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(57) Abstract

The invention relates to a steering system for a catheter tip. The system includes wire members (24a, b) that extend through a catheter
wall (50) that are used to pull a distal portion of the catheter tip causing controlled, predetermined bending at the tip. Anchoring members
(22) located near the catheter tip connect the distal end of the catheter with wire members (24a, b). The steering system also contains
control members which are located at a proximal portion of the catheter and are used to control the pull on the wire members (24a, b).
Steering enhancement members (14) are also included in the steering system which facilitate the bending of the catheter wall (50).
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STEERABLE CATHETER

Field of the Invention

This invention relates to a steerable catheter which is utilized
in laser surgery. In particular, the invention relates to a steering system
for a catheter tip which achieves greater control of the catheter tip
movement.

Background of the Invention

Catheters have been utilized in the medical industry for
many years. One of the greatest challenges in using a catheter is
controlling the position and placement of the catheter tip from a remote
location outside of the patient’s body. Some catheters have features
designed to aid in steering the catheter and overcoming this challenge.

However, several significant problems are still encountered
with these catheters. The devices typically have pre-formed inner
catheters which are placed in an outer guiding sheath. When the inner
catheter is extended or the sheath withdrawn, the inner catheter assumes a
different shape. It is usually necessary to draw the inner catheter back into
the outer guiding sheath to reshape the catheter tip, and then extend the
inner catheter out of the outer sheath for each successive use in another
location.

Steerable catheters generally have closed, solid or
substantially solid central areas rather than hollow central lumens because
of the tendency of lumened steerable catheters to collapse and greater ease
of bending around the center axis of a catheter. Since the lumen region is
solid, it is not possible to pass another structure, such as a laser catheter,

through the steerable catheter.
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Steerable catheters exhibit different properties when
positioned in a patient’s body rather than outside the body. After insertion
into the body, the material of the steerable catheter is warmed, and the
catheter may absorb water. As a result, the steerable catheter may not
perform as desired because of the change in the plastic characteristics.

Also, known steerable catheter distal tips exhibit non-fluid
movements. The catheter distal tip often bends with only exaggerated and
imprecise movements. A locking cam must be tightened or the handle
held in place once the tip is in place during the medical procedure, which
also contributes to imprecise movements of the tip. These devices also
lack the ability to make very small movements, such as tight radius turns.
Also, wire controlled steerable catheters may experience undesired wire
deformation over time which affects control.

Torque has also been a significant disadvantage encountered
with known steerable catheters. As the steerable catheter travels through
the body, different drag forces are created on the catheter. A loss in torque
results, and additional power to make the catheter proceed through the
body is required.

Another type of steerable catheter uses a bellows which aids
in cétheter bending. The bellows stretches and collapses as the catheter is
moved. However, in steerable catheters having a bellows configuration,
the inner surface of a central lumen of the catheter is often configured so
that passage of any structure through the central lumen, such as a laser
catheter, is impaired.

Summary of the Invention

The present invention relates to a steerable catheter which
includes an elongate catheter body having a circular wall. Wire members
extend through the catheter wall to pull on a portion of the catheter wall
and the catheter tip. The steerable catheter also includes anchor members
located along the length of the catheter body for connection with the distal
end of the wire members. A control member located at the proximal end

of the catheter is used to control the pull on the wire members. A steering
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enhancement structure also makes up a part of the steerable catheter,
including a portion of the catheter wall having shaped radial indentations
which facilitate the bending of the catheter wall. A lumen extends the
length of the catheter.

The invention also relates to a steering enhancement
structure which improves the maneuverability of a medical catheter. The
steering enhancement structure comprises a catheter body which has a
catheter wall. A radial indentation region is positioned within the
catheter wall.

The invention also relates to a steerable catheter which
permits the passage of a biologically compatible fluid comprising a catheter
body having a circular wall. A catheter tip and a ring electrode are
positioned at the distal end of the catheter body. Wire members extend
through the catheter wall to pull on a portion of the catheter wall and the
catheter tip. The steerable catheter also includes anchor members located
along the length of the catheter body for connection with the distal end of
the wire member. A control means is located at the proximal end of the
catheter to control the pull on the wire members. A steering
enhancement structure also makes up part of the steerable catheter,
inclﬁding a portion of the catheter wall having shaped radial indentations
which facilitate the bending of the catheter wall. A lumen extends the
length of the catheter. Passage means are located within the catheter tip
and the ring electrode for the passage of a biologically compatible fluid.
Brief Description of the Drawings |

Figure 1 is a side view of the catheter of the present
invention.

Figure 2A is side sectional view of a portion of the catheter.

Figure 2B is a side sectional view of a portion of an alternate
embodiment of the catheter shown in Figure 2A.

Figure 2C is a side sectional view of a portion of an alternate

embodiment of the catheter shown in Figure 2A.
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Figure 2D is a side sectional view of a portion of an alternate
embodiment of the catheter comprising different durometer materials.

Figure 2E is a side sectional view of a portion of an alternate
embodiment of the catheter different durometer materials.

Figure 3 is a sectional view taken along line 3-3 of Figure 2A.

Figure 4 is a side sectional view of an alternate embodiment
of a steering enhancement means of the catheter.

Figure 5 is a side sectional view of a portion of the catheter in
a bent configuration.

