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DEFLECTABLE CATHETER SHAFT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. provi-
sional application No. 62/295,352, filed 15 Feb. 2016, which
is hereby incorporated by reference as though fully set forth
herein.

BACKGROUND

a. Field

[0002] The present disclosure relates generally to a
deflectable catheter shaft.

b. Background

[0003] Some medical procedures can involve accessing
areas of the heart to perform diagnostic, therapeutic, and/or
mapping procedures. Medical devices, such as catheters
have been used for medical procedures for a number of
years. It is necessary for catheters to exhibit a degree of
flexibility to be able to maneuver through the vasculature of
a patient during the performance of cardiac procedures and
a degree of steering to position a distal end of the catheter
in a particular location within the heart. For example, a
catheter can be equipped with an ultrasound transducer
located at a distal end of the catheter. The ultrasound
transducer can be introduced into the heart and the catheter
can be deflected to position the ultrasound transducer in a
particular position and/or orientation, allowing for visual-
ization of cardiac structures and/blood flow within the heart,
for example.

[0004] A catheter can also be equipped with a therapeutic
device and/or mapping device at a distal end of the catheter.
The therapeutic device can include an ablation device and
the mapping device can include a magnetic coil and/or an
electrode, for example. The therapeutic device and/or a
mapping device can be introduced into the heart via the
catheter and the catheter can be deflected to position and/or
orient the therapeutic device and/or mapping device.

BRIEF SUMMARY

[0005] Various embodiments herein provide a deflectable
catheter shaft. In at least one embodiment, a catheter shaft
can comprise an elongated structure that includes a distal
portion and a proximal portion. The distal portion can
include a distal tip, a proximal connector, and a plurality of
pivoting hollow cylindrical segments disposed between the
proximal connector and the distal tip along a longitudinal
axis that extends through the elongated structure. The cath-
eter shaft can include a plurality of connections disposed
along diametrically opposed sides of the distal portion that
are configured to connect the distal tip, the plurality of
pivoting hollow cylindrical segments, and the proximal
connector. The catheter shaft can include a diametrically
opposed pair of tabs that extend from an inner wall of each
of the plurality of pivoting hollow cylindrical segments that
forms a first and second pullwire tunnel. The catheter shaft
can include a first and second pullwire that extend through
the first and second pullwire tunnel.

[0006] In at least one embodiment, a catheter shaft can
comprise an elongated structure, wherein the elongated
structure includes a distal portion and a proximal portion.
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The distal portion can include a proximal hollow cylindrical
segment disposed next to and connected with a pivoting
hollow cylindrical segment. The proximal hollow cylindri-
cal segment can include a distal face and the pivoting hollow
cylindrical segment can include a proximal face. A first and
second longitudinally extending projection can be disposed
on at least a first one of the distal face of the proximal hollow
cylindrical segment and the proximal face of the pivoting
hollow cylindrical segment. A first and second socket cor-
responding to the first and second longitudinally extending
projections can be disposed on at least a second one of the
distal face of the proximal hollow cylindrical segment and
the proximal face of the pivoting hollow cylindrical seg-
ment. A diametrically opposed pair of tabs can extend from
an inner wall of each hollow cylindrical segment.

[0007] In at least one embodiment, a catheter shaft can
comprise an elongated structure. The elongated structure can
include a distal portion that includes a distal tip and a
proximal portion connected to the distal portion. The distal
portion can include a plurality of hollow cylindrical seg-
ments that are connected to one another via diametrically
opposed hinges. Each of the plurality of hollow cylindrical
segments includes a diametrically opposed pair of tabs that
extend from an inner wall of each hollow cylindrical seg-
ment to form first and second diametrically opposed pull-
wire tunnels. A first pullwire can extend from the proximal
portion through the first pullwire tunnel and can be con-
nected to the distal tip. Pulling of the first pullwire can cause
the distal tip to deflect in a first direction. A second pullwire
can extend from the proximal portion through the second
pullwire tunnel and can be connected to the distal tip.
Pulling of the second pullwire can cause the distal tip to
deflect in a second direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a side view of a catheter that includes a
catheter shaft, in an undeflected state, connected to a cath-
eter handle, in accordance with embodiments of the present
disclosure.

[0009] FIG. 2A is an isometric side and top view of a distal
portion of a catheter shaft, in accordance with embodiments
of the present disclosure.

[0010] FIG. 2B is a cross-sectional view of the distal
portion of the catheter shaft, in accordance with embodi-
ments of the present disclosure.

[0011] FIG. 3A is an isometric side and bottom view of a
distal portion of a catheter shaft looking distally, in accor-
dance with embodiments of the present disclosure.

[0012] FIG. 3B is a side view of a proximal connector and
depicts a tab, in accordance with embodiments of the present
disclosure.

[0013] FIG. 3C is a front cross-sectional view that depicts
a first tab configuration, in accordance with embodiments of
the present disclosure.

[0014] FIG. 3D is a front cross-sectional view that depicts
a second tab configuration, in accordance with embodiments
of the present disclosure.

[0015] FIG. 3E is a front cross-sectional view that depicts
a third tab configuration, in accordance with embodiments
of the present disclosure.

[0016] FIG. 4 is a side view of an ultrasound transducer
connected to a distal portion of a catheter shaft, which is
connected to a proximal portion of the catheter shaft, in
accordance with embodiments of the present disclosure.



US 2019/0030287 A1

[0017] FIG. 5Ais a side view of the ultrasound transducer,
the distal portion, and the proximal portion of the catheter
shaft, in accordance with embodiments of the present dis-
closure.

[0018] FIG. 5B is an isometric side and top view of the
proximal side of the distal portion of the catheter shaft.
[0019] FIG. 6A is a side view of a catheter shaft in a first
flexed state, in accordance with entbodiments of the present
disclosure.

[0020] FIG. 6B is a side view of the catheter shaft in FIG.
6A in a second flexed state, in accordance with embodiments
of the present disclosure.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] Referring now to the drawings wherein like refer-
ence numerals are used to identify identical or similar
components in the various views, FIG. 1 is a side view of a
medical device 10 that includes a catheter shaft 12, a
proximal end of which is connected to a handle assembly 14.
The catheter shaft 12 is an elongated structure that includes,
a proximal portion 16, distal portion 18, and an ultrasound
transducer 20. In some embodiments, the proximal portion
16 can include a distal connective portion 17 and a proximal
connective portion 15. For example, a proximal end of the
proximal connective portion 15 can be connected to the
handle assembly 14; a distal end of the proximal connective
portion 15 can be connected to a proximal end of the distal
connective portion 17 and a distal end of the distal connec-
tive portion 17 can be connected to a proximal end of the
distal portion 18. The ultrasound transducer 20 can be
connected to the distal end of the distal portion 18. In some
embodiments, the ultrasound transducer 20 can have a
particular field of view 22, which can be generated from one
side of the ultrasound transducer 20.

[0022] Inanexemplary application, medical device 10 can
be an intracardiac echocardiography (ICE) catheter and can
be used to acquire images of the walls of the heart, which
may then be registered with a pre-acquired model of the
heart. To capture the images, ultrasound transducer 20
transmits ultrasound waves and receives reflections of the
transmitted waves from within field of view 22. The reflec-
tions can be used to construct an image of anatomical
structures, medical devices, and other objects within field of
view 22.

