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ELECTRODE SYSTEMS FOR USE WITH MEDICAL MONITORING SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application No. 61/765,355, filed
on February 15, 2013, entitled “ELECTRODE SYSTEMS FOR USE WITH MEDICAL MONITORING SYSTEMS,”

the disclosure of which is expressly incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0001] Provided are electrode systems for use with medical monitoring systems. For

example, the electrode systems are optionally used with neuromuscular monitoring systems.
BACKGROUND

[0002] About 230 million surgeries take place annually world-wide; 40 million US patients
undergo in-hospital general anesthesia, which induces loss of consciousness, each year, and 25 million
of those also receive muscle relaxants (also called neuromuscular blocking agents, NMBAs), which
inhibit neuromuscular transmission. These relaxant agents decrease muscle tension and suppress reflex
contractions.

[0003] Muscle relaxants (NMBAs) have two forms: depolarizing agents, which are short-
acting (5-10 min duration) and are sometimes used at the start of anesthesia to facilitate tracheal
intubation, and non-depolarizing agents that have a longer duration of action (20-60 min), and that are
used to maintain muscle relaxation during surgery. The effects of non-depolarizing agents start within
minutes and continue for up to 20-60 minutes after withdrawal (depending on the type of relaxant
used), so they must be administered repeatedly throughout the surgical procedure.

[0004] Systems and methods for monitoring neuromuscular function have been proposed.
For example, systems and methods for assessing the level of neuromuscular blockade in a subject
having been administered NMBAs have been proposed. The systems and methods for monitoring

neuromuscular function can include electrode systems for delivering electrical stimulation to a motor
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nerve of the subject and recording for a corresponding nerve and/or muscle response to the electrical

stimulation, for example.

SUMMARY

[0005] Electrode systems for use with medical monitoring systems are provided herein. For
example, the electrode systems are optionally used with neuromuscular monitoring systems. Methods
for manufacturing electrode systems are also provided herein. Additionally, systems and methods for
assessing muscle electrical activity of the subject using electrode systems are provided herein.

[0006] Anexample electrode system for use with a monitoring system can include a flexible
substrate, a connector interface, one or more stimulating electrodes, one or more recording electrodes
and a plurality of conductive traces carried on the flexible substrate. The connector interface can be
configured to communicatively connect the electrode system with the monitoring system. In addition,
the one or more stimulating electrodes can be configured to deliver an electrical pulse, and the one or
more recording electrodes can be configured to receive an electrical signal. The plurality of conductive
traces can electrically connect at least one stimulating electrode or at least one recording electrode with
the connector interface. Further, each of the one or more stimulating electrodes can have an elongate
shape with a length dimension that is substantially greater than a width dimension.

[0007] Asdiscussed herein, the length dimension is substantially greater than the width
dimension when the length dimension is at least two times greater than the width dimension.
Optionally, the length dimension is substantially greater than the width dimension when the length
dimension is greater than two times the width dimension. For example, the length dimension is
substantially greater than the width dimension when the length dimension is at least three, four, five,
six, seven or eight times greater than the width dimension.

[0008] Additionally, each of the one or more stimulating electrodes can have a non-
rectangular shape. Optionally, each of the one or more stimulating electrodes can have a convex shape.
For example, each of the one or more stimulating electrodes can have a triangular, hexagonal,

octagonal, etc. shape. Alternatively or additionally, each of the one or more stimulating electrodes can

2



WO 2014/127217 PCT/US2014/016443

have at least one rounded corner. For example, each of the one or more stimulating electrodes can
include first and second sides that define the length dimension. The first and second sides can
optionally extend substantially in parallel along the length dimension. In addition, each of the one or
more stimulating electrodes can include third and fourth sides that define the width dimension.
Optionally, one of the third and forth sides can form the at least one rounded corner, which can connect
the first and second sides. Alternatively, the at least one rounded corner can optionally connect one of
the first and second side and one of the third and fourth side.

[0009] Optionally, each of the one or more stimulating electrodes can have a maximum
surface area less than or equal to 1.5 cm?

[0010] Optionally, a surface area of each of the one or more stimulating electrodes can be
greater than a surface area of each of the one or more recording electrodes. For example, the surface
area of each of the one or more stimulating electrodes can be approximately 1.5 times greater than the
surface area of each of the one or more recording electrodes.

[0011] The flexible substrate can define proximal and distal ends. Optionally, the connector
interface can be disposed at the proximal end of the flexible substrate. Alternatively or additionally, the
flexible substrate can include a first portion on which the stimulating electrodes are disposed and a
second portion on which the recording electrodes are disposed. Optionally, the first portion can be
arranged adjacent to the proximal end of the flexible substrate and the second portion can be arranged
adjacent to the distal end of the flexible substrate. Additionally, the second portion can optionally be an
elongate portion extending distally from the first portion.

[0012] The one or more recording electrodes can optionally include at least two recording
electrodes. For example, the recording electrodes can be spaced apart on the second portion of the
flexible substrate. Additionally, the recording electrodes can be arranged approximately co-linearly on
the second portion of the flexible substrate. In response to bending of the flexible substrate, each of
the recording electrodes can be moveable relative to the other recording electrodes or the one or more

stimulating electrodes.



WO 2014/127217 PCT/US2014/016443

[0013] Inaddition, the one or more stimulating electrodes can include at least two
stimulating electrodes. For example, the stimulating electrodes can be spaced apart on the first portion
of the flexible substrate. Additionally, in response to bending of the flexible substrate, each of the
stimulating electrodes can be moveable relative to the other stimulating electrodes.

[0014]  Optionally, the electrode system can include a dielectric layer carried on the flexible
substrate. For example, the dielectric layer can provide electrical insulation between any two of the
plurality of conductive traces, the one or more stimulating electrodes and the one or more recording
electrodes. Alternatively or additionally, the dielectric layer prevents inadvertent stimulation of the
subject’s skin through undesired conductive paths.

[0015] Optionally, the electrode system can include a foam layer carried on the flexible
substrate. Additionally, the foam layer can define a plurality of openings around each of the one or
more stimulating electrodes and the one or more recording electrodes. The electrode system can
further include a conductive adhesive arranged in at least one of the plurality of openings in the foam
layer. The conductive adhesive can be capable of binding to a subject’s skin. For example, the
conductive adhesive can be a conductive adhesive gel. Alternatively or additionally, the conductive
adhesive can be a conductive solid gel or a conductive liquid gel. Alternatively or additionally, the
electrode system can include an adhesive layer arranged on the flexible substrate. The adhesive layer
can be capable of binding the electrode system to the subject’s skin. Further, the electrode system can
include a transfer adhesive layer that binds the foam layer and the flexible substrate.

