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ABSTRACT

Methods and systems for reducing interference in a therapeu-
tic energy delivery system by delivering an electrical thera-
peutic signal to a patient to provide a therapeutic benefit to the
patient, and delivering an electrical counter signal to the
patient that destructively interferes with an electrical interfer-
ence signal resulting from delivering the electrical therapeu-
tic signal.
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SYSTEMS AND METHODS TO REDUCE
SENSOR INTERFERENCE ASSOCIATED
WITH ELECTRICAL THERAPIES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of U.S. Prov.
App. No. 61/801,002, filed Mar. 15, 2013, the disclosure of
which is incorporated herein by reference.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned
in this specification are herein incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

BACKGROUND OF THE INVENTION

[0003] Neuromuscular electrical stimulation (NMES) (also
referred to as powered muscle stimulation, functional muscle
stimulation, electrical muscle stimulation, electrical stimula-
tion, and other terms) is an established technology with many
therapeutic uses, including pain relief, prevention or retarda-
tion of disuse atrophy, and improvement of local blood cir-
culation. NMES is typically delivered as an intermittent and
repeating series of short electrical pulses. In many implemen-
tations, these pulses are delivered transcutaneously by sur-
face electrodes that are attached to a person’s skin. Electrodes
may be held to the skin through the use of straps, adhesives, or
other mechanisms, and often contain a coupling layer com-
posed of hvdrogel that is capable of enhancing the efficiency
of energy transfer from the electrode to the skin and under-
lying tissues.

[0004] A group of persons who could potentially show
large benefit from NMES therapy are those who are being
monitored medically for other conditions or as a standard part
of their medical care. For example, many patients in the
hospital are subjected to long periods of bed rest and develop
atrophy that NMES could prevent. During hospitalization
these patients are often connected to cardiac and other elec-
trical monitors (ex. ECG) that measure/track certain aspects
of the patient’s health (for example, assessing potential
arrhythmia and calculating heart rate). Similar statements
may be made about subjects who might use NMES in other
clinical settings or at home—electrical monitoring is often an
important part of a patient’s care that may drive either diag-
nostics or an intervention. Monitoring equipment may be
external and temporary (ex. Holter monitor) or may be part of
an implanted device that is permanent or semi-permanent.
Monitoring and sensing capabilities may be stand-alone or
integrated into another piece of medical equipment or device.
[0005] As NMES delivers electrical impulses to the body
during its therapeutic application, there is the potential for
interference with electrical monitoring equipment. For
example, electrical signals delivered to the body as part of
NMES treatment may be detected by sensors associated with
other equipment, even in areas of the body remote to the site
of NMES application. These NMES signals may alter or
combine with (for example, through constructive or destruc-
tive interference) the physiological signals the sensors are
intended to measure. If of sufficient amplitude, this interfer-
ence may mask or alter signals detected by sensors in such a
way that these signals are no longer reflective of the physi-

Jan. 7,2016

ological event intended to be monitored. Accordingly, dan-
gerous conditions may arise where a critical clinical event is
not detected (for example, a cardiac arrhythmia goes unde-
tected) or a device that implements sensing/monitoring
behaves in an undesired fashion (for example, an implanted
defibrillator shocks the patient during normal cardiac func-
tion because sensor interference is interpreted as a critical
arrhythmia).

[0006] Itisimportant to distinguish the situation currently
described from the case of external electrical noise or other
forms of external noise interfering with sensors. Sources of
potential monitor interference arising from outside of the
body are well-understood, and appropriate mechanisms are
well-known in the art to prevent or limit substantial deleteri-
ous effects associated with these sources of noise. The pres-
ently-described situation, where sensor/monitor interference
arises due to an electrical signal injected into or otherwise
applied to the body, is much more challenging to handle and
has limited available solutions.

[0007] The prior art illustrates some attempts to solve the
interference problem described herein, but solutions
described have inherent practical limitations. Solutions
described in the prior art often use hardware or software-
based signal filters that are applied to noisy data collected by
sensors. Depending on the characteristics of both the desired
and the interfering signals, these filters may be successful at
removing the interference signal or minimizing its impact,
allowing monitors and devices to function normally. Other
solutions known in the art involve the use of additional sen-
sors that are used in conjunction with the primary sensors
associated with the monitor or device. These additional sen-
sors may detect the interference signal, or a different combi-
nation of the desired and interference signals, and can be
combined with data from the primary sensors in order to
eliminate or minimize the impact of the interference signal on
monitoring or sensing. For example, some systems described
in the art use secondary sensors to measure the interference
signal applied to the body, then subtract secondary sensor
data from primary sensor data (which measures a combina-
tion of the desired physiological signal and the interference
signal applied to the body) to minimize residual interference.
Similar systems combine signals, sometimes from many
additional sensors, in different ways (with or without the use
of signal filters) to achieve similar goals.

[0008] The prior art systems noted above have practical
limitations related to their implementation in the real-world.
For example, to use filtering techniques to limit the impact of
interference signals applied to the body, one would need
access to sensor data following its detection but before it is
interpreted, displayed, or otherwise used by algorithms/com-
ponents later in a monitoring or device system’s process. As
aresult, filters can be employed by the original manufacturers
of monitoring equipment, but third-parties trying to prevent
interference with existing equipment/monitors/sensors are
prevented from implementing new filters as they generally do
not have the proper access to make hardware or software
modifications to existing equipment. Similar limitations are
associated with a multiple-sensor approach; even in cases
where the use of multiple sensors could help eliminate inter-
ference with measurements of physiological signals, these
sensors cannot generally be added post-market to existing
monitors or devices that measure and interpret data.

