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ELECTRODE SUPPORT STRUCTURE ASSEMBLY

BACKGROUND
a. Technical Field
i1} This disclosure relates generally to an electrode support strocture assembly. In

particular, the instant disclosure relates to an electrode support structure assembly for basket

catheters including a plurality of arms.

b. Background Art

2} This background description is set forth below for the purpose of providing
coniext only. Therefore, any aspects of this background description, to the extent that it does
not otherwise qualify as prior art, is neither expressly nor impliedly admitted as prior art

against the instant disclosure.

i3 Electrophysiology catheters are used in a variety of diagnostic, therapeutic,
and/or mapping and ablative procedures to diagnose and/or correct conditions such as atrial
arrhythmias, including for example, ectopic atrial tachycardia, atrial fibrillation, and atrial
flutter. Arrhythmias can create a variety of conditions including irregular heart rates, loss of
synchronous atrioventricular contractions, and stasis of blood flow in a chamber of a heart

which can lead to a variety of symptomatic and asymptomatic ailments and even death.

{4} Typically, a catheter is deployed and manipulated through a patient’s
vasculature to the intended site, for example, a site within a patient’s heart or 4 chamber or
vein thereof. The catheter carries one or more electrodes that can be used for cardiac
mapping or diagnosis, ablation and/or other therapy delivery modes, or both, for example.
Ongce at the intended site, treatment can include, for example, radio frequency (RF) ablation,
cryoablation, laser ablation, chomical ablation, high-intensity focused ultrasound-based
ablation, microwave ablation, and/or other ablation treatments. The catheter roparts ablative
energy to cardiac tissue to create one or more lesions in the cardiac tissue and oftentimes a
contiguous or linear and transmural lesion. This lesion disrapts undesirable cardiac
activation pathways and thereby limits, corrals, or prevents errant conduction signals that can

form the basis for arrhythmias.
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i1 Various catheters and electrode arrangements can be employed for different
purposes, Catheters having basket-shaped electrode support structares are generally
described in, for example and without limitation, U.S, Patent No. 5,772,590, the entire
disclosure of which is incorporated herein by reference as though set forth in its entirety.
Generally, catheters having basket-shaped electrode support structures are introduced through
a guiding sheath with the electrode support structure in a folded or collapsed position within
the sheath so that the electrode support stracture does not damage tissue during s
introduction. Unce the catheter reaches its intended position within the heart, the guiding
sheath can be removed and/or the catheter extended therefrom and the electrode support
structure can be allowed to radially outwardly expand for cardiac mapping or diagnosis,

ablation, and/or other therapy delivery modes, or both, for example.

{6} Typically, basket-shaped electrode support structures comprise a plurality of
arms that can be formed from laser-cut tubing and be integral at ove end or that comprise
discrete, separate elements. The distal ends of each of these plurality of arms gencrally must
be joined together. For example, the distal ends of each of the plurality of arms can be
mounted around a first piece of tubing and then be held in place by a second piece of tubing

as generally described and iflustrated in U.S, Patent No. 7,522,950,

{7 It may be desirable for each of the arms to be joined in such a way that the
arms are configured to straighien evenly when the electrode support structure is collapsed.
However, it may be difficult for the electrode support stracture to collapse evenly if
manufacturing variances have resulted in differences in the individual lengths of the arms. It
may also be difficult for the electrode support structure to collapse evenly if one or more of
the arms have experienced a change in length relative to the remainder of the arms, such as
during manipulation of the electrode support structure around a curve, for example. If the
arms do not straighten evenly when the electrode support structure is collapsed, a protrusion
or “loop” can form at the distal end of one or more of the plurality of arms. Continued
collapse or multiple collapses of the electrode support structure can potentially cause fatigue
at the point of the protrusion or “loop” and ultimately fracture the arm. Moreover, when the
distal ends of the arms are fixed in place {(e.g., mounted between two pieces of tubing), the
distal flexibility of the arms may be limited, thereby adversely irapacting the collapsibility of

the electrode support structure. In addition, stress imparted at the distal end of the electrode

2



WO 2015/171418 PCT/US2015/028502

support structure during collapse and/or expansion of the electrode support structure can alse
result in the failure of any arm or other element that may be configured fo join the distal ends

of the arms together,

{8} Additionally, when the electrode support structure is in an expanded state,
electrode distribution may not be uniform in accordance with some electrode arrangements.
Moreover, during expansion and/or collapse of the clectrode support structure (e.g., when the
glectrode support structure is emerging from or being refracted into a delivery sheath)}, some
electrode arrangements may possibly result in electrode-to~-electrode physical contact and/or
electrical short circuits, which may cause electrode wear and/or Tumit electrode functionality.
In addition, some electrode arrangements may not minimize the profile of the electrode
support structure during collapse of the electrode support stracture, which can resulf in
electrode damage when the electrode support structure is being delivered through the delivery

sheath, especially when being delivered through a tortucusly angulated pathway.

% Basket-shaped electrode support structures can include an expander having a
distal end attached to a distal end of the clectrode support stracture. The expander includes a
proximal end that extends out of a proximal end of a catheter or other medical device
employing the electrode support structure to a control handle. The expander can be moved
longttudinally relative to the catheter or other medical device to expand and contract the
electrode support structure. The expander is generally coaxial with the catheter. An
expander will not generally allow for free axial movement of the electrode support structure

if the electrode support structure is being diametrically constrained in some way.

{16} Several difficulties may be encountered, however, during these medical
procedures using some existing basket catheters. For example, a slowing or stoppage of the
flow of blood may occur between the arms of the basket catheter, ¢.g., where the arms are
attached to the catheter. Irrigation is desirable to keep fluid moving between the arms of the

cathster.

{11} There is therefore a nesd to minimize and/or eliminate one or more of the
problems as set forth above. The foregoing discussion is intended only to illustrate the

present field and should not be taken as a disavowal of claim scope.

Lo
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SUMMARY
{12} Among other things, various embodiments disclosed herein are directed o an
electrode support structure assembly.
{13 An electrode support structure assembly in a body in accordance with one

embodiment of the present teachings includes a plug, a cap, and a plurality of support
members. The phug defines a longitudinal axis and is configured to connect to a fhid
delivery line. The plug also includes a lumen configured to receive a fluid from the Huid
delivery line, the lumen extending in an axial direction and comprising an axial distal end.
The plug may further include a distal tip adjacent to the axial distal end of the lumen and
comprising a first channel. The cap is disposed around at least a portion of the plug and
includes a first wall exiending in the axial direction and a plurality of apertures. The cap may
further include s second wall extending inwardly from the first wall inn a radial direction. The
first wall and the second wall of the cap define an interior. Each support member of the
plurality of support members comprises a distal portion. The distal tip of the plug and the
distal portions of the plurality of support members are at least partially disposed in the
interior of the cap. The cap is configured to constrain relative movement of the distal
portions of the plurality of support members with respect to the cap, and the first channel of
the phug and at least one of the plurality of support members are configured to direct a fhuid

after exiting the lumen of the plug.