[0016] Optionally, the flexible substrate is a polyester film substrate. Additionally, the
plurality of conductive traces can optionally be formed from at least one of a conductive silver or silver-
carbon ink. Each of the one or more stimulating electrodes and the one or more recording electrodes
can optionally include a first layer carried on the flexible substrate and a second layer carried on the first
layer. The first layer can be formed from at least one of a conductive silver or silver-carbon ink and the
second layer can be formed from a conductive silver-silver chloride ink. In addition, each of the plurality
of conductive traces can be connected to the first layer of at least one of the one or more stimulating

electrodes and the one or more recording electrodes.
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[0017] The monitoring system can be configured to deliver an electrical pulse to a subject
through the one or more stimulating electrodes. Further, the electrode system can be configured to
detect electrical activity of at least one of a muscle response or a nerve response to the delivered
electrical pulse using the one or more recording electrodes. Optionally, the monitoring system can be
configured to monitor neuromuscular blockade in the subject.

[0018]  Optionally, the electrode system can include a temperature sensor for measuring a
temperature of a subject to which the electrode system is applied. The temperature sensor can be
carried on the flexible substrate.

[0019] Optionally, the electrode system can include a security IC chip configured to provide
authentication between the electrode system and the monitoring system. The security IC chip can be
carried on the flexible substrate.

[0020] Optionally, the electrode system includes four electrodes. Optionally, the electrode
system includes no more than four electrodes. For example, the electrode system may not include a
common ground electrode.

[0021] Inaddition, an example method for manufacturing an electrode system can include
providing a flexible substrate. The method can further include providing a connector interface, one or
more stimulating electrodes, one or more recording electrodes and a plurality of conductive traces on
the flexible substrate. The connector interface can be configured to communicatively connect the
electrode system with a monitoring system. In addition, the one or more stimulating electrodes can be
configured to deliver an electrical pulse, and the one or more recording electrodes can be configured to
receive an electrical signal. The plurality of conductive traces can electrically connect at least one
stimulating electrode or at least one recording electrode with the connector interface. Further, each of
the one or more stimulating electrodes can have an elongate shape with a length dimension that is
substantially greater than a width dimension.

[0022] Asdiscussed herein, the length dimension is substantially greater than the width
dimension when the length dimension is at least two times greater than the width dimension.

Optionally, the length dimension is substantially greater than the width dimension when the length
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dimension is greater than two times the width dimension. For example, the length dimension is
substantially greater than the width dimension when the length dimension is at least three, four, five,
six, seven or eight times greater than the width dimension.

[0023] Additionally, each of the one or more stimulating electrodes can have a non-
rectangular shape. Optionally, each of the one or more stimulating electrodes can have a convex shape.
For example, each of the one or more stimulating electrodes can have a triangular, hexagonal,
octagonal, etc. shape. Alternatively or additionally, each of the one or more stimulating electrodes can
have at least one rounded corner. For example, each of the one or more stimulating electrodes can
include first and second sides that define the length dimension. The first and second sides can
optionally extend substantially in parallel along the length dimension. In addition, each of the one or
more stimulating electrodes can include third and fourth sides that define the width dimension.
Optionally, one of the third and forth sides can form the at least one rounded corner, which can connect
the first and second sides. Alternatively, the at least one rounded corner can optionally connect one of
the first and second side and one of the third and fourth side.

[0024]  Optionally, each of the one or more stimulating electrodes can have a maximum
surface area less than or equal to 1.5 cm?.

[0025] Optionally, a surface area of each of the one or more stimulating electrodes can be
greater than a surface area of each of the one or more recording electrodes. For example, the surface
area of each of the one or more stimulating electrodes can be approximately 1.5 times greater than the
surface area of each of the one or more recording electrodes.

[0026] The flexible substrate can define proximal and distal ends. Optionally, the connector
interface can be disposed at the proximal end of the flexible substrate. Alternatively or additionally, the
flexible substrate can include a first portion on which the stimulating electrodes are disposed and a
second portion on which the recording electrodes are disposed. Optionally, the first portion can be
arranged adjacent to the proximal end of the flexible substrate and the second portion can be arranged
adjacent to the distal end of the flexible substrate. Additionally, the second portion can optionally be an

elongate portion extending distally from the first portion.
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[0027] The one or more recording electrodes can optionally include at least two recording
electrodes. For example, the recording electrodes can be spaced apart on the second portion of the
flexible substrate. Additionally, the recording electrodes can be arranged approximately co-linearly on
the second portion of the flexible substrate. In response to bending of the flexible substrate, each of
the recording electrodes can be moveable relative to the other recording electrodes or the one or more
stimulating electrodes.

[0028] In addition, the one or more stimulating electrodes can include at least two
stimulating electrodes. For example, the stimulating electrodes can be spaced apart on the first portion
of the flexible substrate. Additionally, in response to bending of the flexible substrate, each of the
stimulating electrodes can be moveable relative to the other stimulating electrodes.

[0029] Optionally, the method can further include providing a dielectric layer on the flexible
substrate. For example, the dielectric layer can provide electrical insulation between any two of the
plurality of conductive traces, the one or more stimulating electrodes and the one or more recording
electrodes. Alternatively or additionally, the dielectric layer prevents inadvertent stimulation of the
subject’s skin through undesired conductive paths.

[0030] Optionally, the method can further include providing a foam layer on the flexible
substrate. Additionally, the foam layer can define a plurality of openings around each of the one or
more stimulating electrodes and the one or more recording electrodes. The method can further include
providing a conductive adhesive arranged in at least one of the plurality of openings in the foam layer.
The conductive adhesive can be capable of binding to a subject’s skin. For example, the conductive
adhesive can be a conductive adhesive gel. Alternatively or additionally, the conductive adhesive can be
a conductive solid gel or a conductive liquid gel. Alternatively or additionally, the method can include
providing an adhesive layer on the flexible substrate. The adhesive layer can be capable of binding the
electrode system to the subject’s skin. Further, the method can include providing a transfer adhesive
layer that binds the foam layer and the flexible substrate.

[0031] Optionally, the flexible substrate is a polyester film substrate. Additionally, the

plurality of conductive traces can optionally be formed from at least one of a conductive silver or silver-
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carbon ink. Optionally, the method can include printing at least one of a conductive silver or silver-
carbon ink on the flexible substrate. Each of the one or more stimulating electrodes and the one or
more recording electrodes can optionally include a first layer carried on the flexible substrate and a
second layer carried on the first layer. The first layer can be formed from at least one of a conductive
silver or silver-carbon ink and the second layer can be formed from a conductive silver-silver chloride
ink. For example, the method can optionally include printing the first layer formed from the at least one
of a conductive silver or silver-carbon ink on the flexible substrate and printing the second layer formed
from the conductive silver-silver chloride ink on the first layer. In addition, each of the plurality of
conductive traces can be connected to the first layer of at least one of the one or more stimulating
electrodes and the one or more recording electrodes.

[0032]  Optionally, the method can further include providing a temperature sensor for
measuring a temperature of a subject to which the electrode system is applied on the flexible substrate.

