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With the mapping of the mouse genome, the growing sophis-

tication in transgenic sciences creating complex mouse models of
disease, and the demand to study disease in vivo, there has been
a corresponding increase in the demand for and development of
preclinical imaging modalities. Clinical ultrasound operating in
the 2 -12 MHz range is a well established clinical imaging modal-
ity, accounting for more than one-third of all imaging procedures
performed in North America. The simplicity, ease of use, speed,
and safety of ultrasound have led to its significant role in diagnosis,
treatment assessment, follow-up, and guidance of therapy in clinical
applications. Ultrasound imaging is used routinely in its B-Mode
imaging mode to report on soft tissue structures. It's also used in its
Doppler modes for the measurement of blood velocity in fast-flow-
ing targets such as the cardiovascular system, in slow-flowing appli-
cations such as quantifying blood flow and in vascular architectures
within tumors. While powerful and flexible as a clinical modality,
ultrasound's low spatial resolution is not sufficient to be useful as
a modality to assess the small structures and biological targets of
the mouse model, especially when considering early stage disease
development or embryonic studies of small animal models.
"Resolution Revolution"

The development of high-frequency micro-ultrasound (20
MHz+) — or ultrasound biomicroscopy (UBM) — applies all the
benefits of ultrasound as a modality to the broad range of applica-
tions required in preclinical research. High-resolution micro-ultra-
sound operates in the frequencies of 35 - 80 MHz with spatial reso-
lution down to 30 microns and real-time temporal resolution. The
novel nature of the technology lies in the fact that these very high
resolutions {i.e., visualizing anatomical structures and micro blood
flow) were achievable, but only with low penetration ( 2 - 3 cm).
While limited for clinical applications, this depth of penetration is
very appropriate for small animal research models—making this
imaging platform ideally suited for visualizing the small anatomical

structures and blood flow (see Figure 1) that preclinical researchers
need to evaluate phenotype and disease progression in vivo.

Micro-ultrasound is used routinely for assessment of soft tissue
targets in abdominal imaging, cardiovascular imaging, confirma-
tion of pregnancy and soft tissue tumor studies in mouse models.
Since the technology is non-invasive and without bioeffects, the
same animal can be imaged frequently in longitudinal studies that
monitor the development of disease expression. Therapeutic ef-
ficacy can also be studied using this modality so as to monitor the
progression or regression of disease.
Cancer Applications

The mouse is a popular biological model for cancer research.
The need to assess early stage tumor development, growth and
metastases, burden and flow and micro-vasculature parameters are
important elements that lead to better understating of the nature
of disease as well as therapeutic efficacy. Micro-ultrasound allows
for real-time visualization of soft tissue tumors from early stage
developments (100 microns). Tumors can be quantified in 2- and
3-dimensions quickly and non-invasively (see Figure 2). Using
Power Doppler mode, micro-vasculature details can be assessed and
also visualized and measured in 3D. Tumor and tumor vascular
growth and architecture measures can be created and monitored
longitudinally.

Fig. I Micro-ultrasound image of mouse carotid artery, enabling the
viewing and measurement of plaque development and vessel wall thickness
in real-time.

Fig. 2 3D vascular structure of a melanoma growth in a mouse on
its third day of growth.

With the development of targeted contrast agents, molecular
imaging functionality is added to this platform as intra-vascular
contrast agents can be targeted at key expression targets for disease
areas of interest and then measured in vivo. Much work has begun to
apply micro-ultrasound to anti-angiogeneic studies, especially with
the development of such therapeutic agents in preclinical models.
Cardiovascular Applications

As the heart of the adult mouse beats at 450 - 600 beats per
minute and is a few millimeters in size, the VisualSonics' Vevo 770
has been developed to provide the spatial and temporal resolution
required to visualize and quantify these cardiovascular phenotypes.
In addition to B-Mode imaging, which provides frame rates of up to
240 Hz and spatial resolution to 30 microns, a line-based technique
called EKV™ (ECG-basedkilohertz reconstruction) allows research-
ers to visualize and measure the detailed beating adult mouse heart
— at up to 1,000 frames/second.
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Due to its high-resolution, micro-ultrasound can be applied to
new areas of cardiovascular research previously not investigated due
to the limitations of the available imaging tools including:
• Cardiac ischemic mice models to determine wall motion and

visualization of all segments of myocardium;
• Embryonic lethal mouse models in utero to visualize the atrial

and ventricular function from embryonic day 6.5 onward and
perform Doppler of outflow tracts;

