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(57) Abstract: An example system for sensing catheter contact is disclosed. The system includes an elongate tubular member, a tip
member and a flexible support structure including a support member. A proximal portion of the support structure may be coupled to
the distal end of the tubular member while a distal portion may be coupled to the proximal end of the tip member. The system may
also include an electroactive polymer member disposed along the support member, wherein displacement of the support member ac-
tivates the electroactive polymer member such that an electrical response is output from the electroactive polymer member. A pro -
cessor, electrically coupled to the electroactive polymer member, may be configured to evaluate the electrical response from the elec-
troactive polymer member to determine a contact force of the tip member with tissue.
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MEDICAL DEVICE FOR CONTACT SENSING
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Provisional Application No. 62/107,176,

filed January 23, 2015, which is herein incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure pertains to medical devices, and methods for
manufacturing medical devices. More particularly, the present disclosure pertains to
elongated intracorporeal medical devices including a tubular member connected with

other structures, and methods for manufacturing and using such devices.

BACKGROUND

[0003] A wide variety of intracorporeal medical devices have been developed for
medical use, for example, intravascular use. Some of these devices include guidewires,
catheters, and the like. These devices are manufactured by any one of a variety of
different manufacturing methods and may be used according to any one of a variety of
methods. Of the known medical devices and methods, each has certain advantages
and disadvantages. There is an ongoing need to provide alternative medical devices as

well as alternative methods for manufacturing and using medical devices.

SUMMARY

[0004] This disclosure provides design, material, manufacturing method, and use
alternatives for medical devices. An example system for sensing catheter contact may
include an elongate tubular member having a proximal end and a distal end, a tip
member having a proximal end and a distal end and a flexible support structure
including a support member, wherein the support structure has a proximal portion and a
distal portion, wherein the proximal portion is coupled to the distal end of the elongate
tubular member, and wherein the distal portion is coupled to the proximal end of the tip
member. The system may also include a polymer member disposed along the support

member, the polymer member formed of an electroactive polymer, wherein
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displacement of the support member activates the polymer member such that an
electrical response is output from the polymer member. The system may also include a
processor electrically coupled to the polymer member, wherein the processor is
configured to evaluate the electrical response output from the polymer member to
determine a contact force of the tip member with tissue.

[0005] Alternatively or additionally, the flexible support structure may include a
first support member, a second support member and a third support member, and
wherein the polymer member is disposed along at least one of the first, second and
third support members.

[0006] Alternatively or additionally, the distal end of the tubular member may
have a substantially circular circumference, and wherein the first, second and third
support members are spaced from one another around the circumference.

[0007] Alternatively or additionally, at least one of the first, second and third
support members may include an arcuate bend.

[0008] Alternatively or additionally, the first, second and third support members
may be configured to flex in response to the contact force.

[0009] Alternatively or additionally, the elongate tubular member may include a
longitudinal axis, and wherein the first, second and third support members include a
proximal portion, an intermediate portion and a distal portion, and wherein the
intermediate portions of the first, second and third support members extend inward
toward the longitudinal axis relative to the proximal and distal ends of the first, second
and third support members.

[0010] Alternatively or additionally, the flexible support structure further may
comprise a printed circuit board, and wherein the printed circuit board includes the first,
second and third support members.

[0011] Alternatively or additionally, the printed circuit board may include a hub,
and wherein a distal end of the first, second and third support members are coupled to
the hub and wherein the proximal end of the first, second and third support members

extends away from the hub.
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[0012] Alternatively or additionally, a polymer member may be disposed along at
least one of the first support member, the second support member and the third support
member.

[0013] Alternatively or additionally, the proximal ends of the first, second and third
support members may be coupled to the distal end of the elongate tubular member.
[0014] Alternatively or additionally, wherein at least one of the first, second and
third support members extends along the elongate tubular member.

[0015] Alternatively or additionally, at least one of the first, second and third
support members may extend to the proximal end of the elongate tubular member.
[0016] Alternatively or additionally, the flexible support structure may further
comprise a printed circuit board, and wherein the printed circuit board includes a
support member.

[0017] Alternatively or additionally, the printed circuit board may have a first layer,
and wherein the first layer is an electroactive polymer.

[0018] Alternatively or additionally, the flexible support structure may include a
helical member, and wherein the polymer member is disposed along the helical
member.

[0019] Another example system for sensing catheter contact may include a
catheter having a proximal end region and a distal end region and a lumen extending
therethrough, and wherein the catheter includes a flexible support structure disposed
along the distal end region, and wherein the support structure includes a support
member, and wherein the support member is configured to deflect in response to a
contact force. The system may also include a polymer member disposed along the
support member, the polymer member including an electroactive polymer, wherein
deflection of the support member activates the polymer member such that an electrical
response is output from the polymer member. The system may also include a
processor electrically coupled to the polymer member, wherein the processor is
configured to evaluate the electrical response output from the polymer member to
determine a contact force of the tip member with tissue.

