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(57) ABSTRACT

A deflectable catheter shaft section is disclosed comprising
an elongated body extending along a longitudinal axis and
comprising a distal end and a proximal end; and a plurality
of lumens extending along the longitudinal axis of the
elongated body, wherein at least one of the lumens is
abutting at least another one of the lumens. A catheter
comprising the deflectable catheter shaft section and a
method of manufacturing the deflectable catheter shaft sec-
tion are also disclosed. A catheter incorporating a deflectable
catheter shaft section can further comprise first and second
compression coils disposed over pull wires located within
the catheter, wherein the compression coils are unattached to
the catheter or components thereof, but can be constrained
by a shaft coupler at a distal end of each of the compression
coils and by at least a portion of a handle assembly at a
proximal end of each of the compression coils.
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DEFLECTABLE CATHETER SHAFT
SECTION, CATHETER INCORPORATING
SAME, AND METHOD OF
MANUFACTURING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. application
Ser. No. 13/836,846, filed 15 Mar. 2013 (the *846 applica-
tion), which claims the benefit of U.S. provisional applica-
tion No. 61/643,748, filed 7 May 2012 (the *748 applica-
tion). The *846 application and the *748 application are both
hereby incorporated by reference as though fully set forth
herein. This application is related to U.S. nonprovisional
application Ser. No. 13/838,124, filed 15 Mar. 2013, now
U.S. Pat. No. 8,814,825, issued 26 Aug. 2014.

BACKGROUND OF THE INVENTION

a. Field of the Invention

[0002] The instant disclosure relates generally to a deflect-
able catheter shaft section, a catheter incorporating such a
deflectable catheter shaft section, and a method of manu-
facturing such a deflectable catheter shaft section.

b. Background Art

[0003] Electrophysiology catheters are used in a variety of
diagnostic, therapeutic, and/or mapping and ablative proce-
dures to diagnose and/or correct conditions such as atrial
arrhythmias, including for example, ectopic atrial tachycar-
dia, 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.

[0004] 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 a 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. Once at
the intended site, treatment can include, for example, radio
frequency (RF) ablation, cryoablation, laser ablation, chemi-
cal ablation, high-intensity focused ultrasound-based abla-
tion, microwave ablation, and/or other ablation treatments.
The catheter imparts ablative energy to cardiac tissue to
create one or more lesions in the cardiac tissue and often-
times a contiguous or linear and transmural lesion. This
lesion disrupts undesirable cardiac activation pathways and
thereby limits, corrals, or prevents errant conduction signals
that can form the basis for arrhythmias.

[0005] To position a catheter within the body at a desired
site, some type of navigation must be used, such as using
mechanical steering features incorporated into the catheter
(or an introducer sheath). In some examples, medical per-
sonnel may manually manipulate and/or operate the catheter
using the mechanical steering features.

[0006] In order to facilitate the advancement of catheters
through a patient’s vasculature, the simultaneous application
of torque at the proximal end of the catheter and the ability
to selectively deflect the distal tip of the catheter in a desired
direction can permit medical personnel to adjust the direc-
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tion of advancement of the distal end of the catheter and to
position the distal portion of the catheter during an electro-
physiological procedure. The proximal end of the catheter
can be manipulated to guide the catheter through a patient’s
vasculature. The distal tip can be deflected by a pull wire
attached at the distal end of the catheter that extends to a
control handle that controls the application of tension on the
pull wire.

[0007] Two of the mechanical considerations for a catheter
shaft are that it transmit torque and resist compression
during use. With respect to transmitting torque, medical
personnel normally navigate the distal end of the catheter to
a desired location in part by manipulating a handle disposed
at the proximal end of the catheter. Substantial frictional
forces sometimes resist transmission of torque across the
length of the catheter. In some cases, these forces can cause
the catheter shaft to twist about a longitudinal axis of the
catheter shaft, storing energy in the process in a spring-like
fashion. If the energy is released suddenly, the distal end of
the catheter, which may be deflected by a steering mecha-
nism, can be undesirably propelled with significant force.
[0008] With respect to resisting compression during use, it
is important for medical personnel to be able to advance the
catheter through a vessel, sometimes against significant
frictional resistance, without undue axial compression or
snaking of the catheter shaft. Shaft compression can result in
a loss of control for the medical practitioner and can
complicate the positioning of the distal end of the catheter
shaft at a desired location for a medical procedure. In
addition, medical personnel may rely on tactile feedback to
attain and verify proper positioning of the catheter, and such
feedback can be impaired by excessive compressibility.
[0009] The foregoing discussion is intended only to illus-
trate the present field and should not be taken as a disavowal
of claim scope.

BRIEF SUMMARY OF THE INVENTION

[0010] In various embodiments, a deflectable catheter
shaft section can comprise an elongated body extending
along a longitudinal axis and comprising a distal end and a
proximal end; and a plurality of lumens extending along the
longitudinal axis of the elongated body, wherein at least one
of the plurality of Iumens is abutting at least another one of
the plurality of lumens. Each of the plurality of lumens can
be abutting at least another one of the plurality of lumens in
embodiments of the invention. The deflectable catheter shaft
section can further comprise a plurality of liners correspond-
ing to each of the plurality of lumens, wherein each of the
plurality of liners is comprised of polytetrafluoroethylene
(PTFE). Each of the plurality of lumens can be less than
about 0.015 inches from another of the plurality of lumens
in accordance with some embodiments of the invention.

[0011] In various embodiments, a catheter can comprise a
deflectable catheter shaft section comprising an elongated
body extending along a longitudinal axis and comprising a
distal end and a proximal end; and a plurality of lumens
extending along the longitudinal axis of the elongated body,
wherein at least one of the plurality of lumens is abutting at
least another one of the plurality of lumens; and a proximal
catheter shaft section disposed at the proximal end of the
deflectable catheter shaft section. Each of the plurality of
lumens can be abutting at least another one of the plurality
of lumens in embodiments of the invention. Each of the
plurality of lumens can be less than about 0.015 inches from
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another of the plurality of lumens in accordance with some
embodiments of the invention. The catheter can further
comprise a plurality of liners corresponding to each of the
plurality of lumens of the deflectable catheter shaft section,
wherein each of the plurality of liners is comprised of PTFE.
[0012] In atleast one embodiment, the deflectable catheter
shaft section can comprise a first pocket located at the distal
end and a second pocket located at the proximal end. The
catheter can further comprise a tip assembly disposed at the
distal end of the deflectable catheter shaft section in the first
pocket and a handle assembly comprising an actuator con-
figured to effect movement of the deflectable catheter shaft
section. The catheter can further comprise a pull ring dis-
posed in the first pocket and at least two pull wires attached
to diametrically opposite locations on the pull ring, wherein
the pull wires extend from the pull ring toward the handle
assembly. The catheter can further comprise a shaft coupler
disposed in the second pocket. The shaft coupler can be
generally cylindrical in shape and can comprise an outer
radial surface comprising a helical groove.

