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SELF-LOCKING HANDLE FOR STEERING
A SINGLE OR MULTIPLE-PROFILE CATHETER

BACKGROUND OF THE INVENTION

The invention relates generally to steerable catheters, and more particularly to a steerable
catheter having a handle with a steering controller that has a self-locking mechanism that allows
the catheter profile to be changed and locked in place through the single-handed manipulation
of the steering controller.

In many medical procedures, it is necessary to place a catheter at a particular location
within the patient’s body. Precise placement of the catheter is more easily accomplished when
asteerable catheter is used. Such catheters are typically flexible at the distal end, and the profile
at the distal end is adjustable.

Changing the profile of the distal-end region of a steerable catheter typically involves the
use of a steering tendon that is housed within the catheter shaft. The steering tendon is usually
a wire that has its distal end attached to the distal-end region of the catheter shaft. The proximal
end of the catheter shaft attaches to a handle. The proximal end of the steering tendon exits
through the proximal end of the catheter shaft and attaches to a steering controller within the
handle.

The profile of the distal-end region of the catheter shaft can be adjusted from its non-
steered configuration by manipulating the steering controller from a neutral position so that the
steering tendon is axially displaced in the proximal direction. Axially displacing the steering
tendon in the proximal direction places the steering tendon in tension. Placing the steering
tendon in tension, in turn, causes the catheter shaft to compress preferentially on the side where
the steering tendon is attached. This causes a deflection of the distal-end region. If the steering
controller is released, the distal-end region of the catheter shaft typically springs back to its
natura] state due to the structure of the catheter shaft, thus moving the steering tendon and the
steering controller back to their neutral positions.

Itis often necessaryto maintain the force exerted on the steering tendon during the course
of amedical procedure so as to retain the deflected profile of the distal-end region of the catheter.
In some of the existing steerable catheters, maintaining the force exerted on the steering tendon
requires the operator to manually hold the steering controller in place. However, it is often
difficult for the operator to maintain a constant amount of force on the steering tendon for an

extended period of time or while further manipulating the handle.



10

15

20

25

30

WO 02/089891 PCT/US02/13148
2

In other existing steerable catheters, an additional knob attached to the steering controller
is used to lock the displacement of the steering tendon at its present position. This knob is used
to tighten the steering controller against a friction plate within the handle housing until the
resulting friction is sufficient to prevent the steering controller from moving from its present
position. Typically, the operator must turn this knob with one hand while the other hand is used
to maintain the preferred position of the steering controller relative to the handle housing. Thus,
locking the steering controller in other steerable catheters is a two-handed operation.

Hence, those skilled in the art have identified aneed for an improved catheter handle, and
one with a steering controller that can be manipulated to a new position and locked in place

through a single-handed operation. The present invention fulfills these needs and others.

SUMMARY OF THE INVENTION

Briefly, and in general terms, the present invention is directed to a catheter handle with
a steering controller that includes a self-locking mechanism to be used in steering a single or
multiple-profile catheter. The steering controller can be manipulated to establish a new profile
of the catheter and locked in place with the self-locking mechanism through a single-handed
operation.

In a first aspect, the invention relates to a handle for steering a catheter shaft that has a
proximal region and a distal-end region and at least one steering tendon. The steering tendon has
adistal end attached to the shaft distal-end region and a proximal end that exits the proximal end
of the shaft. The handle includes a shell housing that is attached to the proximal end of the
catheter shaft. The handle also includes a steering controller that is carried by the shell housing
and has the proximal end of the at least one steering tendon connected thereto. The steering
controller is adapted for movement to apply tension to the at least one steering tendon. Further
included in the handle are a means for retaining the steering controller in a locked position to
prevent the steering controller from moving, and means for moving the steering controller from
the locked position to a free position wherein the steering controller is manipulable to adjust
tension to the least one steering tendon.

In a detailed aspect of the invention, the steering controller includes a rotatable steering
knob that includes a shaft portion located internal the shell housing and a controller portion
located external the shell housing. The steering controller also includes a rotatable steering disk