[0020] Alternatively or additionally, the flexible support structure may be disposed

within the lumen of the catheter.
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[0021] Alternatively or additionally, the flexible support structure may include a
first support member, a second support member and a third support member and
wherein a first polymer member, a second polymer member and a third polymer
member are disposed along the first, second and third support members.

[0022] Alternatively or additionally, at least one of the first polymer member, the
second polymer member and the third polymer member is configured to determine the
magnitude and/or the direction of the contact force.

[0023] Another example system for sensing catheter contact may include an
elongate tubular member having a proximal end and a distal end, a tip member having a
proximal end and a distal end and a first support member, a second support member
and a third support member, wherein the support members have a proximal portion and
a distal portion, wherein the proximal portions are coupled to the distal end of the
elongate tubular member, and wherein the distal portions are coupled to the proximal
end of the tip member. The system may also include a first polymer member disposed
along the support member, a second polymer member disposed along the second
support member and a third polymer member disposed along the third support member,
wherein the polymer members are formed of an electroactive polymer, wherein
displacement of the support member activates the polymer members such that an
electrical response is output from the polymer members. The system may also include
a processor electrically coupled to the polymer members, wherein the processor is
configured to sense the electrical response output from the polymer members, evaluate
the electrical response to determine a magnitude and direction of the contact force and
display the contact force magnitude and/or direction on a display.

[0024] The above summary of some embodiments is not intended to describe
each disclosed embodiment or every implementation of the present invention. The
Figures, and Detailed Description, which follow, more particularly exemplify these
embodiments.

[0025] While multiple embodiments are disclosed, still other embodiments of the
present invention will become apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative embodiments of the
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invention. Accordingly, the drawings and detailed description are to be regarded as

illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
the accompanying drawings, in which:

[0027] FIG. 1 is a schematic view of an embodiment of a catheter system for
accessing a targeted tissue region in the body for diagnostic and therapeutic purposes.
[0028] FIG. 2 is a schematic view of an embodiment of a distal region of a
sensing catheter having sensing members for use in association with the system of FIG.
1.

[0029] FIG. 3 is a cross-section of the sensing members in the system of FIG. 2.
[0030] FIG. 4 is a schematic view of an embodiment of a distal region of a
sensing catheter including a helical sensing member.

[0031] FIG. 5 is a schematic view of an embodiment of a sensing catheter

including elongated sensing members.

[0032] FIG. 6 is a schematic view of the support structure of the sensing catheter
of the system of FIG. 5.
[0033] While the invention is amenable to various modifications and alternative

forms, specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit
the invention to the particular embodiments described. On the contrary, the intention is
to cover all modifications, equivalents, and alternatives falling within the spirit and scope

of the invention.

DETAILED DESCRIPTION

[0034] For the following defined terms, these definitions shall be applied, unless a
different definition is given in the claims or elsewhere in this specification.
[0035] All numeric values are herein assumed to be modified by the term “about,”

whether or not explicitly indicated. The term “about” generally refers to a range of
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numbers that one of skill in the art would consider equivalent to the recited value (i.e.,
having the same function or result). In many instances, the terms “about” may include
numbers that are rounded to the nearest significant figure.

[0036] The recitation of numerical ranges by endpoints includes all numbers
within that range (e.g. 1to 5includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

[0037] As used in this specification and the appended claims, the singular forms

nou

“a”, “an”, and “the” include plural referents unless the content clearly dictates otherwise.
As used in this specification and the appended claims, the term “or” is generally
employed in its sense including “and/or” unless the content clearly dictates otherwise.
[0038] The following detailed description should be read with reference to the
drawings in which similar elements in different drawings are numbered the same. The
drawings, which are not necessarily to scale, depict illustrative embodiments and are
not intended to limit the scope of the invention.

[0039] Treating heart rhythm disorders often involves the introduction of one or
more sensing devices into a cardiac chamber to collect and/or map physiological or
diagnostic information necessary for subsequent therapies. For example, in order to
perform ablation therapy in a cardiac chamber, it may be desirable to use a contact
sensing catheter to determine the proximity of the catheter tip to the chamber wall
and/or the degree of force applied to adjacent cardiac tissue. However, the forces
applied to the sensing catheter, catheter tip and/or catheter sensors may vary
depending on the degree to which the catheter system is manipulated within the cardiac
chamber. For example, if a clinician applies a significant amount of force to the catheter
or other mapping/sensing device, the catheter tip and or sensors may be deflected
and/or stressed to a significant degree. Further, the catheter system may be subjected
to a wide range of temperatures. In some instances, the force applied to the sensors
and or the temperature range may be significant enough to damage the sensors.
Therefore, it may be desirable to utilize materials and/or design the sensors such that
they can withstand significant forces and/or temperatures, yet maintain the sensitivity
necessary to accurately sense desired physiological data. The methods and systems
disclosed herein are designed to overcome at least some of the limitations of current

sensing catheter design. For example, some of the methods disclosed herein may
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include utilizing an electroactive polymer (EAP) and/or a derivative thereof (e.g.
electromechanical polymers (EMP)) in combination with a catheter support structure to
sense contact force and/or proximity to cardiac tissue. Other methods and medical
devices are also disclosed.

