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Description
CROSS-REFERENCE TO RELATED APPLICATIONS
FIELD OF DISCLOSURE

[0001] This disclosure relates to multi-layer body sur-
face electrodes. More particularly, this disclosure relates
to body surface electrodes including multiple layers of
differing diameters for use in locating medical devices
within a body using a medical positioning system.

BACKGROUND

[0002] Surface electrodes are known in the art as one
available means for creating an electrical field inside of
a patient. In some systems, when catheters are connect-
ed to a system amplifier, the system can dynamically
record their impedance within the electrical field. Based
upon the level of the impedance of each individual elec-
trode, the three dimensional position of the catheter can
be calculated and displayed using a medical positioning
system.

[0003] Atleast some known surface electrodes, how-
ever, may contribute to shifts and drifts in the impedance
measurements sensed by the medical positioning sys-
tem, which can affect the ability of the medical positioning
system to accurately localize the medical devices within
the body. In some situations, these shifts and drifts can
result from folding or tenting of the surface electrode,
liting of surface electrode edges, and/or contact with per-
spiration at the conductive edge of the surface electrode.
Further, in at least some known surface electrodes, the
overall size of the electrode may be of an undesirably
large dimension, making it difficult to place other EKG
electrodes in close proximity to localization surface elec-
trodes.

[0004] US 2005/0015134 A1 relates to a biomedical
electrode that distributes current over the entire surface
of a conductive polymeric sheet using a current spread-
ing layer located on the upper surface of the conductive
polymeric sheet.

[0005] WO 2007/096096 A2 relates to a flexible bio-
medical surface electrode comprising an insulating sub-
strate, a conductive electrode layer screen-printed on the
substrate, and an insulating masking layer on the elec-
trode layer.

[0006] US 2013/0138404 A1 relates to a system and
method for generating and/or repairing a surface model
of a geometric structure.

BRIEF SUMMARY OF THE DISCLOSURE

[0007] In one embodiment, the present disclosure is
directed to a multi-layer body surface electrode. The mul-
ti-layer body surface electrode includes a first layer hav-
ing a first diameter, a second layer having a second di-
ameter, and a third layer having a third diameter. The
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second layer is positioned between the first layer and the
third layer, and the second diameter is smaller than the
first and third diameter.

[0008] In another embodiment, the present disclosure
is directed to a multi-layer body surface electrode kit. The
kit includes a plurality of multi-layer body surface elec-
trodes each including a first layer having a first diameter,
a second layer having a second diameter, and a third
layer having a third diameter. The second layer is posi-
tioned between the first layer and the third layer, and the
second diameter is smaller than the first diameter and
the third diameter. The kitalso includes a respective liner
attached to at least a bottom surface of the third layer of
each of the plurality of electrodes.

[0009] In another embodiment, the present disclosure
is directed to a medical positioning system. The medical
positioning system includes a plurality of multi-layer body
surface electrodes, each multi-layer body surface elec-
trode including a first layer having a first diameter and
including adhesive foam configured to adhere to a pa-
tient’s skin at least on a bottom surface thereof, a second
layer having a second diameter, and a third layer having
a third diameter wherein the second diameter is smaller
than the first diameter and the third diameter, and wherein
the second layer is positioned between the first layer and
the third layer. The system further includes a plurality of
cables each having a first end positioned between the
first layer and second layer of each of the plurality of
multi-layer body surface electrodes, the plurality of ca-
bles configured to transmit signals from each of the multi-
layer body surface electrodes, and a device coupled to
a second end of each of the plurality of cables and con-
figured to receive the signals and determine a location
of a medical device within the patient based on the sig-
nals.

[0010] The foregoing and other aspects, features, de-
tails, utilities and advantages of the present disclosure
will be apparent from reading the following description
and claims, and from reviewing the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Figure 1 is a diagrammatic view of a system for gen-
erating a multi-dimensional surface model of a geo-
metric structure according to one embodiment.

Figure 2 is a diagrammatic and schematic view of a
model construction system of the system illustrated
in Figure 1.

Figures 3A-3D are schematic diagrams of exemplary
dipole pairs of driven patch electrodes suitable for
use in the model construction system illustrated in
Figure 2.



3 EP 3 344 134 B9 4

Figure 4A is a cut-away, plan view of one embodi-
ment of a multi-layer body surface electrode.

Figure 4B is a cross-sectional view of the multi-layer
body surface electrode shown in Figure 4A and taken
along line 4B-4B.

Figure 5 illustrates the multi-layer body surface elec-
trode of Figures 4A and 4B including a liner attached
thereto.

Figure 6 illustrates one embodiment of a system in-
cluding the multi-layer body surface electrode of Fig-
ures 4A and 4B.

