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Introduction

Angiography plays an important and definitive role in the diagnosis of hepatocellular carcinoma (HCC),
since about 15% of HCC are negative for a-fetoprotein (AFP) in our series. Angiographic diagnosis of HCC is



1098—(24) HAEFHRHRFSME $43E H o5

made on the basis of hypervascularity, tumor vessels, tumor stain, arterioportal shunt (A-P shunt), ar-
teriovenous shunt, and their combination. Tumor stain alone cannot be considered immediately as a direct
angiographic sign of HCC, although it is sometimes the only clue to the diagnosis of HCC.

Tumor stain is observed in 96.5% of cases of HCC in our series of 57 cases (1). This result prompted us to
undertake the investigation whether subtraction technique improves in the detection and ascertaining the

extent of the tumor or not.
We found rermarkable improvement in determining the extent of the tumor by subtraction technique, and
therefore the results will be reported in this communication.

Material and Method

Sixty cases of HCC were collected during the period of June, 1975 through May, 1979. These cases were
studied by angiography in the department of diagnostic radiology and the pathologic diagnosis was made by
either surgery or autopsy.

Subtraction technique had been used in questionable cases, but had been omitted in obvious cases in the
diagnosis of malignant nature in the liver.

Angiograms in these 60 cases of HCC were reviewed before subtraction technique and the extent of the
tumor was recorded in each case. In most cases this prospective diagnosis of the extent of tumor was con-
cordant with angiographic reports.

We have then reviewed all serial angiograms, especially in the capillary phase, in 60 cases of HCC by
subtraction technique and defined the extent of tumors.

The results of assessment of the extent of tumor by subtraction technique were compared with those by
prospective diagnosis of extent of tumor by the naked eye.

Subtraction technique was carried out by using Siemens Subtraskop (Fig. 1a), with 865 scanning lines on
the monitor at 50 Hz.

Permanent record of the subtraction image was made by photography of TV mionitor using a polaroid
camera.

Results

In 22 cases (36.7%) of HCC the detection rate of the tumor stain and daughter nodules was improved.

"
-

!

i \

“,.,; i
LAl Py
Fig. 1la Apparatus for television subtruction, Sub- Fig. 1b Two nodules of HCC. Zoom-up image of the
traskop, Siemens, West Germany. There are 865 TV monitor in Fig. la. This image will exclude
scanning lines at 50 Hz for the television system. metastatic lesion in the left lobe superimposed on

There is also a motor-driven zoom lens device. the spine.
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Table 1 Contribution of subtraction technique in angiographic assessment of extent of hepatoma (60 cases)

Subtraction technique
Contributory Noncontributory

1. Tumors in right lobe detected only or
much better by subtraction

2. Tumors in left lobe and superimposed
on the spine, detected only by 12 cases (20.0%)
subtraction.

7 cases (11.7%)

3. Tumors in left lobe that are not
superimposed on the spine, but 3 cases (5.0%)
detected by subtraction.

4, Tumors in right lobe onl ith
- TSI LIE i MR 15 cases (25%)
distinct tumor stain.

iz e I Tl 1,

Tumors in left lobe only and with
i . 10 cases (16.7%)
distinct tumor stain.

[41]

6. Extensive tumors in both lobes or
with marked hypervascularity.

Tatal 22 cases (36.7%) 38 cases (63.4%)

13 cases (21.7%)

We analyzed the reasons for improvement in the ascertaining the extent of the tumor and also for non-
contributory factors of subtraction technique.

In 7 cases of HCC in the right lobe of the liver, subtraction technique was the only way to detect the
tumor or to much improve the degree of tumor stain.

In 12 cases of HCC in the left lobe of the liver the tumors superimposed on the spine were detected only
by subtraction technique.

These tumors seem to be undetected before subtraction due to vagueness of tumor stain superimposed
on the dense spine.

In 3 cases of HCC in the left lobe of the liver of which turnors were not superimposed on the spine, the
tumor stain could be detected only by subtraction technique.

In the rest of the cases the subtraction technique did not add more information regarding the extent of
the tumor. Those cases are tumors limited in the right lobe with distinct tumor stain on the angiograms,
tumors limited in the left lobe with distinct tumor stain, and extensive tumors in both lobes or with marked
hypervascularity. Such results will be shown in Table 1.

Some of illustrative cases will be shown.

Case 1. Multinodular HCC in a 56-year-old woman,

The capillary phase of the celiac arterigram shows multinodular type HCC with a large conglomerate of
tumors in the right lobe of the liver with daughter nodules in the lateral aspect of the right lobe and also in the
left Iobe. However, no tumor stain is appreciated over the spine (Fig. 2a).

Multiple small daughter nodules superimposed on the spine are clearly demonstrated by subtraction
technique. Metastatic nodules in the lateral aspect of the right lobe superimposed on the rib are also clearly
shown (Fig. 2b).

Case 2. Solitary HCC in a 50-year-old woman.

Selective celiac arteriogram shows an apparent solitary nodule in the right lobe of the liver. The nodule
had a dense tumor stain in the capillary phase. Additional turnor stains are difficult to detect (Fig. 3a).

Subtraction image clearly demonstrates additional metastatic nodules in the left lobe of the liver. A few
nodules among the metastatic tumors are superimposed on the spine.

