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9.2 Contrast-Enhanced Ultrasound
Using Microbubble Contrast Agent

Fuminori Moriyasu
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9.2.1 Introduction

Ultrasonography has been applied clinically since the 1970s. While
non-enhanced B-mode ultrasonography was used for a long time
initially, Doppler mode ultrasonography using the Doppler effect
became available thereafter. Two-dimensional colour Doppler
ultrasonography, in which Doppler signals are superimposed on
the B-mode images, has been applied clinically to visualise blood
flow. This method has been useful for differential diagnosis between
benign and malignant tumours by allowing visualisation of tumour
vessels and diagnosis of vascular lesions.

In the colour Doppler method, Doppler shift frequencies of
ultrasound scattered by moving scatterers, namely, blood cells,
particularly red blood cells, are converted to signals. However, when
the Doppler shift frequency is set at 3-4 MHz, which is used in
abdominal ultrasound, only blood flow velocities of at least 5 mm/s
can be visualised. Therefore, visualisation of the microcirculation
from arterioles to capillaries is not possible.
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Inliving bodies, mainly composed of water, the greatest difference
in acoustic impedance is seen between fluids and gases. Therefore,
to intensify signals from blood flow, ultrasound contrast agents
composed of microbubbles that easily pass through capillaries have
been developed. Furthermore, the harmonic technology has been
developed, which allows visualisation of non-linear signals, making
it possible to visualise blood flow from the great vessels to the
capillaries.

In addition, some microbubble contrast agents with a diameter
of <4 um are phagocytosed by macrophages in the vascular lumen
and do not leak out from the blood vessels into the interstitium.
Visualisation of macrophages, i.e. cell-targeted imaging, became
possible by visualising microbubbles that are phagocytosed and
retained by the cells. Kupffer cells in the liver are representative
macrophages in the endothelium. Therefore, these microbubble
contrast agents that are phagocytosed have two contrast effects as
blood poolagents, thatis, as conventional sensitisers forintravascular
blood flow and as Kupffer cell agents, i.e. cell-targeted contrast
agents. Accordingly, use of these contrast agents allows much useful
information to be obtained in liver ultrasonography.

This chapter reviews the basic and clinical aspects of ultrasound
contrast imaging.

9.2.2 Contrast Agents

9.2.2.1 Types of ultrasound contrast agents

Many contrast agents for contrast-enhanced ultrasonography
have been developed and tested in clinical trials. Some of them
are already on the market in Japan as well as in foreign countries,
as shown in Table 9.2. These agents have been developed mainly
by Western pharmaceutical companies. Albunex was launched in
the US and Japanese markets in the 1990s, but is no longer used
at present. Levovist has been used in Europe and many countries
around the world; however, in recent years, this agent has been
used almost exclusively in Japan. In Europe, Optison, Definity and
SonoVue have been in clinical use. In the US, Optison, Definity
and Imagent are used for cardiac imaging. In China, SonoVue has
been on the market since 2004 and is used for liver and cardiac
imaging.
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Table 9.2  Ultrasound contrast agents

Name Company Size - Shell material Inner Gas
Albunex MBI 4.3 mm Albumin Air
Mallinckrodt
Levovist Schering 2-4 mm No (palmitic acid) Air
Optison MBI Amersham 3.0-4.5 mm Albumin C3F8 +air
Health
Definity Bristol-Mayers 1.1-3.3 mm Lipid + surfactant C3F8 + air
Imagnet Alliance 5 mm Surfactant Perfluoro-carbon
SonoVue Bracco 2.5 mm Lipid SF6
Sonazoid GE Health Care 3 mm Phospholipid Perfluoro-carbon
Quantison Quadrant 3.2 mm Albumin Air
Healthcare
Myomap Quadrant Albumin Air
‘ Healthcare
Echogen Sonus, Abbott  3-5mm Surfactant C5F10
Cardipsphere Point Polymer + albumin Air
Biomedical
AI700 Acusphere —2.2 mm Polymer (PLGA)  Perfluoro-carbon

The development of Sonazoid was started by Nycomed in
Norway in the 1980s. It was tested in clinical trials for the diagnosis
of neoplastic liver diseases; however, no application for approval of
the agent was made in Western countries.