[0012] Corresponding reference characters indicate
corresponding parts throughout the several views of the
drawings.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0013] The disclosure provides body surface elec-
trodes that include multiple layers of differing diameters
such that a barrier is created around an electrically con-
ductive layer. This barrier facilitates preventing imped-
ance changes and also provides improved adhesion of
the electrode to a patient’s skin during use. The disclosed
multi-layer body surface electrodes include a first layer
having a first diameter, a second layer having a second
diameter, and a third layer having a third diameter. The
second layer is positioned between the first layer and the
third layer and the second diameter is smaller than the
first diameter and the third diameter, such that the first
and third layers create a barrier around the conductive
second (i.e., middle) layer to facilitate preventing imped-
ance changes that may be caused by environmental fac-
tors. Further, because the first (i.e., top) layer has a larger
diameter than the third (i.e., bottom, patient-contacting)
layer, thefirstlayer also assists in protecting the adhesive
properties of the third layer so as to provide improved
adhesion of the surface electrode and to further enhance
the barrier created around the second layer. As such, the
multi-layer body surface electrodes having varying diam-
eters disclosed herein may provide a stronger adhesion
of the electrode to the patient skin as well as prevent
interactions that may cause impedance changes during
use due to exposure to external environmental factors,
such as moisture caused by, for example, perspiration
or undesirable and unintentional shifting or movement of
the surface electrode. In addition, the shape of the mul-
tiple layers, and in particular the first layer, assists in re-
ducing the potential for folding, tenting, and "dog-earing"
as compared to surface electrodes having other shapes,
such as square or rectangular. Further, the multi-layer
body surface electrodes described hereinreduce the like-
lihood of drifts and shifts, and thus changes inimpedance
during use, while still maintaining a desirable electrode
size.
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[0014] Referring now to the drawings wherein like ref-
erence numerals are used to identify identical compo-
nents in the various views, Figure 1 illustrates one ex-
emplary embodiment of a system 10 for generating a
multi-dimensional surface model of one or more geomet-
ric structures. In this embodiment, as described herein,
system 10 includes a medical positioning system for de-
termining one or more characteristics of an electrode dis-
posed on a medical device (e.g., a catheter) within a pa-
tient. Example medical positioning systems are generally
shown and described in U.S. Pat. No. 8,849,393 entitled
"Correction of Shift and Drift in Impedance-based Medi-
cal Device Navigation using Measured Impedances at
External Patch Electrodes" and U.S. Pat. No. 8,517,031
entitled "System for Determining the Position of a Medical
Device within a Body".

[0015] With continued reference to Figure 1, in thisem-
bodiment, the system 10 includes, among other compo-
nents, a medical device and a model construction system
14. In this embodiment, medical device is a catheter 12,
and model construction system 14 includes, in part, a
processing apparatus 16. Processing apparatus 16 may
take the form of an electronic control unit, for example,
thatis configured to construct a three-dimensional model
of structures within the heart using data collected by cath-
eter 12.

[0016] As illustrated in Figure 1, catheter 12 is config-
ured to be inserted into a patient’s body 18, and more
particularly, into the patient’s heart 20. Catheter 12 may
include a cable connector or interface 22, a handle 24,
a shaft 26 having a proximal end 28 and a distal end 30
(as used herein, "proximal" refers to a direction toward
the portion of the catheter 12 near the clinician, and "dis-
tal" refers to a direction away from the clinician and (gen-
erally) inside the body of a patient), and one or more
sensors 32 (e.g., 324, 325, 323) mounted in or on shaft
26 of catheter 12. In this embodiment, sensors 32 are
disposed at or near distal end 30 of shaft 26.

[0017] Connector 22 provides mechanical, fluid, and
electrical connection(s) for cables, such as, for example,
cables 34, 36 extending to model construction system
14 and/or other components of system 10 (e.g., the med-
ical positioning system). Connector 22 is conventional in
the art and is disposed at proximal end 28 of catheter 12,
and handle 24 thereof, in particular.

[0018] Handle 24, which is disposed at proximal end
28 of shaft 26, provides a location for the clinician to hold
catheter 12 and may further provide means for steering
or guiding shaft 26 within body 18 of the patient.

[0019] Shaft 26 is an elongate, tubular, flexible mem-
ber configured for movement within body 18. Shaft 26
supports, for example and without limitation, sensors
and/or electrodes mounted thereon, such as, for exam-
ple, sensors 32, associated conductors, and possibly ad-
ditional electronics used for signal processing and con-
ditioning. Shaft 26 may also permit transport, delivery,
and/or removal of fluids (including irrigation fluids, cryo-
genic ablation fluids, and bodily fluids), medicines, and/or



5 EP 3 344 134 B9 6

surgical tools or instruments.

[0020] Sensors32mountedinoronshaft26 of catheter
12 may be provided for a variety of diagnostic and ther-
apeutic purposes including, for example and without lim-
itation, electrophysiological studies, pacing, cardiac
mapping, and ablation. In this embodiment, one or more
of sensors 32 are provided to perform a location or po-
sition sensing function. More particularly, and as will be
described in greater detail below, one or more of sensors
32 are configured to be a positioning sensor(s) that pro-
vides information relating to the location (position and
orientation) of catheter 12, and distal end 30 of shaft 26
thereof, in particular, at certain points in time. According-
ly, as catheter 12 is moved along a surface of a structure
of interest of heart 20 and/or about the interior of the
structure, sensor(s) 32 can be used to collect location
data points that correspond to the surface of, and/or other
locations within, the structure of interest. These location
data points can then be used by the model positioning
system to locate the medical device within the body and
the model construction system 14 to generate a three-
dimensional model of the structure of interest.

[0021] Model construction system 14 and the model
positioning system may comprise an electric field-based
system, such as, for example, the EnSite™ NavX™ sys-
tem commercially available from St. Jude Medical, Inc.,
and generally shown with reference to U.S. Pat. No.
7,263,397 entitled "Method and Apparatus for Catheter
Navigation and Location and Mapping in the Heart". In
other embodiments, however, model construction sys-
tem 14 and the model positioning system may comprise
other types of systems, such as, for example and without
limitation: a magnetic-field based system such as the
Carto™ system available from Biosense Webster, and
as generally shown with reference to one or more of U.S.
Pat. Nos. 6,498,944 entitled "Intrabody Measurement,"
6,788,967 entitled "Medical Diagnosis, Treatment and
Imaging Systems," and 6,690,963 entitled "System and
Method for Determining the Location and Orientation of
an Invasive Medical Instrument,", or the gMPS system
from MediGuide Ltd., and as generally shown with refer-
ence to one or more of U.S. Pat. Nos. 6,233,476 entitled
"Medical Positioning System," 7,197,354 entitled "Sys-
tem for Determining the Position and Orientation of a
Catheter," and 7,386,339 entitled "Medical Imaging and
Navigation System"; a combination electric field-based
and magnetic field-based system such as the Carto 3™
System also available from Biosense Webster; as well
as other impedance-based localization systems, acous-
tic or ultrasound-based systems, and commonly availa-
ble fluoroscopic, computed tomography (CT), and mag-
netic resonance imaging (MRI)-based systems.

