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7) ABSTRACT

A steering control apparatus includes a first wire and a
second wire extending from a distal end of a catheter to a
steering assembly. The steering assembly includes a steering
knob disposed at an exterior of the handle, a cylindrical
steering shaft projecting from the steering knob and into the
interior of the handle, a first cylindrical drum disposed
within the handle and connected to the first wire, and a
second cylindrical drum within the handle and connected to
the second wire. The first drum is configured to engage the
steering shaft to produce tension on the first wire. The first
drum is coaxial with the steering shaft. The second drum is
configured to engage the steering shaft to produce tension on
the second wire. The second drum is coaxial with the
steering shaft and axially adjacent to the first drum.
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1
BIDIRECTIONAL STEERING CONTROL
APPARATUS FOR A CATHETER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Provisional Applica-
tion No. 62/202,139, filed Aug. 5, 2016, which is herein
incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates to steerable medical cath-
eters for use inside a body. More specifically, the invention
relates to controls for steering a catheter inside the body.

BACKGROUND

Medical catheters are widely used to provide access to
locations within a body to treat diseases. Medical therapy
devices may be connected to an end of the catheter and the
catheter steered within the body to position the therapy
device at the treatment location. For example, cardiac
arrhythmias may be treated by the ablation of specific heart
tissue found to be causing arrhythmia. Ablation may be
performed by a number of techniques, including the local
application of energy, for example, radio frequency energy,
or by the application of cryogenic temperatures to the site of
the problem tissue. An ablation electrode may be a therapy
device at or near the end of the catheter for providing the
radio frequency energy. An ablation balloon may be a
therapy device at or near the end of the catheter to for
providing the cryogenic temperatures.

The specific heart tissue responsible for arrhythmia in a
patient may be identified by moving a mapping catheter
having one or more electrodes around the interior of the
heart and measuring cardiac signals to sense changes in the
electrical fields. A map of the electrical conductivity of the
heart may be formed from the measurements to identify
abnormalities which may be candidates for ablation. Some
mapping catheters are designed such that the electrodes may
physically contact the heart wall, including flexible designs
that are inserted in a compact form and later deployed into
a basket-like array. Such an electrode array may be a therapy
device at or near the end of the catheter for mapping the
electrical conductivity of the heart.

Particularly useful steerable catheters are those in which
the end with the therapy device may be deflected in two
different directions. Such catheters require a steering control
apparatus able to reliably deflect the end of the catheter in
both directions.

SUMMARY

Example 1 is a steering control apparatus substantially
contained within a handle at a proximal end of a catheter to
control deflection of a distal end of the catheter, the distal
end including a therapy device, the steering control appa-
ratus including a first wire extending from the distal end of
the catheter to within the handle, a second wire extending
from the distal end of the catheter to within the handle, and
a steering assembly. The steering assembly includes a steer-
ing knob disposed at an exterior of the handle, a cylindrical
steering shaft projecting from the steering knob and into the
interior of the handle, a first cylindrical drum disposed
within the handle and connected to the first wire, and a
second cylindrical drum within the handle and connected to
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the second wire. The first drum is configured to engage the
steering shaft to produce tension on the first wire. The first
drum is coaxial with the steering shaft. The second drum is
configured to engage the steering shaft to produce tension on
the second wire. The second drum is coaxial with the
steering shaft and axially adjacent to the first drum. Rotation
of the steering shaft by the steering knob in a counterclock-
wise direction steers the distal end of the catheter in the
second direction by increasing tension on the first wire and
decreasing tension on the second wire. Rotation of the
steering shaft by the steering knob in a clockwise direction
steers the distal end in the first direction by decreasing
tension on the first wire and increasing tension on the second
wire.

In Example 2, the apparatus of Example 1, wherein the
steering shaft includes plurality of splines projecting from a
radially outward-facing surface of the steering shaft, the
splines oriented in an axial direction. The first drum includes
a radially inward-facing surface and a plurality of splines
projecting from the inward-facing surface, the splines ori-
ented in an axial direction and configured to engage the
plurality of splines on the external surface of the steering
shaft to produce the tension on the first wire. The second
drum includes a radially inward-facing surface and a plu-
rality of splines on the inward-facing surface, the splines
oriented in an axial direction and configured to engage the
plurality of splines on the external surface of the steering
shaft to produce the tension on the second wire.

In Example 3, the apparatus of either of Examples 1 or 2,
wherein the first drum further includes a first recess formed
in an axial-facing surface, and a first groove extending from
the recess and circumferentially around a portion of a
radially outward-facing surface of the first drum. The first
wire includes a first lug connected to a proximal end of the
first wire, wherein the first lug is disposed in the first recess
and a portion of the first wire is disposed within a least a
portion of the first groove to connect the first drum to the first
wire.

In Example 4, the apparatus of Example 3, wherein the
second drum further includes a second recess formed in an
axial-facing surface, and a second groove extending from
the recess and circumferentially around a portion of a
radially outward-facing surface of the second drum. The
second wire includes a second lug connected to a proximal
end of the second wire, wherein the second lug is disposed
in the second recess and a portion of the second wire is
disposed within a least a portion of the second groove to
connect the second drum to the second wire.

In Example 5, the apparatus of Example 4, wherein the
axial-facing surface of the first drum including the first
recess faces the axial-facing surface of the second drum
including the second recess.

In Example 6, the apparatus of any of Examples 1-5,
wherein the first drum is directly connected to the second
drum.

In Example 7, the apparatus of any of Examples 1-6,
wherein the steering knob and the steering shaft are inte-
grally formed.

In Example 8, the apparatus of any of Examples 1-7,
wherein the steering knob and the steering shaft are formed
of a glass-filled polycarbonate polymer.