[0009] As one specific example, take the case ofa patient in
a hospital having his cardiac signals monitored with standard
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ECG equipment. ECG signals are measured by sensors (ECG
electrodes) applied to the body and relayed to a processot/
display unit via conventional leads that are well-known. If
NMES is applied to the patient, signals detected by ECG
electrodes may be a blend of the cardiac signals desired to be
measured and an interference electrical signal produced as a
byproduct of NMES treatment. Even if the NMES interfer-
ence signal could be isolated and measured exactly with
secondary sensors, there is no way to adjust the ECG elec-
trode data with information from the secondary sensors with-
out major modifications to the ECG monitoring system. In
other words, the ECG sensor data is ported directly to the
processer/display unit, and there is no practical way to inter-
cept this data and adjust it using information from a secondary
sensor before it is interpreted and displayed. Similar limita-
tions are associated with the use of the filter approach. Thus,
there is no way to prevent this type of signal interference
using these methods without working directly with the ECG
monitor manufacturer to implement them. As there are a vast
possibility of devices and monitors that could suffer from
interference from NMES devices and other devices that sup-
ply electrical signals to the body, collaborating with each
manufacturer to implement to the techniques described in the
prior art is impractical and thus these solutions aren’t feasible
for widespread use.

[0010] Novel solutions are needed to allow NMES and
other devices to be used safely in the presence of monitoring
and sensing equipment. These new approaches must solve the
practical problems described above, and allow for interfer-
ence reduction to be implemented in such a way that no
modifications to monitoring devices are needed in order to
reduce the interference produced by the therapy devices and
subsequently detected by the sensors on the monitoring
devices. Disclosed within are devices, systems, and methods
for achieving these goals.

SUMMARY OF THE INVENTION

[0011] Detailed within are devices, systems, and methods
for reducing the interference that electrically-based systems
or therapies may produce in monitoring systems or devices
that involve sensing electrical signals. Several embodiments
and implementations of the invention are described herein,
though it will be evident to those skilled in the art that these
are exemplary and that numerous configurations of the
present invention are possible. An important aspect of many
of the embodiments of the present invention is that interfer-
ence is reduced by preventing or limiting interference signals
from reaching primary sensors associated with monitoring
system or device sensors. As opposed to methods and systems
described in the prior art, which use filters or secondary
sensors to try to remove interference components from a
combination signal (comprised of both desired and interfer-
ence signal components) detected by primary sensors, the
present invention seeks to prevent these interference compo-
nents from reaching the primary sensor in the first place.
Accordingly, no modifications of existing monitoring sys-
tems or devices is required in order to reduce or eliminate the
impact of interference signals on the ability for these systems
or devices to measure their target physiological signals.
While much of'this disclosure is written using the modality of
NMES as an illustrative example, it will be obvious to those
skilled in the art that with minor modifications the methods,
devices, and systems described herein may be applied with
utility to other energy-delivery therapies as well. Similarly,
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while interference with ECG monitoring will be used as an
example, this should not be construed as limiting as the same
inventions may be applied to minimize interference with
other types of monitoring and/or devices. It should be appre-
ciated that different aspects of the invention can be appreci-
ated individually, collectively, or in combination with each
other.

[0012] In a preferable embodiment, an NMES system is
configured with multiple independent energy-delivery chan-
nels. One or more of these channels is used to apply NMES
therapy to a body part. A by-product of this application of
NMES energy is an interference signal that could inhibit the
fanction of devices elsewhere on or in the body that monitor
or sense electrical signals. To address this problem, other
channels in the NMES system may be used to provide a
counter signal which can interact and destructively interfere
with the interference signal produced by the standard NMES
waveforms. This counter signal has an amplitude and a phase
such that, at monitoring locations remote to the site of NMES
therapy, the interference signal produced by NMES energy
delivery is eliminated or minimized. Some embodiments may
have more energy channels dedicated to apply NMES to a
body part than energy channels used to cancel the NMES
interference signal remotely. This active cancellation
approach is differentiated from the prior art because interfer-
ence signals are addressed prior to them reaching the primary
sensor associated with monitoring devices or other equip-
ment—no alterations need to be made to existing equipment.
[0013] In preferable embodiments of the invention, the
amplitude, phase, shape, and other properties of the counter
signal may be adjusted by a user to achieve optimal results. In
variation embodiments, the counter signal is fixed or adjusted
automatically based on settings of the NMES device. In pref-
erable embodiments, the electrodes used to deliver the
counter signal to the body are located in a fixed location
relative to the stimulation electrodes used to deliver NMES
energy to the body. In variations of the preferable embodi-
ments, the electrodes delivering the counter electrode signals
may have adjustable locations relative to the region of NMES
therapy.

[0014] Inavariation of the preferable embodiment, sensors
are integrated into the NMES system that measure the inter-
ference signals produced by the NMES treatment. In some
embodiments, this measurement occurs remotely from the
region being treated with NMES, while in some embodiments
the sensing/measurement occurs locally. After sensors have
measured the signal produced by NMES, internal systems are
used to adjust and fine-tune the counter signals that are pro-
duced by the system in order to limit or eliminate interference
with monitoring equipment or sensing devices.

