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vessels are depicted. In dynamic studies, at the first arrival of the
contrast agent after intravenous bolus injection, the hepatic artery is
imaged, followed by the portal vein after a delay of 7-10 s. However,
in MFI, microbubbles in the blood vessels immediately outside the
scan volume flow in when the microbubbles are reperfused into the
scan volume. Therefore, if MFI is performed in the portal venous
and equilibrium phases, microbubbles flow into the hepatic arterial
and portal venous branches almost at the same time. Accordingly, in
MF], performed in this time phase, it is usually difficult to separately
depict the hepatic artery and portal vein.

Figure 9.13

Harmonic images obtained 27 s after intravenous injection of
0.01 mL/kg of Sonazoid. In the arterial phase (a), the hepatic
artery is imaged and a tumour is visualised near the surface
of the liver (arrowhead). Within the tumour, nodules with
decreased arterial blood flow contain nodules with increased
arterial blood flow. The former were diagnosed as well-
differentiated HCC and the latter as moderately differentiated
HCC.An AP shuntis seeninthe vicinity (arrow). AKupfferimage
obtained 8 min after intravenous injection of Sonazoid in the
same patient is shown in (b). The uptake of Sonazoid bubbles
is slightly reduced in the tumour as compared with that in the
surrounding liver parenchyma (arrowhead). Furthermore,
uptake of bubbles is absent in the inner nodules with increased
arterial blood flow, indicating that these nodules lacked Kupffer
cells and represented areas of dedifferentiated carcinoma.
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Figure 9.14 Low acoustic power harmonic images obtained after
intravenous injection of 0.008 mL/kg of Sonazoid. In the image
obtained at 1 min 23 s (a): heterogeneous imaging started
from the periphery. At 4 min 12 s, (b) a considerable part of the
tumour is stained, and at 9 min 32 s (c) the tumour is almost
completely stained. A slow imaging pattern such as this is a
characteristic feature of HEM.

9.2.7.3 Kupffer images (Fig. 9.20)

Kupffer images are obtained more than 10 min after intravenous
injection of Sonazoid. The timing of Kupffer image acquisition is
when bubbles circulating in the hepatic artery and portal vein are
reduced so that they do not affect signals from bubbles accumulated
in the parenchyma. This varies according to the dose of Sonazoid
and the imaging mode used. The lower the dose, the higher the
disappearance rate in the blood and the earlier the timing of the
image acquisition.

Usually, the scan is initiated 10 min after the intravenous
injection. However, if the recommended dose of 0.015 mL/kg is
given, the blood level of the contrast agent is still high at 10 min,
and purer Kupffer images can be obtained after 20 min. By using
the recommended dose, Kupffer images sufficient for diagnosis can
usually be obtained for 3 h.

If Sonazoid contrast-enhanced ultrasonography is performed
mainly for detectingliver tumours, the throughput of the examination
can be increased by moving patients to the examination room more
than 30 min after intravenous Sonazoid injection only for obtaining
Kupffer images.
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Figure 9.15  Flashreplenishmentimaging (FRI) and microflow imaging (MFI)
methods. The observation is conducted by the low acoustic
power harmonic method, and when the scan volume is filled
with bubbles, high acoustic power is applied to eliminate the
bubbles entirely from the scan volume. Then, reperfusion with
new bubbles can be observed by low acoustic power contrast
harmonic imaging. This is the FRI method. On the reperfusion
images, when the signal intensity of each pixel reaches the
maximum, the intensity is maintained to trace the stream of
bubbles and visualise fine blood vessels. This is the MFI method.

As described above, somewhat higher acoustic power is required
for Kupfferimaging than for vascularimaging. This is because bubbles
in the blood are preferentially destroyed as a result of vibration by
lower acoustic power than those in the cytoplasm.

The low acoustic power contrast harmonic imaging mode is used
for real-time observation of the whole liver. The whole liver can be
repeatedly observed if the acoustic power is optimal.

