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Description
BACKGROUND OF THE INVENTION

[0001] Neuromuscular electrical stimulation (NMES)
(also referred to as powered muscle stimulation, func-
tional muscle stimulation, electrical muscle stimulation,
electrical stimulation, and other terms) is an established
technology with many therapeutic uses, including pain
relief, prevention or retardation of disuse atrophy, and
improvement of local blood circulation. NMES is typically
delivered as an intermittent and repeating series of short
electrical pulses. In many implementations, these pulses
are delivered transcutaneously by surface 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
composed of hydrogel that is capable of enhancing the
efficiency of energy transfer from the electrode to the skin
and underlying tissues.

[0002] 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 hos-
pitalization these patients are often connected to cardiac
and other electrical monitors (ex. ECG) that meas-
ure/track certain aspects of the patient’s health (for ex-
ample, assessing potential arrhythmia and calculating
heart rate). Similar statements may be made about sub-
jects 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 diagnostics or an
intervention. Monitoring equipment may be external and
temporary (ex. Holter monitor) or may be part of an im-
planted 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.

[0003] As NMES delivers electrical impulses to the
body during its therapeutic application, there is the po-
tential for interference with electrical monitoring equip-
ment. 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
ofthe body remote to the site of NMES application. These
NMES signals may alter or combine with (for example,
through constructive or destructive interference) the
physiological signals the sensors are intended to meas-
ure. If of sufficient amplitude, this interference may mask
or alter signals detected by sensors in such a way that
these signals are no longer reflective of the physiological
event intended to be monitored. Accordingly, dangerous
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 im-
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planted defibrillator shocks the patient during normal car-
diac function because sensor interference is interpreted
as a critical arrhythmia).

[0004] It is important to distinguish the situation cur-
rently 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 deleterious effects associated with these
sources of noise. The presently-described situation,
where sensor/monitor interference arises due to an elec-
trical signal injected into or otherwise applied to the body,
is much more challenging to handle and has limited avail-
able solutions.

[0005] 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 signalfilters 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 mini-
mizing its impact, allowing monitors and devices to func-
tion normally. Other solutions known in the art involve
the use of additional sensors that are used in conjunction
with the primary sensors associated with the monitor or
device. These additional sensors may detect the inter-
ference signal, or a different combination of the desired
and interference signals, and can be combined with data
from the primary sensorsin 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 sen-
sor data from primary sensor data (which measures a
combination of the desired physiological signal and the
interference signal applied to the body) to minimize re-
sidual 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.

[0006] The prior art systems noted above have practi-
cal 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/components later in a monitoring or device
system’s process. As a result, filters can be employed
by the original manufacturers of monitoring equipment,
but third-parties trying to prevent interference with exist-
ing equipment/monitors/sensors are prevented from im-
plementing new filters as they generally do not have the
proper access to make hardware or software modifica-
tions to existing equipment. Similar limitations are asso-
ciated with a multiple-sensor approach; even in cases
where the use of multiple sensors could help eliminate
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interference with measurements of physiological signals,
these sensors cannot generally be added post-market to
existing monitors or devices that measure and interpret
data.

[0007] As one specific example, take the case of a pa-
tient in a hospital having his cardiac signals monitored
with standard ECG equipment. ECG signals are meas-
ured by sensors (ECG electrodes) applied to the body
and relayed to a processor/display unit via conventional
leads that are well-known. If NMES is applied to the pa-
tient, 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 interference signal
could be isolated and measured exactly with secondary
sensors, there is no way to adjust the ECG electrode
data with information from the secondary sensors without
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 intercept this data and adjust it using information from
a secondary sensor before itis interpreted and displayed.
Similar limitations 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 mon-
itors that could suffer from interference from NMES de-
vices and other devices that supply electrical signals to
the body, collaborating with each manufacturer to imple-
ment to the techniques described in the prior art is im-
practical and thus these solutions aren’tfeasible for wide-
spread use.

[0008] Novel solutions are needed to allow NMES and
other devices to be used safely in the presence of mon-
itoring and sensing equipment. These new approaches
must solve the practical problems described above, and
allow for interference 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.