{14} An slectrode support structure assembly with a longitedinal axis, a proximal
portion, and a distal portion in accordance with avother embodirnent of the present teachings
mcludes a support member, a constraining ring, a torsion ring, and a retainer ring. The
support member includes a first proximal portion extending in the axial direction and a
second proximal portion generally parallel to the first proximal portion. The constraining
ring is disposed at the proximal portion of the assembly and is configured to constrain the
first and second proximal portions of the support member in the axial direction. The torsion
ring is disposed at the proximal portion of the asserbly and is configured to constrain
rotation of the first and second proximal portions of support member about the longitudinal
axis. The retainer ring partially surrounds at least one of the constraining ring and torsion
ring and is configured to secure the first and second proximal portions of the support member
relative {0 at least one of the constraining ring and torsion ring.

4
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[15] 1t is desirable to provide an clecirode support structure assembly that can
inchide an element joining the distal end of each of the plurality of arms that is configared to
provide freedom for each of the plurality of arms to move independently along an axis of the
electrode support structure. This may help ensure that the arms are configured to straighten
evenly when the electrode support structure is collapsed. It is also desirable to provide an
electrode support structure assembly that can include an element joining the distal end of
each of the plurality of arms that is configured to provide freedom for each of the plurality of
arms to articulate relative to an axis of the electrode support struchure such that each of the
plurality of arms can be positioned at numerous angles relative to the axis of the electrode
support structure in order to minimize siress imparted at the distal end of the elecirode
support structure during collapse and/or expansion. It is also desirable to provide an
electrode support structure that can be configured to allow for free, uniform axial
displacement even if the electrode support structure is being diametrically constrained in
some way. It is also desirable to effectively deliver irrigation fluid to the distal end of the
catheter while concurrently keeping the components of the catheter as small and compact as

possible.

{16} The foregoing and other aspects, features, details, utilities, and advantages of
the present disclosure will be apparent from reading the following description and claims, and

from reviewing the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
17 Figure 1 is a diagrammatic view of a catheter system that is designed to

perform one or more diagnostic and/or therapeutic functions in accordance with at least one

embodiment of the present teachings.

18] Figure 2 is an isometric view of an electrode sapport structure assembly in

accordance with one embodiment of the present teachings.

(18] Figure 3 is a lateral elevational view of an electrode asserably in accordance

with another embodiment of the present teachings.

28} Figure 4 is an isometric view of a portion of the electrode assembly illustrated

in Figure 3.

¥ 5
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21} Figures SA-SB are isometric views of a plug of the electrode support structare

assembly illustrated in Figure 2.

{22} Figure 6 is a rear clevational view of the plug illustrated in Figures SA-5B..
{23} Figure 7 is a cross-sectional view of the plug of Figure 6 taken along line 7-7.
{24} Figure 8 is a front elevational view of the plug illustrated in Figures 3A-3B.
{25} Figure 9 is an isometric view of a cap of the electrode support structure

assembly illustrated in Figure 2.

{26} Figure 10A is a cross-sectional view of the cap of Figure 9 taken along line

10A-10A in Figure 10B.

{271 Figure 108 is a cross-sectional view of the cap of Figure 9 taken along line

10B-10B i Figare 10A.

{38} Figure 11 is an isometric view of a support member of the electrode support

structure assernbly llustrated in Figure 2.

{29} Figure 12 is a lateral elevational view of the support member of Figure 11.
{36} Figure 13 is a top elevational view of the support member of Figure 11.

{31} Figure 14 is a lateral view of a nose of the support member illustrated in
Figore 11.

33} Figure 15 is a plan view of proximal portions of the support member of Figure

11 prior to formation.

133} Figure 16 is a cross-sectional view of the proximal portion of the support

member of Figure 15 taken along line 16-16.

{34} Figure 17 is a partially exploded view of a proximal subassermbly of the

electrode assembly illustrated in Figure 3.
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{35] Figure 18 1s an isometric view of a constraining ring of the proximal

subassermbly tllustrated in Figure 17,

{36} Figure 19 is a front clovational view of the constraining ring of Figure 1§,
{37} Figure 20 is a lateral elevational view of the constraining ring of Figure 18.
{38} Figure 21 is an isometric view of a tforsion ring of the proximal subassembly

illusirated in Figure 17,

139} Figure 22 is a front elevational view of the torsion ring of Figure 21,
{461 Figure 23 is g lateral elevational view of the torsion ring of Figure 21.
{41} Figure 24 is a front elevational view of a retainer ring of the proximal

subasserbly of Figure 17.

142} Figure 25 is a cross-sectional view of the connection between an elongated

catheter body and the electrode assembly of Figure 3.

143} Figure 26 is a cross-sectional view of a portion of the electrode support

structure assembly of Figure 2 taken along line 26-26 in Figure 27.

{44} Figure 27 is a cross-sectional view of the portion of the clectrode support

structure assembly of Figure 26 taken along line 27-27.

DETAILED DESCRIPTION

{451 It may be desirable to be able to deliver saline or an anticoagulant suchas a
heparinized saline solation or other fhuid in a basket catheter during various medical
procedures, e.g., to reduce the risk of blood clot or thrombus formation. One effective way to
prevent bloed coagulation and thrombus formation is to irrigate the electrode with
heparinized saline. It is still further desirable to be able to do all of this while retaining the
ability to axially move g deployment mechanism, e.g., a basket catheter, or electrode support
structure itself. Moreover, designing components of the electrode support structure assembly
to fit tightly together {so as to keep the catheter footprint as small as possible} can interfere

with the desire to provide unconstrained delivery of irrigation fluid.

7
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(46} Various embodiments are described herein to various apparatuses, systems,
and/or methods. Nurmerous specific details are set forth to provide a thorough onderstanding
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.

1471 Reference throughout the specification to “various embodiments,” “some
embodiments,” “one ernbodiment,” or “an embodiment,” or the like, means that a particular
feature, structure, or characteristic described in connection with the embodiment is included
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 1n any
suitable manner in one or more embodiments, Thus, the particular features, structures, or
characteristics {lhustrated or described in connection with one embodiment may be combined,
in whole or in part, with the features, structures, or characieristics of one or more other

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

functional,

148} It will be appreciated that the terms “proximal” and “distal” may be used
throughout the specification with reference fo a clinician manipulating one end of a medical
device or instrument used to treat a patient. The term “proximal” refers to the portion of the
device closest to the clinician {or to a robotic control configured to manipulate the device)
and the term “distal” refers to the portion located furthest from the clinician. It will be further

258

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,

8
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medical devices may be used in many orientations and posttions, and these terms are not
intended to be limiting or absolute. Moreover, as used herein, the term “basket” 18 not
himited to the illustrated configuration, but can include other designs such as spherical or egg-

shaped designs, for example.