[0015] Insomeembodiments, multiple independent energy
delivery channels are used to produce the counter signal. In
this embodiment, each independent energy channel may be
configured to deliver energy to separate pairs or groups of
electrodes, so that the counter signal may take on numerous
shapes and properties. In other variations of a preferable
embodiment, a single energy delivery channel interfacing
with a single pair of skin-contact electrodes is used to provide
to the counter signal to the body. In further variations, a
monopolar configuration is implemented that uses a single
electrode contact site to provide the desired counter signal.
[0016] An important aspect of preferable embodiments of
the invention is that energy delivered to produce the counter
signal does not interfere with or degrade the ability to suc-
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cessfully treat a patient or subject with NMES. In other
words, the counter signal can effectively cancel the NMES
interference signal at remote sensing locations but does not
degrade the NMES electrical signal used to create muscle
contraction in the region being treated with NMES. Any
viable solution to the problems described herein must allow
both the NMES system (or another energy-related therapy
thatis being applied) and the monitoring/sensing system to be
used normally and effectively simultaneously.

[0017] The disclosed devices, methods, and systems are
useful because they will enable effective NMES therapy in a
subset of persons that currently may not qualify for it due to
reliance on monitoring systems or devices. For example, the
United States FDA currently requires device labeling for
NMES systems indicating that they should not be used on
patients with cardiac pacemakers or defibrillators, as there is
a fear of the consequences of interference with the sensing
systems in these devices. Novel devices, systems, and meth-
ods that could prevent interference with the sensing systems
of cardiac devices would allow NMES therapy to reach a
much larger group of patients who could benefit from the
treatment. The presently-disclosed inventions will also allow
NMES to be used more safely in hospital settings, particularly
those settings which require patients to be connected to ECG
or other monitoring systems continuously.

[0018] One aspect of the disclosure is a muscle stimulation
system comprising a stimulation electrode configured to be
secured to a patient to deliver an electrical muscle stimulation
signal to the patient; and an counter signal electrode config-
ured to be secured to the patient and relative to the stimulation
electrode to deliver an electrical counter signal to the patient;
and at least one controller adapted to generate the electrical
muscle stimulation signal and the counter signal, wherein the
electrical counter signal is adapted to destructively interfere
with an electrical interference signal resulting from the elec-
trical muscle stimulation signal.

[0019] Insomeembodiments the electrical counter signal is
adapted such that it does not degrade the stimulating effect of
the electrical muscle stimulation signal.

[0020] Insomeembodiments the electrical counter signal is
adapted to minimize or eliminate the interference signal.
[0021] In some embodiments the electrical counter signal
has an opposite polarity and substantially the same amplitude
as the interference signal.

[0022] In some embodiments the electrical counter signal
has an amplitude that is less than an amplitude of the electrical
muscle stimulation signal.

[0023] In some embodiments the electrical counter signal
has a shape that 1s different than a shape of the electrical
muscle stimulation signal.

[0024] In some embodiments the at least one controller is
adapted so that the electrical counter signal is fixed.

[0025] In some embodiments the at least one controller is
adapted such that the electrical counter signal can be manu-
ally or automatically varied. The at least one controller can be
adapted such that at least one of an amplitude, a phase, and a
shape of the electrical counter signal can be manually or
automatically varied. The at least one controller can be
adapted to vary the electrical counter signal based on the
electrical interference signal. The system can further include
an interference signal sensor configured to be secured to the
patient and to sense the electrical interference signal.

[0026] In some embodiments the system also includes an
interference sensor configured to be secured to the patient and
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adapted to sense the interference signal at a location different
than where the electrical muscle stimulation signal is deliv-
ered to the patient, wherein the electrical counter signal is
based on the sensed interference signal.

[0027] Insomeembodiments the electrical countersignal is
adapted to reduce interference between a sensed physiologi-
cal signal from the patient and the interference signal. The
physiological signal from the patient can be an EKG signal.
[0028] Insome embodiments the system further comprises
apad configured to be positioned on the patient and comprises
the stimulation electrode and the counter signal electrode.
The pad can further comprise an interference sensor adapted
to sense the electrical interference signal. The interference
sensor can be disposed between the stimulation electrode and
the counter electrode. The counter electrode can be disposed
between the stimulation electrode and the interference sensor.
[0029] Oneaspect ofthe disclosure is a method of reducing
interference in a muscle stimulation system comprising deliv-
ering an electrical muscle stimulation signal to a patient to
stimulate muscle contraction; and delivering an electrical
counter signal to the patient that destructively interferes with
an interference signal resulting from delivering the electrical
muscle stimulation signal.

[0030] In some embodiments delivering the electrical
counter signal does not degrade the stimulating effect of the
delivered electrical muscle stimulation signal.

[0031] In some embodiments delivering the electrical
counter signal minimizes or eliminates the interference sig-
nal.

[0032] In some embodiments delivering the electrical
counter signal comprises delivering an electrical counter sig-
nal that has an opposite polarity and substantially the same
amplitude as the interference signal. Delivering the electrical
counter signal can include delivering an electrical counter
signal that has an amplitude less than an amplitude of the
delivered electrical stimulation signal.

[0033] In some embodiments delivering the electrical
counter signal comprises delivering an electrical counter sig-
nal that has a shape that is different than a shape of the
electrical muscle stimulation signal.

[0034] Insomeembodiments the method further comprises
modifying a parameter of the delivered electrical counter
signal and delivering a second electrical counter signal with
the modified parameter. Modifying a parameter of the deliv-
ered electrical counter signal can include modifying at least
one of an amplitude, a phase, and a shape of the delivered
electrical counter signal. Modifying a parameter of the deliv-
ered electrical counter signal can be in response to sensing the
interference signal with an interference signal sensor.

[0035] Insome embodiments the method further comprises
sensing the interference signal with an interference signal
sensor. Sensing the interference signal with an interference
signal sensor can comprise sensing the interference signal at
alocation different than where the muscle stimulation signal
is delivered to the patient and where the counter signal is
delivered to the patient. Sensing the interference signal with
an interference signal sensor can comprise sensing the inter-
ference signal at a location between where the muscle stimu-
lation signal is delivered to the patient and where the counter
signal is delivered to the patient.