[0040] FIG. 1 is a schematic view of a system 10 for accessing a targeted tissue
region in the body of a patient for diagnostic and/or therapeutic purposes. FIG. 1
generally shows the system 10 deployed in a region of the heart. For example, system
10 may be deployed in any chamber of the heart, such as the left atrium, left ventricle,
right atrium, or right ventricle, another region of the cardiovascular system, or other
anatomical region. While the illustrated embodiment shows the system 10 being used
for sensing contact and/or proximity to myocardial tissue, the system 10 (and the
methods described herein) may alternatively be configured for use in other tissue
applications, such as procedures for sensing tissue in the prostrate, brain, gall bladder,
uterus, nerves, blood vessels and other regions of the body, including body regions not
typically accessed by a catheter.

[0041] System 10 may include catheter 12. In FIG. 1, catheter 12 may be
introduced into the selected heart region 18 through a vein or artery (e.g., the femoral
vein or artery) through suitable percutaneous access. The catheter 12 may have a
body portion 22, a distal end region 14 and a proximal end region 16. The distal end
region 14 of the catheter 12 may include support structure 20 and distal tip 26. Support
structure 20 may include a plurality of sensing support elements (not shown in FIG 1,
but shown in FIG 2). The support elements may be configured to sense physiological
activity in the anatomical region. For example, the support elements may be configured
to sense contact and/or proximity to anatomical tissue.

[0042] In some instances, catheter 12 may be an ablation catheter. In those
instances, distal tip 26 may include an ablation electrode. Further, the ablation
electrode may be coupled to a system for delivering energy to the ablation electrode.
For example, the ablation electrode may be coupled to a RF generator.

[0043] In other instances, catheter 12 may be a mapping catheter. In those
instances, distal tip 26 may include one or more mapping electrodes. The mapping

electrodes may be couple to processor 32. Processor 32 may receive electrical
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information sensed by the mapping electrodes. Further, processor 32 may process
sensed electrical information and output corresponding diagnostic information to display
40.

[0044] While the above examples describe catheter 12 being either an ablation
catheter or a mapping catheter, it is contemplated that catheter 12 could be some
combination of both an ablation catheter and a mapping catheter. Further, distal tip 26
may include both an ablation electrode and one or more mapping electrodes.

[0045] Additionally, support structure 20 may be electrically coupled to a
processing system 32. Conductive members 30 may be electrically coupled to each
sensing support element on support structure 20. The conductive members 30 may
extend through catheter body 22 and may electrically couple the sensing elements of
support structure 20 to an input of processing system 32, as will be described later in
greater detail. The sensing elements may respond to a deflection, an applied force, a
change in resistance, or the like. In some instances, the sensing elements may
generate an electrical response to a force applied to distal end region 14 of catheter 12
as the distal end region 14 of catheter 12 is advanced into cardiac tissue. The sensed
force may be processed by processing system 32 to assist the physician by generating
a parameter, e.g., a number, color, texture, audible tone, etc. which corresponds to a
diagnostic and/or treatment procedure, e.g. an ablation procedure. The parameter may
be used to guide the treatment of a tissue pathology, e.g., ablation therapy.

[0046] Processing system 32 includes dedicated circuitry (e.g., discrete logic
elements and one or more microcontrollers; application-specific integrated circuits
(ASICs); or specially configured programmable devices, such as, for example,
programmable logic devices (PLDs) or field programmable gate arrays (FPGASs)) for
receiving and/or processing the acquired electrical signals. In some embodiments,
processing system 32 includes a general purpose microprocessor and/or a specialized
microprocessor (e.g., a digital signal processor, or DSP, which may be optimized for
processing activation signals) that executes instructions to receive, analyze and display
information associated with the received electrical signals. In such implementations,
processing system 32 can include program instructions, which when executed, perform

part of the signal processing. Program instructions can include, for example, firmware,
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microcode or application code that is executed by microprocessors or microcontrollers.
The above-mentioned implementations are merely exemplary. Other program
instructions are contemplated.

[0047] The processing system 32 may output to device 40 the display of relevant
parameters (e.g. contact force magnitude or direction) for viewing by a physician. In the
illustrated embodiment, device 40 is a display, such as a CRT, LED, or other type of
display, or a printer, for example. Device 40 may present the relevant parameters in a
format useful to the physician. In addition, the processing system 32 may generate
position-identifying output for display on the device 40 that aids the physician in guiding
an ablation electrode into contact with tissue at the site identified for ablation. For
example, the display may show one or more elements of a force vector corresponding
to one or more sensing elements and/or a degree of contact of the distal end region 14
of catheter 12 with tissue. It is contemplated that the elements may be displayed alone
or in combination with one another.