[0022] As briefly described above, sensor(s) 32 of
catheter 12 include positioning sensors. Sensor(s) 32
produce signals indicative of catheter location (position
and/or orientation) information. In this embodiment,
wherein model construction system 14 is an electric field-
based system, sensor(s) 32 may comprise one or more
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electrodes. Alternatively, in an embodiment where model
construction system 14 is a magnetic field-based system,
sensor(s) 32 may include one or more magnetic sensors
configured to detect one or more characteristics of a low-
strength magnetic field. For instance, in one exemplary
embodiment, sensor(s) 32 may include magnetic coils
disposed on or in shaft 26 of catheter 12.

[0023] For purposes of clarity and illustration, model
construction system 14 will hereinafter be described as
including an electric field-based system, such as, for ex-
ample, the EnSite™ NavX™ system identified above.
[0024] With reference to Figure 2, in addition to the
processing apparatus 16, model construction system 14
may include, among other possible components, a plu-
rality of surface electrodes 38, a multiplex switch 40, a
signal generator 42, and a display device 44. In other
embodiments, some or all of these components are sep-
arate and distinct from model construction system 14 but
are electrically connected to, and configured for commu-
nication with, model construction system 14.

[0025] Processing apparatus 16 may include a pro-
grammable microprocessor or microcontroller, ormay in-
clude an application specific integrated circuit (ASIC).
Processing apparatus 16 may include a central process-
ing unit (CPU) and an input/output (1/O) interface through
which the processing apparatus 16 may receive a plu-
rality of input signals including, for example, signals gen-
erated by surface electrodes 38 and sensor(s) 32, and
generate a plurality of output signals including, for exam-
ple, those used to control and/or provide data to, for ex-
ample, display device 44 and switch 40.

[0026] Withthe possible exception of surface electrode
38g called a "belly patch," surface electrodes 38 are pro-
vided to generate electrical signals used, for example, in
determining the position and orientation of catheter 12.
In one embodiment, surface electrodes 38 are placed
orthogonally on the surface of body 18 and are used to
create axes-specific electric fields within body 18. For
instance, in one embodiment surface electrodes 38y,
38y, may be placed along a first (x) axis. Surface elec-
trodes 384, 38y, may be placed along a second (y) axis,
and surface electrodes 38,4, 38,, may be placed along
a third (z) axis. Each of surface electrodes 38 may be
coupled to multiplex switch 40. In this embodiment,
processing apparatus 16 is configured, through appro-
priate software, to provide control signals to switch 40 to
thereby sequentially couple pairs of electrodes 38 to sig-
nal generator 42. Excitation of each pair of electrodes 38
generates an electric field within body 18 and within an
area of interest such as heart 20. Voltage levels at non-
excited electrodes 38, which are referenced to belly patch
38g, are filtered and converted and provided to process-
ing apparatus 16 for use as reference values.

[0027] Inthis embodiment, sensor(s) 32 of catheter 12
are electrically coupled to processing apparatus 16 and
are configured to serve a position sensing function. More
particularly, sensor(s) 32 are placed within electric fields
created in body 18 (e.g., within the heart) by exciting sur-
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face electrodes 38. For purposes of clarity and illustration
only, the description below will be limited to an embodi-
ment wherein a single sensor 32 is placed within electric
fields. It will be appreciated, however, that in other em-
bodiments that remain within the scope of the present
disclosure, a plurality of sensors 32 can be placed within
the electric fields and then positions and orientations of
each sensor can be determined using the techniques de-
scribed below.

[0028] When disposed within the electric fields, sensor
32 experiences voltages that are dependent on the loca-
tion between surface electrodes 38 and the position of
sensor 32 relative to tissue. Voltage measurement com-
parisons made between sensor 32 and surface elec-
trodes 38 can be used to determine the location of sensor
32 relative to the tissue. Accordingly, as catheter 12 is
swept about or along a particular area or surface of in-
terest, processing apparatus 16 receives signals (loca-
tion information) from sensor 32 reflecting changes in
voltage levels on sensor 32 and from the non-energized
surface electrodes 38. Using various known algorithms,
the processing apparatus 16 may then determine the lo-
cation (position and orientation) of sensor 32 and record
it as a location data point corresponding to a location of
sensor 32, and therefore, a point on the surface or in the
interior of the structure of interest being modeled, in a
memory or storage device, such as memory 47, associ-
ated with or accessible by processing apparatus 16. In
some embodiments, prior to recording the location as a
location data point, the raw location data represented by
the signals received by processing apparatus 16 may be
corrected by processing apparatus 16 to account for res-
piration, cardiac activity, and other artifacts using known
or hereafter developed techniques. Further, locations of
other portions of catheter 12 may be inferred from meas-
urements at sensors 32, such as by interpolation or ex-
trapolation, to generate further location data points.
[0029] While the description above has thus far been
generally with respect to an orthogonal arrangement of
surface electrodes 38, the present disclosure is not
meant to be so limited. Rather, in other embodiments,
non-orthogonal arrangements may be used to determine
the location coordinates of sensor 32. For example, and
in general terms, Figures 3A-3D depict a plurality of ex-
emplary non-orthogonal dipoles Dy, D4, D5, and D, set
in a coordinate system 50. In Figures 3A-3D, the X-axis
patch electrodes are designated X, and Xg, the Y-axis
patch electrodes are designated Y, and Yg, and the Z-
axis patch electrodes are designated Z, and Zg. For any
desired axis, the potentials measured across an intra-
cardiac sensor, such as sensor 32, resulting from a pre-
determined set of drive (source sink) configurations may
be combined algebraically to yield the same effective po-
tential as would be obtained simply by driving a uniform
current along the orthogonal axes. Any two of the surface
electrodes 38y, 38x5, 38y1, 38y, 3874, and 385, (See
Figure 2) may be selected as a dipole source and drain
with respect to a ground reference, e.g., belly patch 38g,
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while the unexcited patch electrodes measure voltage
with respect to the ground reference. Sensor 32 placed
in heart 20 is also exposed to the field for a current pulse
and is measured with respect to ground (e.g., belly patch
38p).