Figure 6 is a side sectional view of a portion of the catheter in
a bent configuration of the alternate embodiment depicted in Figure 4.

Figure 7 is a simplified transverse sectional diagram without
sectional hatching of a strengthening member positioned within a
catheter.

Figure 8 is a fragmentary perspective of one embodiment of
an integral strengthening member.

Figure 9 is a fragmentary perspective of an alternative
embodiment of an integral strengthening member which has been rotated
90 degrees. '

Figure 10 is a fragmentary perspective of an alternative
embodiment of an integral strengthening member having square struts.

Figure 11 is a cross section view of a portion of the diagram in
Figure 7 showing the positioning of one of the struts in the strengthening
member in Figure 10.

Figure 12 is a fragmentary perspective of an alternative
embodiment of a strengthening member having attached struts.

Figure 13 is a fragmentary perspective of an alternative
embodiment of a strengthening member having intermittent ring
structures.

Figure 14 is a fragmentary perspective of an alternative
embodiment of a strengthening member having tubular struts with

apertures.
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Figure 15 is a fragmentary perspective of an alternative
embodiment of a strengthening member having a helical coil.

Figure 16 is an enlarged fragmentary view of the attachment
of the helical coil shown in Figure 15.

Figure 17 is a fragmentary perspective view of an alternative
embodiment of a strengthening member which is tapered along its length.

Figure 18 is a side elevational mechanical diagram of the
strengthening member shown in Figure 17 showing the flexure taking
place in one plane.

Figure 19 is a side elevational view of a catheter having wire
access lumens in a straight configuration.

Figure 20 is a fragmentary enlarged side view of a catheter,
with a part cut away, having helical wire access lumens.

Figure 21 is a fragmentary side elevational view of a catheter
having helical wire access lumens.

Figure 22 is a section view taken along line 22-22 in Figure 19
and Figure 21.

Detailed Description of the Invention

The invention is a steerable catheter which is highly
maneuverable. The medical catheter comprises radial indentations in the
catheter wall, a large central lumen, and is partially controlled by the
pulling and releasing of wire members attached to anchoring rings
positioned along the length of the catheter.

Referring to Figures 1 and 2A, steerable catheter 10 includes
catheter body 12, steering enhancement means or notches 14, platform
handle 16, distal tip 18, wire access lumens 20a, 20b, steering or anchoring
rings 22, pull wires 24a, 24b, central lumen 26, and outer sheath 28.

Guiding or outer sheath 28 is positioned over and extends
along a length of the catheter body 12 between platform handle 16 and
distal catheter tip 18, and is generally circular in cross section. Oﬁter
sheath 28 may be attached to catheter body 12. The léngth of catheter body
12 and the length of outer sheath 28 may vary depending on the distance
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to the site at which the catheter will be utilized. Outer sheath 28 is
preferably made from a biologically compatible thermoplastic material
which has some resilience, compression, and elasticity properties.
Preferred materials include urethane and nylon elastomers. Outer sheath
28 may be optionally coated with an anti-thrombolytic material. Outer
sheath 28 provides structural strength to catheter 10 and also prevents
passage of blood or tissue into catheter 10.

Catheter shaft or catheter body 12 is tubular and is generally
circular in cross section. Catheter body 12 is preferably made from a
biologically compatible thermoplastic material which has some resilience,
compression, and elasticity properties. Preferred materials include
urethane and nylons.

Consecutively softer, lower durometer materials may
optionally be utilized along the length of the catheter body 12 as catheter 10
progresses from the proximal end 30 adjacent handle 16 towards distal end
32. In addition, distal end 32 of catheter body 12 of catheter 10 may
comprise lower durometer materials, and the proximal end 30 of catheter
body 12 may comprise higher durometer materials. Also, catheter body 12
may comprise a distal portion having a plurality of durometers
progressing preferably axially from the proximal end of the distal portion
of catheter body 12 to the distal end of catheter body 12 to provide
increased pliability proximate the distal end of catheter body 12.
Alternatively, catheter body 12 may comprise longitudinally extending
wedge regions comprising different durometer matefials, as shown by
regions 33a, 33b, 33c, 33d in Figure 2D. In addition, the higher and lower
durometer materials used in catheter body 12 at distal end 32 may overlap.
As shown in Figure 2E, a higher durometer material 31 is proximate
central lumen 26 of catheter 10, with a lower durometer material 37
proximate outer sheath 28 of catheter 10. Material 37 may be of only one
durometer, having a lower durometer than material 31. For example, as
shown in Figure 2E, catheter body 12 may have tapered, longitudinally

extending wedge regions comprising different durometer materials, as
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shown By regions 35a, 35b, 35c, 35d. Preferably, 35a is of a higher
durometer than 35b, and 35a is of a higher durometer material than 35d.
Regions 35a, 35b, 35¢c, 35d are of a lower durometer than material 31.
Regions 35a, 35b, 35¢, 35d are preferably circumferential, and may be radial,
with respect to catheter body 12. As shown in Figure 2E, the wedge or
tapered shape of regions 35a-d overlap axially and comprise a material
composition having mechanical characteristics differing from the
characteristics of the adjacent regions. Catheter 10 may include numerous
regions 35 of varying durometers throughout the length of the catheter.
Preferably, regions 35 of varying durometers do not extend beyond
anchoring rings 22. Preferably, the area between anchoring rings 22 and tip
18 is of one durometer. Preferably, catheter body 12 material becomes
progressively softer and more pliable at distal end 32 with the use of
progressively softer, lower durometer plastic materials, for example,
portion 33e compared with portion 33f, as shown in Figure 2B. Stiffer,
higher durometer plastics are preferably utilized for the main part of
catheter body 12.