located internal the shell housing and attached to the shaft portion of the knob. In another
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detailed aspect, the retaining means includes first mating means that are carried by the shell
housing, second mating means that are carried by the steering controller, and means for biasing
the second mating means against the first mating. means such that the first and second mating
means engage. In a more detailed aspect, the first mating means and the second mating means
each comprise a plurality of alternating protrusions and recesses. In a further detailed aspect, the
plurality of alternating protrusions and recesses form teeth. In another detailed facet, the handle
further includes means for adjusting the force with which the biasing means biases the second
mating means against the first mating means. In a more detailed facet, the adjusting means
includes a screw. In a further detailed facet, the biasing means includes any one of a compression
spring, tension spring, leaf spring and Belleville spring washers. In another detailed facet, the
means for moving the steering controller includes means for receiving force sufficient to
disengage the second mating means from the first mating means. In a further detailed facet, the
steering controller includes a rotatable steering knob that has a shaft portion located internal the
shell housing and a controller portion located external the shell housing, and the force-receiving
means include the controller portion.
Inasecond aspect, the invention relates to a handle for steering a catheter shaft that has
a proximal region and a distal-end region and at least one steering tendon. Each steering tendon
has a distal end attached to the shaft distal-end region and a proximal end that exits the proximal
end of the shaft. The handle includes a shell housing that is attached to the proximal end of the
catheter shaft and has a plurality of alternating protrusions and recesses positioned within the
shell housing. The handle also includes a steering controller that is carried by the shell housing
and has a plurality of alternating protrusions and recesses positioned within the shell housing.
The proximal end of the at least one steering tendon is connected to the steering controller. The
steering controller is adapted to translate between a locked position and a free position. In the
locked position, at least one of the steering controller protrusions and recesses is engaged with
at least one of the shell housing protrusions or recesses. In the free position, the steering
controller protrusions and recesses are disengaged from the shell housing protrusions and
recesses and the steering controller is manipulable to adjust tension to the least one steering
tendon.
In a detailed aspect, the plurality of protrusions and recesses form teeth. In a more
detailed aspect, the steering coniroller includes a rotatable steering knob that includes a shaft

portion located internal the shell housing and a controller portion located external the shell
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housing. The steering controller further includes arotatable steering disk that carries the steering
controller protrusions and recesses. The steering disk is located internal the shell housing and
is attached to the shaft portion of the knob. The steering controller also includes a spring for
biasing the steering disk toward the shell housing protrusions and recesses such that the steering
controller protrusions and recesses engage at least one of the shell housing protrusions and
recesses. In an even more detailed aspect, the steering controller protrusions and recesses are
located along the perimeter of the steering disk. In another detailed facet, the force with which
the spring biases the steering disk in the locked position is adjustable. In another detailed aspect,
the steering controller further includes a spacer that is located internal the shell housing and is
attached to the shaft portion of the knob. In a more detailed aspect, the spring biases the steering
disk via the spacer. In an even more detailed aspect, the spring includes any one of a
compression spring, tension spring, leaf spring and Belleville spring washers, and the biasing
force is adjustable via a screw. Ina further detailed aspect the steering disk is disengaged from
the shell housing via the application of force upon the steering knob that opposes the biasing
force.

In a third aspect, the invention relates to a catheter that includes a catheter shaft that has
a proximal region and a distal-end region and at least one steering tendon. The steering tendon
has a distal end that is attached to the shaft distal-end region and a proximal end that exits the
proximal end of the shaft. The catheter also includes a shell housing having the proximal end
of the shaft attached thereto. The shell housing includes a plurality of alternating protrusions and
recesses positioned within the shell housing. The catheter also includes a steering controller that
is carried by the shell housing. The steering controller has a plurality of alternating protrusions
and recesses that are positioned within the shell housing. The proximal end of the at least one
steering tendon is connected to the steering controller. The steering controller is adapted to
translate between a locked position and a free position. In the locked position, at least one of the
steering controller protrusions or recesses is engaged with at least one of the housing protrusions
orrecesses. Inthe free position, none ofthe steering controller protrusions or recesses is engaged
with any of the housing protrusions or recesses and the steering controller is manipulable to apply
or release tension to the steering tendon.

In a detailed aspect of the invention, there is at least one electrode positioned at the distal-
end region of the shaft. In a further aspect of the invention, the steering controller includes a

rotatable steering knob that includes a shaft portion located internal the shell housing and a
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controller portion located external the shell housing. The steering controller further includes a
rotatable steering disk located internal the shell housing that is attached to the shaft portion of
the knob. The steering disk carries the steering controller protrusions and recesses. The steering
controller also includes a spacer located internal the shell housing that is also attached to the shaft
portion of the knob, and a compression spring that biases the steering disk, via the spacer, toward
the shell housing protrusion and recesses such that the steering controller protrusion and recesses
engage at least one of the shell housing protrusion and recesses. In a more detailed aspect, the
force with which the compression spring biases the steering disk in the locked position via the
spacer is adjustable.