[0013] In atleast one embodiment, the catheter can further
comprise first and second compression coils each disposed
over one of the at least two pull wires, wherein each of the
first and second compression coils comprises a proximal end
and a distal end, wherein the distal end of each of the first
and second compression coils abuts and is constrained by
the shaft coupler, and wherein the proximal end of each of
the first and second compression coils abuts and is con-
strained by at least a portion of the handle assembly. The first
and second compression coils can be unattached to the
proximal catheter shaft section. The first and second com-
pression coils can be unattached to the shaft coupler. The
first and second compression coils can be unattached to the
handle assembly.

[0014] In various embodiments, a method of manufactur-
ing a deflectable catheter shaft section can comprise the
steps of providing a plurality of mandrels; providing a
mandrel alignment tool comprising a plurality of slots, each
of the plurality of slots configured for housing at least a
portion of one of the plurality of mandrels; placing a
plurality of first polymeric tubes over the plurality of man-
drels; providing tooling configured to hold the mandrel
alignment tool, wherein the tooling comprises a plurality of
pairs of opposing tensioning blocks, each of the plurality of
pairs of opposing tensioning blocks corresponding to one of
the plurality of mandrels or the mandre] alignment tool, and
wherein each of the plurality of pairs of opposing tensioning
blocks is configured to place one of the plurality of mandrels
under tension and release one of the plurality of mandrels
from tension; attaching each of the plurality of mandrels and
each of the plurality of first polymeric tubes to one of the
plurality of pairs of opposing tensioning blocks; tensioning
each of the plurality of mandrels; and releasing tension of
each of the plurality of mandrels. In accordance with an
embodiment of the invention, the step of providing a man-
drel alignment tool comprising a plurality of slots comprises
wire cutting from one of the plurality of slots to another of
the plurality of slots. In accordance with an embodiment of
the invention, each of the plurality of first polymeric tubes
comprises PTFE.

[0015] In at least one embodiment, the method of manu-
facturing a deflectable catheter shaft section can further
comprise the steps of placing a cylindrical braid structure
over the plurality of mandrels and the plurality of first
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polymeric tubes; stretching the cylindrical braid structure;
and placing at least one second polymeric tube over the
cylindrical braid structure. In accordance with an embodi-
ment of the invention, the at least one second polymeric tube
comprises polyurethane, nylon, or polyether block amides.
[0016] In at least one embodiment, the method of manu-
facturing a deflectable catheter shaft section can further
comprise the steps of placing a heat shrink tube over the at
least one second polymeric tube so that the heat shrink tube
covers at least a portion of the mandrel alignment tool;
subjecting the tooling, the plurality of mandrels, the plurality
of first polymeric tubes, the cylindrical braid structure, the at
least one second polymeric tube, and the heat shrink tube to
a heating process; and reflowing at least a portion of the
deflectable catheter shaft section. In accordance with an
embodiment of the invention, the method of manufacturing
a deflectable catheter shaft section can further comprise the
step of pre-shrinking the heat shrink tube, wherein the step
of pre-shrinking the heath shrink tube can comprise applying
heat with a heat gun. The method of manufacturing a
deflectable catheter shaft section can further comprise the
steps of: removing the plurality of mandrels; removing the
heat shrink tube; and trimming at least a portion of the
deflectable catheter shaft section to a select length.

[0017] 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

[0018] FIG. 1 is a schematic view of a catheter incorpo-
rating a deflectable catheter shaft section in accordance with
an embodiment of the invention.

[0019] FIG. 2A is a partially cut-away isometric view of
the deflectable catheter shaft section of FIG. 1 taken along
line 2A-2 A, with various components of the catheter omitted
for the purposes of clarity.

[0020] FIG. 2B is a cross-sectional view of the deflectable
catheter shaft section of FIG. 1 taken along line 2B-2B seen
in FIG. 2A.

[0021] FIG. 3 is a longitudinal, side cross-sectional view
of the deflectable catheter shaft section of FIG. 1 taken along
line 3-3, with various components of the catheter omitted for
the purposes of clarity.

[0022] FIG. 4A is a partially cut-away, isometric view of
the deflectable catheter shaft section of FIG. 1, showing a
shaft coupler in accordance with an embodiment of the
invention.

[0023] FIG. 4B is a partially cut-away, isometric view of
the deflectable catheter shaft section of FIG. 1 showing a
shaft coupler in accordance with an embodiment of the
invention.

[0024] FIG. 5 is a transparent, isometric view of the
deflectable catheter shaft section of FIG. 1, with various
components of the catheter omitted for the purposes of
clarity.

[0025] FIG. 6 is an isometric view of the deflectable
catheter shaft section of FIG. 1 and a shaft coupler, pull
wires, and compression coils in accordance with an embodi-
ment of the invention.

[0026] FIG. 7 is a partial, isometric view of the deflectable
catheter shaft section of FIG. 1 and a shaft coupler, pull
wires, and compression coils in accordance with an embodi-
ment of the invention.
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[0027] FIG. 8 is a schematic view of a portion of the
deflectable catheter shaft section of FIG. 1, pull wires, and
a portion of a handle assembly in accordance with an
embodiment of the invention.

[0028] FIG. 9A is a partially cut-away, top view of a
handle assembly for a catheter incorporating the deflectable
catheter shaft section of FIG. 1 in accordance with an
embodiment of the invention.

[0029] FIG. 9B is a partial, exploded view of the handle
assembly of FIG. 9A.

[0030] FIGS. 10A-10C are partial, isometric views of
mandrels and a mandrel alignment tool for manufacturing
the deflectable catheter shaft section of FIG. 1 in accordance
with an embodiment of the invention.

[0031] FIG. 11 is a partial, isometric view of a mandrel
alignment tool for manufacturing the deflectable catheter
shaft section of FIG. 1 in accordance with an embodiment of
the invention.

[0032] FIG. 12 is a fragmentary, isometric view of man-
drels with surrounding polymeric tubes over them for manu-
facturing the deflectable catheter shaft section of FIG. 1 in
accordance with an embodiment of the invention.

