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HEPATOBILIARY-PANCREAS

Qualitative assessment of tumor vascularity
in hepatocellular carcinoma

by contrast-enhanced coded ultrasound:
comparison with arterial phase

of dynamic CT and conventional color/power

Doppler ultrasound

Abstract The purpose of this study
was to evaluate the detection rate of
tumor vessels and vascularity in he-
patocellular carcinoma (HCC) by
contrast-enhanced coded US using
Levovist, and to compare with con-
ventional color/power Doppler US
(CDUS) and dynamic CT. Ninety
nodules (72 hypo/isoechoic nodules,
18 hyperechoic nodules) in 61 pa-
tients were studied. We observed tu-
mor vessels by continuous transmis-
sion at the early vascular phase (40 s
following administration of Levovist)
and vascularity by intermittent trans-
mission (intervals of 2-3 s) at the
late vascular phase (40 to approxi-
mately 120 s). The detection rate of
tumor vessels at the early vascular
phase was 97% in hypo/isoechoic
nodules and 70% in hyperechoic
nodules with high density in dynam-
ic CT being higher than that by
CDUS. Tumor vascularity at the late
vascular phase in hypo/isoechoic and

hyperechoic nodules was hyper-
enhancement in 78 and 40%, iso-
enhancement in 19 and 40%, and
hypo-enhancement in 3 and 0%, re-
spectively. The detection rates of tu-
mor vessels and vascularity in hyper-
echoic nodules were similar to those
by CDUS. The detection rates of tu-
mor vessels and vascularity were not
affected by the tumor size in HCC
tumors with high density in dynamic
CT. Contrast-enhanced US with
Levovist was superior to CDUS and
equal to dynamic CT to assess tumor
vessels in hypo/isoechoic nodules.
Although it was equal to CDUS for
hyperechoic nodules, this modality is
useful in evaluating tumor hemody-
namics.

Keywords Ultrasound contrast
agents - Hepatocellular carcinoma -
Tumor vascularity - Dynamic CT -
Color Doppler ultrasound

Introduction

The development of imaging modalities has enabled
easy detection and diagnosis of hepatocellular carcinoma
(HCC). The characterization of tumor vascularity is im-
portant for the differential diagnosis, the choice of treat-
ment, and the assessment of therapeutic response. Hepa-
tocellular carcinoma tumor vascularity has been evaluat-
ed extensively with various imaging modalities, e.g., col-
or or power Doppler ultrasonography [1, 2, 3, 4] angio-
graphy, dynamic CT, CT during angiography [5, 6, 7]
and MRI. [8]. Computed tomography during arteriogra-

phy and CT during arterial portography are not currently
used as gold standard for the detection and evaluation of
liver tumor vascularity, since these imaging techniques
are invasive for the patients. Dynamic CT using a spiral
technique is noninvasive and provides information on ar-
terial or portal supplies by scanning at different time de-
lays after an injection of contrast agent; therefore, dy-
namic CT is clinically used as a standard modality for
the assessment of tumor vascularity.

Microbubble contrast agents have been available for
clinical use with sonography [9, 10, 11, 12, 13, 14].
Real-time gray-scale harmonic US imaging by combina-
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tion of phase-inversion harmonic US and coded technol-
ogy (Coded Harmonic Angio, CHA; General Electric,
Milwaukee, Wis.) allows signals to be displayed from
microbubbles in slow flow with the use of contrast
agents [15, 16]; therefore, contrast-enhanced coded har-
monic US using a microbubble contrast agent offers the
potential of providing high quality and detailed vascular
information. We performed this study to compare con-
trast-enhanced real-time gray-scale US with dynamic CT
and color Doppler US in the assessment of HCC vascu-
larity.