[0023] In some embodiments, instead of, or in addition to
the ultrasound transducer 20, other diagnostic, therapeutic,
or mapping devices can be placed at a distal end of the distal
portion 18, or along the catheter shaft. For example, a
therapeutic device, such as an ablation tip, can be placed at
the distal end of the distal portion 18, or mapping devices
such as an electromagnetic position sensor (e.g., coil) or
electric position sensor (e.g., electrode) can be placed at the
distal end of the distal portion 18, or along the catheter shaft
12. Accordingly, one of ordinary skill in the art will recog-
nize and appreciate that the inventive medical device 10 and
method of manufacturing the same can be used in any
number of diagnostic, therapeutic, and/or mapping applica-
tions.

[0024] Generally, the length of the distal portion 18 can
range from about 2 inches (18.8 mm) to about 6 inches
(119.4 mm) and the diameter of the distal portion 18 can
range from about 5 French to about 12 French. The diameter
of the distal portion 18 can be approximately 7 French in
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accordance with some embodiments. Although these par-
ticular dimensions are mentioned, the dimensions of the
distal portion 18 can vary in accordance with various
applications of the distal portion 18. The distal portion 18
can be configured for deflection independent of the proximal
portion 16. As discussed herein, in some embodiments, the
proximal portion 16 can include a proximal connective
portion 15 and a distal connective portion 17. In some
embodiments, the proximal connective portion 15 and the
distal connective portion 17 can have different flexibilities
associated with each portion. For example, the proximal
connective portion 15 can have a flexibility that is greater
(e.g., is more flexible) than the distal connective portion 17.
Alternatively, the proximal connective portion 15 can have
a flexibility that is less (e.g., is less flexible) than the distal
connective portion 17. In some embodiments, the distal
connective portion 17 and the proximal connective portion
15 can have a same flexibility.

[0025] The ultrasound transducer 20 can be affixed to a
distal end of the distal portion 18 in a number of ways. For
instance, the ultrasound transducer 20 may be bonded to an
inner and/or outer radial surface of the distal portion 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, and/or a cylindrical surface).

[0026] The distal portion 18 can include one or more
lumens that are disposed along a length of the distal portion
18. In some embodiments, the one or more lumens can be
provided for passage of components associated with the
transducer 20 (e.g., wires) or other devices positioned at the
distal end of the distal portion 18.

[0027] The proximal portion 16 can also include one or
more lumens. The proximal portion 16 can be constructed of
a series of polymer layer(s) and braid structure(s). In par-
ticular, one or more wires wound to form a cylindrical braid
structure can substantially surround the one or more lumens
of proximal portion 16. 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
portion 16. The material can have the capability to be
displaced and/or to shrink when subjected to a process, such
as for example, a heating process that is performed. The
mechanical properties of the proximal portion 16 can also be
varied by varying the properties of the cylindrical braid
structure(s) and the polymeric material (e.g., dimension of
the cylindrical braid structure and/or durometers of the
polymers). Additionally, the mechanical properties of the
proximal portion 16, can be varied along the length of the
proximal portion 16 in accordance with some embodiments
of the disclosure. Alternatively, the mechanical properties of
the proximal portion 16 can be substantially constant along
the entire length of the proximal portion 16, in accordance
with some embodiments of the disclosure.

[0028] The handle assembly 14 can be coupled to the
proximal portion 16 at its proximal end (disposed within
handle assembly 14 and not shown). The handle assembly
14 can be operative to, among other things, effect movement
(i.e., deflection) of the catheter shaft 12. The handle assem-
bly 14 includes a distal end 24 and a proximal end 26. The
handle assembly 14 includes one or more actuators (e.g.,
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actuators 29, 30) that can be selectively manipulated to
cause catheter shaft 12 to deflect in one or more directions
(e.g., up, down, left, and right). In some embodiments, the
distal portion 18 can be configured for bi-directional deflec-
tion in a first deflection plane, in a direction of arrow 28
(e.g., left, right), and the proximal portion 16 of the catheter
shaft 12 can be configured for bi-directional deflection in a
second deflection plane, in a direction of arrow 27 (e.g., up,
down). For example, the proximal portion 16 can deflect
(e.g., up, down), in an opposite direction of the distal portion
18 (e.g., left, right). In some embodiments, one of the
actuators 29, 30 can control deflection of the proximal
portion 16 and the other one of the actuators 29, 30 can
control deflection of the distal portion 18.

[0029] Insome embodiments of the present disclosure, the
distal portion 18 can achieve a small radius of curvature in
the first deflection plane in relation to the proximal portion
16, such that the transducer can be deflected from side to
side. The proximal portion 16 can achieve a larger radius of
curvature with respect to the distal portion 18 in the second
deflection plane. In some embodiments, an amount of force
necessary to achieve the small radius of curvature in the
distal portion 18 can be decreased, as a result of how the
proximal portion 16 and the distal portion 18 are con-
structed.

[0030] In addition, as a result of how the proximal portion
16 and the distal portion 18 are constructed, an amount of
force requisite for the distal portion 18 to attain the small
radius of curvature can be decoupled from the proximal
portion 16. For example, an amount of force can be applied
to the distal portion 18 (e.g., via pullwires) to attain the small
radius of curvature in the first plane, while providing mini-
mal or no deflection of the proximal portion 16 in the second
plane. In addition, an amount of force can be applied to the
proximal portion 16 (e.g., via pullwires) to attain the larger
radius of curvature in the second plane, while providing
minimal or no deflection of the distal portion 18 in the first
plane. In some embodiments, the ultrasound transducer 20
can be aimed through deflection of the distal portion 18 and
the proximal portion 16, while allowing for discreet radius
of curvatures for the distal portion 18 and the proximal
portion 16 along the first plane and second plane, respec-
tively.

[0031] FIG. 2Ais an isometric side view of a distal portion
18 of a catheter shaft 12, in accordance with embodiments
of the present disclosure. As discussed herein, the catheter
shaft 12 can include an elongated structure that includes a
distal portion 18, and a proximal portion 16. In some
embodiments, the distal portion 18 can include a distal tip
36, a proximal connector 38, and a plurality of pivoting
hollow cylindrical segments 40-1, 40-2, 40-3, 40-4 disposed
between the proximal connector 38 and the distal tip 36
along a longitudinal axis that extends through the elongated
structure of the catheter shaft 12. The pivoting hollow
cylindrical segments 40-1, 40-2, 40-3, 40-4 are hereinafter
generally referred to herein as the plurality of pivoting
hollow cylindrical segments 40.

[0032] In some embodiments, the pivoting hollow cylin-
drical segments 40 can be formed from a semi-rigid and/or
rigid material, such that the pivoting hollow cylindrical
segments 40 can generally maintain their shape. In an
example, the plurality of pivoting hollow cylindrical seg-
ments 40 can be formed from a rigid material, such as a
metal (e.g., nitinol, stainless steel). In some embodiments,
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the distal tip 36 and the proximal connector 38 can also be
hollow cylindrical segments formed from a semi-rigid and/
or rigid material. For example, the distal tip 36 can be a
distal hollow cylindrical segment and the proximal connec-
tor 38 can be a proximal hollow cylindrical segment. Thus,
an elongate lumen can extend through the proximal connec-
tor 38, through the plurality of pivoting hollow cylindrical
segments 40, and through the distal tip 36.

[0033] The proximal connector 38 can have a proximal
and distal face and can be configured to connect with the
proximal portion 16 of the catheter shaft 12. The proximal
face of the proximal connector 38 can be connected to the
proximal portion 16 of the catheter shaft 12, and/or an outer
radial surface and/or inner radial surface of the proximal
connector 38 can be configured to connect with the proximal
portion 16. For example, the proximal portion 16 can be
attached via an epoxy to the proximal face, the outer radial
surface, and/or inner radial surface of the proximal connec-
tor 38.