[0033] FIG. 13 is an isometric view of tooling for manu-
facturing the deflectable catheter shaft section of FIG. 1 in
accordance with an embodiment of the invention.

[0034] FIG. 14 is a partial, isometric view of tooling for
manufacturing the deflectable catheter shaft section of FIG.
1 in accordance with an embodiment of the invention.
[0035] FIG. 15 is a partial, isometric view of tooling for
manufacturing the deflectable catheter shaft section of FIG.
1 in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0036] Embodiments are described herein of various appa-
ratuses, systems, and/or methods. Numerous specific details
are set forth to provide a thorough understanding of the
overall structure, function, manufacture, and use of the
embodiments as described in the specification and illustrated
in the accompanying drawings. It will be understood by
those skilled in the art, however, that the embodiments may
be practiced without such specific details. In other instances,
well-known operations, components, and elements have not
been described in detail so as not to obscure the embodi-
ments 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.

[0037] Reference throughout the specification to “various
embodiments,” “some embodiments,” “one embodiment,”
or “an embodiment”, or the like, means that a particular
feature, structure, or characteristic described in connection
with the embodiment(s) is included in at least one embodi-
ment. Thus, appearances of the phrases “in various embodi-
ments,” “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, struc-
tures, or characteristics may be combined in any suitable
manner in one or more embodiments. Thus, the particular
features, structures, or characteristics illustrated or described
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in connection with one embodiment may be combined, in
whole or in part, with the features, structures, or character-
istics of one or more other embodiments without limitation
given that such combination is not illogical or non-func-
tional.

[0038] Itwill be appreciated that the terms “proximal” and
“distal” may be used throughout the specification with
reference to a clinician manipulating one end of an instru-
ment used to treat a patient. The term “proximal” refers to
the portion of the instrument closest to the clinician and the
term “distal” refers to the portion located furthest from the
clinician. It will be further appreciated that for conciseness
and clarity, spatial terms such as “vertical,” “horizontal,”
“up,” and “down” may be used herein with respect to the
illustrated embodiments. However, surgical instruments
may be used in many orientations and positions, and these
terms are not intended to be limiting and absolute.

[0039] FIG. 1 generally illustrates a deflectable electro-
physiology catheter 10 that comprises a deflectable catheter
shaft section 12 in accordance with an embodiment of the
invention. Deflectable catheter shaft section 12 comprises an
elongated body having a distal end 14 and a proximal end
16. In its most general form, catheter 10 further comprises
a tip assembly 18 located at the distal end 14 of the
deflectable catheter shaft section 12, a proximal catheter
shaft section 20 located at the proximal end 16 of the
deflectable catheter shaft section 12, and a handle assembly
22. Catheter 10 may be used in any number of diagnostic and
therapeutic applications, such as the recording of electro-
grams 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 deflectable catheter shaft
section and method of manufacturing the same can be used
in any number of diagnostic and therapeutic applications.
[0040] Still referring to FIG. 1, deflectable catheter shaft
section 12 is disposed between the tip assembly 18 and the
proximal catheter shaft section 20. The length and diameter
of the deflectable catheter shaft section 12 can vary accord-
ing to the application. Generally, the length of the deflectable
catheter shaft section 12 can range from about 2 inches (50.8
mm) to about 6 inches (152.4 mm) and the diameter of the
deflectable catheter shaft section 12 can range from about 5
French to about 12 French. The diameter of the deflectable
catheter shaft section 12 can be about 7 French in accor-
dance with some embodiments of the invention. Although
these particular dimensions are mentioned in particular, the
dimensions of the deflectable catheter shaft section 12 can
vary in accordance with various applications of the deflect-
able catheter shaft section 12. The deflectable catheter shaft
section 12 can be configured for deflection independent of
the proximal catheter shaft section 20.

[0041] Referring now to FIG. 2A, deflectable catheter
shaft section 12 extends along a longitudinal axis A and
comprises at least five substantially separate lumens 24, 26,
28, 30, 32, each extending along the longitudinal axis A from
the distal end 14 to the proximal end 16 in accordance with
an embodiment of the invention. Each of the plurality of
lumens 24, 26, 28, 30, 32 can be fully formed in accordance
with an embodiment of the invention. In particular, each of
the plurality of lumens can be a desired shape as described
hereinbelow. Depending upon the intended application of
the catheter 10, each lumen 24, 26, 28, 30, 32 may extend
along an entire length of the deflectable catheter shaft
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section 12 or may extend less than the entire length of the
deflectable catheter shaft section 12. Each lumen 24, 26, 28,
30, 32 may be formed to have a predetermined cross-
sectional profile and shape. Each lumen 24, 26, 28, 30, 32 is
configured such that various components required for per-
forming the particular functionality of the catheter 10 (e.g.,
recording electrograms, ablation, ultrasound, etc.) are dis-
posed therein.

[0042] Referring now to FIGS. 2A and 2B, first lumen 24
may be generally round in cross-sectional shape. Although
this particular shape is mentioned in detail, the cross-
sectional shape of the first lumen 24 may vary in accordance
with various embodiments of the invention. First lumen 24
may be configured for housing wiring for electrodes as
described in more detail hereinbelow or for other electrical
components.

[0043] Second lumen 26 may be located generally adja-
cent to or abutting the first lumen 24 within deflectable
catheter shaft section 12. In accordance with an embodiment
of the invention, the first and second lumens 24, 26 may be
disposed as proximate each other as manufacturally feasible,
while allowing the first and second lumens 24, 26 to be fully
formed. For example and without limitation, the distance
between first lumen 24 and second lumen 26 may be less
than about 0.015 inches (0.38 mm) in accordance with an
embodiment of the invention. In an embodiment, the first
lumen 24 and the second lumen 26 may be connected to each
other. Second lumen 26 may be generally round in cross-
sectional shape. Although this particular shape is mentioned
in detail, the cross-sectional shape of the second lumen 26
may vary in accordance with various embodiments of the
invention. Second lumen 26 may be configured for use as an
irrigation fluid passageway and the like.

[0044] Third lumen 28 may be located generally adjacent
to or abutting both first and second lumens 24, 26. In
accordance with an embodiment of the invention, the third
lumen 28 and the first and second lumens 24, 26 may be
disposed as proximate each other as manufacturally feasible,
while allowing the first, second, and third lumens 24, 26, 28
to be fully formed. For example and without limitation, the
distance between third lumen 28 and at least one of the first
lumen 24 and second lumen 26 may be less than about 0.015
inches (0.38 mm) in accordance with an embodiment of the
invention. In an embodiment, the third lumen 28 and at least
one of the first lumen 24 and the second lumen 26 may be
connected to each other. Third lumen 28 may be generally
rectangular in cross-sectional shape. Although this particular
shape is mentioned in detail, the cross-sectional shape of the
third lumen 28 may vary in accordance with various
embodiments of the invention. Third lumen 28 may be
configured to house a planarity wire 34 (FIG. 2B). The
planarity wire 34 has opposing flat surfaces 36, 38 and is
configured to maintain the planarity of the deflectable cath-
eter shaft section 12 as the deflectable catheter shaft section
12 deflects.