[0030] In another exemplary embodiment, multiple
surface electrodes 38 may be arranged linearly along a
common axis. In such an embodiment, excitation of an
electrode pair comprising one of surface electrodes 38
and an electrode mounted on catheter 12 generates an
electric field. The non-excited surface electrodes 38 may
then measure potentials that can be used to determine
the position of sensor 32. Accordingly, in such an em-
bodiment, the excitation of multiple electrode pairs com-
prising different surface electrodes 38 and the catheter-
mounted electrode may be used to determine the position
of sensor 32.

[0031] Data sets from each of surface electrodes 38
and the sensor 32 are all used to determine the location
of sensor 32 within heart 20. After the voltage measure-
ments are made, a different pair of surface electrodes 38
is excited by the current source and the voltage meas-
urement process of the remaining surface electrodes 38
and sensor 32 takes place. Once the location of sensor
32 is determined, and as was described above, the lo-
cation may be recorded as a data point 46 in the same
manner described above. In some embodiments, prior
to recording the location as a location data point, the raw
location data represented by the signals received by
processing apparatus 16 may be corrected by processing
apparatus 16 to account for respiration, cardiac activity,
and other artifacts using known or hereafter developed
techniques. Accordingly, it will be appreciated that any
number of techniques may be used to determine loca-
tions of sensor 32 and to, therefore, collect data points
corresponding thereto, each of which remains within the
scope of the present disclosure.

[0032] In one embodiment, surface electrodes 38 are
of a multi-layer configuration including at least afirst, sec-
ond and third layer with varying diameters. Figures 4A
and 4B illustrate an exemplary embodiment of a multi-
layer body surface electrode. In thisembodiment, surface
electrode 38 includes a first layer 540 having a first di-
ameter D1 and a first thickness T1, a second layer 542
having a second diameter D2 and a second thickness
T2, and a third layer 544 having a third diameter D3 and
athird thickness T3. Diameter D1 is larger than diameters
D2 and D3. Further, diameter D2 is smaller than diame-
ters D1 and D3. Accordingly, diameter D3 is larger than
D2, but smallerthan D1. In this embodiment, each of first,
second and third layers 540, 542, and 544 are circular
and are arranged concentrically with respect to one an-
other such that second layer 542 is positioned entirely
between first layer 540 and third layer 544. That is, the
entire periphery of second layer 542 is positioned within
the periphery of each of first layer 540 and third layer 544
such that first layer 540 and third layer 544 create a "bar-
rier" around second layer 542. This barrier facilitates re-
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ducing the potential of impedance changes during use
and improving adherence of surface electrodes 38 to the
patient’s skin. Further, the entire periphery of third layer
544 is positioned within the periphery of first layer 540,
as will be discussed in more detail below. Although the
exemplary embodiment discussed in detail herein is il-
lustrated as including three layers, one skilled in the art
will appreciate that more than three layers, such as four,
five, six, or more layers, may be included in surface elec-
trode 38 without departing from the scope of the present
disclosure, 1 inch corresponds to 2.54 centimeters.
[0033] As noted above, first layer 540 has a diameter
D1 that is larger than each of diameters D2 and D3. First
layer 540 is configured such that, during use, it is posi-
tioned within electrode 38 such that it is the farthest away
fromthe patient’s skin. Thatis, first layer 540 is configured
such that during use, a top surface 546 of first layer 540
faces away from the patient’s skin and a bottom surface
548 of first layer 540 faces toward the patient’s skin. First
layer 540 may be of any suitable shape and size such
that itis has a larger overall cross-section and periphery
than either of second layer 542 and third layer 544. That
is, first layer 540 may be of any shape and size such that
the entire periphery of second layer 542 and third layer
544 is contained within the periphery of first layer 540.
In an exemplary embodiment shown in Figure 5, firstlayer
540 is circular. Further, in this particular embodiment, for
example, diameter D1 of first layer 540 may range from
2.5 inches to 4.25 inches, including but not limited to 2.5
inches to 4.0 inches, 2.5 inches to 3.5 inches, 2.5 inches
to 3.0 inches, 3.0 inches to 4.0 inches, 3.0 inches to 3.5
inches, including about 2.5 inches, about 3.0 inches,
about 3.5inches, about 4.0 inches, or about 4.25 inches.
First layer 540 may also have a thickness T1 of, for ex-
ample, 0.034 inches. Alternatively, first layer 540 may
have any suitable thickness. Although first layer 540 is
illustrated in the embodiment of Figure 5 as being circular,
one skilled in the art will appreciate that first layer 540
may be of any other shape, such as oval, so long as itis
commensurate with the characteristics of first layer 540
disclosed herein.

