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Ultrasonically Guided Percutaneous 
Microwave Coagulation Therapy for 
Small Hepatocellular Carcinoma 
Toshihito Seki, M.D., Masayuki Wakabayashi, M.D., Taiichi Nakagawa, M.D., 
Takayuki Itho, M.D., Tomohiro Shiuo, M.D., Kouji Kunieda, M.D., 
Masahiro Sato, M.D., Syouzou Uchiyama, M.D., and Kyoichi Inoue, M.D. 

Background. The authors have used percutaneous 
microwave coagulation therapy (PMCT) as a new percu- 
taneous local treatment for single unresectable hepato- 
cellular carcinoma (HCC) measuring 2 cm or less in great- 
est dimension (small HCC). PMCT was used to attempt a 
cure of the disease. In this study, the efficacy of this treat- 
ment was assessed. 

Methods. PMCT was performed on 18 patients with 
single small HCC. A microwave electrode (custom-made, 
30-cm long by 1.6-mm thick) was inserted percutaneously 
into the tumor area under ultrasonic guidance. Micro- 
waves at 60 W for 120 seconds were used to irradiate the 
tumor and surrounding area. 

Results. After PMCT was administered, various im- 
age findings were correlated with tissue necrosis. At the 
tumor and surrounding area, ultrasonography showed 
echogenic change, contrast enhancement disappeared on 
contrast enhanced computed tomography, and magnetic 
resonance imaging (T2-weighted image) showed de- 
creased intensity in all cases after treatment. Complete 
necrosis of the tumor area in a specimen obtained from 
one patient who underwent hepatectomy after PMCT also 
was confirmed. 

The treatment reduced levels of the tumor marker, 
alpha-fetoprotein, which had been high in some patients. 
Although the follow-up period was short (11-33 months], 
17 patients remain alive. Local recurrence in the treated 
area has not been detected, and no serious side effects or 
complications have been encountered. 

Conclusions. PMCT may be an effective and safe 
treatment for small HCCs. Cancer 1994; 74:817-25. 
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Improvements in real-time ultrasonography have 
markedly increased the rate of detection of liver tumors, 
especially small nodular lesions. Similarly, precision in 
the pathologic diagnosis of small liver tumors has mark- 
edly improved because of advances in ultrasonogra- 
phy-guided fine needle In Japan, the inci- 
dence of small hepatocellular carcinoma (HCC) in pa- 
tients with liver cirrhosis is high, and periodic 
ultrasonographic examination of patients with cirrhosis 
for detection of single HCC measuring 2 cm or less is 
considered an important procedure. To illustrate the ac- 
curacy of this procedure, the incidence of detecting 
these small HCCs has recently increased in Japan.4r5 

As the initial treatment for small HCC, surgical re- 
section, transcatheter arterial embolization,6 and ultra- 
sonography-guided local treatment have been per- 
formed alone or in combination. Surgical resection is 
not a viable option for all patients due to poor liver 
function induced by liver cirrhosis. Furthermore, trans- 
catheter arterial embolization is sometimes ineffective 
because of inadequate angioneogenesis in small HCC.' 

For these reasons, ultrasonography-guided percu- 
taneous local treatment has been adopted indepen- 
dently or in combination with transcatheter arterial em- 
bolization. Percutaneous ethanol injection therapy 
(PEIT) is widely performed as a percutaneous local 
treatment because of its simplicity and low cost.8-10 
However, this modality is occasionally ineffective be- 
cause of inhomogeneous distribution within the tu- 
mor.8,11 There is therefore a need for more effective 
technique for destroying small HCC. We formulated ul- 
trasonography-guided percutaneous microwave coagu- 
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Figure 1. Illustration of the PMCT technique. 

lation therapy (PMCT) as a new method of percutane- 
ous local treatment to induce tumor necrosis. 

In the current report, we present our clinical expe- 
rience using PMCT alone for small HCCs. 

Methods 

Treatment Modalities 

Microwave delivery system. The system consists 
of a magnetron, a flexible coaxial cable, and a micro- 
wave electrode. We used the microwave tissue coagu- 
lator (Microtaze HSE-8) designed by Heiwa Denshi 
Kogyo (Osaka, Japan) as a medical magnetron. Micro- 
waves at a frequency of 2450 MHz can be generated by 
this medical magnetron (Fig. 1). 