[0045] Fourth and fifth lumens 30, 32 may be located on
opposing sides of the third lumen 28 for the planarity wire
34. The fourth lumen 30 may be located generally adjacent
to or abutting the third lumen 28. In accordance with an
embodiment of the invention, the third and fourth lumen 28,
30 may be disposed as proximate each other as manufac-
turally feasible, while allowing the third and fourth lumens
28, 30 to be fully formed. For example and without limita-
tion, the distance between fourth lumen 30 and the third

Dec. 6, 2018

lumen 28 may be less than about 0.010 inches (0.254 mm).
In an embodiment, the fourth lumen 30 and the third lumen
28 may be connected to each other. The fifth lumen 32 may
be located generally adjacent to or abutting the second
lumen 26. In accordance with an embodiment of the inven-
tion, the second and fifth lumens 26, 32 may be disposed as
proximate each other as manufacturally feasible, while
allowing the second and fifth lumens 26, 32 to be fully
formed. For example and without limitation, the distance
between the fifth lumen 32 and the second lumen 26 may be
less than about 0.010 inches (0.254 mm). In an embodiment,
the fifth lumen 32 and the second lumen 26 may be con-
nected to each other. The fourth and fifth lumens 30, 32 may
be generally round in cross-sectional shape. Although these
particular shapes are mentioned in detail, the cross-sectional
shape of the fourth and fifth lumens 30, 32 may vary in
accordance with various embodiments of the invention.
Fourth and fifth lumens 30, 32 may be configured to each
house a pull wire 40, 42 (FIG. 2B) to enable the deflectable
catheter shaft section 12 to deflect in two or more directions.
In particular, the handle assembly 22 described in more
detail hereinbelow may comprise at least one pull wire 40,
42 operatively connected to it to facilitate deflection of the
deflectable catheter shaft section 12. Although the deflect-
able catheter shaft section 12 is described and illustrated as
including two opposing pull wires 40, 42, it should be noted
that the deflectable catheter shaft section 12 of catheter 10 is
not limited to two opposing pull wires 40, 42. Rather, the
deflectable catheter shaft section 12 of catheter 10 may
include a single pull wire arrangement in other embodiments
of the invention. The deflectable catheter shaft section 12 of
catheter 10 may include more than two pull wires in other
embodiments of the invention. The pull wires 40, 42 may be
formed from a superelastic nickel-titanium (known as NiTi
or Nitinol) wire, carbon fiber, para-aramid synthetic fiber
generally available from DuPont under the brand name
KEVLAR®, or other suitable material in accordance with
various embodiments of the invention.

[0046] Still referring to FIG. 2B, each of the lumens 24,
26, 28, 30, 32 may be lined with liners 44 that serve the
purpose of providing a lubricious surface (e.g., to allow for
the sliding of the pull wires) and insulating the components
within the lumens 24, 26, 28, 30, 32. If provided, the liners
44 may be constructed of a polymeric material, such as
PTFE or any other suitable material.

[0047] Referring now to FIG. 3, deflectable catheter shaft
section 12 comprises a first pocket 46 at distal end 14
configured to accept a pull ring 48 (FIG. 4A). Pull wires 40,
42 are attached to diametrically opposite locations on the
pull ring 48 by a solder or weld joint, for example and
without limitation. The pull wires 40, 42 then extend from
the pull ring 48 toward the handle assembly 22. Pulling of
the pull wires 40, 42 by the handle assembly 22 during use
of the catheter 10 will cause the pull ring 48 to tilt or rock,
thereby deflecting the deflectable catheter shaft section 12.
The first pocket 46 at distal end 14 is also configured to
accept tip assembly 18.

[0048] Referring back to FIG. 1, tip assembly 18 com-
prises a tip electrode 56 having a distal end 50 and a
proximal end 52. Tip electrode 56 may be configured for
various functions and may include, without limitation, an
active outer surface that is configured for exposure to blood
and/or tissue. The tip electrode 56 may be affixed to distal
end 14 of the deflectable catheter shaft section 12 in a
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number of ways. For instance, the tip electrode 56 may be
bonded to an inner radial surface of the deflectable catheter
shaft section 12 using an epoxy material. As used herein, the
term “radial surface” means a surface at a radial distance
from a central axis or a surface developing uniformly around
a central axis (for example, but without limitation, an
arcuate surface, an annular surface, or a cylindrical surface).
The tip electrode 56 of the tip assembly 18 may have an
aperture (not shown) formed therein that is sufliciently sized
and configured to receive a wire (not shown) that is con-
nected to the tip electrode 56. One end of the wire is
connected to the tip electrode 56 and the other end is
connected to, for example, monitoring or recording or
ablation devices, such as a radiofrequency (RF) generator.
The wire is typically a pre-coated wire that is insulated from
other components in the tip assembly 18. The tip electrode
56 of the tip assembly 18 may further include an aperture
(not shown) formed therein that is configured to receive a
thermocouple (not shown). The thermocouple may be con-
figured to measure the temperature of the tip electrode 56,
targeted tissue, and/or the interface therebetween and pro-
vide feedback to the monitoring or recording or ablation
devices described hereinabove. The tip electrode 56 may
further include a fluid lumen configured as a passageway for
irrigation fluid.