[0034] Firstlayer 540 is comprised of an adhesive foam
or tape suitable for use on and capable of adhering to a
patient’s skin at least on bottom surface 548 of first layer
540. In some embodiments, the adhesive foam or tape
of first layer 540 is resistant to moisture, such as perspi-
ration borne moisture.

[0035] Second layer 542 has a diameter D2 that is
smaller than each of diameters D1 and D3 such that an
entire periphery of second layer 542 is contained within
the periphery of each of first layer 540 and third layer
544. That is, second layer 542 is configured such that it
is positioned within electrode 38 between first layer 540
and third layer 544. A top surface 550 of second layer
542 contacts bottom surface 548 of first layer, and a bot-
tom surface 552 of second layer 542 contacts a top sur-
face 554 of third layer 544.

[0036] Second layer 542 may be of any suitable shape
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and size such that it is has a smaller overall cross-section
than each of first layer 540 and third layer 544. That is,
second layer 542 may be of any shape and size such
that the entire periphery of second layer 542 is contained
within the periphery of first layer 540 and third layer 544
suchthatabarrier to external environmental factors, such
as perspiration, is created with respect to second layer
542 when applied to a patient’s skin. In an exemplary
embodiment shown in Figure 5, second layer 542 is cir-
cular. Further, in this embodiment, for example, diameter
D2 of second layer 542 may range from 1.3 inches to
3.05 inches, including but not limited to 1.3 inches to 3.0
inches, 1.3 inches to 2.5inches, 1.3 inches to 2.0 inches,
2.0inches to 3.0 inches, 2.0 inches to 2.5 inches, includ-
ing about 1.3 inches, about 2.0 inches, about 2.5 inches,
about 3.0 inches, or about 3.05 inches. Second layer 542
may also have athickness T2 of, for example, 0.002 inch-
es. Alternatively, second layer 542 may have any suitable
thickness. Although second layer 542 is illustrated in the
embodiment of Figure 5 as being circular, one skilled in
the art will appreciate that second layer 542 may be of
any other shape, such as oval, so long as it is commen-
surate with the characteristics of second layer 542 dis-
closed herein.

[0037] Secondlayer542iscomprised of an electrically
conductive material suitable for receiving an electrical
signal. In one particular embodiment, for example, sec-
ond layer 542 is a silver carbon film.

[0038] Thirdlayer544 has adiameter D3 thatis smaller
than diameter D1 but larger than diameter D2. That is,
third layer 544 is sized and configured within electrode
38 such it contacts the patient’s skin during use. A top
surface 554 of third layer 544 contacts bottom surface
552 of second layer 542, and a bottom surface 556 of
third layer 544 contacts the patient’s skin during use.
[0039] Third layer 544 may be of any suitable shape
and size such that it is has a smaller overall cross-section
than firstlayer 540 and a larger overall cross-section than
second layer 542. That is, third layer 544 may be of any
shape and size such that the entire periphery of third
layer 544 is contained within the periphery of first layer
540, but also such that the entire periphery of second
layer 542 is contained within the overall periphery of third
layer 544. In other words, because diameter D1 of first
layer 540 is larger than diameter D3 of third layer 544,
electrode 38 is configured such that an outer portion 549
of bottom surface 548 of first layer 540 may contact the
patient’s skin during use, thus enhancing the barrier cre-
ated by first layer 540 and third layer 544 around second
layer 542. In an exemplary embodiment shown in Figure
5, third layer 544 is circular. Further, in this embodiment,
for example, diameter D3 of third layer 544 may range
from 1.6 inches to 3.35 inches, including but not limited
to 1.6 inches to 3.0 inches, 1.6 inches to 2.5 inches, 1.6
inches to 2.0 inches, 2.0 inches to 3.0 inches, 2.0 inches
to 2.5 inches, including about 1.6 inches, about 1.8 inch-
es, about 2.0 inches, about 2.5 inches, about 3.0 inches,
or about 3.35 inches. Third layer 544 may also have a
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thickness T3 of, for example, 0.032 inches (e.g., when
third layer 544 is 63X Hydrogel) or 0.040 inches (e.g.,
when third layer 544 is 63B Hydrogel). Alternatively, third
layer 544 may have any suitable thickness. Although third
layer 544 is illustrated in the embodiment of Figure 5 as
being circular, one skilled in the art will appreciate that
third layer 544 may be of any other shape, such as oval,
so long as itis commensurate with the characteristics of
third layer 544 disclosed herein.

[0040] Third layer 544 is comprised of an electrically
conductive adhesive suitable for adhering surface elec-
trode 38 to the patient’s skin during use. In one embod-
iment, for example, third layer 544 is a conductive gel.
Further, first layer 540 and third layer 544 are biocom-
patible (e.g., to facilitate skin contact) in this embodiment.
[0041] To protect the adhesive of first layer 540 and
third layer 544 from becoming damaged or impaired prior
to application to a patient’s skin, a liner may be applied
to electrode 38. As shown in Figure 5, liner 558 may be
attached bottom surface 556 of third layer 544 and also
may extend upwardly around an outer edge 560 of first
layer 540. Liner 558 may be attached to bottom surface
556 and/or outer edge 560 by any conventional means
known in the art and may be removed, such as by peeling
liner 558 from bottom surface 556 and outer edge 560,
prior to application to a patient’s skin. Although illustrated
in Figure 5 as being positioned against bottom surface
556 of third layer 544 and outer edge 560 of first layer
540, it will be appreciated that in other embodiments,
which remain within the scope of the present disclosure,
liner 558 may be positioned against and cover additional
portions of electrode 38 or may be positioned against
and cover less portions of electrode 38. Liner 558 may
be formed of any sufficiently pliable material suitable to
remain attached or adhered to the adhesive portions of
electrode 38 but sufficiently removable without damaging
the adhesive properties of any portion of electrode 38.
[0042] Additionally, in some embodiments, a cable
configured to conduct signals to and from electrode 38
(i.e., between electrode 38 and a signal generator/receiv-
er) may be coupled between electrode 38 and the signal
generator/receiver. The signal generator/receiver may
be, for example signal generator 42 (shown in Figure 2).
In one embodiment, as shown in Figure 6, cable 562 is
coupled to electrode 38 such that a signal may be trans-
mitted from electrode 38 and through cable 562 to a con-
nector 564 that may, in some embodiments, be coupled
to equipment capable of generating or receiving the elec-
trode signals. In one particular embodiment, as shown
in Figure 6, a first end 566 of cable 562 may be splayed
and adhered between first layer 540 and second layer
542 and a second end 568 of cable 562 is coupled to
connector 564. It will be appreciated, however, that in
other embodiments, which remain within the scope of the
present disclosure, cable 562 may be coupled between
electrode 38 and equipment capable of generating or re-
ceiving the electrode signals by any other known and
suitable means capable of transmitting the signal from
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electrode 38 to the equipment.