[0034] In some embodiments, a plurality of connections
can be disposed along diametrically opposed sides of the
distal portion 18 and can be configured to connect the distal
tip 36, the plurality of pivoting hollow cylindrical segments
40, and the proximal connector 38. As depicted in FIG. 24,
each of the plurality of connections can include a male
connection 42-1, 42-2, 42-3, 42-4, 42-5, hereinafter gener-
ally referred to as male connections 42. Further, as depicted
in FIG. 2A, each of the plurality of connections can include
a female connection 44-1, 44-2, 44-3, 44-4, 44-5, hereinafter
generally referred to as female connections 44. Each of the
plurality of pivoting hollow cylindrical segments 40, the
distal tip 36, and the proximal connector 38 can have a
proximal face and a distal face. The male connection 42 can
be a longitudinally extending projection disposed on at least
one of the adjoining faces between the proximal connector
38 and the most proximal pivoting hollow cylindrical seg-
ment 40-1 and at least one of the adjoining faces between the
distal tip 36 and the most distal pivoting hollow cylindrical
segment 40-4. Additionally, the male connection 42 can be
disposed on at least one of the adjoining faces between each
of the pivoting hollow cylindrical segments 40.

[0035] Faces (e.g., adjoining faces) of the distal tip 36, the
pivoting hollow cylindrical segments 40, and the proximal
connector 38 that correspond to faces with the male con-
nection 42 can have a female connection 44. In an example,
the female connection 44 can be a socket, in some embodi-
ments, that corresponds to and/or accepts the male connec-
tion 42, as depicted in FIG. 2A. Thus, adjacent faces can
have a first and second socket that corresponds to the first
and second male connection 42 (e.g., first and second
longitudinally extending projections). In some embodi-
ments, the male connection 42 can include a rounded
longitudinally extending projection and the female connec-
tion 44 can include an inwardly shaped recess that is
configured to surround the rounded longitudinally extending
projection more than 180 degrees. By surrounding the
rounded projection more than 180 degrees, the male con-
nection 42 and the female connection 44 can be locked
together, such that they cannot be pulled apart along the
longitudinal axis.

[0036] In some embodiments, the male connection 42 and
the female connection 44 can form a hinge that can connect
the proximal connector 38, the plurality of pivoting hollow
cylindrical segments 40, and/or the distal tip 36. The hinge
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can allow the distal portion 18 to deflect bi-directionally, as
further discussed herein. In an example, a plurality of
diametrically opposed hinges can be formed on a first side
and a second side of the distal portion 18 and can be
configured to connect the proximal connector 38, the plu-
rality of pivoting hollow cylindrical segments 40, and the
distal tip 36.

[0037] In addition, the male connection 42 and the female
connection 44 can be cut to center, such that the male
connection 42 and the female connection 44 cannot move
laterally, along an elongate axis extending through the distal
portion 18, with respect to one another and separate. FIG. 2B
is a cross-sectional view of the distal portion 18 of the
catheter shaft 12, in accordance with embodiments of the
present disclosure. In particular, FIG. 2B depicts a cross-
sectional view of pivoting hollow cylindrical segment 40-1.
In some embodiments, a laser can form cuts 60-1, 60-2,
62-1, 62-2 in a sidewall of a hollow cylindrical tube to form
the male connection 42-1 that extends from proximal con-
nector 38 and the female connection 44-1 that is formed in
the pivoting hollow cylindrical segment 40-1. In an
example, the cuts 60-1, 60-2, 62-1, 62-2 can be angled
toward a central axis of the hollow cylindrical tube, as
shown. In an example, the cuts 60-1, 60-2, 62-1, 62-2 can be
made on diametrically opposed sides of the hollow cylin-
drical tube. The cuts 60-1, 60-2 can be part of a same cut
made on one side of the hollow cylindrical tube and the cuts
62-1, 62-2 can be part of a same cut made on another side
of the hollow cylindrical tube. For example, the cuts 60-1,
60-2 and 62-1, 62-2 can extend around an outer perimeter of
the male connection 42-1 and an inner perimeter of the
female connection 44-1.

[0038] The cuts 60-1, 60-2 on a first side can be angled
towards the central axis of the hollow cylindrical tube and
the cuts 62-1, 62-2 on a second side can also be angled
towards the central axis of the hollow cylindrical tube. As
such, the cuts 60-1, 60-2 on a first side can be made at an
angle that is opposite to the cuts 62-1, 62-2 on an opposite
side of the hollow cylindrical tube.

[0039] In some embodiments, each adjoining face
between the distal tip 36, the plurality of pivoting hollow
cylindrical segments 40, and the proximal connector 38 can
include at least one male connection 42 and one female
connection 44. For example, a proximal face of the distal tip
36 can include two female connections, two male connec-
tions, or a female connection and a male connection.
Accordingly, the distal face of the most distal pivoting
hollow cylindrical segment 40-4 can have connections that
correspond to the proximal face of the distal tip 36. Like-
wise, the distal face of the proximal connector 38 can
include two female connections, two male connections, or a
female connection and a male connection. Accordingly, the
proximal face of the most proximal pivoting hollow cylin-
drical segment 40-1 can have connections that correspond to
the proximal face of the distal tip 36. In addition, each one
of the proximal and distal faces of the plurality of pivoting
hollow cylindrical segments 40 can include two female
connections, two male connections, or a female connection
and a male connection. Accordingly, an adjoining face of an
adjacent pivoting hollow cylindrical segment can have con-
nections that correspond.

[0040] The most proximal pivoting hollow cylindrical
segment 40-1 can be disposed next to and can be connected
with the proximal connector 38. In an example, the proximal
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face of the most proximal pivoting hollow cylindrical seg-
ment 40-1 can be connected to the distal face of the proximal
connector 38 and the distal face of the most proximal
pivoting hollow cylindrical segment 40-1 can be connected
to the proximal face of the second most proximal pivoting
hollow cylindrical segment 40-2. As such, each of the
plurality of pivoting hollow cylindrical segments 40 can be
connected to one another via proximal and distal faces of
each of the plurality of pivoting hollow cylindrical segments
40. In addition, the distal tip 36 can be connected to a most
distal one of the pivoting hollow cylindrical segments 40-4
via a proximal face of the distal tip 36 and a distal face of
the most distal pivoting hollow cylindrical segment 40-4.
For example, the distal tip 36 can be connected to one of the
pivoting hollow cylindrical segments 40 via adjacent faces
of the distal tip 36 and the most distal one of the pivoting
hollow cylindrical segment 40-4; the pivoting hollow cylin-
drical segments 40 can be connected to one another via their
adjacent faces; and the proximal connector 38 can be
connected to a most proximal one of the pivoting hollow
cylindrical segments 40-1 via their adjacent faces.

[0041] Insome embodiments, diametrically opposed pivot
spaces 46-1, 46-2 and 48-1, 48-2 can be formed 90 degrees
opposed to each pair of connections. For example, the pivot
spaces can be formed by removing a portion of the proximal
and/distal face of each pivoting hollow cylindrical segment
40, proximal face of the distal tip 36, or distal face of the
proximal connector 38 between a point on each face that is
90 degrees opposed to the connection (e.g., male connector
and female connector) and a base of each connection. For
example, as depicted in FIG. 2A, material has been removed
on a distal face of the proximal connector 38 between the
base 50 of the male connector 42-1 and a point that is 90
degrees opposed to the male connector 42-1 to create the
pivot space 48-1.