{49} Referring now to the drawings wherein like reference mumerals are used to
identify identical or similar components in the various views, Figure 1 is a diagrammatic
view of a catheter system 10 employing an electrode assembly 12’ in accordance with an
embodiment of the present teachings. Catheter system 10 inchudes a handle 14 and
conneciors 16 disposed proximal o handle 14 for making electrical connections io a
visualization, navigation, and/or mapping system {(not shown) such as those systems available
under the brand name Ensite™ NavX™ (aka Ensite™ “Classic” as well as newer versions of
the Ensite™ gystem, denoted as Ensite™ Velocity™) and available from St. Jude Medical,
Inc. Handle 14 can have a uni-directional design, a bi-directional design, or any other
suitable design and be accordingly configured to steer electrode assembly 12/, as discussed in
more detail in commonly assigned 11L.S. Patent No, 8,676,290, the entire disclosure of which
is incorporated herein by reference. Catheter system 10 cap also inchude an imniroducer 18
tocated distally of handle 14 that may be used to deliver an elongated catheter body 20 into
the body of a patient, through & hemostasis valve of another longer introducer, for example.
Elongated catheter body 20 can extend from introducer 18. Elongated catheter body 20 can
comprise an elongated tubular construction having one or more lumens. Elongated catheter
body 20 can be flexible or bendable. Elongated catheter body 20 can be of any suitable
construction and made of any suitable material as known to those of ordinary skill in the art.
Elongated catheter body 20 can have any outer dimmeter, but may generally be configured for
insertion into the vascalature of a body of a patient and, in some emboduments, be less than
about 8 French. Elongated catheter body 20 can have an outer wall of any thickness, but may
generally be configured so that one or more lamens can be disposed within elongated catheter
body 20 to accommodate pull wires, lead wires, sensor cables, and any other wires, cable,
and/or tubes that may be needed in particular applications. Handle 14, connectors 16,
introducer 18, and elongated catheter body 20 can be readily modified as dictated by the

gesthetic or functional needs of particular applications.
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{56] Electrode assembly 12’ is configured to extend from a distal portion 22 of
elongated catheter body 20. Although electrode assembly 12’ is described and illustrated in
connection with an jntracardiac catheter system 10, electrode assernbly 12" may be utilized in
cormmection with other types of medical devices, such as for example and without limitation,
stone retrieval baskets, distal protection devices, renal artery ablation devices, snares, and
other retrieval devices. As discussed in further detail below in connection with Figures 3-4,
assembly 12° may be configured to support electrodes and to be radially outwardly

expandable and inwardly collapsible.

{54} Figure 2 is an isometric view of an electrode support structure assembly 12.
Assernbly 12 s configured to be mounted to distal portion 22 of elongated catheter body 20.
Assembly 12 is configured to be radially outwardly expandable relative fo axis 24 to an
expanded arrangement as shown in Figure 2. Assembly 12 defines a longitudinal axis 24 and
may be configured to be radially inwardly collapsible relative to axis 24 to a collapsed
arrangement. Assembly 12 may comprise a distal subassembly 23 which may inchude a plug
26 and a cap 28 disposed around a portion of plug 26. Assembly may further include support
members 30a~-d. Support members 30a-d of assembly 12 can be collapsed by an application
of force, for example, by moving support eembers 30a-d into a sheath or introducer. Upon
removal of the application force, for example, by moving support members 30a-d cut of a
sheath or infroducer, support members 30a-d may retum to the expanded arrangement. This
expansion and collapse of assembly 12 may alternatively or additionally be achieved by using
a shape memory material for support members 30a-d in accordance with some embodiments.
The expansion and collapse of assembly 12 may be achieved by using a biasing mechanism
in accordance with other embodiments. In the illustrated embodiment, assembly 12 may
include four support members 30a-d. Although four support members 30a-d are mentioned
in detail, there may be fewer or more support members in accordance with various
embodiments. Each of the support members 30a-d may generally be evenly spaced
circumferentially around axis 24 of the assembly 12. Assembly 12 may further include a
proximal subassembly 32 {best shown in Figure 17} to be described in more detail
hereinbelow. Moreover, support members 30a-d may be generally circular in shape and may
each have two free ends connected to proximal subassembly 32 with distal subassembly 23

being disposed at the opposite end {see Figure 11},

10
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{52} Still referring to Figure 2, catheter system 10 may further include a flmd
delivery line 46 in accordance with some embodiments. Fhuid delivery line 46 may be
connected to an irrigation system and include, for example and without limitation, an
irrigation pump configured to supply irrigation fluid to assembly 12 and/or distal portion 22
of catheter body 20 (shown in Figure 1). In an embodiment, when assembly 12 is expanded
{as illustrated in Figure 2), fluid delivery line 46 may be generally arc-shaped between
proximal subassembly 32 (Figure 3) and distal subassembly 23. When collapsed, fluid
delivery Hne 46 is generally straight and les along longitudinal axis 24. Such a configuration
allows fluid delivery line 46 to be free of any undue tension while assembly 12 is being
collapsed {e.g., into a guiding sheath). Yo one embodiment, the arc length of fluid delivery
tine 46 is approximately the same {or slightly less than) the arc length of support members
30a-d between proximal spbassembly 32 (Figure 3) and distal subassembly 23. One of
ordinary skill in the art will understand that flmd delivery line 46 may take on a number of
other configurations. For example and without limitation, fluid delivery 46 may be generally

straight when collapsed and expanded by being corrugated, functioning similarly as a spring.

{531 Figures 3-4 generally illustrate electrode assembly 12' (shown generally in
Figure 1). Asserably 12' is similar to assembly 12 of Figure 2 except that assembly 12
includes additional components. Fhuid delivery line 46 has been omiited in Figure 4 for
clarity. In the illusirated embodiment shown in Figures 3-4, assembly 12' comprises arms
30, with each arm 30" comprising a support member 30a-d, a non-conductive covering 38
surrounding cach support member 30a-d, and electrodes 40. In accordance with some
embodiments, support members 30a-d may cach be a flexible wire and may be flat and/or
composed of Nitinol or other like materials. The non-conductive covering 38 can comprise a
biocoropatible plastic tubing, such as polyurethane or polyimide tubing in accordance with
some embodiments. Although these materials are mentioned in detail, support members 30a-
d and covering 38 can be made of any other suitable materials known to those of ordinary
skill in the art. For example and without limitation, the arms 30' can be designed without
support members 30a-d if a sufficiently rigid non-conductive material is used. One or more
of the arms 30’ can have one or more electrodes 40 mounted on the non-conductive covering
38 in accordance with various embodiments. The number and spacing of electrodes 40 on the

arms 30' can vary in accordance with various embodiments. The material and configuration

11
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of arms 30" (and/or support members 30a-d) can vary, as generally shown and discussed in
U.8. Patent No. 8,588,885, the entire disclosure of which is incorporated herein by reference.
Individual componenis of electrode support structure assembly 12 (Figure 2) will now be
discussed in detail. A discussion of how the components interact and couple together will

follow.

54] Figures SA-8 illustrate various views of plug 26 of electrode support structure
assembly 12 shown in Figure 2. Referring to Figures SA-3B, plug 26 has a proximal portion
42 and a distal portion 44, Al {is proximal portion 42, plug 26 comprises a connector portion
48 contigured to connect to fluid delivery line 46 {conmection best seen in Figure 26). Inone
embodiment, connector portion 48 may be generally cylindrical about longitudinal axis 24
and include a barb 56 and & proximal end 58. Barb 56 is configured fo secure fluid delivery
line 46 in place. In an embodiment, an adhesive may also be used to secure fluid delivery
line 46 in place. At its distal portion 44 {(and as explained in more detail below), plug 26 18
configured o control the directional flow of the fluid when assembled with other components
described herein. In the illustrated embodiment, plug 26 further includes a lomen 52
generally disposed along longitudinal axis 24 extending between proximal portion 42 and

distal portion 44 (lumen 52 and longitudinal axis 24 best seen m Figure 7).