[0009] WO 201003451 A2 discloses a universal
closed-loop functional electrical stimulation system. This
comprises at least one electrode assembly adapted to
deliver an electrical stimulation signal to the central nerv-
ous system, peripheral nervous system, or muscles of a
user, and a sensor system adapted to detect a mechan-
ical response to a muscle stimulation signal of at least
one muscle associated with a muscle group stimulated
through the nervous system or proximate to the electrode
assembly. An electrical stimulation device is operably
coupled to at least one electrode assembly and the sen-
sor system, the electrical stimulation device including a
control system to automatically receive feedback from at
least one characteristic of the muscle from the detected
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muscle response and adjust at least one parameter of
the muscle stimulation signal in real-time and in response
thereto. A programmed microprocessor control said elec-
trical stimulation and receives input from said sensor sys-
tem.

SUMMARY OF THE INVENTION

[0010] According to the present invention there is pro-
vided the muscle stimulation system of claim 1. Additional
aspects of the invention are set out in the dependent
claims.

[0011] Detailed withinare devices, systems, and meth-
ods for reducing the interference that electrically-based
systems or therapies may produce in monitoring systems
ordevices thatinvolve 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 interference is reduced by pre-
venting or limiting interference signals from reaching pri-
mary sensors associated with monitoring system or de-
vice sensors. As opposed to methods and systems de-
scribed 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 in-
terference signal components) detected by primary sen-
sors, the present invention seeks to prevent these inter-
ference components from reaching the primary sensor
in the first place. Accordingly, no modifications of existing
monitoring systems or devices is required in order to re-
duce 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 disclo-
sure is written using the modality of NMES as an illustra-
tive 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, while
interference with ECG monitoring will be used as an ex-
ample, 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 appreciated that different aspects of the invention can
be appreciated individually, collectively, or in combina-
tion with each other.

[0012] In a preferable embodiment, an NMES system
is configured with multiple independent energy-delivery
channels. One or more of these channels is used to apply
NMES therapy to a body part. A by-product of this appli-
cation of NMES energy is an interference signal that
could inhibit the function of devices elsewhere on or in
the body that monitor or sense electrical signals. To ad-
dress this problem, other channels in the NMES system
may be used to provide a counter signal which can inter-
act and destructively interfere with the interference signal
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produced by the standard NMES waveforms. This coun-
ter 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 deliv-
ery 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 cancel-
lation approach is differentiated from the prior art be-
cause interference signals are addressed prior to them
reaching the primary sensor associated with monitoring
devices or other equipment - 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 op-
timal results. In variation embodiments, the counter sig-
nal is fixed or adjusted automatically based on settings
of the NMES device. In preferable 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 embodiments, the electrodes
delivering the counter electrode signals may have ad-
justable locations relative to the region of NMES therapy.
[0014] In a variation of the preferable embodiment,
sensors are integrated into the NMES system that meas-
ure the interference signals produced by the NMES treat-
ment. 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 produced by the system
in order to limit or eliminate interference with monitoring
equipment or sensing devices.

[0015] In some embodiments, 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 configu-
rationis implemented that uses a single electrode contact
site to provide the desired counter signal.

[0016] Animportantaspectof preferable embodiments
of the invention is that energy delivered to produce the
counter signal does not interfere with or degrade the abil-
ity to successfully treat a patient or subject with NMES.
In other words, the counter signal can effectively cancel
the NMES interference signal at remote sensing loca-
tions 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
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another energy-related therapy that is 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 ther-
apy 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 systemsin these devices.
Novel devices, systems, and methods 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 stim-
ulation system comprising a stimulation electrode con-
figured to be secured to a patient to deliver an electrical
muscle stimulation signal to the patient; and an counter
signal electrode configured to be secured to the patient
and relative to the stimulation electrode to deliver an elec-
trical counter signal to the patient; and at least one con-
troller adapted to generate the electrical muscle stimu-
lation 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] Insomeembodimentsthe electrical counter sig-
nal is adapted such that it does not degrade the stimu-
lating effect of the electrical muscle stimulation signal.

[0020] Insomeembodimentsthe electrical counter sig-
nal is adapted to minimize or eliminate the interference
signal.

[0021] Insomeembodimentsthe electrical counter sig-

nal has an opposite polarity and substantially the same
amplitude as the interference signal.