[0043] In use, a plurality of surface electrodes 38 may
be positioned on a patient as is shown, for example, in
Figures 3A-3D. Accordingly, surface electrodes 38 may
be used in system 10 (shown in Figure 1). Alternatively,
as will be appreciated by those of skill in the art, surface
electrodes 38 may be used in any suitable system, and
are notlimited to use with the mapping systems described
herein.

[0044] As various changes could be madeinthe above
constructions without departing from the scope of the dis-
closure, it is intended that all matter contained in the
above description or shown in the accompanying draw-
ings shall be interpreted asiillustrative and not in a limiting
sense.

Claims

1. A multi-layer body surface electrode (38) compris-
ing:

a first layer (540) having a first diameter;

a second layer (542) having a second diameter;
and

a third layer (544) having a third diameter,
wherein the second layer (542) is positioned be-
tween the firstlayer (540) and the third layer and
contacts the first layer (540) and the third layer
(544), wherein the second diameter is smaller
than the first and third diameter, and wherein
the first diameter is larger than the third diame-
ter.

2. The multi-layer body surface electrode (38) of claim
1 wherein the first layer (540) has a first thickness
that is larger than a second thickness of the second
layer (542) and a third thickness of the third layer
(544).

3. The multi-layer body surface electrode (38) of claim
1 wherein the first layer (540) has a first thickness
that is larger than a second thickness of the second
layer (542) and a third thickness of the third layer
(544).

4. The multi-layer body surface electrode (38) of claim
1 wherein the firstlayer (540) comprises an adhesive
material.

5. The multi-layer body surface electrode (38) of claim
1 wherein the second layer (542) comprises an elec-
trically conductive material.

6. The multi-layer body surface electrode (38) of claim
1 wherein the third layer (544) comprises an electri-
cally conductive gel.



10.

1.

12.

13.

13 EP 3 344 134 B9 14

The multi-layer body surface electrode (38) of claim
1 wherein the first and second layers (540, 542) are
configured to receive a cable (562) therebetween for
conducting a signal to the multi-layer body surface
electrode.

A multi-layer body surface electrode kit comprising:

a plurality of multi-layer body surface electrodes
(38), each multi-layer body surface electrode
(38) comprising:

a first layer (540) having a first diameter;
asecond layer (542) having a second diam-
eter; and

a third layer (544) having a third diameter
wherein the second layer (542) is positioned
between the first layer (540) and the third
layer (544) and contacts the first layer (540)
and the third layer (544), and wherein the
second diameter is smaller than the first di-
ameter and the third diameter; and

a respective liner (558) attached to at least a
bottom surface of the third layer (544) of each
of the plurality of electrodes (38) and extending
around an outer edge (560) of the first layer (540
of each of the plurality of electrodes (38).

The multi-layer body surface electrode kit of claim 8
wherein the first diameter is larger than the third di-
ameter.

The multi-layer body surface electrode kit of claim 8
wherein the first layer (540) comprises an adhesive
material.

The multi-layer body surface electrode kit of claim
10 wherein the first layer (540) comprises an adhe-
sive foam configured to adhere to a patient’s skin at
least on a bottom surface (548) thereof.

The multi-layer body surface electrode kit of claim 8
wherein the third layer (544) comprises an electri-
cally conductive gel.

A medical positioning system comprising:

a plurality of multi-layer body surface electrodes
(38), each multi-layer body surface electrode
(38) comprising:

afirstlayer (540) having a first diameter and
including adhesive foam configured to ad-
here to a patient’s skin at least on a bottom
surface (548) thereof;

asecond layer (542) having a second diam-
eter; and
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a third layer (544) having a third diameter
wherein the second diameteris smaller than
the first diameter and the third diameter,
wherein the first diameter is larger than the
third diameter, and wherein the second lay-
er (542) is positioned between the first layer
(540) and the third layer (544) and contacts
the first layer (540) and the third layer (544);

a plurality of cables (562) each having a firstend
positioned between the first layer (540) and sec-
ond layer (542) of each of the plurality of multi-
layer body surface electrodes (38), the plurality
of cables (562) configured to transmit signals
from each of the multi-layer body surface elec-
trodes (38); and

a device coupled to a second end of each of the
plurality of cables (562) and configured to re-
ceive the signals and determine a location of a
medical device within the patient based on the
signals.

14. The system of claim 13 wherein the first, second,

and third layers (540, 542, 544) are configured such
that the first and third layers (540, 544) form a barrier
around the second layer (542) configured to facilitate
reducing the potential of impedance changes when
adhered to the patient’s skin.