{85} In one embodiment, plug 26 is configured to couple with cap 28 of assembly
12 {coupling of elements 26, 28 best shown in Figure 26). Referring to Figure 5A, in one
embodiment, plug 26 includes a ring portion 62, a eylindrical portion 64 distal of ring portion
62, a tapered portion 66 distal of cylindrical portion 64, and a distal tip 68, Referring to
Figure 7, in the illustrated embodiment, ring portion 62 has a proximal face 70, a distal face
72, and an outer diameter 74 {as best seen in Figure 8) and abuts connector portion 48 at ifs
proximal face 70, Cylindrical portion 64 may have an outer diameter 76 (as best seen in
Figure 8), which {(in one embodiment) is smaller than outer diameter 74 of ring portion 62.
Tapered portion 64 may extend distally from cylindrical portion 64 to distal tip 68 and may
have a distal end 78. Moreover, tapered portion 64 may be tapered in the axial divection
toward an axial distal end 80 of lumen 52. In the illustrated embodiment, distal tip 68 is
adjacent to axial distal end 80 of lumen 52 and includes channels 90, 92 (as best seen in

Figure 8) and is rounded with a radius of curvature 94 {(as best seen in Figure 7).
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156] Channels 90, 92 are configured to direct the fluid cutwardly in a radial
direction (relative to longitudinal axis 24) after exiting lumen 52 (when assembled with other
components described herein). In the illustrated embodiment {and as best seen in Figure 8},
channels 90, 92 may each extend across distal tip 68 and longitudinal axis 24 with channel 90
being oriented vertically and channel 92 being oriented horizontally. As such, channels 90,
02 may intersect. Channels 90, 92 may each have a length 96, 98 and a width 97, 9 in
accordance with some embodiments. As illustrated, channels 90, 92 generally have semi-
rectangular cross sections. One of ordinary skill in the art will appreciate that channels 90, 92
can have a number of different cross sections (such as semi-circular or serpi-triangular), and
each can have a different cross section. Moreover, each channel 80, 92 may have varying
cross sections across its length 96, 98, Additionally, in accordance with other embodiments,
distal tip 68 may have one or more than two channels, with the chammel(s) extending in
various radial directions. For example and without himitation, distal tip 68 may have four
channels, each equidistant from the adjacent channels about longitudinal axis 24. It should be
understood that channels 90, 92 may not be equidistant about longitudinal axis 24, In the
iHusirated embodiment, channels 90, 92 are disposed distally of axial distal end 80 of lomen
52 {Figure 7); channel 90 is perpendicular to longitudinal axis 24 and channel 92; and
channel 92 is perpendicular to longitudinal axis 24 and channel 90. Tn accordance with other
embodiments, however, channels 90, 92 extend at an angle(s) less than or greater than 90

degrees from longitudinal axis 24 and/or from each other.

[87] Referring particularly to Figure 7, lumen 52 is generally configured to direct
the fluid from proximal portion 42 of plug 26 to distal portion 44 of plug 26. Inan
embodiment, lumen 52 Hes along longitudinal axis 24 and extends from proximal end 58 of
connector portion 48 to distal end 78 of tapered portion 66. In the illustrated embodiment,
axial distal end 80 of humen 52 corresponds with distal end 78 of tapered portion 66.
Although lumen 52 is illustrated as having a round cross section (best shown in Figures 6 and
8}, one of ordinary skill in the art will appreciate that lumen 52 can have a number of
different cross sections. Moreover, plag 26 may include more than one lumen extending
paralle! or at an angle to longitudinal axis 24 (or avother lumen) in accordance with other

embodiments.
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{58} Figures 9-10B generally illustrate various views of cap 28 of the electrode
support structure assembly 12 shown mn Figure 2. Referring to Figure 8, cap 28 1s generally
cylindrical in shape and has a proximal portion 100, a distal portion 102, and an intertor 104
and is configured to be coupled with plug 26 {coupling discussed in more detail below). In
other embodiments, however, cap 28 may take on other shapes, such as rectangular or

octagonal. Cap 28 is also configured to constrain movement of support members 30a-d.

59} Referring to Figure 104, in the illustrated embodiment, cap 28 is generally
disposed along longitudinal axis 24 and has a circumferential wall 106 extending in the axial
direction along longitudinal axis 24 and an axial end wall 108 at distal portion 102 extending
inwardly from circumferential wall 106 in the radial divection. Yo av embodiment,
circumferential wall 106 and axial end wall 108 define interior 104. Circomferential wall
106 may have an outer surface 110 with an outer diameter 112, an inner surface 114 with an
inner diameter 116, and apertures 118a;-d through which support members 30a-d may
extend. Apertores 118a,-d; may be configured to permit the fluid to exit interior 104,
Referring to Figure 108, in the ilhustrated embodiment, circumferential wall 106 has four
pairs of apertures 118a;-dy, each pair corresponding to an individual support member 30a-d
{as can best be seen in Figure 27). The two apertures {e.g., 118a;, 118ay) in ¢ach pair are
diametrically opposed of one another about longitudinal axis 24 in accordance with an
embodiment. One of ordinary skill in the art will understand that circumferential wall 106
may have less than or more than eight apertures in accordance with other embodiments.
Referring to Figure 10A, apertares 118a;-d; may have a length 120 and a width 122, Inthe
lustrated embodiment, apertures 118a;-d; are generally the same size and shape; however, in
other embodiments, the apertures may have different sizes and shapes. In the illustrated
embodiment, each aperture 118a;-dx is generally rectangular in shape with rounded comers
and has substantially the same size and shape at outer surface 112 and at inner surface 114,
However, it should be understood that each aperture may have a different size and/or shape at
inner surface 114 and outer surface 112, In an embodiment, each pair of apertures 118a-dy
may be offset a distance from the proximally adjacent pair of apertures 118a-d in the axial
direction. For cxample and without himitation, as best seen in Figure 10A, apertures 118a;,
118a; may be disposed most proximally in the axial direction, followed by apertures 118by,

118by, then apertares 118c;, 118¢;, and lasily, apertures 118d;, 118d;. One of ordinary skill
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in the art will appreciate that apertures 118a-d may be disposed in a number of ways relative
to each other and that the sequential offset order may be varied. Moreover, apertures 118a;-
d; may not be offset from one another and, instead, le in the same radial planes along
longtiudinal axis 24 (i.¢., apertures 118a;-d; may be substantially aligned in the axial
direction). Axial end wall 108 may have an inner surface 124 and an outer surface 126,
Cruter surface 126 of axial end wall 108 may extend from outer surface 110 of circumferential
wall 106, and inner surface 124 of axial end wall 108 may extend from inner surface 114 of
circumferential wall 106, in accordance with some embodiments. In an embodiment, inner
surface 124 of axial end wall 108 has an apex 128 located on longitudinal axis 24 and is
generally conical in shape. It should be undersiood, however, that inner surface 124 can take
on a number of profiles or shapes. For example and without limitation, inner surface 124
may be flat or rounded. Outer surface 126 of axial end wall 108 may be rounded in

accordance with one embodiment.