Materials and methods

Subjects

Between September 2000 and December 2001, 61 patients (35
men and 26 women; mean age 66 years, age range 28-81 years)
with HCC were enrolled in this study (Table 1). After the subjects
were given a complete description of the study, written informed
consent was obtained from all of them. Sixteen patients had hepa-
titis B surface antigen, 37 had hepatitis C antibody, and two had
both. Both hepatitis B surface antigen and hepatitis C antibody
were negative in the remaining 6 patients. Diagnosis of HCC was
based on histological findings from fine-needle (21-G) biopsy in
42 nodules, and the diagnosis in the remaining tumors was based
on imaging findings and tumor markers (the elevation of serum al-
pha-fetoprotein or serum protein-induced vitamin K absence or
antagonist II). In summary, we defined HCC as a positively en-
hanced lesion in the arterial phase of dynamic CT. When it was a
negatively enhanced lesion, it was always diagnosed by liver biop-

sy.
US examination

Fundamental B-mode US, color Doppler, and power Doppler US
were performed before contrast-enhanced coded US. Color/power

Doppler US were performed by one sonologist (M.K.) with US
equipment (Aloka 5500, Aloka, Tokyo, Japan) and a 3- to 5-MHz

Table 1 Characteristics of subjects

No. of patients (male/female) 61 (35/26)

Age (years) 28-81 (66+10)
Etiology of liver disease

Hepatitis B 16
Hepatitis C 37

Both (B+C) 2
Cryptogenic 6
Underlying liver disease

Chronic hepatitis 12
Cirrhosis (Child-Pugh grade A/B) 49 (25/24)
No. of tumors 90

Tumor diameter (mm) 24+18
Echogenicity of tumor

Hypo/isoechoic 72
Hyperechoic 18

injection
Late vascular

0 Early vascular
phase

phase

11 1 1
40sec

120sec

AR

Intermittent transmission

10sec

Continuous transmission

Fig. 1 The protocol of contrast-enhanced coded US. At 10-40 s
after the injection of Levovist, nodules were observed by continu-
ous transmission at the early vascular phase. At 40-120 s late vas-
cular images were obtained by intermittent transmission at inter-
vals of 2-3 s

curved-array probe. The color gain was manipulated until the col-
or noise first became apparent at the region of interest in the im-
age background on the color/power Doppler US scans. A low
pulse repetition frequency and a medium or low wall filter were
used to detect tiny color signals in the small nodules. An analysis
of the Doppler spectrum using pulsed Doppler waveform analysis
for color/power Doppler signals was performed to evaluate the
presence of pulsatile or continuous waveform.

The SH U 508A (Levovist, Schering, Berlin, Germany) was
used as the US contrast agent. This agent was prepared by shaking
it with 7 ml of water for 5-10 s. After standing for 2 min for equil-
ibration, 8 ml of the contrast agent suspension (300 mg/ml con-
centration) was injected manually through a 21-G cannula inserted
in an antecubital vein at a speed of 1 ml/s followed by an addition-
al 10 ml of physiological saline to flush. Contrast-enhanced coded
harmonic US was performed using US equipment (Logiq 700MR
Expert, General Electric, Milwaukee, Wis.) with a 2- to 4-MHz
curved-array wide-band transducer, which transmitted an ultra-
sound beam at 2.4 MHz and received 4.8 MHz in harmonic
B-mode. The acoustic power of the coded harmonic US was set at
the setting with a mechanical index of 0.6-0.8. The protocol for
the contrast-enhanced coded harmonic US is shown in Fig. 1. We
confirmed a scanning area displaying both the tumor and sur-
rounding hepatic parenchyma before injection of the contrast
agent. After injection of the contrast agent, the patient held his
breath. The US images at the early vascular phase were obtained
in a real-time manner by slowly changing the scanning plane to
observe the whole area of the nodule 40 s after the injection. Inter-
mittent contrast harmonic images at the late vascular phase were
obtained for 40-120 s after the injection. Because these intermit-
tent images are obtained at 2- to 3-s intervals, bubbles can flow in-
to the small parenchymal vessels or the sinusoids, and thereafter
they are destroyed; therefore, these images depict the vascularity
as large numbers of bubbles being destroyed. There were no com-
plications in contrast-enhanced US. We used two different types of
US equipment, Aloka 5500 and General Electric Logiq 700MR
Expert. Because we found that color/power Doppler US using Al-
oka 5500 equipment was more sensitive for the detection of tumor
vessels than that of General Electric Logiq 700MR Expert, Aloka
5500 was used to examine color/power Doppler US.