[0022] Insomeembodimentsthe electrical counter sig-
nal has an amplitude that is less than an amplitude of the
electrical muscle stimulation signal.

[0023] Insomeembodimentsthe electrical counter sig-
nal has a shape that is different than a shape of the elec-
trical muscle stimulation signal.

[0024] Insomeembodiments the atleastone controller
is adapted so that the electrical counter signal is fixed.
[0025] Insomeembodiments the atleastone controller
is adapted such that the electrical counter signal can be
manually or automatically varied. The at least one con-
troller can be adapted such that at least one of an am-
plitude, 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



7 EP 2 968 943 B1 8

sensor configured to be secured to the patient and to
sense the electrical interference signal.

[0026] Insome embodiments the system also includes
an interference sensor configured to be secured to the
patient and adapted to sense the interference signal at
a location different than where the electrical muscle stim-
ulation signal is delivered to the patient, wherein the elec-
trical counter signal is based on the sensed interference
signal.

[0027] Insome embodiments the electrical counter sig-
nal is adapted to reduce interference between a sensed
physiological signal from the patient and the interference
signal. The physiological signal from the patient can be
an EKG signal.

[0028] In some embodiments the system further com-
prises a pad configured to be positioned on the patient
and comprises the stimulation electrode and the counter
signal electrode. The pad can further comprise an inter-
ference sensor adapted to sense the electrical interfer-
ence signal. The interference sensor can be disposed
between the stimulation electrode and the counter elec-
trode. The counter electrode can be disposed between
the stimulation electrode and the interference sensor.
[0029] One aspect of the disclosure is a method of re-
ducing interference in a muscle stimulation system com-
prising delivering an electrical muscle stimulation signal
to a patient to stimulate muscle contraction; and deliver-
ing an electrical counter signal to the patient that destruc-
tively 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
signal.

[0032] In some embodiments delivering the electrical
counter signal comprises delivering an electrical counter
signal that has an opposite polarity and substantially the
same amplitude as the interference signal. Delivering the
electrical counter signal can include delivering an elec-
trical 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
signal that has a shape that is different than a shape of
the electrical muscle stimulation signal.

[0034] In some embodiments the method further com-
prises modifying a parameter of the delivered electrical
counter signal and delivering a second electrical counter
signal with the modified parameter. Modifying a param-
eter of the delivered 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 delivered electrical counter signal can
be in response to sensing the interference signal with an
interference signal sensor.

[0035] In some embodiments the method further com-
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prises sensing the interference signal with an interfer-
ence signal sensor. Sensing the interference signal with
an interference signal sensor can comprise sensing 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. Sens-
ing the interference signal with an interference signal
sensor can comprise sensing 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.

[0036] In some embodiments delivering an electrical
counter signal is in response to sensing the interference
signal.

[0037] Insome embodiments the method further com-

prises sensing a physiological signal from the patient,
and wherein delivering the counter signal reduces inter-
ference 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 in-
terference between the EKG signal 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 therapeutic energy to the patient; a counter en-
ergy delivery element 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 interference ener-
gy resulting from the therapeutic energy.

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

[0040] In some embodiments 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 sig-
nal. The counter signal can have an amplitude thatis 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 interfer-
ence signal.

[0042] Insomeembodiments the atleastone controller
is adapted such that the counter energy can be manually
or automatically varied.

[0043] In some embodiments the system further com-
prises an interference sensor configured to be secured
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to the patient and adapted to sense the interference en-
ergy 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] In some embodiments the counter energy is
adapted to reduce interference between sensed physio-
logical energy from the patient and the interference en-
ergy. 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] One aspect of the disclosure is a method of re-
ducing interference in a therapeutic energy delivery sys-
tem comprising 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
thatdestructively interferes 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.

[0047] In some embodiments delivering the electrical
counter signal minimizes or eliminates the interference
signal.

[0048] In some embodiments delivering the electrical

counter signal comprises delivering an electrical counter
signal that has an opposite polarity and substantially the
same amplitude as the interference signal. Delivering the
electrical counter signal can comprise delivering an elec-
trical 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
signal that has a shape that is different than a shape of
the electrical therapeutic signal.

