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• LIVER CANCER •
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Abstract
AIM: To investigate the characteristics of the vascularity of
hepatic metastasis.

METHODS: Six New Zealand rabbits, weighing averagely
2.7±0.4 kg, were selected and operated to establish hepatic
VX2 tumor carrier model. Hepatic VX2 tumors were then
imaged with conventional B mode US, second harmonic
imaging (SHI), color Doppler flow imaging (CDFI), power
Doppler imaging (PDI) and harmonic PDI by a transducer
S8 connected to HP-5 500 ultrasound system. A kind of self
made echo contrast agent was intravenously injected at a
dose of 0.01 mL/kg through ear vein, and then the venous
passage was cleaned with sterilized saline.

RESULTS: Totally, 6 hypoechoic lesions and 3 hyperechoic
lesions were found in the six carrier rabbits with a mean size
about 2.1±0.4 cm under conventional B mode ultrasound, they
were oval or round in shape with a clear outline or a hypoechoic
halo at the margin of the lesions. Contrast agent could not
change the echogenicity of the lesions under conventional B
mode and SHI, however, it could greatly increase the flow
sensitivity of the lesions under PDI and harmonic PDI. Nutrient
artery of these metastatic lesions might also be well depicted
under contrast enhanced PDI and harmonic PDI.

CONCLUSION: Our result suggested that contrast enhanced
PDI, especially harmonic PDI, was a promised method in
the detection of vascularity of hepatic tumor nodules.
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INTRODUCTION
Power Doppler ultrasonography (US) has been shown more
sensitive than color Doppler US in the depiction of vascular
flow in focal hepatic lesions, such as hepatocellular carcinoma
(HCC), focal nodular hyperplasia (FNH) and metastasis (Mets).
In addition, a wide variety of US contrast agents have been
developed by using different gases and coating materials,

especially those called the third generation contrast agents
manufactured through perflurocarbon gases. These US contrast
agents are promised to improve the quality of vascularity in
Doppler studies, and its potential role in hepatic US has
already been widely investigated. Researches have revealed that
power Doppler US performed with the application of the contrast
agent depicts more intratumoral vascularity in HCC than non-
contrast power Doppler US does. Meanwhile, less knowledge
is known about the vascularity of hepatic metastasis by harmonic
power Doppler US. In this study, we intended to depict the
characterization of the vascularity of hepatic Metastasis.

MATERIALS AND METHODS
Preparation of animal models
Six New Zealand rabbits weighing 2.6-3.2 kg, averagely 2.7±0.4
kg were anaesthetized by Sumianxin (a product of the Changchun
Argo-Pastoral University) at 0.2 mL/kg through intramuscular
injection. Hairs in the abdominal region were moulted by 8 %
sodium sulfide, then the region was cleaned by saline water.
Median incision right beneath the metasternum was made to
expose the right lobe of liver. A tunnel about 3cm deep at the lobe
was established with an ophthalmic nipper. Viable VX2 tumor
tissue masses about 2-3 mm3 were implanted into the tunnel,
locally stanched and then the each layer of abdominal wall was
sutured accordingly. 2 or 3 weeks later, these rabbits were ready
for the experiment. VX2 tumor is a kind of dermatological
squamous cancer induced by Shope virus, viable VX2 tumor can
be transplanted and generated through New Zealand rabbits, and
therefore is used as simulate metastatic hepatic tumor models.

Preparation of echo contrast agent
Self made echo contrast agent was made from 5 % (g/L) human
albumin and 40 % (g/L) Dextran in a ratio of 1:3 (v/v), the
mixture was then underwent electromechanical sonication
(Sonication machine JY92-2D was manufactured by Ninbo
Xinzhi Research Institute) for 90 seconds under mechanical
energy of 280W. During the sonication process, perfluropropane
gas was mixed into the mixture. Microbubbles manufactured in
this way were counted by a Coulter counter, which concentration
was about 1.6×109 bubbles/L with an average size 4.3±2.1 µm.

