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(57) Abstract: A method of manufacturing a deflectable electrophys-
iological catheter (10) includes constructing a shaft (14) having a dis-
tal end (16) and at least one lumen (18). The method further includes
inserting a component (34) into the lumen, and processing at least a
portion of the distal end to reduce the cross-sectional profile of the lu-
men to capture/confine the component. The catheter includes a shaft
(14) having at least one lumen (18). The lumen includes longitudi-
nally-extending trough (24) having a longitudinally-extending recess
(28) for receiving a component (34), and a longitudinally extending
open edge (30). A longitudinally-extending channel (26) defined by a
longitudinally-extending cavity (32) and open edge of the trough (24).
A planarity wire or member (44) disposed within the cavity (32) closes
the open edge of the trough (24) to within a pre-defined tolerance less
than the size of the component and retains the component therein.
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DEFLECTABLE CATHETER CONSTRUCTED TO INHIBIT COMPONENT
MIGRATION
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Patent application no. 11/959,214 filed
on 18 December 2007 (the ‘214 application). The ‘214 application is hereby incorporated
by reference as though fully set forth herein.
BACKGROUND OF THE INVENTION
a. Field of the Invention
[0002] The present invention relates to electrophysiological (EP) catheters. More
particularly, the present invention relates to a deflectable EP catheter constructed to inhibit
component migration.
b. Background Art
[0003] It is known to use catheters to perform a variety of functions relating to
diagnostic and therapeutic medical procedures. EP catheters find particular application in
cardiac electrophysiology studies and procedures, such as various cardiac diagnostic and/or
ablation procedures. In such studies/procedures, electrical signals from the heart may be
conducted through electrodes disposed at the distal end of the catheter to monitoring and
recording devices associated with the catheter. The electrodes may also be used for other
purposes such as delivering energy to the heart as stimulus to monitor the heart’s response
thereto or to ablate a site of cardiac tissue that causes, for example, an arrhythmia or
abnormality in the heart rhythm.
[0004] To optimize the performance of a catheter, it is important that the distal end of
the catheter can deflect in one or more directions. This deflection allows for the optimal
positioning of the electrodes to perform their respective function. In conventional systems,
a handle portion is provided at the proximal end of the catheter. The handle portion may
include an actuator that is coupled to one or more pull wires that extend to a point at or
near the distal end of the catheter. The combination of the actuator and the pull wire(s)
serves to selectively effectuate movement of the catheter’s distal end when the actuator is
selectively manipulated. It is known that the pull wires of these systems may be disposed
within a lumen or lumens in the shaft portion of the catheter along with various other
components, such as, for example, the wires connected to the electrodes.
[0005] These conventional arrangements, however, are not without their drawbacks.

One particular drawback lies in the configuration of the lumen relative to the components



WO 2009/085652 PCT/US2008/086561

disposed therein. For instance, in an arrangement wherein a plurality of electrode wires,
one or more pull wires, and a flat wire (e.g., a planarity wire) are disposed within one
lumen, one or more of the electrode wires may migrate into contact with a pull wire or the
planarity wire and become pinched between the inner wall of the lumen and the pull wire
or planarity wire. Once the wire is pinched, it cannot move as the catheter is deflected.
Consequently, the wire may break, thereby disabling the functionality of the electrode that
connects to the broken wire.
[0006] Accordingly, there is a need for a catheter and method of manufacturing the
same that will minimize and/or eliminate one or more of the above-identified deficiencies.
BRIEF SUMMARY OF THE INVENTION
[0007] The present invention is directed to a deflectable EP catheter and a method of
manufacturing the same. The catheter according to the present teachings includes a shaft
having a proximal end and a distal end, and at least one lumen disposed within the shaft.
The at least one lumen has a predetermined cross-sectional shape, and comprises at least
one longitudinally-extending trough defined by a longitudinally-extending recess and by a
longitudinally-extending open edge. The at least one lumen further comprises a
longitudinally-extending channel that is defined by a longitudinally-extending cavity and
by the open edge of the trough. The catheter still further includes a component disposed
within the longitudinally-extending recess of the trough, and a planarity wire that is
configured to close the longitudinally-extending open edge of the trough to within a
pre-defined tolerance that is less than the size of the component so as to retain the
component within the longitudinally-extending recess.
[0008] The method of manufacturing an EP catheter according to the present
teachings includes constructing a shaft having a proximal end, a distal end, and at least one
lumen disposed within the shaft. The method further includes inserting a component
within the lumen, and processing at least a portion of the shaft such that the cross-sectional
profile of the lumen is reduced to capture/confine the component.
[0009] A further embodiment of the method according to the present teachings
includes constructing a shaft having a proximal end, a distal end, and at least one lumen
disposed within the shaft. In this embodiment, the constructing step includes constructing
the distal end to have a first portion and a second portion. The first portion has a first outer
diameter, and at least one region of the second portion has a second outer diameter that is

