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LUMEN MANAGEMENT CATHETER
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States provisional patent application
no. 62/591,278, filed on 28 November 2017 (the ‘278 application) and this application claims
the benefit of United States provisional patent application no. 62/743,389, filed on 09
October 2018 (the 389 application). The ‘278 application and the 389 application are both
hereby incorporated by reference as though fully set forth herein.

BACKGROUND

a. Field

[0002] This disclosure relates to systems and apparatuses for catheter-based cardiac
electrophysiology mapping and therapy. In particular, the instant disclosure relates to lumen

management in catheters for mapping and therapy.
b. Background Art

[0003] Electrophysiology catheters are used in a variety of diagnostic and/or therapeutic
medical procedures to correct conditions such as atrial arrthythmia, including for example,
ectopic atrial tachycardia, atrial fibrillation, and atrial flutter. Arrhythmia can create a variety
of dangerous conditions including irregular heart rates, loss of synchronous atrioventricular

contractions and stasis of blood flow which can lead to a variety of ailments and even death.

[0004] Typically in a procedure, a catheter is manipulated through a patient’s
vasculature to, for example, a patient’s heart, and carries one or more electrodes which may
be used for mapping, ablation, diagnosis, or other therapies and/or treatments. Once at the
intended site, treatment may include radio frequency (RF) ablation, cryoablation, lasers,
chemicals, high-intensity focused ultrasound, etc. An ablation catheter imparts such ablative
energy to cardiac tissue to create a lesion in the cardiac tissue. This lesion disrupts
undesirable electrical pathways and thereby limits or prevents stray electrical signals that lead
to arthythmias. As readily apparent, such treatment requires precise control of the catheter
during manipulation to and at the treatment site, which can invariably be a function of a

user’s skill level.

[0005] To position a catheter at a desired site within the body, some type of navigation

may be used, such as using mechanical steering features incorporated into the catheter (or an
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introducer). In some examples, medical personnel may manually manipulate and/or operate

the catheter using the mechanical steering features.

[0006] In order to facilitate the advancement of catheters through a patient’s vasculature,
a navigating system may be used. Such navigating systems may include, for example,
electric-field-based positioning and navigating systems that are able to determine the position
and orientation of the catheter (and similar devices) within the body and map features of the
body. Various therapies can be delivered by the catheter to tissue with varied shapes and
sizes. To better accommodate various sensors and devices at a distal end portion of a catheter
used to map features of the body, evaluate sufficient contact with the tissue for therapy and/or
provide therapy to the tissue, it can be important to have multiple sensors coupled with
flexible circuits and wires in addition to other lumens inside a catheter. The ability to
manage the various wires and flexible circuits is necessary to accommodate larger cross-
sectional shapes (compared to existing catheters) of some sensors and flexible circuits the
sensors a catheter. It is also desirable to use the elements inside the lumen to assist with

maintaining planarity of the catheter when the catheter changes shape during a procedure.

[0007] The foregoing discussion is intended only to illustrate the present field and

should not be taken as disavowal of claim scope.
BRIEF SUMMARY

[0008] The instant disclosure, in at least one embodiment, comprises a first lumen,
wherein a cross-sectional shape of the first lumen comprises a peanut shape, and a plurality of
second lumens, wherein the plurality of second lumens are proximate the first lumen, wherein
the first lumen comprises a lumen liner that conforms to the cross-sectional shape of the first
lumen, wherein the lumen liner comprises a first material and the elongate medical device

comprises a second material, where the first material is different from the second material.

[0009] Another embodiment, comprises a method of forming a lumen liner, comprising
inserting one or more mandrels into a tube, aligning the tube in a mold assembly, wherein the
mold assembly comprises a mold cross-section that corresponds to a lumen liner cross-
section, compressing the mold assembly around the tube and the one or more mandrels,
heating the mold assembly for a first period of time, cooling the mold assembly for a second
period of time, uncompressing the mold assembly, removing the lumen liner from the mold

assembly, and removing the mandrels from the lumen liner.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a system diagram showing a medical device and a medical positioning

system, in accordance with embodiments of the present disclosure.

[0011] FIG. 2 is a plan view of an elongate medical device with a deflectable shaft
section, in accordance with embodiments of the present disclosure. FIG. 2 generally

illustrates a deflectable electrophysiology catheter

[0012] FIG. 3 is a cross-sectional view of a current catheter design including a plurality
of individual lumens for use with a catheter, in accordance with embodiments of the present

disclosure.

[0013] FIG. 4A is a cross-sectional view of a catheter comprising a plurality of lumens

for use with a catheter, in accordance with embodiments of the present disclosure.

[0014] FIG. 4B is a cross-sectional view of the lumen liner of FIG. 4A, in accordance

with embodiments of the present disclosure.

[0015] FIG. 5 is a cross-sectional view of the catheter of FIG. 3 showing additional
lumen space of the configuration compared to the lumen space in the catheter of FIG. 2, in

accordance with embodiments of the present disclosure.

[0016] FIGS. 6A is a cross-sectional view of a catheter with a plurality of lumens,

including a plurality of wires, in accordance with embodiments of the present disclosure.

[0017] FIG.6B is an isometric cross-sectional view of the catheter of FIG. 5A
comprising a plurality of lumens, including a plurality of wires, in accordance with

embodiments of the present disclosure.

[0018] FIG. 7A is a cross-sectional view of a catheter with a plurality of lumens,

including a an activation wire, in accordance with embodiments of the present disclosure.

[0019] FIG. 7B is an isometric view of the catheter of FIG. 7A comprising a plurality of

lumens, in accordance with embodiments of the present disclosure.