CT examination

Computed tomography (Somatom Plus, Siemens, Forchheim, Ger-
many) was performed using a spiral technique. Unenhanced imag-
es were acquired first and were followed by dual-phase contrast
enhancement during the power injection of 100 ml of iopamidol
(Iopamiron, Nihon-Schering, Osaka, Japan) at the rate of 2.7 ml/s.
The entire liver was scanned twice. Arterial phase imaging was
initiated at 30 s, and portal venous phase imaging at 120 s after
initiation of the injection. All scans were obtained with 7-mm col-
limation. Five nodules in 5 cases could not evaluated by enhanced
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Fig. 2a, b Vascular findings at
the early vascular phase on
contrast-enhanced coded US.

a Presence of tumor vessels
(arrows). b Absence of tumor
vessels (arrow)

Fig. 3a—c Vascular findings at
the late vascular phase on con-
trast-enhanced coded US.

a Hyper-enhancement (arrow),
b iso-enhancement (arrow),
and ¢ hypo-enhancement
(arrow)

CT due to allergy. Vascularity of the tumor on CT was classified
as follows: “hypervascular” or “hypovascular” was defined as
higher density, or lower density than that of the surrounding liver
parenchyma at the arterial phase, respectively. “Isovascular” was
defined as the same density as that of the surrounding liver paren-
chyma.

Image analysis

To minimize the procedural variations, color/power Doppler and
contrast-enhanced coded US were performed using the same ex-
amination protocol by the same sonologist (M.K.). The imaging
data were recorded on videotapes for subsequent review by two
other sonologists (Y.M., M.U.). The two readers were blinded to
each other’s findings. Vascular findings at the early vascular phase
were classified into two patterns: presence of tumor vessels; or ab-
sence of tumor vessels (Fig. 2). Vascular findings at the late vascu-
lar phase were classified into three patterns: hyper-enhancement,
iso-enhancement, or hypo-enhancement depending on the tumor
vascularity relative to the surrounding liver parenchyma (Fig. 3).
Hyper-enhancement was defined as tumor perfusion flow of a
higher degree than that of the surrounding liver parenchyma. Iso-
or hypo-enhancement was defined as tumor perfusion flow of the
same degree as or a lower degree than that of the surrounding liver
parenchyma. Because the background echogenicity affects the
evaluation of tumor vascularity, we divided HCC tumors by fun-

damental B-mode US into two groups: hypo/isoechoic nodules
and hyperechoic nodules.

Vascular findings on color/power Doppler US scans were eval-
uated according to the modified classification proposed by Tanaka
et al. [3]. In brief, a basket pattern, a fine blood-flow network sur-
rounding the tumor, intratumoral pattern, blood-flow runs into the
tumor from the periphery, and branches within the tumor were de-
fined as the presence of tumor vessels. No color signal or small
color spot, which cannot be confirmed as a waveform analysis,
were considered as no detection of tumor vessels. Statistical anal-
ysis was performed using the chi-square test or Fisher’s exact
probability test. A p value of <0.05 was considered significant.