Platform handle 16, shown schematically in Figure 1, controls
the movement of steerable catheter 10 through the body. Handle 16 may

contain a threaded rod 34 and a pulley mechanism 36, shown in Figure 1,

‘to control the pull on one or more pull wire members 24 and the

movement of catheter tip 18. Wires 24a, 24b are positioned adjacent
threaded rod 30. Bearing 38 is positioned on one end of threaded rod 34,
and knurleci knob 40 is positioned along the length of threaded rod 34. A
spring or screw 42 is adjacent pulley mechanism 36. Threaded rod 34 locks
the position of steerable catheter 10. Exerting pressure on spring or screw
42 actuates wires 24a, 24b giving positive movement of wires 24, so there is
less tension on catheter 10. Actuation of wires 24 causes wires 24 to move
forward or backwards so that catheter 10 moves in the desired direction.
As knob 40 is engaged, rod 34 does not rotate because bearing 38 creates
positive locking of catheter tip 18 without use of force. Positive locking is

advantageous since it prevents movement of the catheter tip 18 once
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catheter 10 is positioned at the desired site within the patient. Spring 42
and pulley mechanism 36 keep tension in the system to alleviate any slack
in the system. In one embodiment, a thumb screw (not shown) is utilized
to move catheter tip 18 forward or backward in the patient’s body. Use of
this type of system permits catheter 10 to move smoothly and in fluid
motion within the patient’s body.

Alternatively, platform handle 16 may comprise a servo-
mechanism which pushes and pulls on wires 24 to control the pull on
wire members 24 in catheter 10 and the movement of catheter tip 18.
Alternatively, handle 16 may comprise a worm gear coupled to another
gear. As knob 40 is spun, the worm gear turns, thereby turning pulley
mechanism 36 on which wires 24a, 24b are positioned. These systems also
provide positive locking of catheter tip 18 in any position, without using
any force. Catheter tip 18 remains locked in position until spring or screw
42, the worm gear, or the servomechanism is actuated, turned or engaged.

Referring to Figure 2A, distal tip 18 is positioned at the distal
end 28 of catheter body 12 of steerable catheter 10. A device to administer
laser energy may be passed through central lumen 26 of catheter body 12 to
tip 18.  One or more unipolar or bipolar sensing or tip electrodes 44 may
also be positioned within and extend from distal tip 18. Preferably, two to
four bipolar tip electrodes 44 extend from distal tip 18 in a perpendicular
orientation to the tissue surface. Tip electrodes 44 may be configured to
record unipolar or bipolar signals from the tissue, and may be in a bi-
planar orientation. A plurality of ring electrodes 46'may also be positioned
proximate tip 18 in a parallel orientation to the tissue surface. Tip
electrodes 44 and ring electrodes 46 preferably comprise a metallic
material. The invention, however, may be employed in various types of
catheters using various catheter tips.

An alternative embodiment of catheter 10 is shown in
Figure 2B. Catheter tip 18 is solid and contains an ablation electrode 48 to
administer electric energy to an affected site during the medical procedure.

Generally, ablation electrode 48 is made of a metallic material.



WO 94/14494 PCT/US93/12567

10

15

20

25

30

9

In the alternative embodiment of catheter 10 shown in
Figure 2C, catheter tip 18 and one or more ring electrodes 46 are solid with
one or more smaller holes or passageways 49 to allow passage of a sterile
flushing medium through and around the metallic surface. Tip 18 and
ring electrodes 46 are made of a metallic material. Alternatively, tip 18
and ring electrodes 46 may be made of porous metals which may contain a
plurality of small passageways 49 connecting the inner and outer surface of
the metal, and permitting passage of a sterile flushing medium. In both of
these embodiments, the fluid acts as a medium to bathe the catheter
elements crucial to mapping and ablation, allowing them to remain free of
coagulated biological materials which can alter their inherent
effectiveness. This enhances mapping efficiency. In addition, the fluid is
particularly important in medical procedures such as cardiac ablation in
which the temperature of the metal parts of the catheter can be elevated,
since the fluid reduces the temperature of the metal parts.

Referring again to Figure 2A, wire access lumens 20a, 20b-20n
extend along the length of steerable catheter 10, from platform handle 16
to tip 18, and are preferably formed with extrusion techniques. Wire access
lumens 20 are generally circular in cross section and are positioned within
catheter wall 50 of catheter body 12 of steerable catheter 10. Alternatively,
wire access lumens may be positioned along the exterior surface of catheter
10, with sheath 28 protecting wires 24 within wire access lumens 20. In
general, two to four wire access lumens are positioned preferably coaxially
within catheter wall 50, although additional lumens are possible.
However, due to the tendency of a multiple lumen catheter to collapse,
the catheter may include a braided material to enhance structural integrity.
A non-flow material, such as a plastic or metallic material, may be inserted
into the multiple lumens when an outer jacket or outer sheath is
positioned over the braid and the multiple lumen catheter tube. The
lumens will not collapse and a circular identity will be retained when this
is done. The inserted metal or plastic material is withdrawn after the

outer sheath is formed. A standard thermoplastic elastomer may be used
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for the inner lumen. A layer of a lubricous material, such as a TEFLON
brand material, may be applied to the device as a post-manufacturing step.