Patentanspriiche

Mehrschichtkérper-Oberflachenelektrode (38) mit:

einer ersten Schicht (540), die einen ersten
Durchmesser aufweist;

einer zweiten Schicht (542), die einen zweiten
Durchmesser aufweist; und

einer dritten Schicht (544), die einen dritten
Durchmesser aufweist, wobeidie zweite Schicht
(542) zwischen der ersten Schicht (540) und der
dritten Schicht positioniert ist und die erste
Schicht (540) und die dritte Schicht (544) kon-
taktiert, wobei der zweite Durchmesser kleiner
ist als der erste und dritte Durchmesser, und wo-
bei der erste Durchmesser gréRer als der dritte
Durchmesser ist.

Mehrschichtkérper-Oberflachenelektrode (38) nach
Anspruch 1, bei der die erste Schicht (540) eine erste
Dicke hat, die groRer ist als eine zweite Dicke der
zweiten Schicht (542) und eine dritte Dicke der drit-
ten Schicht (544).

Mehrschichtkérper-Oberflachenelektrode (38) nach
Anspruch 1, bei der die erste Schicht (540) eine erste
Dicke hat, die groRer ist als eine zweite Dicke der
zweiten Schicht (542) und eine dritte Dicke der drit-
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ten Schicht (544).

Mehrschichtkdrper-Oberflachenelektrode (38) nach
Anspruch 1, bei der die erste Schicht (540) ein Haft-
material aufweist.

Mehrschichtkdrper-Oberflachenelektrode (38) nach
Anspruch 1, bei der die zweite Schicht (542) ein elek-
trisch leitendes Material aufweist.

Mehrschichtkdrper-Oberflachenelektrode (38) nach
Anspruch 1, bei der die dritte Schicht (544) ein elek-
trisch leitendes Gel aufweist.

Mehrschichtkdrper-Oberflachenelektrode (38) nach
Anspruch 1, bei der die erste und zweite Schicht
(540, 542) konfiguriert sind, um zwischen ihnen ein
Kabel (562) aufzunehmen zum Leiten eines Signals
zu der Mehrschichtkdrper-Oberflachenelektrode.

Mehrschichtkérper-Oberflachenelektrodensatz mit:

einer Mehrzahl von Mehrschichtkérper-Oberfla-
chenelektroden (38), wobei jede Mehrschicht-
korper-Oberflachenelektrode (38) aufweist:

eine erste Schicht (540) mit einem ersten
Durchmesser;

eine zweite Schicht (542) miteinem zweiten
Durchmesser; und

eine dritte Schicht (544) mit einem dritten
Durchmesser, wobei die zweite Schicht
(542) zwischen der ersten Schicht (540)
und der dritten Schicht (544) positioniert ist
und die erste Schicht (540) und die dritte
Schicht (544) kontaktiert, und wobei der
zweite Durchmesser kleiner ist als der erste
Durchmesser; und

einem entsprechenden Mantel (558), der an
mindestens einer Bodenflache der dritten
Schicht (544) von jeder der Mehrzahl von Elek-
troden (38) angebracht ist und sich um einen
auleren Rand (560) der ersten Schicht (540)
von jeder der Mehrzahl von Elektroden (38) er-
streckt.

Mehrschichtkorper- Oberflachenelektrodensatz
nach Anspruch 8, bei dem der erste Durchmesser
groRer ist als der dritte Durchmesser.

Mehrschichtkdrper- Oberflachenelektrodensatz
nach Anspruch 8, bei dem die erste Schicht (540)
ein Haftmaterial aufweist.

Mehrschichtkorper- Oberflachenelektrodensatz
nach Anspruch 10, bei dem die erste Schicht (540)
einen Haftschaum aufweist, der konfiguriert ist, um
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12. Mehrschichtkorper-

zumindest auf seiner Bodenflache (548) an der Haut
eines Patienten zu haften.

Oberflachenelektrodensatz
nach Anspruch 8, bei dem die dritte Schicht (544)
ein elektrisch leitendes Gel aufweist.

13. Medizinisches Positionsbestimmungssystem mit:

einer Mehrzahl von Mehrschichtkérper-Oberfla-
chenelektroden (38), wobei jede Mehrschicht-
kérper-Oberflachenelektrode (38) aufweist:

eine erste Schicht (540) mit einem ersten
Durchmesser und mit einem Haftschaum,
der konfiguriertist, um zumindest auf seiner
Bodenflache (548) an einer Haut eines Pa-
tienten zu haften;

eine zweite Schicht (542) mit einem zweiten
Durchmesser; und

eine dritte Schicht (544) mit einem dritten
Durchmesser, wobei der zweite Durchmes-
ser kleiner ist als der erste Durchmesser
und derdritte Durchmesser, wobei der erste
Durchmesser groRer ist als der dritte Durch-
messer, und wobei die zweite Schicht (542)
zwischen der ersten Schicht (540) und der
dritten Schicht (544) positioniert ist und die
erste Schicht (540) und die dritte Schicht
(544) kontaktiert;

einer Mehrzahl von Kabeln (562), die jeweils ein
erstes Ende haben, das zwischen der ersten
Schicht (540) und der zweiten Schicht (542) von
jeder der Mehrzahl von Mehrschichtkérper-
Oberflachenelektroden (38) positioniert ist, wo-
bei die Mehrzahl von Kabeln (562) konfiguriert
ist zur Ubertragung von Signalen von jeder von
den Mehrschichtkérper-Oberflachenelektroden
(38); und

einer Vorrichtung, die mit einem zweiten Ende
von jedem von der Mehrzahl von Kabeln (562)
gekoppelt und konfiguriert ist zum Empfangen
von Signalen und zum Bestimmen eines Orts
einer medizinischen Vorrichtung innerhalb des
Patienten basierend auf den Signalen.