Results

Ninety nodules in 61 patients were divided by the back-
ground echogenicity of fundamental B-mode US into 72
hypo/isoechoic nodules and 18 hyperechoic nodules
(Table 1). Because four nodules could not be evaluated
by dynamic CT, 68 hypo/isoechoic nodules were divided
into 62 nodules with high density, 4 nodules with isoden-
sity, and 2 nodules with low density at the arterial phase
of dynamic CT (Table 2). In 62 hypo/isoechoic nodules
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Fig. 4a-d Case 1. A 65-year-
old woman with a 1.8-cm hepa-
tocellular carcinoma in liver
segment VIII. a Arterial phase
of dynamic CT scan reveals a
hypervascular mass (arrow).

b Conventional B-mode US
shows a hypoechoic nodule
(arrow). ¢ Contrast-enhanced
coded US at the early vascular
phase clearly shows a feeding
artery (black arrow) into the
tumor nodule (white arrow).

d Contrast-enhanced coded US
at the late vascular phase shows
hyper-enhancement (arrow) in-
dicating tumor perfusion flow

Table 2 Comparison of contrast-enhanced coded US and color/power Doppler US with the arterial phase of dynamic CT in the evalua-
tion of vascularity of hypo/isoechoic hepatocellular carcinomas (HCCs)

Contrast-enhanced coded US Color/power Doppler US
Tumor vessels at the ~ Enhancement at the late  Tumor vessels Pulsatile flow  Could not be Total
early vascular phase  vascular phase evaluated
+ - + -
+ - Hyper  Iso Hypo
Enhancement High 602 2a 48 12 2 49a 102 43 16 3 62
by dynamic CT  Iso 3 1 2 1 1 2 2 2 2 0 4
Low 2 0 0 1 1 0 2 0 2 0 2
Total ~ 65 3 50 14 4 51b 140 45 20 3 68

Four cases could not be evaluated by dynamic CT
a Significant difference between contrast-enhanced coded US and
color/power Doppler US (p<0.02, Fisher’s exact probability test)

with high density by dynamic CT, tumor vessels at the
early vascular phase of contrast-enhanced coded US
were demonstrated in 60 (97%; Fig. 4), whereas tumor
vessels by color/power Doppler US were demonstrated
in 49 (79%), and pulsatile flow was seen in 41 (69%).
Three HCCs adjacent to the heart or large vein could not
be evaluated for tumor vessels by color/power Doppler
US due to motion artifact. Hyper-enhancement at the late
vascular phase of contrast-enhanced coded US was dem-
onstrated in 48 (77%) of 62 HCCs and iso-enhancement
was seen in 12 (19%) of 62 HCCs. Two nodules in
which tumor vessels were not demonstrated at the early
vascular phase and hypo-enhancement was demonstrated
at the late vascular phase, were located at 8- or 11-cm
depth from the abdominal wall.

In six hypo/isoechoic nodules in which the arterial
phase of dynamic CT showed iso/low density, tumor

b Significant difference between contrast-enhanced coded US and
color/power Doppler US (p<0.01, Fisher’s exact probability test)

vessels at the early vascular phase of contrast-enhanced
coded US were demonstrated in 5 (83%) of 6 nodules.
Four (80%) of these 5 HCCs were proved to be hyper-
vascular by CT during arteriography (Fig. 5); therefore,
in these cases contrast-enhanced coded US is more sensi-
tive than the arterial phase of dynamic CT.

When the detection of tumor vessels in 72 hypo/iso-
echoic nodules was compared between contrast-enhanc-
ed coded US and color/power Doppler US (Table 3),
contrast-enhanced coded US detected tumor vessels in
all 53 nodules in which tumor vessels were demonstrated
by color/power Doppler US, and detected tumor vessels
in 13 of 16 nodules in which tumor vessels were not
demonstrated by color/power Doppler US.

In 10 hyperechoic HCCs with high density at the arte-
rial phase of dynamic CT (Table 4), tumor vessels at the
early vascular phase of contrast-enhanced coded US
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Fig. Sa—f Case 2. A 67-year-
old woman with a 1.8-cm hepa-
tocellular carcinoma in liver
segment VIII. a Arterial phase
of dynamic CT scan reveals no
tumor (arrow). b Portal phase
of dynamic CT scan reveals a
perfusion defect (arrow).