The high frequency energy, transmitted to the elec- 
trode through a coaxial cable, irradiates the target tis- 

sue. Tissue coagulation is induced by the heating effect 
of the microwaves. 

Microwave electrode. The electrode is 1.6 m thick 
and 30 cm long. At the electrode terminus, 1 cm of the 
inner conductor is exposed and is insulated from the cir- 
cular outer conductor by silicone gum. The surface of the 
electrode is coated with polytetrafluorethylene (PTFE) to 
prevent the coagulated tissue from adhering to the elec- 
trode. For heat and electrical insulation, the space be- 
tween the inner and outer conductors is filled with sili- 
cone gum and PTFE (Fig. 2). 

Power Output Assessment 

In vitro evaluation of heat dissipation was performed 
by assessing temperature changes in egg white heated 
by the microwave electrode. The extent of heating was 
measured using a thermographic camera (Infra-Eye1 80, 
Fujitu Limited, Tokyo). The results of such thermo- 
graphic imaging are shown in Figure 3. This heating 
pattern did not change with change of insertion depth 
in egg white. Egg white in a glass chamber was heated 
by microwaves. 

With irradiation at 60 W for 120 seconds, it was 
possible to raise the temperature over 56OC in an area 
3.5 cm in maximal diameter and 2.5 cm in minimal di- 
ameter at the tip of the electrode. At this power and 
duration, the temperature of the shaft of the electrode 
did not exceed 5OOC. If the power and duration of irra- 
diation exceeded 60 W and 120 seconds, respectively, 
the temperature of the shaft exceeded 5OOC. At this 
temperature, the skin may burn where the electrode has 
been inserted, even though the heat generated at the tip 
dissipates over a wider area. Therefore, we decided to 

Figure 2. 'The custom-made microwave electrode. The conductor was 
stainless steel. 
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Figure 3. Thermographic appearance of microwave-irradiated (60 W, 120 seconds) egg white. (White arrow) A 10-yen coin (about 2.3 cm in 
diameter), used as a reference point. (Black arrow) The tip of microwave electrode. The temperature in the interior of the yellow area increased 
to more than 5OOC; the orange area, to 56OC. 

set the power and duration of microwaves at 60 W and 
120 seconds, respectively, to prevent skin injury during 
clinical use. 

Five healthy, fasting adult white rabbits (mean 
weight, 2.5 kg) were used. They were immobilized in 
the supine position and placed under ketamine hydro- 
chloride anesthesia (1 mg/kg intramuscularly). 

The right hepatic lobe was exposed through a me- 
dian incision on the abdomen. The microwave electrode 
was inserted into the right lobe and the area was irradi- 
ated at 60 W for 120 seconds. The abdomen was then 
closed. The animals were killed 3 days later and the co- 
agulated areas were observed. 

The coagulated area was elliptic, with maximal and 
minimal diameters of 2.4 plus or minus 0.4 cm and 1.6 
plus or minus 0.3 cm, respectively. 

Clinical Subjects 

The 18 patients who underwent PMCT (see Table 1) 
each had a single HCC measuring 2 cm or less in great- 

est dimension (small HCC: Stage I, according to the In- 
ternational Union Against Cancer12). In all cases, histo- 
logic diagnosis was confirmed by ultrasonography- 
guided fine needle biopsy performed at our hospital. 
Subjects were 16 men and 2 women ranging in age from 
43 to 73 years (mean, 61 years). All were diagnosed 
with liver cirrhosis and were positive for hepatitis C vi- 
rus antibody (c100-3). The site of the lesion was defined 
according to Couinaud’s segmental model of the liver. l3 

In the current study, 17 patients were not surgical 
candidates for the following reasons: 

1. Insufficient hepatic reserve for curative resection 
(Patients 3,4,6,7,10,14,15,16,17, and 18): These 
patients had deep-seated tumors despite the small 
size of HCC, thus wedge resection could not be per- 
formed. 