[0036] In some embodiments delivering an electrical
counter signal is in response to sensing the interference sig-
nal.
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[0037] Insomeembodiments the method further comprises
sensing a physiological signal from the patient, and wherein
delivering the counter signal reduces interference between
the sensed physiological signal and the interference signal.
Sensing a physiological signal from the patient can comprise
sensing an EKG signal from the patient, and delivering the
counter signal can reduce interference between the EKG sig-
nal and the interference signal.

[0038] One aspect of the disclosure is a therapeutic energy
delivery system comprising a therapeutic energy delivery
element configured to be secured to a patient to deliver thera-
peutic energy to the patient; a counter energy delivery ele-
ment configured to be secured to the patient and relative to the
therapeutic energy element to deliver counter energy to the
patient; and at least one controller adapted to generate the
therapeutic energy and the counter energy, wherein the
counter energy is adapted to destructively interfere with inter-
ference energy resulting from the therapeutic energy.

[0039] Insomeembodiments the counter energy is adapted
such that it does not degrade the therapeutic effect of the
therapeutic energy.

[0040] Insomeembodiments the counter energy is adapted
to minimize or eliminate the interference energy.

[0041] In some embodiments the therapeutic energy is an
electrical signal, the counter energy is an electrical signal, and
the interference energy is an electrical signal. The counter
signal can have an opposite polarity and substantially the
same amplitude as the interference signal. The counter signal
can have an amplitude that is less than an amplitude of the
therapeutic signal. The counter signal can have a shape that is
different than a shape of the therapeutic signal. The at least
one controller can be adapted such that at least one of an
amplitude, a phase, and a shape of the counter signal can be
manually or automatically varied. The at least one controller
can be adapted to vary the counter signal based on the inter-
ference signal.

[0042] In some embodiments the at least one controller is
adapted such that the counter energy can be manually or
automatically varied.

[0043] Insome embodiments the system further comprises
an interference sensor configured to be secured to the patient
and adapted to sense the interference energy at a location
different than where the therapeutic energy is delivered to the
patient, wherein the counter energy is based on the sensed
interference energy.

[0044] Insomeembodiments the counter energy is adapted
to reduce interference between sensed physiological energy
from the patient and the interference energy. The sensed
physiological energy from the patient can be an EKG signal.
The system can further include a sensor adapted to be secured
to the patient at a location relative the therapeutic energy
element and configured to sense the physiological energy
from the patient.

[0045] Oneaspect of the disclosure is a method of reducing
interference in a therapeutic energy delivery system compris-
ing delivering an electrical therapeutic signal to a patient to
provide a therapeutic benefit to the patient; and delivering an
electrical counter signal to the patient that destructively inter-
feres with an electrical interference signal resulting from
delivering the electrical therapeutic signal.

[0046] In some embodiments delivering the electrical
counter signal does not degrade the therapeutic effect of the
delivered electrical therapeutic signal.
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[0047] In some embodiments delivering the electrical
counter sighal minimizes or eliminates the interference sig-
nal.

[0048] In some embodiments delivering the electrical
counter signal comprises delivering an electrical counter sig-
nal that has an opposite polarity and substantially the same
amplitude as the interference signal. Delivering the electrical
counter signal can comprise delivering an electrical counter
signal that has an amplitude less than an amplitude of the
delivered electrical therapeutic signal.

[0049] In some embodiments delivering the electrical
counter signal comprises delivering an electrical counter sig-
nal that has a shape that is different than a shape of the
electrical therapeutic signal.

[0050] Insomeembodiments the method further comprises
modifying a parameter of the delivered electrical counter
signal and delivering a second electrical counter signal with
the modified parameter. Modifying a parameter of the deliv-
ered electrical counter signal can comprise modifying at least
one of an amplitude, a phase, and a shape of the delivered
electrical counter signal. Modifying a parameter of the deliv-
ered electrical counter signal can be in response to sensing the
interference signal with an interference signal sensor.
[0051] Insomeembodiments the method further comprises
sensing the interference signal with an interference signal
sensor. Delivering an electrical counter signal can be in
response to sensing the interference signal. Sensing the inter-
ference signal with an interference signal sensor can com-
prise sensing the interference signal at a location different
than where the therapeutic signal is delivered to the patient
and where the counter signal is delivered to the patient. Sens-
ing the interference signal with an interference signal sensor
can comprise sensing the interference signal at a location
between where the therapeutic signal is delivered to the
patient and where the counter signal is delivered to the
patient.

[0052] Insomeembodiments the method further comprises
sensing a physiological signal from the patient, and wherein
delivering the counter signal reduces interference between
the sensed physiological signal and the interference signal.
Sensing a physiological signal from the patient can comprise
sensing an EKG signal from the patient, and delivering the
counter signal reduces interference between the EKG signal
and the interference signal.

BRIEF SUMMARY OF THE DRAWINGS

[0053] As shown in FIG. 1, an embodiment of the systems
and devices described herein that demonstrates the main sys-
tem components.

[0054] As shown in FIG. 2, variations of preferable
embodiments of the devices and systems that include elec-
trodes used to deliver NMES and electrodes used to produce
a counter signal.

[0055] As shown in FIG. 3, various electrical signals asso-
ciated with the devices, systems, and methods described
herein.

[0056] As shown in FIG. 4, variations of preferable
embodiments of the devices and systems that include elec-
trodes used to deliver NMES and electrodes used to produce
a counter signal as well as sensors used in conjunction with
the system.