[0048] FIG. 2 illustrates an embodiment of the distal end region of the catheter 12
which may be suitable for use in system 10 shown in FIG. 1. Catheter 12 may include
catheter body 22 and a support structure 20. In some examples, body portion 22 may
resemble an elongate tubular member. Further, the terms “body portion” and “elongate
tubular member” may be used interchangeably herein. Catheter 12 may also include a
distal tip 26 extending distally from distal end 36 of support structure 20. Catheter body
22 may include a lumen extending therethrough (not shown). In some instances, a
covering 40 may extend over or along support structure 20. Covering 40 may be a
coating, a solid tubular member, a distal end region of catheter body 22 or the like. In
some instances, covering 40 may be attached to support structure 20. In other
instances, covering 40 may extend from the distal end 50 of catheter body 22.

[0049] As depicted in FIG. 2, support structure 20 may include one or more
support members 24. For example, while FIG. 2 shows three support members 24, it is
understood that the number of support members 24 may be 1, 2, 3,4, 5,6, 7, 8, 9, 10,
20 or the like. Support members 24 may have a proximal end 38 and a distal end 36.
The proximal end 38 of support member 24 may be coupled to the distal end 50 of

catheter body 22, or otherwise fixed relative to the catheter body 22. Similarly, the
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distal end 36 of support member 24 may be coupled to a proximal end 34 of distal tip
26, or otherwise fixed relative to the distal tip 26. In some instances (for example, as
shown in FIG. 2), support member 24 may resemble splines and/or elongated strips
extending from the catheter body 22 to the distal tip 26. However, while FIG. 2 depicts
support member 24 as an elongated strip, it is contemplated that support member 24
could be a variety of shapes, sizes, geometries or materials. For example, support
members 24 could be a single tubular member spanning the gap from the catheter body
to the distal tip. Alternatively, support member 24 may be one or more cylindrical rod-
shaped members, or other desired configuration.

[0050] The embodiment of support structure 20 in FIG. 2 shows three support
members 24 arranged around the distal end region 50 of catheter body 22. In some
instances, support members 24 may be pre-formed into a desired shape. For example,
FIG. 2 shows the support members 24 as including an arcuate bend along the length of
the support member. In other words, support members 24 may include intermediate
region 42 which extends and/or curves radially inward toward a central longitudinal axis
of catheter body 22 relative to proximal and distal ends of the support members 24.
The pre-formed shape (e.g. bow, arcuate bend, etc.) may allow the support member 24
to flex and/or deflect in response to an applied force. In other words, the pre-formed
shape may provide a natural flexion point in support members 24, thereby reducing the
longitudinal stiffness that support members 24 may otherwise have to overcome to flex
in response to an applied contact force. While support members 24 have been
described above as having an arcuate bend, it is understood that in some instances
other shapes (e.g. solid, rigid or straight shapes) may be desirable. For example, in
some instances the support members 24 may include a proximal segment converging
with a distal segment at a vertex (e.g., point), wherein the vertex or point is located
radially inward toward the central longitudinal axis of catheter body 22 relative to
proximal and distal ends of the support members 24.

[0051] Additionally, FIG. 2 shows polymer members 28 disposed along support
members 24. In some instances, polymer members 28 may be affixed along support
members 24. Further, it is contemplated that polymer members 28 may be coupled to

support members 24 using a variety of methodologies. For example, polymer members
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28 may be fixedly secured or bonded along a surface of the support members 24. As
discussed herein, polymer members 28 may be described as being positioned “along,”
“on,” and/or otherwise embedded and/or encased on any structure contemplated herein.
This is not intended to be limiting. Rather, polymer members 28 can be positioned
and/or otherwise located at any suitable position/location along support structure 20,
support members 24, along catheter 12 and/or any other catheter structure.
Positioning/locating polymer members 28 may include embedding, partially embedding,
encasing, partially encasing, isolating, attaching, affixing, fastening, bonding to the outer
surface, embedding within the wall, or the like. Polymer member 28 may include a
variety of different materials. For example, polymer member 28 may include
polyvinylidene fluoride.

[0052] Polymer member 28 may be an electroactive polymer (EAP) including any
derivative or subgroup thereof (e.g. electromechanical polymers (EMP)). The term EAP
is not meant to be limiting. Rather, as used with any disclosed embodiment herein, the
term EAP encompasses not only electroactive polymers, but also any derivative or
subgroup thereof (e.g. electromechanical polymers (EMP)). EAP may provide
significant benefits when incorporated into the design of contact sensing catheters. For
example, EAP may be able to withstand a significant degree of deflection and
temperature gradients and still output an electrical response that is capable of being
received by processing system 32 and processed into beneficial diagnostic information.
[0053] In some instances, an EAP may output an electrical signal and/or surface
charge in response to a change in the polymer’s shape, resistance, mechanical
properties, or the like. For example, in some instances the contact catheter’s distal end
region may bend or deflect as a clinician manipulates the catheter inside a heart
chamber. The deflection may result in a deflection of one or more of the support
members 24. In instances where an EAP is affixed directly to support members 24,
deflection of support members 24 may cause a corresponding deflection in the EAP.
The deflection of the EAP may cause the EAP to output an electrical signal to processor
32. Processor 32 may receive the electrical signal transmitted from the EAP.