In Example 9, the apparatus of any of Examples 1-8,
further including a brake assembly. The brake assembly
includes a friction plate disposed on an interior surface of the
handle, a brake clip configured to engage the first drum and
the second drum, and a braking knob disposed at the exterior
of the handle on a side of the handle opposite the steering
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knob. The braking knob includes a cylindrical braking shaft
projecting from the braking knob and into the interior of the
handle. The braking knob is configured to engage the brake
clip, wherein rotation of the braking shaft by the braking
knob in one of a clockwise direction and a counterclockwise
direction increases a frictional force between the friction
plate and one of an axially facing surface of the first drum
and an axially facing surface of the second drum; and
rotation of the braking shaft by the braking knob in the other
one of the clockwise direction and the counterclockwise
direction decreases the frictional force between the friction
plate and the one of the axially facing surface of the first
drum and the axially facing surface of the second drum.

In Example 10, the apparatus of Example 9, wherein the
brake clip includes a cylindrical hub and at least one brake
arm. The cylindrical hub includes a radially outward-facing
surface and threads projecting from a radially inward-facing
surface of the hub. The radially outward-facing surface
facing a radially inward-facing surface of the steering shaft.
The at least one brake arm extends radially outward from the
hub and across the axially-facing surface of the second drum
to the radially outward-facing surface of the second drum,
axially from the radially outward-facing surface of the
second drum to the radially outward-facing surface of the
first drum, and radially inward from the radially outward-
facing surface of the first drum and across a portion of the
axially-facing surface of the first drum. The braking knob
further includes threads projecting from a radially outward-
facing surface of the braking shaft, wherein the threads of
the braking shaft are configured to engage the threads of the
hub.

In Example 11, the apparatus of either of Examples 9 or
10, wherein the braking knob and the braking shaft are
integrally formed.

In Example 12, the apparatus of any of Examples 9-11,
wherein the braking knob and the braking shaft are formed
of a glass-filled polycarbonate.

In Example 13, the apparatus of any of Examples 9-12,
wherein the brake clip is formed of a polyletherimide.

Example 14 is a catheter including an elongate catheter
body extending from a proximal end to a distal end, a
therapy device connected to the distal end of the catheter
body, a handle connected to the proximal end of the catheter
body, and a steering control apparatus of any of claims 1-13.
The distal end is steerable in a first direction and a second
direction. The second direction is different from the first
direction.

In Example 15, the catheter of Example 14, wherein
catheter is a cardiac mapping catheter and the therapy device
includes a mapping electrode array.

Example 16 is a steering control apparatus substantially
contained within a handle at a proximal end of a catheter to
control deflection of a distal end of the catheter, the distal
end including a therapy device, the steering control appa-
ratus including a first wire extending from the distal end of
the catheter to within the handle, a second wire extending
from the distal end of the catheter to within the handle, and
a steering assembly. The steering assembly includes a steer-
ing knob disposed at an exterior of the handle, a cylindrical
steering shaft projecting from the steering knob and into the
interior of the handle, a first cylindrical drum disposed
within the handle and connected to the first wire, and a
second cylindrical drum within the handle and connected to
the second wire. The first drum is configured to engage the
steering shaft to produce tension on the first wire. The first
drum is coaxial with the steering shaft. The second drum is
configured to engage the steering shaft to produce tension on
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the second wire. The second drum is coaxial with the
steering shaft and axially adjacent to the first drum. Rotation
of the steering shaft by the steering knob in a counterclock-
wise direction steers the distal end of the catheter in the
second direction by increasing tension on the first wire and
decreasing tension on the second wire. Rotation of the
steering shaft by the steering knob in a clockwise direction
steers the distal end in the first direction by decreasing
tension on the first wire and increasing tension on the second
wire.

In Example 17, the apparatus of Example 16, wherein the
steering shaft includes plurality of splines projecting from a
radially outward-facing surface of the steering shaft, the
splines oriented in an axial direction. The first drum includes
a radially inward-facing surface and a plurality of splines
projecting from the inward-facing surface, the splines ori-
ented in an axial direction and configured to engage the
plurality of splines on the external surface of the steering
shaft to produce the tension on the first wire. The second
drum includes a radially inward-facing surface and a plu-
rality of splines on the inward-facing surface, the splines
oriented in an axial direction and configured to engage the
plurality of splines on the external surface of the steering
shaft to produce the tension on the second wire.

In Example 18, the apparatus of either of Examples 16 or
17, wherein the first drum further includes a first recess
formed in an axial-facing surface, and a first groove extend-
ing from the recess and circumferentially around a portion of
a radially outward-facing surface of the first drum. The first
wire includes a first lug connected to a proximal end of the
first wire, wherein the first lug is disposed in the first recess
and a portion of the first wire is disposed within a least a
portion of the first groove to connect the first drum to the first
wire.

In Example 19, the apparatus of Example 18, wherein the
second drum further includes a second recess formed in an
axial-facing surface, and a second groove extending from
the recess and circumferentially around a portion of a
radially outward-facing surface of the second drum. The
second wire includes a second lug connected to a proximal
end of the second wire, wherein the second lug is disposed
in the second recess and a portion of the second wire is
disposed within a least a portion of the second groove to
connect the second drum to the second wire.

In Example 20, the apparatus of Example 19, wherein the
axial-facing surface of the first drum including the first
recess faces the axial-facing surface of the second drum
including the second recess.

In Example 21, the apparatus of any of Examples 16-20,
wherein the first drum is directly connected to the second
drum.

In Example 22, the apparatus of any of Examples 16-21,
wherein the steering knob and the steering shaft are inte-
grally formed.