[0057] As shown in FIG. 5, variation embodiments of the
devices and systems shown in multiple configurations.
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[0058] As shown in FIG. 6, several steps in one preferable
embodiment of the method described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0059] The invention provides methods, devices, and sys-
tems for limiting the impact electrical-based therapies may
have on monitoring systems and/or other devices that require
sensing of electrical signals. Though this disclosure uses the
modality of NMES as an illustrative example, those skilled in
the art will appreciate that the presently-disclosed invention
may be applied with utility to other energy-delivery therapies
as well. Various aspects of the invention described herein may
be applied to any of the particular applications set forth below
or for any other types of electrical stimulation and sensing
systems or methods. The invention may be applied as a stan-
dalone device, or as part of an integrated medical treatment
system. It shall be understood that different aspects of the
invention can be appreciated individually, collectively, or in
combination with each other.

[0060] With reference to FIG. 1, in a preferable embodi-
ment, the system includes three core components: surface
electrodes that are used to couple electrical energy into and
out of the body (104, 105), a stimulation control unit (101)
that creates the stimulation energy and potentially other elec-
trical pulses and delivers them to the surface electrodes, and a
wired connection (102) to allow communication between the
electrodes and control unit. In some variation embodiments, a
wireless system using may be used that eliminates the need
for a wired connection, instead using a radiofrequency trans-
mission, optical, acoustic, or electromagnetic signals, or
another suitable mechanism. In a preferable embodiment, the
electrodes will be assembled into a custom pad (103) such
that electrode layout and configuration will be pre-optimized
for a particular region of the body. Some electrodes may be
pre-designated to deliver stimulation energy that delivers
NMES therapy (104), while others may be configured to
produce counter signals (105) intended to prevent the NMES
therapy from creating meaningful interference in remote sen-
sors that are intended to measure electrophysiological sig-
nals. In some embodiments, electrodes may be used both to
deliver NMES therapy and to deliver counter signals, and/or
may be designated by the user or control unit to produce one
type of signal or the other at the time of NMES treatment. The
control unit is a separate unit that may be located some dis-
tance from the person receiving therapy. In an alternate
embodiment, the control unit may be integrated into a hous-
ing unit containing the stimulating electrodes, or in another
way be adapted to reside proximate to the region of NMES.
[0061] In a preferable embodiment, the control unit con-
tains components such as a signal generator, memory, pro-
cessor, and power supply. The primary operation of the con-
trol unit may be provided by a microprocessor, field
programmable gate array (FPGA), application specific inte-
grated circuit, some combination of these mechanisms, or
other suitable mechanism. Electrical transformers or another
suitable mechanism is used to produce electrical energy
pulses that may be delivered to the body of a subject. When
activated, the control unit generates electrical signals that are
transmitted to the surface electrodes in the pad, which couple
the energy into the body (for example, to activate muscles).
Some electrical stimulation parameters, including the dura-
tion of therapy, are adjustable by the operator through but-
tons, knobs, dials, or switches on the control unit. Other
electrical stimulation parameters, such as stimulation pulse
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energy amplitude, may be adjusted by the user through con-
trol unit controls or be automatically optimized using auto-
matic algorithms implemented by the control unit. The con-
trolunit may also contain items such as a touchscreen or other
form of display and/or user interface, data acquisition chan-
nels and associated hardware/software, and other safety-con-
trol features.

[0062] In a preferable embodiment, the control unit is
capable of transmitting electrical pulses on at least one and
preferably many more (ex. 6-12) channels simultaneously
and independently. In some embodiments, the control unit
may also be capable of creating arbitrary phase delays
between pulses originating from different channels. In varia-
tions of these embodiments, the control unit may transmit
pulses on some channels dependently and others on different
channels independently.

[0063] In a preferable embodiment, the system electrodes
are arranged on a pad in an array with a predetermined layout
(see, forexample, F1G.1(5)). In apreferable embodiment, the
pads are comprised of a thin and flexible housing with an
adhesive backing to facilitate maintenance of skin contact
with the person receiving NMES. More than one adhesive
material may be used; for example electrode contact areas
may use a hydrogel or similar backing while other pad areas
may be secured with a more gentle adhesive (ex. those used in
bandages). The hydrogel backing for electrodes will also
enhancethe coupling of electrical energy and signals between
stimulation electrodes and the person’s body. The pad con-
tains two or more strategically-placed surface electrodes that
are used to deliver electrical energy to muscles and/or nerves
in order to produce muscle contraction, as well as one or more
electrodes used to produce a counter signal. In variation
embodiments, electrodes may be discretely-placed in contact
with tissue independent of a larger pad (as in FIG. 2(d)). In
some embodiments, a system pad may also contain a small
and lightweight control unit that is intended to sit proximate
to the region of tissue being treated. In some embodiments,
more than one pad may be used, with each pad containing at
least one electrode that produces either a stimulating or
counter signal.