greater than the first outer diameter. As with the embodiment described above, this
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embodiment of the method further includes inserting a component in the lumen. The
method still further includes processing at least the regions of the second portion of the
distal end that have the enlarged second diameter such that the cross-sectional profile of
the lumen is reduced to capture/confine the component disposed therein. This process
causes the second outer diameter to become substantially equal to the first outer diameter.
[0010] The foregoing and other aspects, features, details, utilities, and advantages of
the present invention will be apparent from reading the following description and claims,
and from reviewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Fig. 1 is a diagrammatic view of a deflectable catheter in accordance with the
present teachings.
[0012] Fig. 2 is an enlarged view of the distal end of the catheter illustrated in Fig. 1.
[0013] Fig. 3 is an enlarged view of an alternate embodiment of the distal end of the
catheter illustrated in Fig. 1
[0014] Fig. 4 is a cross-sectional view of the distal end of the catheter illustrated in
Figs. 1 and 2 taken substantially along the lines 4-4 in Fig. 2 before a process is performed
on the distal end to reduce the cross-sectional profile of the lumen therein.
[0015] Fig. 5 is a cross-sectional view of the distal end of the catheter illustrated in
Figs. 1 and 2 taken substantially along the lines 5-5 in Fig. 2 following the performance of
a process on the distal end in which the cross-sectional profile of the lumen is reduced.
[0016] Fig. 6 is a cross-sectional view of an alternate embodiment of the catheter

illustrated in Figs. 1, 2, and 4 wherein the catheter is a multi-luminal catheter.

[0017] Fig. 7 is a flow diagram of a method of manufacturing the catheter illustrated
in Figs. 1-6.
[0018] Fig. 8 is a partial cross-sectional and perspective view of the catheter

illustrated in Figs, 1, 2, 4, and 6 taken substantially along line 8-8 in Fig. 6.
[0019] Fig. 9 is a partial cross-sectional and perspective view of the catheter
illustrated in Figs, 1, 2, 4, and 6 taken substantially along line 9-9 in Fig. 6.

DETAILED DESCRIPTION OF THE INVENTION
[0020] Referring now to the drawings wherein like reference numerals are used to
identify identical components in the various views, Fig. 1 illustrates one exemplary
embodiment of a deflectable electrophysiological catheter 10. In its most general form, the

catheter 10 includes a handle portion 12 and an elongated shaft portion 14, wherein shaft
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14 extends along an axis and includes a proximal end 15 and a distal end 16. The catheter
10 may be used in a number of diagnostic and therapeutic applications, such as the
recording of electrograms in the heart, the performance of a cardiac ablation procedure,
and other similar applications/procedures. Accordingly, one of ordinary skill in the art will
recognize and appreciate that the inventive catheter and method of manufacturing the same
can be used in any number of diagnostic and therapeutic applications.

[0021] With continued reference to Fig. 1, the handle 12 is coupled to the shaft 14 at
the proximal end 15. The handle 12 is operative to, among other things, effect movement
(i.e., deflection) of the distal end 16. As will be described in greater detail below, the
handle 12 includes an actuator 17 that can be selectively manipulated to cause distal end 16
to deflect in one or more directions (e.g., up, down, left, and right).

[0022] The catheter 10, and the shaft 14, in particular, further includes at least one
lumen 18 (shown in Figs. 4-6, for example). The lumen 18 extends longitudinally along an
axial portion of the shaft 14 from the proximal end 15 to the distal end 16 and is formed to
have a predetermined cross-sectional profile and size. It should be noted that depending
upon the intended application of the catheter 10, the lumen 18 may extend the entire length
of the shaft 14 or may extend less than the entire length. Additionally, the catheter 10 may
include more than one lumen in the shaft 14 (see, for example, Fig. 6 wherein catheter 10
has two lumens, 18; and 18,). Therefore, one of ordinary skill in the art will recognize and
appreciate that the shaft 14 may have one or more lumens and/or have lumen(s) of various
lengths. In an exemplary embodiment, the shaft 14 is constructed of a polymeric material,
such as polyurethane, nylon, various types of plastic materials such as that offered under
the trademark PEBAX®, which is a registered trademark of Arkema France, or any other
suitable material. Additionally, the shaft 14 may be formed using any number of different
manufacturing processes known in the art including, without limitation, extrusion
processes.