Pull wires 24a, 24b-24n are movably positioned within wire
access lumens 20. Multiple wires 24 may be utilized within each wire
access lumen 20 and there may be numerous lumens 20, as shown in
Figure 3. The length of wires 24a, 24b depend on the steering or anchoring
ring 22 to which they are each attached. Wires 24 may have some elastic
properties and may be made from a high tensile strength material such as
304 V wire, a stainless steel wire manufactured by a medical wire
manufacturer, such as Fort Wayne Metals. Preferably, a wire having two
times the standard wire tensile strength is utilized. However, any
elasticity must be resilient and predictable to ensure restoration to original
lengths and to ensure precise bending of the catheter during successive
uses of the wires. Wires 24 extend through the tubular body of the
catheter wall for pulling on a steerable portion of the catheter wall
proximate the distal end of the catheter body to effect steering of the
catheter. The steerable portion of catheter wall 50 proximate the distal end
of catheter body 12 is preferably integral with catheter body 12. A plurality
of wires 24 may pull on a steerable portion of the catheter wall 50 integral
with and proximate to the distal end 32 of the catheter body 12.

Steering or anchoring rings 22 are generally circular in cross
section and are positioned axially within a steerable portion of catheter
wall 50 of steerable catheter 10. Alternatively, steering rings may be
positioned around the exterior of catheter 10. Steering rings 22 extend
around the circumference of catheter 10. A plurality of steering rings 22
may be positioned at various locations along the length of catheter 10,
with at ]Jeast two of the anchoring rings being located at axially different
positions along the steerable portion of the catheter. Preferably, steering
rings 22 made from a metallic material such as stainless steel are utilized
in steerable catheter 10. Wires 24 are attached at the distal end to steering
ring 22 or tip 18, and at the proximal end to platform handle 16. The distal

end of wires 24 are preferably attached to the same steering ring 22.



WO 94/14494 PCT/US93/12567

10

15

20

25

30

11

However, the distal end of wires 24 may be attached to distinct steering
rings 22. Wires 24 attached to a steering ring 22 permits catheter 10 to bend
and to be maneuvered along the length of catheter 10 as wires 24 are
pulled. This construction is not limited to only maneuvering distal tip 18,
but also to providing steerability to other parts of catheter 10. Wires 24 are
preferably silver soldered to steering ring 22 although other connection
means may be utilized.

Referring to Figure 3, an end section view of catheter 10 is
shown. Catheter wall 50 is preferably thin and is generally tubular,
comprising a substantially small percentage of the diameter of catheter 10.
Preferably, catheter wall 50 is approximately 0.01 inches in thickness
although sizes will vary based upon the desired use. Notches 14 are
positioned within catheter wall 50. Wire access lumens 20a, 20b, 20c, 20d
cbntaining wires 24a, 24b-24n are positioned within catheter wall 38 of
catheter 10. The interior surface 52 of catheter wall 50 defines a
substantially straight central lumen 26, and surface 52 is preferably smooth
and continuous, without segmentation. Central lumen 26 is substantially
open, extends along an axial length of catheter 10, and comprises a
relatively large percentage of the diameter of catheter 10, and a substantial
portion of the axial cross-section of the catheter. Preferably, at least fifty
percent (50%) of the outer diameter of catheter 10 comprises central lumen
26, and most preferably, eighty percent (80%) of the outer diameter of
catheter 10 comprises central lumen 26. For instance, in a six french
catheter 10, central lumen 26 may be approximately vfour french in size.
However, these ratios may vary. Central lumen 26 may be used to insert
other types of catheters through catheter 10 without removal of catheter
10, as shown in Figure 2A. Therefore, catheter 10 acts as a guiding catheter
through which other catheters may be inserted. It is preferable that surface
52 be smooth so that other catheters may be easily passed through lumen
26.

Figures 2A, 2B, 2C, and 5 show how steering enhancement

means or notches 14 are positioned along a length or steerable portion of
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catheter wall 50 between outer surface 54 and interior surface 52 of catheter
wall 50, without intersecting the outer surface 54 or the interior surface 52
of the catheter wall 50. Preferably, notches 14 are radial indentations in
catheter wall 50 which do intersect wire access lumens 20. As shown in
Figures 2 and 4, notches 14 may be varied in shape, such as V-shaped
indentations, or multiple fulcrumed configurations. Notches 14 may be
molded into catheter wall 38 or may be metal rings, or other structures.
Notches 14 may be spaced at either regular or irregular positions along the
length of catheter wall 50, and preferably extend around the entire
diameter of catheter wall 50. Alternatively, notches 14 may be positioned
on the side of catheter 10 to be compressed, with strengthening members
positioned on the opposite side of catheter 10.

