
Introduction

Recently, a new model for the development of hepa-

tocellular carcinoma（HCC）has been proposed. It is

known as the multi-step progression theory1, 2．With

advances in diagnostic imaging technology , many

small liver tumors are being resected . It has been

found that some of these tumors contain a Glisson's

sheath but no fibrous capsule on their borders, and

that others contain malignant foci3, 4．

In the present study, we investigated the clinical

usefulness of combining two techniques of Angio-CT,

CT arteriography（CTA）and CT during arterial por-

tography（CTAP）, on the same day for the diagnosis

of early HCC and early advanced HCC. These tumors

are considered to be a part of the process of develop-

ment of classic hepatocellular carcinoma. In the pre-

sent article,the term advanced HCC is used to indi-

cate classic HCC.

Materials and Methods

Six patients with a total of seven lesions partici-

pated in the study, so that there were three cases of

early HCC with three lesions and three cases of early
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1）Objective: We examined the clinical usefulness of two techniques of Angio Computed to-

mography（CT）, namely, CT arteriography（CTA）and CT during arterial portography（CTAP）,

for the diagnosis of early hepatocellular carcinoma（HCC）and early advanced HCC.

2）Materials and Methods: The subjects were six patients with a total of seven lesions:

three had one early HCC lesion each, and three had four early advanced HCC lesions between

them. There were five men and one woman, aged 61～73 years（mean: 65 years）. A catheter was

inserted into each inguinal artery according to Seldinger's method, and the results of CTA and

CTAP were compared with those of conventional CT.

3）Results: Visualization of tumor borders, arterial blood feeding areas, and portal blood

flow areas gave results equal to or better than those of conventional CT.

4）Conclusions: A combination of CTA and CTAP is useful for the diagnosis of early HCC

and early advanced HCC.（J Nippon Med Sch 2000; 67: 105―109）
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Table 1　Summary of patients

HCVHBsAgAFP
（ng/ml）TypeSize

（mm×mm）LocationSexYs.No.

（＋）（－）21.1early HCC13 × 10S5M641
（＋）（－）15.7early HCC 8 × 10S2F732
（＋）（－）33.6early HCC13 × 13S5M613
（＋）（－）24.9early advanced

HCC
42 × 32S6―7M614
32 × 20S5―8

（＋）（－）15.3early advanced
HCC

24 × 26S6M665

（＋）（－）65.4early advanced
HCC

36 × 32S8M676

advanced HCC with four lesions, in which both CTA

and CTAP were performed on the same day（Table

1）.

The patients comprised five men and one woman,

aged 61～73 years, with a mean of 65 years. There

were two lesions in case 4.

The CT equipment used in this study was an

Xforce（Toshiba, Tokyo）. Conventional CT was ob-

tained by intravenously injecting 100 ml of contrast

medium at a speed of 2 ml�sec with an automatic in-
jector, and images were acquired as early as 35 sec-

onds after the injection. For one case, unenhanced CT

alone was performed.

Angio-CT was performed by inserting one catheter

into each inguinal artery according to Seldinger's

method, and both CTA and CTAP images were ac-

quired. For CTA, we inserted a catheter into the com-

mon hepatic artery, the proper hepatic artery, or the

left gastric artery, depending on the case, and then in-

jected 30 ml to 60 ml of a 1�4 to 1�5 dilution of con-
trast medium（ioxaglic acid 320 mgI�ml）at a speed

of 2 to 4 ml per second, and obtained images as early

as two seconds after the injection.

For CTAP, after inserting a catheter into the supe-

rior mesenteric artery, we injected 60 ml to 70 ml of a

1�3 dilution of contrast medium at a speed of 3 ml per

second, and then acquired images from about 25 sec-

onds after the injection.

We compared the images acquired from conven-

tional CT and Angio-CT and examined the following

three items:

1）Clarity of visualization of the tumor borders,

2）Visualization of the area supplied by arterial

blood,

3）Visualization of the area supplied by portal

blood.

Results

With Angio-CT, the visualization of the three items

was equal to or better than that using conventional

CT. Table 2 shows a schema of the CT image for each

case. The hatched line indicates an enhanced area ,

and the dotted area, a lower attenuation than in the

surrounding area.

There was no significant difference in tumor bor-

ders between the conventional CT and the Angio-CT

images in cases 1 , 2 and 3. Additionally, the Angio-CT

revealed that there was less of both arterial blood

flow and portal blood flow in tumor in cases 1, 2 and 3

than in livers without tumors.

In one of the lesions in case 4, there was almost no

difference in the Angio-CT visualization of arterial

Table 2 Tumor enhancement pattern
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blood from that depicted by conventional CT. But in

the rest of the lesions in cases 4, 5 and 6, Angio-CT

offered clearer visualization of tumor borders, areas

fed by arterial blood, and those receiving portal blood

flow in all instances.