[0064] In preferable embodiments the system will be con-
figured specifically for a particular region of the body
intended to receive NMES. Referring to FIG. 2, a system is
shown configured for use with muscle stimulation of the left
quadriceps. A control unit (202) is shown to connect to a pad
containing electrodes (203) through a wired connection. Also
shown are common locations for ECG electrodes (204) which
are used to monitor the subject’s cardiac activity. In prefer-
able embodiments of the system, electrodes used to deliver
the counter signal to the body will lie between the monitoring
system sensors and the electrodes used to deliver NMES
therapy. In the example shown, the counter-signal electrodes
thus lie between the quadriceps and the torso. In FIG. 2(b), a
detailed view of one embodiment of a system pad (203) is
shown, with example locations of stimulation electrodes
(2044) and electrodes used to deliver the counter signal (205).
Note the counter signal electrodes would fall between the
NMES electrodes and the ECG measuring electrodes of the
monitoring system. A different implementation of this
embodiment is shown in FIG. 2(c), where the counter signal
electrodes are arranged differently relative to the stimulation
electrodes, primarily because the pad (206) has been config-
ured to deliver therapy to a different anatomical location (for
example, the back). In FIG. 2(d), an embodiment of the sys-
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tem is shown where no pad is used; both types of electrodes
are placed discretely on the skin at locations of the operator’s
choosing, and are not fixed in position relative to one another.
[0065] During the process of NMES, electrical energy is
generally delivered between at least two electrodes in a set.
Thebulk of electrical energy travels between the electrodes in
the set, though fields of energy spread away from the stimu-
lation region. It is these fields which can create interference
problems for monitoring in remote regions. An example is
provided in FIG. 3. In (a), a sample signal produced by the
control unit is shown (x-axis is time, y-axis is voltage, not to
scale). This is one example of an asymmetric, biphasic square
wave commonly used in NMES. In FIG. 3(), an example
signal that can be measured just outside the region of stimu-
lation (in the area marked as (1) in FIG. 3(e)) is shown. The
overall energy amplitude is lower (not to scale), and the shape
is somewhat different than the original signal shown in (a).
However, the pulse width and the polarity may be similar. In
(c), an example signal measured in a location even more
remote from the NMES site (region (2) of FIG. 3(e)) is shown.
Though the same shape and pulse width as the signal shown
in (b), this signal measured more remote from the region of
stimulation has relatively lower amplitude.

[0066] One embodiment of the presently-disclosed
devices, systems and methods operates by producing the
inverted version of the signal shown in FIG. 3(c) and deliv-
ering it to the body at an appropriate location (for example,
near region (2) of FIG. 3(e)). We refer to this inverted signal
as the counter signal, an example of which is shown in FIG.
3(d). By producing an opposite polarity but equal amplitude
counter signal using counter signal electrodes (303), it is
possibleto cancel out the interference signal originating from
the stimulation region (region of electrodes (302)) and pre-
vent it from spreading into more distal regions. Counter sig-
nal characteristics may be matched so that the propagation
characteristics of the counter signal are similar to those of the
NMES interference signal, allowing for the impact of the
interference signal to be minimized over considerable dis-
tances.

[0067] The amplitude of the counter signal is important to
note. As described above, to be practical any counter signal
needs to minimize the effect of the NMES interference signal
on remote monitoring and/or sensing devices, but also not
meaningfully impact the effectiveness of the NMES itself.
Since in general counter signals are required to be of rela-
tively small amplitude (especially relative to stimulation sig-
nals, for example that shown FIG. 3(a)), they do not signifi-
cantly interact with muscles or cancel out the electrical
current that needs to be deposited in the muscle region in
order to provide suitable NMES therapy.

[0068] Preferable embodiments will use fixed positions of
the stimulation electrodes and counter-signal producing elec-
trodes. As such, empirical information may be used to deter-
mine a priori the most suitable counter signal for the control
unit to deliver in order to most effectively cancel the NMES
interference signal in remote regions. In various embodi-
ments, this counter signal may be static, may be adjusted as
needed based upon adjustments (ex. intensity, pulse width) to
the signal being delivered to the stimulation electrodes for
NMES, and/or may be calculated based on local factors such
as control unit-measured impedance between either or both
sets of electrodes. In some embodiments, the counter signal
may be adjusted or fine-tuned manually by an operator, for
example by an operator who is observing an ECG monitor
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and may adjust the counter signal such that use of the NMES
device produces the least amount of interference.

[0069] Invariations of the preferable embodiments, sensor
systems may be used to measure the interference signal as it
travels away from the region being treated with NMES. In
these embodiments, one or more sensors can be utilized to
help the control unit produce the most effective counter signal
possible. Sensors may be utilized in a number of ways. In
some embodiments, the sensors may be positioned to mea-
sure the interference signal (as in FIG. 4(a)), which can then
be inverted and possibly scaled to produce a counter signal. In
variation implementations, a sensor could be placed in a
region distal to the electrodes used to deliver the counter
signal (for example, as shown in FIG. 4(c)), and thus be
positioned to measure any residual signal. Some implemen-
tations may use multiple sensors in one or both of these
positions, or in other positions that will be clear to those
skilled in the art. Depending on the embodiment, sensors may
be built into a pad with the electrodes (fixing their relative
positions), or may be placed discretely on the subject without
the use of apad. In some embodiments, multiple pads may be
utilized to optimize the position of sensors and electrodes.
Depending on the body part receiving NMES and the relative
position of the monitoring equipment and/or device sensors
where interference is intended to be minimized, sensors and
counter signal electrodes may be placed in close proximity to
the stimulation region (for example, as in FIG. 4()) or more
remotely from the stimulation region (as in FIG. 4(e)).

[0070] In some embodiments it may be desirable to mini-
mize interference with more than one electrical sensor remote
from the NMES site. For example, when using NMES in the
presence of ECG monitoring, which requires multiple elec-
trodes. In this situation, some embodiments may use simple
configurations of counter signal producing electrodes (ex.
FIG. 5(a)), while other embodiments will implement more
advanced active cancellation techniques that account for dif-
ferent path lengths and directionality of the interference sig-
nal as it spreads away from the region of NMES. An example
configuration of a more advanced active cancellation system
(control unit not shown) is shown in FIG. 5(b).