2. Other high surgical risks, such as renal failure (Pa- 
tient 5), pulmonary fibrosis (Patient 8), and isch- 
emic heart disease (Patient 11) 

3. Refusal by patients (Patients 1, 2, 9, and 13). 
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Table 1. Summary of 18 Patients With Small Hepatocellular Carcinoma Treated by Percutaneous Microwave 
Coagulation Therapy 

No. of 
times 

Tumor size Serum AFP of Prognosis 
Sex Child’s class (mm) Site (ng/ml) PMCT (mob 

Patient Age 
no. (yr) 

1 60 M A 14 X 11 58 19 2 33 alive 
2 43 M A 15 X 13 S8 39 2 33 alive 

32 alive 3 63 M B 15 x 10 58 12 2 
4 58 M B 20 X 15 54 148 4 22 died 
5 66 M A 20 X 19 54 1190 4 26 alive 
6 56 M B 20 x 20 s 5  89 4 25 alive 
7 58 M B 11 x 10 S8 61 1 24 alive 
8 73 M A 18 X 12 55 33 3 21 alive 
9 67 M A 20 X 17 58 35 4 19 alive 

10 64 M C 17 X 14 54 147 3 17 alive 
11 65 M A 20 X 18 S5 5 4 15 alive 
12 69 M A 14 X 11 58 33 2 Operation 
13 46 F A 9 x 8  53 6 1 13 alive 
14 57 M C 18 X 17 s7 13 4 13 alive 
15 60 M B 17 X 14 s 5  14 3 13 alive 
16 59 M C 20 X 19 s 2  392 4 13 alive 
17 70 F B 15 X 15 S8 150 2 11 alive 
18 60 M B 17 X 14 57 67 3 I f  alive 

AFP: alpha-fetoprotein; M: male; F female; PMCT percutaneous microwave coagulation therapy. 

One patient (Patient 12) underwent elective hepatic 
resection 30 days after PMCT. To evaluate the efficacy 
of PMCT independently, transcatheter arterial emboli- 
zation was not administered. 

AU procedures were thoroughly explained to the pa- 
tients, and informed consent was obtained from each. 

Clinical Method 

An intravenous route was established, and 15 mg of 
pentazocine, an analgesic, were administered intrave- 
nously as a premedication. After the location of the tu- 
mor was confirmed using ultrasonography (RT-2800, 
3.5 MHz Convex transducer, Yokogawa, Tokyo), the 
puncture line from the point of insertion of the elec- 
trode to the mass lesion was determined. Local anesthe- 
sia was induced along the puncture line by introducing 
0.5% lidocaine from the insertion point at the skin to 
the peritoneum. Under ultrasonic guidance, a 14-gauge 
15-cm guide needle was inserted in the vicinity of the 
tumor. After the inner needle of the guide was re- 
moved, the microwave electrode was inserted through 
the outer needle of the guide to place the electrode in 
the tumor area. The electrode was connected to the mi- 
crowave generator through a flexible coaxial cable. The 
tumor area was then irradiated with microwaves at 60 

W for 120 seconds. The electrode and the outer needle 
of the guide were then removed. The puncture line was 
irradiated with microwaves to prevent bleeding from 
the hepatic surface when the electrode was removed. 
This procedure constituted a single treatment. 

The tumor and the surrounding parenchyma were 
treated several times (twice a week). The number of 
treatments was determined by findings on imaging 
studies. The interval between treatments was deter- 
mined by the patient’s compliance. 

For imaging, ultrasonography, plain computed to- 
mography ([P-CT] Xeed, TSX-001 A, Toshiba, Tokyo), 
contrast-enhanced computed tomography ([CE-CT], 
TSX-OOlA, Toshiba) with drip infusion method, and 
magnetic resonance imaging (MRI, 1.5 T: superconduct- 
ing unit, spin-echo sequence, repetition time/echo time 
= 2000/80 msec, T2-weighted image, MRT2OO-FXS, 
Toshiba) were used. 

Ultrasonography was performed before, during, 
and after treatment in all patients. Follow-up ultraso- 
nography was performed every month after completion 
of the treatment. P-CT, CE-CT, and MRI were per- 
formed in all patients before treatment. After treatment, 
P-CT, CE-CT, and MRI were performed only in patients 
in whom it had been possible to detect the tumor site by 
CT and/or MRI before treatment. Follow-up P-CT, CE- 
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Figure 4. Patient 12: Ultrasonograms before, during, and after 
PMCT. (a) Before treatment. (b) The guide needle (white arrow) was 
inserted. (c) The microwave electrode (white arrow) was inserted 
into the interior of the tumor. (d) 'The tumor was irradiated. (e) 
Microwave irradiation was finished. (f) One week after PMCT. The 
image of the tumor changed from low echo with a high-echo spot to 
a mixed pattern after PMCT. 