In a fourth aspect, the invention relates to a method of steering a catheter shaft that has
at least one steering tendon by using a handle that includes a shell housing with a plurality of
alternating protrusions and recesses and a rotatable steering controller that also has a plurality
of alternating protrusions and recesses. The housing protrusions and recesses are normally
engaged with the controller protrusions and recesses by a biasing force. The method includes
the step of disengaging the controller protrusions and recesses from the housing protrusions and
recesses. The method also includes the step of rotating the controller to pull on the at least one
steering tendon and thereby deflect the profile of the shaft. Also included is the step of
reengaging the controller protrusions and recesses with the housing protrusions and recesses.

In adetailed aspect of the invention, the step of disengaging the controller protrusions and
recesses from the housing protrusions and recesses includes opposing the biasing force with a
force greater than the biasing force. In another aspect, the step of reengaging the controller
protrusions and recesses with the housing protrusions and recesses comprises opposing the
biasing force with a force less than the biasing force.

These and other aspects and advantages of the invention will become apparent from the
following detailed description and the accompanying drawings, which illustrate by way of

example the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is aplan view of a catheter handle and catheter configured in accordance with
the invention and depicting major components of the catheter handle and catheter including a
handle shell, a steering controller, and a catheter shaft;

FIG. 2 is a plan view depicting the disk housing shell portion of the catheter handle of
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FIG. 1;

FIG. 3 is a plan view depicting the spacer housing shell portion of the catheter handle of
FIG. 1; ‘

FIG. 4is an exploded isometric view of the handle of FIG. 1 depicting major components
of the catheter handle including the handle shell and the steering controller;

FIG. 5 is a section view of the steering controller taken along the line 5-5 in FIG. 1;

FIG. 6a is a section view of the steering controller taken along the line 6a-6a in FIG. 5
depicting the steering controller engaged with the handle shell in the locked position; and

FIG. 6b is a section view of the steering controller taken along the line 6b-6b in FIG. 5

depicting the steering controller disengaged from the handle shell in the free position.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, in which like reference numerals are used to designate
like or corresponding elements among the several figures, in FIG. 1 there is shown a catheter
handle 10 for a steerable catheter incorporating aspects of the present invention. The catheter
handle 10 attaches to a proximal end 12 of a catheter shaft 14. The catheter shaft comprises a
catheter sheath 16, a first steering tendon 18 and a second steering tendon 20. The first steering
tendon 18 and the second steering tendon 20 exit from the proximal end of the catheter sheath
16 and enter the catheter handle 10. Within the catheter handle 10, the first 18 and second 20
steering tendons attach to a steering controller 22. The distal ends of the steering tendons 18, 20
are attached to a distal-end region 24 of the catheter, in a manner such as that disclosed in co-
pending patent application having docket number HRT-55403, entitled “Dual-Profile Steerable
Catheter with Shaft Support System for Resisting Axial Compressive Loads,” that was filed on
May 2, 2001, which is assigned to the assignee of the present invention and is hereby
incorporated by reference.

With continued reference to FIG. 1, the distal-end region 24 of the catheter shaft 14 also
includes an energy transfer device 26. In one configuration, the energy transfer device 26
includes a tip electrode 28 for applying ablation energy to a biological site. Proximal from the
tip electrode 28 is a plurality of band electrodes 30 arranged in a substantially linear array along
the distal-end region 24 of the sheath 16. The energy transfer device 26 includes individual feed
wires (not shown) running from the catheter handle 10 to each band electrode 30. The feed wires

are attached to the band electrodes 30, such as by welding. The energy transfer device 26 also
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includes a pair of thermocouple wires (not shown) running from the catheter handle 10 through
the catheter sheath 16 to the tip electrode 28. The thermocouple wires are attached to the tip
electrode 28, such as by soldering. One of the thermocouple wires also functions as a drive wire
to transmit ablation energy to the tip electrode 28.

With further reference to FIG. 1, the profile of the distal-end region 24 of the catheter
shaft 14 can be adjustably deflected by rotating the steering controller 22. A knob 32 portion of
the steering controller 22 resides partially outside the handle’s shell 34. The steering controller
22 can be rotated by rotating the knob 32 either in a first direction (clockwise) or in a second
direction (counterclockwise). Rotating the knob 32 clockwise from aneutral position causes one
of the steering tendons 18, 20 to translate axially in the proximal direction, thus creating a first
changed profile 36 of the distal-end region 24 of the catheter shaft 14. Similarly, rotating the
knob 32 counterclockwise from the neutral position causes the other steering tendon 18, 20 to
translate axially in the proximal direction, thus creating a second changed profile 38 of the distal-
end region 24 of the catheter shaft 14. Although FIG. 1 depicts the handle being used with a
dual-profile catheter with two steering tendons 18, 20, the handle 10 is also functional for single-
profile catheters with a single steering tendon.