[0054] In some instances, an electrical signal output by polymer member 28 may

travel along conductive member 30 to processor 32. A separate conductive member 30
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may be electrically coupled to each polymer member 28 to transmit separate electrical
output signals from each polymer member 28 to processor 32. Conductive member 30
may include a variety of conducting materials (e.g. copper, gold, etc.) or the like. As
shown in FIG. 2, conductive member 30 may be coupled to proximal end region 38 of
support member 24. In some instances, conductive member 30 may be coupled to the
support member 24, polymer member 28, or both. Conductive member 30 may travel
along catheter body 22 and terminate at processor 32. It is contemplated that
conductive member 30 may be embedded within the wall of catheter body 22, extend
through a lumen of catheter body 22, extend along the outside of catheter body 22 or
some combination thereof. Other configurations are contemplated.

[0055] As stated above, support structure 20 may be disposed around the distal
end 50 of catheter body 22 in a manner that may be advantageous to determine both
the direction and the magnitude of an applied contact force. For example, FIG. 3 shows
a cross sectional view along line 3-3 of FIG. 2. FIG. 3 depicts support members 24a,
24b and 24c arranged around the circumference of catheter body 22. For example, a
plurality of support members 24, such as three support members 24, may be uniformly
or symmetrically arranged around the circumference of catheter body 22. While FIG. 3
shows support members 24 disposed around the outer circumference of catheter body
22, it is contemplated that support members 24 may be disposed at any position around
of the outer or inner surface of catheter body 22.

[0056] As shown, support members 24a, 24b and 24c are generally arranged in a
manner that allows a desired degree of spacing between individual members 24. While
FIG. 3 shows support members 24 spaced substantially equidistant from one another
(e.g. about 120 degrees), it is contemplated that support members 24 may be spaced in
any variety of configurations. For example, the spacing between the members may be
any known equidistant or non-equidistant spacing. In some instances, it may be
beneficial to utilize three support members, as three support members may permit
efficient triangulation of the direction of an applied contact force. However, it is
understood that a variety of algorithms, processing, etc. may be employed with fewer or
more support members 24 in order to calculate the direction of an applied force.

12
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[0057] As discussed above, in some embodiments, support members 24 may be
constructed from variety of materials (alone or in combination). For example, support
members 24 may be made of a resilient inert material, such as metal (e.g. Nitinol,
stainless steel, etc.), silicone rubber, polymer, etc. These materials may provide
beneficial characteristics that allow support members 24 to be connected between the
catheter body 22 and the distal tip 26 in a resilient, yet flexed condition (e.g. permitting
flexible members 24 to bend and conform to an applied contact force). In some
instances, the support members 24 may be formed of an electrically conductive
material, while in other instances the support members 24 may be formed of an
electrically insulative material.

[0058] FIG. 4 shows another example of a distal region of a contact sensing
catheter 112. In general, the construction and operation of contact sensing catheter
112 is similar to that of contact sensing catheter 12 shown in FIGS. 1-3. However,
support member 124 of contact sensing catheter 112 is shown to be a helical member.
Helical support member 124 may resemble a spring. Similar to that of contact sensing
catheter 12, helical support member 124 may have a proximal end 138 and a distal end
136. The proximal end 138 of helical support member 124 may be coupled to the distal
end 150 of catheter body 122. Similarly, the distal end 136 of helical support member
124 may be coupled to a proximal end 134 of distal tip 126. In some instances (for
example, as shown in FIG. 4), support member 124 may resemble a coiled spring
extending from the catheter body 122 to the distal tip 126. However, while FIG. 4
depicts support member124 as a coiled spring, it is contemplated that support member
124 could be a variety of shapes, sizes, geometries or materials. For example, helical
support member 124 could be a single tubular member having a helical cut along its
length and spanning the gap from the catheter body to the distal tip. In other instances,
the support member 124 may be formed of a tubular member having a plurality of
discontinuous cuts or slots extending through the sidewall of the tubular member to
provide the tubular member with a degree of lateral flexibility.

[0059] Similar to FIGS. 1-3, FIG. 4 shows polymer member 128 disposed along
helical support member 124. In some instances, such as that shown in FIG. 3, polymer

member 128 may be affixed along a surface of support member 124. However, itis
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contemplated that polymer member 128 may be coupled to support member 124 using
a variety of methodologies. As discussed herein, polymer member 128 may be
described as being “affixed,” “on” and/or otherwise embedded and/or encased on any
structure contemplated herein. This is not intended to be limiting. Rather, polymer
member 128 can be positioned and/or otherwise located at any suitable
position/location along support structure 120, helical support member 124, along the
catheter 112 and/or any other catheter structure. Positioning/locating polymer member
128 may include embedding, partially embedding, encasing, partially encasing,
isolating, attaching, affixing, fastening, bonding to the outer surface, embedding within
the wall, or the like. Additionally, it is contemplated that more than one polymer
member 128 may be affixed to helical support member 124. For example, multiple
polymer members 128 may be spaced along helical support member 124. In some
instances, multiple polymer members 128 may provide independent inputs to processor
32. In other instances, multiple polymer members 128 may operate collaboratively to
provide a single input to processor 32.