[0023] Figs. 2 and 3 are enlarged views of the distal end 16, 16, respectively. As
shown in these figures, the catheter includes one or more electrodes (such as, for example,
ring electrodes 20) mounted on or affixed to the shaft 14, 14’ along the distal end 16, 16'.
In these particular embodiments, the active outer surface of each electrode 20 is configured
for exposure to blood and/or tissue. The electrodes 20 may be assembled with the shaft 14,
14' using any number of known processes. For instance, the electrodes 20 may be built

into the shaft using a reflow process. In such a process, the electrodes 20 are placed at the
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appropriate/desired locations on the shaft 14, 14’, and then the shaft is exposed to a heating
process in which the electrodes 20 and the shaft become affixed or bonded together. As
will be described below, sufficiently sized apertures are formed in the shaft proximate to
each electrode 20 in order to allow for wires connected to the electrodes 20 to be threaded
into the lumen 18.

[0024] In addition to, or in place of, the electrode 20, the catheter 10 may include a tip
electrode 22 disposed at the extreme distal end 16, 16'. Tip electrode 22 may be
configured for various functionality including, without limitation, that described above
with respect to the electrodes 20. The tip electrode 22 may be affixed to distal end 16, 16’
in a number of ways. For instance, the tip electrode 22 may be bonded to the inner
diameter of the shaft 14, 14’ (i.e., the wall of the lumen 18) using an epoxy material.
[0025] In an exemplary embodiment, protective trim (not shown) is used to cover the
transitions between the electrodes 20, 22 and the shaft 14, 14", The protective trim, which
may be comprised of an epoxy material or any other suitable material, prevents sharp
edges from being exposed and also prevents the ingress of blood and other fluids into the
shaft 14, 14', and the lumen 18, in particular.

[0026] Figs. 4 and 5 are cross-sectional views of the shaft 14 of a single lumen
catheter, with Fig. 4 depicting the shaft 14 prior to a process being performed on at least a
portion of the shaft 14 in which the cross-sectional profile of the lumen 18 is reduced, and
Fig. 5 depicting the shaft 14 following the performance of such a process. With continued
reference to Figs. 4 and 5, and also Figs. 6, 8, and 9, in an exemplary embodiment, the
lumen 18 comprises at least one longitudinally-extending trough 24 and a longitudinally-
extending channel 26. The trough 24 is defined by a longitudinally-extending recess 28
and a longitudinally-extending open edge 30. The channel 26, on the other hand, is
defined by a longitudinally-extending cavity 32 and the open edge 30 of the trough 24. In
the exemplary embodiment illustrated in Fig. 4, the shaft 14 is constructed such that the
lumen 18 has a “cross-shaped” or “t-shaped” cross-sectional profile. Thus, in this
particular embodiment, lumen 18 comprises a pair of troughs 24 (24, and 24,), and the
channel 26 is disposed between the troughs and defined, in part, by each of the open edges
30 (304, 30,) of the respective troughs.. It should be noted that while a “cross-shaped”
profile is illustrated with particularity, the present invention is not so limited. Rather, those
of ordinary skill in the art will recognize and appreciate that the lumen 18 may have any

number of cross-sectional profiles, such as, for example, that of lumen 18; illustrated in
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Fig. 6, wherein lumen 18; includes a single trough 24. Additionally, the lumen 18 may
also be constructed such that it does not have a unitary cross-sectional shape throughout its
length. Rather, different portions of the lumen 18 may have different cross-sectional
profiles. In any event, the lumen 18 is configured such that various components required
for performing the particular functionality of the catheter 10 (e.g., recording electrograms,
ablation, ultrasound, etc.) are disposed therein (such as electrode wires, pull wires, shape
wires, planarity wires, wiring for temperature sensing elements, etc.).