[0020] FIGS. 8A-C show various views of a mold for forming a lumen liner, a lumen

liner, and mandrels in accordance with embodiments of the present disclosure.
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[0021] FIGS. 9A-C show various views of a mold assembly, including the first mold of
FIG. 8A,, in an uncompressed configuration, in accordance with embodiments of the present

disclosure.

[0022] FIGS. 10A-C show various views of the mold assembly of FIGS. 9A-C in a

compressed configuration, in accordance with embodiments of the present disclosure.

[0023] FIGS. 11A-C are isometric views of a deflectable section of a catheter, in

accordance with embodiments in the present disclosure.
DETAILED DESCRIPTION OF EMBODIMENTS

[0024] Referring now to the figures, in which like reference numerals refer to the same
or similar features in the various views, FIG. 1 illustrates one embodiment of a system 10 for
navigating a medical device within a body 12. In the illustrated embodiment, the medical
device comprises a catheter 14 that is shown schematically entering a heart that has been
exploded away from the body 12. The catheter 14, in this embodiment, is depicted as an
irrigated radiofrequency (RF) ablation catheter for use in the treatment of cardiac tissue 16 in
the body 12. It should be understood, however, that the system 10 may find application in
connection with a wide variety of medical devices used within the body 12 for diagnosis or
treatment. For example, the system 10 may be used to navigate, for example, an
electrophysiological catheter, a mapping catheter, an intracardiac echocardiography (ICE)
catheter, or an ablation catheter using a different type of ablation energy (e.g., cryoablation,
ultrasound, etc.). Further, it should be understood that the system 10 may be used to navigate
medical devices used in the diagnosis or treatment of portions of the body 12 other than
cardiac tissue 16. Further description of the systems and components are contained in U.S.
patent application 13/839,963 filed on 15 March 2013, which is hereby incorporated by

reference in its entirety as though fully set forth herein.

[0025] Referring still to FIG. 1, the ablation catheter 14 is connected to a fluid source 18
for delivering a biocompatible irrigation fluid such as saline through a pump 20, which may
comprise, for example, a fixed rate roller pump or variable volume syringe pump with a
gravity feed supply from fluid source 18 as shown. The catheter 14 is also electrically
connected to an ablation generator 22 for delivery of RF energy. The catheter 14 may
include a handle 24; a cable connector or interface 26 at a proximal end of the handle 24; and

a shaft 28 having a proximal end 30, a distal end 32, and one or more electrodes 34. The
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connector 26 provides mechanical, fluid, and electrical connections for conduits or cables
extending from the pump 20 and the ablation generator 22. The catheter 14 may also include
other conventional components not illustrated herein such as a temperature sensor, additional

electrodes, and corresponding conductors or leads.

[0026] The handle 24 provides a location for the physician to hold the catheter 14 and
may further provide means for steering or guiding the shaft 28 within the body 12. For
example, the handle 24 may include means to change the length of one or more pull wires
extending through the catheter 14 from the handle 24 to the distal end 32 of shaft 28. The

construction of the handle 24 may vary.

[0027] The shaft 28 may be made from conventional materials such as polyurethane and
may define one or more lumens configured to house and/or transport electrical conductors,
fluids, or surgical tools. The shaft 28 may be introduced into a blood vessel or other structure
within the body 12 through a conventional introducer. The shaft 28 may then be steered or
guided through the body 12 to a desired location such as the tissue 16 using guide wires or
pull wires or other means known in the art including remote control guidance systems. The
shaft 28 may also permit transport, delivery, and/or removal of fluids (including irrigation
fluids and bodily fluids), medicines, and/or surgical tools or instruments. It should be noted
that any number of methods can be used to introduce the shaft 28 to areas within the body 12.
This can include introducers, sheaths, guide sheaths, guide members, guide wires, or other

similar devices. For ease of discussion, the term introducer will be used throughout.

[0028] The system 10 may include an electric-field-based positioning system 36, a
magnetic-field-based positioning system 38, a display 40, and an electronic control unit
(ECU) 42 (e.g., aprocessor). Each of the exemplary system components is described further

below.

[0029] The electric-field-based positioning system 36 and the magnetic-field-based
positioning system 38 are provided to determine the position and orientation of the catheter
14 and similar devices within the body 12. The position and orientation of the catheter 14
and similar devices within the body 12 can be determined by the system 36 and/or the system
38. The system 36 may comprise, for example, the EnSite™ NavX™ system sold by St.
Jude Medical, Inc. of St. Paul, Minnesota, and described in, for example, U.S. Patent No.
7,263,397 titled “Method and Apparatus for Catheter Navigation and Location Mapping in

the Heart,” the entire disclosure of which is hereby incorporated by reference as though fully
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set forth herein. The systems 36 and 38 may comprise, for example, the EnSite Precision™
system sold by St. Jude Medical, Inc., of St. Paul, Minnesota. The system 36 operates based
upon the principle that when low amplitude electrical signals are passed through the thorax,
the body 12 acts as a voltage divider (or potentiometer or rheostat) such that the electrical
potential or field strength measured at one or more electrodes 34 on the catheter 14 may be
used to determine the position of the electrodes, and, therefore, of the catheter 14, relative to
a pair of external patch electrodes using Ohm’s law and the relative location of a reference

electrode (e.g., in the coronary sinus).