[0033] Optionally, the method can further include providing a security IC chip configured to
provide authentication between the electrode system and the monitoring system on the flexible
substrate.

[0034]  Optionally, the electrode system includes four electrodes. Optionally, the electrode
system includes no more than four electrodes. For example, the electrode system may not include a
common ground electrode.

[0035] In addition, an example system for assessing muscle electrical activity in a subject
includes a motor nerve stimulator configured generate an electrical pulse to stimulate a targeted motor
nerve of the subject and a recording apparatus for recording electrical activity of a muscle innervated by
the motor nerve. The system can also include an electrode system including a flexible substrate, a
connector interface, one or more stimulating electrodes, one or more recording electrodes and a
plurality of conductive traces carried on the flexible substrate. The connector interface can be
configured to communicatively connect the electrode system with the monitoring system. In addition,
the one or more stimulating electrodes can be configured to deliver an electrical pulse, and the one or

more recording electrodes can be configured to receive an electrical signal. The plurality of conductive
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traces can electrically connect at least one stimulating electrode or at least one recording electrode with
the connector interface. Further, each of the one or more stimulating electrodes can have an elongate
shape with a length dimension that is substantially greater than a width dimension. Alternatively or
additionally, the electrode system can be any of the electrode systems provided herein.

[0036] An example method for assessing neuromuscular blockade in a subject having been
administered a muscle relaxant agent can include stimulating a motor nerve to cause an evoked muscle
response by applying a stimulus using one or more stimulating electrodes and recording for electrical
activity of a muscle innervated by the motor nerve using one or more recording electrodes. The method
can further include determining a level of neuromuscular blockade in the subject using the recorded
electrical activity. Additionally, each of the one or more stimulating electrodes can have an elongate
shape with a length dimension that is substantially greater than a width dimension. Alternatively or
additionally, the one or more stimulating electrodes can be any of the stimulating electrodes provided
herein.

[0037] Other systems, methods, features and/or advantages will be or may become
apparent to one with skill in the art upon examination of the following drawings and detailed
description. Itisintended that all such additional systems, methods, features and/or advantages be

included within this description and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The components in the drawings are not necessarily to scale relative to each other.
Like reference numerals designate corresponding parts throughout the several views.

[0039] FIGURE 1is a block diagram illustrating an electrode system communicatively
connected to a monitoring system according to an example implementation;

[0040] FIGURES 2A-2B are plan and sectional views illustrating an electrode system
according to an example implementation discussed herein;

[0041]  FIGURES 3A-3F are plan views illustrating the electrode system shown in FIGS. 2A-2B;

and



WO 2014/127217 PCT/US2014/016443
[0042]  FIGURES 4A-4B are front and back views illustrating the electrode system shown in

FIGS. 2A-2B.

DETAILED DESCRIPTION

[0043] As used in the specification, and in the appended claims, the singular forms “a,”
“an,” “the” include plural referents unless the context clearly dictates otherwise. The term
“comprising” and variations thereof as used herein is used synonymously with the term “including” and
variations thereof and are open, non-limiting terms. While implementations will be described for
electrode systems for use with neuromuscular monitoring systems, it will become evident to those
skilled in the art that the implementations are not limited thereto, but are applicable for electrode
systems for use with other types of systems.

[0044]  Asdiscussed above, electrode systems for use with medical monitoring systems are
provided herein. For example, the electrode systems are optionally used with neuromuscular
monitoring systems. Methods for manufacturing and using the electrode systems are also provided
herein. An example electrode system can include one or more stimulating electrodes and one or more
recording electrodes carried on a flexible substrate. Additionally, the electrode system can include a
connector interface carried on the flexible substrate. The connector interface can be configured to
communicatively connect the electrode system with the monitoring system. A plurality of conductive
traces carried on the flexible substrate can electrically connect at least one stimulating electrode or at
least one recording electrode with the connector interface.

[0045]  The electrode system is optionally used when performing neuromuscular monitoring
on different subjects. Additionally, the electrode system is optionally used when performing
neuromuscular monitoring at different anatomical locations. For example, neuromuscular monitoring
can be performed at different nerves and/or muscles of one or more subject. The electrode system can
therefore be designed to reach the desired anatomical locations of the subjects based on the expected
size range of the subjects and/or the desired anatomical locations. The electrode system facilitates

placement of the one or more stimulating and the one or more recording electrodes on the subjects.
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Optionally, the electrode system can guide a medical professional and/or other system operator in
correctly placing the one or more stimulating and the one or more recording electrodes on the subject
at the desired anatomical locations. Further, the electrode system facilitates connecting the electrode
system and the monitoring system.

[0046] Referring now to FIG. 1, a block diagram illustrating an example electrode system
101 communicatively connected to a neuromuscular monitoring system 102 is shown. The electrode
system 101 is communicatively connected to the monitoring system 102 through a communication link
103. The communication link 103 can be implemented using any medium that facilitates the exchange
of signals between the electrode system 101 and the monitoring system 102. The electrode system 101
is the interface for delivering/detecting electrical signals to/from a subject. The subject or patient
discussed herein can be human and non-human animals of any age. The electrode system 101 is
discussed in detail below with regard to FIGS. 2A-4B.

[0047] The monitoring system 102 can be a neuromuscular monitoring system, for example.
It should also be understood that this disclosure contemplates that the monitoring system 102 can be
any type of monitoring system including, but not limited to, a neuromuscular function testing system.
The monitoring system 102 can include a processor and memory. The processor can be configured to
execute program code encoded in tangible, computer-readable media. The processor can be configured
to execute program code stored in the memory. Computer-readable media refers to any media capable
of providing data that causes the monitoring system 102 to operate in a particular fashion. For
example, the computer-readable media can store program code that causes the monitoring system 102
to assess the level of neuromuscular blockade in a subject. Computer-readable media includes volatile
and non-volatile media implemented in any method or technology for storage of information such as
computer readable instructions, data structures, program modules or other data.

[0048]  Additionally, the monitoring system 102 can include a stimulator configured to
generate an electrical pulse. The stimulator can optionally be configured to generate a train of electrical
pulses (e.g., train-of-four, tetanic, etc.). Each of the electrical pulses can be delivered to a motor nerve

of the subject such as the median or ulnar nerve at the wrist, the tibial nerve at the ankle, the facial
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nerve beneath the ear, etc. Each of the electrical pulses can be of sufficient strength to elicit a nerve
response. The stimulator can include circuitry for filtering, amplifying, and/or otherwise conditioning
each of the electrical pulses. Each of the electrical pulses can then be delivered to the subject using the
electrode system 101. In addition, the monitoring system 102 can include a sensor configured to detect
an electrical signal from the subject. For example, the sensor can be configured to detect a nerve
response and/or a muscle response to each of the electrical pulses delivered to the motor nerve.
Similar to the stimulator, the sensor can include circuitry for filtering, amplifying, and/or otherwise
conditioning the detected electrical signals. The electrode system 101 can be the interface for
delivering each of the electrical pulses generated and optionally conditioned by the stimulator to the
subject and for receiving the raw detected electrical signals from the subject.