[0042] In an example, the pivot spaces can allow the distal
portion 18 to deflect bi-directionally. For instance, the distal
portion 18 has been deflected to the left in FIG. 2A,
revealing the pivot spaces 46-1, 48-1, for example, and
causing the pivot spaces 46-2, 48-2 to close. The distal
portion 18, however, can also be deflected to the right, to
cause the pivot spaces 46-2, 48-2 to be revealed. In some
embodiments, the pivot spaces 46-1, 46-2, 48-1, 48-2 can
allow the distal portion to deflect perpendicular to a plane
that extends through the plurality of connections. Although
pivot spaces 46-1, 46-2, 48-1, 48-2 are discussed, adjacent
faces between the distal tip 36, the plurality of pivoting
hollow cylindrical segments 40, and the proximal connector
38 can include pivot spaces, as depicted in at least FIG. 2A.

[0043] In some embodiments, distal pullwires 52-1, 52-2
can extend from the proximal portion 16 through the distal
portion 18. In an example, the distal pullwires 52-1, 52-2 can
extend from the handle 14 and can be connected to one of
the actuators 29, 30. In some embodiments, the distal tip 36,
each of the plurality of pivoting hollow cylindrical segments
40, and the proximal connector 38 can include tabs through
which pullwires can extend. For example, the proximal
connector 38 and the most proximal pivoting hollow cylin-
drical segment 40-1 are illustrated as having tabs 54-1, 56-1.
The distal pullwires 52-1, 52-2 can extend through a pull-
wire tunnel created by the tabs in the distal portion 18 and
can be connected to the distal tip 36, in some embodiments.
The tabs are discussed further herein. In some embodiments,
the catheter shaft 12 can include proximal pullwires 58-1,
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58-2 that extend through the proximal portion 16 and can be
connected to the proximal connector 38 and to an actuator
29, 30 in the handle 14.

[0044] In some embodiments, the distal portion 18 can be
formed from a unitary piece of material. For example, the
distal portion 18 can be formed from a single hollow
cylindrical tube, in some embodiments. In an example,
diametrically opposed pivot spaces can be formed along two
sides of the unitary piece of material. The diametrically
opposed pivot spaces can be cut outs that are formed in a
sidewall of the hollow cylindrical tube. The diametrically
opposed pivot spaces can define a diametrically opposed
spine portion that runs along either side of the hollow
cylindrical tube. In an example, the diametrically opposed
pivot spaces can be formed between the distal tip, an
adjacent pivoting hollow cylindrical segment, each of the
plurality of pivoting hollow cylindrical segments, and
between the proximal connector and an adjacent pivoting
hollow cylindrical segment. The diametrically, opposed
spine portion can connect the proximal connector, the plu-
rality of pivoting hollow cylindrical segments, and the distal
tip and can allow the hollow cylindrical tube to be deflected
in a bidirectional manner.

[0045] In some embodiments, the hollow cylindrical tube
can be made from a semi-rigid and/or flexible material. For
example, the hollow cylindrical tube can be made from a
polymer, which can allow the diametrically opposed spine to
flex between the proximal connector and an adjacent pivot-
ing hollow cylindrical segment, between the plurality of
hollow cylindrical segments, and between the distal tip and
an adjacent pivoting hollow cylindrical segment.

[0046] In some embodiments, the proximal connector, the
plurality of pivoting hollow cylindrical segments, and/or the
distal tip can have tabs that are formed in a manner such as
that discussed herein, which can create pullwire tunnels
through the distal portion. The tabs are discussed further in
relation to FIGS. 3A to 3E. In an example, pullwires can pass
through the pullwire tunnels and can be attached to the distal
tip. The pullwire tunnels that are formed via the tabs can
allow for movement of a pullwire through each tunnel,
allowing the distal portion to deflect.

[0047] FIG. 3A is an isometric side and bottom view of a
distal portion of a catheter shaft 12 looking distally and
depicts pairs of diametrically opposed tabs 54-1, 54-2 and
56-1, 56-2, in accordance with embodiments of the present
disclosure. As depicted, the diametrically opposed pair of
tabs 54-1, 54-2 is shown on the proximal connector 38 and
the diametrically opposed pair of tabs 56-1, 56-2 is shown
in the most proximal pivoting hollow cylindrical segment
40-1. In some embodiments, a diametrically opposed pair of
tabs 56-1, 56-2 can extend from an inner wall of each of the
plurality of pivoting hollow cylindrical segments 40. In
some embodiments, diametrically opposed pairs of tabs can
extend from the distal tip 36. The diametrically opposed
pairs of tabs can be 90 degrees opposed to the connections
(e.g., hinges), in some embodiments. For example, as
depicted, the diametrically opposed pair of tabs 54-1, 54-2
can be 90 degrees opposed to the connections (e.g., male
female connections) between the proximal connector 38 and
the most proximal pivoting hollow cylindrical segment 40-1.
However, the diametrically opposed pair of tabs 54-1, 54-2
can be more or less opposed to the connections than 90
degrees. In an example, the tabs can run along the same side
of the distal portion 18, as depicted in FIG. 3A.
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[0048] FIG. 3B is a side view of a proximal connector 38
and depicts a tab 54-1, in accordance with embodiments of
the present disclosure. Although proximal connector 38 is
discussed in relation to FIG. 3B, the pivoting hollow cylin-
drical segments 40 and/or the distal tip 36 can include the
same or similar features as those discussed in relation to the
proximal connector 38. The tab 54-1 can include a proximal
finger 80-1 and a distal finger 80-2 that are adjacently
opposed to one another. For example, the proximal finger
80-1 and the distal finger 80-2 may not be directly opposed
to one another, in some embodiments. As illustrated in FIG.
3A, the proximal finger 80-1 and the distal finger 80-2 can
be adjacently opposed to one another, such that portions of
the proximal finger 80-1 and the distal finger 80-2 are
adjacent to one another and/or touch, in some embodiments.

[0049] In some embodiments, the proximal finger 80-1
and the distal finger 80-2 can be formed by making cross-
longitudinal cuts in a wall of each of the proximal connector
38, the plurality of pivoting hollow cylindrical segments 40,
and/or the distal tip 36. As such, the tabs (e.g., tab 54-1) and
the proximal finger 80-1 and the distal finger 80-2 can be
defined by cross-longitudinal cuts made in a wall of the
proximal connector 38. For example, when the proximal
connector 38 is a hollow cylindrical segment, a cut can be
made from an outer radial surface of the proximal connector
38 partially or all the way through the proximal connector 38
to the inner radial surface of the proximal connector 38. In
some embodiments, a proximal cross-longitudinal cut 82
can be made in the proximal connector 38, a middle cross-
longitudinal cut 84 can be made in the proximal connector
38 and a distal cross-longitudinal cut 86 can be made in the
proximal connector 38.

[0050] The cross-longitudinal cuts can be made perpen-
dicular to the longitudinal axis defined by dotted line AA and
can define each tab (e.g.. tab 54-1). In some embodiments,
the cross-longitudinal cuts can be between parallel and
perpendicular to the longitudinal axis AA of the proximal
connector 38. For example, each of the cross-longitudinal
cuts can be disposed at an angle to the longitudinal axis that
is greater than or less than 90 degrees. The longitudinal axis
AA can extend through the distal portion 18 and cross-
longitudinal cuts can be made in each of the pivoting hollow
cylindrical segments 40 and/or distal tip 36, in addition to
the proximal connector 38. Thus, cross-longitudinal cuts can
be made in the proximal connector 38 and can be perpen-
dicular to a longitudinal axis AA of the proximal connector
38, cach of the plurality of pivoting hollow cylindrical
segments 40, and/or the distal tip 36.

