 2501C b !
t%, CT Angio. »% CE-CT % @] =Dz 3 L oL ! I[h“’..'mI
T, GE CT/T w X% 8#Tik, CE-CT o Jfit .
CT Angio. Jh & fil% & L. 2 | tow
2) Detectability Index (DI) DEM L+ 0¥
% =20

&SR CT il & JHEARFEMO CT fHn%%,
Detectability Index (LJF DI) X L, plain CT,

CT Angio., CE-CT wj®> 2% 2D 75 71z
T Fig. 5, 6icim Lo,
Fig. 5 11 %75 L hypervascularity % 735 L

Plain CT

CT Angio. CE-CT

Fig. 5 Alteration of Detectability Index (Hyper-
vascular tumor)
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Plain CT CT Angio. CE-CT

20

-30 |

-40 L

=50

mt

~—— Cholangioma
»...a Metastasis
-—— Cyst

Fig. 6 Alteration of Detectability Index (Hypo-
vascular tumor)

7= 235Ef, Fig. 6 1 hypovascularity % 75 L 7=
10EPIDKERTH 5.

CT {3, DI 23t 4 LI THIE [EHHE
1% iso density tig b, — 4 LT % low density,
+ 4Ll E ThHiUL bigh density & LT Hiliti & h
3

hypervascularity % 7R L7- #ETIL, Fig. 5 off
{ CT Angio. iz J® 1% DI i3, plain CT, CE-

HAEFRE RS BaE H45

CT Xbd ERL, EELETH? CT Angio. i
X T high density = LCTHiH iz fEEGIL,
Hepatoma 11, #=EHEIFIES 7 GU2% O\ YRR i
BHEDE1961 (83%) Th-ic.

Zhbdd s CE-CT ¢ high density & LT
fEH Shoz i\ BRI 16, dARinE
FE1B o Gt26 (9%) ©%HTHY, Hepatoma
76, REEREER 1 6 0 5861 (35%) 3. iso
density E7gh, D134 low density &igo
t-. CT Angio. T|%, iso density X5 foFEf
11, Hepatoma 3{fl>Z T, low density & L-C
Rl X i-fEfIL Hepatoma 140710 Th -1,

hypovascularity %77 L7z fEf T 13, Plain CT,
CE-CT, CT Angio. =3 & 31z £4 low density
L LTt xh, DI %, plain CT, CE-CT, CT
Angio. DI ZEHICAET Lz (Fig. 6).

FHEGID DI DffsH o FHfE, Table 2 ©
mechs.

hypervascularity # 7R L7-Ffic A\ Tk, EMI
5005 |z X - C scan #1777z 1667l Tik, plain
CT, CT Angio., CE-CT & &= DI oz k
E 702137 <, CT Angio. 1T X T DI sl
A% plain CT 3 b 84K Uiz JEH 13, Hepatoma
26, ERIENFIEDS 4 BI0F 661 (88%) THh-

Table 2 Mean Detectability Index (DI.)

‘ Angiographic finding CT scanner Diagnosis plain CT CT Angio. CE-CT
Hypervascularity EMI 5005 Hepatoma 13.26 12.32 7.80
9 case (6.17) ( 13.80) (8.77)
Metastasis 12.66 13.52 8.26
7 cases (8.16) (5.80) (7.92)
GE CT/T 8300 Hepatoma 8.71 29.20  5.67
6 cases (6.93) ( 15.37) (8.09)
Hemangioma 15.7 42.17 61.01
1 case
Hypyvasculority EMI 5005 Cholangioma 34.57 56.77 45.88
3 cases (7.17) ( 16.35) (6.45)
Metastasis 20.62 44.16 28.38
6 cases ( 10.07) ( 16.77) ( 10.05)
GE CT/T 8300. Liver Cyst 48.01 69.67 66.10
1 case

(

)......Standard Deviation
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—7Jj, GE CT/T iz X »C scan %43/ o 7=
Hepatoma 6 fflcix, 4l *\T CT Angio.
Iz X5 DI offaxEry, plain CT, CE-CT X b
b EMH IR L.

hypovascularity % L 7z BE-Ci%, DI o #ak
I3, 4@ plain CT, CE-CT, CT Angio. ®J[fiz1
KL, CT @if§ k-ci CT Angio. iz X b [
T b VIR & 7 o 72,

3) CT Angio. i X % [l < x — v L HIY
LW oo B

CT Angio. 1< J 2% [ERHIRZE O B2 % B
& LT, CT Angio. {81t 5 [EERY 2 % — v
2R L. ZORR, kOSSP /HTEL.
A%, a) Homogeneous type, b) Mottled type, ¢)
Patchy type, d) Ring-like type, ) Negative type

Fig. 7 Accumulation Patterns of Hepatic Tumor
on CT Angio.

1, Homogeneous Type

Hepatoma 3

(*

2, Mottled Type

Hepatoma 2

Metastasis 1 (f:lmsme

Hepatoma ]

Metastasis 1 (Gastricca. !