The shell 34 of the handle 10 compﬁses a disk housing shell 40 (FIG.2) and a spacer
housing shell 42 (FIG. 3). Referring to FIG. 2 which depicts the internal configuration of the
disk housing shell 40, the distal end 44 of the disk housing shell includes a channel 46 for
receiving and housing the catheter shaft 14 (FIG. 1). Proximal the channel 46 is a pocket 48 that
receives a cylindrical adapter (not shown in FIG. 2). As will be discussed in more detail below,
the catheter shaft 14 is adhesively bonded into a hole in the adapter, and the adapter is adhesively
bonded into the pocket 48, thus holding the catheter shaft in place relative to the handle 10.
Proximal the pocket 48 is a steering disk housing 50. Oﬁe side along the inner perimeter of the
steering disk housing 50 includes a plurality of alternating protrusions and recesses 52. As will
be discussed further below, the alternating protrusions and recesses 52 in the steering disk
housing 50 mate with a plurality of alternating protrusions and recesses on a steering disk (not
shown in FIG. 2). The steering disk housing 50 also includes a lateral slot 54 that receives and
controls the direction of translation of a steering controller shaft (not shown in FIG. 2). Proximal
the steering disk housing 50 is a handgrip portion 56 of the disk housing shell 40. The proximal-
most portion of the handgrip portion 56 includes a channel 58 for holding an electrical connector
59 (FIG. 4).
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Referring to FIG. 3 which depicts the internal configuration of the spacér housing shell
42, the distal end 60 of the spacer housing shell includes a channel 62 for receiving and housing
the catheter shaft 14 (FIG. 1). Proximal the channel 62 is a pocket 64 that receives a cylindrical
adapter (not shown in FIG. 3). Upon assembly of the handle shell 34, the channel 62
complements the channel 46 in the disk housing shell 40 (FIG. 2) to form a lumen to house the
proximal portion 12 of the catheter shaft 14 (FIG. 1), and the pocket 64 complements the pocket
48 (FIG. 2) in the disk housing shell to form a single pocket for housing the cylindrical adapter.
Proximal the pocket 64 is a spacer housing 66. Within the spacer housing 66 is a rectangular
pocket 68 for containing a spacer (not shown in FIG. 3); the spacer will be described in more
detail below. The rectangular pocket 68 permits the spacer to translate laterally, but restrains the
spacer from translating longitudinally. The spacer housing 66 also includes a lateral slot 70 that
is aligned with the lateral slot 54 (FIG. 2) in the steering disk housing 50 to receive and control
the direction of translation of the steering controller shaft (not shown in FIG. 3). Proximal the
spacer housing 66 is a handgrip portion 72 of the spacer housing shell 42. The handgrip portion
72 of the spacer housing shell 42 mates with the handgrip portion 56 (FIG. 2) of the disk housing
shell 40 to form a complete handgrip 74 (see FIG. 1). The proximal-most portion ofthe handgrip
portion 72 includes a channel 75 that complements the channel 58 (FIG. 2) in the disk housing
shell 40 to form an aperture for holding an electric connector 59 (FIG. 4).

With reference to FIG. 4, the disk housing shell 40 and spacer housing shell 42 are mated
and joined to each other at various attachment points after installation of the interior components
of the handle. One of the attachment points is at the location of the cylindrical-shaped adapter
114. The adapter 114 fits into the matching pockets 48 (FIG. 2), 64 (FIG. 3) within the distal
section 44, 60 of the disk housing shell 40 and the spacer housing shell 42 respectively. The
adapter 114 is adhesively bonded to the matching pockets 48 (FIG. 2), 64 (FIG. 3), such as with
cyanoacrylate, thereby joining the disk housing shell 40 and the spacer housing shell 42 at that
attachment point. The disk housing shell 40 and the spacer housing shell 42 are also joined at
at least one other attachment point with a screw 77. In the embodiment of FIG. 4, two screws
77 are shown.