[0051] In some embodiments, the proximal finger 80-1
and the distal finger 80-2 can be bent inwardly and away
from an inner radial surface of the proximal connector 38.
For example, a tip 88-1, 88-2 of each finger 80-1, 80-2 can
be curved inwardly toward the longitudinal axis defined by
line AA, as depicted in FIG. 3A and FIG. 3C. For instance,
each finger 80-1, 80-2 can extend outwardly from a base
90-1, 90-2 of each finger 80-1, 80-2 and can be gradually
curved toward the longitudinal axis AA. In some embodi-
ments, the inwardly bent finger 80-1, 80-2 (and fingers 80-3,
80-4 depicted in FIG. 3A) can be curved toward the longi-
tudinal axis AA, as depicted in FIG. 3A and FIG. 3C. In an
example, each inwardly bent finger 80-1, . . ., 80-4 can form
a concave shape with respect to an inner radial surface of the
proximal connector 38. The tips 88-1, 88-2 of the proximal
finger 80-1 and the distal finger 80-2 can be adjacent to one
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another and/or can be connected to one another, in some
embodiments. For example, as depicted in FIG. 3A, tips of
the proximal finger and the distal finger can be connected via
an adhesive, such as an epoxy, and/or the proximal finger
and the distal finger can be connected via a welding process.
As depicted in FIG. 3B, the proximal finger and the distal
finger 80-1, 80-2 can be inwardly bent and can be connected
to one another along line BB.

[0052] FIG. 3D is a front cross-sectional view that depicts
a second tab configuration, in accordance with embodiments
of the present disclosure. In some embodiments, each finger
100-1, 100-2, 100-3, 100-4 can have an inverse curve. For
example, each finger 100-1,100-2, 100-3, 100-4 can have an
inverse curve of that depicted in FIG. 3A and FIG. 3C. For
instance, each finger 100-1, 100-2, 100-3, 100-4 can be
curved down and away from a base of each finger and
toward a tip of the adjacently opposed finger, such that tips
of each finger 100-1, 100-2, 100-3, 100-4 are located adja-
cent to one another. In some embodiments, as depicted in
FIG. 3D, each finger 100-1, 100-2, 100-3, 100-4 can form a
concave shape with respect to an inner radial surface of the
proximal connector 38'. In an example, the tips of each
finger 100-1, 100-2, 100-3, 100-4 can be connected to one
another. For instance, the tips of each finger 100-1, 100-2,
100-3, 100-4 can be connected with an epoxy and/or can be
welded together, in some examples.

[0053] FIG. 3E is a front cross-sectional view that depicts
a third tab configuration, in accordance with embodiments
of the present disclosure. In some embodiments, each finger
102-1, 102-2,102-3,102-4 can be bent in a compound shape
with respect to an inner radial surface of the proximal
connector 38". For example, progressing from a base of each
finger 102-1, 102-2, 102-3, 102-4 to a tip of each finger
102-1, 102-2, 102-3, 102-4, the finger 102-1, 102-2, 102-3,
102-4 can be bent in a concave shape near the base, which
can transition into a concave shape near the tip of each finger
102-1, 102-2, 102-3, 102-4. As discussed herein, the tips of
each finger 102-1, 102-2, 102-3, 102-4 can be connected to
each other and, as depicted in FIG. 3E, the connected fingers
102-1, 102-2, 102-3, 102-4 can form a bell shape.

[0054] In some embodiments, the plurality of pivoting
hollow cylindrical segments 40 and the distal tip 36 can have
tab configurations that are the same or similar to the tab
configuration discussed in relation to FIGS. 3A to 3E. For
example, the plurality of pivoting hollow cylindrical seg-
ments 40 and the distal tip 36 can have tab configurations
that are the same or similar to those included on the proximal
connector 38. In some embodiments, the cross-longitudinal
cuts 82, 84, 86, depicted in FIG. 3B can be formed in each
of the proximal connector 38, the plurality of pivoting
hollow cylindrical segments 40, and/or the distal tip 36. A
punch and/or press can be used to bend the fingers 80-1, 80-2
toward the longitudinal axis AA. In an example, the punch
can include a punch head that contacts each of the fingers
80-1, 80-2. The punch head can include a complimentary
surface to each of the tab configurations depicted in FIGS.
3C to 3E. For instance, the punch head can include a
concave, convex, and/or compound curve to form the vari-
ous tab configurations depicted in FIGS. 3C to 3E. After the
cross-longitudinal cuts 82, 84, 86 have been made, the punch
can be used to depress the fingers 80-1, 80-2 towards the
longitudinal axis AA and form a pullwire tunnel.

[0055] In some embodiments, a first and second pullwire
tunnel 81-1, 81-2 can be formed by the diametrically
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opposed pair of tabs 54-1, 54-2 that extend from the inner
wall of each of the hollow cylindrical segments (e.g.,
proximal connector 38). A first distal pullwire 52-1 and a
second distal pullwire 52-2 can extend through the first
pullwire tunnel 81-1 and the second pullwire tunnel 81-2.
[0056] In some embodiments, a length of the cross-longi-
tudinal cuts 82, 84, 86 can be selected based on a desired size
of the first and/or second pullwire tunnels 81-1, 81-2. For
example, as a length of the cross-longitudinal cut is
increased, a diameter of the pullwire tunnels 81-1, 81-2 can
be increased. For instance, a length of the proximal finger
80-1 and the distal finger 80-2 can be increased as a result
of the longer cross-longitudinal cut, allowing for a larger
pullwire tunnel to be formed by the proximal finger 80-1 and
the distal finger 80-2. For example, in some embodiments,
the fingers 80-1, 80-2 can be deformed to create pullwire
tunnels 81-1, 81-2, as discussed herein.

[0057] In some embodiments, the diametrically opposed
pair of tabs 54-1, 54-2 can be configured to accept the first
distal pullwire 52-1 and the second distal pullwire 52-2. The
first distal pullwire 52-1 and the second distal pullwire 52-2
can be connected to the handle assembly 14. In some
embodiments, the handle assembly 14 can include an actua-
tor (e.g., actuator 29) that can be selectively manipulated to
apply tension to the first pullwire 82-1 and the second
pullwire 82-2 that pass from the proximal portion 16 to the
distal portion 18. In an example, a proximal end of the first
distal pullwire 52-1 and the second distal pullwire 52-2 can
be connected to the actuator 29. The first distal pullwire 52-1
and the second distal pullwire 52-2 can extend from the
handle assembly 14, through the proximal portion 16, to the
distal portion 18. In an example, the proximal portion 16 can
include pullwire lumens that house the distal pullwires 52-1,
52-2.

[0058] The first distal pullwire 52-1 and second distal
pullwire 52-2 can extend through the distal portion 18 and
can be connected to a distal end of the distal portion 18, in
some embodiments. For example, the first distal pullwire
52-1 and second distal pullwire 52-2 can be connected to the
distal tip 36, which can serve as a distal pull ring. As such,
in some embodiments, the distal tip 36 can serve as a pull
ring. Accordingly, when the first distal pullwire 52-1 and the
second distal pullwire 52-2 are selectively tensioned (e.g.,
via actuator 29), the distal tip 36 can deflect hi-directionally
in a direction of arrow 28. In an example, the distal tip 26,
along with the distal portion 18 can be configured to deflect
along a plane that extends through the first distal pullwire
52-1 and the second distal pullwire 52-2 (e.g., parallel and/or
coplanar with the plane) and can deflect perpendicular to a
plane that extends through the plurality of connections when
tension is applied to at least one of the first distal pullwire
52-1 and the second distal pullwire 52-2. For instance, when
tension is applied to at least one of the first distal pullwire
52-1 and the second distal pullwire 52-2, the connections
connecting each of the plurality of pivoting hollow cylin-
drical segments can allow each of the plurality of pivoting
hollow cylindrical segments to deflect hi-directionally.
[0059] Insome embodiments, the proximal portion 16 can
include a proximal set of pullwires 58-1, 58-2. In an
example, the proximal set of pullwires 58-1, 58-2 can
include a first proximal pullwire 58-1 and a second proximal
pullwire 58-2. In an example, a proximal end of the first and
second proximal pullwires 58-1, 58-2 can be connected to
the handle assembly 14. For instance, the proximal end of
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the first and second proximal pullwires 58-1, 58-2 can be
connected to actuator 30. The proximal set of pullwires 58-1,
58-2 can be diametrically opposed to one another and 90
degrees opposed to the first distal pullwire 52-1 and the
second distal pullwire 52-2.