In Japan, phase I, phase Il and phase I clinical trials of Sonazoid
werestartedin 1998,1999 and 2001, respectively, and an exploratory
test was conducted in 2003 to examine the effectiveness of this agent
in the follow-up evaluation after radiofrequency treatment of liver
cancer. During this period, Nycomed was taken over by Amersham
Health, and in turn, Amersham Health was taken over by GE Health
Care (GEHC). Therefore, GEHC owns the rights to develop Sonazoid
in countries other than Japan at present.

In Japan, Sonazoid was developed by Daiichi Pharmaceutical Co,,
Ltd. (the present Daiichi Sankyo Co., Ltd.). This drug was approved
and launched on the market on January 10, 2007 as the first second-
generation contrast agent in Japan. The launch of Sonazoid in the
market in Japan, ahead of other countries, was an epoch-making
event.

In clinical trials of Sonazoid, a comparative test of diagnosability
was conducted by blind reviewers, using contrast-enhanced helical
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CT as control. The diagnostic ability of Sonazoid contrast-enhanced
ultrasonography was found to be equivalent to or better than that
of CT, and use of this agent was approved by the Ministry of Health,
Labour and Welfare. In particular, it was shown that the ability of
Kupffer cell images obtained over 10 min after treatment with
Sonazoid for the diagnosis of neoplastic liver lesions was higher
than that of CT. This facilitated the approval.

The indication for the use of Sonazoid at the time of the approval
was diagnosis of liver tumours, and diagnosis of tumours in other
organs is still not covered by health insurance. This is largely because
developmental clinical trials of Sonazoid involved only patients with
neoplasticliver diseases. In addition, another reason is that Sonazoid
was designed so that it can be phagocytosed by the Kupffer cells of
the liver as described above.

However, as a blood pool agent, Sonazoid does have a strong
ability to allow diagnosis of tumours in other organs, such as
pancreatic, breast and renal cancers. Therefore, it is highly
desirable that the indications for the use of Sonazoid be expanded
in the future. Daiichi Sankyo Co. Ltd., which developed and sells
Sonazoid, is planning clinical trials in the future for expanding the
indications.

9.2.2.2 Pharmacokinetics of Sonazoid (Fig. 9.6)

When injected intravenously, Sonazoid passes through the right side
of the heart and reaches the left side of the heart via pulmonary
circulation. During this period, it is considered that only a small
amount of the bubbles disappear due to pressure changes. This
is because the blood concentration of Sonazoid decreases more
slowly as compared with that of other contrast agents even after
repeated circulation between the right and left sides of the heart.
If the recommended dose (0.015 mL/kg) of Sonazoid is injected, its
contrast effect lasts for more than 10 min in blood vessels such as
the portal vein.

Sonazoid is trapped by reticuloendothelial organs such as the
liver and spleen, which greatly contributes to the decrease in its blood
concentration. If the recommended dose is injected intravenously,
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approximately 25% of the injected bubbles are considered to
accumulate in the liver.

During the first cycle of circulation, the blood concentration of
Sonazoid is highest in the hepatic artery and portal vein, and a large
amount of the contrast agent flows into the hepatic vein. During
the second and later circulatory cycles, the signal intensity is much
lower in the hepatic vein than that in the hepatic artery and portal
vein (Fig. 9.6). This means that the Sonazoid bubbles are trapped at
a high frequency by the hepatic sinusoids during the first circulation
cycle (Fig. 9.7).
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Figure 9.6  Time-signal intensity curves in the hepatic artery, portal
vein and hepatic vein after intravenous injection of Sonazoid
in healthy individuals. There are no differences in the signal
intensity between the hepatic artery and portal vein, indicating
that the bubbles were not trapped in the capillaries of organs
such as the intestine. There are large differences in the signal
intensity among the hepaticartery, portal vein and hepatic vein,
indicating that many bubbles were trapped by the sinusoids
during a single cycle of circulation.

On the other hand, there are no differences in the contrast agent
concentrations between the superior mesenteric artery and vein or
between the renal artery and vein, indicating that the bubbles are
not trapped in the capillaries of these organs.
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