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On few occasions, medical advancements bring together

the new with the old. This is the case with MR-Touch. More than
just an a new pulse sequence, MR-Touch, is an MR elastogra-
phy (MRE) technique that brings together advanced MR imag-
ing with the age-old clinical skill of touch palpation.

MR-Touch provides an imaging counterpart to the physical
examination technique called palpation. For centuries,
clinicians have used simple touch to assess the mechanical
properties of tissue, and this has served as an incredibly
powerful diagnostic tool to detect diseases. MR-Touch allows
physicians to assess these same tissue properties at a much
higher sensitivity than can be achieved by palpation and in
regions of the body that are inaccessible to palpation.

MR elastography - what is it?

Invented at Mayo Clinic (Rochester, MN), MRE is a technology
that employs low frequency mechanical sound waves in
combination with MRI to probe the mechanical properties
of tissue. The technique is implemented as a software and
hardware upgrade to a conventional MR scanner and can
be easily included in standard MRI protocols.
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A New Touch
for MR Imaging*

Advances in medicine come about

in a variety of ways: new technologies
that allow clinicians to visualize body
structures and functions they've never
seen before, novel therapies that
bring new hope to patients, and basic
advances in the understanding of the
molecular basis of disease that offer
physicians new capabilities in prediction
and prevention of illness.

During MRE acquisition, mechanical waves in the range

of 40 Hz to 200 Hz are generated in the tissues of interest
using a compact, nonmetallic MR compatible acoustic driver
device that is placed in contact with the body. The vibration
causes no discomfort and has an amplitude that is typically
less than 0.1 mm, falling well within established safety

limits for vibration exposure.? A special phase-contrast MR
sequence is used to image the pattern of propagating
mechanical waves within the body. This sequence is capable
of depicting waves with amplitudes as small as the wavelength
of light.? Advanced software algorithms are then used to
automatically process the wave information to create
“elastograms,” which represent tissue stiffness on

a color scale.

The special cyclic motion sensitizing gradients that are

used for wave imaging can be potentially incorporated into
virtually any MR pulse sequence, including spin echo, gradient
echo, and echo-planar methods. The MRE sequence is

also compatible with parallel-imaging and motion artifact
reduction techniques such as gradient moment nulling

and spatial pre-saturation.

*510(K) pending at time of print.
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With the advent of MRI, radiologists learned to understand the basic T1, T2, and
proton density contrast provided by this modality and how it could be used to
depict anatomy and characterize tissues. Yet that was just the beginning. Over

the years, researchers have introduced technigues for imaging many new properties
including, chemical shift, flow, diffusion, perfusion, and BOLD contrast, yielding
powerful new diagnostic applications.

MRE provides a different type of contrast - tissue stiffness. Initial exploration of
this new capability has focused on diseases that are already known to cause local
changes in tissue stiffness. MRE is a non-invasive, pain free procedure. As such,
one of the most promising applications of MRE to date has been its use as a
supplement to conventional MRl in evaluating chronic liver disease.® The addition
of MRE to a standard MRI protocol enhances the comprehensive nature of the
diagnostic exam. Countless other applications remain to be explored.?

At Mayo Clinic, Richard Ehman, MD, and colleagues have been evaluating MRE
to non-invasively measure tissue stiffness (Figure 1). Dr. Ehman and his group
are also exploring many other applications of MRE (Figure 2).

In recent years, researchers have become more aware of the profound way in which
the mechanical environment of tissue affects the behavior of cells. Abnormal tissue
stiffness is now thought to contribute to the development of many diseases. MRE
provides access to a new, largely unexplored, set of quantitative imaging biomark-
ers that await investigation. m
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Left: Conventional MR image shows a mass in the liver. Center: Mechanical waves are
imaged in the liver, using an MRE sequence. Right: The wave information is processed to generate
an elastogram, which indicates that the mass (arrow) is very hard, consistent with a malignant tumor
(hepatocellular carcinomal).
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MR elastography is used here
to characterize the relative stiffness in soft
tissue. Top row: Conventional MR images of
two different individuals are not capable of
showing the presence or absence of liver
fibrosis. Center row: Mechanical waves are
generated in the upper abdomen with an
acoustic driver device and imaged with a
special MRI technique. Bottom row: The
wave information is processed to generate
“elastograms,” showing the stiffness of tissue.
The patient on the right has marked elevated
tissue, consistent with moderately advanced
liver fibrosis. The patient on the left has a
normal liver stiffness appearance.

Lloyd Estkowski, MR manager for
Body Applications at GE Healthcare,
contributed to this article.
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