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Abstract. Fif ty- four  lesions o f  small hepatocel lular  
carc inoma under  5 cm in diameter  detected by real- 
t ime sonography  were reviewed to characterize the 
sonographic  feature.  Twenty-nine  lesions were 
smaller than  3 cm in diameter  and 25 were between 
3 and 5 cm in diameter.  Sonographic  characteris-  
tics o f  hepatocel lular  carc inoma were peripheral  
hypoechoic  halo (52%), lateral shadow (26%), 
poster ior  acoustic enhancement  (44%), and mosaic  
pa t te rn  (24%) o f  the mass. Small tumors  less than 
3 cm in diameter  showed a hypoechoic  pa t tern  in 
hal f  o f  the cases, whereas mos t  o f  the tumors  be- 
tween 3 and 5 cm in diameter  showed a hyper-  
echoic or mixed pat tern.  Poster ior  acoustic en- 
hancement  was common ly  seen in small tumors  
less than  3 cm in diameter,  while a mosaic pa t tern  
was commonly  seen in large tumors  between 3 and 
5 cm in diameter.  These results suggest that  sonog- 
r aphy  might  be useful for  the character iza t ion o f  
small hepatocel lular  carcinoma.  
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Hepatocel lu lar  carc inoma (HCC)  is one o f  the 
most  c o m m o n  mal ignant  tumors  in the world,  par-  
t icularly in Southeas t  Asia and in Subsaharan  
Africa [1]. The prognosis  is extremely p o o r  because 
o f  the difficulty in early detect ion and its f requent  
associat ion with cirrhosis. Recent  advances in 
body  imaging techniques such as scintigraphy, so- 
nography,  computed  t o m o g r a p h y  (CT), and  an- 
g iography make  it possible to detect  small HCCs,  
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and asymptomat ic  H C C  is more  frequent ly  recog- 
nized now than in the past  [2-5]. A m o n g  the imag- 
ing techniques, sonography  is a p rocedure  o f  
choice for mass screening of  small H CCs  [5-7]. 

Recently,  screening and regular fol low-up in 
high-risk popula t ions  o f  H CCs  with sonography  
have been used for early detect ion of  this cancer  
[8-10] because surgical resection is the most  effec- 
tive t rea tment  when the t u m o r  is small. However ,  
with the popu la r  use o f  real-time sonography,  
many  small hepatic tumors  tha t  mimic H CCs  on 
sonography  have been increasingly found.  There-  
fore, different iat ion f rom each other  is impor tant .  

While the role o f  real-time sonography  in de- 
tecting H C C  is well established [8-10], only a few 
papers  [6, 11, 12] have dealt  with the characteristics 
o f  this tumor .  N o  comprehensive  s tudy for  the son- 
ographic  characteristics o f  small H CCs  has been 
under taken  in a large series o f  patients.  

This s tudy a t tempts  to identify the sonographic  
characteristics o f  small HCCs  and describes the 
differential diagnosis o f  small H CCs  f rom other  
small hepatic tumors.  

Materials and Methods 

During a two-year period, 54 small HCCs occurring in 44 pa- 
tients were studied by real-time sonography. A small HCC was 
defined as one in which the largest dimension was less than 
5 cm. The series included 39 male patients and 5 female pa- 
tients, 30-72 years of age (mean age, 54 years). The diagnosis 
of HCC was confirmed by surgery in 24 patients, elevated se- 
rum alpha-fetoprotein (AFP) levels and/or characteristic angio- 
graphic findings, and CT after intra-arterial injection of iodized 
poppy seed oil (Lipiodol; Andre-Gelbe Laboratories, France) 
in 20 patients. 

Clinical and laboratory data were reviewed in all patients. 
Most of the patients had chronic liver disease. Hepatitis B sur- 
face antigen (HBsAg) was positive in 33 patients (75%) and 
Hepatitis B surface antibody (HBsAb) was positive in 7 pa- 
tients. Liver cirrhosis was found in 39 patients (89%). Thirteen 
patients had normal serum AFP level (< 20 ng/ml) and 10 had 
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an AFP level of 20-400 ng/ml. In 21 patients, serum AFP levels 
were above 400 ng/ml. 

Sonographic examinations were performed on real-time 
scanners using Aloka SSD 280, Toshiba SAL 35A, and Diason- 
ics SPA 1000. Depending on patient size, 3.5- or 5.0-MHz trans- 
ducers were used. Scans were generally performed across the 
entire upper abdomen in both transverse and sagittal planes. 