[0030] In the configuration is shown in FIG. 1, the electric-field-based positioning
system 36 further includes three pairs of patch electrodes 44, which are provided to generate
electrical signals used in determining the position of the catheter 14 within a three-
dimensional coordinate system 46. The electrodes 44 may also be used to generate EP data
regarding the tissue 16. To create axes-specific electric fields within body 12, the patch
electrodes are placed on opposed surfaces of the body 12 (e.g., chest and back, left and right
sides of the thorax, and neck and leg) and form generally orthogonal x, y, and z axes. A
reference electrode/patch (not shown) is typically placed near the stomach and provides a

reference value and acts as the origin of the coordinate system 46 for the navigation system.

[0031] In accordance with this exemplary system 36 as depicted in FIG. 1, the patch
electrodes include right side patch 44x;, left side patch 44x,, neck patch 44y, leg patch 44y,
chest patch 44, and back patch 44,,; and each patch electrode is connected to a switch 48
(e.g., amultiplex switch) and a signal generator 50. The patch electrodes 44x,, 44x, are
placed along a first (x) axis; the patch electrodes 44y, 44y, are placed along a second (y)
axis, and the patch electrodes 44,,, 44,, are placed along a third (z) axis. Sinusoidal currents
are driven through each pair of patch electrodes, and voltage measurements for one or more
position sensors (e.g., ring electrodes 34 or a tip electrode located near the distal end 32 of
catheter shaft 28) associated with the catheter 14 are obtained. The measured voltages are a
function of the distance of the position sensors from the patch electrodes. The measured
voltages are compared to the potential at the reference electrode and a position of the position

sensors within the coordinate system 46 of the navigation system is determined.

[0032] The magnetic-field-based positioning system 38 in this exemplary embodiment
employs magnetic fields to detect the position and orientation of the catheter 14 within the

body 12. The system 38 may include the GMPS system made available by MediGuide, Ltd.
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and generally shown and described in, for example, U.S. Patent No. 7,386,339 titled
“Medical Imaging and Navigation System,” the entire disclosure of which is hereby
incorporated by reference as though fully set forth herein. In such a system, a magnetic field
generator 52 may be employed having three orthogonally arranged coils (not shown) to create
a magnetic field within the body 12 and to control the strength, orientation, and frequency of
the field. The magnetic field generator 52 may be located above or below the patient (e.g.,
under a patient table) or in another appropriate location. Magnetic fields are generated by the
coils and current or voltage measurements for one or more position sensors (not shown)
associated with the catheter 14 are obtained. The measured currents or voltages are
proportional to the distance of the sensors from the coils, thereby allowing determination of a

position of the sensors within a coordinate system 54 of system 38.

[0033] The display 40 is provided to convey information to a physician to assist in
diagnosis and treatment. The display 40 may comprise one or more conventional computer
monitors or other display devices. The display 40 may present a graphical user interface
(GUI) to the physician. The GUI may include a variety of information including, for
example, an image of the geometry of the tissue 16, electrophysiology data associated with
the tissue 16, graphs illustrating voltage levels over time for various electrodes 34, and
images of the catheter 14 and other medical devices and related information indicative of the

position of the catheter 14 and other devices relative to the tissue 16.

[0034] The ECU 42 provides a means for controlling the operation of various
components of the system 10, including the catheter 14, the ablation generator 22, and
magnetic generator 52 of the magnetic-field-based positioning system 38. The ECU 42 may
also provide a means for determining the geometry of the tissue 16, electrophysiology
characteristics of the tissue 16, and the position and orientation of the catheter 14 relative to
tissue 16 and the body 12. The ECU 42 also provides a means for generating display signals
used to control the display 40.

[0035] As the catheter 14 moves within the body 12, and within the electric field
generated by the electric-field-based positioning system 36, the voltage readings from the
electrodes 34 change, thereby indicating the location of catheter 14 within the electric field
and within the coordinate system 46 established by the system 36. The ring electrodes 34

communicate position signals to ECU 42 through a conventional interface (not shown).
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[0036] FIG. 2 is a plan view of an elongate medical device with a deflectable shaft
section, in accordance with embodiments of the present disclosure. FIG. 2 generally
illustrates a deflectable electrophysiology catheter 14 A that comprises a deflectable catheter
shaft section 56 and a handle 24A. The deflectable catheter shaft section 56 comprises an
elongated body having a distal end 32A and a proximal end 31, where the proximal end 31 is
coupled with the proximal catheter shaft section 58. The handle 24 A can also include a
connector 26A for a cables and/or fluid (see FIG. 1 and related discussion for more
information). The distal end 32A of the deflectable catheter shaft section 56 can comprise,
for example, electrodes 34A. A distal end 30A of the proximal catheter shaft section 58 is
coupled with a handle 24A. Using the handle 24 A, the deflectable catheter shaft section 56
can be configured for deflection independent of the proximal catheter shaft section 58. A

cross-sectional views of the catheter shaft can be seen in FIGS. 3 and 4A.

[0037] FIG. 3 is a cross-sectional view of a current catheter design including a plurality
of individual lumens for use with a catheter, in accordance with embodiments of the present
disclosure. The catheter 60 can comprise a plurality of first lumens 62 and a plurality of
second lumens 64. The plurality of first lumens 62 can be a first lumen diameter 66 and the
plurality of second lumens 64 can be a second lumen diameter 68. In some embodiments, the
first lumen diameter 66 is larger than the second lumen diameter 68. The plurality of first
lumens 62 and the plurality of second lumens 64 can have generally circular cross-sectional

shapes.