CT, and MRI were performed every 3 months after 
treatment. 

Clinical observation periods after treatment ranged 
from 11 to 33 months. 

Results 

Change in Tumor Images After PMCT 

Ultrasonography findings. Before treatment, the 
lesions were hypoechoic in 14 patients and hypoechoic 
with high echo spots in 4. After PMCT, the echogenicity 
of the tumor area increased and the lesions became 
hyperechoic in all cases. Within 2 weeks after PMCT, 
mosaic patterns (hypo-hyperechoic mixed pattern) 
were evident in all cases. The treated tumors main- 
tained a mosaic pattern during the follow-up period. In 
two patients (Patients 7 and 13), it became impossible 
to detect the tumor site after 10 and 12 months, respec- 
tively, by monthly follow-up ultrasonography (Fig. 4). 

CT findings. In 10 of 18 patients (Patients 3, 4, 5, 
6, 8, 11, 14, 15, 16, and 18), the tumor was detected as 
a low-density area on P-CT before treatment. Of these, 
five lesions (Patients 4,5,6, 11, and 16) were enhanced 
by CE-CT. In 10 patients after treatment, the tumor and 
the surrounding area showed decreased density on P- 
CT and were not enhanced in CE-CT. In follow-up CT, 
the treated site maintained a low density and were no 
longer enhanced (Fig. 5). 

MRI (T2-weighted) findings. In 8 of the 18 pa- 
tients (Patients 4, 5, 6, 9, ll, 14, 16, and 18), tumors 
were identified as a high-intensity area before treat- 
ment. In these patients, the tumor area demonstrated a 
low-intensity area associated with a high-intensity ring 
surrounding the tumor after treatment. On follow-up 
MRI, the high-intensity ring gradually decreased in 
width and intensity and finally disappeared after 3-6 
months. The treated low-intensity area remained dur- 
ing the follow-up period. 

On CT and MRI during the follow-up period, a low- 
density and low-intensity treated area slightly de- 
creased in size but did not disappear (Fig. 6). 

Clinical EfFcacy 

Treatment was considered to have produced a sufficient 
effect and was therefore terminated when ultrasonog- 
raphy showed echogenic change and CE-CT confirmed 
the disappearance of contrast enhancement and/or 
MRI showed decreased intensity in the tumor and sur- 
rounding area. (Echogenic change, disappearance of 
enhancement, and change to low intensity after treat- 
ment have been correlated with tumor necrosis in other 
studies in which imaging findings have been correlated 
with histopathologic  specimen^.^,'^,'^) 

After PMCT was performed one to two times for a 
tumor of 1.5 cm or smaller and three to four times for a 
tumor greater than 1.5 cm in greatest dimension, vari- 
ous image findings correlated with tissue necrosis were 
observed at tumor and surrounding parenchyma. 

Seventeen patients remain alive and consult our 
hospital periodically as outpatients. One patient (Pa- 
tient 4) patient died of subarachnoidal hemorrhage 22 
months after PMCT. 

The serum alpha-fetoprotein levels decreased after 
treatment in those patients with a high serum alpha- 
fetoprotein level (Fig. 7). 

Follow-up ultrasonography was conducted every 
month, and recurrences were detected in three patients 
(Patient 14 within 9 months, Patient 8 within 10 
months, and Patient 6 within 18 months after PMCT). 
None of the patients with recurrence had shown an el- 
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evated serum alpha-fetoprotein level during the follow- 
up period. In these patients, recurrent nodules appeared 
in other subsegments but not at the original site treated 
by PMCT. These recurrent nodules were of the single 
nodular type with greatest dimension of 2 cm or 
smaller. The clinical course of these patients, after re- 
treatment after PMCT, was uneventful, and there have 
been no further recurrences. 

Adverse Efects and Complications of PMCT 

All patients reported a slight heat sensation in the upper 
abdominal region during PMCT. Half of the patients 
felt some pain during treatment, but we neither discon- 
tinued treatment nor administered sedatives, because 
the pain was mild. After treatment, a transient fever de- 
veloped in all patients but dissipated the following day. 