[0050] In some embodiments the method further com-
prises modifying a parameter of the delivered electrical
counter signal and delivering a second electrical counter
signal with the modified parameter. Modifying a param-
eter of the delivered electrical counter signal can com-
prise modifying at least one of an amplitude, a phase,
and a shape of the delivered electrical counter signal.
Modifying a parameter of the delivered electrical counter
signal can be in response to sensing the interference
signal with an interference signal sensor.

[0051] In some embodiments the method further com-
prises sensing the interference signal with an interfer-
ence signal sensor. Delivering an electrical counter sig-
nal can be in response to sensing the interference signal.
Sensing the interference signal with an interference sig-
nal sensor can comprise 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. Sensing the interference signal
with an interference signal sensor can comprise sensing
the interference signal at a location between where the
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therapeutic signal is delivered to the patient and where
the counter signal is delivered to the patient.

[0052] In some embodiments the method further com-
prises sensing a physiological signal from the patient,
and wherein delivering the counter signal reduces inter-
ference 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 inter-
ference between the EKG signal and the interference
signal.

BRIEF SUMMARY OF THE DRAWINGS

[0053] As shown in Figure 1, an embodiment of the
systems and devices described hereinthat demonstrates
the main system components.

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

[0055] As shown in Figure 3, various electrical signals
associated with the devices, systems, and methods de-
scribed herein.

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

[0057] As shown in Figure 5, variation embodiments
of the devices and systems shown in multiple configura-
tions.

[0058] As shown in Figure 6, several steps in one pref-
erable embodiment of the method described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0059] The invention provides methods, devices, and
systems for limiting the impact electrical-based therapies
may have on monitoring systems and/or other devices
that require sensing of electrical signals. Though this dis-
closure uses the modality of NMES as an illustrative ex-
ample, those skilled in the art will appreciate thatthe pres-
ently-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 treat-
ment system. It shall be understood that different aspects
of the invention can be appreciated individually, collec-
tively, or in combination with each other.

[0060] With reference to Figure 1, in a preferable em-
bodiment, the system includes three core components:
surface electrodes that are used to couple electrical en-
ergy into and out of the body (104, 105), a stimulation
control unit (101) that creates the stimulation energy and
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potentially other electrical 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 transmis-
sion, optical, acoustic, or electromagnetic signals, or an-
other 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 elec-
trodes may be pre-designated to deliver stimulation en-
ergy 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 inremote sensors thatare intended to meas-
ure electrophysiological signals. 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 distance
from the person receiving therapy. In an alternate em-
bodiment, the control unit may be integrated into a hous-
ing unit containing the stimulating electrodes, or in an-
other way be adapted to reside proximate to the region
of NMES.

[0061] In a preferable embodiment, the control unit
contains components such as a signal generator, mem-
ory, processor, and power supply. The primary operation
of the control unit may be provided by a microprocessor,
field programmable gate array (FPGA), application spe-
cific integrated circuit, some combination of these mech-
anisms, or other suitable mechanism. Electrical trans-
formers or another suitable mechanism is used to pro-
duce 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 duration
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 energy amplitude, may be adjusted by the user
through control unit controls or be automatically opti-
mized using automatic algorithms implemented by the
control unit. The control unit may also contain items such
as a touchscreen or other form of display and/or user
interface, data acquisition channels and associated hard-
ware/software, and other safety-control 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 simulta-
neously and independently. In some embodiments, the
control unit may also be capable of creating arbitrary
phase delays between pulses originating from different
channels. Invariations of these embodiments, the control
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unit may transmit pulses on some channels dependently
and others on different channels independently.

[0063] In a preferable embodiment, the system elec-
trodes are arranged on a pad in an array with a prede-
termined layout (see, for example, Figure 1(b)). In a pref-
erable 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 bandag-
es). The hydrogel backing for electrodes will also en-
hance the coupling of electrical energy and signals be-
tween stimulation electrodes and the person’s body. The
pad contains two or more strategically-placed surface
electrodes that are used to deliver electrical energy to
muscles and/or nerves in order to produce muscle con-
traction, as well as one or more electrodes used to pro-
duce a counter signal. In variation embodiments, elec-
trodes may be discretely-placed in contact with tissue
independent of a larger pad (as in Figure 2(d)). In some
embodiments, a system pad may also contain a small
and lightweight control unit that is intended to sit proxi-
mate to the region of tissue being treated. In some em-
bodiments, more than one pad may be used, with each
pad containing atleast one electrode that produces either
a stimulating or counter signal.