[0049]  The monitoring system 102 can also optionally include input/output devices and
network interfaces. Input devices include a keyboard, touch screen, mouse, button, dial, switch, etc.
Output devices include a display screen, speaker, printer, etc. Network interfaces are devices that
facilitate communication between the monitoring system 102 and other devices. Input/output devices
and network interfaces are well known in the art and need not be discussed at length here.

[0050] Referring now to FIGS. 2A-2B, plan and sectional views illustrating an electrode
system 101 are shown. FIG. 2B is a sectional view taken along the dashed line A-A’ of FIG. 2A. The
electrode system 101 can include a flexible substrate 10. The flexible substrate 10 can optionally be a
polyester film substrate (e.g., MYLAR). Alternatively, the flexible substrate 10 can be any material
providing the desired stiffness and/or flexibility. For example, the flexible substrate 10 can be formed
from a material providing sufficient stiffness to allow the medical professional to manipulate the
electrode system 101 and place the electrodes on the subject. Additionally, the flexible substrate 10
can be formed from a material providing sufficient flexibility to allow the medical professional to move
the electrodes relative to each other. The flexible substrate 10 can define a proximal end 12 and a distal
end 14. Additionally, the flexible substrate 10 can include a first portion 16 on which one or more
stimulating electrodes 30 are carried and a second portion 18 on which one or more recording

electrodes 40 are carried. For example, the stimulating electrodes 30 can be carried on anisland 16A,
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and the recording electrodes 40 can be carried on islands 18A, 18B. Each of the stimulating electrodes
30 and the recording electrodes 40 can optionally be carried on separate islands. Although FIGS. 2A-4B
show electrode systems having two stimulating electrodes and two recording electrodes, this disclosure
contemplates electrode systems having more or fewer stimulating and/or recording electrodes. Each of
the islands 16A, 18A, 18B can optionally be connected by a bridge portion 19A, 19B. The first portion 16
can optionally be arranged adjacent to the proximal end 12 of the flexible substrate 10, and the second
portion 18 can optionally be arranged adjacent to the distal end 14 of the flexible substrate 10.

[0051] For example, as shown in FIGS. 2A-2B, two stimulating electrodes 30 can be arranged
in a spaced apart pattern on the island 16A. Because of the flexibility of the flexible substrate 10, each
of the stimulating electrodes 30 is moveable relative to the other stimulating electrodes 30. For
example, the medical professional can place the stimulating electrodes 30 in the desired anatomical
location such as in proximity to a motor nerve of the subject. Alternatively or additionally, the second
portion 18 can optionally be an elongated portion extending distally from the first portion 16. As shown
in FIGS. 2A-2B, the second portion 18 can optionally include two separate islands 18A, 18B on which
each recording electrode 40 is carried. The islands 18A, 18B and corresponding recording electrodes 40
can be arranged in a spaced apart pattern. Optionally, the islands 18A, 18B and corresponding
recording electrodes 40 can be arranged approximately co-linearly. The second portion 18 can
optionally be more flexible than the first portion 16 due to its more elongate geometry as compared to
the first portion 16. Additionally, because of the flexibility of the flexible substrate 10, each of the
recording electrodes 40 is moveable relative to the other recording electrodes 40 and/or the one or
more stimulating electrodes 30. This facilitates the medical professional in properly positioning the one
or more recording electrodes 40 in the desired anatomical location. For example, the medical
professional can place one of the one or more recording electrodes 40 in proximity to a muscle
innervated by the motor nerve and one of the one or more recording electrodes 40 at another
anatomical location (e.g., spaced from the muscle innervated by the motor nerve) in order to record the

muscle electrical activity in response to motor nerve stimulation as a differential signal.
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[0052] In addition, the electrode system 101 can include a connector interface 20 carried on
the flexible substrate 10. For example, the connector interface 20 can optionally be disposed at the
proximal end 12 of the flexible substrate 10. The connector interface 20 can facilitate connecting the
electrode system 101 and the monitoring system (e.g., the monitoring system 102 shown in FIG. 1). The
connector interface 20 can communicatively connect the electrode system 101 and the monitoring
system such that electrical pulses are passed from the monitoring system to the electrode system 101
for delivery to the subject via the one or more stimulating electrodes 30. Alternatively or additionally,
electrical signals (e.g., muscle electrical activity) from the subject are detected with the one or more
recording electrodes 40 of the electrode system 101 and delivered to the monitoring system for further
processing. The monitoring system can process the electrical signals to assess the level of
neuromuscular blockade in the subject, for example. The electrode system 101 can include a plurality of
conductive traces 50 carried on the flexible substrate 10. The conductive traces 50 can electrically
connect at least one stimulating electrode 30 or at least one recording electrode 40 with the connector
interface 20. As shown in FIGS. 2A-2B, each of the one or more stimulating electrodes 30 and each of
the one or more recording electrodes 40 is electrically connected to the connector interface 20 through
a conductive trace 50.

[0053] The conductive traces 50 can be a conductive pattern deposited on the flexible
substrate 10 by any means known in the art including, but not limited to, screening, printing, chemical
plating, etc. The conductive traces 50 can be formed of a conductive ink such as silver ink or a mixture
of silver and carbon ink, for example. The silver-carbon ink creates conductive traces with lower
resistance as compared to carbon ink traces at a reduced cost as compared to silver ink traces. The
stimulating and/or recording electrodes 30, 40 can also be a conductive pattern deposited on the
flexible substrate 10 by any means known in the art. Similar to the conductive traces 50, at least a
portion of the stimulating and recording electrodes 30, 40 can be formed of a conductive ink such as
silver ink or a mixture of silver and carbon ink, for example. Optionally, at least a portion of the
stimulating and/or recording electrodes 30, 40 can also be formed from a mixture of silver and silver

chloride ink. By adding silver chloride to the silver ink, the stimulating and/or recording electrodes 30,
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40 are more reversible. For example, silver chloride can be provided in an approximately 20%
concentration to the silver. Optionally, the silver-silver chloride ink can be used only for a portion of
each of the stimulating and/or recording electrodes 30, 40. The silver-silver chloride ink is more
corrosive and can potentially corrode other portions of the electrode system 101 such as the connector
interface 20, for example. The stimulating and/or recording electrodes 30, 40 can include a first layer of
silver ink and/or silver-carbon ink carried on the flexible substrate 10 and a second layer of silver-silver
chloride ink carried on the first layer. Optionally, the conductive traces 50 and at least a portion of the
stimulating and recording electrodes 30, 40 can be deposited on the flexible substrate 10 as a
conductive ink (e.g., silver and/or silver-carbon ink) in a first step, and at least a portion of the
stimulating and/or recording electrodes 30, 40 can be deposited as a conductive ink (e.g., silver-silver
chloride ink) in a second step.