Serum aminotransferase, alanine aminotransfer- 
ase, and lactate dehydrogenase showed a transient rise 
after treatment in many patients but returned to pre- 
treatment levels after approximately 1 week. Prothrom- 
bin time and 15-minute indocyanine green retention ra- 
tio remained unchanged after treatment. Local dissemi- 
nation of the cancer cells along the puncture line was 
not encountered in any case. There were no other clini- 
cally relevant side effects or complications noted. 

Figure 5. (Patient 14): Plain CT (a 
and c) and CE-CT (b and d). (a and 
b) Before treatment. The tumor site 
(black arrow) is S7. (c and d) One 
week after treatment. After 
treatment, the tumor and the 
surrounding area showed decreased 
density and were not enhanced. 

Histopathologic Findings in a Surgically Obtained 
Specimen 

A surgical specimen was obtained from one patient (Pa- 
tient 12) who had a small HCC measuring 1.4 cm in 
greatest dimension. This patient underwent elective he- 
patic subsegmentectomy 30 days after PMCT had been 
performed twice. Histopathologic findings revealed 
that thermal coagulation caused necrosis of the tumor 
and the surrounding parenchyma, leaving no viable 
cancer cells. A fibrous capsule had formed around the 
necrotic area (Fig. 8). 

Discussion 

PEIT is now often performed for patients with small 
HCCs when surgery is not indicated. Because PEIT is 
tolerated by most patients, it can be performed easily in 
those with liver cirrhosis. However, a number of reports 
in which the effects of PEIT were evaluated histopa- 
thologically and clinically have demonstrated that the 
injected ethanol did not always cause complete necrosis 
of the tumor. 

It is more common in Japan to see HCCs sur- 
rounded by a fibrous capsule." However, formation of 
fibrous capsules surrounding the tumor is often incom- 
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Figure 6 .  (Patient 14): MRI (T2-weighted images). (a) Before 
treatment. The tumor site (white arrow) was demonstrated as a high- 
intensity area. (b) One day after treatment. The tumor site became a 
low-intensity area, and a high-intensity ring appeared. (c) Two 
weeks after treatment. The change to low intensity was more 
marked, and the high-intensity ring was less marked. 

plete in small HCCs. In such an instance, injected etha- 
nol may spread to the noncancerous peripheral tissue 
or may flow into the large vessels around the tumors 
instead of remaining in the tumor, thus failing to cause 

tumor necrosis. Even when a fibrous capsule exists but 
the capsulated area or its periphery has been infiltrated 
by tumor cells, the injected ethanol may be blocked by 
the capsule and fail to reach tumor cells that have 
spread outside the capsule. Thus, the center of the en- 
capsulated area may be effectively treated, whereas the 
effects of the ethanol on extracapsular spread may be 
somewhat limited. Therefore, we often observe viable 
cancer cells persisting in the extracapsular or intracap- 
sular area in surgically resected or autopsy specimens 
after PEIT. These viable cells may cause local recur- 
rences as well as intrahepatic and distant metastases. 

When a drug is injected as a percutaneous local 
treatment for small HCCs, the problems cited above re- 
main, regardless of the type of drug. To resolve these 
problems, a new therapeutic method must be based on 
concepts different from those of conventional drug in- 
jections. More recently, such local treatments as cryo- 
therapy17," and percutaneous laser photo~oagulation'~ 
have been used to treat liver tumors. However, cryo- 
therapy has the disadvantage of requiring laparotomy, 
and laser apparatus is very expensive. There is therefore 
a need for a simple, safe, inexpensive, and precise treat- 
ment for small HCC. 

PMCT, which we formulated in the current study, 
heats tissue by molecular vibration of dipoles, particu- 
larly of water in tissue, and induces thermal coagulation 
in the target area. Regardless of the presence of a cap- 
sule, microwave irradiation is most reliable in inducing 
tissue coagulation across a designated area if the tip of 
the electrode is located in the target lesion. This sets 
PMCT apart from conventional types of percutaneous 
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Figure 7. Sequential changes of serum alpha-fetoprotein level in 
patients who had elevated levels (250 ng/ml). Numbers in 
parentheses correspond to patient numbers as listed in Table 1. AFP: 
alpha-fetoprotein. 
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drug injection. This microwave coagulation system is 
simple and inexpensive (l/lOth the cost of a laser ap- 
paratus). 