{60} Figures 11-16 generally illustrate various views of support member 30a of
electrode support structure assembly 12 shown in Figure 2. Although only support member
30a is illustrated in Figures 11-16, support members 30b-d are identical to support member
30a in the illusirated embodiment, Having support members 30a-d be identical makes
fabrication of assembly 12 more cost-effective. However, it should be understood that
support members 30a-d do not have 1o be identical in size and shape in accordance with other

embodiments.

61} Figure 11 is an isometric view of support member 30a illustrated in Figure 2.
Support members 30a-d are deflectable and configured to assume different configurations
during operation. For example and without limitation, electrode support stracture assembly
12 {once assembled) can comprise a “basket” in which each of the support members 30a-d
can splay or bow radially outwardly (as best seen in Figore 2. The particular shape of the
“basket” can vary. For example and without limitation, one or more of the support members
30a-d can splay or bow radially outwardly and uniformly {relative to each other} along the
length of assembly 12, away from longitudinal axis 24, or one or more of the support
members 30a-d can splay or bow radially outwardly in varying amounts along the length of
asserably 12, The resulting “basket” is generally symmeiric about the longitudinal axis 24 of
assembly 12 in accordance with some embodiments. Although a “basket” shape is mentioned
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in detail, support members 30a-d can assume any nurmber of other shapes in accordance with
various emshodiments. Although first and caps 26, 28 and support members 30a-d extend
along longitudinal axis 24, they may have their own individual longitudinal axis, with each

axis being parallel or at angle to one another.

{62] Support member 30a may have proximal portions 130a, 1323, intermediate
portions 134a, 1364, and a distal portion 138a. Although in the illustrated embodiment
support member 30a is one continuous generally circular piece, one of ordinary skall m the art
will understand that support member 30a can be any number of distinet pieces. For example,
and without limitation, sapport member 30a may be cut at distal portion 138a to form two
generally semi-circular members. In one embodiment, proximal portions 130a, 132a are

generally parallel fo each other and longtiudinal axis 24 of assembly 12.

{63} Figure 13 is a plan view of proximal portions 130s, 132a of support member
30a of Figure 11 prior to formation {as if support member 30a were laid out straight and
unbent). Proximal portions 130a-d, 132a-d of each support member 30a-d {proximal portions
130a, 132a of support member 30a shown in Figure 15) are configured to be coupled
together, as will be described in more detail herein below in connection with Figures 17-24,
and fo distal portion 22 of catheter body 20 (shown in Figure 1), Still referring to Figure 15,
proximal portions 130a, 132a each include an indicator siot 140a, 142a and a consiraining
slot 144a, 146a. After forming support member 30a into a generally circular shape (as shown
in Figure 11}, indicator slots 140a, 142a are generally diametrically opposed of one another,
and constraining slots 144a, 146a are generally diametrically opposed of one another as well.
In an embodiment, indicator slots 140a, 142a serve as a visual aid in fabricating assembly 12,
For example and without limitation, indicator slots 140a, 1423 may indicate the location at
which to cut support member 30a before, during, or after assembly. As will be described in
more detail herein below in connection with Figures 18-20, constraining slots 144a, 146a are
configured to secure proximal portions 132a, 134a of support member 30a in the axial
direction and may each have a width 148, 150, a length 152, 154, and tnner edges 156a, 158a,
160a, 1624, each inmer edge extending in the radial direction. Although inner edges 156a,
158a, 1604, 162a are illustrated as being generally perpendicular relative to longitudinal axis
24, one of ordinary skill in the art will understand that edges 156a, 158a, 1603, 162a may

extend at various angles relative to longitudinal axis 24, Support member 30a further

16



WO 2015/171418 PCT/US2015/028502

includes sides 164a, 166a {shown in Figure 16}. In one embodiment, indicator siot 140a and
constraining slot 144a of proximal portion 130a are disposed on side 164a and may face a
first radial direction, and indicator slot 142a and constraining slot 146a of proximal portion
132a are disposed on side 166a and may face a second radial direction that is generally 180
degrees from the first radial direction (about axis 24). In the illusirated embodiment, each
slot 140a, 142a, 144a, 146a has rounded comners. In other embodiments, the comers may not

be rounded.

{84} Referring now o Figure 16, in an embodiment, support member 30a has a
generally rectangular cross section with rounded comers. In accordance with some
embodiments, support member 30a generally has the same cross-sectional shape throughout
its length. However, it should be understood that support member 303 may have varying
cross sections in different places throughout its length. In the illustrated embodiment,
support member 30a has substantially the same width throughout its length. However, it
should be understood that support member 30a may have varying widths (and other
dimensions) throughout proximal portions 130a, 132a, intermediate portions 134, 1364,

and/or distal portion 138a.

[65] Referring back now to Figures 12-14, in the illustrated embodiment,
intermediate portions 134a, 136a of support member 30a extend from proximal portions
1304, 132a, respectively, and conwpect to distal portion 138a. In an embodiment {and as
described in more detail herein above), intermediate portions 134a, 136a are configured o
support electrodes 40. Distal portion 138a is configured fo couple to intermediate portions
1344, 136a and includes a nose 170a protruding in the axial direction and extending radially
mwardly from intermediate portions 134a, 136a toward longitudinal axis 24 and having a
radius of curvature 172 (as best seen in Figure 14). Nose 170a may also have radii of
curvature 174, 176 where it connects to intermediate portions 134a, 136a. Although nose
1702 is illustrated as being rounded, nose 170a may take on a variety of shapes and/or
curvatures in accordance with other embodiments, Nose 170a may be configured and/or
shaped to constrain movement thereof in interior 104 of cap 28 (as best illusirated in Figure
26). Moreover, nose 170a may correspond in shape to at least one of tapered portion 66 and

distal tip 68 of plug 26 (Figure 26).
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[66] Figures 17-25 generally illustrate the coupling of arms 307 to proximal
subassembly 32 and the components used therewith in accordance with one ernbodument of
the present teachings. Figure 17 is a partially exploded view of proximal subassembly 32
illustrated in Figure 3. Proximal subassembly 32 may include a constraining ning 182, a
torsion ring 184, and a retainer ring 186. Figures 18-20 generally illustrate various views of
constraining ring 182, In the illusirated embodiment, constraining ring 182 and torsion ring
184 have the same general shape except for the width of the grooves contained therein (to be
described in more detail herein below). Constraining ring 182 is configured to couple with
support members 30a-d (via constraining slots 144a-d, 146a-d in support members 30a-d, as
shown in Figure 15 with respect to support member 30a) and constrain movement of
proximal portions 130a-d, 132a-d of support members 30a-d (as seen in Figures 11-12 with
respect to support member 30a) in the axial direction. However, because support members
30a-d are flexible, other portions of support members 30a-d may move in the axial direction,

namely intermediate portions 134, 136 and distal portion 138 (as shown in Figores 11-12}.