The sonographic findings in these patients were analyzed 
for (a) size, location, and number of the tumor; (b) echogenicity 
of the tumor, which is classified as hyperechoic, isoechoic, hy- 
poechoic, or mixed on the basis of the difference in echogenicity 
between the lesion and the surrounding liver parenchyma; (c) 
presence of peripheral halo, which is a thin hypoechoic rim 
around the tumor; (d) presence of lateral shadow, which is 
an acoustic shadow behind both edges of the tumor; (e) pres- 
ence of posterior acoustic enhancement, which represents a 
zonal increase in echogenicity behind the tumor; and (f) pres- 
ence of mosaic pattern, which is a configuration composed of 
small areas of the same or different echogenicities within the 
tumor. 

Results 

O f  the 44 pat ients  with small  HCCs ,  38 pat ients  
had  1 tumor ,  3 pat ients  had  2 tumors ,  2 pat ients  
had  3 tumors ,  and  1 pat ient  had  4 tumors .  The  di- 
ameters  o f  the tumors  were as fol lows: less than  
20 m m  (12), 21-30 m m  (17), and  31-50 m m  (25). 
The t u m o r  was located in the anter ior  segment  o f  
the right hepat ic  lobe in 20 cases, the pos ter ior  seg- 
men t  o f  the r ight  hepat ic  lobe in 28 cases, the me-  
dial segment  o f  the left hepat ic  lobe in 2 cases, 
and  the lateral  segment  o f  the left hepat ic  lobe 
in 4 cases. 

Sonograph ic  findings o f  small  H C C s  are sum- 
mar ized  in Tables  1 and  2. Wi th  respect  to echo-  
genicity o f  the tumor ,  14 of  29 cases (48%) with 
H C C s  less than  3 cm in d iameter  showed a hypo-  
echoic pa t t e rn  (Fig. 1A), whereas  4 o f  25 cases 
(16%) with H C C s  more  than  3 cm in d iamete r  
showed a hypoechoic  pat tern .  Eighty percent  o f  
H C C s  larger than  3 cm in d iameter  showed a hy- 
perechoie  or  mixed pa t t e rn  (Fig. 1 B and  C). 

Per ipheral  halo  (Fig. 2A)  was seen in 28 o f  
54 cases (52%).  There  was no  significant differ- 
ences o f  f requency o f  this halo  related to size o f  
the tumor .  This  per iphera l  ha lo  cor responded  to 
the f ibrous capsule o f  t u m o r  in the resected speci- 
mens  (Fig. 2B). Latera l  shadow was seen in 14 o f  
54 eases (26%).  N o  t u m o r  less than  2 em in d iame-  
ter demons t r a t ed  this shadow,  whereas  9 o f  
25 cases (36%)  with H C C s  m o r e  than  3 cm in di- 
amete r  showed this shadow (Fig. 3). Poster ior  
acoust ic  enhancemen t  (Fig. 4) occurred  in 24 o f  
54 cases (44%) o f  H C C s  and was more  frequent ly  
observed in t umors  smaller  than  3 em in diameter .  
Mosa ic  pa t t e rn  was seen in 13 of  54 cases (24%). 
Only  one t u m o r  smaller  than  3 cm in d iameter  
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Table 1. Echogenicity of the small HCC 

Tumor size Echogenicity Total 
(mm) 

t-Iyper- Hypo- Iso- Mixed 
echoic echoic echoic 

_< 20 6 6 0 0 12 
___ 30 7 8 1 1 17 
_< 50 14 4 1 6 25 

Total 27 18 2 7 54 

Table 2. Sonographic characteristics of small HCC 

Tumor s ize  Peripheral Lateral Posterior Mosaic 
(mm) halo shadow acoustic pattern 

(%) (%) enhancement (%) 
(%) 

_< 20 (n= 12) 6 (50) 0 (0) 6 (50) 0 (0) 
_< 30 (n = 17) 8 (47) 5 (29) 9 (53) 1 (6) 
_ 50 (n =25) 14 (56) 9 (36) 9 (36) 12 (48) 

Total (n = 54) 28 (52) 14 (26) 24 (44) 13 (24) 

showed this pa t tern ,  whereas  12 of  25 cases (48%) 
o f  H C C s  larger than  3 cm in d iamete r  showed this 
pa t t e rn  (Fig. 5 A). Pathological ly ,  this pa t t e rn  cor-  
r esponded  to multiple,  aggregated,  small nodules  
in the t u m o r  (Fig. 5 B). 