Notches 14, which are non-linear V-shaped slots or angled
wedge indentations, include narrow apex 56 adjacent interior surface 52
and a wider top opening 58 adjacent outer surface 44 of catheter wall 50.
Top opening 58 is approximately 0.305 mm (0.012 inches) in width,
although the width of opening 58 may vary. Notch 14 is approximately
0.305 mm to 0.381 mm (0.012 to 0.015 inches) in length axially. Apex 56
does not completely extend to interior surface 52. There is an approximate
0.254 mm to 0.381 mm (0.010 to 0.015 inches) space or gap between apex 56
and interior surface 52, although this may vary. The material comprising
catheter wall 50 may vary axially, and preferably comprises a higher
durometer, stiffer material composition proximate apex 56 and a lesser
durometer, softer material composition proximate. top opening 58.
Catheter wall material is removed to form notches 14 when notches 14 are
molded in catheter wall 50. As a result, notches 14 provide a means for
taking up the catheter material as notches 14 are compressed and catheter
10 is bent. The area between notches 14 is thicker since the area comprises
more catheter wall material which may be used as a strengthening
member for catheter 10. Strengthening members, discussed below, may be
optionally employed and positioned between notches 14 to stiffen catheter

wall 50.
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Notches 14a, shown in Figure 4, include apex 60, fulcrumed
non-linear walls 62, and wide top opening 64, and are positioned within
catheter wall 50. Apex 60 is adjacent interior surface 52 of catheter wall 50,
but there is approximately 0.010 inches between apex 60 and interior
surface wall 52, although this may vary. Fulcrumed walls 62 are concave
and semi-spherical, and are positioned between wires 24 and interior
surface 52. Top opening 64, adjacent outer surface 54 of catheter wall 50, is
approximately 0.305 mm (0.012 inches) in width, although this may vary.
Notches 14a are approximately 0.305 mm to 0.381 mm ( 0.012 to 0.015
inches) in length axially.

The slot size, or amount of catheter wall material removed,
of notches 14 may also vary among different notches, and is determined by
the application for which catheter 10 is utilized. In addition, the width of
top opening 58, 64, slot size of notches 14, 14a and the spacing of the
notches determine the ease of bending catheter 10. If the width of the
opening 58, 64 of slot or notch 14, 14a and the slot size of notch 14, 14a is
very small, outer sheath 28 will bend very little. Close spacing of notches
14, 14a allows catheter 10 to bend in more locations and in a tighter radius.
Notches 14, 14a allow catheter 10 to bend more with exertion of less force,
relative to other catheters, while retaining the circular identity of catheter
10.

In addition, the slot opening width and spacing of notches 14,
14a may be utilized to prevent over-bending or collapsing of inner lumens
in catheter 10, such as wire access lumens 20. Preferably, the slot top
opening width of notches 14 and the spacing of notches 14 are such that
when catheter 10 is in a bent configuration, the notches 14 close in a
direction in which catheter 10 is bent, as shown in Figure 5. In the
alternative embodiment in Figure 4, the fulcrum configuration of the
walls of notch 14a results in the compression being dissipated outwardly at
apex 60, as indicated by the arrows 66. The top edges 68 of notch 14a come
together to close the notch opening 64 of notch 14a as catheter 10 is bent.

Notch opening 64 is subjected to tension forces when catheter 10 is in a
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bent configuration as indicated by the arrows 70 in Figure 4. The tension
created in bending catheter 10 causes top edges 68 and fulcrumed walls 62
of notch 14a to be compressed toward one another in the direction in
which catheter 10 is bent, as shown in Figure 6.

Steering enhancement regions may also be utilized in the
invention. = The steering “enhancement regions may comprise
consecutively softer, lower durometer materials along the length of the
catheter body 12 as catheter 10 progresses from proximal end 30 adjacent
handle 16 towards distal end 32. In addition, steering enhancement
regions in the tubular body of the catheter wall 50 at distal end 32 of
catheter body 12 may comprise lower durometer materials than areas
adjacent to the steering enhancement regions. Alternatively, the tubular
body of the catheter wall 50 in catheter body 12 may comprise a higher
durometer material 29 proximate central lumen 26 of catheter 10, with a
lower durometer material 31 proximate outer sheath 28 of catheter 10, as
shown in Figure 2D. As shown in Figure 2D, material 31 may comprise
longitudinally extending wedge regions comprising different durometer
materials, as shown by regions 33a, 33b, 33c, 33d, with regions 33a, 33b, 33c,
33d being of a lower durometer than material 29. Alternatively, material
31 may be of only one durorﬁeter, having a lower durometer than
material 29. The higher and lower durometer materials used for steering
enhancement in catheter body 12 at distal end 32 may overlap. For
example, as shown in Figure 2E, catheter body 12 may have tapered,

longitudinally extending wedge steering enhancement regions comprising

different durometer materials, as shown by regions 35a, 35b, 35¢, 35d.

Preferably, 35a is of a higher durometer than 35b, and 35a is of a higher
durometer material than 35d. As shown in Figure 2E, the wedge or
tapered shape of regions 35a-d overlap axially and comprise a material
composition having mechanical characteristics differing from the
characteristics of the adjacent regions. Catheter 10 may include numerous

regions 35 of varying durometers throughout the length of the catheter to
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aid in the articulation of the catheter. Preferably, regions 35 of varying
durometers do not extend beyond anchoring rings 22.