67} Referring particularly to Figure 20, in the illustrated embodiment, constraining
ring 182 has an outer diameter 188 and includes a proximal face 190, a distal face 192, and
gight grooves 194a;-d,, each groove 194a;-d; having a width 196 and a length 198, Inthe
Hlustrated embodiment, constraining ring 182 is configured to support one proximal portion
130a-d or 132a-d of one support member 30a~d. For example and without limitation, grooves
194a;, 194a; (being diametrically opposed of one another) are configured to support proximal
portions 130a, 1323 of support member 30a, respectively. Likewise, grooves 194h,;, 194b,
may support proximal portions 130b, 132b of support member 30b, respectively; grooves
194¢,, 194¢, may support proximal portions 130¢, 132¢ of support member 30c¢, respectively;
and grooves 194d;, 194d, may support proximal portions 130d, 132d of support member 30d,
respectively. In Figure 17, for clarity only proximal portions 130a, 132a of support member
30a are labeled. If illustrated, the other support members 30b-d would include similar labels
ending with the letters “b”, “c”, and “d”, as appropriate. In some ermbodiments, the number
of grooves 194a,-d; in the constraining ring 182 may correspond to the mumber of proximal
portions 130a-d, 132a-d of support members 30a-d. Because in the illustrated embodiment,
there arc four support members 30a-d, cach with two proximal portions 130a-d, 132a-d, there

are eight grooves 194a;-ds in constraining ring 182. One of ordipary skill in the art would
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enderstand, however, that the number of grooves in constraining ring may vary and may not
necessarily correlate to the number of support members and/or proximal portions of support
members. Moreover, in accordance with other embodiments, not every proximal portion
130a-d, 132a-d of support members 30a-d may be secured within constraining ring 182. In
the illustrated embodiment, support members 30a-d are identical parts; therefore, constraining
slots 144a-d, 146a-d {constraining slots 144a, 146a shown in Figure 15) all lie in the same
relative position along the length of support members 30a-d. It should be understood,
however, that the position of constraining slots 144a-d, 146a-d may vary. For example and
without lumitation, constraining slots 144a, 1464 on support member 30a may be offset from
consiraining slots 1444d, 146d on support member 30d to compensate for the axial
displacement of noses 170a-d {due to the stacking of noses 170a-d in the axial direction, as

will be discussed in more detail below i connection with Figures 26-27).

{68} In the illustrated embodiment (and as best seen in Figure 15), edges 156a,
158a of slots 144a, 146a of support member 30a contact proximal face 190 of consiraining
ring 182, and edges 160a, 162a of slots 144a, 146a of support member 30a contact distal face
192 of constraining ring 182. This configuration constrains movement of proximal portions
130a, 132a of support member 30a in the axial direction. Width 196 of grooves 194a;-d; and
the width of the portion of support members 30a-d disposed within grooves 194a,~d; may be
designed accordingly. For example and without limitation, width 196 of grooves 194a;-d;
may be 3.0115 inches, and the width of the portion of support members 30a-d disposed
within grooves 194a,-d; may be 0.010 inches. Moreover, length 198 of grooves 194a;-d; and
ltength 152, 154 of slots 144a-d, 146a-d of support merabers 30a-d may be designed
accordingly. For example and without limitation, length 198 of grooves 194a;-d; may be
0.020 inches, and length 152, 154 of slots 144a-d, 146a-d of each sapport member 30a-d may
be 0.024 inches.

[89] Referring now to Figures 21-23, torsion ring 184 may be disposed distally of
constraining ring 182 and may be configured to couple with proximal portions 130a-d, 132a-
d of support members 30a-d and constrain rotation of proximal portions 130a-d, 132a-d of
support members 30a-d about longitudinal axis 24. However, because support members 3a-
d are flexible, other portions of support members 30a-d may twist slightly in the rotational

direction, namely intermediate portions 134a-d, 136a-d and distal portions 138a-d. In the
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itlustrated embodiment, torsion ring 184 has an outer diameter 200 and includes a proximal
face 202, a distal face 204, and eight grooves 2006a,-d;, each groove 206a,-d; having a width
208 and a length 210 and is configured to support one proximal portion 130a-d or 132a-d of
support member 30a-d. For example and without limitation, grooves 206a;, 206a; (being
diametrically opposed of one ancther} are configured to support proximal portion 130a and
proximal portion 132a of support member 30a, respectively. Likewise, grooves 206b,, 2065,
may support proximal portions 130b, 132b of support member 30b, respectively; grooves
206¢y, 2060, may support proximal portions 130¢, 132¢ of support member 30c¢, respectively;
and grooves 206d,, 206d; may support proximal portions 130d, 132d of support member 3(d,
respectively. The number of grooves 206a,-d; in torsion ring 184 may comrespond (o the
number of proximal portions 130a-d, 132a-d of support members 30a-d. Because in the
illustrated embodiment, there are four support members 30a-d each with ftwo proximal
portions 130a-~d, 132a-d, there are eight grooves 206a;-d; in torsion ring 184, One of
ordinary skill in the art will understand, however, that the number of grooves in the torsion
ring may vary and may not necessarily correlate to the number of support members and/or
proximal portions of support members. Moreover, in accordance with other embodiments,
not every proximal portion 130a-d, 132a-~d of support members 30a-d may be secured within

torsion ring 184.

{76] In the iflusirated embodiment, proximal face 202 of torsion ring 184 abuts
distal face 192 of constraining ring 182 in the axial direction {as best seen in Figure 17).
However, in accordance with other embodiments, torsion ring 184 may not abut constraining
ring 182 and/or be disposed proximally of constraining ring 182, Moreover, constraining
ring 182 and torsion ring 184 may be constructed to be one piece rather than two separate
rings. One of ordinary skill in the art would understand that not all rings 182, 184, 186 may
be necessary. In the illustrated embodiment, edges 164a-d, 166a-d of proximal portions
130a-d, 132a-d of support members 30a-d {edges 164a, 166a shown in Figure 16) are
disposed within grooves 206a;-d; to constrain rotation about longitudinal axis 24, Width 208
of grooves 206a;-d» and width of the portion of support members 30a-d disposed within
grooves 2(6a;-d; may be designed accordingly. For example and without limitation, width
208 of grooves 206a,-d; may be 0.01535 inches, and the width of the portion of support