[0049] Referring back to FIG. 3, deflectable catheter shaft
section 12 comprises a second pocket 58 at proximal end 16
configured to accept a shaft coupler 60 (FIGS. 4A-4B).
Referring to FIGS. 4A-4B, the shaft coupler 60 is configured
to connect the deflectable catheter shaft section 12 to the
proximal catheter shaft section 20. A distal end 62 of the
shaft coupler 60 can be affixed to the proximal end 16 of the
deflectable catheter shaft section 12 in a number of ways.
For instance, an outer radial surface 64 of the shaft coupler
60 may be bonded to an inner radial surface 66 of the
deflectable catheter shaft section 12 using an epoxy material,
for example and without limitation. A proximal end 68 of the
shaft coupler 60 can be affixed to a distal end 70 (FIG. 1) of
the proximal catheter shaft section 20 in a number of ways.
For instance, the outer radial surface 64 of the shaft coupler
60 may be bonded to an inner radial surface (not shown) of
the proximal catheter shaft section 20 using an epoxy
material, for example and without limitation. The outer
radial surface 64 of the shaft coupler 60 can comprise a
helical groove 71 in accordance with some embodiments of
the invention. The helical groove 71 can be configured to
have a variable depth in accordance with various embodi-
ments of the invention. The helical groove 71 can be
configured to improve bonding between the shaft coupler 60
and the deflectable catheter shaft section 12 in accordance
with various embodiments of the invention. For example, in
at least one embodiment the groove 71 may be configured to
hold an adhesive added during manufacturing of the catheter
10. In another embodiment, the groove 71 may be config-
ured to bond and/or grab onto various portions of the shaft
sections 12 and 20 during a reflow process, described in
more detail below. In another embodiment, the helical
groove 71 may be configured both to hold an adhesive and
bond/grab onto the shaft sections 12 and 20 during a reflow
process. The shaft coupler 60 can be generally cylindrical in
shape. The shaft coupler 60 can also include a plurality of
lumens 72,74, 76,78, 80 in communication with lumens 24,
20, 28, 30, 32 of deflectable catheter shaft section 12, which
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function as an electrical lumen, fluid lumen, planarity wire
lumen, and pull wire lumens, respectively.

[0050] Referring now to FIG. 5, deflectable catheter shaft
section 12 can be constructed of a series of polymer layer(s)
and braid structure(s). In particular, one or more wires
wound to form a cylindrical braid structure can substantially
surround the plurality of lumens 24, 26, 28, 30, 32. In
addition, a polymeric material, such as polyurethane, nylon,
or various types of plastic materials such as polyether block
amides offered under the trademark PEBAX®, which is a
registered trademark of Arkema France, Puteaux, France, or
any other suitable material, can also substantially surround
the plurality of lumens 24, 26, 28, 30, 32. Regardless of the
material used, 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.

[0051] The deflectable catheter shaft section 12 can
include one or more electrodes (such as, for example, ring
electrodes 54) mounted on or affixed to the deflectable
catheter shaft section 12. In these particular embodiments,
an active outer surface of each electrode 54 can be config-
ured for exposure to blood and/or tissue. Each electrode 54
may be assembled with the deflectable catheter shaft section
12 using any number of known processes. For instance, the
electrodes 54 may be built into the deflectable catheter shaft
section 12 using a reflow process. In such a process, the
electrodes 54 are placed at the appropriate/desired locations
on the deflectable catheter shaft section 12, and then the tip
deflectable catheter shaft section 12 is exposed to a heating
process in which the electrodes 54 and polymeric material
forming the deflectable catheter shaft section 12 become
affixed or bonded together. Sufficiently sized aperture(s) are
formed in the deflectable catheter shaft section 12 proximate
to each electrode 54 in order to allow for wires (not shown)
connected to the electrodes 54 to be threaded into first lnmen
24 of deflectable catheter shaft section 12, for example,
which may be configured for housing wiring for electrodes.
The wires may extend through the lumen 24 of deflectable
catheter shaft section 12 and may be connected to, for
example, monitoring and/or recording devices and/or abla-
tion devices associated with or connected to the catheter 10.
These devices are typically located proximate to the handle
assembly 22. The wires are typically pre-coated wires such
that they are insulated from each other and other compo-
nents in the catheter 10.

[0052] The mechanical properties of the deflectable cath-
eter shaft section 12 can be varied by varying the properties
of the cylindrical braid structure(s) and the polymeric mate-
rial (e.g., dimension of the cylindrical braid structure and/or
durometers of the polymers). Additionally, the mechanical
properties of the deflectable catheter shaft section 12 can be
varied along the length of the deflectable catheter shaft
section 12 in accordance with some embodiments of the
disclosure or can be substantially constant along the entire
length of the deflectable catheter shaft section 12 in accor-
dance with other embodiments of the disclosure.

[0053] Referring again to FIG. 1, proximal catheter shaft
section 20 can also include one or more lumens (not shown).
Generally, proximal catheter shaft section 20 can include a
single lumen. The single lumen can be in communication
with lumens 72, 74, 76, 78, 80 of shaft coupler 60, which are
in turn in communication with lumens 24, 26, 28, 30, 32 of
deflectable catheter shaft section 12. Proximal catheter shaft
section 20 can also be constructed of a series of polymer
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layer(s) and braid structure(s). In particular, one or more
wires wound to form a cylindrical braid structure can
substantially surround the one or more lumens of proximal
catheter shaft section 20. In addition, a polymeric material,
such as polyurethane, nylon, or various types of plastic
materials such as polyether block amides offered under the
trademark PEBAX®, or any other suitable material, can also
substantially surround the one or more lumens of proximal
catheter shaft section 20. Regardless of the material used,
the material must have capability to be displaced or to shrink
when subjected to a process, such as for example, a heating
process that is performed. The mechanical properties of the
proximal catheter shaft section 20 can also be varied by
varying the properties of the cylindrical braid structure(s)
and the polymeric material (e.g., dimension of the cylindri-
cal braid structure and/or durometers of the polymers).
Additionally, the mechanical properties of the proximal
catheter shaft section 20 can be varied along the length of the
proximal catheter shaft section 20 in accordance with some
embodiments of the disclosure or can be substantially con-
stant along the entire length of the proximal catheter shaft
section 20 in accordance with other embodiments of the
disclosure.

[0054] Referring now to FIGS. 6-8, the catheter 10 can
include first and second tightly wound compression coils 82,
84 disposed in the proximal catheter shaft section 20 before
engaging with the lumens 78, 80 of shaft coupler 60, which
are in turn in communication with fourth and fifth lumens
30, 32, which extend through the deflectable catheter section
12. Fach of the compression coils 82, 84 can comprise
stainless steel in accordance with an embodiment of the
invention. Each of the compression coils 82, 84 comprises a
distal end 86 and a proximal end 88 (see FIG. 8). The outer
diameter of the compression coils 82, 84 can be about 0.015
inches (0.38 mm) to about 0.030 inches (0.76 mm). The
inner diameter of the compression coils 82, 84 can be about
0.004 inches (0.10 mm) to about 0.015 inches (0.38 mm).
The compression coils 82, 84 are disposed over pull wires
40, 42. The pull wires 40, 42 extend from the pull ring 48
(FIG. 4A), through the deflectable catheter shaft section 12,
through the shaft coupler 60, through the proximal catheter
shaft section 20 to the handle assembly 22, but the com-
pression coils 82, 84 generally extend only through the
proximal catheter shaft section 20. The compression coils
82, 84 can extend the entire length of the proximal catheter
shaft section 20 in accordance with some embodiments of
the invention. In some embodiments, the one or more
lumens of the proximal catheter shaft section 20 can be lined
with liners (not shown) that serve the purpose of providing
a lubricious surface (e.g., to allow for the sliding of the pull
wires 40, 42). If provided, the liners may be constructed of
a polymeric material, such as PTFE, or any other suitable
material.