[0054] Optionally, the electrode system 101 can include a temperature sensor 70A for
measuring a temperature of the subject to which the electrode system 101 is applied. It should be
understood that the temperature of the subject’s skin effects neuromuscular testing and monitoring.
For example, colder nerves have lower conduction velocities as compared to warmer nerves. The
temperature of the subject’s skin provides an indication of the temperature of the subject’s nerves. The
temperature measured by the temperature sensor 70A can be used by the monitoring system 102, for
example, to notify the medical professional when the subject’s skin temperature is too low to obtain
accurate results, to provide temperature compensation, etc. The temperature sensor 70A can
optionally be carried on the flexible substrate 10. Additionally, one or more of the conductive traces 50
can electrically connect the temperature sensor 70A and the connector interface 20.

[0055]  Alternatively or additionally, the electrode system 101 can include a security IC chip
70B configured to provide authentication between the electrode system 101 and the monitoring
system(e.g., the monitoring system 102 shown in FIG. 1). For example, the monitoring system can be
configured to read or otherwise obtain a unique identifier from the security IC chip 70B. Optionally, the

unique identifier can be encoded, and the monitoring system can decode the unique identifier. The
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security IC chip 70B can be carried on the flexible substrate 10. Additionally, one or more of the
conductive traces 50 can electrically connect the security IC chip 70B and the connector interface 20.

[0056] The electrode system 101 can also include a dielectric layer 55 carried on the flexible
substrate 10. The dielectric layer 55 provides electrical insulation. For example, the dielectric layer 55
prevents shorting between any two of the plurality of conductive traces 50, the one or more stimulating
electrodes 30 and the one or more recording electrodes 40. Alternatively or additionally, the dielectric
layer 55 prevents inadvertent stimulation of the subject’s skin through undesired conductive paths. The
dielectric layer 55 can be provided on the flexible substrate 10 by any means known in the art. For
example, the dielectric layer 55 can be provided over one or more portions of the flexible substrate 10.
Optionally, the dielectric layer 55 can be provided over the flexible substrate 10 after the conductive
traces 50, the one or more stimulating electrodes 30 and/or the one or more recording electrodes 40
are provided on the flexible substrate 10. The dielectric layer 55 can be provided over at least portions
of the conductive traces 50, the one or more stimulating electrodes 30 and/or the one or more
recording electrodes 40. Optionally, the dielectric layer 55 can be provided such that areas adjacent to
the one or more stimulating electrodes 30, the one or more recording electrodes 40 or the temperature
sensor 70A and/or security IC chip 70B remain uncovered by the dielectric layer 55.

[0057] Optionally, the electrode system 101 can include a foam layer 60 carried on the
flexible substrate 10. The foam layer 60 can optionally be provided on one or both sides of the flexible
substrate 10. Further, the electrode system 101 can include a transfer adhesive layer that binds the
foam layer 60 and the flexible substrate 10. Additionally, the foam layer 60 can define a plurality of
openings 60A around each of the one or more stimulating electrodes 30, the one or more recording
electrodes 40, the temperature sensor 70A and/or the security IC chip 70B. For example, the foam layer
60 can be pre-cut with a plurality of openings 60A before being secured to the flexible substrate 10. A
conductive adhesive can optionally be provided in at least one of the plurality of openings 60A such as
the openings 60A around one or more of the stimulating and/or recording electrodes 30, 40. For
example, the plurality of openings 60A can act as wells for holding the conductive adhesive. The

conductive adhesive can be capable of binding to the subject’s skin. The conductive adhesive can also
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be capable of electrically coupling the one or more stimulating electrodes 30 and/or recording
electrodes 40 to the subject’s skin. For example, the conductive adhesive can be a conductive adhesive
gel. Alternatively or additionally, the conductive adhesive can be a conductive solid gel or a conductive
liquid gel. Alternatively or additionally, the electrode system 101 can include an adhesive layer carried
on the flexible substrate. The adhesive layer can be capable of binding the electrode system 101 to the
subject’s skin.

[0058] Each of the one or more stimulating electrodes 30 can have an elongate shape with a
length dimension 30A that is substantially greater than a width dimension 30B. Itis possible to
minimize sensitivity to placement of the stimulating electrodes 30 when the stimulating electrodes have
an elongate shape. For example, when the stimulating electrodes 30 have an elongate shape, the
stimulating electrodes 30 can transect a targeted nerve more easily. In other words, the medical
provider can correctly position the stimulating electrodes at the desired anatomical location such as in
proximity to a motor nerve of the subject, for example, more easily when the stimulating electrodes 30
have an elongate shape. For example, the length dimension 30A is substantially greater than the width
dimension 30B when the length dimension 30A is at least two times greater than the width dimension
30B. Optionally, the length dimension 30A is substantially greater than the width dimension 30B when
the length dimension 30A is greater than two times the width dimension 30B. For example, the length
dimension 30A is substantially greater than the width dimension 30B when the length dimension 30A is
at least three, four, five, six, seven or eight times greater than the width dimension 30B.

[0059] Additionally, each of the one or more stimulating electrodes 30 can optionally have a
non-rectangular shape. For example, as shown in FIGS. 2A-2B, each of the one or more stimulating
electrodes 30 can optionally have at least one rounded corner 30C. It is possible to minimize current
density, and in particular local current density peaks, by providing stimulating electrodes 30 with at least
one rounded corner 30C. Each of the one or more stimulating electrodes 30 can optionally include first
and second sides that define the length dimension 30A. The first and second sides can optionally extend
substantially in parallel along the length dimension 30A. In addition, each of the one or more

stimulating electrodes 30 can include third and fourth sides that define the width dimension 30B.
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Optionally, one of the third and forth sides can be the at least one rounded corner 30C, which can
connect the first and second sides. Alternatively or additionally, each of the third and forth sides can be
the at least one rounded corner 30C, which connect the first and second sides at opposite ends of each
of the stimulating electrodes 30. Alternatively, the at least one rounded corner can optionally connect
one of the first and second side and one of the third and fourth side. For example, the third and fourth
sides can optionally can optionally extend substantially in parallel along the width dimension 30B, and
the at least one rounded corner can optionally connect one of the first and second side and one of the
third and fourth side. Optionally, each of four corners of each of the stimulating electrodes 30 can be a
rounded corner. Alternatively or additionally, each of the one or more stimulating electrodes 30 can
have a convex shape. Optionally, each of the one or more stimulating electrodes 30 can have a strictly
convex shape, e.g., each internal angle is less than 180 degrees. For example, each of the one or more
stimulating electrodes 30 can have a triangular, hexagonal, octagonal, etc. shape. Optionally, the one or
more stimulating electrodes 30 having a convex shape can have one or more rounded corners.