In Example 23, the apparatus of any of Examples 16-22,
further including a brake assembly. The brake assembly
includes a friction plate disposed on an interior surface of the
handle, a brake clip configured to engage the first drum and
the second drum, and a braking knob disposed at the exterior
of the handle on a side of the handle opposite the steering
knob. The braking knob includes a cylindrical braking shaft
projecting from the braking knob and into the interior of the
handle. The braking knob is configured to engage the brake
clip, wherein rotation of the braking shaft by the braking
knob in one of a clockwise direction and a counterclockwise
direction increases a frictional force between the friction
plate and one of an axially facing surface of the first drum
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and an axially facing surface of the second drum; and
rotation of the braking shaft by the braking knob in the other
one of the clockwise direction and the counterclockwise
direction decreases the frictional force between the friction
plate and the one of the axially facing surface of the first
drum and the axially facing surface of the second drum.

In Example 24, the apparatus of Example 23, wherein the
brake clip includes a cylindrical hub and at least one brake
arm. The cylindrical hub includes a radially outward-facing
surface and threads projecting from a radially inward-facing
surface of the hub. The radially outward-facing surface
facing a radially inward-facing surface of the steering shaft.
The at least one brake arm extends radially outward from the
hub and across the axially-facing surface of the second drum
to the radially outward-facing surface of the second drum,
axially from the radially outward-facing surface of the
second drum to the radially outward-facing surface of the
first drum, and radially inward from the radially outward-
facing surface of the first drum and across a portion of the
axially-facing surface of the first drum. The braking knob
further includes threads projecting from a radially outward-
facing surface of the braking shaft, wherein the threads of
the braking shaft are configured to engage the threads of the
hub.

In Example 25, the apparatus of either of Examples 23 or
24, wherein the braking knob and the braking shaft are
integrally formed.

Example 26 is a catheter including an elongate catheter
body extending from a proximal end to a distal end, a
therapy device connected to the distal end of the catheter
body, a handle connected to the proximal end of the catheter
body, and a steering control mechanism disposed at least
partially within the handle. The distal end is steerable in a
first direction and a second direction. The second direction
is different from the first direction. The steering control
mechanism includes a first wire extending from the distal
end of the catheter to within the handle, a second wire
extending from the distal end of the catheter to within the
handle, and a steering assembly. The steering assembly
includes a steering knob disposed at an exterior of the
handle, a cylindrical steering shaft projecting from the
steering knob and into the interior of the handle, a first
cylindrical drum disposed within the handle and connected
to the first wire, and a second cylindrical drum within the
handle and connected to the second wire. The first drum is
configured to engage the steering shaft to produce tension on
the first wire. The first drum is coaxial with the steering
shaft. The second drum is configured to engage the steering
shaft to produce tension on the second wire. The second
drum is coaxial with the steering shaft and axially adjacent
to the first drum. Rotation of the steering shaft by the
steering knob in a counterclockwise direction steers the
distal end of the catheter in the second direction by increas-
ing tension on the first wire and decreasing tension on the
second wire. Rotation of the steering shaft by the steering
knob in a clockwise direction steers the distal end in the first
direction by decreasing tension on the first wire and increas-
ing tension on the second wire

In Example 27, the catheter of Example 26, wherein the
steering shaft includes plurality of splines projecting from a
radially outward-facing surface of the steering shaft, the
splines oriented in an axial direction. The first drum includes
a radially inward-facing surface and a plurality of splines
projecting from the inward-facing surface, the splines ori-
ented in an axial direction and configured to engage the
plurality of splines on the external surface of the steering
shaft to produce the tension on the first wire. The second
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drum includes a radially inward-facing surface and a plu-
rality of splines on the inward-facing surface, the splines
oriented in an axial direction and configured to engage the
plurality of splines on the external surface of the steering
shaft to produce the tension on the second wire.

In Example 28, the catheter of either of Examples 26 or
27, wherein the first drum further includes a first recess
formed in an axial-facing surface, and a first groove extend-
ing from the recess and circumferentially around a portion of
a radially outward-facing surface of the first drum. The first
wire includes a first lug connected to a proximal end of the
first wire, wherein the first lug is disposed in the first recess
and a portion of the first wire is disposed within a least a
portion of the first groove to connect the first drum to the first
wire.

In Example 29, the catheter of Example 28, wherein the
second drum further includes a second recess formed in an
axial-facing surface, and a second groove extending from
the recess and circumferentially around a portion of a
radially outward-facing surface of the second drum. The
second wire includes a second lug connected to a proximal
end of the second wire, wherein the second lug is disposed
in the second recess and a portion of the second wire is
disposed within a least a portion of the second groove to
connect the second drum to the second wire.

In Example 30, the catheter of Example 29, wherein the
axial-facing surface of the first drum including the first
recess faces the axial-facing surface of the second drum
including the second recess.

In Example 31, the catheter of any of Examples 26-30,
wherein the steering knob and the steering shaft are inte-
grally formed.

In Example 32, the catheter of any of Examples 26-31,
wherein the steering control mechanism further includes a
brake assembly. The brake assembly includes a friction plate
disposed on an interior surface of the handle, a brake clip
configured to engage the first drum and the second drum,
and a braking knob disposed at the exterior of the handle on
a side of the handle opposite the steering knob. The braking
knob includes a cylindrical braking shaft projecting from the
braking knob and into the interior of the handle. The braking
knob is configured to engage the brake clip, wherein rotation
of the braking shaft by the braking knob in one of a
clockwise direction and a counterclockwise direction
increases a frictional force between the friction plate and one
of an axially facing surface of the first drum and an axially
facing surface of the second drum; and rotation of the
braking shaft by the braking knob in the other one of the
clockwise direction and the counterclockwise direction
decreases the frictional force between the friction plate and
the one of the axially facing surface of the first drum and the
axially facing surface of the second drum.