[0027] As briefly described above, in an embodiment wherein the catheter 10 includes
one or more electrodes 20, 22 associated with the shaft 14, 14, each electrode 20, 22
includes at least one electrode or lead wire 34. The wires 34 are typically pre-coated wires
such that they are insulated from each other and other components in the system. In the
embodiment illustrated in Figs. 4 and 5, the electrode wires 34 are disposed within a first
trough 24, of lumen 18, and more particularly, in the recess 28; of the trough 24;. The
trough 24, defines a first region of the lumen 18, and the open edge 30; of the trough 24,
serves as an opening to this region. This opening is defined by a pair of shoulders 361, 36,
(See Fig. 5) disposed at either side thereof. In the case of an exemplary electrode 20, one
end of wire 34 is connected to the electrode 20 and the other end is threaded through a
corresponding aperture (not shown) in the shaft 14, 14’ and into the lumen 18. The wire 34
extends through the lumen 18 and is connected to, for example, monitoring and/or
recording devices associated with or connected to the catheter 10. These devices are
typically located proximate to the handle 12. In the case of the tip electrode 22, the shaft
14, 14" may have an aperture therein configured to receive a wire 34 that is connected to
the tip electrode 22. In either case, one end of the wire 34 is connected to the electrode 22
and the other end is threaded into the lumen 18 and connected to, for example, the
monitoring or recording devices described above.

[0028] In addition to the electrode wires 34, other components may also be disposed
within the lumen 18. For instance, the handle 12, and the actuator 17 in particular, may
comprise at least one pull wire 38 operatively connected to it to facilitate deflection of the
distal end 16. As depicted in Figs. 4 and 5, the pull wire 38 is disposed within a second
trough 24, of lumen 18, and more particularly, the recess 28, of the trough 24,. The
second trough 24, defines a second region of the lumen 18, different from the first region
in which the electrode wires 34 are disposed. The open edge 30, of the trough 24, serves

as an opening to this second region, and this opening is defined by a pair of shoulders 40;,
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40, disposed at either side thereof. The pull wire 38 may be surrounded by a liner 42 that
serves the dual purpose of providing a lubricious surface to allow for the sliding of the pull
wire 38, while also insulating the pull wire 38 from electrical wires (e.g., electrode wires
34) in the lumen 18. If provided, the liner 42 may be constructed of a polymeric material,
such as polytetrafluoroethylene (PTFE), or any other suitable material. It should be noted
that the catheter 10 is not limited to the single pull wire arrangement illustrated in Figs. 4
and 5 and described above. Rather, the catheter 10 may include two or more pull wires 38
disposed within the lumen 18 to enable the distal end 16 to deflect in two or more
directions.

[0029] With continued reference to Figs. 4 and 5, the catheter 10 may further include
a planarity wire 44 disposed in the channel 26 of the lumen 18 (and cavity 32 thereof, in
particular). The channel 26 is located between the first and second troughs 244, 24,, and
therefore, between the first and second regions of the lumen 18 (and the openings thereof,
in particular), and electrode wires 34 and the pull wire 38. The channel 26 defines a third
region of the lumen 18 that is different from both the first and second regions described
above (i.e., those defined by the troughs 241, 24,). Accordingly, the lumen 18 defines an
insertion tolerance between the surfaces of the planarity wire 44 and the corresponding
regions of the lumen 18 to allow for the planarity wire 44 to be inserted therein. In the
illustrated embodiment, the planarity wire 44 has opposing flat surfaces 461, 46, and serves
to maintain the planarity of the shaft 14 as the shaft 14 deflects. As with the pull wire 38,
the planarity wire 44 may also include a liner 48 similar to the liner 42 that serves the same
purpose(s) as the liner 42. If the catheter 10 includes more than one pull wire 38, the
additional pull wires would be disposed at the various sides of the planarity wire 44 so that
the planarity wire 44 may maintain planarity of the shaft 14 regardless of the direction of
deflection.

[0030] It should be noted that while the embodiment described above includes
components that may be primarily used for diagnostic applications, components for
therapeutic applications can also be disposed within the lumen 18. Accordingly, to the
extent not encompassed by the description above, components used in ablation procedures,
ultrasound procedures, and the like may also be disposed within the lumen 18.