[0038] Each of the plurality of first lumens 62 can include a lumen liner 70. The
catheter 60 can comprise a first material. The lumen liner 70 can comprise a second material
that is different than the first material. For example, the first material can be polyether block
amide (e.g., PEBAX®), nylon, or other suitable materials that are soft and reflowable and the
second material can be polyimide, polyether ether keytone (PEEK), polycarbonate, or any
suitable material that can be “heat set” to a specific shape (i.e., heated, formed to a shape, and
then cooled, while the material allows the new shape to be retained). The second material
can provide additional characteristics to the catheter including, for example, additional
stiffness (i.e. bending resistance), deflection shape, and planarity control. The lumen liner 70
can fit into each of the plurality of first lumens 62 and can be held in place by friction,

adhesive, or other suitable methods.
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[0039] One or more of the plurality of first lumens 62 can be used to route, for example,
fluid, control wires for electrodes, sensors, thermocouples, or other similar items (not shown
in FIG. 2). The plurality of second lumens 64 can be used to route, for example, pull wires
(not shown in FIG. 2) for deflecting a distal end portion of the catheter 60. The diameter of
the plurality of first lumens 62 limits the size of the items/elements that can be routed from a

proximal end portion of the catheter 60 to the distal end portion of the catheter 60.

[0040] FIG. 4A is a cross-sectional view of a catheter comprising a plurality of lumens
for use with a catheter, in accordance with embodiments of the present disclosure. A catheter
80 can comprise a first lumen 82 and a plurality of second lumens 84. The first lumen 82 can
include a lumen liner 86. A cross-section of the first lumen 62 can be shaped like a peanut as
described in greater detail below. The plurality of second lumens 84 can have a circular
cross-section. Other cross-sectional shapes are possible that incorporate including ellipses,

ovals, hexagons, etc. where two shapes are adjacent to each other with a section that is joined.

[0041] The cross-sectional shape of the first lumen 82 be configured to fit within a
catheter (e.g., a generally circular cross-section) and between the plurality of second lumens
84 as shown in FIG. 3. This cross-sectional shape can maximize the size of the first lumen 82
while still maintaining sufficient wall thickness around the exterior of the catheter and

between adjacent lumens (e.g., the first lumen 82 and the plurality of second lumens 84).

[0042] Benefits of the symmetrical shape of the first lumen 82 can include a larger area
(e.g., compared to having two individual lumens (e.g., as shown in FIG. 2) to route wires,
flexible circuits, or any other element along the length (or even a portion) of a catheter. The
symmetry of the first lumen 82 can also provide for more desirable bending properties of the
distal end portion of the catheter. (See FIG. x and related discussion for additional

information).

[0043] The first lumen 82 can contain one or more tubes (i.e., liners) (not shown in FIG.
4; see FIGS. 6A-B and related discussion for more information) to contain (i.e. containment
tubes) or house various elements such as wires for sensors, interactive elements, or similar
devices and/or fluid (e.g., saline) to connect from a distal location on the catheter 80 to a

proximal location.

[0044] FIG. 4B is a cross-sectional view of the lumen liner of FIG. 4A, in accordance
with embodiments of the present disclosure. As mentioned above, the lumen liner 86 can be

shaped like a peanut (e.g., an hourglass shape, two adjacent circular areas connected, a
9
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dumbbell, a modified ellipsoid, a modified ellipsoid with two connected circular areas , an
“open” figure-8, etc.). Other ways of describing the cross-sectional shape of the first lumen
82 include, for example, an ellipse with indentations on opposite sides, a shape defined by
mathematical formula such as r =2 cos 20 + 4, or other similar formulae, two circular areas
connected by a narrower waist area, etc. Some embodiments of the peanut shape can be
symmetrical as shown in FIG. 4A. Other embodiments of the peanut shape can be

asymmetrical (not shown; e.g., one circular portion could be larger than the other).

[0045] The cross-sectional shape of the lumen liner 86 can be generally described as a
shape having three or more distinct areas including a first region (i.e., area, portion, shape)
and a second region that are connected by a third region where the first region and the second
region are both larger (e.g., by area, or by a width and/or length when viewed as a cross-
section) than the third region. The first region and the section region can be the same size
(e.g., making the cross-section symmetrical) or the first region and the second region can be
different sizes (e.g., making the cross-section asymmetrical). The cross-sectional shape can
be the same along a given length or it can vary (e.g., have narrower/wider regions along the
length). These variations could be used to, for example, hold or lock in place various

elements inside a lumen formed by the lumen liner.

[0046] FIG. 5 is a cross-sectional view of the catheter of FIG. 3 showing additional
lumen space of the configuration compared to the lumen space in the catheter of FIG. 2, in
accordance with embodiments of the present disclosure. The first lumen 82 of the catheter 80
can include an additional area 88 (e.g., compared to having two individual lumens as in FIG.
2) to route wires, flexible circuits, or any other element along the length (or even a portion) of
a catheter—including elements that would not otherwise fit within lumens with a smaller

cross-section (e.g., the first plurality of lumens 62 in FIG. 2).

[0047] FIG. 5A is a cross-sectional view of a catheter with a plurality of lumens,
including a plurality of wires, in accordance with embodiments of the present disclosure. A
catheter 80A can comprise a first lumen 82 A, a lumen liner 86 A, one or more flexible circuits
90, a plurality of wires 92, and a plurality of second lumens 84A. In some embodiments, the
first lumen 92 A can also include a secondary lumen 94 that has smaller cross-section than the
cross-section of the lumen liner 86. The secondary lumen 94 can be used as a pathway that is

separate from the rest of the first lumen 84. For example, the secondary lumen 94 can be

10
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used to transport a fluid from a proximal end portion of the catheter 80 to a distal end portion

of the catheter 80.