[0060] Optionally, each of the one or more stimulating electrodes 30 can have a maximum
surface area less than or equal to 1.5 cm? By providing stimulating electrodes 30 with a maximum
surface area less than or equal to 1.5 cm?, it is possible to deliver an electrical pulse with sufficient
current density to the subject’s skin to stimulate a nerve of the subject. Alternatively or additionally, a
surface area of each of the one or more stimulating electrodes 30 can be greater than a surface area of
each of the one or more recording electrodes 40. For example, the surface area of each of the one or
more stimulating electrodes 30 can be approximately 1.5 times greater than the surface area of each of
the one or more recording electrodes 40.

[0061] The electrode system 101 can optionally be capable of detecting the corresponding
nerve and/or muscle response to a stimulated nerve as a floating differential signal with the one or
more recording electrodes 40. The floating differential signal can be a non-ground referenced
differential signal, for example. Optionally, the electrode system 101 does not include a common
ground electrode. Optionally, the electrode system 101 is a four-electrode system. Optionally, the

electrode system 101 includes no more than four electrodes. For example, the electrode system 101
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can only include two recording electrodes 40 for detecting a floating differential signal and two
stimulating electrodes 30 for delivering an electrical pulse.

[0062] Referring now to FIGS. 3A-3F, an example method for manufacturing an electrode
system according to any of the implementations discussed herein is also provided. The method can
include providing a flexible substrate 10. The conductive traces 50 can be provided as a conductive
pattern deposited on the flexible substrate 10 by any means known in the art including, but not limited
to, screening, printing, chemical plating, etc. Additionally, at least a portion of the stimulating and/or
recording electrodes 30, 40 can be provided as a conductive pattern deposited on the flexible substrate
10 by any means known in the art. The conductive traces 50 and at least a portion of the stimulating
and/or recording electrodes 30, 40 are shaded in FIG. 3A. The conductive traces 50 can electrically
connect at least one of the stimulating electrodes 30, the recording electrodes 40, a temperature sensor
or a security IC chip with the connector interface 20. As discussed above, the conductive traces 50,
stimulating electrodes and/or recording electrodes 30, 40 (including any portion thereof) can be formed
of a conductive ink such as silver ink or a mixture of silver and carbon ink, for example. Optionally, at
least a portion of the stimulating and/or recording electrodes 30, 40 can also be formed from a mixture
of silver and silver chloride ink. As shown in FIG. 3B, the silver-silver chloride ink {shaded in FIG. 3B) can
be provided only over the stimulating and/or recording electrodes 30, 40. For example, as discussed
above, the stimulating and/or recording electrodes 30, 40 can include a first layer of silver ink and/or
silver-carbon ink carried on the flexible substrate 10 (e.g., as shown by the shading in FIG. 3A) and a
second layer of silver-silver chloride ink carried on the first layer (e.g., as shown by shading in FIG. 3B).
Optionally, the conductive traces 50 and at least a portion of the stimulating and/or recording
electrodes 30, 40 can be deposited on the flexible substrate 10 as a conductive ink (e.g., silver and/or
silver-carbon ink) in a first step, and at least a portion of the stimulating and/or recording electrodes can
be deposited as a conductive ink (e.g., silver-silver chloride ink) in a second step. Optionally, a
temperature sensor and/or a security IC chip can be provided on the flexible substrate 10 as discussed

above.
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[0063] A dielectric layer 55 can optionally be provided on the flexible substrate 10 by any

means known in the art. The dielectric layer 55 is discussed in detail above. For example, the dielectric
layer 55 can be provided over one or more portions of the flexible substrate 10. The dielectric portion is
shaded in FIG. 3C. Optionally, the dielectric layer 55 can be provided over the flexible substrate 10 after
the conductive traces 50, the one or more stimulating electrodes 30 and the one or more recording
electrodes 40 are provided on the flexible substrate 10. The dielectric layer 55 can be provided over at
least portions of the conductive traces 50, the one or more stimulating electrodes 30 or the one or more
recording electrodes 40. Optionally, the dielectric layer 55 can be provided such that areas adjacent to
the one or more stimulating electrodes 30, the one or more recording electrodes 40 or the temperature
sensor and/or security IC chip remain uncovered by the dielectric layer 55. This is shown in FIG. 3D.

[0064]  Alternatively or additionally, a foam layer 60 can be provided on the flexible
substrate 10. The foam layer 60 is discussed in detail above. The foam layer 60 can optionally be
provided on one or both sides of the flexible substrate 10. As shown in FIG. 3E, the foam layer 60 can be
pre-cut with a plurality of openings 60A before being secured to the flexible substrate 10. Thereafter,
the foam layer 60 can be secured to the flexible substrate 10 with a transfer adhesive, for example, as
shown in FIG. 3F. As discussed above, the foam layer 60 can define a plurality of openings 60A around
each of the one or more stimulating electrodes 30, the one or more recording electrodes 40, the
temperature sensor and/or the security IC chip. The plurality of openings 60A can act as wells for
holding a conductive adhesive that is capable of binding to the subject’s skin and electrically coupling
the one or more stimulating electrodes and/or recording electrodes 30, 40 to the subject’s skin.

[0065]  FIGS. 4A-4B are front and back views illustrating the electrode system according to
implementations discussed herein. FIG. 4A illustrates front and back views of the electrode system
including the foam layer. FIG. 4B illustrates front and back views of the electrode system without a
foam layer. As discussed above, the electrode system 101 can optionally include a flexible substrate 10,
one or more stimulating electrodes 30, one or more recording electrodes 40, a plurality of conductive
traces 50, a dielectric layer 55, a foam layer 60, a connector interface 20 and a temperature sensor or

security IC chip 70A, 70B.
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[0066] Also provided herein are methods for performing neuromuscular monitoring using
the electrode system according to any of the implementations discussed herein. For example,
neuromuscular monitoring can include assessing muscle electrical activity in a subject. This assessment
can include assessing the level of neuromuscular blockade in a subject having been administered a
muscle relaxant agent. For example, a motor nerve can be stimulated to cause an evoked muscle
response by applying a stimulus using one or more stimulating electrodes 30, and electrical activity of a
muscle innervated by the motor nerve can be recorded using one or more recording electrodes 40. The
level of neuromuscular blockade in the subject can be determined using the recorded electrical activity.

[0067] Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific features or acts described above. Rather, the

specific features and acts described above are disclosed as example forms of implementing the claims.
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WHAT IS CLAIMED:

1. An electrode system for use with a monitoring system, comprising:

a flexible substrate;

a connector interface carried on the flexible substrate and configured to communicatively
connect the electrode system with the monitoring system;

one or more stimulating electrodes carried on the flexible substrate and configured to deliver an
electrical pulse;

one or more recording electrodes carried on the flexible substrate and configured to receive an
electrical signal; and

a plurality of conductive traces carried on the flexible substrate, the conductive traces
electrically connecting at least one stimulating electrode or at least one recording electrode with the
connector interface, wherein each of the one or more stimulating electrodes has an elongate shape

with a length dimension that is substantially greater than a width dimension.