In Example 33, the catheter of Example 32, wherein the
brake clip includes a cylindrical hub and at least one brake
arm. The cylindrical hub includes a radially outward-facing
surface and threads projecting from a radially inward-facing
surface of the hub. The radially outward-facing surface
facing a radially inward-facing surface of the steering shaft.
The at least one brake arm extends radially outward from the
hub and across the axially-facing surface of the second drum
to the radially outward-facing surface of the second drum,
axially from the radially outward-facing surface of the
second drum to the radially outward-facing surface of the
first drum, and radially inward from the radially outward-
facing surface of the first drum and across a portion of the
axially-facing surface of the first drum. The braking knob
further includes threads projecting from a radially outward-
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facing surface of the braking shaft, wherein the threads of
the braking shaft are configured to engage the threads of the
hub.

In Example 34, the catheter of either of Examples 32 or
33, wherein the braking knob and the braking shaft are
integrally formed.

In Example 35, the catheter of any of Examples 16-34,
wherein catheter is a cardiac mapping catheter and the
therapy device includes a mapping electrode array.

While multiple embodiments are disclosed, still other
embodiments of the present invention will become apparent
to those skilled in the art from the following detailed
description, which shows and describes illustrative embodi-
ments of the invention. Accordingly, the drawings and
detailed description are to be regarded as illustrative in
nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C are schematic views of a steerable catheter
suitable for use with embodiments of the present invention.

FIG. 2 is a partial perspective view showing a portion of
a steering control apparatus within a catheter handle.

FIGS. 3, 4, and 5 are perspective views of another portion
of the steering control apparatus.

FIG. 6 is an axial view of a portion of the steering control
apparatus within the catheter handle.

FIG. 7 is a partial perspective view of a portion of the
steering control apparatus within the catheter handle.

FIG. 8 is another partial perspective view of a portion of
the steering control apparatus within the catheter handle.

FIG. 9 is yet another partial perspective view of a portion
of the steering control apparatus within the catheter handle.

While the invention is amenable to various modifications
and alternative forms, specific embodiments have been
shown by way of example in the drawings and are described
in detail below. The intention, however, is not to limit the
invention to the particular embodiments described. On the
contrary, the invention is intended to cover all modifications,
equivalents, and alternatives falling within the scope of the
invention as defined by the appended claims.

DETAILED DESCRIPTION

A more complete understanding of the present invention
is available by reference to the following detailed descrip-
tion of numerous aspects and embodiments of the invention.
The detailed description of the invention which follows is
intended to illustrate but not limit the invention.

Catheters embodying the present invention may be
employed in cardiac mapping catheters as described in
“CARDIAC MAPPING CATHETER” (U S. Pat. No. 8,447,
377, issued May 21, 2013), hereby incorporated by refer-
ence in its entirety. Such catheters typically have several
flexible splines forming an array at a distal end of the
catheter, each spline including a plurality of electrodes.
Catheter embodiments of the present invention include a
steering control mechanism that controls deflection of the
distal end in two different directions.

FIGS. 1A-1C provide an illustrative but non-limiting
example of a catheter 10 including an embodiment of a
steering control mechanism. As shown in FIGS. 1A-1C, the
catheter 10 may include a handle 12, an elongate catheter
body 14, a therapy device 16, and an electrical connection
18. The catheter body 14 may extend from a proximal end
20 to a distal end 22. The therapy device 16 may project
from the distal end 22 of the catheter body 14. In one
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embodiment, the therapy device 16 includes a plurality of
mapping electrodes. In one embodiment, the therapy device
16 is an expandable, splined mapping electrode assembly
such as is disclosed in the aforementioned U.S. Pat. No.
8,447.377. In the illustrated embodiment, the therapy device
16 is shown in an undeployed configuration for ease of
illustration.

In various embodiments, the therapy device 16 may
include imaging elements, e.g., ultrasound transducers. In
other embodiments, the therapy device 16 may be, for
example, an ablation electrode. In various other embodi-
ments, the therapy device 16 may have both therapeutic
(e.g., ablation) capabilities as well as diagnostic (e.g., map-
ping, imaging, etc.) capabilities.

The catheter body 14 may be connected at the proximal
end 20 to the handle 12. The electrical connection 18 may
extend from the handle 12 to a mapping data recording and
analysis system (not shown) and/or an ablation energy
source (not shown), as the case may be.

The handle 12 may include a steering control mechanism
24 and a deployment control mechanism 26. The steering
control mechanism 24 may include a steering assembly 28
and a brake assembly 30. The steering assembly 28 may
include a steering knob 32. Although not illustrated in FIGS.
1A-1C, the brake assembly 30 may include a braking knob
34. The steering knob 32 is disposed at an exterior of the
handle 12. The braking knob 34 may be disposed on the
exterior of the handle 12 on a side of the handle 12 opposite
the steering knob 32.

The deployment control 26 may control deployment of
the electrode array 16 by way of a deployment control
element (not shown) extending from the deployment control
26 to the therapy device 16 by way of one of the lumens
extending through the catheter body 14. The lumens may
also include a set of electrical conductors (not shown)
extending from the therapy device 16 to handle 12 to
connect the therapy device 16 to a processing unit (not
shown), such as a mapping data recording and analysis
system, or an ablation energy source.

The steering control mechanism 24 may control bending
of the distal end 22 of the catheter body 14 by way of one
or more wires 68, 88 (shown in FIGS. 3-6) The wires 68, 88
may extend from the steering control mechanism 24 within
the handle 12 to the distal end 22 by way of one or more
lumens (not shown) extending through the catheter body 14
from the proximal end 20 to the distal end 22. Bending the
distal end 22 provides for flexibility in maneuvering the
therapy device 16 within a patient’s body.