[0048] The catheter 80A can have a deflection plane represented by a line A;-A,. The
deflection plane represents the direction that the catheter can bend (e.g., deflect). For
example, a user could deflect (for example, using pull wires or other control mechanisms) a
distal end portion of the catheter 80A along the line A;-A; in the direction of Al or in the
direction of A2 (or possible both when, for example, a catheter end portion is bend into an
“S” shape). Additionally, the shape of the elements within the first lumen 82A (e.g., the
flexible circuit 90) can be configured to promote bending along the bending plane A;-A; (i.e.,
provide in plane bending support). For example, the flexible circuit 90 can have a flexible
plane B;-B, represented by the line as shown in FIG. 5A. The flexible circuit 90 can
preferentially deflect along the flexible plane B;-B; (e.g., in the same direction as the

deflection plane A;-A»).

[0049] The lumen liner 86A can also promote bending along the bending plane Aj-A,.
The bending support provided by the lumen liner 86 A and/or the flexible circuit 90 can help
make the bend characteristics of the distal end of the catheter more predictable and more
uniform. The ability of the catheter to stay in the bending plane A;-A; (i.e., maintain
planarity) ,or as close as possible, is desirable for users as it allows for more accurate

movement and/or maneuvering of the catheter during a procedure.

[0050] In some embodiments (not shown), the flexible circuit 90 can be sized/shaped so
a portion of the flexible circuit couples with a portion of the additional area (e.g., the
additional area of FIG. 5) of the lumen liner. This can allow the position of the flexible
circuit 90 to be fixed (i.e., “locked in™) similar to a key fitting into a keyhole. Having the
flexible circuit 90 locked in position can assist with the bend characteristics of the deflectable
portion of the catheter. As described herein, the flexible circuit 90 can be predisposed to
bend more easily in a specific direction (i.e., along a bend plane; see FIGS. 11A-C and
related discussion for more information). Having the position of the flexible circuit fixed can
minimize and/or eliminate any movement (e.g., slop, variation, etc. outside of a bend plane)
of the flexible circuit 90 that could allow a change in the direction of bend that the flexible
circuit is predisposed to make when a bending moment is applied to the deflectable portion of

the catheter distal end (see FIGS. 11A-C and related discussion for more information).

11
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[0051] The plurality of wires 92 can be used to carry signals to/from various sensors,
electrodes, thermocouples, and other similar elements at a distal end portion of the catheter
80A and a proximal end portion of the catheter (e.g., to the ablation generator 22, the ECU
42, and the magnetic field generator 52 of FIG. 1). Various wires of the plurality of wires 92
can be electrically coupled with various electrodes (e.g., spot electrodes, ring electrodes, a tip
electrode, etc.), sensors (magnetic position sensors, fiber optic sensor fibers, force sensors,
strain gauges, strain sensors, biosensors (e.g., sensors capable of converting biological
response to an electrical signal), diagnostic sensors, therapy sensors, chemical sensors (e.g.,
sensors capable of delivery and/or monitoring of drugs/chemicals, etc.), light-emitting

sensors, acoustic sensors, thermoelectric elements), thermocouples, and other similar devices.

[0052] FIG. 6B is an isometric cross-sectional view of the catheter of FIG. 6A
comprising a plurality of lumens, including a plurality of wires, in accordance with
embodiments of the present disclosure. The catheter 80A can also have a stiffening plane
represented by the line C;-C,. The shape of one or more of the elements within the first
lumen 82A (e.g., the flexible circuit 90 can be configured to resist bending along the
stiffening plane C,-C,. The resistance to bending can come from, for example, the shape
and/or structure of the elements and the materials used in the elements. Similar to the
bending support described above, the resistance to bending along the stiffening plane C;-C,
can also promote and/or assist the catheter 80A in bending along the bending plane A;-A.,.
For example, when deflected by a user (e.g., using pull wires or other similar mechanisms)
the catheter 80A can be disposed to preferentially bend along the bending plane A;-A, and
not bend/minimally bend along the stiffening plane C;-C,.

[0053] FIG. 7A is a cross-sectional view of a catheter with a plurality of lumens,
including a an activation wire, in accordance with embodiments of the present disclosure. A
catheter 80B can comprise a first lumen 82B, a lumen liner 86B, an activation wire 96, a

compression coil 98, and a plurality of second lumens 84B.

[0054] The compression coil 98 can prevent compression of a deflectable section of the
distal end portion of the catheter 80B. The compression coil 98 can also ensure that motion
from the activation wire 96 transmits to the desired section of the catheter (e.g., a variable
loop section in the deflectable section of the distal end portion of the catheter 80B). The

activation wire 96 can be used to vary the loop size/curve radius of the deflectable portion of
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the distal end portion of the catheter 80B. The activation wire 96 can also facilitate motion

(i.e., building a second catheter into the primary device such as secondary motion).

[0055] FIG. 7B is an isometric view of the catheter of FIG. 7A comprising a plurality of
lumens, in accordance with embodiments of the present disclosure. Similar to FIG. 7A, FIG.
7B shows a catheter 80C with a first lumen 82B, a lumen liner 86B, a third lumen 100, and a
plurality of second lumens 84C. The third lumen 100 can, in some embodiments, be aligned
with a central longitudinal axis of the catheter 80C and can be used, for example, to carry
fluids along a length of the catheter 80B (e.g., a closed-loop irrigation return path (e.g., where
fluid is supplied though a secondary lumen 94 (shown in FIGS. 6A-B) and removed through
the third lumen 100), a secondary irrigation path where the third lumen 100 is used with a
second fluid supply (e.g., a fluid source separate from the fluid source 18 shown in FIG. 1),
etc.). The third lumen 100 can also be used to supply fluid for applications that require lower
flow rates (e.g., compared to those that need a lumen with a larger diameter, such as the
secondary lumen 94 in FIGS. 6A-B) and/or to allow for additional space in the lumen liner
86B for other elements. In some embodiments, the third lumen 100 can be used for routing
elements from a proximal end portion of the catheter to a distal end portion of the catheter
including, for example, a wire (e.g., a high voltage wire), a vacuum, gas/liquid delivery (e.g.,
for cryotherapy, medicine, etc.), fiber optic fiber(s), a guide wire, a catheter, an endoscope,

OCT fiber, or other similar devices that a user may need to use.