Initially, in treating HCC, microwave coagulation 
was used in hepatic resection during open surgery for 
tissue coagulation and hemostasis. Some studies have 
reported excellent results.20*21 

For percutaneous treatment, we could not use the 
electrode designed for hepatic resection, because the 
shaft of the electrode for surgical use is too thick (1 cm 
in diameter). 

For percutaneous use of microwave coagulation, it 
was necessary to develop a thin electrode. Furthermore, 
it had to be designed so that this electrode would cause 
tissue coagulation at the tip of the electrode, but would 
not burn the skin. We succeeded in designing a thin 
electrode and decreased heat conduction through the 
electrode by filling the tubular space between inner and 
outer conductors with silicone gum and PTFE, leaving 
only the tip of the electrode exposed. With this new mi- 
crowave electrode, which is l .6 mm thick, it is possible 
to produce reliable percutaneous tissue coagulation of 
the liver in an elliptic shape by using microwaves at 60 
W for 120 seconds without burning the skin. Micro- 
wave irradiation under conditions that exceed these 
values may enlarge the area of coagulation, but there is 
a high risk of burning the skin, subcutaneous tissue, and 
peritoneum. 

This electrode is relatively thick (14-gauge, 1.6 mm) 
compared with the needle (21-gauge, 0.57 mm) nor- 
mally used for PEIT. However, in the current study, we 
correctly targeted each tumor under ultrasonic guid- 

Figure 8. (Patient 12). (a) 
Macroscopic findings of the cut 
surface of the resected liver 30 
days after PMCT. Whitish area 
shows the coagulation (white 
arrow). (b) The tumor area 
showed complete necrosis (H & E, 
original magnification X1.4). 

ance. Furthermore, it was possible to prevent hemor- 
rhage and leakage of bile from the hepatic surface by 
irradiating along the puncture line as the guide and 
electrode were removed. We did not encounter any se- 
rious problems after PMCT. 

After treatment, changes in various imaging studies 
(ultrasonography, CT, and MRI) reflected tissue necro- 
sis. The high-intensity ring surrounding the tumor seen 
in MRI studies may indicate an inflammatory reaction, 
or it may represent local edema. This possibility requires 
further study. 

We observed complete necrosis in a resected speci- 
men and did not detect any local recurrences in the 
treated area after the initial treatment, although the fol- 
low-up period is still limited. In those patients with ele- 
vated levels of tumor marker (alpha-fetoprotein), we 
noted that the level fell after PMCT. 

In assessing the therapeutic efficacy of PMCT, there 
is a great need for a controlled clinical trial compared 
with other treatments and long term observation after 
PMCT. Based on our experience, however, we think 
that PMCT shows good efficacy for small HCCs. 

In the current study, PMCT was effective for small 
HCCs, but it cannot be applied as a single treatment to 
HCCs measuring more than 2 cm at greatest dimension, 
because the coagulated area induced by PMCT is small 
despite the reliability of coagulation capability. If 
PMCT alone were to be applied to large HCCs, the 
effect may be incomplete, and the stress on the patient 
may become unduly severe because of repetition of the 
treatment. Therefore, for large unresectable HCCs, 
PMCT is probably not adequate to use alone. Although 
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we did not perform PMCT for multiple small lesions in 
the current study, we think that PMCT may be effective 
for multiple small HCCs and unresectable small meta- 
static liver tumors because of its reliable coagulation ca- 
pability and mild invasiveness. Further study is re- 
quired to evaluate the effectiveness of this treatment 
with longer follow-up and a larger series and to clarify 
the indications for this treatment. 

References 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

Shinagawa T, Ohto M, Kimura K, Tumetomi S, Morita M, Saisho 
H, et al. Diagnosis and clinical features of small hepatocellular 
carcinoma with emphasis on the utility of real-time ultrasonog- 
raphy: a study in 51 patients. Gastroenterology 1984; 86:495- 
502. 
Tanaka S, Kitamura T, Nakanishi K, Okuda S ,  Kojima J, Fuji- 
mot0 I. Recent advances in ultrasonographic diagnosis of hepa- 
tocellular carcinoma. Cancer 1989; 63:1313-7. 
Takayasu K, Moriyama N, Muramatsu Y, Makuuchi M, Haseg- 
awa H, Okazaki N, et al. The diagnosis of small hepatocellular 
carcinoma: efficacy of various imaging procedures in 100 pa- 
tients. AIR 1990; 155:49-54. 
Oka H, Kurioka N, Kim K, Kanno T, Kurioka T, Mizoguchi Y, et 
al. Prospective study of early detection of hepatocellular carci- 
noma in patients with cirrhosis. Hepatology 1990; 12:680-7. 
Tanaka S, Kitamura T, Nakanishi K, Okuda S, Yamazaki H, Hi- 
yama T, et al. Effectiveness of periodic checkup by ultrasonog- 
raphy for the early diagnosis of hepatocellular carcinoma. Cancer 