With further reference to FIG. 4 and reference to FIG. 5, the steering controller 22
comprises the knob 32, a steering disk 76, a spacer 78, a compression spring 80, and a setscrew
82. The knob 32 further comprises a knob disk hub 84, a knob disk shaft 86, and a knob
connecting bar 88. The knob disk hub 84 and the knob disk shaft 86 each comprise a disk
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portion 90, 92 and a shaft portion 94, 96. The shaft portions 94, 96 protrude perpendicularly
from the center of their respective disk portions 90, 92. The shaft portion 94 of the knob disk
hub 84 is inserted into the lateral slot 54 in the disk housing shell 40 and the shaft portion 96 of
the knob disk shaft 86 is inserted into the lateral slot 70 in the spacer housing shell 42. O-rings
98 are placed within grooves 100 in the knob disk hub 84 and the knob disk shaft 86 to provide
standoff between the steering knob 32 and the handle shell 34 so that the steering knob does not
rub against the handle shell. Both O-rings 98 are lubricatéd with silicone oil, such as Dow™ 360
or equivalent, to minimize drag. Within the handle 10, the shaft portion 94 of the knob disk hub
84 mates with and is adhesively bonded, such as by gluing, to the shaft portion 96 of the knob
disk shaft 86, thus forming a single shaft 102. The knob connecting bar 88 is also adhesively
bonded, such as by gluing, between radial protrusions 104, 106 on the knob disk hub 84 and the
knob disk shaft 86 to ensure that the knob disk shaft and the knob disk hub move synchronously.

With continued reference to FIGS. 4 and 5, a center hole 108 on the steering disk 76 is
keyed to the shaft portion 102 of the knob 32 so that turning the knob causes the steering disk
to rotate. The spacer 78 also has a hole 110 that mates with the shaft 102 of the knob 32. The
hole 110 in the spacer 78 is round and provides a loose fit with the shaft 102. The spacer 78 is
amostly rectangular-shaped block that fits within the rectangular pocket 68 in the spacer housing
shell 42. The spacer 78 is normally biased to one side of the pocket by the compression spring
80. The compression spring 80 fits between the setscrew 82 within the wall of the spacer
housing shell 42 and an aperture 112 in an end of the spacer 78. The force exerted by the
compression spring 80 can be adjusted via the setscrew 82.

Although in a preferred embodiment the spacer 78 is biased by the compression spring
80, other means may be utilized to accomplish the same result. For instance, the spacer 78 can
be biased by tension springs, leaf springs, or numerous other types of springs. The spacer 78 can
also be biased by hydraulic pressure, pneumatic pressure, compressible materials, elastic
materials, magnetic forces, or by any equivalent means. Similarly, the force exerted by the
compression spring 80 can be adjusted by means other than the setscrew 82 to accomplish the
same result. Asan example, other screw types or threaded devices could be used. The force can
also be adjusted by a ratchet system, shims, wedges, hydraulié pressﬁre, pneumatic pressure, or
by any equivalent means.

Referring to FIGS. 6a and 6b, the cylindrical-shaped adapter 114 has ahole 116 (see FIG.
4) running laterally through it. To attach the catheter shaft 14 to the handle 10, the proximal end
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12 of the catheter shaft is inserted into the hole 116 and is attached to the hole such as by
adhesive bonding. As mentioned previously, the adapter 114 is subsequently attached, such as
by adhesive bonding, to the matching pockets 48 (FIG. 2), 64 (FIG. 3).

With continued reference to FIGS. 6a and 6b, the first 18 and second 20 steering tendons
exit the proximal end 12 of the catheter shaft 14 and enter the handle 10. Within the handle 10,
the steering tendons 18, 20 are routed through guide tubes 118 that comprise a low-friction
material, such as polyimide. From the guide tubes 118, each of the steering tendons 18, 20 wraps
partially around a hub 120 of the steering disk 76 and feeds through a notched portion 122 of the
hub. At the proximal end 124, 126 of each steering tendon 18, 20 is a tendon stop 128. As the
steering disk 76 is rotated, the notched portion 122 pulls on the tendon stop 128 of one of the
steering‘tendons 18, 20 and causes that steering tendon to axially translate in the proximal
direction, thereby causing the catheter shaft 14 to steer.

With further reference to FIGS. 6a and 6b, a perimeter of the steering disk 76 includes
a plurality of alternating protrusions and recesses 130 that mate with the plurality of alternating
protrusions and recesses 52 on the inside surface of the steering disk housing 50 (FIG. 6a). The
resolution of locking locations is controlled by the sizes and spacing of the protrusions and
recesses 52, 130. The number of locking positions increases as the number of protrusions and
recesses 52, 130 increases. The finer the protrusions and recesses 52, 130 are, the more that can
be disposed in any given arc. This allows greater resolution. However, they cannot be so fine
that a force on the distal end of the catheter translated to the steering controller 22 by a tendon
18, 20 can pull the steering disk 76 out of its locked position. In one configuration, the
alternating protrusions and recesses 130 on the steering disk 76 and the alternating protrusions
and recesses 52 in the steering disk housing 50 form teeth 132, 134. The teeth 132 on the
steering disk 76 can be disengaged (FIG. 6b) from the teeth 134 in the steering disk housing 50
by pushing the knob connecting bar 88 radially towards the center of the handle 10 with a force
greater than the biasing force of the spring 80. By pushing the knob connecting bar 88 radially
towards the center of the handle 10 with a force greater than the biasing force of the spring 80
(FIG. 5),.the shaft 102 translates within the slots 54, 70 in the spacer housing 66 and the steering
disk housing 50. As the steering knob 32 translates, the shaft 102 causes the steering disk 76 and
the spacer 78 to translate with it, thereby causing the teeth 132 in the steering disk to disengage
from the steering disk housing 50 and causing further compression of the compression spring 80