2. The electrode system of claim 1, wherein the length dimension is at least two times

greater than the width dimension.

3. The electrode system of any of claims 1-2, wherein the length dimension is at least five

times greater than the width dimension.

4. The electrode system of any of claims 1-3, wherein each of the one or more stimulating

electrodes has a non-rectangular shape.

5. The electrode system of claim 4, wherein each of the one or more stimulating

electrodes has a convex shape.

6. The electrode system of claim 5, wherein each of the one or more stimulating

electrodes has at least one of a triangular, hexagonal or octagonal shape.

7. The electrode system of any of claims 1-3, wherein each of the one or more stimulating

electrodes has at least one rounded corner.

8. The electrode system of claim 7, wherein each of the one or more stimulating

electrodes comprises first and second sides that define the length dimension.
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9. The electrode system of claim 8, wherein the first and second sides extend substantially

in parallel along the length dimension.

10. The electrode system of claim 8, wherein each of the one or more stimulating

electrodes comprises third and fourth sides that define the width dimension.

11. The electrode system of claim 10, wherein one of the third and forth sides forms the at

least one rounded corner, the at least one rounded corner connecting the first and second sides.

12. The electrode system of claim 10, wherein the at least one rounded corner connects

one of the first and second side and one of the third and fourth side.

13. The electrode system of any of claims 1-12, wherein each of the one or more

stimulating electrodes has a maximum surface area less than or equal to 1.5 cm?.

14. The electrode system of any of claims 1-13, wherein the flexible substrate defines
proximal and distal ends, the connector interface being disposed at the proximal end of the flexible

substrate.

15. The electrode system of claim 14, wherein the flexible substrate comprises a first
portion on which the stimulating electrodes are disposed and a second portion on which the recording

electrodes are disposed.

16. The electrode system of claim 15, wherein the first portion is arranged adjacent to the
proximal end of the flexible substrate and the second portion is arranged adjacent to the distal end of

the flexible substrate.

17. The electrode system of claim 16, wherein the second portion is an elongate portion

extending distally from the first portion.

18. The electrode system of any of claims 15-17, wherein the one or more recording
electrodes comprise at least two recording electrodes, the recording electrodes being spaced apart on

the second portion of the flexible substrate.

19. The electrode system of claim 18, wherein the recording electrodes are arranged

approximately co-linearly on the second portion of the flexible substrate.
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20. The electrode system of any of claims 18-19, wherein, in response to bending of the
flexible substrate, each of the recording electrodes is moveable relative to the other recording electrode

or the one or more stimulating electrodes.

21. The electrode system of any of claims 15-20, wherein the one or more stimulating
electrodes comprise at least two stimulating electrodes, the stimulating electrodes being spaced apart

on the first portion of the flexible substrate.

22. The electrode system of claim 21, wherein, in response to bending of the flexible

substrate, each of the stimulating electrodes is moveable relative to the other stimulating electrode.

23. The electrode system of any of claims 1-22, further comprising a dielectric layer carried
on the flexible substrate, the dielectric layer providing electrical insulation between any two of the
plurality of conductive traces, the one or more stimulating electrodes and the one or more recording

electrodes.

24. The electrode system of any of claims 1-23, further comprising a foam layer carried on
the flexible substrate, wherein the foam layer defines a plurality of openings around each of the one or

more stimulating electrodes and the one or more recording electrodes.

25. The electrode system of claim 24, further comprising a conductive adhesive arranged in
at least one of the plurality of openings in the foam layer, the conductive adhesive capable of binding to

a subject’s skin.

26. The electrode system of claim 25, wherein the conductive adhesive is at least one of a

conductive adhesive gel, a conductive solid gel or a conductive liquid gel.

27. The electrode system of claim 24, further comprising a transfer adhesive layer that

binds the foam layer and the flexible substrate.

28. The electrode system of any of claims 1-27, wherein the flexible substrate is a polyester

film substrate.

29. The electrode system of any of claims 1-28, wherein the plurality of conductive traces

are formed from at least one of a conductive silver or silver-carbon ink.
24



WO 2014/127217 PCT/US2014/016443

30. The electrode system of any of claims 1-29, wherein each of the one or more
stimulating electrodes and the one or more recording electrodes comprises a first layer carried on the
flexible substrate and a second layer carried on the first layer, the first layer being formed from at least
one of a conductive silver or silver-carbon ink and the second layer being formed from a conductive

silver-silver chloride ink.

31. The electrode system of claim 30, wherein each of the plurality of conductive traces is
connected to the first layer of at least one of the one or more stimulating electrodes and the one or

more recording electrodes.

32. The electrode system of any of claims 1-31, wherein the monitoring system is
configured to deliver the electrical pulse to a subject through the one or more stimulating electrodes,
and the electrode system is configured to detect electrical activity of at least one of a muscular response

or a nerve response to the delivered electrical pulse using the one or more recording electrodes.

33. The electrode system of claim 32, wherein the monitoring system is configured to

monitor neuromuscular blockade in the subject.

34. The electrode system of any of claims 1-33, wherein a surface area of each of the one or
more stimulating electrodes is greater than a surface area of each of the one or more recording

electrodes.

35. The electrode system of claim 34, wherein the surface area of each of the one or more
stimulating electrodes is approximately 1.5 times greater than the surface area of each of the one or

more recording electrodes.

36. The electrode system of any of claims 1-35, further comprising a temperature sensor for
measuring a temperature of a subject to which the electrode system is applied, the temperature sensor

being carried on the flexible substrate.

37. The electrode system of any of claims 1-36, further comprising a security IC chip

configured to provide authentication between the electrode system and the monitoring system, the

security IC chip being carried on the flexible substrate.
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38. The electrode system of any of claims 1-37, wherein the electrode system does not

include a common ground electrode.

39. A method for manufacturing an electrode system, comprising:

providing a flexible substrate;

providing a connector interface on the flexible substrate, the connector interface being
configured to communicatively connect the electrode system with a monitoring system;

providing one or more stimulating electrodes on the flexible substrate, the one or more
stimulating electrodes being configured to deliver an electrical pulse;

providing one or more recording electrodes on the flexible substrate, the one or more recording
electrodes being configured to receive an electrical signal; and

providing a plurality of conductive traces on the flexible substrate, the conductive traces
electrically connecting at least one stimulating electrode or at least one recording electrode with the
connector interface, wherein each of the one or more stimulating electrodes has an elongate shape

with a length dimension that is substantially greater than a width dimension.

40. The method of claim 39, wherein the length dimension is at least two times greater

than the width dimension.