[0055] In order to provide the desired mechanical property
of resisting compression during use, a catheter may incor-
porate a stainless steel compression coil embedded within an
outer layer of the catheter shaft. However, in accordance
with an embodiment of the present invention, the distal end
86 of each of the compression coils 82, 84 may not be
embedded within an outer layer of the catheter shaft and may
not otherwise be fixedly attached to the catheter 10 or
components thereof. Instead, the compression coils 82, 84
may comprise floating members that are “sandwiched” in
between components located at the distal end 86 and proxi-
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mal end 88 of each of the compression coils 82, 84. By
separating the compression coils 82, 84 from the catheter
shaft itself, the catheter 10 can undergo bench testing for
assessing deflection of the catheter 10 prior to formation of
the catheter shaft through a reflow process as described in
more detail hereinbelow. Moreover, by not fixedly attaching
the compression coils 82, 84 to the catheter 10 or compo-
nents thereof, the invention may exhibit improved ease of
assembly. The distal end 86 of each compression coil 82, 84
can abut or be constrained by the proximal end 68 of the
shaft coupler 60 as generally illustrated in FIGS. 6 and 7. As
generally illustrated, the distal end 86 of each of the com-
pression coils 82, 84 is not fixedly attached to the shaft
coupler 60, but instead abuts or stops at or is constrained by
an axial end surface of the shaft coupler 60 (as best shown
in FIG. 7). Referring now to FIG. 8, the proximal end 88 of
each compression coil 82, 84 can abut a distal end 90 of a
portion of the handle assembly 22. Again, the proximal end
88 of each of the compression coils 82, 84 is not fixedly
attached to the handle assembly 22, but instead abuts or
stops at or is constrained by an axial end surface of the distal
end 90 of a portion of the handle assembly 22. Each
compression coil 82, 84 is tightly wound so it can bend, but
is non-compressible.

[0056] Because the compression coils 82, 84 are non-
compressible, tension on the pull wires 40, 42 will not
translate into compressive tension on the proximal catheter
shaft section 20. The compression coils 82, 84 are therefore
configured to help assure that the proximal catheter shaft
section 20 does not bend as a result of tension on the pull
wires 40, 42 and that rotational control of the catheter 10 is
not adversely affected when the pull wires 40, 42 are under
tension. By separating the compression coils 82, 84 from the
outer wall of the proximal catheter shaft section 20, the
proximal catheter shaft section 20 is configured to provide
pushability and torqueability for the catheter 10, without
concomitant shaft compression and/or snaking.

[0057] Referring back to FIG. 1, the handle assembly 22
is coupled to the proximal catheter shaft section 20 at its
proximal end (disposed within handle assembly 22 and not
shown). The handle assembly 22 is operative to, among
other things, effect movement (i.e., deflection) of the deflect-
able catheter shaft section 12. The handle assembly 22
includes a distal end 94 and a proximal end 96. Referring
now to FIGS. 9A and 9B and as will be described in greater
detail below, the handle assembly 22 includes an actuator 98
that can be selectively manipulated to cause deflectable
catheter shaft section 12 to deflect in one or more directions
(e.g., up, down, left, and right). Deflectable catheter shaft
section 12 may be configured for uni-directional deflection
in accordance with some embodiments of the invention and
may be configured for bi-directional deflection in accor-
dance with other embodiments of the invention.

[0058] Still referring to FIGS. 9A and 9B, the handle
assembly 22 includes an actuator 98, an upper grip portion
101 (see F1G. 1) and a lower grip portions 100, an electrical
plug 102 at the proximal end 96 of the handle assembly 22,
and a strain relief 104 at the distal end 94 of the handle
assembly 22. The upper and lower grip portions 101, 100,
when assembled, define a space 106 that extends laterally
through the grip portions 101, 100. The actuator 98 is
pivotally coupled to the grip portions 100 and resides in the
space 106. The actuator 98 may pivotally displace laterally
relative to the grip portions 100 through the space 106. Such
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pivotal displacement of the actuator 98 allows medical
personnel to bi-directionally deflect the deflectable catheter
shaft section 12. The pull wires 40, 42 extend from the pull
ring 48 (see FIG. 4A), through the deflectable catheter shaft
section 12, through the shaft coupler 60, through the proxi-
mal catheter shaft section 20, and into the handle assembly
22 to couple to an actuation mechanism 108 of the actuator
98 as will be described in more detail hereinbelow. The
upper and lower grip portions 101, 100 are adapted to
matingly couple with each other and serve as an enclosure
and mounting base for the actuation mechanism 108
mounted in a distal portion of the handle assembly 22. The
electrical plug 102 is adapted to be connected to a monitor-
ing or a recording or an ablation device. The electrical plug
102 is mounted in a proximal end assembly that serves as the
proximal end 96 of the handle assembly 22. The structure
and function of the actuation mechanism 108 and the
actuator 98 is described in detail in U.S. Pat. No. 7,465,288,
which is hereby incorporated by reference as though set
forth in its entirety.

[0059] The catheter 10 may include any number of other
elements such as, for example and without limitation, ther-
mocouples, thermistor temperature sensors, etc. for moni-
toring the temperature of targeted tissue and controlling the
temperature.

[0060] With reference to FIGS. 10A-15, a method of
manufacturing the deflectable catheter shaft section 12 will
now be described. The exemplary method comprises a first
step of providing a fluid lumen mandrel 110 (FIGS. 10A and
10B), an electrical lumen mandrel 112 (FIGS. 10B and 10C),
a planarity wire mandrel 114 (FIG. 10A), and two pull wire
mandrels 116, 118 (FIGS. 10A-10C). The exemplary
method further comprises a second step of providing a
mandrel alignment tool 120.