[0064] In preferable embodiments the system will be
configured specifically for a particular region of the body
intended to receive NMES. Referring to Figure 2, a sys-
tem 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 sub-
ject’s cardiac activity. In preferable 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 Figure 2(b), a
detailed view of one embodiment of a system pad (203)
is shown, with example locations of stimulation elec-
trodes (2044) and electrodes used to deliver the counter
signal (205). Note the counter signal electrodes would
fall between the NMES electrodes and the ECG meas-
uring electrodes of the monitoring system. A different im-
plementation of this embodimentis shown in Figure 2(c),
where the counter signal electrodes are arranged differ-
ently relative to the stimulation electrodes, primarily be-
cause the pad (206) has been configured to deliver ther-
apy to a different anatomical location (for example, the
back). In Figure 2(d), an embodiment of the system is
shown where no pad is used; both types of electrodes
are placed discretely on the skin at locations of the op-
erator’'s choosing, and are not fixed in position relative
to one another.
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[0065] During the process of NMES, electrical energy
is generally delivered between at least two electrodes in
a set. The bulk of electrical energy travels between the
electrodes in the set, though fields of energy spread away
from the stimulation region. It is these fields which can
create interference problems for monitoring in remote re-
gions. Anexampleis providedin Figure 3.1n (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 Figure 3(b), an example signal that can be
measured just outside the region of stimulation (in the
area marked as (1) in Figure 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-
ure 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 ofthe presently-disclosed de-
vices, systems and methods operates by producing the
inverted version of the signal shown in Figure 3(c) and
delivering it to the body at an appropriate location (for
example, near region (2) of Figure 3(e)). We refer to this
inverted signal as the counter signal, an example of which
is shown in Figure 3(d). By producing an opposite polarity
but equal amplitude counter signal using counter signal
electrodes (303), it is possible to cancel out the interfer-
ence signal originating from the stimulation region (region
of electrodes (302)) and prevent it from spreading into
more distal regions. Counter signal characteristics may
be matched so that the propagation characteristics of the
counter signal are similar to those of the NMES interfer-
ence signal, allowing for the impact of the interference
signal to be minimized over considerable distances.
[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 interfer-
ence signal on remote monitoring and/or sensing devic-
es, but also not meaningfully impact the effectiveness of
the NMES itself. Since in general counter signals are
required to be of relatively small amplitude (especially
relative to stimulation signals, for example that shown
Figure 3(a)), they do not significantly interact with mus-
cles 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 produc-
ing electrodes. As such, empirical information may be
used to determine a priorithe 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 embodiments, this counter signal may be stat-
ic, may be adjusted as needed based upon adjustments
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(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 elec-
trodes. In some embodiments, the counter signal may
be adjusted or fine-tuned manually by an operator, for
example by an operator whois observing an ECG monitor
and may adjust the counter signal such that use of the
NMES device produces the least amount of interference.
[0069] In variations 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 measure the interference signal (as
in Figure 4(a)), which can then be inverted and possibly
scaled to produce a counter signal. In variation imple-
mentations, a sensor could be placed in a region distal
to the electrodes used to deliver the counter signal (for
example, as shownin Figure 4(c)), and thus be positioned
to measure any residual signal. Some implementations
may use multiple sensors in one or both of these posi-
tions, orin 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 a pad. 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 equip-
ment and/or device sensors where interference is intend-
ed to be minimized, sensors and counter signal elec-
trodes may be placed in close proximity to the stimulation
region (for example, as in Figure 4(b)) or more remotely
from the stimulation region (as in Figure 4(e)).

[0070] In some embodiments it may be desirable to
minimize interference with more than one electrical sen-
sor remote from the NMES site. For example, when using
NMES in the presence of ECG monitoring, which requires
multiple electrodes. In this situation, some embodiments
may use simple configurations of counter signal produc-
ing electrodes (ex. Figure 5(a)), while other embodiments
will implement more advanced active cancellation tech-
niques that account for different path lengths and direc-
tionality of the interference signal 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 Figure 5(b).