¢ Computed tomography scan
during arteriography reveals a
small stain (black arrow).

d Contrast-enhanced coded
US at the early vascular phase
shows a tiny flow into the tumor
(arrow). e Contrast-enhanced
coded US at the late vascular
phase (interval of 2 s) shows a
vascular spot (black arrow) in
hypo-enhancement (white
arrow). f Contrast-enhanced
coded US at the late vascular
phase (interval of 3 s) shows a
hypervascular lesion (black
arrow) in hypo-enhancement
(white arrow)

Table 3 Comparison of detec-

tion rates of tumor vessels by Contrast-enhanced coded US ~ Total

contrast-enhanced coded US Tumor vessels at the early

with those by color/power vascular phase

Doppler US in hypo/iso-echoic

HCCs (72 nodules) +
Tumor vessels by color/power + 53 0 53
Doppler US - 13 3 16

Could not be evaluated 3 0 3

Total 69 3 72

Table 4 Comparison of contrast-enhanced coded US and color/power Doppler US with the arterial phase of dynamic CT in the evalua-
tion of vascularity of hyperechoic HCCs

Contrast-enhanced coded US Color/power Doppler US
Tumor vessels at the ~ Enhancement at the late  Tumor vessels  Pulsatile flow  Could not be Total
early vascular phase  vascular phase evaluated
+ - + -
+ - Hyper Iso Hypo
Enhancement High 7 3 4 6 0 5 5 4 6 0 10
by dynamic CT  Iso 1 4 1 4 0 1 4 1 4 0 5
Low 0 2 0 2 0 0 2 0 2 0 2
Total 8 9 5 12 0 6 11 5 12 0 17

One case could not be evaluated by dynamic CT due to allergy

were demonstrated in 7 (70%), whereas tumor vessels by was demonstrated in 4 (40%) of 10 HCCs and iso-en-
color/power Doppler US were found in 5 (50%) and pul- hancement was seen in 6 (60%).

satile flow was seen in 4 (40%). Hyper-enhancement at In 7 hyperechoic HCC nodules with iso/low density by
the late vascular phase of contrast-enhanced coded US dynamic CT, tumor vessels at the early vascular phase of
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Fig. 6a—e Case 3. A 67-year-
old woman with a 1.6-cm hepa-
tocellular carcinoma in liver
segment V. a Arterial phase of
dynamic CT scan reveals a hy-
pervascular mass (arrow).

b Portal phase of dynamic CT
scan reveals perfusion a defect
(arrow). ¢ B-mode US shows a
hyper-echoic mass (arrow).

d Contrast-enhanced coded US
at the early vascular phase
shows a tiny flow into the tumor
(arrow). e Contrast-enhanced
coded US at the late vascular
phase shows iso-enhancement
(arrow), but it is difficult to
evaluate the enhancement due
to the hyperechoic tumor

Table 5 Detection of tumor vascularity by contrast-enhanced coded US or color/power Doppler US according to tumor size in hyper-

vascular nodules

Tumor size ~ Contrast-enhanced coded US Color/power Doppler US
(cm)

Tumor vessels at the Enhancement at the late Tumor vessels Pulsatile flow  Could not Total

early vascular phase vascular phase be evaluated

+ - + -

+ - Hyper  Iso  Hypo
<2 30 3 21 11 1 25 7 21 11 1 33
=2 37 2 31 7 1 29 8 26 11 2 39
Total 67 5 52 18 2 54 15 47 22 3 72
contrast-enhanced coded US were demonstrated in one Discussion

(14%). Six (86%) of the 7 HCCs showed iso-enhance-
ment at the late vascular phase of contrast-enhanced cod-
ed US; however, we could not accurately determine
whether this finding is the result of enhancement in hy-
perechoic nodules due to their background echogenicity
(Fig. 6).