[0061] Referring in particular to FIG. 11, the mandrel
alignment tool 120 comprises a plurality of slots 122, 124,
126, 128, 130 each corresponding to one of the fluid lumen
mandrel 110, the electrical lumen mandrel 112, the planarity
wire mandrel 114, and the two pull wire mandrels 116, 118,
respectively. The mandrel alignment tool 120 can be formed
by wire cutting from slot to slot in an exemplary method of
manufacturing the catheter 10. The exemplary method fur-
ther comprises a third step of placing polymeric tubes (e.g.,
polymeric tubes 132, 134, 136 as generally illustrated in
FIG. 12) over each of the mandrels 110, 112, 114, 116, 118
so that the polymeric tubes externally surround each of the
mandrels 110, 112, 114, 116, 118. Although FIG. 12 only
shows polymeric tubes over mandrels 110, 114, and 116,
those of ordinary skill in the art will recognize that poly-
meric tubes are disposed over each of the mandrels. The
polymeric tubes (e.g., polymeric tubes 132, 134, 136) can
comprise PTFE in accordance with an embodiment of the
invention.

[0062] Referring now to FIGS. 13-15 in particular, the
exemplary method comprises a fourth step of providing
tooling 138 configured to hold the mandrel alignment tool
120. In an exemplary embodiment, the tooling 138 com-
prises five pairs of opposing clamps or tensioning blocks
140a, 1405, 1424, 1425, 144a, 144b,; 1464, 146b; and 1484,
148b. Each pair of opposing clamps or tensioning blocks
140a, 1405, 1424, 1425, 144a, 144b,; 1464, 146b; and 1484,
1485 corresponds to one of the mandrels 110, 112, 114, 116,
118, and the mandrel alignment tool 120 respectively. The
opposing clamps or tensioning blocks 140q, 1405, 1424,
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14256; 144a, 144b; 146a, 1465, and 148a, 1485 are disposed
at opposite ends of at least one elongate member 150. The
elongate member 150 is configured for facilitating place-
ment of the clamps or tensioning blocks 1404, 1405; 1424,
1425, 14da, 144b; 146a, 1465, and 1484, 148b in a prede-
termined, select position relative to each other. A first set of
clamps or tensioning blocks 140a, 1424, 144a, 1464, 148a
are in a fixed position and are generally illustrated in FIG.
14. A second set of clamps or tensioning blocks 1405, 1425,
1445, 1465, 148b are configured for tensioning. This second
set of clamps or tensioning blocks 14056, 142, 1445, 1465,
148b are configured to allow each mandrel 110, 112, 114,
116, 118 to be placed under tension and then released from
tension as desired. The tooling 138 can further comprise a
compression block 152 at one end of the elongate member
150. The compression block 152 can be disposed on the
elongate member 150 near the second set of clamps or
tensioning blocks 1405, 1425, 1445, 1465, 1485.

[0063] The exemplary method further comprises a fifth
step of clamping mandrels 110, 112, 114, 116, 118 and the
surrounding polymeric tubes into place on the tooling 138.
In particular, the mandrel alignment tool 120 may be placed
at both ends of the tooling 138 to facilitate proper placement
or alignment of the mandrels 110, 112, 114, 116, 118 in the
tooling 138. The mandrels 110, 112, 114, 116, 118 may be
placed within slots located within each of the opposing
clamps or tensioning blocks 140a, 1405; 142a, 142b; 1444,
1445b; 146a, 1465; and 1484, 1486 and each mandrel 110,
112, 114, 116, 118 may be clamped in place into one pair of
the opposing clamps or tensioning blocks 140a, 1405, 142q,
14256; 144a, 144b; 1464, 146b; and 1484, 148b.

[0064] The exemplary method further comprises a sixth
step of tensioning each mandrel 110, 112, 114, 116, 118 (e.g.,
through use of tension block 152) and a seventh step of
releasing tension of each mandrel 110, 112, 114, 116, 118
(e.g., through release of tension block 152). The exemplary
method further comprises an eighth step of placing (e.g.,
sliding) the cylindrical braid structure described herein-
above over the group of mandrels 110, 112, 114, 116, 118
and corresponding surrounding polymeric (e.g., PTFE)
tubes and stretching the cylindrical braid structure tight over
the group of mandrels 110, 112, 114, 116, 118 and corre-
sponding surrounding polymeric tubes.

[0065] The exemplary method further comprises the ninth
step of placing (e.g., sliding) one or more polymeric tubes
over the cylindrical braid structure. The one or more poly-
meric tubes slid over the cylindrical braid structure can
comprise polyurethane, nylon, or various types of plastic
materials such as polyether block amides offered under the
trademark PEBAX®, or any other suitable material, in
accordance with various embodiments of the invention. The
mechanical properties of the deflectable catheter shaft sec-
tion 12 can be varied by varying the properties the polymeric
materials (e.g., durometers of the polymeric materials uti-
lized).

[0066] The exemplary method further comprises the tenth
step of placing (e.g., sliding) a heat shrink tube (not shown)
over the one or more polymeric tubes such that both ends of
the heat shrink tube are covering the mandrel alignment
tools 120 at both ends of the tooling 138. The exemplary
method comprises the eleventh step of pre-shrinking the heat
shrink tube. The step of pre-shrinking the heat shrink tube
can be accomplished with a heat gun or other heat source in
accordance with various embodiments of the invention. The
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exemplary method further comprises the twelfth step of
placing the tooling 138 and accompanying mandrels 110,
112, 114, 116, 118, polymeric (e.g., PTFE) tubes, cylindrical
braid structure, polymeric (e.g., polyurethane, nylon,
polyether block amides available under the brand name
PEBAX®) tubes, and heat shrink tubing into an oven or
other heat source and subjecting them to a heating process
that includes reflowing a portion of the deflectable catheter
shaft section 12. The temperature of the oven and the length
of the time for the heating process can vary in accordance
with various embodiments of the invention. The exemplary
method further comprises the thirteenth step of removing the
mandrels 110, 112, 114, 116, 118 and heat shrink tubing in
accordance with methods known by those of ordinary skill
in the art. The exemplary method further comprises the
fourteenth step of trimming the deflectable catheter shaft
section 12 to a predetermined, select length.

[0067] The exemplary method can further comprise addi-
tional steps of inserting one or more components into one or
more lumens in the deflectable catheter shaft section 12 that
were formed. In an exemplary embodiment, the components
inserted and disposed within the lumens can include, as
described above, at least one electrode wire, a planarity wire
34, and/or at least one pull wire 40, 42. The components
within the deflectable catheter shaft section 12 can take the
form of any number of different or additional articles/
devices typically present in catheters used for diagnostic or
therapeutic purposes (e.g., wires corresponding to tempera-
ture sensing elements, etc.).