[0031] Additionally, it should be further noted that the catheter 10 is not limited to a
single lumen arrangement. For instance, Fig. 6 illustrates a multi-luminal catheter 10’

wherein two or more lumens 183, 18,,...18, are disposed within the shaft 14". In such an
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arrangement, the various components described above are disposed in respective lumens
(the components are not shown in Fig. 6). In one particular embodiment, the lumen 18;
may be used as an irrigation lumen, while the lumen 18,, which, as briefly described above
and as illustrated in Figs. 6, 8, and 9, includes a trough 24 and a channel 26, may contain
some or all of the various components described above or additional components.
Alternatively, some of the components (e.g., pull wires, electrode wires, shape wires,
planarity wires, etc.) may be disposed in the lumen 18;, while others may be disposed in
the lumen 18;. Accordingly, those of ordinary skill in the art will recognize and appreciate
that the catheter 10 may have one or more lumens 18.

[0032] For ease of description purposes only, the remainder of the description of the
catheter 10 will be limited to a single-lumen arrangement. It should be noted, however,
that both the foregoing and the following descriptions relating to the lumen or lumens 18
apply with equal force to both single and multi-luminal arrangements. Accordingly, the
present invention is not limited solely to the single lumen arrangement described in detail
above and below, but rather includes multi-luminal arrangements as well.

[0033] As described in the Background above, one disadvantage to the arrangement(s)
depicted in Figs. 4 and 6 is that there are gaps or spaces 50 between the various
components disposed within the lumen 18. These gaps/spaces 50 are the result of the
insertion tolerance required to allow for the insertion of the planarity wire 44 within the
lumen 18, and provide a path for the electrode wires 34, for example, to migrate from a
first region of the lumen 18 (i.e., the trough 24, and the recess 28; thereof, in particular)
and into another region of the lumen 18 (i.e., the channel 26, and the cavity 32 thereof, in
particular, within which the planarity wire 44 is disposed; or possibly the trough 24,, and
the recess 28, thereof, in particular, within which the pull wire 38 is disposed). When the
wires 34 move into these regions, they can become pinched between the components in
those regions and the inner wall of the lumen 18. Once pinched, the wires 34 may be
prevented from moving freely during deflection. Consequently, the wires 34 may break,
thereby rendering one or more electrodes 20, 22 disabled.

[0034] In order to combat this undesirable occurrence, at least a portion of the shaft
14, and most likely a portion of the distal end 16 having one or more electrodes 20
mounted thereon, is subjected to a process that, as will be described in greater detail below
and as depicted in Fig. 5, causes the cross-sectional profile and total volume of the lumen

18 to be greatly reduced so as to capture or confine the component(s) disposed within the
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lumen 18, thereby having the effect of trapping and possibly encasing the components in a
desired region of the lumen 18. More specifically, this process eliminates, or at least
substantially reduces, the gaps/spaces 50. In an exemplary embodiment, this process
comprises a heat-treating process; however, other energy-delivery processes exist (such as
sonic, reflow, radio-frequency, and ultra-violet processes, as well as other known methods
of polymer bonding) and may be used. Therefore, the insertion tolerance between the
planarity wire 44 and a particular region of the lumen 18 (e.g., the regions defined by
troughs 24; and 24,) is reduced to a pre-defined closure tolerance that is less than the size
of the component disposed within the region/trough (e.g., the size of the electrode wires
34, and/or the pull wire 38), so as to retain the component within the particular
region/trough of the lumen 18. Accordingly, the migration paths of the components are
eliminated, or at least substantially reduced; and, thus, the occurrence of component
migration is inhibited. Additionally, because the flat surfaces 46;, 46, of planarity wire 44
are in close proximity to the shoulders 36;, 36, and 40;, 40, of the openings of the first and
second regions of the lumen 18 (e.g., troughs 24,, 24,), respectively, the movement of the
planarity wire 44 away from the openings (i.e., the open edges 30;, 30, of the troughs 24,
24,) is restricted. Thus, the planarity wire 44 is configured to close the opening of the
region/trough to within a pre-defined tolerance that is less than the size of the component
so as to confine or retain the component within that region/trough, thereby further assisting
with the elimination, or at least substantial reduction, of the migration paths of the
component.

[0035] In an exemplary embodiment, the shaft 14 is constructed of or comprises a
material that is sufficiently incompressible to prevent the components disposed within the
respective regions of the lumen 18 from compressing the material so as to enlarge the
closure tolerance of the lumen, thereby creating a migration path for the component. In
other words, the material is such that when the catheter is deflected, the force exerted on an
electrode wire and directed against the wall of lumen 18, for example, would not be
sufficient to displace the shaft material to such an extent that the electrode wire would be
able to slide through the reduced gaps or spaces created as a result of the process in which
the cross section of the lumen is reduced.