(FIG. 5). With the steering disk 76 disengaged (FIG. 6b), the knob connecting bar 88 can be
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11
rotated clockwise or counterclockwise about the shaft 102, thus rotating the steering disk and
pulling one of the steering tendons 18, 20 to cause the profile of the distal-end region 24 (FIG.
1) of the catheter shaft 14 to change.

Although in a preferred embodiment the steering disk 76 mates with the steering disk
housing 50 through a plurality of alternating protrusions and recesses 52, 130 on the steering disk
and on the steering disk housing, other means may be utilized to accomplish the same result. For
instance, an array of protrusions can be disposed on the steering disk 76 for mating with an array
of apertures disposed on the steering disk housing 50, or vice versa. Alternatively, the same
result can be achieved with a single protrusion on the steering disk 76 that mates with any of a
series of apertures on the steering disk housing 50, or vice versa, or by any equivalent means.
'Other possible methods for accomplishing the same result include the use of surface textures
including sandpaper, coarse fabric, a file, or other suitable coarse materials. High friction
materials such as low durometer “sticky” rubbers, such as chlorbutyl rubber, also produce
satisfactory results. In a preferred embodiment the teeth 132, 134 formed from the alternating
protrusions and recesses 52, 130 comprise a triangular shape. The teeth 132, 134 can also

comprise other shapes such as square, rectangular, semicircular, rounded-tip triangular, rounded-

tip rectangular, or any other suitable shape. However, the triangular pointed shape permits the

teeth 132, 134 to self-guide their engagement with mating teeth.
While the mating portions have thus far been described as being located within the shell
34 of the handle 10, the handle may be configured such that the mating portions are located
outside of the shell. For example, the exterior surface of the disk housing shell 40 may be
formed to include alternating protrusions and recesses. In such a configuration, the steering
controller 22 includes an additional component (not shown) exterior the shell 34 and opposite
its knob 32 that carries complementary alternating protrusions and recesses that are normally
engaged with those on the disk housing shell 40. Application of force on the knob 32 toward the
additional component disengages the protrusions and recesses and allows for rotation of the

steering controller 22.

With additional reference to FIGS. 6a and 6b, when the desired profile 36, 38 (FIG.
1) of the distal-end region 24 of the catheter shaft 14 has been reached, the, aioplied force on
the knob connecting bar 88 is reduced to an amount less than the biasing force of the
compression spring 80 (FIG. 5). Reducing the applied force on the knob connecting bar 88

allows the compression spring 80 (FIG. 5) to decompress and biases the spacer 78 back to the



10

15

20

25

30

WO 02/089891 PCT/US02/13148

12

opposite side of the rectangular pocket 68 (FIG. 5). As the compression spring 80 (FIG. 5)
biases the spacer 78, the spacer causes the shaft 102 to translate with it, which in turn causes
the steering disk 76 to translate and to reengage with the teeth 134 in the steering disk housing
50. With the force removed from the knob connecting bar 88 and the compression spring 80
biasing the spacer 78, the steering disk 76 is locked in place and retains the changed profile
36, 38 (FIG. 1) of the distal-end 24 of the catheter shaft 14. Thus, because of its ability to
automatically hold the catheter’s distal profile 36, 38 (FIG. 1) when released, the handle 10
does not require a second operation to lock the desired profile in place.