members 30a-d disposed within grooves 206a;-d> may be 0.014 inches.
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{71} Referring now to Figures 17 and 24 (with fluid delivery line 46 removed in
Figure 17 for clarity), retainer ring 186 may be disposed arcund constraining ring 184 and
torsion ring 182 and may be configured {o secure proximal portions 130a-d, 132a-d of
support members 30a-d relative to at least one of constraining ring 184 and forsion ring 182,
As shown in Figure 24, retainer ring 136 may inchude an outer surface 212, an inner surface
214, and an inner diameter 215. As shown in Figure 17, retainer ring 186 may further include
a proximal face 216, a distal face 218, a width 220, and apertures 222, 224, Inner surface 214
is configured to contact proximal portions 130a-d, 132a-d of support members 30a-d and/or
constraining ring 182 and torsion ring 184, For example and without limitation, inner
diameter 215 of retainer ring 186 may be 0.092 inches, and outer diameter 188 of
constraining ring 182 and outer diameter 200 of torsion ring 184 may be 0.0875 inches m
accordance with one embodiment {diameters 188, 200 shown in Figures 20 and 23,
respectively), Apertures 222, 224 may be configored to be filled with epoxy or adhesive to
allow for greater bond strength, In the illustrated embodiment, there are eight apertures 222,
224: four apertures 222 are circular and are disposed centrally along width 220 in the axial
direction, and four apertures 224 are semi-circular and are disposed along distal face 218.
However, one of ordinary skill in the art would understand that there may be more or less
apertures with various shapes and sizes. Moreover, width 220 of retaimer ring 186 may be
{.040 inches, and widths 196, 208 of constraining ring 182 and torsion ring 184 (seen in
Figures 19 and 22, respectively} may be 0.020 inches each. As best seen in Figure 17, in the
illustrated embodiment, support members 30a-d are coupled to/within rings 182, 184, 186
with non-conductive coating 38 abutting distal faces 204, 218 of torsion ring and retatner

ring, respectively.

(73 Figure 25 is a cross-sectional view of the connection between clongated
catheter body 20 and assembly 12" of Figure 3. In an embodiment, fluid delivery line 46 may
extend along longitudinal axis 24. In an embodirpent, fluid delivery line 46 may include at
least one port, such as port 225, Port 225 may allow fluid to exit fluid delivery line 46 and
may be located near proximal subassembly 32 outside of catheter body 20, One of ordinary
skill in the art would understand that port 225 may be located at any point along longitudinal
axis 24 outside catheter body 20. Moreover, although the catheter system 10 in the illustrated

embodiments allows for urigation near proximal subassembly 32 via port 2235 and distal
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subassembly 23 (as shown in Figure 2} via apertures 118a;-d;, catheter system 10 may only
allow for irrigation at one subassembly 32, 23 and/or at a point(s) therebetween. Moreover,
in another embodiment, fluid delivery line 46 may include three ports that are spaced 120
degrees apart about longitudinal axis 24 and are in the same longitudinal position along axis
24, In other embodiments, there may be any number of ports, and they may hie in various
positions along and gbout longitudinal axis 24. Furthermore, the ports may be the same or

different sizes and configurations other than circular (as illustrated).

{73} Figures 26-27 generally illustrate a portion of the electrode support structure
assembly 12 of Figore 2 at distal subassembly 23. Referring particularly to Figure 26, as
itlustrated, fluid delivery line 46 is connected to conmector portion 48 of plug 26 such that
fluid enters lumen 32 at proximal portion 42 of plug 26 and travels toward distal tip 68. Inan
embodiment, cap 28 is laser-welded to plag 26 at ring portion 62 of plug 26. For example
and without hmitation, cap 28 can be laser-welded to plug 26 in four different areas along
ring portion 62 where it contacts cap 28. In another embodiment, cap 28 can be laser-welded
to plug 26 slong cylindrical portion 64 where it contacts cap 28. In yet another embodiment,
plug 26 and cap 28 can be coupled together using screws. Screws may extend through ring
portion 62 into circumferential wall 110 of cap 28 and/or through circurnferential wall 110 of
cap 28 into cylindrical portion 64 of plug 26. One of ordinary skill in the art will understand
that plug 26 and cap 28 may be coupled using a variety of different mechanisms known in the
art. Referring to Figure 27, in the ithistrated embodiment, apertures 118a;, 118a; and 118b;,
118, of cap 28 are aligned with channels 90, 92 of plug 26. However, cap 28 may be
oriented in a number of ways relative to plug 26. While plug 26 may be axially aligned with
cap 28, it is not necessary for them to be rotationally aligned. Such rotational alignment may

make fabrication more costly.

[74] Referring back to Figure 26, in the tllustrated embodiment, apertures 118a;,
118a; are oriented around tapered portion 66 of plug 26 such that tapered portion 66 is
aligned with apertures 118a;, 118a; in the radial direction. Also, in the illustrated
embodiment, distal tip 68 of plug 26 is generally adjacent to portions of apertures 118b-d;
and is not adjacent to apertures 11&a;, 118a; in the radial direction. In other words, in the
ilfustrated embodiment, portions of apertures 118b;-d; are disposed over distal tip 68 of plug
26 in the radial direction. One of ordinary skill in the art will understand, however, that the

b 2]
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dimensions of plug 26 relative to cap 28 {and thus of tapered portion 66 and apertures 118a;-

d;} can vary in accordance with other embodiments.

{758} As illustrated in Figures 26-27, each support member 3(0a-d extends through a
pair of diametrically opposed apertures 118a;-dy, and noses 170a-d of support members 30a-d
are disposed in inferior 104 of cap 28 distally of distal tip 68 of plug 26 in accordance with
some embodinments. Such configuration may consirain movement of noses 170a-d within
interior 104 of cap 28. In the illustrated embodiment, radius of curvature 172 (as shown in
Figure 14} of nose 170a of arm 30a (being immediately adjacent to plug 26 in the axial
direction} corresponds to tapered portion 66 and radios of curvature 94 of distal tip 68. As
such, plug 26 may further be configured to constrain movement of noses 17¢a-d. At some
times during collapse or expansion, nose 170a may rest on tapered portion 66 and/or distal tip
68. At other times, nose 170a may float in apertures 118a;, 118a; and not physically contact
plug 26, With particular reference to Figure 26, noses 170a-d of support members 30a-d may
overlap along longitudinal axis 24. In the illustrated embodiment, support member 3{0a is
generally oriented in the vertical position and is disposed in the most proximal positiory
support member 30b is disposed distally of anm 30a and is generally oriented in the
horizontal position; support member 30c¢ is disposed distally of support member 30b and is
generally oriented 45 degrees clockwise about longitudinal axis 24 from support member 30b
{when viewing assembly 12 as illustrated in Figure 27); and support member 304 is disposed
in the most distal position and is generally oriented 45 degrees clockwise about longitudinal
axis 24 from support member 30a (when viewing assembly 12 as illustrated in Figure 27).
One of ordinary skill in the art would understand, however, that support members 30a-d may
be overlapped in a variety of different ways and extend through various apertures 118a5-d; in
accordance with other embodiments. Noses 170a-d of support members 30a-d may contact

each other at various times during collapse and/or expansion.