[0056] FIGS. 8A-C show various views of a mold for forming a lumen liner, a lumen
liner, and mandrels in accordance with embodiments of the present disclosure. FIG. 8A is an
isometric view of a mold for forming a lumen liner. A portion of a mold assembly 110 can
comprise a first mold form 112 where the mold 110 can be used to form a lumen liner 114.
The mold can be any suitable material (e.g., aluminum) can be size to form a desired length
and shape of the lumen liner 114. The mold 110 can be configured to be heated and used to
compress a material and heat set a specific shape of the lumen liner 114 (e.g., form a shape

that corresponds to the cross-sectional shape of the first lumen 82 in FIG. 4).

[0057] A method of forming the lumen liner 114 can include the following steps. First,
two round mandrels of a suitable material (e.g., a metal) can be inserted into a piece of tubing
in a first shape (e.g., round or oval). After insertion, the two mandrels can be in contact with
each other and each mandrel can be in contact with a portion of the tubing. Second, the

assembly with the tubing and the mandrels can be place into the first mold form 112 and
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positioned as shown in FIG. 8B. The first mold form 112 can include a profile that
corresponds to a portion (e.g., one half) of the cross-sectional shape of the desired lumen liner

cross-section.

[0058] FIG. 8B is a partial isometric view of the mold for forming the lumen liner from
FIG. 8 A, in accordance with embodiments of the present disclosure. FIG. 8 A shows a closer
view of the lumen liner 114, the two mandrels 116 inserted into the lumen liner 114, and the

lumen liner 114 and mandrels 116 positioned on the first mold form 112.

[0059] FIG. 8C is a partial end view of the lumen liner, the two mandrels of FIGS §A-B,
in accordance with embodiments of the present disclosure. The two mandrels 116 are in the
lumen liner 114, and the lumen liner 114 and mandrels 116 are positioned on the first mold
form 112. The lumen liner 114 and mandrels 116 can be centered on the first mold form 112

as shown.

[0060] FIGS. 9A-C show various views of a mold assembly, including the first mold of
FIG. 8A, in an uncompressed configuration, in accordance with embodiments of the present
disclosure. FIG. 9A is an isometric view of the mold assembly 110 comprising the first mold
form 112 and a second mold form 118 prior to molding a lumen liner, in accordance with
embodiments of the present disclosure. The first mold form 112 and the second mold form
118 can be configured to couple together to facilitate molding (i.e. forming) the lumen liner

114 into a second shape.

[0061] FIG. 9B is a partial isometric view of the mold assembly with the lumen liner and
mandrels of FIG. 9A prior to molding the lumen liner, in accordance with embodiments of
the present disclosure. The mold assembly 110 is positioned with the first mold form 112
and the second mold form 118 prior to molding and the mandrels 116 inside the lumen liner

114.

[0062] FIG. 9C is a partial end view of the first mold form, the second mold form, and
the lumen liner with the mandrels of FIGS. 9A-B, in accordance with embodiments of the
present disclosure. As described herein, the first mold form 112 and the second mold form
118 can be shaped to cause the lumen liner to match the shape of the first mold form 112 and
the second mold form 118 when the two mold forms are compressed together (indicated by
arrows 120) and heated. A third step in forming a lumen liner 114 include coupling the first
mold form 112 and the second mold form 118 and compressing and heating the lumen liner

114 to allow it to take on the shape of the mold. After the mold is cooled and the lumen liner
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114 has taken the cross-sectional shape of the first mold form 112 and the second mold form
118, the mold assembly 110 can be opened and the mandrels 116 can be removed from the

lumen liner 114, yielding the desired cross-sectional shape (i.e. a second shape).

[0063] An additional step can be taken with the lumen liner 114 that adds another layer
on an outer surface of the lumen liner 114. A reflowable outer layer (not shown) can be
added to the lumen liner 114. The reflowable outer layer can assist with coupling between

the lumen liner 114 and the catheter (e.g., the catheter 80A of FIGS. 6A-B).

[0064] FIGS. 10A-C show various views of the mold assembly of FIGS. 9A-C in a
compressed configuration, in accordance with embodiments of the present disclosure. FIG.
10A is an isometric view of the mold assembly of FIG. 9A including the lumen liner and the
mandrels after molding, in accordance with embodiments of the present disclosure. A fourth
step can be cooling the mold to room temperature to allow the lumen liner 114 to set the
shape that conforms to (i.e. matches) the shape of the first mold form 112 and the second
mold form 118. After the mold assembly is cooled, the lumen liner 114 will have a cross-
sectional shape that corresponds to that of the interior of the mold assembly 110, which can

correspond to the interior of a catheter (e.g., the first lumen 82 of the catheter 80 of FIG. 4).