[0060] Polymer members 128 may be an EAP. In some instances, an EAP may
output an electrical signal in response to a change in the polymer’s shape, resistance,
or the like. For example, in some instances the contact catheter’s distal end region 114
may bend or deflect as a clinician manipulates the catheter inside a heart chamber.
The deflection may result in a deflection of at least a portion of the helical windings of
the helical support member 124, including polymer member 128. In the instance where
the polymer member 128 is an EAP, polymer member 128 may output an electrical
signal to processor 32. Polymer member 128 may include a variety of different
materials. For example, polymer member 128 may include polyvinylidene fluoride.
[0061] In some instances, an EAP may output an electrical signal and/or surface
charge in response to a change in the polymer’s shape, resistance, mechanical
properties, or the like. For example, in some instances the contact catheter’s distal end
region may bend or deflect as a clinician manipulates the catheter inside a heart
chamber. The deflection may result in a deflection of support member 124. In
instances where an EAP is affixed directly to support member 124, deflection of support

member 124 may cause a corresponding deflection in the EAP. The deflection of the
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EAP may cause the EAP to output an electrical signal to processor 32. Processor 32
may receive the electrical signal transmitted from the EAP.

[0062] Similar to contact sensing catheter 12 of FIGS. 1-3, contact sensing
catheter 112 may include a covering 140 extending over or along support structure 120.
Covering 140 may be a coating, a solid tubular member or the like. In some instances,
covering 140 may be attached to support structure 120. In other instances, covering
140 may extend from the distal end 150 of catheter body 122.

[0063] FIG. 5 shows another exemplary contact sensing catheter 212. Catheter
212 may include catheter body 222 and support structure 220. Support structure 220
may extend proximally from distal tip 226. Additionally, the distal end 236 of support
members 224 may be coupled to the proximal end 234 of distal tip 226. Further, similar
to other contact sensing catheter systems disclosed herein, support structure 220 may
include one or more support members 224. Support members 224 may include
polymer member 228. Polymer member 228 may include an EAP similar to other
catheter sensing system embodiments disclosed herein. Support member 224 and/or
polymer member 228 may be electrically coupled through conductive member 230 to
processor 32. Further, distal tip 226 may include an electrode. The distal tip electrode
may be an ablation electrode, a mapping electrode or some combination of an ablation
and mapping electrode.

[0064] Support members 224 may extend along the outer surface, the inner
surface or through the wall of catheter body 222. It is contemplated that support
members 224 may extend proximally along a portion of, along substantially the entire
length, or along the entire length of catheter body 222. It is contemplated that
conductive member 230 may extend alongside support member 224 for the entire
length of catheter body 222. While FIG. 5 shows catheter 212 having three support
members 224, it is contemplated that the number of support members may be more or
less than three. For example, support members 224 may include 1, 2, 3, 4, 5,6, 7, 8, 9,
10, 20 or more members.

[0065] As stated above, support members 224 may extend proximally from distal
tip 226. Further, in some instances support members 224 may be affixed to catheter

body 222 at the distal end region 250 of catheter body 222. For example, support

15



WO 2016/118934 PCT/US2016/014637

members 224 may be affixed to catheter body 222 at coupling region 270. While FIG. 5
shows support members 224 fixed to catheter body 222 at coupling region 270, it is
contemplated that support members 224 may be fixed to catheter body 222 at other
suitable locations along catheter body 222.
[0066] In some instances, support structure 220 (including support members 224)
may deflect away from its equilibrium position when a force is applied to distal tip 226.
Further, fixation of support members 224 to portions of the catheter proximal and distal
of polymer member 228 permits axial elongation and/or axial compression of the
support members 224. Therefore, a polymer member 228 (e.g. EAP) affixed to support
members 224 may deflect in response to the same force experienced by the support
structure 224. The degree of axial elongation and/or axial compression of polymer
members 228 (e.g. EAP) may directly correlate to an electrical signal generated by the
polymer member 228 (e.g. EAP). Further, this electrical signal may be utilized to
calculate the magnitude and/or direction of the applied force.
[0067] It can be appreciated that whenever a force is applied to distal tip 226, the
majority of the deflection seen is along a distal portion of the support members 224.
Further, coupling support members 224 (to which force sensing EAP may be affixed) to
catheter body 222 (e.g. at coupling region 270) reduces the lever arm of the deflectable
portion of support members 224. Consequently, a force applied to distal tip 226
(causing deflection in EAP), may be more easily sensed. In other words, smaller
deflections that might not otherwise be detected can now be sensed.
[0068] In some instances, support members 224 may be constructed separately
from distal tip 226. In instances where support members 224 are constructed
separately from distal tip 226, support members 224 may be coupled to distal tip 226
using a variety of manufacturing techniques. For example, distal tip 226 may be
bonded to support members 224 using an adhesive. Other attachment methodologies
are contemplated.
[0069] In some instances, support structure 220 (including support members 224
and/or distal tip 226) may be constructed and/or formed from a single monolith of
material. For example, a method of manufacturing (e.g. cutting the material) support

structure 220 (including support members 224 and/or distal tip 226) illustrated in FIG. 6
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may bear some resemblance to an analogous processes utilized in the manufacturing of
semiconductors.