Discussion 

Depend ing  u p o n  the capabi l i ty  o f  imaging  modal i -  
ties to detect  small  a s y m p t o m a t i c  H C C s ,  the defi- 
ni t ion o f  small  H C C s  has been changed.  In  1977, 
O k u d a  et al. [13] used the t e rm o f  " m i n u t e "  H C C ,  
which was defined as a soli tary t u m o r  smaller  than  
4.5 cm or a few t u m o r  nodules  smaller  than  3.5 cm 
in diameter .  In  1982, Chen et al. [14] described the 
t e rm o f  " s m a l l "  H C C  to denote  a t u m o r  smaller  
than  3.0 cm in diameter .  The  current  criteria set 
by the J a p a n  Liver Cancer  Study G r o u p  for  desig- 
nat ing small  H C C  call for  a single t u m o r  less than  
2 cm in diameter ,  reflecting the recent  progress  in 
the diagnosis  [15]. However ,  o ther  invest igators  [2, 
4, 5, 10] defined " s m a l l "  H C C  as a t u m o r  less 
than  5 cm in diameter .  We believe tha t  until  now, 
definit ion of  small  H C C  is not  based on  the pa tho -  
physiologic  criteria o f  the tumor ,  but  is based  on 
the capabi l i ty  o f  detect ion o f  the tumor .  We define 
" s m a l l "  H C C  as a t u m o r  less than  5 cm in d iame-  
ter, because detect ion o f  a small  H C C  less than  
2 cm is still difficult and  the major i ty  of  the focal  
t umor s  that  could be candidates  for  surgical resec- 
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tion are larger than 2 cm in diameter. Therefore, 
evaluation of  sonographic findings of the tumors 
less than 5 cm including smaller tumors less than 
2 cm in diameter is more practical in clinical appli- 
cation. 

HCCs frequently appear in relation to chronic 
liver disease and the HBsAg carrier state [16-18]; 
however, there was no relationship between the 
severity of the background liver changes and the 
incidence of HCCs [5]. Therefore, periodic follow- 
up of high-risk patients by imaging techniques or 
other methods is essential for the early detection 
of HCCs. 

There are several useful methods for detecting 
HCCs. Serum AFP assay can be used, but recent 
studies performed on patients with small HCCs 
demonstrate that AFP assay is not very useful in 
the detection of HCCs since the positive detection 

Fig. 1. Echogenicity of small HCC. 
A Hypoechoic pattern. Transverse sonogram shows well- 
defined, round hypoechoic mass (arrow) measuring 
1.6 o n  in the right hepatic lobe anterolateral to the 
inferior vena cava (V). 
B Hyperechoic pattern. Intercostal scan of right liver 
shows a lobulated hyperechoic mass measuring 3.5 cm in 
diameter. 
C Mixed pattern. Transverse sonogram shows a round 
mass (arrow) with the hypo- and hyperechoic portion in 
posterior segment of right hepatic lobe. 

rate is low [9, 10, 18]. Angiography, although inva- 
sive, often provides the information that other mo- 
dalities do not give such as identification of feeding 
vessels of  the tumor, vascular invasion, and growth 
pattern of  the tumor. However, recent studies indi- 
cate that angiography is not the best procedure 
for detection of  small HCCs [5, 10]. Computed 
tomography after intra-arterial injection of iodized 
poppy seed oil (Lipiodol) has been known as the 
best method to detect the small HCC [19, 20], but 
we cannot use this method as a screening proce- 
dure of HCC. The high sensitivity of real-time so- 
nography for detection of small HCCs has been 
established [5-7, 10]. As real-time sonography is 
simple, noninvasive, and sensitive, it may be the 
procedure of choice for early detection of HCCs, 
especially in high-risk patients. 

The echo pattern of small HCCs has been re- 



Fig. 2. Peripheral halo of HCC. A Intercostal scan of right liver shows well-defined hyperechoic mass with thin, sharply defined, 
hypoechoic peripheral halo (arrows). B Resected specimen of the tumor shows a well-defined mass. Surrounding fibrous capsule 
(arrows) is also seen. 

Fig. 3. Transverse sonogram of the right liver shows a well-defined isoechoic mass with peripheral halo. Lateral shadow (arrows) 
can be noted. 