If too much contrast agent is administered, deeper areas cannot
be examined due to the strong attenuation. In addition, if the acoustic
power is too high, bubbles are destroyed and the quality of imaging
is lost in the superficial areas.
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Figure 9.16

MFI images of FNH. Images obtained 1 s (a), 2 s (b), 3 s (¢)
and 5 s (d) after flushing are shown. Tumour vessels radiating
from the centre of the axle are continuously visualised, and at
5 s, they are strongly stained.

Figure 9.17

Sonazoid imaging of FNH. The left panel shows a normal
low-acoustic power harmonic image in the arterial phase
obtained 16 s after intravenous injection of 0.5 mL of
Sonazoid. The parenchyma is visualised, the tumour vessels
are only poorly visualised. The right panel shows the MFI
image obtained 25 s after intravenous injection of Sonazoid.
Bubbles in the parenchyma have disappeared and axle-like
tumour vessels are well depicted. Four central scars are seen.
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Figure 9.18 MFlimagesofametastaticlivercancerobtained using Sonazoid.
Tumour vessels irregularly distributed within the tumour
periphery are gradually visualised, with the parenchyma
also eventually visualised. The vessels within the tumour are
distributed in the tutor periphery, and the parenchyma in the
central portion is not stained due to necrosis.

9.2.8 Differential Diagnosis of Liver Tumours

9.2.8.1 Hepatocellular Carcinoma (HCC)

Blood vessels from around nodules to tumours are observed
in the early phase of serial imaging. Thereafter, outflow blood
vessels are sometimes observed. In addition, perfusion images
are often observed within tumours in the late vascular phase.
Similar patterns are also observed in many hypervascular HCCs
measuring <20 mm in diameter. In MFI, the structures of the
vessels within the tumours are depicted in great detail. The
degree of differentiation could be diagnosed based on the blood
vessel pattern visualised by MFI, and future studies are awaited.
Anyway, in the case of HCC, the degree of tumour differentiation
and haemodynamics are varied, but diagnosis can be made based
on the disparity, displacement and blocking of blood vessels in
many cases (Fig. 9.12, 9.13).

It is difficult to diagnostically image borderline lesions
(dysplastic nodules) in a rigorous manner, but the abundance of
portal venous and arterial blood flow in the nodules can be revealed
by using Sonazoid as a minimally invasive method. In addition,
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repeated observation of continuity with the portal vein using MFI
and intratumoural reperfusion using the above described FRI makes
it easier to diagnose intratumoural vessels. Furthermore, nodules
and the state of the surrounding Kupffer cells, such as changes in
their number and reduction in their function, can be observed
simultaneously by Kupffer-phase imaging (Fig. 9.21).

9.2.8.2 Haemangioma (HEM)

In hepatic haemangioma, if the tumour itself has a high echo
density, it needs to be distinguished from early HCC with fatty
metamorphosis and underlying chronic hepatitis or cirrhosis.
We have reported that speckle fluctuation and fluttering signals
within tumours in the B-mode are characteristic features of
HEM and also that HEM imaging patterns are varied in Levovist
contrast-enhanced ultrasonography. Blood pooling in tumours is
a characteristic feature of many HEMs, and in the vascular phase,
it is observed that blood gradually fills in tumours from the
surrounding tissues after injection of Sonazoid (Fig. 9.14, 9.19).
Sequential imaging of blood in fine blood vessels, which look like
feathers in the tumours, can be observed with Sonazoid, but not
with Levovist. If the tumours are large, blood sometimes flows in
very slowly, and such an imaging pattern is a characteristic feature
of haemangiomas.

9.2.8.3 Focal Nodular Hyperplasia (FNH)

In focal nodular hyperplasia, in the vicinity of the fibrous septa,
arterial blood flows into the sinusoids from the muscular blood
vessels in the fibrous septa through capillaries, and blood in the
sinusoids flows out into the hepatic vein directly or through the
sinusoids in the nodules. In any image, spoke-like blood vessels are
a characteristic feature, but such a feature is not always observed
in all blood vessels. Levovist imaging is characterised by abundant
arterial blood flow, because of the lack of the portal vein, the blood
flow extending from almost the central portion to the periphery in
the vascular phase, being equivalent to that in the surrounding liver
in the late vascular phase and being almost equivalent to that in the
surrounding liver parenchyma reflecting Kupffer cells in the Kupffer
phase. However in Sonazoid imaging, drainage from the tumours to
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the hepatic veins is often found in addition to the imaging pattern
extending from the tumour to the periphery. This is frequently found
by careful observation. In addition, normal imaging of FNH with
Sonazoid can be performed, because serial imaging of tumours is
possible because of the increased frame rate. Radial blood vessels
can also be easily recognised. Central scars are clearly depicted in
the late vascular phase. Furthermore, the use of MFI increases the
diagnostic usefulness of tumours in an axle-like pattern (Fig. 9.16,
9.17). In the Kupffer phase, tumours are imaged as in Levovist
imaging.