In operation, the set of teeth 132 on the steering disk 76 is normally engaged with the
set of teeth 134 on the inside surface of the steering disk housing 50. To change the profile
of the distal-end region 24 (FIG. 1) of the catheter shaft 14 and lock it in place, the operator
first disengages the teeth 132 on the steering disk 76 from the teeth 134 on the inside surface
of the steering disk housing 50 (see FIGS. 6a and 6b). This step is accomplished by the
operator applying a force to the knob connecting bar 88 of the steering controller 22 that is
greater than the biasing force of the compression spring 80 (FIG. 5). With the teeth 132 (FIG.
6b) on the steering disk 76 disengaged from the teeth 134 on the inside surface of the steering
disk housing 50, the operator can rotate the controller 22 to affect the profile of the distal-end
region 24 of the shaft 14 (FIG. 1). Alternatively, depending on the size and shape of the teeth
132, 134, the teeth do not need to be disengaged before rotating the steering controller 22, or
only require partial disengagement. Rather, with such sized and shaped teeth 132, 134,
rotation of the steering controller 22 can occur by pushing harder on the knob connecting bar
88 in the clockwise or counterclockwise direction. Such manipulation of the steering
controller 22 causes the steering controller to operate similar to a ratchet, thus causing an
obvious sound during rotation. Upon obtaining a desired profile 36, 38 (FIG. 1) of the distal-
end region 24 of the shaft 14, the teeth 132 (FIG. 6a) on the steering disk 76 are reengaged
with the teeth 134 on the inside surface of the steering disk housing 50 by the operator
applying a force less than the biasing force of the compression spring 80 to the steering
controller 22.

Thus, the deflection of the distal-end region 24 of the catheter shaft 14 and locking the
steering controller 22 in the selected position can be accomplished with a single hand. For
example, referring to FIG. 1, an operator can hold the handle 10 in his or her right hand with

the thumb extended and in contact with the connecting bar 88. The operator moves his thumb
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inward towards his palm thereby disengaging the locking teeth 132, 134 (FIGS. 6a and 6b)
from each other. When the locking teeth 132, 134 have disengaged, the operator then moves
the connecting bar 88 in the clockwise or cdunterclockwise direction with his same thumb
until the desired deflection 36, 38 of the distal-end region 24 of the catheter shaft 14 is
obtained. The operator may then slowly release his thumb from the connecting bar 88 to
allow the spring to drive the locking teeth 132 on the steering disk 76 into the locking teeth
134 on the disk housing shell 40. Thus, one-handed operation is easily accomplished.

It will be apparent from the foregoing that, while particular forms of the invention have
been illustrated and described, various modifications can be made without departing from the

spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A self-locking handle for steering a catheter shaft having a proximal region and
a distal-end region and at least one steering tendon having a distal end attached to the shaft
distal-end region and a proximal end exiting the shaft proximal end, said handle comprising:
a shell housing having the proximal end of the catheter shaft attached thereto;

5 a steering controller carried by the shell housing and having the proximal end of the
at least one steering tendon connected thereto, the steering controller adapted for movement
to apply tension to the at least one steering tendon;

aself-locking means for retaining the steering controller in a locked position to prevent

movement thereof; and
10 means for moving the steering controller from the locked position to a free position
wherein the steering controller is manipulable to adjust tension to the at least one steering

tendon.

2. The self-locking handle of claim 1 wherein the steering controller comprises:

arotatable steering knob comprising a shaft portion located internal the shell housing
and a controller portion located external the shell housing; and

a rotatable steering disk located internal the shell housing and attached to the shaft

5  portion of the knob.

3. The self-locking handle of claim 1 wherein the retaining means comprise:
first mating means carried by the shell housing;

second mating means carried by the steering controller; and

means for biasing the second mating means against the first mating means such that

5  the first and second mating means engage.

4. The handle of claim 3 wherein:
the first mating means comprises a plurality of alternating protrusions and recesses;
and

the second mating means comprises a plurality of alternating protrusions and recesses.
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5. The handle of claim 4 wherein the pluralities of alternating protrusions and
recesses form teeth.
6. The handle of claim 3 further comprising means for adjusting the force with

which the biasing means biases the second mating means against the first mating means.
7. The handle of claim 6 wherein the adjusting means comprises a screw.

8. The handle of claim 3 wherein the biasing means comprises any one of a

compression spring, tension spring, leaf spring and Belleville spring washers.

0. The handle of claim 3 wherein the means for moving the steering controller
comprise means for receiving force sufficient to disengage the second mating means from the

first mating means.

10.  The handle of claim 9 wherein the steering controller comprises a rotatable
steering knob including a shaft portion located internal the shell housing and a controller
portion located external the shell housing and the force-receiving means comprise the

controller portion.

11.  Ahandle for steering a catheter shaft having a proximal region and a distal-end
region and at least one steering tendon having a distal end attached to the shaft distal-end
region and a proximal end exiting the shaft proximal end, said handle comprising:

a shell housing attached to the proximal end of the catheter shaft and having a plurality
of alternating protrusions and recesses positioned within the shell housing; and

a steering controller carried by the shell housing and having a plurality of alternating
protrusions and recesses positioned within the shell housing, and having the proximal end of
the at least one steering tendon connected thereto;

wherein the steering controller is adapted to translate between a locked position
wherein at least one of the steering controller protrusions and recesses is engaged with at least
one of the shell housing protrusions or recesses, and a free position wherein the steering

controller protrusions and recesses are disengaged from the shell housing protrusions and
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recesses and the steering controller is manipulable to adjust tension to the at least one steering

tendon.