[0068] Although at least one embodiment of a deflectable
catheter shaft section, a catheter incorporating such a
deflectable catheter shaft section, and a method of manu-
facturing such a deflectable catheter shaft section 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 spirit or
scope of this disclosure. All directional references (e.g.,
upper, lower, upward, downward, left, right, leftward, right-
ward, top, bottom, above, below, vertical, horizontal, clock-
wise, and counterclockwise) are only used for identification
purposes to aid the reader’s understanding of the present
disclosure, and do not create limitations, particularly as to
the position, orientation, or use of the devices. Joinder
references (e.g., affixed, attached, coupled, connected, and
the like) are to be construed broadly and can include
intermediate members between a connection of elements
and relative movement between elements. As such, joinder
references do not necessarily infer that two elements are
directly connected and in fixed relationship to each other. It
is intended that all matter contained in the above description
or shown in the accompanying drawings shall be interpreted
as illustrative only and not limiting. Changes in detail or
structure can be made without departing from the spirit of
the disclosure as defined in the appended claims.

[0069] Any patent, publication, or other disclosure mate-
rial, in whole or in part, that is said to be incorporated by
reference herein is incorporated herein only to the extent that
the incorporated materials does not conflict with existing
definitions, statements, or other disclosure material set forth
in this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forth herein supersedes any
conflicting material incorporated herein by reference. Any
material, or portion thereof, that is said to be incorporated by
reference herein, but which conflicts with existing defini-
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tions, statements, or other disclosure material set forth
herein will only be incorporated to the extent that no conflict
arises between that incorporated material and the existing
disclosure material.

1.-24. (canceled)

25. A method of manufacturing a deflectable catheter
shaft section comprising the steps of:

providing a plurality of mandrels;

providing a mandrel alignment tool comprising a plurality

of slots, each of the plurality of slots configured for
housing at least a portion of one of the plurality of
mandrels;

placing a plurality of first polymeric tubes over the

plurality of mandrels;

providing tooling configured to hold the mandrel align-

ment tool, wherein the tooling comprises a plurality of
pairs of opposing tensioning blocks, each of the plu-
rality of pairs of opposing tensioning blocks corre-
sponding to one of the plurality of mandrels or the
mandrel alignment tool, and wherein each of the plu-
rality of pairs of opposing tensioning blocks is config-
ured to place one of the plurality of mandrels under
tension and release one of the plurality of mandrels
from tension;

attaching each of the plurality of mandrels and each of the

plurality of first polymeric tubes to one of the plurality
of pairs of opposing tensioning blocks;

tensioning each of the plurality of mandrels; and

releasing tension of each of the plurality of mandrels.

26. The method of manufacturing the deflectable catheter
shaft section of claim 25, wherein the step of providing a
mandrel alignment tool comprising a plurality of slots
comprises wire cutting from one of the plurality of slots to
another of the plurality of slots.

27. The method of manufacturing the deflectable catheter
shaft section of claim 25, wherein each of the plurality of
first polymeric tubes comprises polytetrafluoroethylene.

28. The method of manufacturing the deflectable catheter
shaft section of claim 25, further comprising the steps of:

placing a cylindrical braid structure over the plurality of

mandrels and the plurality of first polymeric tubes;
stretching the cylindrical braid structure; and

placing at least one second polymetic tube over the

cylindrical braid structure.
29. The method of manufacturing the deflectable catheter
shaft section of claim 25, wherein the at least one second
polymeric tube comprises polyurethane, nylon, or polyether
block amides.
30. The method of manufacturing the deflectable catheter
shaft section of claim 25, further comprising the steps of:
placing a heat shrink tube over the at least one second
polymeric tube so that the heat shrink tube covers at
least a portion of the mandrel alignment tool;

subjecting the tooling, the plurality of mandrels, the
plurality of first polymeric tubes, the cylindrical braid
structure, the at least one second polymeric tube, and
the heat shrink tube to a heating process; and

reflowing at least a portion of the deflectable catheter
shaft section.

31. The method of manufacturing the deflectable catheter
shaft section of claim 30, further comprising the step of
pre-shrinking the heat shrink tube, wherein the step of
pre-shrinking the heat shrink tube comprises applying heat
with a heat gun.
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32. The method of manufacturing the deflectable catheter
shaft section of claim 30 further comprising the steps of:

removing the plurality of mandrels;

removing the heat shrink tube; and

trimming at least a portion of the deflectable catheter shaft

section to a select length.

33. The method of manufacturing the deflectable catheter
shaft section of claim 30, further comprising the step of
placing the tooling and the plurality of mandrels proximate
a heat source and subjecting to a heating process, wherein
the heating process includes reflowing a portion of the
deflectable catheter shaft section.

34. The method of manufacturing the deflectable catheter
shaft section of claim 32, further comprising the step of
inserting one or more components into one or more lumens
in the deflectable catheter shaft section formed.

35. The method of manufacturing the deflectable catheter
shaft section of claim 34, wherein the components comprise
one or more of at least one electrode wire, a planarity wire,
at least one pull wire, and a temperature sensor wire.

36. The method of manufacturing the deflectiable catheter
shaft section of claim 25, wherein the plurality of mandrels
comprise one or more of a fluid lumen mandrel, an electrical
lumen mandre, a planarity wire mandrel, and a pull wire
mandrel.

37. The method of manufacturing the deflectable catheter
shaft section of claim 25, further comprising a compression
block, wherein the compression block is proximate the
plurality of pairs of opposing tensioning blocks.
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38. An elongate medical device comprising:

a deflectable cather shaft section extending along a lon-
gitudinal axis with a deflectable catheter shaft proximal
end and a deflectable catheter shaft distal end;

a plurality of polymeric tubes extending along the longi-
tudinal axis from the deflectable catheter shaft proximal
end to the deflectable catheter shaft distal end, wherein
each of the plurality of polymeric tubes have a portion
under tension;

39. The elongate medical device of claim 38, further
comprising a cylindrical braid structure over the plurality of
polymeric tubes.

40. The elongate medical device of claim 39, further
comprising at least one second polymeric tube over the
cylindrical braid structure.

41. The elongate medical device of claim 40, wherein a
portion of the deflectable catheter shaft section comprises
reflowed material.

42. The elongate medical device of claim 38, further
comprising a first lumen.

43. The elongate medical device of claim 42, further
comprising a second lumen, wherein the second lumen abuts
the first lumen.

44. The elongate medical device of claim 43, further
comprising a third lumen, wherein the third lumen com-
prises a rectangular cross section.

* ok %k
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