[0070] The substrate utilized in the manufacturing process discussed above may
include a flexible base material. In some instances, the material may include a
polyimide sheeting, or other polymeric sheeting. Utilizing a flexible base material may
provide desirable characteristics such as the ability to use the base material as the
structural element itself. It is contemplated that the structural support 242 depicted in
FIG. 6 could be directly shaped, manufactured, processed or configured to be
integrated directly into a catheter sensing system. For example, FIG. 6 shows support
members 224 lying in the same plane as hub member 240. FIG. 6 may resemble the
configuration support members 224 have to hub member 240 immediately after support
structure 242 is cut from a single monolith of material. However, further manufacturing
may configure support members 224 such that they resemble the configuration of
support members 224 and hub 240 displayed in FIG. 5. In other words, further
manufacturing may bend and/or angle support members 224 to a position orthogonal to
hub 240. It is contemplated that in some instances distal tip 226 may be manufactured
separately from support structure 242. However, in other instances hub 240 may be
substantially similar to distal tip 226.

[0071] In some examples herein, support member 224, alone or in combination
with conductive member 230, may be referred to as a “printed circuit board.” Further,
the manufacturing process described above may include “printing” or affixing conductive
member 230 and/or polymer member along, atop, within, embedded with, etc. support
member 224. For example, the example method of manufacturing may include forming
a base layer of material upon which further layers may be “printed” or “layered.” The
manufacturing method may further include layering one or more additional layers on top
and/or within the base layer. Additional layers of material may include EAP’s,
electrically conductive materials, traces, circuit components, or the like. In some
instances, a portion of a layer may be removed to expose an underlying layer. Further,
the manufacturing process disclosed herein may contemplate incorporating sensors
configured to sense a variety of inputs. For example, it is contemplated that

temperature sensors, pressure sensors, ultrasound sensors, electrical impedance
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sensors and/or an ECG sensing element may be incorporated alone or in addition to
any of the sensing members disclosed herein. Further, utilization of a flexible base
material may enhance connectivity and provide for mounting of signal processing
components (e.g. amplifier).

[0072] It is contemplated that any of the embodiments described herein may
include a support structure including a rubber, plastic and/or polymer member. Support
structures formed from these materials may provide desirable characteristics such as
the ability to deform and/or deflection in response to a contact force. Similarly to
embodiments described above, a rubber, plastic and/or polymer member may
incorporate a polymer member such as EAP and/or derivatives thereof to elicit an
electrical response upon a deformation and/or deflection due to contact force.

[0073] It should be understood that this disclosure is, in many respects, only
illustrative. Changes may be made in details, particularly in matters of shape, size, and
arrangement of steps without exceeding the scope of the invention. This may include,
to the extent that it is appropriate, the use of any of the features of one example
embodiment being used in other embodiments. The invention's scope is, of course,
defined in the language in which the appended claims are expressed.

[0074] Various modifications and additions can be made to the exemplary
embodiments discussed without departing from the scope of the present invention. For
example, while the embodiments described above refer to particular features, the scope
of this invention also includes embodiments having different combinations of features
and embodiments that do not include all of the described features. Accordingly, the
scope of the present invention is intended to embrace all such alternatives,
modifications, and variations as fall within the scope of the claims, together with all

equivalents thereof.

18



WO 2016/118934 PCT/US2016/014637

CLAIMS
We claim:

1. A system for sensing catheter contact, comprising:

an elongate tubular member having a proximal end and a distal end;

a tip member having a proximal end and a distal end;

a flexible support structure including a support member, wherein the support
structure has a proximal portion and a distal portion, wherein the proximal
portion is coupled to the distal end of the elongate tubular member, and
wherein the distal portion is coupled to the proximal end of the tip
member;

a polymer member disposed along the support member, the polymer member
formed of an electroactive polymer, wherein displacement of the support
member activates the polymer member such that an electrical response is
output from the polymer member; and

a processor electrically coupled to the polymer member, wherein the processor is
configured to evaluate the electrical response output from the polymer

member to determine a contact force of the tip member with tissue.

2. The system of claim 1, wherein the flexible support structure includes a first
support member, a second support member and a third support member, and wherein
the polymer member is disposed along at least one of the first, second and third support
members.

3. The system of claim 2, wherein the distal end of the tubular member has a
substantially circular circumference, and wherein the first, second and third support

members are spaced from one another around the circumference.

4, The system of any one of claims 2-3, wherein at least one of the first, second and
third support members includes an arcuate bend.
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5. The system of any one of claims 2-4, wherein the first, second and third support

members are configured to flex in response to the contact force.