[0071] Inapreferable embodiment of the method described
herein, one step would involve placing at least one stimula-
tion electrode and at least one counter-signal producing elec-
trode on the body of a subject. A later step would be applying
stimulation energy to a body region of a subject, with suffi-
cient enough amplitude to produce a muscle contraction. A
simultaneous (or slightly later, depending on the configura-
tion) step in the method is to apply a second active signal to
the body, in the form of a counter signal, said counter signal
having an appropriate shape, polarity, amplitude, and ana-
tomical origin to effectively minimize or eliminate the inter-
ference the first stimulation energy signal produces in elec-
trical measurements captured by sensors remote to the NMES
region. In some embodiments of the method, an additional
step involves using a sensor to estimate either the interference
signal, the residual signal resulting after the counter signal is
applied, or both, and adjusting the counter and/or NMES
signal properties accordingly in order to minimize electrical
interference with remote monitoring equipment and/or
devices that require electrical sensing to function properly.
An example embodiment of the method is shown in FIG. 6.
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DESCRIPTION OF THE DRAWINGS

[0072] While preferable embodiments of the invention
have been shown and described herein, it will be obvious to
those skilled in the art that such embodiments are provided by
way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without
departing from the invention. It should be understood that
various alternatives to the embodiments of the invention
described herein may be employed in practicing the inven-
tion.

[0073] As shown in FIG. 1, example preferable embodi-
ments of the presently-disclosed devices and systems. In 1(a),
control unit 101 contains an LCD touchscreen display/user
interface as well as a number of controls, knobs, buttons, and
dials. An interconnect cable 102 connects the control unit to
pads 103 that contain both stimulation and counter signal
electrodes. In 1(b), the subject-contacting side of pad 103 is
shown, with an example configuration of stimulation 104 and
counter signal producing 105 electrodes.

[0074] As shown in FIG. 2, variations of preferable
embodiments of the devices and systems that include elec-
trodes used to deliver NMES and electrodes used to produce
a counter signal. In 2(a), a subject 201 is being monitored
with four ECG electrodes 204 on his torso. A control unit 202
is connected to a pad 203 configured to provide NMES and
counter signals to the leg. In (b), the pad 203 is configured so
that counter signal electrodes 205 are located between stimu-
lation electrodes 2044 and ECG monitoring sensor electrodes
204 (not shown in the FIG. 2(b)) when pad 203 is placed on
the subject as shown in FIG. 2(a). In (¢). shown is a different
shaped pad 206 configured for another body part of the sub-
ject. In the embodiment shown, a different relative position of
the counter signal electrodes 205 and stimulation electrodes
2044 is implemented. In (d), an embodiment that does not use
apad and instead uses discrete individual electrodes that can
be placed on the subject in positions that the NMES operator
deems appropriate is shown.

[0075] As shown in FIG. 3 various electrical signals asso-
ciated with the devices, systems, and methods described
herein. In all sub-figures, the y-axis represents relative volt-
age (not to scale) and the x-axis represents time (not to scale).
All signals shown are approximate and for the purpose of
exampleonly. Please refer to (e) for clarification as the signals
in sub-figures (a)-(d) are described. In (a), an example signal
that a control unit 301 may provide to stimulation electrodes
302. In (b), an example signal that could be measured outside
of the region of stimulation at location (1). In (c), a relatively
smaller amplitude signal that could be measured further out-
side the region of stimulation at location (2). The signals
shown in (b) and (c) are the interference signal that is pro-
duced as a byproduct of NMES signal (a) being applied in the
intended region of stimulation. In (d), an example counter
signal with similar amplitude but opposite polarity of the
interference signal shown in (c), which can be applied at
counter signal electrodes 303 to cancel out the interference
signal and thus minimize the impact it could have on moni-
toring sensors and/or devices located more remotely to the
region of NMES. In (e), an example system configuration, as
well as annotated regions (1) and (2) that correspond to the
signals shown in (b) and (c), respectively.

[0076] As shown in FIG. 4, variations of preferable
embodiments of the devices and systems that include elec-
trodes used to deliver NMES and electrodes used to produce
a counter signal as well as sensors used in conjunction with
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the system. In (), a system pad 401 contains a sensor 403 that
is located between stimulation electrodes 402 and counter
signal electrodes 404. In (b), a variation embodiment that uses
multiple sensors 403. In (c), a further variation embodiment
where the sensor 403 is positioned relatively further away
from the zone of stimulation compared to the location of the
counter signal electrodes 404. In (d), an embodiment that uses
two system pads, a primary pad 401 that contains stimulation
electrodes 402 and a secondary pad 405 that contains both a
sensor 403 and a monopolar counter signal electrode 404. In
(e), an embodiment of the systems and devices configured for
use on the arm of a subject. Both the sensors 403 and the
counter signal electrodes 404 are located in a position remote
from the zone of stimulation.

[0077] As shown in FIG. 5, variation embodiments of the
devices and system shown in multiple configurations. In (a),
a system pad 502 is placed on a subject’s leg, with counter
signal producing sensors 503 located on the system pad in a
region proximal to the zone of NMES but remote from the
ECG sensors 501. A variation embodiment is shown in (b),
where pad 502 contains only stimulation electrodes, and
counter signal producing electrodes 503 are positioned rela-
tively more remotely from the NMES site, closer to the moni-
toring sensors where it is desired to minimize any interference
signal originating from the stimulation zone. In (b), several
sets of counter signal producing electrodes are used to
account for various directionality aspects of the interference
signal as it travels to different ECG sensors 501.