FIGS. 1A-1C illustrate control of the deflection of the
distal end 22 by the steering control mechanism 24. FIG. 1A
shows the distal end 22 in an undeflected position with the
steering knob 32 in a corresponding neutral position. FIG.
1B shows the steering knob 32 rotated in a direction clock-
wise from the neutral position to deflect the distal end 22 in
a first direction D1. FIG. 1C shows the steering knob 32
rotated in a direction counterclockwise from the neutral
position to deflect the distal end 22 in a second direction D2.
As shown in FIGS. 1B and 1C, the second direction D2 is
different from the first direction D1. The braking knob 34
may be rotated to vary a level of friction experienced
through the steering knob 32 to provide smooth, comfortable
operation of the steering assembly 28. Once the distal end 22
is deflected as desired, the braking knob 34 may be rotated
to produce a level of friction sufficient to prevent movement
of the steering knob 32 to maintain the deflection of the
distal end 22.
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FIG. 2 is a partial perspective view showing a portion of
the steering control apparatus 24 within the catheter handle
12. As shown in FIG. 2, the steering assembly 28 further
includes a steering shaft 36. The steering shaft 36 has a
cylindrical, tubular shaped structure and includes a radially
outward-facing surface 40, a radially inward-facing surface
42, a plurality of bearing structures 44, and a plurality of
splines 46. The bearing structures 44 project from the
radially outward-facing surface 40. The bearing structures
44 position the steering shaft 36 within a hole 48 of the
handle 12, while permitting free rotation of steering shaft 36
within the hole 48. The splines 46 project from the radially
outward-facing surface 40 and are oriented in an axial
direction of the steering shaft 36. The splines 46 may be
substantially identical to each other and distributed evenly
about the circumference of the steering shaft 36, as shown
in FIG. 2. The steering shaft 36 is connected to, and projects
from, the steering knob 32 and into the interior of the handle
12. Thus, rotation of the steering knob 32 rotates the steering
shaft 36.

In some embodiments, the steering knob 32 and the
steering shaft 36 may be made from a hard plastic, for
example, a glass-filled polycarbonate or a polyoxymethyl-
ene. In some embodiments, the steering knob 32 and the
steering shaft 36 may be integrally formed by, for example,
injection molding, to form a single piece.

FIGS. 3, 4, and 5 are perspective views of another portion
of the steering control apparatus 24. The steering assembly
28 further includes a first drum 50 shown in FIGS. 3 and 4,
and a second drum 52 shown in FIG. 4. In some embodi-
ments, the first drum 50 and the second drum 52 may be
substantially identical, each having a flattened, disk-like
cylindrical structure. As shown in FIG. 3, the first drum 50
includes a first axially-facing surface 54, a second axially-
facing surface 56, a radially inward-facing surface 58, a
plurality of splines 60, a radially outward-facing surface 62,
a first recess 64, and a first groove 66. F1G. 3 also shows a
proximal end of the first wire 68. The first wire 68 includes
a first lug 70 connected to the proximal end of the first wire
68. The splines 60 project from the radially inward-facing
surface 58 and are oriented in an axial direction of the first
drum 50. The splines 60 may be substantially identical to
each other and distributed evenly about the circumference of
the first drum 50, as shown in FIG. 3. The first recess 64 is
formed in the first axially-facing surface 54. The first lug 70
may be inserted into the first recess 64 as shown to connect
the first wire 68 to the first drum 50.

FIG. 4 is another perspective view of the first drum 50 of
FIG. 3. FIG. 4 shows that the first groove 66 extends from
the first recess 64 and circumferentially around a portion of
the radially outward-facing surface 62. Once assembled, a
portion of the first wire 68 may be disposed within at least
a portion of the first groove 66.

As shown in FIG. 5, the second drum 52 includes a third
axially-facing surface 74, a fourth axially-facing surface 76,
a radially inward-facing surface 78, a plurality of splines 80,
a radially outward-facing surface 82, a second recess 84, and
a second groove 86. FIG. 5 also shows a proximal end of the
second wire 88. The second wire 88 includes a second lug
90 connected to the proximal end of the second wire 88. The
splines 80 project from the radially inward-facing surface 78
and are oriented in an axial direction of the second drum 52.
The splines 80 may be substantially identical to each other
and distributed evenly about the circumference of the second
drum 52, as shown in FIG. 5. The second recess 84 is formed
in the third axially-facing surface 74. The second lug 90 may
be inserted into the second recess 84 as shown to connect the
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second wire 88 to the second drum 52. As with the first drum
50, the second groove 86 extends from the second recess 84
and circumferentially around a portion of the radially out-
ward-facing surface 82. Once assembled, a portion of the
second wire 88 may be disposed within at least a portion of
the second groove 86.

FIG. 6 is an axial view of a portion of the steering control
apparatus 24 within the catheter handle 12. FIG. 6 shows the
first drum 50 disposed within the handle 12 and engaged
with the steering shaft 36 in a coaxial configuration. The
splines 60 of the first drum 50 are configured to engage with
the splines 46 of the steering shaft 36. Sliding the first drum
50 onto the steering shaft 36 in an axial direction engages the
splines 60 with the splines 46. The first drum 50 may be
rotated about its axis prior to sliding onto the steering shaft
36. The degree of rotation may be selected to provide a
nominal tension on the first wire 68. The tension may be
precisely controlled depending upon the number of splines
46 around the steering shaft 36 of the radially outward-
facing surface 40, and the number of splines 60 around the
radially inward-facing surface 58. Once the nominal tension
is provided on the first wire 68, the first drum 50 is slid onto
the steering shaft 36 while the distal end 22 is undeflected
and the steering knob 32 in the corresponding neutral
position, as shown in FIG. 1. The nominal tension on the first
wire 68 may be maintained until the steering shaft 36 is
rotated by the steering knob 32 to deflect the distal end 22.