• Cardiac models affecting right-sided cardiac anatomy includ-
ing tricuspid and pulmonary valve anatomy and function;

• Cardiac models affecting diastolic function using mitral valve
Doppler;

• Guidance of injection procedures including image-guided
injections into the mouse and rat myocardium for cardio-
vascular stem cell research, introduction of therapeutics, and
LV-guided injection for perfusion;

• In Vivo Monitoring and quantifying of therapeutic efficacy
longitudinally, from early stages of mouse development; and

• Monitoring of surgical implants including guidance of and
monitoring of effective placement and function of shunts, etc.
non-invasively and longitudinally.

Complete Pre-Clinical Solution
With a spatial resolution of 30 microns and the small size of the

instrument's scanheads, detailed imaging and phenotyping of many
small animal models is possible — including embryonic mice, zebra
fish, and chick embryos, all important models for cardiovascular
and developmental modeling of human disease. An integrated small
animal rail system and handling apparatus allows researchers to per-
form detailed assessments and imaging procedures with accuracy
and reproducibility. The system also allows for the physiological
monitoring of the animal including capture of temperature, ECG,
an integrated compact anesthesia system, and controlled warming
of the animal during imaging.

The approach to data analysis is also research-centric provid-
ing open and easy access to raw image and measurement data
and allowing for a variety of analytic and measurement tools for
quantifying phenotypes.

Novel applications for Image-Guided Injections and Inter-
ventions

As in clinical applications, micro-ultrasound, because it is a
real-time modality, has been adopted for guiding injections for
small animal procedures in neurobiology, stem cell therapy, and
gene therapy applications. Neurobiologists use the technology to
guide targeted injections in utero into cranial cavities in mouse
models. DNA and genetic materials can be introduced or extracted
in utero and then the phenotypes can be monitored through de-
velopment, birth, and neonatal growth. Developmental studies
have successfully used the Vevo to guide injections into targets in
the developing mouse embryo in utero. Recent developments have
also included using the Vevo to guide closed-chest injections into
the myocardium for cardiac stem cell regeneration therapy. This
application has replaced a previous technique involving complex
cardiovascular surgery and imprecise injections.
The Next Application: Contrast-Enhanced and Molecular
Imaging at High Frequencies

Ultrasound contrast agents or micro bubbles can compliment
and extend the utility of micro-ultrasound by enhancing imaging
modes and allowing for molecular imaging of disease biomarkers.
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The VisualSonics' Vevo 770™ system.

Contrast agents are introduced into the blood pool of the mouse
through intravenous injection and can be used for a number of
key applications. As an image enhancing agent, micro bubbles can
enhance the micro-ultrasound signal so as to visualize difficult to
distinguish targets such as damaged myocardial borders for perfu-
sion studies. As a targeted agent, a micro bubble can have specific
ligands bound to the surface and introduced into the blood stream
so that they bind only to that unique target site. Such is the case
with VEGFR2, a popular biomarker for angiogenesis, or P-Selectin,
another biomarker for the expression of inflammation. As such, the
presence of these biomarkers can be detected in straightforward,
reproducible procedures and the presence of the targeted agent can
be quantified to provide relative quantification of the biomarker
expression.

Micro-Ultrasound: The Fastest Growing Preclinical In Vivo
Imaging Modality

In just over three years, VisualSonics has sold and activated over
200 micro-ultrasound systems for use globally in leading academic
and pharmaceutical companies. This enabling technology — the
Vevo 770 high-resolution micro-ultrasound system — is facilitat-
ing novel research in cardiac and vascular disease, cancer, stem
cell research and developmental biology. When compared to other
imaging options, only micro-ultrasound has the combination of
high-resolution, real-time imaging, in vivo detection and analysis,
reasonable cost, ease-of-use, portability and no negative biological
effects. With the addition of contrast-enhanced and targeted con-
trast imaging, micro-ultrasound now provides a single preclinical
micro-imaging platform for real-time anatomical, functional {i.e.
blood flow) and now molecular imaging and analysis. •
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