Fig. 4. Transverse sonogram of the right liver shows a well-defined hypoechoic mass measuring 2.5 cm in diameter, with posterior 
acoustic enhancement (arrow). (RK, right kidney.) 
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Fig. 5. Mosaic pat tern of HCC. 
A Intercostal scan of the right 
liver shows lobulated mass with 
mixed echo pattern (arrows). Thin 
hypoechoic internal septa 
(arrowheads) can also be seen in 
the tumor. 
B Resected specimen of the tumor 
shows a well-defined mass with 
relatively irregular margin. Note 
thin partitions that  separate the 
tumor into several irregularly 
shaped nodules. 
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ported previously [6, 11]. However, there are few 
reports describing detailed sonographic character- 
istics in a large series of patients. Most of the small 
HCCs have been reported as hypoechoic, in con- 
trast to advanced HCCs, which are mostly hyper- 
echoic [6, 11, 21]. Our data support these obser- 
vations. Pathologically, in cases of hypoechoic 
HCCs, solid tumor tissue without necrosis was ob- 
served in resected specimens. Recent studies, in- 
cluding ours, claimed that sonographic findings 
were correlated with microscopic findings in HCCs 
[11, 22]. A pure cell mass was believed to have 
a low-echo, presumably because of  the lack of any 
structure within the tumor to serve as a reflective 
source for echoes, whereas nonliquefactive necro- 
sis, hemorrhage, fatty change, interstitial fibrosis, 
and sinusoidal dilatation were believed to produce 
high echogenicity. 

In our series, a thin, peripheral, hypoechoic 
halo was more often observed than that in the pre- 
vious reports [6, 22]. This halo, which corre- 
sponded to a fibrous capsule in resected specimens, 
is one of the characteristic findings of small HCCs 
[23]. Lateral shadow was frequently seen in the 
tumor with peripheral halo in our series and this 
finding may be related to the fibrous capsule of 
the tumor. Posterior acoustic enhancement of the 
tumor was more often seen in smaller HCCs. Sono- 
graphically, posterior acoustic enhancement repre- 
sents good transmission of ultrasonic waves 
through the tumor; however, it is yet unclear what 
kinds of histologic changes produce the posterior 
enhancement. Mosaic pattern is a configuration 
of confluent small nodules separated by thin septa 
within the tumor. This pattern represents the char- 
acteristic growth pattern of the HCC. No case of 
HCCs less than 2 cm in diameter showed mosaic 
pattern, while large HCCs more than 3 cm in diam- 
eter showed mosaic pattern in 12 of 25 cases 
(48%). The incidence of mosaic pattern in our se- 
ries is lower than that of Yoshida's series [12], in 
which 42 of 64 cases (65.6%) showed this pattern, 
because this pattern is more often seen in large 
HCCs. 

Differential diagnosis of  small HCCs includes 
cavernous hemangioma, metastatic tumor, and re- 
generating nodules in liver cirrhosis. Most small 
hemangiomas universally appear as a strongly 
echogenic mass without a peripheral halo [24, 25]. 
In metastatic tumors, sonographic characteristics 
of HCC such as mosaic pattern, posterior enhance- 
ment, and lateral shadow were rarely observed [12]. 
Peripheral hypoechoic halo of metastatic tumor, 
the so-called bull's-eye-like pattern, which is a hy- 
perechoic central portion with relatively thick hy- 

poechoic rim, is also helpful in diagnosing the met- 
astatic tumor. It is clinically important to differen- 
tiate cirrhosis with regenerating nodules from cir- 
rhosis with HCC. Most regenerating nodules are 
innumerable and range from 0.5 to 1.5 cm in diam- 
eter. The numerous closely spaced nodules and 
their thin connective tissue borders produce a cob- 
blestone appearance and are recognized by thin, 
slightly more echogenic borders, which correspond 
pathologically to fibrous and fatty connective tis- 
sue surrounding and separating the nodules [26]. 

Acknowledgment: This study was supported by the Special Re- 
search Grant from Seoul National University Hospital (1988). 

References 

1. Linsell DA, Higginson J: The geographic pathology of liver 
cell cancer. In Cameron HM, Linsell DA, Warwick GP 
(eds):Liver Cell Cancer. New York: Elsevier, 1976, pp 1-16 

2. Takashima T, Matsui O, Suzuki M, Ida M: Diagnosis and 
screening of small hepatocellular carcinomas. Comparison 
of radionuclide imaging, ultrasound, computed tomogra- 
phy, hepatic angiography, and alpha-fetoprotein assay. Ra- 
diology 145: 635-638, 1985 

3. Maringhini A, Cottone M, Sciarrino E, et al: Ultrasono- 
graphic and radionuclide detection of hepatocellular carci- 
noma in cirrhotics with low alpha-fetoprotein levels. Cancer 
54:2924-2926, 1984 

4. Takayasu K, Shima Y, Muramatsu Y, et al: Angiography 
of small hepatocellular carcinomas: analysis of 105 resected 
tumors. A JR 147: 525-529, 1986 

5. Kudo M, Hirasa M, Takakuwa H, et al: Small hepatocellu- 
lar carcinomas in chronic liver disease: detection with 
SPECT. Radiology 159: 697-703, 1986 