The steering enhancement region may also be a steering
enhancement indentation region in the tubular body of the catheter wall
50 proximate distal end 32 of catheter body 12. The steering enhancement
indentation region may comprise a plurality of circumferential
indentations within the catheter wall 50 arranged so that the catheter wall
50 in each region comprises varying durometers. Each of the plurality of
indentations comprises a material composition having mechanical
characteristics differing from the characteristics of the adjacent
indentation. The plurality of indentations extend between and do not
intersect the outer surface 54 and the interior surface 52 of catheter 10. The
indentation region may comprise locations having a material composition
that is more pliable and of a lower durometer than portions of the tubular
body proximate the interior surface 52 of the catheter wall 50 and locations
having a material composition that are less pliable and of a higher
durometer than other portions of the tubular body proximate the outer
surface 54 of the catheter wall 50.

Referring to Figure 7, a simplified transverse sectional
diagram, without sectional hatching, of a strengthening member 72
positioned within catheter wall 50 is shown. Strengthening members 72
may axially extend substantially the entire length of catheter 10, or may
optionally be positioned axially in only a selected portion of catheter wall
50, such as near tip 18. In addition, strengthening members 72 may extend
in a radial orientation in catheter wall 50. Strengthening members 72
provide support for and retain the circular integrity of steerable catheter
10, especially when catheter 10 is in a bent state or when catheter 10
includes multiple wire access lumens. A number of configurations may
be used for strengthening members 72, such as springs, metallic rings,
tubular structures, struts, braiding, thickened areas of catheter wall
material, or different choices of materials so that some portions of catheter

wall 50 include a more pliable, softer material or a less pliable, harder
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material, such as a plastic. Strengthening members 72 preferably comprises
a material having some flexibility so that strengthening members 72 can
bend as catheter 10 is articulated, yet will not stretch or compress.
Strengthening members 72 are particularly advantageous for providing
compressive strength during use of catheter 10. A number of materials
may be used for strengthening members 72, such as stainless steel,
polycarbonate, or a high durometer plastic material, such as nylon.
Strengthening members are generally about to 0.002 - 0.020 inches (0.05 to
0.051 mm) in thickness, preferably 0.002 inches thick.

| Figure 8 is a fragmentary perspective view of one
embodiment of strengthening member 72. As shown in the embodiment
in Figure 8, strengthening member 72a is formed from a generally tubular
structure from which a substantial amount of material has been removed,
such as by an electrical discharge machine. The amount of material
removed to form strengthening member 72a may vary, depending on the
amount of flexibility desired in the end use configuration. Strengthening
member 72a is preferably an integral piece after the material is removed.
As shown in the embodiment in Figure 8, struts 74, 76 are essentially
rectangular in shape, and are integral with ring 78. Preferably two struts
74, 76 are utilized, although this may vary. Strengthening member 72a
preferably extends axially through catheter 10. As the embodiment in
Figure 8 illustrates, and is applicable to any of the strengthening member
embodiments in Figures 8-10 and Figures 11-15, strengthening member
72a may include radial ribs or supports 75 extending between struts 74, 76
for providing additional strength and support in strengthening member
72a.

Referring to Figure 9, a fragmentary perspective view of an
alternate integral embodiment of strengthening member 72 is shown. The
embodiment in Figure 9 is similar to the Figure 8 embodiment, except that
struts 74, 76 are twisted and maneuvered approximately ninety (90)
degrees during manufacturing to align struts 74, 76 on a longitudinal axis

with respect to catheter 10. The maneuvering angle may vary. Twisting of
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struts 74, 76 permits bending of strengthening member 72b during bending
of catheter 10. Preferably two struts 74, 76 are utilized, although this may
vary. Strengthening member 72b is utilized, for example, in applications
requiring strong tension or compression for flexure in one axis.
Strengthening member 72b preferably extends axially through the length
of catheter 10.

Figure 10 is a fragmentary perspective view of an alternate
integral embodiment of strengthening member 72. Struts 80, 82 of
strengthening member 72c are integrally attached to ring structure 78.
Struts 80, 82 in this embodiment are substantially square in cross section.
Preferably two struts 80, 82 are utilized, although this may vary.
Strengthening member 72c may be used in applications requiring, for
example, the same flexure as strengthening member 72b in Figure 9 but
which requires less tension-compression. Strengthening member 72c¢
preferably extends axially through the length of catheter 10.

Figure 11 is a fragmentary cross section view of strengthening
member 72c in Figure 10 positioned within catheter wall 50. Strut 80 is
substantially square in cross section. The position of strut 80 within
catheter wall 50 in Figure 11 also applies to any of the other strengthening
member embodiments in, for example, Figures 8-10, 12-15, and 17.

Referring to Figure 12, a fragmentary perspective view of an
alternate embodiment of strengthening member 72 is shown.
Strengthening member assembly 72d includes a ring structure 78 to which
separate struts 84, 86 are attached by soldering, welding, bonding, or other
suitable means. Preferably two struts 84, 86 are utilized, although this may
vary. Strengthening member 72d preferably extends axially through
catheter 10. Strengthening member 72d may be used in applications
requiring, for example, ease of manufacturing since integral units are
more difficult to produce.