Case presentation

The first case was seen in a 64-year-old man in

whom early HCC was diagnosed. Fig. 1 presents the

CTA image, and Fig. 2, the CTAP image. Fig. 3 is an

early conventional CT image. The tumor（arrow）, 1.3×

Fig. 1 Case 1. CTA

Fig. 2 Case 1. CTAP

Fig. 3 Case 1. An early conventional CT image

Fig. 4 Case 4. An early conventional CT image

Fig. 5 Case 4. A CT image delayed by seven minutes

Fig. 6 Case 4. CTA
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1.0 cm in dimensions, was found at S 5 from the hy-

poattenuation revealed by both CT techniques. Early

HCC was diagnosed from an open biopsy.

The next patient was a 61-year-old man diagnosed

as having early advanced HCC. Fig. 4 is an early con-

ventional CT image and Fig. 5, a delayed CT image

taken seven minutes later. Two lesions can be identi-

fied, one of 4.2× 3.2 cm on the border between S 6 and

7, and the other of 3.2 x 2.0 cm on the border between

S 5 and 8. In the early CT, the images of both tumors

show strong enhancement in their central regions, but

not in the surrounding areas. Delayed CT revealed

the larger lesion as a low density area, but the smaller

lesion was not identifiable. Fig. 6 shows a CTA image

with strong enhancement in the central tumor area.

Fig. 7 shows CTAP, where the central part was not

enhanced, and a slightly enhanced effect was identi-

fied in the surrounding area. There is a distinctly visu-

alized presence of portal blood flow in this area.

Right lobectomy was performed in this case. Fig. 8

shows a schematic image of the larger lesion.

The next case, diagnosed as early advanced HCC,

was encountered in a 67-year-old man. Fig. 9 shows

an early conventional CT image and a CT made after

an interval of seven minutes. The images in Fig. 10

are Angio-CT, with a CTA image on the left and a

CTAP image on the right. In a conventional CT im-

age, it is difficult to identify the enhanced area, since

the tumor is shown as a low density area with indis-

tinct borders in both early and delayed images. The

advanced HCC portion, which has an abundant arte-

rial blood flow and shows no portal blood flow region,

can be clearly identified in Angio-CT, and its blood

flow distribution is plainly visible. Also, Angio-CT im-

ages indicate that a portal blood flow was present in

part of the early HCC but not in advanced HCC. Fur-

thermore, the tumor borders are more easily recog-

nized.

Discussion

Identification of the distribution of both the hepatic

arterial blood flow and the portal blood flow is impor-

tant evidence in the diagnosis of early HCC and early

advanced HCC.

Classic HCC is fed by arterial blood only and de-

rives no nourishment from portal blood5, 6 . On the

other hand, no hyperarterialization was recognized in

early HCC, and some portal blood is thought to re-

main inside the tumor. In addition, it is believed that

Fig. 8 Case 4. Schematic image of the larger lesion

Fig. 7 Case 4. CTAP

Fig. 9 Case 6. An early conventional CT image（left
side）and a CT image taken seven minutes
later（right side）

Fig. 10 Case 6. CTA（left side）and CTAP（right side）
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foci fed by the same blood flow as the classic HCC are

present inside early advanced HCC7, 8．

Generally, however, only conventional CT is used

for the diagnosis of hepatocellular carcinoma . But

even with contrast enhanced CT, not to mention un-

enhanced CT, it is difficult to diagnose early HCC and

early advanced HCC9. This is because the diagnosis of

these tumors relies on the conditions of arterial and

portal blood flow.

Angio-CT is a method for diagnosing liver tumors

that has become popular in the last ten years. To de-

tect intrahepatic metastatic tumors before surgery, it

is mainly CTAP that is used5）.

We made use of the Angio-CT technique , which

offers detailed visualization of the involvement of arte-

rial blood and portal blood in feeding a tumor; and we

obtained both CTA and CTAP images on the same

day for the purposes of analysis.

Since both were performed on the same day, both

right and left inguinal regions of each patient had to

punctured, which was somewhat burdensome for the

patients. However, no complications were observed.

Furthermore, no particular problem with blood coagu-

lation arose after the examination. It will in future be

possible to reduce the patient's burden by using an

IVR-CT system, which combines a CT system with a

fluoroscope.

Compared with a liver without tumors, the early

HCC had restricted blood flow through both the he-

patic artery and the portal vein systems. However, on

the basis of the multi-step progression theory of HCC,

various blood flow conditions can be predicted. Fur-

ther investigations with more patients are required9.

The employment of both CTA and CTAP for the

diagnosis of early advanced HCC is a significant stride

forward that is necessary for the visualization of the

foci of advanced HCC and for its diagnosis. Further-

more, we found multiple advanced HCC foci in the

early HCC of case 6. HCC is considered to originate

multi-centrically inside the liver . It is interesting ,

moreover , to note that the images obtained in this

study also indicate that the malignancy has pro-

gressed multi-centrically inside the tumor. This case

may link the HCC's multi-step progression theory

with multi-centric origin.
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