6. Sheu JC, Sung JL, Chen DS, et al: Ultrasonography of 
small hepatic tumors using high-resolution linear-array real- 
time instruments. Radiology 150:797-802, 1984 

7. Tanaka S, Kitamura T, Ohshima A, et al : Diagnostic accu- 
racy of ultrasonography for hepatocellular carcinoma. Can- 
cer 58: 344-347, 1986 

8. Okazaki N, Yoshida T, Yoshino M, Matsue H: Screening 
of patients with chronic liver disease for hepatocellular car- 
cinoma by ultrasonography. Clin Oncol 10:241-246, 1984 

9. Sheu JC, Sung JL, Chen DS, et al: Early detection of hepa- 
tocellular carcinoma by real-time ultrasonography, a pro- 
spective study. Cancer 56." 660-666, 1985 

10. Shinagawa T, Ohto M, Kimura K, et al: Diagnosis and 
clinical features of small hepatocellular carcinoma with em- 
phasis on the utility of real-time ultrasonography. Gastroen- 
terology 86:495-502, 1984 

1l. Sheu JC, Chen DS, Sung JL, et al: Hepatocellular carcino- 
ma; US evolution in the early stage. Radiology 
155:463-467, 1985 

12. Yoshida T, Matsue H, Okazaki N, et al: Ultrasonographic 
differentiation of hepatocellular carcinoma from metastatic 
liver tumor. J Clin Ultrasound 15:431-437, 1987 

13. Okuda K, Nakashima T, Obata H, Kubo Y: Clinicopatho- 
logical studies of minute hepatocellular carcinoma: analysis 
of 20 cases, including 4 with hepatic resection. Gastroenter- 
ology 73:109-115, J977 

14. Chen DS, Sheu JC, Sung JL, et al: Small hepatocellular 
carcinoma - a clinicopathological study in thirteen patients. 
Gastroenterology 83:1109-1119, 1982 



B.I. Choi et al. : Sonography of Small Hepatoma 261 

15. Liver Cancer Study Group of Japan: The size of tumor- 
occupying ratio and distant metastases: In The General 
Rules for the Clinical and Pathological Study of Primary 
Liver Cancer (vol 17). Tokyo: Kanehara, 1983, p 12 

16. Kobayashi K, Kumagai M, Kameda S, et al: Hepatoma 
development during long term follow-up of liver cirrhosis. 
Acta Hepato Gastroent 25: 344-349, 1978 

17. Beasley RP, Hwang LY, Lin CC, et al: Hepatocellular car- 
cinoma and hepatitis B virus: a prospective study of 
22707 men in Taiwan. Lancet 2:1129-1133, 1981 

18. Ding-Shinn C, Juei-Low S, Jin-Chuan S, et al: Serum alpha- 
fetoprotein in the early stage of human hepatocellular carci- 
noma. Gastroenterology 86:1404-1409, 1984 

19. Yumoto Y, Jinno K, Tokuyama K, et al: Hepatocellular 
carcinoma detected by iodized oil. Radiology 154:19-24, 
1985 

20. Ohishi H, Uchida H, Yoshimura H, et al: Hepatocellular 
carcinoma detected by iodized oil : use of anticancer agents. 
Radiology 154: 25-29, 1985 

21. Cottone M, Marcino MP, Maringhini A, et al: Ultrasound 
in the diagnosis of hepatocellular carcinoma associated with 
cirrhosis. Radiology 147: 517-519, 1983 

22. Tanaka S, Kitamura T, Imaoka S, Sasaki Y, Taniguchi 
H, Ishiguro S: Hepatocellular carcinoma: sonographic and 
histologic correlation. A JR 140: 701-707, 1983 

23. Okuda K, Musha H, Nakajima Y, et al: Clinicopathologic 
features of encapsulated hepatocellular carcinoma. A study 
of 26 cases. Cancer 40:1240-1245, 1977 

24. Bree RL, Scheab RE, Neiman HL: Solitary echogenic spot 
in the liver: is it diagnostic of a hemangioma? A JR 
140:41-45, 1983 

25. Taboury J, Porcel A, Tubiana JM, Monnier JP : Cavernous 
hemangioma of the liver studied by ultrasound; enhance- 
ment posterior to a hyperechoic mass as a sign of hypervas- 
cularity. Radiology 149: 781-786, 1983 

26. Freeman MP, Vick CW, Taylor KJW, Carithers RL, 
Brewer WH: Regenerating nodules in cirrhosis: sono- 
graphic appearance with anatomic correlation. A JR 
146: 533-536, 1986 

Received: October 15, 1988; accepted: November 12, 1988 