[0060] The first and second proximal pullwires 58-1, 58-2
can extend from the handle assembly 14 through the proxi-
mal portion 16 and can be connected to a distal end of the
proximal portion 16 and/or the proximal connector 38 in the
distal portion 18. In an example, the proximal connector 38
can serve as a proximal pull ring. Accordingly, when the first
proximal pullwire 58-1 and the second proximal pullwire
58-2 are selectively tensioned (e.g., via actuator 30), the
proximal portion 27 can deflect hi-directionally in a direc-
tion of arrow 27. In an example, the proximal portion 16 can
deflect along a plane that extends through the first proximal
pullwire 58-1 and the second proximal pullwire 58-2 when
tension is applied to at least one of the first proximal
pullwire 58-1 and the second proximal pullwire 58-2. Thus,
the proximal portion 16 can be deflected in an opposite
direction as the distal portion 18.

[0061] Insome embodiments, the proximal portion 16 can
be decoupled from the distal portion 18. For example, a
deflection force can be effected on the distal portion 18 to
deflect the distal portion 18, however, the deflection force
effected on the distal portion 18 may not cause the proximal
portion 16 to deflect and/or may cause the proximal portion
16 to only minimally deflect. The configuration of the distal
portion 18 can allow for a decreased force necessary to
achieve angulation of the distal portion 18 versus the proxi-
mal portion 16.

[0062] The proximal portion 16 can include a quad lumen
through which the first distal pullwire 52-1 and the second
distal pullwire 52-2 can pass through to the distal portion 18
and the first proximal pullwire 58-1 and the second proximal
pullwire 58-2 can pass through to the distal end of the
proximal portion 16 and/or the proximal connector 38 to
which they are connected. One or more layers can be formed
around the quad lumen. For example, one or more layers of
a polymer can be formed around the quad lumen to adjust
mechanical properties of the proximal portion 16. In some
embodiments, a number of compression coils can be dis-
posed in the proximal portion 16. The number of compres-
sion coils can be formed of stainless steel, in some embodi-
ments, and can be disposed around the first proximal
pullwire 58-1 and the second proximal pullwire 58-2. The
compression coils can be included in the proximal portion
16 to alter a deflection force necessary to deflect the proxi-
mal portion 16. In some embodiments, the deflection force
necessary to deflect the proximal portion 16 can be greater
than a deflection force necessary to deflect the distal portion
18.

[0063] In addition, because the first distal pullwire 52-1
and the second distal pullwire 52-2 pass through the proxi-
mal portion 16 and are not connected to the proximal portion
16, the first distal pullwire 52-1 and the second distal
pullwire 52-2 can be tensioned to deflect the distal portion
18 without deflecting or minimally deflecting the proximal
portion 16. Thus, the distal portion 18 can be deflected
independently of the proximal portion 16. Additionally,
because the first and second pair of distal pullwires 52-1,
52-2 and the first and second pair of proximal pullwires
58-1, 58-2 are 90 degrees opposed to one another and are
attached at points that are 90 degrees opposed to one another
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(e.g., on the distal tip and the proximal connector), the distal
portion 18 can be deflected in a different direction than the
proximal portion 16.

[0064] Some approaches have employed catheters with
four pullwires attached at a single distal point, for example,
a pull ring. The pullwires can be 90 degrees opposed to one
another around the pull ring. The shaft of the catheter can
include materials of varying rigidity to promote generally
desired angulation of the shaft. Angulation in one plane
occurs when one of two diametrically opposed pullwires is
pulled and on another plane when one of the other two
diametrically opposed pullwires are pulled. In an example
where an ultrasound transducer is connected to a distal end
of the catheter, the approach can be effective for aiming the
ultrasound transducer, but may not allow for discreet angu-
lation radii on the two planes. However, due to the decou-
pling effect between the proximal portion 16 and the distal
portion 18, in embodiments of the present disclosure, the
proximal portion 16 and the distal portion 18 can have
discreet angulation radii. For example, an anchoring point at
the distal tip 36 can be axially offset from an anchoring point
at the proximal connector 36, which when combined with
the configuration of the distal portion 18, can allow for
decoupling between the proximal portion 16 and the distal
portion 18.

[0065] FIG. 4 is a side view of an ultrasound transducer
110 connected to a distal portion 18 of a catheter shaft 12,
which is connected to a proximal portion 16 of the catheter
shaft 12, in accordance with embodiments of the present
disclosure. In an example, the ultrasound transducer 110 can
include a proximal end 112 that can be configured to connect
with the distal tip 36 of the distal portion 18 of the catheter
shaft 12, In some embodiments, an outer radial surface of the
distal tip 36 can be connected with an inner radial surface of
the proximal end 112 of the ultrasound transducer 110. In
some embodiments, a field of view 22 of the ultrasound
transducer 110 can be directed perpendicular to a deflection
plane associated with the distal portion 18. Thus, as the
distal portion 18 is deflected, the field of view 22 of the
ultrasound transducer 110 can be moved across tissue, for
example.

[0066] As depicted in FIG. 4, the distal end of the proxi-
mal portion 16 is connected to the proximal end of the distal
portion 18. In some embodiments, as discussed herein, the
distal end of the proximal portion 16 can be connected to the
proximal connector 38 of the distal portion 18. In an
example, an inner radial surface of the proximal portion 16
can be connected with an outer radial surface of the proximal
end of the distal portion 18 (e.g., outer radial surface of the
proximal connector 38).

[0067] Insome embodiments, a covering 127 (as depicted
in FIG. 5A) can be disposed over the distal portion 18. The
covering 127 can be made from a flexible material (e.g,,
latex) and can extend over an exposed section of the distal
portion 18 between the distal end of the proximal portion 16
and the proximal end 112 of the ultrasound transducer 110.
The covering 127 can flex as the distal portion 18 flexes and
can prevent tissue and/or other foreign matter from becom-
ing lodged in the pivot spaces 46-1, 48-1 between each of the
pivoting hollow cylindrical segments 40 and/or between the
proximal connector 38 and an adjacent pivoting hollow
cylindrical segment 40-1 and/or between the distal tip 36
and an adjacent hollow cylindrical segment 40-4. In some
embodiments, a thickness of the covering 127 can be chosen
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such that a diameter of the proximal portion 16 is the same
as the distal portion 18. In some embodiments, the diameter
of the proximal end 112 of the ultrasound transducer 110 can
also be the same as the distal portion 18 and the proximal
portion 16. In some embodiments, the latex covering 127
can extend over the distal portion 18 and over an outer radial
surface of a distal end of the proximal portion 16. In some
embodiments, the latex covering 127 can extend over a
proximal end 112 of the ultrasound transducer 110.