[0036] The reduced lumen area profile prevents, or at least substantially reduces,
significant lateral movement of the components, such as the electrode wires 34, within the

lumen 18, and, therefore, prevents, or at least substantially reduces, the likelihood of one
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component migrating into a region of the lumen 18 occupied by another component. Other
advantages include, for example, the reduction in size of the apertures in the shaft 14
through which electrode the wires 34 are threaded into the lumen 18, and the prevention of
fluid ingress into the lumen 18, which reduces the potential for electrical noise.

[0037] With reference to Fig. 7, a method of manufacturing the catheter 10 will now
be described. The exemplary method comprises a first step 52 that includes constructing
the shaft portion 14. More particularly, step 52 includes constructing the shaft portion 14
to have a proximal end 15 configured for coupling with the handle 12, a distal end 16, and
a lumen 18 therein. Alternatively, the shaft 14 may be constructed to have more than one
lumen 18 therein so as to create a multi-luminal catheter. The lumen 18 extends along at
least an axial portion of the length of the shaft 14 between the proximal end 15 and the
distal end 16 and has a predetermined cross-sectional profile. The cross-sectional profile
defines at least one longitudinally-extending trough 24 defined by a longitudinally-
extending recess 28 and an longitudinally-extending open edge 30, and a longitudinally-
extending channel 26 defined by a longitudinally-extending cavity 32 and the open edge 30
of the trough 24. In an exemplary embodiment, constructing step 52 comprises
constructing the shaft 14 using an extrusion process in which a polymeric material (e.g.,
polyurethane, PEBAX®, nylon, etc.) is extruded to form the shaft 14. However, the
present invention is not limited to such a process or material. Rather, those of ordinary
skill in the art will recognize and appreciate that other processes and materials (e.g.,
various types of polymeric materials and/or thermoplastics) may be suitable to achieve the
same result.

[0038] Regardless of the material and process used, the material and the process must
be properly matched. As was briefly described above, and as will be described again
below, the material must have the capability to be displaced or to shrink when subjected to
a process, such as, for example, a heating process, that is performed subsequent to the
constructing step. However, the constructing process must be carefully controlled so as to
not generate or expose the shaft 14 to an excessive amount of heat that would cause the
shaft material to be reflowed or shrunk during the construction process itself. Accordingly,
the material must be able to withstand exposure to any heat generated in the construction
process such that the material is reflowed or shrunk in a subsequent process rather than in

the shaft construction process.
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[0039] In an exemplary embodiment, step 52 further includes constructing the shaft 14
with at least one electrode 20 and/or tip electrode 22 thereon as was described in greater
detail above. Alternatively, the electrodes 20, 22 are affixed to and/or mounted on the
shaft 14 in a subsequent step.

[0040] A second step 54 includes inserting at least one component into one or more
lumens 18 of the shaft 14. In an exemplary embodiment, the components inserted and
disposed within the lumen 18 include, as described above, at least one electrode wire 34, at
least one pull wire 38, and/or a planarity wire 44. However, in other embodiments, the
components within the lumen 18 may take the form of any number of different or
additional articles/devices typically present in catheters used for diagnostic or therapeutic
purposes (e.g., shape wires, wires corresponding to temperature sensing elements, etc.). In
the embodiment wherein the components include the electrode wire 34, the pull wire 38,
and the planarity wire 44, each component is disposed within a respective region of lumen
18 (i.e., a respective trough 24 for each of the electrode wire 34 and the pull wire 38, and
the channel 26 for planarity wire 44), with the planarity wire region being located between
the electrode wire region and the pull wire region. Accordingly, the constructing step 52
includes the substep of providing a lumen so as to establish an insertion tolerance between
the surfaces of a planarity wire and corresponding regions of the lumen to allow for the
insertion of the planarity wire.

[0041] A third and final step 56 includes processing at least a portion of the shaft 14
such that, as described above, the cross-sectional profile of the lumen 18 is reduced so as to
eliminate or at least substantially reduce the gaps between the respective regions of the
lumen 18, and, therefore, reduce the potential migration paths of the electrode wires 34,
thereby capturing/confining the component(s) disposed within the lumen 18. Accordingly,
the processing step 56 is operative to reduce the aforementioned insertion tolerance to a
pre-defined closure tolerance wherein the closure tolerance is less than the size of the
component(s) disposed within the lumen 18. In an exemplary embodiment, the processing
step 56 comprises a heating process and it is applied to the distal end 16. The processing
step 56 may further comprise a heating process that includes reflowing a portion of the
shaft 14.