[0071] In a preferable embodiment of the method de-
scribed herein, one step would involve placing at least
one stimulation electrode and at least one counter-signal
producing electrode on the body of a subject. A later step
would be applying stimulation energy to a body region of
a subject, with sufficient enough amplitude to produce a
muscle contraction. A simultaneous (or slightly later, de-
pending on the configuration) step in the method is to
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apply a second active signal to the body, in the form of
a counter signal, said counter signal having an appropri-
ate shape, polarity, amplitude, and anatomical origin to
effectively minimize or eliminate the interference the first
stimulation energy signal produces in electrical meas-
urements captured by sensors remote to the NMES re-
gion. In some embodiments of the method, an additional
step involves using a sensor to estimate either the inter-
ference signal, the residual signal resulting after the
counter signal is applied, or both, and adjusting the coun-
ter 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 Figure 6.

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 pro-
vided 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 embodi-
ments of the invention described herein may be em-
ployed in practicing the invention.

[0073] As shown in Figure 1, example preferable em-
bodiments of the presently-disclosed devices and sys-
tems. In 1(a), control unit 101 contains an LCD touch-
screen display/user interface as well as a number of con-
trols, 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 sig-
nal producing 105 electrodes.

[0074] As shown in Figure 2, variations of preferable
embodiments of the devices and systems that include
electrodes 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 stimulation electrodes 2044 and
ECG monitoring sensor electrodes 204 (not shown in the
Figure 2(b)) when pad 203 is placed on the subject as
shown in Figure 2(a). In (c), shown is a different shaped
pad 206 configured for another body part of the subject.
In the embodiment shown, a different relative position of
the counter signal electrodes 205 and stimulation elec-
trodes 2044 is implemented. In (d), an embodiment that
does not use a pad 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 Figure 3 various electrical signals
associated with the devices, systems, and methods de-
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scribed herein. In all sub-figures, the y-axis represents
relative voltage (not to scale) and the x-axis represents
time (not to scale). All signals shown are approximate
and for the purpose of example only. 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
outside the region of stimulation at location (2). The sig-
nals shown in (b) and (c) are the interference signal that
is produced 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 oppo-
site 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 monitoring sensors and/or devices lo-
cated more remotely to the region of NMES. In (e), an
example system configuration, as well as annotated re-
gions (1) and (2) that correspond to the signals shown in
(b) and (c), respectively.

[0076] As shown in Figure 4, variations of preferable
embodiments of the devices and systems that include
electrodes used to deliver NMES and electrodes used to
produce a counter signal as well as sensors used in con-
junction with the system. In (a), a system pad 401 con-
tains 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 stim-
ulation electrodes 402 and a secondary pad 405 that con-
tains 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 stimu-
lation.

[0077] As shown in Figure 5, variation embodiments
of the devices and system shown in multiple configura-
tions. 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 relatively more remotely
from the NMES site, closer to the monitoring 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 ac-
count for various directionality aspects of the interference
signal as it travels to different ECG sensors 501.
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[0078] As shown in Figure 6, steps in one preferable
embodiment 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-calculated, or pre-determined settings for the
counter signal.

Claims

1. A muscle stimulation system comprising
a stimulation electrode (104, 2044, 302, 402) con-
figured to be secured to a patient to deliver an elec-
trical muscle stimulation signal to the patient;
an interference sensor (403) configured to be se-
cured to the patient and adapted to sense an elec-
trical interference signal resulting from the electrical
muscle stimulation signal;
a counter signal electrode (105, 205, 303, 404, 503)
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 (101) adapted to:

generate the electrical muscle stimulation sig-
nal; and

generate the electrical counter signal based on
the electrical interference signal sensed by the
interference sensor, wherein the electrical coun-
ter signal is adapted to destructively interfere
with the 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 inter-
ference 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 thatis 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 con-
troller (101) is adapted so that the electrical counter
signal is fixed.
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8.

10.

1.

12.

13.

14.

15.

The system of claim 1 wherein the at least one con-
troller (101) is adapted such that the electrical coun-
ter signal can be manually or automatically varied.