[0068] Insome embodiments, the first distal pullwire 52-1
and the second distal pullwire 52-2 can extend through the
proximal portion 16 to the distal tip 36, to which they are
connected. The first proximal pullwire 58-1 and the second
proximal pullwire 58-2 can extend through the proximal
portion 16 and can be connected to the proximal connector
38. In some embodiments, each of the pullwires can pass
through a pullwire lumen in the proximal portion 16. The
first proximal pullwire 58-1 and the second proximal pull-
wire 58-2 can extend through compression coils 114, in
some embodiments. As discussed herein, the compression
coils 114 can alter a force required to deflect the proximal
portion 16. In addition, the proximal portion 16 can be
formed from different layers of material, which can alter a
force required to deflect the proximal portion 16. For
example, a proximal end of the proximal portion 16 can be
partially or wholly formed with a first material 116 and the
distal end of the proximal portion 16 can be partially or
wholly formed with a second material 118. For example, as
discussed herein, the proximal portion 16 can include a
proximal connective portion 15 and a distal connective
portion 17, as discussed in relation to FIG. 1. In some
embodiments, the first material 116 can be of a stiffer
durometer than the second material 118. As such, a greater
radius of curvature can be formed at a distal end of the
proximal portion 16 than the proximal end of the proximal
portion 16.

[0069] FIG. 5Ais a side view of the ultrasound transducer
110, the distal portion 18, and the proximal portion 16 of the
catheter shaft, in accordance with embodiments of the
present disclosure. As discussed herein, the proximal portion
16 can be connected to the distal portion 18 and the distal
portion 18 can be connected to the ultrasound transducer
110. Alternatively, in some embodiments, a different device,
other than the ultrasound transducer 110 can be connected to
a distal tip 36 of the distal portion 18. As depicted, the first
and second proximal pullwires 58-1, 58-2 can extend
through the proximal portion 16 and can be connected to the
proximal connector 38. The first and second distal pullwires
52-1, 52-2 can extend through the proximal portion 16 and
into the distal portion 18 through pullwire tunnels formed by
tabs 54-1, 56-1, 125-1, 126-1, 128-1 on the proximal con-
nector 38 and the plurality of pivoting hollow cylindrical
segments 40. In some embodiments, the distal tip can also
include a tab through which the pullwires pass. Fach of the
tabs 54-1, 56-1, 125-1, 126-1, 128-1 can have a diametri-
cally opposed corresponding tab on the other side of the
distal portion 18, through which the second distal pullwire
52-2 can pass.

[0070] As depicted, the first proximal pullwire 58-1 can
extend through a compression coil 130, which can alter a
deflection of the proximal portion 16 and/or a deflection
force associated with deflection of the proximal portion 16.
In addition, the first material 116 and/or second material 118
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can alter the deflection of the proximal portion 16 and/or the
deflection force associated with deflection of the proximal
portion 16.

[0071] FIG. 5B is an isometric side and top view of the
proximal side of the distal portion 18 of the catheter shaft 12.
The first proximal pullwire 58-1 and the second proximal
pull wire 58-2 can be attached to the proximal connector 38,
as shown. In some embodiments, diametrically opposed
longitudinal slots can be formed in a proximal end of the
proximal connector 38 and the distal ends of the first and
second proximal pullwires 58-1, 58-2 can be inserted in the
longitudinal slots. In some embodiments, the distal ends of
the first and second proximal pullwires 58-1, 58-2 can be
welded to the proximal connector 38 and/or can be adhered
to the proximal connector 38 with an adhesive.

[0072] The first and second distal pullwires 52-1, 52-2 can
extend through the tabs 54-1, 56-1, 125-1, 126-1, 128-1 (and
diametrically opposed corresponding tabs) to the distal tip
36, where a distal end of each pullwire is attached. As further
depicted, the proximal connector 36 is connected to the
pivoting hollow cylindrical segment 40-1 via the male
connection 42-1 and the female connection 44-1. Addition-
ally, a second pivoting hollow cylindrical segment 40-2 is
connected to the pivoting hollow cylindrical segment 40-1
via the male connection 42-2 and the female connection
44-2.

[0073] FIG. 6A is a side view of a catheter shaft 12 in a
first flexed state, in accordance with embodiments of the
present disclosure. As depicted, the distal portion 18 is
slightly deflected from an un-deflected state, shown in FIG.
1. In an example, tension can be applied to one of the first
and second distal pullwires 52-1, 52-2 to deflect the distal
portion 18. As the distal portion 18 is deflected, the proximal
portion 16 can remain in an undeflected state and/or can be
deflected in a direction that is different than the distal portion
18. For example, the distal portion 18 can be deflected in a
direction of the arrow 28 along a first deflection plane, while
the proximal portion 16 is deflected in a direction of arrow
27 along a second deflection plane. As discussed herein, the
proximal portion 16 can include a proximal connective
portion 15 and a distal connective portion 17.

[0074] FIG. 6B is a side view of the catheter shaft 12 in
FIG. 5Ain a second flexed state, in accordance with embodi-
ments of the present disclosure. In an example, one of the
first and second proximal pullwires 58-1, 58-2 can be
tensioned, which can cause the proximal portion 16 to
deflect along the arrow 27. As depicted in FIG. 6B, the
proximal portion 16 can be deflected by a greater amount
than that depicted in FIG. 6A. The greater deflection of the
proximal portion 16 in FIG. 6B can be due to an increased
tension being applied to one of the first and second proximal
pullwires 58-1, 58-2. Because both of the first and second
proximal pullwires 58-1, 58-2 can be connected to the
proximal connector 38, the portion of the catheter shaft 12
located proximally to the proximal connector 38 (e.g., the
proximal portion 16) can be deflected and a radius of
curvature can be formed in the proximal portion 16. As
discussed herein, because the proximal portion 16 and the
distal portion 18 are decoupled from one another, a radius of
curvature may not be introduced into the distal portion 18
when one of the first and second proximal pullwires 58-1,
58-2 are tensioned.

[0075] In some embodiments, a portion of the proximal
portion 16 can be configured to deflect along a particular
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deflection plane. In an example, the distal connective portion
17 can include a planarity member and/or can be constructed
of a different material than the proximal connective portion
15, which can enable the distal connective portion 17 to
deflect along a particular deflection plane. For instance, the
distal connective portion 17 can be actively deflected in a
direction of arrow 27 by tensioning one of the first and
second proximal pullwires 58-1, 58-2. The distal portion 18
can also be actively deflected in a direction of arrow 28 by
tensioning one of the first and second distal pullwires 52-1,
52-2, as discussed herein. In some embodiments, a majority
of the deflection of the proximal portion 16 can be confined
to the distal connective portion 17 (e.g., a greater radius of
curvature can be introduced into the distal connective por-
tion 17 than in the proximal connective portion 15) through
a particular construction of the distal connective portion 18,
as discussed herein. In some embodiments, the catheter shaft
12 can include one or more portions such as the distal
connective portion 17 that include a planarity member
and/or can be constructed of a different material than the
proximal connective portion 15, which can enable the one or
more portions to deflect along a particular deflection plane
(e.g., in a direction of arrow 18, arrow 27, or another
direction).

[0076] In some embodiments, as one of the first and
second distal pullwires 52-1, 52-2 are tensioned, the distal
portion 18 can be deflected and a radius of curvature can be
formed in the distal portion 18. As previously discussed,
because the distal portion 18 and the proximal portion 16 are
decoupled from one another, a radius of curvature may not
be introduced into the proximal portion 16 when one of the
first and second distal pullwires 52-1, 52-2 are tensioned. In
some embodiments, and as depicted in FIG. 6B, one of the
first and second distal pullwires 52-1, 52-2 can be tensioned
and one of the first and second proximal pullwires 58-1, 58-2
can be tensioned to introduce a radius of curvature into the
distal portion 18 and into the proximal portion 16. In an
example, the proximal portion 16 can be deflected in a
direction of arrow 27 and the distal portion 18 can be
deflected in a direction of arrow 28. As such, the proximal
portion 16 and the distal portion 18 can be deflected along
different planes and a different radius of curvature can be
introduced into the proximal portion 16 and the distal
portion 18.