76} Length 120 and width 122 (as shown in Figure 104) of apertures 118a;-d;
may be designed to accommodate the movement of support members 30a-d (and their noses
170a-d) during expansion and collapse. In some embodiments, apertures 118a,-d; should not
be too large to allow noses 170a-d of support members 30a-~d to exit interior 104 of cap 28
through apertares 118a;-dy. However, apertures 118a,-d; should also not be too small to

prevent support members 30a-d from moving freely during expansion and collapse. For
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example and without limitation, in some embodiments, length 120 of apertures 118a;-ds s
0.030 inches; width 122 of apertures 118a;-d; is 0.0155 inches; s width 228 of support
members 30a-d is 0.014 inches; and radii of curvature 174 and 176, 172 of noses 170a-d are
(.025 inches and 0.020 inches, respectively {each measured {o the part centerline of support
member 30a-d; refer to Figures 104, 14, and 27 for illustration of dimensions}. Additionally,
the dimensions of apertures 118a,-d; may affect the flow other fluids within the body, such as
blood. For example and without Himitation, the larger the aperture, the less positive pressure
across circumferential wall 110 of cap 28, such that blood may flow inside interior 104 of cap
28. The smaller the aperture, however, the more likely it is that blood will be kept out of

interior 104,

(77} Once fluid exits lumen 52 of plug 26, a portion of it contacts support member
30a, which (in the illustrated embodiment) is disposed immediately adjacent of distal tip 68,
and travels through channels 90, 92 of distal tip 68. Tapered portion 66, distal tip 68,
channels 90, 92, and noses 170a~-d of support members 30a-~d are designed to allow fluid to
exit umen 52 of plug 26 freely and to not block or inoperatively constrain the exit of fluid
from lamen 52, For example and without Hmitation, if width 228 of support member 30a
{and thus of nose 170a) was equal to width 97, 99 of chanmels 90, 92, fluid may be
inoperatively constrained in lumen 52 (widths 97, 99 shown in Figure 8). Therefore, in
accordance with some embodiments, width 97, 99 of channels 90, 92 may be less than width
228 of support members 30a-d. In accordance with other embodiments, width 97, 99 of
channels 90, 92 may be greater than width 228 of support members 30a-d. Fluid may
eventually exit interior 104 of cap 28 through apertures 118a;-d;.

178} Although several embodiments have 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 scope of this disclosure. All directional
references (e.g., plus, minus, upper, lower, upward, downward, left, nght, 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
embodiments. Jomder references {e.g., attached, coupled, connected, and the like) are to be

construed broadly and may inchude intermediate members between a connection of clements
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and relative movement between elemenis. As such, joinder references do not necessarily
infer that two elements are directly connected and in fixed relation to each other.
Additionally, the terms “electrically connected” and “in conununication” are meant {o be
construed broadly to encompass both wired and wireless connections and cornmunications. it
is intended that all maiter 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 may be made without departing from the disclosure as defined in the appended

claims.

{79} 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 do not conflict with existing definitions, staternents, 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 1o the extent that no conflict arises between

that incorporated material and the existing disclosure material.

{88} While one or more particular embodiments have been shown and described, it
will be understood by those of skill in the art that various changes and modifications can be

made without departing from the spirit and scope of the present teachings.
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CLAIMS

What is claimed 1s:
i An electrode support structure assembly, comprising:

2 plug defining a longitudinal axis and configured to connect to a fluid
delivery line, the plug comprising:

(i} a lumen configured to receive a fluid from the fluid delivery
tine, the lumen extending in an axial direction and comprising an axial distal
end; and

(i} a distal tip adjacent to the axial distal end of the lumen and

comprising a first channel;

a cap disposed around at least a portion of the plug, the cap comprising:

(1) a first wall extending in the axial direction and comprising a
phurality of apertures; and

(i1} a second wall extending inwardly from the first wall in 2 radial
direction, the first wall and the second wall defining an interior into which the

disial tip of the plug is disposed; and

a plurality of support members, each support member comprising a distal
portion at least partially disposed in the interior of the cap such that the cap is configured to
constrain relative movement of the distal portions of the phurality of support members with

respect o the cap,

wherein the first channel of the plug and at least one of the pluralify of support

members are configured to direct the fhud after exiting the lumen of the plug.

2. The assembly of claim 1, wherein the distal portions of the plurality of support
members each comprise a nose protruding in the axial direction and are configured to

consirain movement thereof in the interior of the cap.
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3. The assembly of claim 2, wherein the noses of the distal portions of the

plurality of support members overlap along the longitudinal axis,

4, The assembly of claim 2, wherein the noses of the distal portions of the
plurality of support members correspond in shape to at least one of the tapered portion and

the distal tip of the plug.

5. The assembly of claim 1, wherein the plug is configured to constrain

movement of the distal portions of the plurality of support members.

6. The assembly of claim 1, wherein the plurality of apertures are configured to

permit the fluid to exit the interior of the cap.

7. The assembly of claim 1, wherein the plug further comprises a second channel

configured for directing the fluid after exiting the lumen of the plug.

8. The assembly of claim 7, wherein the first and second channels extend across
the distal tip of the plug and the longitudinal axis and are perpendicular to the longitdinal

axis, and the second channel is perpendicular (o the first channel.

9. The assembly of claim 7, wherein the first channel and the second channel are

distal of the axial distal end of the lumen,

16, The assetnbly of claim 1, wherein the plug further comprises a tapered portion
proximal to the distal tip, and the tapered portion is tapered in the axial direction toward the

axial distal end of the lumen,

1t The assembly of claim 10, wherein a first and second aperture of the plurality

of apertures are aligned with the tapered portion of the plug in a radial direction.

12. The asserably of claim 1, wherein the plurahity of apertures are substantially

aligned in the axial direction,
13. The assembly of claim 1, wherein the plurality of support members comprises:

a first support member extending through a first pair of the plurality of
apertures of the cap;
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a second support member extending through a second pair of the plurality of

apertures of the cap;

a third support member extending through a third pair of the phirality of

apertures of the cap; and

a fourth support member extending through a fourth pair of the plurality of

apertures of the cap.

14, The assembly of claim 11, wherein the first pair, second pair, third pair, and

fourth pair of the plurality of apertures are offset from one another in the axial direction.

15, The assembly of claim 1, wherein the plurahity of support members are

substantially similar in shape and size to one another.

16. The assembly of claim 1, wherein the plurality of support members comprise a
first, second, third, and fourth support member, and the distal portions of the plurality of

sapport members comprise:
a first distal portion of the first support member;

a second distal portion of the second support member disposed distally of the

first distal portion,

a third distal portion of the third support member disposed distaily of the

second distal portion; and

a fourth distal portion of the fourth support member disposed distally of the
third distal portion.

17.  Anelectrode support structure assembly with a longitudinal axis, a proximal

portion, and a distal portion, comprising:

a support member, comprising 3 first proximal portion extending in the axial

direction and a second proximal portion generally parallel to the first proximal portion;
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a constraining ring disposed at the proximal portion of the assembly and
configured o constrain the frst and second proximal portions of the support member in the

axial direction;

a torsion ring disposed at the proximal portion of the assembly and configured
to constrain rotation of the first and second proximal portions of support member about the

longitudinal axis; and

a retainer ring partially surrounding at least one of the constraining ring and
torsion ring and configured to secure the first and second proximal portions of the support

member relative to at least one of the constraining ring and torsion ring.

1&. The assembly of claim 17, wherein the support member further comprises a
first side and a second side diametrically opposed of the first side, the first proximal portion
of the support member comprises a first slot disposed on the first side, and the second

proximal portion of the support member comprises a second slot disposed on the second side.

19. The assembly of claim 18, wherein the first and second slots of the first and
second proximal portions of the support member couple with the constraining ring via a first

and second groove of the constraining, respectively.

20. The assembly of claim 17, wherein the first and second proximal portions of
the support member couple with the torsion ring via a first and second groove of the torsion

ring.
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