In some embodiments, the first drum 50 and the second
drum 52 may be made from a hard plastic, for example, a
glass-filled polycarbonate or a polyoxymethylene. In some
embodiments, the first drum 50 and the second drum 52 may
be individually formed by, for example, injection molding.

FIG. 7 is a partial perspective view of a portion of the
steering control apparatus 24 within the catheter handle 12.
FIG. 7 shows the first drum 50 disposed within the handle
12 and connected to the first wire 66 as described above in
reference to FIG. 6. FIG. 7 also shows the second drum 52
being placed within the handle 12. As with the first drum 50,
the splines 80 of the second drum 52 are configured to
engage with the splines 46 of the steering shaft 36. The
second drum 52 may be slid onto the steering shaft 36 in an
axial direction as the splines 80 engage with the splines 46.
The second drum 52 may be slid down the length of the
steering shaft 36 until the second drum 52 is axially adjacent
to the first drum 50. The second drum 52 may be rotated
about its axis prior to sliding onto the steering shaft 36. The
degree of rotation may be selected to provide a nominal
tension on the second wire 88. The tension may be precisely
controlled depending upon the number of splines 46 around
the steering shaft 36 of the radially outward-facing surface
40, and the number of splines 80 around the radially
inward-facing surface 78. Once the nominal tension is
provided on the second wire 88, the second drum 52 is slid
onto the steering shaft 36 while the distal end 22 is unde-
flected and the steering knob 32 in the corresponding neutral
position, as shown in FIG. 1. The nominal tension on the
second wire 88 may be maintained until the steering shaft 36
is rotated by the steering knob 32 to deflect the distal end 22.
Thus, with the steering control apparatus 24, a nominal
tension may be quickly and easily provided on both the first
wire 68 and the second wire 88.

Rotation of the steering shaft 36 by the steering knob 32
simultaneously changes the tension in the first wire 66 and
the second wire 88 in a manner coordinated to steer or
deflect the distal end 22, because both the first drum 50 and
the second drum 52 are connected to the steering shaft 36.
Thus, considering FIGS. 1B, 1C, and 7 together, rotation of
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the steering shaft 36 by the steering knob 32 in the coun-
terclockwise direction (FIG. 1C), steers or deflects the distal
end 22 in the second direction D2 by increasing tension on
the first wire 66 and decreasing tension on the second wire
88. Conversely, rotation of the steering shaft 36 in the
clockwise direction (FIG. 1B), steers or deflects the distal
end 22 in the first direction D1 by decreasing the tension on
the first wire 66 and increasing tension on the second wire
88.

In the embodiment shown in FIG. 7, the first drum 50 and
the second drum 52 are disposed on the steering shaft 36
such that the first axially-facing surface 54 of the first drum
50 faces the third axially-facing surface 74 of the second
drum 52. In this configuration, the first recess 64 faces the
third axially-facing surface 74 to help contain the first lug 70
within the first recess 64; and the second recess 84 faces the
first axially-facing surface 54 to help contain the second lug
90 within the second recess 84. In some embodiments, once
the first drum 50 and the second drum 52 have been
individually rotated to produce the nominal tensions on the
first wire 66 and the second wire 88, respectively, and
connected to the steering shaft 36, the first drum 50 may be
directly connected to the second drum 52 by, for example,
applying an adhesive between the first axially-facing surface
54 and the third axially-facing surface 74.

FIGS. 8 and 9 are partial perspective views of a portion
of the steering control apparatus 24 within the catheter
handle 12 illustrating portions of the brake assembly 30. The
brake assembly 30 further includes a friction plate 92 and a
brake clip 94. Although the friction plate 92 is not illustrated,
it is a plate of material having a relatively high coeflicient of
friction. The friction plate 92 is disposed in an interior
surface of the handle 12. The brake clip 94 is configured to
engage the first drum 50 and the second drum 52. FIG. 8
illustrates a portion of the steering control apparatus 24
before the brake clip 94 is installed around the first drum 50
and the second drum 52. FIG. 9 illustrates the portion of the
steering control apparatus 24 showing the brake clip 94
installed around the first drum 50 and the second drum 52.
Considering FIGS. 8 and 9 together, the brake clip 94
includes a cylindrical hub 96 and at least one brake arm 98
(two shown in the embodiment of FIGS. 8 and 9). The hub
96 includes a radially outward-facing surface 100 and
threads 102 projecting from a radially-inward facing surface
104. Once installed, each of the at least one brake arm 98
extends radially outward from the hub 96 and across the
fourth axially-facing surface 76 of the second drum 52 to the
radially outward-facing surface 82 of the second drum 52,
axially from the radially outward-facing surface 82 to the
radially outward-facing surface 62 of the first drum 50 (FIG.
4), and radially inward from the radially outward-facing
surface 62 and across a portion of the second axially-facing
surface 56 of the first drum 50 (FIG. 3).

Although not illustrated, the braking knob 34 includes a
cylindrical braking shaft 106. The braking shaft 106 projects
from the braking knob 34 and into the interior of the handle
12. The braking shaft 106 may include threads 108 project-
ing from a radially outward-facing surface 110. The threads
108 of the braking shaft 106 are configured to threadedly
engage the threads 102 projecting from the radially-inward
facing surface 104 of the hub 96. So configured, rotation of
the braking shaft 106 by the braking knob 34 in, for
example, a clockwise direction, may force the brake clip 94
in the direction of the interior surface of handle 12 to which
the friction plate 92 is attached. As the brake clip 94 1s forced
toward the interior surface of handle 12, the at least one
brake arm 98 forces the fourth axially-facing surface 76 of
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the second drum 52 against the friction plate 92, increasing
a frictional force between the friction plate 94 and the fourth
axially-facing surface 76. The rotation of the braking shaft
96 in the other direction, for example, counterclockwise,
may move the friction plate 92 and the fourth axially-facing
surface 76 away from one another so as to decrease the
frictional force between the friction plate 92 the fourth
axially-facing surface 76.