14. System nach Anspruch 13, bei dem die erste, zweite

und dritte Schicht (540, 542, 544) derart konfiguriert
sind, dass die erste und die dritte Schicht (540, 544)
eine Barriere um die zweite Schicht (542) bilden, die
konfiguriert ist zur Erleichterung einer Reduzierung
der Méglichkeit von Impedanzanderungen, wenn es
an der Haut des Patienten anhaftet.
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Revendications

1.

Electrode de surface de corps multicouche (38)
comprenant :

une premiére couche (540) ayant un premier
diamétre ;

une seconde couche (542) ayant un second
diamétre ; et

une troisieme couche (544) ayant un troisiéme
diameétre, ou la seconde couche (542) est posi-
tionnée entre la premiére couche (540) et la troi-
siéme couche et est en contact avec la premiére
couche (540) et la troisieme couche (544), ou le
second diamétre estinférieur aux premier et troi-
siéme diameétres, et ou le premier diamétre est
supérieur au troisieme diamétre.

Electrode de surface de corps multicouche (38) se-
lon la revendication 1, ou la premiére couche (540)
a une premiére épaisseur qui est supérieure a une
seconde épaisseur de la seconde couche (542) et
une troisieme épaisseur de la troisieme couche
(544).

Electrode de surface de corps multicouche (38) se-
lon la revendication 1, ou la premiére couche (540)
a une premiére épaisseur qui est supérieure a une
seconde épaisseur de la seconde couche (542) et
une troisieme épaisseur de la troisieme couche
(544).

Electrode de surface de corps multicouche (38) se-
lon la revendication 1, ou la premiére couche (540)
comprend un matériau adhésif.

Electrode de surface de corps multicouche (38) se-
lon la revendication 1, ou la seconde couche (542)
comprend un matériau électriquement conducteur.

Electrode de surface de corps multicouche (38) se-
lon la revendication 1, ou la troisieme couche (544)
comprend un gel électriquement conducteur.

Electrode de surface de corps multicouche (38) se-
lon la revendication 1, ou les premiere et seconde
couches (540, 542) sont configurées pour recevoir
un cable (562) entre elles pour conduire un signal
vers |'électrode de surface de corps multicouche.

Kit d’électrodes de surface de corps multicouches
comprenant :

une pluralité d’électrodes de surface de corps
multicouches (38), chaque électrode de surface

de corps multicouches (38) comprenant :

une premiere couche (540) ayant un pre-
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13.

mier diamétre ;

une seconde couche (542) ayantun second
diamétre ; et

une troisieme couche (544) ayant un troi-
siéme diameétre ou la seconde couche (542)
est positionnée entre la premiére couche
(540) et la troisieme couche (544), et est en
contact avec la premiére couche (540) et la
troisieme couche (544) et ou le second dia-
meétre est inférieur au premier diamétre et
au troisieme diamétre ; et

un revétement respectif (558) fixé a au moins
une surface inférieure de la troisieme couche
(544) de chacune de la pluralité d’électrodes
(38) et s’étendant autour d’un bord extérieur
(560) de la premiere couche (540) de chaque
électrode de la pluralité d’électrodes (38).

Kit d’électrodes de surface de corps multicouches
selon la revendication 8, ou le premier diamétre est
plus grand que le troisieme diametre.

Kit d’électrodes de surface de corps multicouches
selon larevendication 8, ou la premiére couche (540)
comprend un matériau adhésif.

Kit d’électrodes de surface de corps multicouches
selon la revendication 10, ou la premiere couche
(540) comprend une mousse adhésive configurée
pour adhérer a la peau d’un patient au moins sur une
surface inférieure (548) de celle-ci.

Kit d’électrodes de surface de corps multicouches
selon la revendication 8, ou la troisieme couche
(544) comprend un gel électriquement conducteur.

Systeme de positionnement médical comprenant :

une pluralité d’électrodes de surface de corps
multicouches (38), chaque électrode de surface
de corps multicouches (38) comprenant :

une premiere couche (540) ayant un pre-
mier diamétre et comprenant une mousse
adhésive configurée pour adhérer a la peau
d’'un patient au moins sur sa surface infé-
rieure (548) ;

une seconde couche (542) ayantun second
diamétre ; et

une troisieme couche (544) ayant un troi-
siéme diameétre ou le second diamétre est
inférieur au premier diamétre et au troisié-
me diamétre, ou le premier diameétre est su-
périeur au troisieme diamétre, et ou la se-
conde couche (542) est positionnée entre
la premiére couche (540) et la troisieme
couche (544) et est en contact avec la pre-
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miére couche (540) et la troisieme couche
(544) ;

une pluralité de cables (562) ayant chacun une
premiére extrémité positionnée entre la premié- 5
re couche (540) et la seconde couche (542) de
chaque électrode de la pluralité d’électrodes de
surface de corps multicouches (38), la pluralité

de cébles (562) étant configurée pour transmet-

tre des signaux depuis chacune des électrodes 70
de surface de corps multicouches (38) ; et

un dispositif couplé a une seconde extrémité de
chaque cable de la pluralité de cables (562) et
configuré pour recevoir les signaux et détermi-

ner un emplacement d'un dispositif médical 75
dans la base patient sur les signaux.

14. Systéme selon la revendication 13, ou les premiere,
seconde et troisieme couches (540, 542, 544) sont
configurées de telle sorte que les premiére et troi- 20
sieme couches (540, 544) forment une barriére
autour de la seconde couche (542) configurée pour
faciliter la réduction du potentiel de changements
d’impédance quand elle est collée a la peau du pa-
tient. 25
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