The detection rates of tumor vessels and vascularity
according to tumor size by contrast-enhanced coded US
or color/power Doppler US in 72 nodules (62 hypo/iso-
echoic nodules and 10 hyperechoic nodules) with high
density by the arterial phase of dynamic CT are shown in
Table 5. There was no significant difference in the detec-
tion rates of tumor vessels and vascularity between nod-
ules <2 cm and those =2 cm in diameter.

It is important to study intratumoral hemodynamics for
the differential diagnosis of hepatic focal lesions. In fact,
dynamic CT, CT during angiography, dynamic MRI, and
angiography are widely performed as useful modalities
for the diagnosis of HCC. Contrast-enhanced coded US
enables clear visualization of blood flow into the tumor
from the artery to very tiny vessels after bolus injection
of Levovist (Fig. 4). The hemodynamics of classical
HCC are characterized by tumor vessels, hypervasculari-
ty, and the absence of portal blood flow [5, 6, 7]. Al-
though conventional color/power Doppler US is able to
show tumor vessels, it is not always satisfactory for eval-
uating hypervascularity quantitatively [3, 4]. In this
study, contrast-enhanced coded US clearly demonstrates
tumor vessels at the early vascular phase and hypervas-
cularity at the late vascular phase. The detection rate of
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tumor vessels by contrast-enhanced coded US was ap-
parently higher than that by conventional color/power
Doppler US in agreement with a previous report [15].
Motion artifact of conventional color/power Doppler US
inhibits the evaluation of tumor hemodynamics in the le-
sions located adjacent to the heart or large vessels. In
fact, 3 of 72 nodules could not be evaluated for tumor
hemodynamics due to motion artifact. On the other hand,
contrast-enhanced coded US is not affected by tissue
motion. Furthermore, the detection rate of tumor vessels
by contrast-enhanced coded US in hypervascular nodules
was not affected by the size of the lesions; however, the
evaluation of tumor hemodynamics by contrast-en-
hanced coded US was affected by the depth from the ab-
dominal wall like with color/power Doppler US [16]. In
fact, two nodules, which did not demonstrate tumor ves-
sels by contrast-enhanced coded US, were located deeper
than 8 cm from the abdominal wall. These findings indi-
cated that contrast-enhanced coded US is superior to
conventional color/power Doppler as previous articles
have reported [10, 14], at least in hypo/isoechoic nod-
ules.

Tumor vessels at the early vascular phase were ob-
tained even in nodules with iso- or low density by the ar-
terial phase of dynamic CT. Contrast-enhanced coded
US is able to display arteries in more detail than dynam-
ic CT. Practically, tortuous tiny tumor vessels could be
demonstrated in real-time by contrast-enhanced coded
US (Fig. 4). The limitation of contrast-enhanced coded
US is that only one nodule of interest can be observed in
a dynamic image at each injection of Levovist, whereas
dynamic CT can scan the total liver in a dynamic study;
therefore, contrast-enhanced coded US is suitable to ob-
serve a specified nodule in detail.

We proposed our analysis method to estimate tumor
vascularity objectively, i.e., enhancement findings at the
late vascular phase were classified into three patterns:
hyper-, iso-, and hypo-enhancement compared with the
surrounding liver tissue. Although some investigators es-
timated tumor vascularity as positive enhancement or tu-
mor stain [15, 16, 17, 18], they did not distinguish be-
tween hyper- and iso-enhancement. Intermittent harmon-
ic imaging transmits a US beam at a constant interval to
destroy most of the microbubbles in the scan area and re-
freshes the bubble flow into the plane with refreshed
blood at the next interval. Intermittent images at the late
vascular phase show blood inflow volume into the nod-
ule at intervals of 2 or 3 s. Hyper-enhancement indicates
that blood inflow into the nodules increases compared
with the surrounding liver tissue; therefore, there is no
doubt that nodules with hyper-enhancement are hyper-
vascular. In contrast, 12 of 62 nodules with high density
by the arterial phase of dynamic CT were iso-enhance-
ment at the late vascular phase. All of these 12 nodules
had tumor vessels at the early vascular phase. In general,
hypervascular HCCs are only fed by the hepatic artery

and have no portal inflow, whereas the surrounding liver
tissue is supplied by both the hepatic artery and portal
vein. Therefore, nodules with tumor vessels at the early
vascular phase and with iso-enhancement at the late vas-
cular phase are indicated to have the same blood inflow
from only the artery as the surrounding liver tissue sup-
plied by both the artery and portal vein; thus, these nod-
ules appear to derive their blood supply increase from
the hepatic artery.