12.  The handle of claim 11 wherein the plurality of protrusions and recesses form

teeth.

13.  The handle of claim 11 wherein the steering controller comprises:

arotatable steering knob comprising a shaft portion located internal the shell housing
and a controller portion located external the shell housing;

a rotatable steering disk located internal the shell housing and attached to the shaft
portion of the knob, the steering disk carrying the steering controller protrusions and recesses;
and

a biasing device coupled to the steering disk to urge the steering disk protrusions and

recesses into engagement with the shell housing protrusions and recesses.

14.  Thehandle of claim 13 wherein the steering controller protrusions and recesses

are located along the perimeter of the steering disk.

15.  The handle of claim 13 wherein the biasing device comprises a spring.

16.  The handle of claim 15 wherein the force with which the spring biases the

steering disk is adjustable.

17. The handle of claim 16 further comprising a screw in contact with the spring

wherein the position of the screw controls the amount of biasing force exerted by the spring.

18.  Thehandle ofclaim 15 wherein the spring comprises any one of a compression

spring, tension spring, leaf spring and Belleville spring washers.

19.  The handle of claim 13 wherein the steering disk is disengaged from the shell

housing via the application of a force upon the steering knob that opposes the biasing force.
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20. A catheter comprising:

a catheter shaft having a proximal region and a distal-end region, and at least one
steering tendon having a distal end attached to the shaft distal-end region and a proximal end
exiting the shaft proximal end;

5 a shell housing having the proximal end of the shaft attached thereto and a plurality
of alternating protrusions and recesses positioned within the shell housing; and

a steering controller carried by the shell housing and having a plurality of alternating
protrusions and recesses positioned within the shell housing and having the proxifnal end of
the at least one steering tendon connected thereto;

10 wherein the steering controller is adapted to translate between a locked position
wherein at least one of the steering controller protrusions or recesses is engaged with at least
one of the housing protrusions or recesses, and a free position wherein none of the steering
controller protrusions or recesses is engaged with any of the housing protrusions or recesses

and the steering controller is manipulable to apply or release tension to the steering tendon.

21.  The catheter of claim 20 further comprising at least one electrode positioned

- in the distal-end region of the shaft.

22.  The catheter of claim 20 wherein the steering controller comprises:

arotatable steering knob comprising a shaft portion located internal the shell housing
and a controller portion located external the shell housing;

a rotatable steering disk located internal the shell housing and attached to the shaft

5 portion of the knob, the steering disk carrying the steering controller protrusions and recesses;

aspacer located internal the shell housing and attached to the shaft portion ofthe knob;
and

a compression spring for biasing the steering disk via the spacer, toward the shell
housing protrusions and recesses such that the steering controller protrusion and recesses

10  engage at least one of the shell housing protrusion and recesses.

23.  The catheter of claim 22 wherein the force with which the compression spring

biases the steering disk in the locked position via the spacer is adjustable.
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24.  The catheter of claim 20 wherein the plurality of alternating protrusions and

recesses form teeth.

25. A method of steering a catheter shaft having at least one steering tendon using
a handle having a shell housing with a plurality of alternating protrusions and recesses, and
arotatable steering controller with a plurality of alternating protrusions and recesses, wherein
the housing protrusions and recesses are normally engaged with the controller protrusions and
recesses by a biasing force, said method comprising:

disengaging the controller protrusions and recesses from the housing protrusions and
recesses;

rotating the controller to pull on the at least one steering tendon and thereby deflect
the profile of the shaft; and

reengaging the controller protrusions and recesses with the housing protrusions and

recesses.

26.  The method of claim 25 wherein the step of disengaging the controller
protrusions and recesses from the housing protrusions and recesses comprises opposing the

biasing force with a force greater than the biasing force.

27.  The method of claim 25 wherein the step of reengaging the controller
protrusions and recesses with the housing protrusions and recesses comprises opposing the

biasing force with a force less than the biasing force.

28.  Aself-locking handle for steering a catheter shaft having a proximal region and
a distal-end region and at least one steering tendon having a distal end attached to the shaft
distal-end region and a proximal end exiting the shaft proximal end, said handle comprising:

a steering controller having the proximal end of the at least one steering tendon
connected thereto, the steering controller adapted for movement to apply tension to the at least
one steering tendon;

a locking device connected to the steering controller that automatically locks the

steering controller into a selected position.
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