[0077] 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 depicted
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.

[0078] Reference throughout the specification to “various
embodiments,” “some embodiments,” “one embodiment,”
or “an embodiment”, or the like, means that a particular
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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
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.

[0079] TItwill 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.

[0080] Although at least one embodiment of a deflectable
catheter shaft has been described above with a certain degree
of particularity, those skilled in the art could make numerous
alterations to the disclosed embodiments without departing
from the spirit or scope of this disclosure. All directional
references (e.g., upper, lower, upward, downward, left, right,
leftward, rightward, top, bottom, above, below, vertical,
horizontal, clockwise, and counterclockwise) are only used
for identification purposes to aid the reader’s understanding
of the present disclosure, and do not create limitations,
particularly as to the position, orientation, or use of the
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 descrip-
tion 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.

[0081] 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-
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.
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What is claimed is:

1. A catheter shaft, comprising:

an elongated structure that includes a distal portion and a
proximal portion, wherein the distal portion includes a
distal tip, a proximal connector, and a plurality of
pivoting hollow cylindrical segments disposed between
the proximal connector and the distal tip along a
longitudinal axis that extends through the elongated
structure;

a plurality of connections disposed along diametrically
opposed sides of the distal portion that are configured
to connect the distal tip, the plurality of pivoting hollow
cylindrical segments, and the proximal connector;

a diametrically opposed pair of tabs that extend from an
inner wall of each of the plurality of pivoting hollow
cylindrical segments that forms a first and second
pullwire tunnel; and

a first and second pullwire that extend through the first
and second pullwire tunnel.

2. The catheter shaft of claim 1, wherein e diametrically
opposed pair of tabs are 90 degrees opposed to the connec-
tions.

3. The catheter shaft of claim 1, wherein the diametrically
opposed pair of tabs are defined by cross-longitudinal cuts
made in a wall of each of the hollow cylindrical segments.

4. The catheter shaft of claim 3, wherein the cross-
longitudinal cuts are perpendicular to a longitudinal axis of
each of the hollow cylindrical segments.

5. The catheter shaft of claim 3, wherein the cross-
longitudinal cuts are between parallel and perpendicular to
a longitudinal axis of each of the hollow cylindrical seg-
ments.

6. The catheter shaft of claim 1, wherein the distal portion
of the catheter shaft is configured to deflect perpendicular to
a plane that extends through the plurality of connections
when tension is applied to at least one of the first and second
pullwires.

7. The catheter shaft of claim 6., wherein each of the
plurality of connections includes a male and female con-
nection configured to allow each of the plurality of pivoting
hollow cylindrical segments to deflect bi-directionally.

8. The catheter shaft of claim 7, wherein the male con-
nection is a longitudinally extending projection and the
female connection is a socket corresponding to the longitu-
dinally extending projection.

9. The catheter shaft of claim 6, wherein:

the distal portion is formed from a unitary piece of
material; and

diametrically opposed pivot spaces are formed between
the distal tip, each of the plurality of pivoting hollow
cylindrical segments, and the proximal connector that
define the plurality of connections.

10. A catheter shaft, comprising:

an elongated structure, wherein the elongated structure
includes a distal portion and a proximal portion;

the distal portion including a proximal hollow cylindrical
segment disposed next to and connected with a pivoting
hollow cylindrical segment, the proximal hollow cylin-
drical segment including a distal face and the pivoting
hollow cylindrical segment including a proximal face;

a first and second longitudinally extending projection
disposed on at least a first one of the distal face of the
proximal hollow cylindrical segment and the proximal
face of the pivoting hollow cylindrical segment;
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a first and second socket corresponding to the first and
second longitudinally extending projections disposed
on at least a second one of the distal face of the
proximal hollow cylindrical segment and the proximal
face of the pivoting hollow cylindrical segment; and

a diametrically opposed pair of tabs that extend from an
inner wall of each hollow cylindrical segment.

11. The catheter shaft of claim 10, wherein:

the diametrically opposed pair of tabs are 90 degrees
opposed to the longitudinally extending projections and
the sockets; and

the tabs are configured to accept a pullwire that passes
from the proximal portion to the distal portion.

12. The catheter shaft of claim 10, wherein:

each tab is defined by cross-longitudinal cuts made in a
wall of each of the hollow cylindrical segments; and

each tab includes a proximal finger and distal finger
adjacently opposed to one another.

13. The catheter shaft of claim 12, wherein the cross-
longitudinal cuts are perpendicular to a longitudinal axis of
each of the hollow cylindrical segments.

14. The catheter shaft of claim 10, wherein:

the hollow cylindrical segments are formed from a rigid
material; and

the longitudinally extending projections and the corre-
sponding sockets are formed via laser cutting the rigid
material.

15. The catheter shaft of claim 10, wherein the proximal
hollow cylindrical segment is attached to the proximal
portion at a proximal end of the proximal hollow cylindrical
segment.

16. The catheter shaft of claim 10, wherein an ultrasound
transducer is connected to the distal end of the distal hollow
cylindrical segment.

17. The catheter shaft of claim 10, wherein:

the distal portion includes the proximal hollow cylindrical
segment and a distal hollow cylindrical segment con-
nected via a plurality of pivoting hollow cylindrical
segments;

a pair of diametrically opposed pullwires passes from the
proximal portion, through the diametrically opposed
pairs of tabs and is connected to the distal hollow
cylindrical segment.

18. The catheter shaft of claim 17, wherein the distal
portion is configured for bi-directional deflection along a
plane that extends through each of the pullwires.

19. A catheter shaft, comprising:

an elongated structure, wherein the elongated structure
includes a distal portion that includes a distal tip and a
proximal portion connected to the distal portion;

the distal portion including a plurality of hollow cylin-
drical segments that are connected to one another via
diametrically opposed hinges, wherein each of the
plurality of hollow cylindrical segments includes a
diametrically opposed pair of tabs that extend from an
inner wall of each hollow cylindrical segment to form
first and second diametrically opposed pullwire tun-
nels;

a first pullwire that extends from the proximal portion
through the first pullwire tunnel and is connected to the
distal tip, wherein pulling of the first pullwire causes
the distal tip to deflect in a first direction; and

a second pullwire that extends from the proximal portion
through the second pullwire tunnel and is connected to
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the distal tip, wherein pulling of the second pullwire
causes the distal tip to deflect in a second direction.

20. The catheter shaft of claim 19, wherein:

each tab is formed by at least one cross-longitudinal cut

made in a wall of each of the plurality of hollow
cylindrical segments; and

each tab is folded inwardly toward a central longitudinal

axis passing through the distal portion of the catheter
shaft.

21. The catheter shaft of claim 20, wherein the diametri-
cally opposed pair of tabs are 90 degrees opposed to the
diametrically opposed hinges.

22. The catheter shaft of claim 20, wherein the distal
portion is formed from a unitary piece of material.

23. The catheter shaft of claim 20, wherein the distal
portion includes diametrically opposed pivot spaces
between each of the hollow cylindrical segments configured
to allow for bi-directional deflection of each of the hollow
cylindrical segments about the diametrically opposed
hinges.
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