We encountered a problem in estimating the vascular-
ity of hyperechoic nodules at the late vascular phase by
contrast-enhanced coded US. It might be difficult to dis-
tinguish echogenicity by contrast agents from back-
ground echogenicity of tissue images because contrast-
enhanced coded US is in a gray-scale format; therefore,
in our study there was no hypo-enhancement at the late
vascular phase in hyperechoic nodules, and there may
have been some false-positive nodules due to this.

Some benign hepatic nodules, mainly focal nodular
hyperplasia (FNH) and hemangioma, are reported to
show arterial hypervascularity [14, 19, 20, 21, 22]. All
FNH show marked homegenous enhancement in the late
vascular phase and moreover half of FNH show a “cen-
tral stellate” or ‘“spoke-wheel” pattern of vascularity
within the nodule in the early vascular phase [19]. While
hemangioma shows a subtle nonspecific enhancement in
the early vascular phase and peripheral globular en-
hancement in the late vascular phase and the progressive
centripetal fill-in pattern [21]; however, these images are
observed only in low percentage of cases of liver heman-
gioma; therefore, FNH without a central stellate pattern
and hemangioma without peripheral globular enhance-
ment may be difficult to distinguish from HCC. While a
minority of HCCs, especially early-stage well-differenti-
ated HCCs, are hypovascular, they often have fatty meta-
morphosis and are visualized as hyperechoic nodules. In
this study, 7of 17 hyperechoic HCCs were iso or hypoen-
hancement at the arterial phase of dynamic CT. These
hypovascular HCCs should be differentiated from many
other hypovascular lesions [23]. Differentiation from
other hepatic nodular lesions associated with liver cir-
rhosis, such as adenomatous hyperplasia, is most impor-
tant clinically; however, because the arterial blood sup-
ply in these nodules decreases or does not change, these
nodules can not be differentiated by estimation of the ar-
terial phase. Recently, in post-vascular imaging (beyond
5 min) following administration of contrast agents,
HCCs are reported to appear as echo-poor filling defects
in a background of bright liver [24]. This imaging may
be useful to differentiate the hypovascular HCCs from
other hepatic nodules

Transcather arterial embolization, percutaneous etha-
nol injection, or percutaneous radio-frequency ablation
are performed as nonsurgical treatments for HCC. Com-
plete necrosis of HCC needs to be achieved with these
therapeutic procedures; therefore, it is important to de-
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termine by imaging modalities whether the treated tumor
is completely necrotic or not. Dynamic CT or MR imag-
ing is generally used to assess the effectiveness of the
treatment. Even though these methods can depict residu-
al areas in tumors after treatment, they do not enable
real-time guidance of percutaneous therapy. Absence of
tumor vessels at the early vascular phase and absence of
enhancement at the late vascular phase in contrast-en-
hanced coded US indicate successful treatment. When
tumor vessels or enhancement remain, residual areas in
tumors can be accurately treated repeatedly under US
guidance [16, 25, 26]; therefore, assessment of intratu-

moral hemodynamics is also useful to evaluate therapeu-
tic efficacy.

Conclusion

In conclusion, contrast-enhanced coded harmonic US de-
tects individual liver masses within the liver away from
the major liver veins and within 8—10 cm from the ab-
dominal wall with each injection of contrast agent and
may provide the most detailed information on tumor ves-
sels and vascularity, at least in hypo/isoechoic nodules.
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