The system of claim 8 wherein the at least one con-
troller (101) 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 var-
ied.

The system of claim 8 wherein the at least one con-
troller (101) is adapted to vary the electrical counter
signal based on the electrical interference signal.

The system of claim 1 wherein the interference sen-
sor (403) is 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 delivered to the patient.

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
electrical interference signal.

The system of claim 12 wherein the physiologic sig-
nal from the patient is an EKG signal.

The system of claim 1 further comprising a pad (401)
configured to be positioned on the patient and com-
prising the stimulation electrode (402) and the coun-
ter signal electrode (404).

The system of claim 14 wherein the pad (401) further
comprises the interference sensor (403).

Patentanspriiche

1.

Muskelstimulationssystem, umfassend

eine Stimulationselektrode (104, 2044, 302, 402),
die konfiguriert ist, um an einem Patienten befestigt
zu werden, um ein elektrisches Muskelstimulations-
signal zu dem Patienten zuzufiihren;

einen Interferenzsensor (403), der konfiguriert ist,
um am Patienten befestigt zu werden, und ange-
passt ist, um ein elektrisches Interferenzsignal zu
erfassen, das aus dem elektrischen Muskelstimula-
tionssignal resultiert;

eine Zahlersignalelektrode (105, 205, 303, 404,
503), die konfiguriert ist, um am Patienten und in
Bezug auf die Stimulationselektrode befestigt zu
werden, um ein elektrisches Zahlersignal zu dem Pa-
tienten zuzuftihren; und

mindestens eine Steuerung (101), die zu Folgendem
angepasst ist:

Erzeugen des elektrischen Muskelstimulations-
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signals; und

Erzeugen des elektrischen Zahlersignals basie-
rend aufdem elektrischen Interferenzsignal, das
von dem Interferenzsensor erfasst wird, wobei
das elektrische Zahlersignal angepasst ist, um
das aus dem elektrischen Muskelstimulations-
signal resultierende elektrische Interferenzsig-
nal destruktiv zu storen.

System nach Anspruch 1, wobei das elektrische
Zahlersignal angepasst ist, sodass es die stimulie-
rende Wirkung des elektrischen Muskelstimulations-
signals nicht herabsetzt.

System nach Anspruch 1, wobei das elektrische
Zahlersignal angepasst ist, um das Interferenzsignal
Zzu minimieren oder zu eliminieren.

System nach Anspruch 1, wobei das elektrische
Zahlersignal eine entgegengesetzte Polaritadt und im
Wesentlichen die gleiche Amplitude wie das Interfe-
renzsignal aufweist.

System nach Anspruch 1, wobei das elektrische
Zahlersignal eine Amplitude aufweist, die weniger
als eine Amplitude des elektrischen Muskelstimula-
tionssignals ist.

System nach Anspruch 1, wobei das elektrische
Zahlsignal eine Form aufweist, die anders als eine
Form des elektrischen Muskelstimulationssignals
ist.

System nach Anspruch 1, wobei die mindestens eine
Steuerung (101) angepasst ist, sodass das elektri-
sche Zahlersignal fest ist.

System nach Anspruch 1, wobei die mindestens eine
Steuerung (101) angepasst ist, sodass das elektri-
sche Zahlersignal manuell oder automatisch variiert
werden kann.

System nach Anspruch 8, wobei die mindestens eine
Steuerung (101) angepasst ist, sodass mindestens
eine von einer Amplitude, einer Phase und einer
Form des elektrischen Zahlersignals manuell oder
automatisch variiert werden kann.

System nach Anspruch 8, wobei die mindestens eine
Steuerung (101) angepasst ist, um das elektrische
Zahlersignal basierend auf dem elektrischen Inter-
ferenzsignal zu variieren.

System nach Anspruch 1, wobei der Interferenzsen-
sor (403) konfiguriert ist, um an dem Patienten be-
festigt zu werden, und angepasst ist, um das Inter-
ferenzsignal an einer anderen Stelle als dort zu er-
fassen, wo das elektrische Muskelstimulationssignal
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20
zu dem Patienten zugefihrt wird.