[0065] FIG. 10B is a partial isometric view of the first mold form and the second mold
form in a compressed configuration with the lumen liner and mandrels, in accordance with
embodiments of the present disclosure. As shown in FIG. 10A, the lumen liner 114, after
being heated and compressed between the first mold shape 112 and the second mold shape
118, now has a cross-sectional shape that conforms to that of the first mold shape 112 and the

second mold shape 118 which can correspond to the interior of a catheter as described herein.

[0066] FIG. 10C is a partial end view of the first mold form and the second mold form in
a compressed configuration with the lumen liner and mandrels, in accordance with
embodiments of the present disclosure. After undergoing the molding process described
herein, the lumen liner 114 has a cross-sectional shape that conforms to the shape of the first
mold form 112 and the second mold form 118 where the mandrels are separated, creating an
additional space (e.g., the additional area 88 of FIG. 5) to create a larger lumen compared to

two adjacent circular lumens that are separate (e.g., the plurality of first lumens 62 in FIG. 3).

[0067] An alternate method of forming a lumen liner (not shown) can involve using a
single mandrel that is shaped to match the desired lumen liner volume. For example, a metal

rod (i.e., a metallic structure) can be shaped to match the cross-sectional shape of the lumen
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liner 82 of FIG. 4. The metallic structure, can then have a polymer (e.g., polyimide) applied
to it and then allowed to cool. The application of the polymer can be done using any suitable
method (e.g., immersion in a liquid reservoir, deposition, spray, etc.) After that layer of
polymer is cool, the metallic structure can be immersed into the liquid polymer and cooled
multiple times, where each immersion/cooling cycle adds another layer of polymer. The
number of immersions can be controlled to achieve the desired thickness of the lumen liner.
After the desired thickness of lumen liner is achieved, the metallic structure can be removed.
A benefit of this method would be the potential cost savings by eliminating the secondary

heat set forming (i.e. molding) process described above.

[0068] Another alternate method for achieving the desired shape of the lumen liner
would be to utilize heated circular forming fixtures (not shown) with similar cross sectional
shape to the mold assembly 110 discussed herein and shown in FIGS. 8 A-10C. The initial
lumen liner tube (e.g., round or oval cross-sectional) would be routed thru a series of forming
wheels while applying heat and then cooling. This method has the potential to allow a longer
section of lumen liner to be formed at one time resulting in faster processing times and lower

overall product cost.

[0069] FIGS. 11A-C are isometric views of a deflectable section of a catheter, in
accordance with embodiments in the present disclosure. FIG. 11A shows a catheter 130 in a
non-deflected state. A distal deflectable catheter shaft portion 56B extends, as a substantially
tubular structure, between a distal end of a catheter shaft 28 A and, for example, a tip
electrode 132. In order to deflect the distal deflectable portion 56B, pull wires 134A and
134B extend from the handle 24/24 A (in FIG. 1/FIG. 2) through the shaft 28 A (see also, shaft
28 in FIG. 1) and attached to a pull ring 136.

[0070] FIG. 11B shows the catheter 130 from FIG. 11 A where the deflectable shaft
portion, shaft, and electrode are removed for purposes of illustration. Upon deflection by, for
example, manipulating the actuator of a handle (e.g., handle 24, FIG. 1 or handle 24A of FIG.
2), the pull wires 134A-B generate eccentric pull forces on the pull ring 136, which imposes a
bending moment M on the deflectable catheter shaft portion 56B. As illustrated in FIG. 11C,
this deflects a portion of the deflectable catheter shaft portion 56B and thereby allows for

disposing the distal tip of the catheter relative to internal areas of interest.

[0071] More specifically, as shown in FIG. 11C, the distal tip (e.g., tip electrode 132) of

the catheter is caused to move within a bending plane (i.e., sweeping plane) 200. As
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discussed herein, it can be desirable that the deflection of the distal tip be constrained only
within the bending plane 200. Such constraint to the desired bending plane (i.e., to remain
planar, to maintain planarity, etc.) may provide consistent and predictable displacement
between deflections of the catheter. The position of the pull wires 134A-B can cause the

distal tip of the catheter to move within the bending plane 200.

[0072] To ensure the sweeping planarity and consistency of the distal deflectable
catheter shaft portion, the pull wires must be in near perfect alignment with the designated
sweeping plan 200 as shown FIG. 11B. As described above, various elements of the catheter
can also allow for bending along the sweeping plane 200 (e.g., the flexible circuits 90 of

FIGS. 6A-6B.

[0073] As shown in FIG. 11C, the plane 210 is perpendicular to the sweeping plane 200.
The physical configuration of the catheter can be such that it resists bending in the direction
of the plane 200. For example, the pull wires 134 A-B can, as described above, be aligned
with the sweeping plane 200 and the flexible circuits 90 (of FIGS 6A-B) can be aligned to
bend along the sweeping plane 200 and to resist bending along the plane 210 due to the

shape/cross-section of the flexible circuits (see discussion above).

[0074] Additional information regarding bend planes and planarity of the deflectable
section of a distal end of a catheter can be found in U.S. patent no. 7,985,215, assigned to St.
Jude Medical Atrial Fibrillation Division, filed on July 26, 2011, which is hereby

incorporated by reference in its entirety as though fully set forth herein.

[0075] Although at least one embodiment of an apparatus for detecting catheters to
introducers has been described above with a certain degree of particularity, those skilled in
the art could make numerous alterations to the disclosed embodiments without departing
from the spirit or scope of this disclosure. All directional references (e.g., upper, lower,
upward, downward, left, right, leftward, rightward, top, bottom, above, below, vertical,
horizontal, clockwise, and counterclockwise) are only used for identification purposes to aid
the reader’s understanding of the present disclosure, and do not create limitations, particularly
as to the position, orientation, or use of the disclosure. Joinder references (e.g., attached,
coupled, connected, and the like) are to be construed broadly and can include intermediate
members between a connection of elements and relative movement between elements and can
also include elements that are part of a mixture or similar configuration. As such, joinder

references do not necessarily infer that two elements are directly connected and in fixed
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relation to each other. It is intended that all matter contained in the above description or
shown in the accompanying drawings shall be interpreted as illustrative only and not limiting.
Changes in detail or structure can be made without departing from the spirit of the disclosure

as defined in the appended claims.