As shown in the embodiment in Figure 13, a fragmentary
perspective view of an integral alternate embodiment of strengthening

member 72 having intermittent rings is illustrated.  Struts 88, 90 of
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strengthening member 72e are integrally attached to ring structure 78.
Struts 88, 90 are twisted and maneuvered approximately ninety (90)
aegrees during manufacturing to align struts 88, 90 on a longitudinal axis
with respect to catheter 10. The maneuvering angle may vary. Twisting of
struts 88, 90 permits bending of strengthening member 72e during bending
of catheter 10. Preferably two struts 88, 90 are utilyized, although this may
vary. Intermittent ring structures 78 may be positioned axially within
catheter 10. The intermittent positioning of ring structures 78 along the
length of catheter 10 allows for segmentation for flexure of catheter 10.
Ring structure 78 may be positioned at random, irregular, or at regular
intervals along the length of catheter 10. The use of the intermittent ring
structures may be used equally well with the other embodiments of
strengthening members 72, such as Figures 10 and 12.  Strengthening
member 72e may be used in applications requiring, for example, improved
radial strength. Strengthening member 72e preferably extends axially
through the length of catheter 10.

Referring to Figure 14, a fragmentary perspective view of an
alternate embodiment of strengthening member 72 is shown.
Strengthening member 72f comprises a plurality of hollow tubular
elements 92, 94 attached by soldering, welding or other means to a ring
structure 78. Preferably two struts or tubular elements 92, 94 are utilized,
although this may vary. As the embodiment in Figure 14 illustrates,
tubular elements 92, 94 may comprise a hollow tubular structure, or may
alternatively comprise a hollow tubular structure having a plurality of
holes or apertures 96 formed through a portion of wall 98 of the tubular
element. Strengthening member 72f may comprise a plurality of struts,
and may comprise struts having both apertures and struts having no
apertures. Preferably, two tubular elements 92, 94 are utilized, although
this may vary. Aperture 96 does not extend all the way through tubular
element 94. Tubular element 94 may be particularly advantageous in
applications where wires or other means pass through tubular element 94,

since apertures 96 provide an exit passage along the perimeter of tubular
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element 94 for connection of the wires or other means to, for example, the
electrodes. Apertures 96 may be positioned at random, irregular, or at
regular intervals along the length of tubular element 94. Strengthening
member 72f preferably extends axially through the length of catheter 10.

Figure 15 is a fragmentary perspective view of an alternate
embodiment of strengthening member 72. Struts 100, 102 of strengthening
member 72g are integrally attached to ring structure 78, and struts 100, 102
may comprise different shapes, as discussed above. A helical spring coil
104 may be wound and positioned around struts 100, 102 to provide
additional rigidity to strengthening member 72g, while still allowing for
flexibility. ~Preferably two struts 100, 102 are utilized, although this may
vary. Strengthening member 72g preferably extends axially through the
length of catheter 10. Figure 16 is an enlarged fragmentary view of Figure
15 showing the attachment of coil 104 to strut 102 by welding, soldering, or
other appropriate means.

Figure 17 is a fragmentary perspective view of an alternate
embodiment of strengthening member 72. Strengthening member 72h
comprises struts 106, 108 extending between ring structures 78. Struts 106,
108 are generally rectangular walls which are tapered by removal of
material to result in a generally straight taper extending between ring
structures 78. Strengthening member 72h has less flex at end 110 where
struts 106, 108 are thicker, and has more flexing capability at end 112,
where struts 106, 108 are less thick because more material is removed. The
taper of struts 106, 108 may be varied to achieve the deéired flexing profile
for catheter 10. Struts 106, 108 can also vary radially by varying the width
W or thickness of struts 106, 108 at various points along the length of
struts 106, 108 to achieve the desired flexing profile. Struts 106, 108 are
twisted and maneuvered approximately ninety (90) degrees during
manufacturing to align struts 106, 108 on a longitudinal axis with respect
to catheter 10, although this angle may vary. Twisting of struts 106, 108
permits bending of strengthening member 72h during bending of catheter

10. Preferably two struts 106, 108 are utilized, although this may vary.
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Strengthening member 72h changes the density of the internal structure of
catheter 10. Strengthening member 72h preferably extends axially through
the length of catheter 10.

Figure 18 is a side elevational mechanical diagram view of
strengthening member 72h embodiment in Figure 17. Strengthening
member 72h permits flexing in alignment with struts 106, 108 which are
diametrically opposed. Flexure of strengthening member 72h occurs in
one plane on a single axis, as shown in the embodiment in phantom lines
in Figure 18. -

In the catheter embodiments of Figures 2-6, wire access
lumens 20 are a generally straight passageway through catheter body 12
from proximal end 30 toward distal end 32 of catheter 10. Pull wires 24 are
inserted into wire access lumens 20 and are used to pull on catheter tip 18
to articulate and steer tip 18. If catheter shaft or catheter body 12 is
configured in a straight line and tip 18 is articulated into a certain
configuration, rotation of catheter shaft about its long axis will not deflect
or change the shape of tip 18 because the length of wires 24 remains
constant during catheter rotation. However, if catheter body 12 is curved
in an area different from distal tip 18, as shown in Figure 19, then one pull
wire 24 must be longer than the other pull wire 24 in the area where
catheter body 12 is curved. As catheter 10 is rotated 180 degrees, the pull
wire 24 which is the shortest since it is on the smallest radius r; of the
bend 114 must become the longest, and the longest wire since it is in the
largest radius r, of the bend must become shortest, as shown in Figure 19.
The resulting effect is to change the shape of tip 18 since this action is
identical to changing the shape of tip 18 by using pull wires 24. It is not
always desirable to have coupling between rotation of the catheter 10 and
the shape of tip 18. Preferably, the catheter can be rotated without
changing the shape of catheter 10.