6. The system of any one of claims 2-5, wherein the elongate tubular member
includes a longitudinal axis, and wherein the first, second and third support members
include a proximal portion, an intermediate portion and a distal portion, and wherein the
intermediate portions of the first, second and third support members extend inward
toward the longitudinal axis relative to the proximal and distal ends of the first, second

and third support members.

7. The system of any one of claims 2-6, wherein the flexible support structure
further comprises a printed circuit board, and wherein the printed circuit board includes

the first, second and third support members.

8. The system of claim 7, wherein the printed circuit board includes a hub, and
wherein a distal end of the first, second and third support members are coupled to the
hub and wherein the proximal end of the first, second and third support members

extends away from the hub.

9. The system of any one of claims 2-8, wherein a polymer member is disposed
along at least one of the first support member, the second support member and the third
support member.

10.  The system of any one of claims 2-9, wherein the proximal ends of the first,
second and third support members are coupled to the distal end of the elongate tubular

member.

11.  The system of any one of claims 2-10, wherein at least one of the first, second

and third support members extends along the elongate tubular member.
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12.  The system of any one of claims 2-11, wherein at least one of the first, second

and third support members extends to the proximal end of the elongate tubular member.

13.  The system of any one of claims 1-6, wherein the flexible support structure
further comprises a printed circuit board, and wherein the printed circuit board includes

a support member.

14.  The system of claim 13, wherein the printed circuit board has a first layer, and

wherein the first layer is an electroactive polymer.
15.  The system of any one of claims 1-14, wherein the flexible support structure

includes a helical member, and wherein the polymer member is disposed along the

helical member.

21



PCT/US2016/014637

WO 2016/118934

16

L Ol

\\mm‘
0E

A08EB0] 4

Aeidsic

2~
0 w\\\

or—




PCT/US2016/014637

¢ Olid

- 8¢
/w m\mN /W /M
— - \L..:\....\..i.\.rl\;ivﬁ QM\\
e
P e T T T T T o e e e e
Om\ﬂ
w — G

WO 2016/118934




WO 2016/118934

PCT/US2016/014637

FIG. 3



PCT/US2016/014637

WO 2016/118934

8zl

¥ Olid

8ci

M/rmmw

P



PCT/US2016/014637

WO 2016/118934

G oOld

WA
omNU/

“\Nm

JOSS800I




WO 2016/118934

6/6
=t
&d
&4
2
i
8
ﬁx
N\
O
( AW
| (
N
L—J-—-—-—-—-—-—-—-—-—-—W—
&4
==
O

224

228

PCT/US2016/014637

230

FIG. 6



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/014637
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B5/00 A61B5/042 A61B18/14
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2006/212069 Al (SHELTON FREDERICK E IV 1-15
[US]) 21 September 2006 (2006-09-21)
paragraph [0033]
X US 2014/364848 Al (HEIMBECHER REED R [US] 1-15
ET AL) 11 December 2014 (2014-12-11)
paragraphs [0086], [0087]; figure 8
A US 20117172658 Al (GELBART DANIEL [CA] ET 1,7,8,
AL) 14 July 2011 (2011-07-14) 13,14
paragraphs [0153] - [0157]
A US 20097099551 Al (TUNG ALEXANDER [US] ET 1,15
AL) 16 April 2009 (2009-04-16)
paragraph [0018]
_/ -

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

21 April 2016

Date of mailing of the international search report

04/05/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kniipling, Moritz

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/014637

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2013/220032 Al (PACKIRISAMY
MUTHUKUMARAN [CA] ET AL)

29 August 2013 (2013-08-29)
paragraphs [0051], [0053], [0077],
[0079], [0088]

1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/014637
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2006212069 Al 21-09-2006 AT 454094 T 15-01-2010
AU 2006222763 Al 19-04-2007
CA 2561241 Al 30-03-2007
CN 1939230 A 04-04-2007
EP 1769756 Al 04-04-2007
JP 4948955 B2 06-06-2012
JP 2007098130 A 19-04-2007
US 2006212069 Al 21-09-2006

US 2014364848 Al 11-12-2014  CN 104023663 A 03-09-2014
EP 2797539 Al 05-11-2014
JP 2015504727 A 16-02-2015
US 2014364848 Al 11-12-2014
WO 2013101923 Al 04-07-2013

US 2011172658 Al 14-07-2011 DE 112008003108 T5 14-10-2010
US 2009131930 Al 21-05-2009
US 2011172658 Al 14-07-2011
US 2014213894 Al 31-07-2014
US 2014214028 Al 31-07-2014
US 2015045660 Al 12-02-2015
US 2015157400 Al 11-06-2015
US 2015245798 Al 03-09-2015
US 2015250539 Al 10-09-2015
WO 2009065042 A2 22-05-2009

US 2009099551 Al 16-04-2009  NONE

US 2013220032 Al 29-08-2013 US 2013220032 Al 29-08-2013
WO 2012055024 Al 03-05-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