The brake clip 94 may be made of a strong, but somewhat
flexible material, for example a metal such as aluminum, or
a polymer such as polyletherimide or polyether ether ketone.
The radially inward extent of the brake arm 98 across the
portion of the second axially-facing surface 56 is suitably
sized so that the brake clip 94 may snap into position when
installed, and still be useful in pressing against the first drum
50 to increase the frictional force between the friction plate
and the fourth axially-facing surface 76.

Although the embodiment described above describes a
clockwise rotation of the braking knob 34 to increase the
frictional force and a counterclockwise rotation to decrease
the frictional force, it is understood that embodiments can
include the reverse configuration by reversing the direction
of the threads 102 and 108. In addition, while the embodi-
ment above is described with the frictional force formed
between the friction plate 92 and the fourth axially-facing
surface 76, it is understood that embodiments can include
configurations in which the frictional force is formed
between the friction plate 92 and the second axially-facing
surface 56.

In some embodiments, the braking knob 34 and the
braking shaft 106 may be made from a hard plastic, for
example, a glass-filled polycarbonate or a polyoxymethyl-
ene. In some embodiments, the braking knob 34 and the
braking shaft 106 may be integrally formed by, for example,
injection molding, to form a single piece.

Various modifications and additions can be made to the
exemplary embodiments discussed without departing from
the scope of the present invention. For example, while the
embodiments described above refer to particular features,
the scope of this invention also includes embodiments
having different combinations of features and embodiments
that do not include all of the described features. Accordingly,
the scope of the present invention is intended to embrace all
such alternatives, modifications, and variations as fall within
the scope of the claims, together with all equivalents thereof.

We claim:

1. A steering control apparatus substantially contained
within a handle at a proximal end of a catheter to control
deflection of a distal end of the catheter, the distal end
including a therapy device, the steering control apparatus
comprising:

a first wire extending from the distal end of the catheter

to within the handle;

a second wire extending from the distal end of the catheter

to within the handle; and

a steering assembly including:

a steering knob disposed at an exterior of the handle;

a cylindrical steering shaft projecting from the steering
knob and into the interior of the handle;

a first cylindrical drum disposed within the handle and
connected to the first wire, the first drum configured
to engage the steering shaft to produce tension on the
first wire, wherein the first drum is coaxial with the
steering shaft; and

a second cylindrical drum within the handle and con-
nected to the second wire, the second drum config-
ured to engage the steering shaft to produce tension



US 9,931,487 B2

13

on the second wire, wherein the second drum is
coaxial with the steering shaft and axially adjacent to
the first drum;

wherein rotation of the steering shaft by the steering knob

in a counterclockwise direction steers the distal end of
the catheter in the second direction by increasing
tension on the first wire and decreasing tension on the
second wire, and rotation of the steering shaft by the
steering knob in a clockwise direction steers the distal
end in the first direction by decreasing tension on the
first wire and increasing tension on the second wire.

2. The apparatus of claim 1, wherein:

the steering shaft includes plurality of splines projecting

from a radially outward-facing surface of the steering
shaft, the splines oriented in an axial direction;

the first drum includes a radially inward-facing surface

and a plurality of splines projecting from the inward-
facing surface, the splines oriented in an axial direction
and configured to engage the plurality of splines on the
external surface of the steering shaft to produce the
tension on the first wire; and

the second drum includes a radially inward-facing surface

and a plurality of splines on the inward-facing surface,
the splines oriented in an axial direction and configured
to engage the plurality of splines on the external surface
of the steering shaft to produce the tension on the
second wire.

3. The apparatus of claim 1, wherein the first drum further
includes a first recess formed in an axial-facing surface, and
a first groove extending from the recess and circumferen-
tially around a portion of a radially outward-facing surface
of the first drum; and the first wire includes a first lug
connected to a proximal end of the first wire, wherein the
first lug is disposed in the first recess and a portion of the first
wire 1s disposed within a least a portion of the first groove
to connect the first drum to the first wire.

4. The apparatus of claim 3, wherein the second drum
further includes a second recess formed in an axial-facing
surface, and a second groove extending from the recess and
circumferentially around a portion of a radially outward-
facing surface of the second drum; and the second wire
includes a second lug connected to a proximal end of the
second wire, wherein the second lug is disposed in the
second recess and a portion of the second wire is disposed
within a least a portion of the second groove to connect the
second drum to the second wire.

5. The apparatus of claim 4, wherein the axial-facing
surface of the first drum including the first recess faces the
axial-facing surface of the second drum including the second
recess.

6. The apparatus of claim 5, wherein the first drum is
directly connected to the second drum.

7. The apparatus of claim 1, wherein the steering knob and
the steering shaft are integrally formed.

8. The apparatus of claim 1, further including a brake
assembly, the brake assembly including:

a friction plate disposed on an interior surface of the

handle;

a brake clip configured to engage the first drum and the

second drum; and

a braking knob disposed at the exterior of the handle on

a side of the handle opposite the steering knob, the
braking knob including a cylindrical braking shaft
projecting from the braking knob and into the interior
of the handle; the braking knob configured to engage
the brake clip, wherein rotation of the braking shaft by
the braking knob in one of a clockwise direction and a
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counterclockwise direction increases a frictional force
between the friction plate and one of an axially facing
surface of the first drum and an axially facing surface
of the second drum; and rotation of the braking shaft by
the braking knob in the other one of the clockwise
direction and the counterclockwise direction decreases
the frictional force between the friction plate and the
one of the axially facing surface of the first drum and
the axially facing surface of the second drum.