[0078] As shown in FIG. 6, steps in one preferable embodi-
ment of the method described herein. Shown are several
example steps in a preferable embodiment of the method
disclosed. Variations of this preferable method may skip the
sensing step (b), relying on operator-set, internally-calcu-
lated, or pre-determined settings for the counter signal.

1. A muscle stimulation system comprising

astimulation electrode configured to be secured to a patient

to deliver an electrical muscle stimulation signal to the
patient;

an counter signal electrode configured to be secured to the

patient and relative to the stimulation electrode to deliver
an electrical counter signal to the patient; and

at least one controller adapted to generate the electrical

muscle stimulation signal and the counter signal,
wherein the electrical counter signal is adapted to
destructively interfere with an electrical interference
signal resulting from the electrical muscle stimulation
signal.

2. The system of claim 1 wherein the electrical counter
signal is adapted such that it does not degrade the stimulating
effect of the electrical muscle stimulation signal.

3. The system of claim 1 wherein the electrical counter
signal is adapted to minimize or eliminate the interference
signal.

4. The system of claim 1 wherein the electrical counter
signal has an opposite polarity and substantially the same
amplitude as the interference signal.

5. The system of claim 1 wherein the electrical counter
signal has an amplitude that is less than an amplitude of the
electrical muscle stimulation signal.

6. The system of claim 1 wherein the electrical counter
signal has a shape that is different than a shape of the electrical
muscle stimulation signal.

7. The system of claim 1 wherein the at least one controller
is adapted so that the electrical counter signal is fixed.
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8. The system of claim 1 wherein the at least one controller
is adapted such that the electrical counter signal can be manu-
ally or automatically varied.

9. The system of claim 8 wherein the at least one controller
is adapted such that at least one of an amplitude, a phase, and
a shape of the electrical counter signal can be manually or
automatically varied.

10. The system of claim 8 wherein the at least one control-
ler is adapted to vary the electrical counter signal based on the
electrical interference signal.

11. The system of claim 10 further comprising an interfer-
ence signal sensor configured to be secured to the patient and
to sense the electrical interference signal.

12. The system of claim 1 further comprising an interfer-
ence sensor configured to be secured to the patient and
adapted to sense the interference signal at a location different
than where the electrical muscle stimulation signal is deliv-
ered to the patient, wherein the electrical counter signal is
based on the sensed interference signal.

13. The system of claim 1 wherein the electrical counter
signal is adapted to reduce interference between a sensed
physiological signal from the patient and the interference
signal.

14. The system of claim 13 wherein the physiological
signal from the patient is an EKG signal.

15. The system of claim 1 further comprising a pad con-
figured to be positioned on the patient and comprising the
stimulation electrode and the counter signal electrode.

16. The system of claim 15 wherein the pad further com-
prises an interference sensor adapted to sense the electrical
interference signal.

17. The system of claim 16 wherein the interference sensor
is disposed between the stimulation electrode and the counter
electrode.

18. The system of claim 16 wherein the counter electrode is
disposed between the stimulation electrode and the interfer-
ence sensor.

19. A method of reducing interference in a muscle stimu-
lation system comprising

delivering an electrical muscle stimulation signal to a

patient to stimulate muscle contraction; and

delivering an electrical counter signal to the patient that

destructively interferes with an interference signal
resulting from delivering the electrical muscle stimula-
tion signal.

20. The method of claim 19 wherein delivering the electri-
cal counter signal does not degrade the stimulating effect of
the delivered electrical muscle stimulation signal.

21. The method of claim 19 wherein delivering the electri-
cal counter signal minimizes or eliminates the interference
signal.
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22. The method of claim 19 wherein delivering the electri-
cal counter signal comprises delivering an electrical counter
signal that has an opposite polarity and substantially the same
amplitude as the interference signal.

23. The method of claim 22 wherein delivering the electri-
cal counter signal comprises delivering an electrical counter
signal that has an amplitude less than an amplitude of the
delivered electrical stimulation signal.

24. The method of claim 19 wherein delivering the electri-
cal counter signal comprises delivering an electrical counter
signal that has a shape that is different than a shape of the
electrical muscle stimulation signal.

25. The method of claim 19 wherein the method further
comprises modifying a parameter of the delivered electrical
counter signal and delivering a second electrical counter sig-
nal with the modified parameter.

26. The method of claim 25 wherein modifying a param-
eter of the delivered electrical counter signal comprises modi-
fying at least one of an amplitude, a phase, and a shape of the
delivered electrical counter signal.

27. The method of claim 25 wherein modifying a param-
eter of the delivered electrical counter signal is in response to
sensing the interference signal with an interference signal
Sensor.

28. The method of claim 19 further comprising sensing the
interference signal with an interference signal sensor.

29. The method of claim 28 wherein sensing the interfer-
ence signal with an interference signal sensor comprises sens-
ing the interference signal at a location different than where
the muscle stimulation signal is delivered to the patient and
where the counter signal is delivered to the patient.

30. The method of claim 28 wherein sensing the interfer-
ence signal with an interference signal sensor comprises sens-
ing the interference signal at a location between where the
muscle stimulation signal is delivered to the patient and
where the counter signal is delivered to the patient.

31. The method of claim 19 wherein delivering an electri-
cal counter signal is in response to sensing the interference
signal.

32. The method of claim 19 further comprising sensing a
physiological signal from the patient, and wherein delivering
the counter signal reduces interference between the sensed
physiological signal and the interference signal.

33. The method of claim 32 wherein sensing a physiologi-
cal signal from the patient comprises sensing an EKG signal
from the patient, and delivering the counter signal reduces
interference between the EKG signal and the interference
signal.
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