[0042] In an alternate exemplary embodiment depicted in, for example, Fig. 3, the
constructing step 52 includes constructing a shaft 14’ to have a first portion 58 having a

first outer diameter 60 and a second portion 62 wherein at least certain regions thereof
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have a second outer diameter 64 that is larger than first diameter 60. Accordingly, the
shaft 14’ is constructed such that one or more regions (e.g., the regions between electrodes
20, 22) of the second portion 62 contain more shaft material than first portion 58. In such
an embodiment, the processing step 56 comprises processing the second portion 62 such
that as the cross-sectional profile of the lumen 18 is reduced, the material closest to the
components and that comprises the inner wall of the lumen is displaced to create the
reduced cross-sectional profile. As this material is displaced, the void created by the
displaced material is filled with the extra material that forms enlarged regions of the
second portion 62 that have the enlarged second diameter 64. In such an embodiment,
once the processing step 56 is complete, the outer diameter 64 of second portion 62 is
substantially the same as the outer diameter 60 of first portion 58 (See Fig. 2). This
ensures a smooth outer surface of shaft 14.

[0043] As briefly described above, the processing step 56 may include any number of
energy-delivery processes, such as, for example, heat-treating, reflow, sonic, radio-
frequency, ultraviolet, or other any other suitable processes, or other known methods of
polymer bonding, that are suitable for causing the cross-sectional profile of the lumen 18 to
be reduced, thereby capturing/confining the components therein.

[0044] In an alternate exemplary embodiment, an intervening step is performed prior
to the processing step 56 that includes placing a shrink tube over the portion of shaft 14
that is to be exposed to an energy delivery process, for example, rather than having the
shaft 14’ constructed to include the enlarged diametered regions. As energy is delivered
and applied during the processing step 56, the shrink tube constricts and melts into the
surface of the shaft 14. In this manner, the shrink tube may serve to fill the voids in shaft
14 that were left by the reduction in the cross-sectional profile of the lumen 18.

[0045] An additional step, which may be performed after the shaft 14 is processed, or
any time before, includes coupling the shaft 14 with the handle 12. Those of ordinary skill
in the art will recognize and appreciate that any number of coupling methods may be used
to carry out this step.

[0046] Although only certain embodiments of this invention 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
invention. For example, other process may be used to construct and assemble catheter 10.

Further, various types of energy-delivery processes may be employed to carry out the
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processing function described above. Still further, different types of catheters may be
manufactured or result from the inventive process described in detail above. For instance,
catheters used for diagnostic purposes and catheters used for therapeutic purposes may
both be manufactured using the inventive process. Additionally, 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 invention, and do
not create limitations, particularly as to the position, orientation, or use of the invention.
Joinder references (e.g., attached, coupled, connected, and the like) are to be construed
broadly and may include intermediate members between a connection of elements and
relative movement between elements. As such, joinder references do not necessarily infer
that two elements are directly connected and in fixed 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 may

be made without departing from the invention as defined in the appended claims.
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CLAIMS

What is claimed is:

1. A method of manufacturing a deflectable electrophysiological

catheter, characterized by:

constructing a shaft having a proximal end, a distal end, and a lumen having a
cross-sectional profile;

inserting a component within said lumen; and

processing at least a portion of said shaft such that the cross-sectional profile of
said lumen is reduced to confine said component.

2. The method of claim 1, wherein

said constructing step further comprises providing said lumen so as to establish an
insertion tolerance between surfaces of a planarity wire and corresponding regions of said
lumen to allow for the insertion of said planarity wire; and

said processing step further comprises reducing said insertion tolerance to a closure
tolerance, wherein said closure tolerance is less than a size of said component disposed
within said lumen.

3. The method of claim 1, wherein

said constructing step further comprises constructing a shaft having a first portion
with a first outer diameter and a second portion, wherein a region of said second portion
has a larger outer diameter than said first outside diameter; and

said processing step further comprises processing said second portion such that
when said cross-sectional profile is reduced, the material of said second portion is
displaced and said larger outer diameter of said region of said second portion becomes
substantially equal to the first outer diameter of said first portion.