Equipments
A transducer S8 connected to HP-5 500 ultrasound system was
used, which fundamental wave frequency was 3MHz and the
second harmonic imaging was transmitted at frequency 3MHz
receiving at frequency 6 MHz. Power Doppler imaging was
tuned to PRF=2.2. During the whole process of experiment, the
image depth, color gain and TGC should be kept constant.

Methods
Hepatic VX2 tumors were imaged with conventional B mode
US, second harmonic imaging (SHI), color Doppler flow
imaging (CDFI), power Doppler imaging (PDI) and harmonic
PDI. Echo agent was intravenously injected at a dose of 0.01
mL/kg through ear vein, and then the venous passage was



cleaned with sterilized saline. All images were recorded
realtimely by magnetic optics (MO), and they were analyzed
further by at least two independent experienced sonographer.

RESULTS
Features of VX2 tumor under conventional and harmonic B
mode US
Totally 6 hypoechoic lesions and 3 hyperechoic lesions were
found in the six carrier rabbits with a mean size about 2.1±0.4
cm under conventional B mode ultrasound, no even echoic
lesions were found. They were oval or round in shape with a
clear outline or a hypoechoic halo at the margin of the lesions.
These images didn’t seem to be improved by SHI. Contrast
images under conventional B mode US also showed no
improvement at all, meanwhile, SHI revealed a short duration
of enhancement of the hepatic arteries and tumor lesions at
the early phase, and, an enhancement of the liver parenchyma
and an decreased echo at the later phase. A pronounced arterial
enhancement was also found at one side of the lesion, which may
be considered as the nutrient artery of the tumor. (Figures 1-3).

Figure 1  Image of VX2 tumor lesion under conventional B
mode US. Arrow indicates the VX2 tumor lesion at the ante-
rior part of the right lobe. It is oval and hypoechoic with a
small hyperechoic scar at the center of the lesion.

Figure 2  Image of VX2 tumor lesion under conventional second
harmonic imaging. Arrow indicates the same VX2 tumor lesion
at the anterior part of the right lobe. The echogenicity of the le-
sion and the around liver parenchyma seem unchanged at all.

Figure 3  Contrast enhanced second harmonic image. It shows

the enhancement of the liver arteries in the parenchyma, ar-
rows indicate the afferent artery and its branches.

Figure 4  Conventional power Doppler image of the lesion.
Arrows indicate the clear afferent blood flow signals of the
lesion and its branches.

Figure 5  Contrast enhanced power Doppler image. It shows
the enhancement of the afferent arteries in the lesion, arrow
indicates especially the pronounced blooming artifacts around
the artery and its branches.

Figure 6  Contrast enhanced harmonic power Doppler image. It
shows the enhancement of the afferent arteries in the lesion,
arrow indicates the newly appeared intralesional blood signals
and less blooming artefacts around the artery and its branches.

Figure 7  Contrast enhanced harmonic power Doppler image
at a later stage. It shows the enhancement of the afferent arter-
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ies in the lesion, where intralesional blood signals and rare
blooming artefacts are observable around the artery and its
branches.

Changes of intralesional blood flow under CDFI, PDI and
harmonic PDI
Color Doppler flow imaging could only reveal a spot-like or
short bar-like flow signals around the lesion, and rarely reveal
intralesional flow signals (Figure 4). Contrast agent may
increase CDFI signals, but not so ideally as we expected.
PDI could reveal a clear bar-like flow signal at one side of
the lesion, and relatively more signals around and inside the
lesions as compared with CDFI (Figure 5). Contrast agent
can increase PDI signals quite remarkably from the instant
of injection of gas bubbles, and a short duration of blooming
artifacts were clearly seen, then the intralesional blood flow
signals and even its branches were well revealed (Figure 6).
These phenomena may better demonstrated what had been
revealed by contrast SHI described above. An interesting fact
was shown when tumor lesion was imaged under contrast
enhanced harmonic PDI. Under this situation, intralesional
and perilesional blood flow was much clearer and blooming
artifacts became less (Figure 7).