Okuda K, Ohtsuki T, Obata H, Tomimatu M, Okazaki N, Haseg- 
awa H, et al. Natural history of hepatocellular carcinoma and 
prognosis in relation to treatment: study of 850 patients. Cancer 

Kuroda C, Sakurai M, Monden M, Marukawa T, Hosoki T, To- 
kunaga K, et al. Limitation of transcatheter arterial chemoem- 
bolization using iodized oil for small hepatocellular carcinoma: 
a study in resected cases. Cancer 1991; 67:81-6. 
Seki T, Nonaka T, Kubota Y, Mizuno T, Sameshima Y. Ultrason- 

1990; 66:2210-4. 

1985; 56:918-28. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

ically guided percutaneous ethanol injection therapy for hepa- 
tocellular carcinoma. A m  J Gastroenterol 1989; 84:1400-7. 
Shiina S ,  Tagawa K, Unuma T, Fujino H, Uta Y, Niwa Y, et al. 
Percutaneous ethanol injection therapy of hepatocellular carci- 
noma: analysis of 77 patients. AIR 1990; 155:1221-6. 
Ebara M, Ohto M, Sugiura N, Kita K, Yoshikawa M, Okuda K, 
et al. Percutaneous ethanol injection for the treatment of small 
hepatocellular carcinoma: study of 95 patients. J Gastroenterol 
Hepatol 1990; 5:616-26. 
Shiina S ,  Tagawa K, Unuma T, Takanashi R, Yoshiura K, Ko- 
matu Y, et al. Percutaneous ethanol injection therapy for hepa- 
tocellular carcinoma: a histopathologic study. Cancer 1991; 68: 

Hermanek P, Sobin LH. TNM classification of malignant tumors. 
4th ed. Berlin: Springer-Verlag, 1987:53-5. 
Couinaud C. Les enveloppes vasculo-billiaires du foie ou cap- 
sule de Glison. Lyon Chirurgical 1954; 49:489-607. 
Kubota Y, Nakano T, Seki T, Kitagawa S ,  Mizuno T, Sameshima 
Y, et al. Validity of MR imaging for monitoring effects of percu- 
taneous ethanol injection for HCC. Hepatogastroenterology 1989; 

Sironi S ,  Livraghi T, Angeli E, Vanzulli A, Villa G, Colombo E, 
et al. Small hepatocellular carcinoma: MR follow-up of treat- 
ment with percutaneous ethanol injection. Radiology 1993; 187  

Okuda K, Musha H, Nakajima Y, Kubo Y, Shimokawa Y, Naga- 
saki Y ,  et al. Clinicopathological features of encapsulated hepa- 
tocellular carcinoma: a study of 26 cases. Cancer 1977; 40:1240- 
5. 
Ravikumar TS, Kane R, Cady B, Jenkins RL, McDermott W, Onik 
G, et al. Hepatic cryosurgery with intraoperative ultrasound 
monitoring for metastatic colon carcinoma. Arch Surg 1987; 122: 

Charnly RM, Doran J, Morris DL. Cryotherapy for liver rnetas- 
tases: a new approach. Br J Surg 1989; 101040-1. 
Amin Z, Donald JJ, Masters A, Kant R, Steger AC, Bown SG, et 
al. Hepatic metastases: interstitial laser photocoagulation with 
real-time US monitoring and dynamic CT evaluation of treat- 
ment. Radiology 1993; 187339-47. 
Tabuse K. A new operative procedure of hepatic surgery using a 
microwave coagulator. Arch Jpn Chir 1979; 48:160-72. 
Tabuse K, Kobayashi Y, Katsumi M. Microwave surgery: hepa- 
tectomy using a microwave tissue coagulator. World 1 Surg 1985; 

1524-30. 

36~262-5. 

119-23. 

403-9. 

9:136-43. 