9. The apparatus of claim 8, wherein:

the brake clip includes:
a cylindrical hub including:

a radially outward-facing surface, the radially out-
ward-facing surface facing a radially inward-fac-
ing surface of the steering shaft; and

threads projecting from a radially inward-facing sur-
face of the hub; and

at least one brake arm extending radially outward from
the hub and across the axially-facing surface of the
second drum to the radially outward-facing surface
of the second drum, axially from the radially out-
ward-facing surface of the second drum to the radi-
ally outward-facing surface of the first drum, and
radially inward from the radially outward-facing
surface of the first drum and across a portion of the
axially-facing surface of the first drum; and
the braking knob further includes threads projecting from
a radially outward-facing surface of the braking shaft,
wherein the threads of the braking shaft are configured
to engage the threads of the hub.
10. The apparatus of claim 9, wherein the braking knob
and the braking shaft are integrally formed.
11. A catheter comprising:
an elongate catheter body extending from a proximal end
to a distal end, wherein the distal end is steerable in a
first direction and a second direction, the second direc-
tion different from the first direction;
a therapy device connected to the distal end of the catheter
body;
a handle connected to the proximal end of the catheter
body; and
a steering control mechanism disposed at least partially
within the handle, the mechanism including:
a first wire extending from the distal end of the catheter
to within the handle;
a second wire extending from the distal end of the
catheter to within the handle; and
a steering assembly including:

a steering knob disposed at an exterior of the handle;

a cylindrical steering shaft projecting from the steer-
ing knob and into the interior of the handle;

a first cylindrical drum disposed within the handle
and connected to the first wire, the first drum
configured to engage the steering shaft to produce
tension on the first wire, wherein the first drum is
coaxial with the steering shaft; and

a second cylindrical drum within the handle and
connected to the second wire, the second drum
configured to engage the steering shaft to produce
tension on the second wire, wherein the second
drum is coaxial with the steering shaft and axially
adjacent to the first drum;

wherein rotation of the steering shaft by the steering
knob in a counterclockwise direction steers the distal
end of the catheter in the second direction by increas-
ing tension on the first wire and decreasing tension
on the second wire, and rotation of the steering shaft
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by the steering knob in a clockwise direction steers
the distal end in the first direction by decreasing
tension on the first wire and increasing tension on the
second wire.

12. The catheter of claim 11, wherein:

the steering shaft includes plurality of splines projecting

from a radially outward-facing surface of the steering
shaft, the splines oriented in an axial direction;

the first drum includes a radially inward-facing surface

and a plurality of splines projecting from the inward-
facing surface, the splines oriented in an axial direction
and configured to engage the plurality of splines on the
external surface of the steering shaft to produce the
tension on the first wire; and

the second drum includes a radially inward-facing surface

and a plurality of splines on the inward-facing surface,
the splines oriented in an axial direction and configured
to engage the plurality of splines on the external surface
of the steering shaft to produce the tension on the
second wire.

13. The catheter of claim 11, wherein the first drum
further includes a first recess formed in an axial-facing
surface, and a first groove extending from the recess and
circumferentially around a portion of a radially outward-
facing surface of the first drum; and the first wire includes
a first lug connected to a proximal end of the first wire,
wherein the first lug is disposed in the first recess and a
portion of the first wire is disposed within a least a portion
of the first groove to connect the first drum to the first wire.

14. The catheter of claim 13, wherein the second drum
further includes a second recess formed in an axial-facing
surface, and a second groove extending from the recess and
circumferentially around a portion of a radially outward-
facing surface of the second drum; and the second wire
includes a second lug connected to a proximal end of the
second wire, wherein the second lug is disposed in the
second recess and a portion of the second wire is disposed
within a least a portion of the second groove to connect the
second drum to the second wire.

15. The catheter of claim 14, wherein the axial-facing
surface of the first drum including the first recess faces the
axial-facing surface of the second drum including the second
recess.

16. The catheter of claim 11, wherein the steering knob
and the steering shaft are integrally formed.

17. The catheter of claim 11, wherein the steering control
mechanism further includes a brake assembly, the brake
assembly including:
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a friction plate disposed on an interior surface of the
handle;

a brake clip configured to engage the first drum and the
second drum; and

a braking knob disposed at the exterior of the handle on
a side of the handle opposite the steering knob, the
braking knob including a cylindrical braking shaft
projecting from the braking knob and into the interior
of the handle; the braking knob configured to engage
the brake clip, wherein rotation of the braking shaft by
the braking knob in one of a clockwise direction and a
counterclockwise direction increases a frictional force
between the friction plate and one of an axially facing
surface of the first drum and an axially facing surface
of the second drum; and rotation of the braking shaft by
the braking knob in the other one of the clockwise
direction and the counterclockwise direction decreases
the frictional force between the friction plate and the
one of the axially facing surface of the first drum and
the axially facing surface of the second drum.

18. The catheter of claim 17, wherein:

the brake clip includes:
a cylindrical hub including:

a radially outward-facing surface, the radially out-
ward-facing surface facing a radially inward-fac-
ing surface of the steering shaft; and

threads projecting from a radially inward-facing sur-
face of the hub; and

at least one brake arm extending radially outward
from the hub and across the axially-facing surface
of the second drum to the radially outward-facing
surface of the second drum, axially from the
radially outward-facing surface of the second
drum to the radially outward-facing surface of the
first drum, and radially inward from the radially
outward-facing surface of the first drum and
across a portion of the axially-facing surface of the
first drum; and

the braking knob includes threads projecting from a
radially outward-facing surface of the braking shaft,
wherein the threads of the braking shaft are configured
to engage the threads of the hub.

19. The catheter of claim 17, wherein the braking knob

and the braking shaft are integrally formed.

20. The catheter of claim 11, wherein catheter is a cardiac

mapping catheter and the therapy device includes a mapping
electrode array.
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