41. The method of any of claims 39-40, wherein the length dimension is at least five times

greater than the width dimension.

42. The method of any of claims 39-41, wherein each of the one or more stimulating

electrodes has a non-rectangular shape.

43. The method of claim 42, wherein each of the one or more stimulating electrodes has a

convex shape.

44. The method of claim 43, wherein each of the one or more stimulating electrodes has at

least one of a triangular, hexagonal or octagonal shape.

45, The method of any of claims 39-41, wherein each of the one or more stimulating

electrodes has at least one rounded corner.

46. The method of claim 45, wherein each of the one or more stimulating electrodes

comprises first and second sides that define the length dimension.
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47. The method of claim 46, wherein the first and second sides extend substantially in

parallel along the length dimension.

48. The method of claim 46, wherein each of the one or more stimulating electrodes

comprises third and fourth sides that define the width dimension.

49, The method of claim 48, wherein one of the third and forth sides forms the at least one

rounded corner, the at least one rounded corner connecting the first and second sides.

50. The method of claim 48, wherein the at least one rounded corner connects one of the

first and second side and one of the third and fourth side.

51. The method of any of claims 39-50, wherein each of the one or more stimulating

electrodes has a maximum surface area less than or equal to 1.5 cm?®.

52. The method of any of claims 39-51, wherein the flexible substrate defines proximal and

distal ends, the connector interface being disposed at the proximal end of the flexible substrate.

53. The method of claim 52, wherein the flexible substrate comprises a first portion on
which the stimulating electrodes are disposed and a second portion on which the recording electrodes

are disposed.

54. The method of claim 53, wherein the first portion is arranged adjacent to the proximal
end of the flexible substrate and the second portion is arranged adjacent to the distal end of the flexible

substrate.

55. The method of claim 54, wherein the second portion is an elongate portion extending

distally from the first portion.

56. The method of any of claims 53-55, wherein the one or more recording electrodes
comprise at least two recording electrodes, the recording electrodes being spaced apart on the second

portion of the flexible substrate.

57. The method of claim 56, wherein the recording electrodes are arranged approximately

co-linearly on the second portion of the flexible substrate.
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58. The method of any of claims 55-56, wherein, in response to bending of the flexible
substrate, each of the recording electrodes is moveable relative to the other recording electrode or the

stimulating electrodes.

59. The method of any of claims 53-58, wherein the one or more stimulating electrodes
comprise at least two stimulating electrodes, the stimulating electrodes being spaced apart on the first

portion of the flexible substrate.

60. The method of claim 59, wherein, in response to bending of the flexible substrate, each

of the stimulating electrodes is moveable relative to the other stimulating electrode.

61. The method of any of claims 39-60, further comprising providing a dielectric layer on
the flexible substrate, wherein the dielectric layer provides electrical insulation between any two of the
plurality of conductive traces, the one or more stimulating electrodes and the one or more recording

electrodes.

62. The method of any of claims 39-61, further comprising providing a foam layer on the
flexible substrate, wherein the foam layer defines a plurality of openings around each of the one or

more stimulating electrodes and the one or more recording electrodes.

63. The method of claim 62, further comprising providing a conductive adhesive arranged in
at least one of the plurality of openings in the foam layer, the conductive adhesive capable of binding to

a subject’s skin.

64. The method of claim 63, wherein the conductive adhesive is at least one of a conductive

adhesive gel, a conductive solid gel or a conductive liquid gel.

65. The method of claim 62, further comprising providing a transfer adhesive layer that

binds the foam layer and the flexible substrate.

66. The method of any of claims 39-65, wherein the flexible substrate is a polyester film
substrate.
67. The method of any of claims 39-66, wherein the plurality of conductive traces are

formed from at least one of a conductive silver or silver-carbon ink.
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68. The method of claim 67, wherein providing the plurality of conductive traces further

comprises printing at least one of a conductive silver or silver-carbon ink on the flexible substrate.

69. The method of any of claims 39-68, wherein each of the one or more stimulating
electrodes and the one or more recording electrodes comprises a first layer carried on the flexible
substrate and a second layer carried on the first layer, the first layer being formed from at least one of a
conductive silver or silver-carbon ink and the second layer being formed from a conductive silver-silver

chloride ink.

70. The method of claim 69, wherein providing one or more stimulating electrodes and one
or more recording electrodes further comprises printing the first layer formed from the at least one of a
conductive silver or silver-carbon ink on the flexible substrate and printing the second layer formed

from the conductive silver-silver chloride ink on the first layer.

71. The method of claim 70, wherein each of the plurality of conductive traces is connected
to the first layer of at least one of the one or more stimulating electrodes and the one or more

recording electrodes.

72. The method of any of claims 39-71, wherein a surface area of each of the one or more

stimulating electrodes is greater than a surface area of each of the one or more recording electrodes.

73. The method of claim 72, wherein the surface area of each of the one or more
stimulating electrodes is approximately 1.5 times greater than the surface area of each of the one or

more recording electrodes.

74. The method of any of claims 39-73, further comprising providing a temperature sensor
for measuring a temperature of a subject to which the electrode system is applied on the flexible

substrate.

75. The method of any of claims 39-74, further comprising providing a security IC chip
configured to provide authentication between the electrode system and the monitoring system on the

flexible substrate.

76. The method of any of claims 39-75, wherein the electrode system does not include a

common ground electrode.
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77. A system for assessing muscle electrical activity in a subject, comprising:

a motor nerve stimulator configured generate an electrical pulse to stimulate a targeted motor
nerve of the subject;

a recording apparatus for recording electrical activity of a muscle innervated by the motor
nerve; and

an electrode system comprising:

a flexible substrate;

a connector interface carried on the flexible substrate and configured to communicatively
connect the electrode system with the system for assessing muscle electrical activity;

one or more stimulating electrodes carried on the flexible substrate and configured to deliver
the generated electrical pulse to a motor nerve of the subject;

one or more recording electrodes carried on the flexible substrate and configured to receive a
muscle electrical activity of a muscle innervated by the motor nerve; and

a plurality of conductive traces carried on the flexible substrate, the conductive traces
electrically connecting at least one stimulating electrode or at least one recording electrode with the
connector interface, wherein each of the one or more stimulating electrodes has an elongate shape

with a length dimension that is substantially greater than a width dimension.

78. The system of claim 77, wherein the electrode system does not include a common

ground electrode.

79. A method for assessing neuromuscular blockade in a subject having been administered
a muscle relaxant agent, comprising:

stimulating a motor nerve to cause an evoked muscle response by applying a stimulus using one
or more stimulating electrodes;

recording for electrical activity of a muscle innervated by the motor nerve using one or more
recording electrodes; and

determining a level of neuromuscular blockade in the subject using the recorded electrical
activity, wherein each of the one or more stimulating electrodes have an elongate shape with a length

dimension that is substantially greater than a width dimension.
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