4, The method of claim 1, wherein said processing step further comprises
employing an energy delivery process.

5. The method of claim 4, wherein said method further includes the step of
placing a shrink tube over said portion of said shaft prior to said processing step.

6. The method of claim 1, wherein said constructing step comprises
constructing said shaft to have a plurality of lumens.

7. The method of claim 1, wherein said constructing step includes constructing

said shaft such that said lumen has a cross-shaped cross-sectional profile.
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8. The method of claim 1, wherein said inserting step further comprises
inserting an electrode wire in said lumen.

9. The method of claim 1, wherein said inserting step further comprises
inserting at least one electrode wire in a first longitudinally-extending trough of said
lumen; and wherein said method further comprises

inserting a pull wire in a second longitudinally extending-trough of said
[umen,

inserting a planarity wire in a longitudinally-extending channel of said lumen that is
located between said first and second longitudinally-extending troughs, and
affixing an electrode on said distal end of said shaft.

10. A method of manufacturing a deflectable electrophysiological catheter, the
method comprising the following steps:

constructing a shaft having a proximal end and a distal end,

wherein the distal end comprises a first portion having a first outer
diameter, and a second portion having a region with a second outer diameter that is greater
than said first outer diameter; and a lumen comprising a cross-sectional profile and
extending along said distal end;

inserting a component within said lumen; and

processing said second portion of said distal end such that said cross-sectional
profile of said lumen is reduced to confine said component, and said second outer diameter
of said region of said second portion becomes substantially equal to said first outer
diameter of said first portion.

11. The method of claim 10, wherein

said constructing step further comprises providing said lumen so as to establish an
insertion tolerance between surfaces of a planarity wire and corresponding regions of said
lumen to allow for the insertion of said planarity wire; and

said processing step is operative to reduce said insertion tolerance to a closure
tolerance, wherein said closure tolerance is less than a size of said component disposed
within said lumen.

12.  The method of claim 10, wherein said processing step comprises employing
an energy delivery process.

13.  The method of claim 12 further comprising the step of placing a shrink tube

over said second portion of said shaft prior to said processing step.

15



WO 2009/085652 PCT/US2008/086561

14. The method of claim 10, wherein said constructing step further comprises
constructing said shaft to have a plurality of lumens.

15.  The method of claim 10, wherein said constructing step further comprises
constructing said shaft such that said lumen has a cross-shaped cross-sectional profile.

16.  The method of claim 10, wherein said inserting step includes inserting an
electrode wire within said lumen.

17.  The method of claim 10, where said constructing step further comprising
affixing an electrode on said distal end of said shaft, and wherein said inserting step further
comprises inserting an electrode wire in a first longitudinally-extending trough of said
lumen; said method further comprising

inserting a pull wire in a second longitudinally-extending trough of said lumen,

inserting a planarity wire in a longitudinally-extending channel of said lumen that is
located between said first and second longitudinally-extending troughs; and

affixing an electrode on said distal end of said shaft.

18. A deflectable electrophysiological catheter comprising

a shaft body extending along an axis;

a lumen disposed within said shaft body and extending along an axial portion of
said shaft body, said lumen comprising

a longitudinally-extending trough defined by a
longitudinally-extending recess and by a longitudinally-extending open
edge; and

a longitudinally-extending channel defined by a
longitudinally-extending cavity and by said longitudinally-extending open
edge;

a component having a size and being disposed in said

longitudinally-extending recess; and

a planarity wire disposed in said longitudinally-extending cavity and

configured to close said longitudinally-extending open edge to within a pre-defined
tolerance that is less than the size of said component so as to retain said component
in said longitudinally-extending recess.

19.  The catheter of claim 18, wherein said shaft body is constructed of a
material that is sufficiently incompressible to prevent said component from compressing

said material and migrating from said longitudinally-extending recess.
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20. The catheter of claim 18, wherein

said longitudinally-extending recess in which said component is disposed is a first
region and said longitudinally-extending open edge is a first opening of said first region
and includes a first pair of shoulders, one disposed at each side of said first opening;

said lumen further includes a second region having a second opening, and said
second opening of said second region includes a second pair of shoulders, one disposed at
each side of said second opening; and

said planarity wire has opposing flat sides and is disposed between said first and
second pairs of shoulders, such that each of said flat sides of said planarity wire is in close
proximity to said respective pair of shoulders so as to restrict the movement of said

planarity wire away from said first and second openings.
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