System nach Anspruch 1, wobei das elektrische
Zahlersignal angepasst ist, um die Interferenz zwi-
schen einem erfassten physiologischen Signal des
Patienten und dem elektrischen Interferenzsignal zu
reduzieren.

System nach Anspruch 12, wobei das physiologi-
sche Signal des Patienten ein EKG-Signal ist.

System nach Anspruch 1, ferner umfassend ein Pad
(401), das konfiguriert ist, um an dem Patienten po-
sitioniert zu werden, und die Stimulationselektrode
(402) und die Zahlersignalelektrode (404) umfasst.

System nach Anspruch 14, wobei das Pad (401) fer-
ner den Interferenzsensor (403) umfasst.

Revendications

1.

Systéme de stimulation musculaire comprenant :

une électrode de stimulation (104, 2044, 302,
402) configurée pour étre fixée sur un patient
pour délivrer un signal de stimulation musculaire
électrique du patient ;

un capteur d’interférence (403) configuré pour
étre fixé sur le patient et adapté pour détecter
un signal d’'interférence électrique résultant du
signal de stimulation musculaire ;

une électrode de contre-signal (105, 205, 303,
404, 503) configurée pour étre fixée sur le pa-
tient et a proximité de I'électrode de stimulation
pour délivrer un contre-signal électrique au
patient ; et

au moins un dispositif de commande (101)
adapté pour :

générer le signal de stimulation musculaire
électrique ; et

générer le contre-signal électrique surla ba-
se du signal d’interférence électrique détec-
té par le capteur d’interférence, le contre-
signal électrique étant adapté pour interfé-
rer de maniére destructive avec le signal
d’interférence électrique résultant du signal
de stimulation musculaire électrique.

Systéme de larevendication 1, dans lequel le contre-
signal électrique est adapté de sorte a ne pas dé-
grader |'effet stimulant du signal de stimulation mus-
culaire électrique.

Systéme de larevendication 1, dans lequel le contre-
signal électrique est adapté pour minimiser ou élimi-
ner le signal d’interférence.
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Systeme de larevendication 1, dans lequel le contre-
signal électrique a une polarité opposé et une am-
plitude sensiblement identique au signal d’interfé-
rence.

Systeme de larevendication 1, dans lequel le contre-
signal électrique a une amplitude inférieure a une
amplitude du signal de stimulation musculaire élec-
trique.

Systeme de larevendication 1, dans lequel le contre-
signal électrique a une forme différente d’'une forme
du signal de stimulation musculaire électrique.

Systeme de la revendication 1, dans lequel I'au
moins un dispositif de commande (101) est adapté
de sorte que le contre-signal électrique soit fixe.

Systeme de la revendication 1, dans lequel l'au
moins un dispositif de commande (101) est adapté
de sorte que le contre-signal électrique puisse étre
varié manuellement ou automatiquement.

Systeme de la revendication 8, dans lequel I'au
moins un dispositif de commande (101) est adapté
de sorte qu’au moins I'une d’une amplitude, d’une
phase et d'une forme du contre-signal électrique
puisse étre variée manuellement ou automatique-
ment.

Systeme de la revendication 8, dans lequel I'au
moins un dispositif de commande (101) est adapté
pour varier le contre-signal électrique sur la base du
signal d’interférence électrique.

Systeme de la revendication 1, dans lequel le cap-
teur d’interférence (403) est configuré pour étre fixé
sur le patient et adapté pour détecter le signal d’in-
terférence a un emplacement différente de celui ou
le signal de stimulation musculaire électrique est dé-
livré au patient.

Systeme de larevendication 1, dans lequel le contre-
signal électrique est adapté pour réduire une inter-
férence entre un signal physiologique détecté pro-
venant du patient et le signal d’interférence électri-
que.

Systeme de larevendication 12, danslequel le signal
physiologique provenant du patient est un signal
ECG.

Systeme de la revendication 1, comprenant en outre
une pastille (401) congue pour étre positionnée sur
le patient et comprenant I'électrode de stimulation
(402) et I'électrode de contre-signal (404).

Systeme de la revendication 14, dans lequel la pas-

10

15

20

25

30

35

40

45

50

55

12

tille (401) comprend en outre le capteur d’interféren-
ce (403).
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