DISCUSSION
Ultrasound is the most common used imaging modality to scan
for focal liver lesions. Populations at a high risk of developing
either primary or secondary hepatic tumors are usually followed
up with US examination performed every 6 months in order to
detect malignant lesions at the early stage. Early detection of
either primary or secondary malignancies may greatly enhance
the possibilities of curative surgical operation or other ablation
treatments. The major limitation of US in the detection of small
tumor lesions is its sensitivity. However, the introduction of
microbubble contrast agents and the development of contrast
specific techniques have revealed many new prospects of US
detection and characteristics of focal liver tumor lesions.
Hepatic metastasis typically appears as multiple focal discrete
but solid lesions, and occasionally appears diffuse infiltrate
hepatic involvement. Metastasis[1-5], under conventional B mode
US, has a nonspecific appearance which shows hypoechoic,
hyperechoic, or mixed echogenicity. The sensitivity for total
tumor detection has been reported as 57 to 92 % with a
specificity of 76-96 %[6-8]. However, the reported sensitivity
of US is only about 41 % for accurate detection in the total
numbers of intrahepatic lesions[9]. Color Doppler flow imaging
and power Doppler imaging are often used in the differentiation
of hepatocellular carcinoma and metastatic liver lesions.
Tanaka et al[1] had reported a description of vascular pattern
on different hepatic malignancies using CDFI and PDI. In
particular, the basket and vessels- within-the-tumor pattern
were supposed to be characteristics of HCC, the spot pattern
more frequently appeared in hemangioma, and the detour
pattern was often seen in metastasis. PDI has already been
demonstrated to be superior to conventional CDFI, particularly
in depicting vessels in small tumors, and contrast enhanced
PDI may even increase the sensitivity of HCC to as high as
100 % in comparison with the conventional techniques[10-13].
While, metastatic liver lesions were usually considered as
hypovascular. Choi et al[8,21] had reported that most of the
metastatic lesions were absent of flow signals under both CDFI
and PDI. Another report revealed that in a series of 64 metastatic
liver lesions 67 % appeared avascular, and only 32 % of these
cases appeared intralesional flow signals in comparison to
76 % of HCC[14-18].
      In our study, conventional B mode US and CDFI results
are in accord with other researches. However, contrast

enhanced second harmonic imaging and harmonic PDI in this
study demonstrated that vascularity of metastasis might overlap
with that of HCC. Although metastatic lesion may be
considered as avascular under conventional ultrasonography,
the introduction of new techniques such as SHI and pulse
inversion harmonic imaging and the use of echo contrast agent
may greatly increase the sensitivity in cheking of perilesional
and intralesional vasculature. Even the nutrient artery of the
metastatic lesion could be clearly seen under these new
techniques. Therefore, we should reconsider the differentiating
criteria of HCC and metastasis, especially when lesions were
all less than 3 cm. The major problems in the use of power
Doppler were that the detected velocities were too slow in the
tumor, there were too many blooming artifacts associated with
microbubble injection, the duration of enhancement was short
and the were motion artifacts resulted from respiration[19-26].
Second harmonic imaging (SHI) US technique involves
transmitting at frequency f and receiving at frequency 2f, and
contrast enhanced echoes could be therefore obtained at second
harmonic frequency because of the non-linear motion of the
gas bubbles when destroyed by high acoustic pressures[27-29].
Thus, harmonic power Doppler US used in accord with contrast
agent might provide vascular information in detail, and at the
same time decreasing the artifacts associated with the contrast
agent[30-36]. Our findings confirmed that contrast enhanced
harmonic PDI could reveal increased color sensitivity of vessels
either inside the tumor lesion or in the surrounding liver
parenchyma with less blooming artifacts. It was suggested that
contrast enhanced harmonic PDI was convinced to be much
more superior to conventional CDFI, PDI and contrast
enhanced SHI.
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