[0076] Various embodiments are described herein to various apparatuses, systems,
and/or methods. Numerous specific details are set forth to provide a thorough understanding
of the overall structure, function, manufacture, and use of the embodiments as described in
the specification and illustrated in the accompanying drawings. It will be understood by
those skilled in the art, however, that the embodiments may be practiced without such
specific details. In other instances, well-known operations, components, and elements have
not been described in detail so as not to obscure the embodiments described in the
specification. Those of ordinary skill in the art will understand that the embodiments
described and illustrated herein are non-limiting examples, and thus it can be appreciated that
the specific structural and functional details disclosed herein may be representative and do
not necessarily limit the scope of the embodiments, the scope of which is defined solely by

the appended claims.

2% ¢

[0077] Reference throughout the specification to “various embodiments,” “some

2% <<

embodiments,” “one embodiment,” or “an embodiment”, or the like, means that a particular

feature, structure, or characteristic described in connection with the embodiment is included

PN

in at least one embodiment. Thus, appearances of the phrases “in various embodiments,” “in
some embodiments,” “in one embodiment,” or “in an embodiment”, or the like, in places
throughout the specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments. Thus, the particular features, structures, or
characteristics illustrated or described in connection with one embodiment may be combined,
in whole or in part, with the features structures, or characteristics of one or more other

embodiments without limitation given that such combination is not illogical or non-

functional.

[0078] It will be appreciated that the terms ““proximal” and “distal” may be used
throughout the specification with reference to a clinician manipulating one end of an
instrument used to treat a patient. The term “proximal” refers to the portion of the instrument

closest to the clinician and the term “distal” refers to the portion located furthest from the
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clinician. It will be further appreciated that for conciseness and clarity, spatial terms such as
“vertical,” “horizontal,” “‘up,” and “down” may be used herein with respect to the illustrated
embodiments. However, surgical instruments may be used in many orientations and

positions, and these terms are not intended to be limiting and absolute.

[0079] Any patent, publication, or other disclosure material, in whole or in part, that is
said to be incorporated by reference herein is incorporated herein only to the extent that the
incorporated materials does not conflict with existing definitions, statements, or other
disclosure material set forth in this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forth herein supersedes any conflicting material incorporated
herein by reference. Any material, or portion thereof, that is said to be incorporated by
reference herein, but which conflicts with existing definitions, statements, or other disclosure
material set forth herein will only be incorporated to the extent that no conflict arises between

that incorporated material and the existing disclosure material.

19



WO 2019/108661 PCT/US2018/062862

CLAIMS
What 1s claimed is:

1. An elongate medical device, comprising;

a first lumen, wherein a cross-sectional shape of the first lumen comprises a peanut
shape; and

a plurality of second lumens, wherein the plurality of second lumens are proximate
the first lumen,

wherein the first lumen comprises a lumen liner that conforms to the cross-sectional
shape of the first lumen, wherein the lumen liner comprises a first material and the elongate
medical device comprises a second material, where the first material is different from the

second material.

2. The elongate medical device of claim 1, wherein the peanut shape is symmetrical.

3. The elongate medical device of claim 1, wherein the peanut shape is asymmetrical.

4. The elongate medical device of claim 1, wherein the lumen liner is a first material and the
elongate medical device comprises a second material, where the first material is different

from the second material.

5. The elongate medical device of claim 4, wherein the first material is a heat setting

polymer and the second material is a reflowable polymer.

6. The elongate medical device of claim 1, wherein the plurality of second lumens are

configured to contain pull wires.

7. The elongate medical device of claim 6, wherein the plurality of second lumens each

comprise a circular cross-section.

8. The elongate medical device of claim 1, wherein the first lumen further comprises a third

lumen, wherein the third lumen comprises a circular cross-section.
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9. The elongate medical device of claim 1, wherein first lumen is located between the

plurality of second lumens.

10. The elongate medical device of claim 1, wherein the lumen liner further comprises an

outer layer.

11. The elongate medical device of claim 10, wherein the outer layer is a reflowable

material.

12. A method of forming a lumen liner, comprising

inserting one or more mandrels into a tube;

aligning the tube in a mold assembly, wherein the mold assembly comprises a mold
cross-section that corresponds to a lumen liner cross-section;

compressing the mold assembly around the tube and the one or more mandrels;

heating the mold assembly for a first period of time;

cooling the mold assembly for a second period of time;

uncompressing the mold assembly;

removing the lumen liner from the mold assembly; and

removing the mandrels from the lumen liner.
13. The method of claim 12, wherein the mold cross-section is a peanut shape.
14. The method of claim 13, wherein the peanut shape is symmetrical.
15. The method of claim 13, wherein the peanut shape is asymmetrical.
16. The method of claim 12, wherein the lumen liner is a first material and the elongate
medical device comprises a second material, where the first material is different from the

second material.

17. The method of claim 16, wherein the first material is a heat setting polymer and the

second material is a reflowable polymer.
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18. The method of claim 12, further comprising adding an outer layer on the lumen liner.

19. The method of claim 13, wherein the outer layer is a reflowable material.
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