Case 3. Massive well differentiated HCC with intraperitoneal hemorrhage in a 65-year-old man.
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Fig. 2a Multinodular type of HCC. Fig. 2b Multiple small daughter nodules superim-
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posed on the spine are clearly seen on the subtrac-
tion image, but they are not discernible in Fig. 2a.
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Fig. 3a Apparent solitary massive hepatoma in the Fig. 3b Subtraction image of Fig. 3a shows distinct-
right lobe of the liver. ly additional metastatic nodules in the left lobe of
the liver.

There is a large hypervascular tumor with A-P shunt (arrowhead) and central radiolucent zone occupying
almost the entire right lobe. The margin is somewhat indistinct, and daughter nodules are not discernible
(Fig. 4a).

Subtraction image shows a tiny daughter nodule (white arrows) medial to the large tumor. The daughter
nodule is superimposed on the upper and right corner of a lower thoracic vertebra (Fig. 4b). Figure 4c is its
zoom-up image. Microdensitometry of the daughter nodule on the original angiogram was carried out by
Sakura PDM-5 microdensitometer. It revealed that the difference in density of the daughter nodule and its
surrounding area was only about 0.15.

Case 4. Multinodular type HCC in a 77-year-old man.

There are multiple hypervascular nodules in the right lobe of the liver. There are also a few nodules in
the medial segment of the left lobe (Fig. 5a).

Subtraction image clearly demonstrates not only multiple nodules but also a few small tumor stains in the
left lobe, most of which are superimposed on the left margin of the thoracic spine. Thus sabtraction
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Fig. 4a A large hypervascular tumor with arterio-
portal shunt (arrowhead) and central radiolucent
zone in the right lobe of the liver.

N i
Fig. 4b A tiny daughter nodule (white arrows) Fig. 4c Close-up view of Fig. 4b by zoom lens

medial to the large tumor. It is superimposed on the device.
upper and right corner of a lower thoracic vertebra.

techinique clarifies metastatic nodules (Fig. 5b).

Case 5. HCC in the left lobe of the liver in a 70-year-old man. The tumor was successfully resected.

The capillary phase of the selective celiac arteriogram shows a round turnor stain in the left lobe of the
liver partially superimposed on the spine (Fig. 6a).

Subtraction image shows clearly the dense tumor stain. (Fig. 6b).

Discussion

Subtraction technique was devised by Ziedses des Plantes? in 1935, and has been widely applied to
various angiographic diagnosis, especially in neuroradiologic diagnosis.

Closed circuit television was applied to subtraction technique by Holman®, and Shinozaki et al.»®, and
usefull clinical application was reported by Takekawa and Holman®.

Subtraskop made by Siemens, West Germany, has 865 scanning lines on a television monitor at 50 Hz
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Fig. 5a Multinodular type HCC. A few nodules are Fig. 5b Subtraction image cle:arl:,,r demonstrates a

also seen in the medial segment of the left lobe of few small nodules in the lateral segment of the left
the liver besides multiple nodlules in the right lobe. lobe also.
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Fig. 6a A nodular HCC in the left lobe of the liver. Fig. 6b Subtraction image shows clearly the dense
tumor stain in the left lobe.

and has a fine detail.

It has also a zooming devise to better observe the details of image by magnification.

Television subtraction method had the advantage of improving the image contrast as Wise and Ganson?
have pointed out. Contrast enhancement by television technique is an important merit in detecting tumor
stain on angiograms. This quality of improving the contrast on the film seems to be an important cause for
improving the detection rate of HCC and defining metastatic nodules around the main tumor.

Angiographic assessment of the extent of HCC is very important in determining the operability since
HCC is notorious for disseminating metastases in the liver via portal system.

Apparent operable case could be turned out to be an unresectable in the operating room, if widely
disseminated minute metastatic tumor nodules were not found preoperatively.

We had a few such cases in which subtraction technique was omitted.

This communication is made to stress the value of subtraction technique in the detection of faint turnor
stain on angiograms of HCC.

Exclusion of metastasis superimposed on the spine is easily made with considerable certainty (Fig. 1b).

We found remarkably improved detection rate of 36.7% in contrast to the previous prospective studies of
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angiograms of HCC without subtraction technique. The best application of subtraction technique is to those
tumors superimposed on the spine.
Some improvement in detecting and confirming the presence of tumors not superimposed on the spine

was also obtained.
Subtraction technique is therefore strongly recommended in assessing the extent of HCC, especially if

surgery is contemplated.

Infusion hepatic angiography (IHA)®9 has improved the quality of tumor stain and the detection rate of
smaller foci of hepatic tumor by enhancing the tumor stain in the primary or secondary hapatic tumors.

In our series of angiography IHA was not yet carried out and comparison of subtraction method with JTHA
cannot be made. Those authors have not mentioned about subtraction technique and have not compared JTHA
with subtraction method. However, these two methods are important in detecting all foci of HCC and
comparative study of these two methods would be desirable.

Another new and recently developed technique of angiographic imaging is digital subtraction
angiography (digital venous angiography, digital fluoroscopic angiography)19112), This technique has mainly
applied to the diseases of the aorta, larger and moderate arteries including the renal and carotid arteries and
heart. It may also be applied to hepatic angiography, but its value is to be evaluated in future.

Conclusion

Subtraction technique has improved the rate of detection of tumor and metastasis of HCC by about
37.5% in overall rate. It also makes possible to exclude metastasis with certainty.

Television subtraction is very sensitive to detect even a faint tumor stain since it has a capability to
improve the contrast of the images.
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