Figure 9.19 MFIimages of a haemangioma. a: In the image obtained 1 min
12s after intravenous injection of 0.5 mL of Sonazoid, the
entire tumour is visualised; however, discrimination from
other tumours such as HCC is difficult. b: High acoustic power
scanning eliminated the bubbles in the scan volume. c: In the
MFI image obtained 2 s after reperfusion, the vessels within
the tumour are sparsely imaged in a dot pattern. d: In the
MFI image obtained 5 s after reperfusion, the blood vessels
in the liver are visualised up to the periphery, and within the
tumour, a loose extension of fine blood vessels is imaged in a
cotton-like form.
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Figure 9.20 A Kupffer image obtained 15 min after intravenous injection
of 1 mL of Sonazoid (a). Scanning of the entire liver in the
harmonic mode with an acoustic power represented by a
MI of 0.2 revealed 8 and 5 mm sized lesions as shadow-less
images. The patient had undergone duodenal carcinoid
surgery 2 years earlier. The non-contrast-enhanced B mode
image shows no tumours in the liver (b).

9.2.8.4 Metastatic liver cancer

Metastatic liver cancer is characterised by poor arterial blood
flow in the central tumour area because of the vulnerability of
this region to necrosis and hypervascularity in the peripheral
areas (Fig. 9.18). Therefore, in the vascular phase, ring-shaped
blood flow signals are often seen in the tumour periphery, as in
contrast-enhanced CT and other diagnostic imaging methods. The
portal vein branches in the liver tissue surrounding the tumours
are occluded, which results in a compensatory increase of the
arterial blood flow to the tumours. In addition, in the Kupffer
phase, metastatic lesions are often completely not visualised.
Sonazoid imaging is useful for visualising small metastatic foci
<5 mm in diameter, which cannot be detected by the usual B-mode
ultrasonography (Fig. 9.20).

9.2.9 Summary

The actual procedures of Sonazoid contrast-enhanced
ultrasonography for the diagnosis of hepatic mass lesions
are outlined. In Japan, only Levovist was available for use for
approximately 10 years, and Sonazoid ultrasonography was not
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Figure 9.21

aSonazoid images ofa 1.5 cm sized, poorly demarcated low-
echoic nodule. The images were obtained by low acoustic
power B-mode ultrasonography in the monitor mode (right
panel) and low acoustic power B-mode ultrasonography in
the harmonic mode (left panel). The number of arteries
visualised in the tumour (arrowhead) is reduced in the
arterial phase imaged 22s after intravenous injection of
0.4 mL of Sonazoid. b Image in the portal venous phase
obtained 29s after intravenous injection of Sonazoid in
the same patient. Portal venous blood flow shows iso-
signal intensity (equivalent to that of the surrounding
liver) in most part of the tumour, and a borderline lesion
was suspected; however, the tumour also contains nodules
partially lacking in portal venous blood flow; biopsy of this
area showed well-differentiated HCC.
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widely used because of reasons such as the complicated imaging
procedures. However, both vascular-phase and Kupffer imaging
can be obtained by a single method, and Sonazoid ultrasonography
is now considered to be highly advantageous for patients, also
considering the health insurance coverage. Furthermore, it is
considered that Sonazoid will contribute significantly to the
dissemination of contrast-enhanced ultrasonography because
this method is minimally invasive and can be easily performed in
outpatient settings by only learning the procedures. It would be of
great advantage to patients if invasive tests can be avoided to the
extent possible and the QOL of the patients can be improved by the
use of this diagnostic method.
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