J c I The Journal of Clinical Investigation

Adding muscle to neuromuscular degeneration investigation
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Obtaining accurate muscle degeneration data for neuromuscular diseases such as amyotrophic lateral sclerosis,
muscular dystrophy, inflammatory muscle diseases, and other related disorders is difficult, as the standard tests available
are painful and/or subjective. A new, noninvasive method, called electrical impedance myography (EIM), which is now
undergoing detailed testing in patients, holds promise as an accurate and painless means to assess muscle tissue
characteristics. EIM takes advantage of a fundamental trait of skeletal muscle in order to measure tissue degeneration.
Muscle tissue, made up of a series of tightly bundled fibers, is not perfectly cylindrical but rather is thicker in some areas
than others; thus, when passing through it, an electrical current must flow both parallel and transverse to the bundles to
reach all parts of the tissue. The transverse current passes through a series of cell membranes, and in healthy cells,
these act as insulators and delay the current. The difference between the two currents is called phase: the shorter the
delay, the lower the phase and the more diseased the tissue. Ronald Aaron and Carl Shiffman, professors in the
Department of Physics at Northeastern University, Boston, have worked on EIM since the mid-1990s. Shiffman told the
JCI, “The reason we got into it [EIM] was because we really wanted to do measurements on the head. But we had never
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News

Adding muscle to neuromuscular
degeneration investigation

Obtaining accurate muscle degenera-
tion data for neuromuscular diseases such
as amyotrophic lateral sclerosis, muscular
dystrophy, inflammatory muscle diseases,
and other related disorders is difficult, as
the standard tests available are painful
and/or subjective.

A new, noninvasive method, called electri-
cal impedance myography (EIM), which is
now undergoing detailed testing in patients,
holds promise as an accurate and painless
means to assess muscle tissue characteris-
tics. EIM takes advantage of a fundamental
trait of skeletal muscle in order to measure
tissue degeneration. Muscle tissue, made up
of a series of tightly bundled fibers, is not
perfectly cylindrical but rather is thicker in
some areas than others; thus, when passing
through it, an electrical current must flow
both parallel and transverse to the bundles
to reach all parts of the tissue. The trans-
verse current passes through a series of cell
membranes, and in healthy cells, these act
as insulators and delay the current. The dif-
ference between the two currents is called
phase: the shorter the delay, the lower the
phase and the more diseased the tissue.

Ronald Aaron and Carl Shiffman, profes-
sors in the Department of Physics at North-
eastern University, Boston, have worked on
EIM since the mid-1990s. Shiffman told the
JCI, “The reason we got into it [EIM] was
because we really wanted to do measure-
ments on the head. But we had never done
any measurements on people, and we were a
bit scared about sticking electrodes in peo-
ple’s heads and pushing currents in. So we
said, ‘Why don’t we try the

thigh?’ . .. Little by little, . . . 19

Seward Rutkove cautioned that EIM current-
ly is a work very much in progress.

ing this into] a systematic approach to [test
for] muscle disease didn’t occur until Seward
[Rutkove| contacted us.”

Rutkove, a professor in the Department of
Neurology at Beth Israel Deaconess Medical
Center, picked up the thread of the story. “I
was in the neuromuscular division and see-
ing a lot of patients with different nerve and
muscle diseases. The standard way of testing
is called electrical myography. It is uncom-
fortable and invasive. I had kept thinking,
‘Can’t we take a different approach?’ So I
started reading the literature.” It took him a
while, but eventually he found some articles
by Aaron and Shiffman. Rutkove said that
when he read their work, he thought, “We
just need to apply this to neuromuscular
disease, and we might actually see some-
thing interesting.” Then I said, ‘Oh, they

probably live in California or something.’
ButIlooked at their location, and they hap-
pen to be across the street, practically. It was
kind of a fun coincidence.”

The consequences of these serendipitous
circumstances may end up benefitting neu-
romuscular patients and researchers. The
initial tests on the usefulness of EIM have
been encouraging. For example, a “ROC
test” — which stands for “receiver operat-
ing characteristic analysis” and is a widely
used threshold-independent test in clini-
cal medicine to assess a method’s sensitiv-
ity and selectivity — has already been done
using EIM and was very successful.

“If the [ROC] score is above about 0.9, it is
considered a useful test. Our data were 0.95,”
Shiffman explained. Their study included 45
healthy people and 25 with a neuromuscular
disease. The NIH has since provided a grant
for more extensive testing. Aaron, Shiffman,
and Rutkove have already recruited another
80-90 people and are aiming for a total of
about 350: 110 healthy and 240 with vari-
ous neuromuscular diseases. They will be
assessing the usefulness of many aspects
of EIM beyond the measurement of phase,
including the direct use of the raw data
that goes into the phase calculation, such
as reactance and resistance. Their first goal
will be reestablishing the previous results on
alarger population, but they hope they will
ultimately be able to detect EIM patterns
specific to various disease types.

All three remain cautious about this tech-
nology, emphasizing that EIM is still in
development. But they are cautiously opti-
mistic. Shiffman noted that they have been
following several patients over time, includ-
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