Hepatoma

Hemangioma 1

Cholangioma 3
Cyst 1

Metastasis &

Lung ca. 1
Eso. ca. 1

5
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TH%5. “hb CT Angio. i2 1 5 [Tg < x —
v LA & OB A Fig. 7 iR LA

a) Homogeneous type

@AY CT Angio. 1 X o TH—IZ R L 1
type T, Hepatoma 3flic Zbhtz., Zhb 3
Blix, miEEEE diffuse type o JERPBIEY R
L, CT Angio. T34 & &IcBEHIL iso de-
nsity /g b, CT Angio. -TIELJHEETORTED H
#TH o

b) Mottled type

FESFP . 2 B0 gk~ TR BRI & I Gt
75 LT A 5 Rt type T %, Hepatoma 2 4,

R AE 1 5% = o type 1w L, CE-CT
TIX3H& bz low density TR{R~HEk DY
ik L (Fig. 8, 9),

¢) Patchy type

TS D>~ b U <43 R4 A% BEIR o i Lis
type T, Hepatoma 7@, HHIFERE 1 Hlic kb
hiz. CE-CT Tk CT Angio. Txbhic #ged
75, Hepatoma 7 ffrf 5 fAlic v T iso density -
b, it low density » 7 - (Fig. 10, 11),

d) ““Ring-like type’’

TES RO R, © IR A & b P
ORI R G U 7 b 2 ARRSCT I
“ring-like type” L FilL, Hepatoma 3, iR
VERFIESES 5 61 (9 2 00, Al 2 4, NHPEE 1

B, N mEE 1 FloF 9 flic s bt

Z @ type |}, Fig. 12 @ Hepatoma ozl
RABOJEER] &, Fig. 13 OFEEHRITIER OBk
CHERAR A <, IEEPYIC IR
DB R LEEFO 2 ORI AT X, HiH
2% Hepatoma 3§I2VE L, #%¥E (3 SR HEITIE
55 6, WHRPIMAENE 1 e s k.

CE-CT ¢, Hepatoma 21k, [[fidi4{ks
low density X ¢ h Hepatoma 1§k, B
Wi 1 ficix, Fig 13 ofi@lofkic. CT Angio.
T high density £ L T #il} X h 72 #5 » iso
density & ¢~ 7o,

MR M AFNE, CT Angio. Tl &
%3, high density T o fpt, CE-CT i
A{fH% high density * #¢ 7,

+ low density area
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Fig. 8 Liver Metastasis of Gastric Leiomyosarcoma (Mottled type). a. Left gastric angiogram shows
hypervascular and large tumor vessels, b. Plain CT: Large low attenuation area fills right upper ab-
domen. c. CT Angio.: Mottled opacification is seen in the lesion. d. CE-CT: The tumor is slightly
enhanced
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Fig. 9 Hepatoma (Mottled type). a. Right proper hepatic angiogram shows hypervascularity and tourtous
tumor vessels in the right lobe. b. Plain CT: The margin of the right lobe is ill defined. ¢. CT
Angio.: Mottled opacification is seen in the lesion. d. CE-CT: The lesion is a little more enhanced
than plain CT.
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Fig. 10 Hepatoma(Patchy type). a. Plain CT:
The density of the right lobe is slightly low, but
a tumor is not recognized. b. CT Angio.: La-
teral and anterior part of the right lobe is opacifi-
ed. Diffuse involvement of the right lobe can be
detected by CT Angio.. c. CE-CT: The liver
is revealed as iso density.

e) Neg;ative type
B A% 4 < e Licds ot type T, Chol-
angioma 3 ‘B’U, RIS 6 61, (5 4 4,

ARESH R AN BAE S4B

fiiifd 1 6, s | FD ZORFRER 1 6105106
H bR, Chbid, CE-CT vt & EEi
W 2, low density & LT ffifH & iz (Fig
14).

Lo 58 @ 4 %, homogeneous, mottled,
patchy, ring-like @ 4% 13, MY LVFhb
hypervascularity %75 |, negative type |, hypo-
vascularity Z7n L,

. % =

Computed Tomographic Angiography (CT An-
gio.) i3, AN HEY & T 5 & & LT
LI, CT scan %477¢ 5 & &I X » Tz »
Z TSI vascular bed % i & Lo B Hik
ThDH. OFEkS G, CT Angio. 1L, EEH
Hxﬁﬁﬂxqf“ﬂmﬁ#mé% B, —o
VERERIIREE WA & BEUCKRTEA L CT scan
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Fig. 11 Hepatoma (Patchy type). a. Celiac angiogram: Irregular hypervascularity is seen in the right
lobe of the liver. b. Plain CT: Density of the right lobe is slightly low. ¢. CT Angio.: CT Angio,
reveals low density area in the right lobe and high density area in Jateral and medial part of the lesion.
d. CE-CT: The tumor can not be detected.
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Fig. 12 Hepatoma (Ring-like type with thick wall). a. Common hepatic angiogram: Hypervascularity
and large sinusoid-like vessels are shown in the right and left lobe of the liver. b. Plain CT: Low
density area in the right and left lobe. c. CT Angio: The tumor with necrosis is opacified as a
ring-like. Inferior vena cava (arrow) is opacified imoplying arteriovenous shunt. d. CE-CT: The

tumor is low density.
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Fig. 13 Liver metastasis of the colonic cancer. (Ring-like type with thin wall). a. Common hepatic
angiogram reveals hypervascularity, fine tumor vessels and encircled arteries of a tumor in the right lobe.
b. Plain CT: Low density area of the right lobe is poorly defined. c¢. CT Angio.: Thin high dense
zone surrounding the tumor is clearly visualized. d. CE-CT: The surrounding high dense zone is di-
minished.
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Fig. 14 Cholangioma (Negative type). a. Common hepatic angiogram: Right hepatic arteries are distend-
ed by a mass lesion, b. Plain CT: Anterior part of the right lobe is slightly low density. c. CT
Angio.: The tumor is well defined and compressed portal vein (arrow). d. CE-CT
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