Figure 19 illustrates a side elevational view of catheter 10,
with outer sheath 28 and catheter body 12 removed to expose wires 24a,

24b, 24c, and 24d. Catheter 10 is curved or bent in a tight radius bend in



WO 94/14494 PCT/US93/12567

10

15

20

25

30

21

response to body arches or curves, resulting in a curved area 114 in
catheter 10 proximal to distal tip 18, and a reverse curve response in tip 18
because of the position of wire access lumens 20. As a result, wires 24c, 24d
in wire access lumens 20 are longer than wires 24a, 24b in area 114. As
catheter 10 is rotated using handle 16, wires 24a, 24b are positioned where
wires 24c, 24d were positioned, and wires 24c, 24d become positioned
where wires 24a, 24b were positioned.

Referring to Figure 20 and Figure 21, an alternative
embodiment of catheter 10 is shown. Figure 20 is a fragmentary enlarged
side view of catheter 10 with a portion of catheter 10 cut away. As shown
in Figure 20, wire access lumens 20a, 205, 20c, 20d including pull wires 24
are arranged in a helical orientation in catheter 10. Preferably, the helically
wound wire access lumens 20 are positioned in the most distal eighteen
(18) to twenty four (24) inches (approximately 45.7 cm to 61 cm) of catheter
body 12 in catheter 10 proximate tip 18, approximately twenty to thirty
diameters based on catheter 10 before tip 18, without extending into tip 18.
Wire access lumens 20 are substantially straight proximal tip 18 and in the
proximal end 30 of catheter 10. However, it is possible to selectively
choose where in catheter 10 to position the helical passageways of wire
access lumens 20. The helical passageways formed by wire access lumens
20 need not extend through the entire eighteen to twenty four inches at
distal end 32 of catheter 10. Preferably, for an approximate 100 c¢m
(approximately 39.4 inches) long catheter 10 curved in a 5 cm (2 inch)
radius, there will be three to four, preferably four, hélical bends of wire
access lumens 20 to minimize the effect of catheter rotation. The helical
configuration of wire access lumens 20 is preferred in catheters having off
center wires 24.

Figure 21 is a fragmentary side elevational view illustrating
the distal end 32 of catheter 10 with outer sheath 28 removed. Wire access
lumens 20a, 20b, 20c, 20d are positioned in a helical arrangement at the
distal end of catheter 10 where catheter 10 is curved, and are substantially

straight proximal tip 18. The helical configuration of wire access lumens
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20 provide compression for bending of distal end 32 of catheter 10, without
the reverse curve response of tip 18 seen in Figure 19. The helical
arrangement of wire access lumens 20 ensures that the length of pull wires
24 is independent of the catheter shaft shape, so that an articulated arch
shape 114 is achieved.

Figure 22 is a section view taken along line 22-22 of Figure 19
and Figure 21. As shown in Figure 22, the cross section view is essentially
identical in both catheters. The same action is used to pull on wires 24.

The catheter of the present invention may function as a
steerable guiding and mapping catheter. A surgical catheter, such as a laser
catheter, may be inserted through central lumen 26 to a target site to
perform a surgical procedure. In another configuration, catheter 10 may
itself be used to locate particular tissue during a surgical procedure and
then destroy the tissue as needed if an ablation electrode is used, without
the insertion of another catheter. Steerable catheter 10 is especially useful
in electrophysiology applications, although catheter 10 may be used in a
wide variety of medical procedures.

In operation, catheter 10 is inserted into the patient. The
cardiologist or other user of catheter 10 controls the direction of catheter 10
distal tip 18 using platform handle 16 to apply tension on selected wires
24a, 24b which are attached to steering rings 22. If a wire positioned in
wire access lumen 20a is pulled, catheter tip 18 will bend in a particular
direction adjacent the steering ring 22 to which the selected wire is
attached. If a wire positioned in wire access lumen 20b is pulled, catheter
10 will bend in another direction. Steering enhancement means, such as
the above notches 14, 14a, greatly aid in the movement, bending, and
control of catheter 10. Undesired compression of wire access lumens 20 is
reduced or eliminated by these novel notch configurations. The ability to
pull wires 24 at different sites of steering rings 22 along the length of
catheter 10, coupled with the additional pliability provided by the notcfles,
results in improved, smooth maneuverability, control, and steerability of

the catheter within the patient’s body. The ability to lock catheter tip 18 in
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position is also advantageous to the smooth control of catheter 10 since it
reduces the user intervention of applying force to the knob, holding the
handle in place or locking a cam during the medical procedure.

Catheter 10 with notches 14, 14a provides improved
repeatability and has an active return capability so that the device does not
rely solely on the resilience of the catheter material to return to its
previous position. Since catheter 10 is pulled at various points along its
length, rather than only at its distal end or tip, there is less stress on the
catheter material because there is less compression. As a result, the
operator can maneuver the catheter by pulling back on the wires knowing
that the catheter will respond in the same way each time the catheter is
pulled a certain distance. Thus, the catheter has a longer life expectancy
and the elasticity of the catheter 10 is preserved for a longer period of time.

The speed and fineness of control of catheter 10 is also a
distinct advantage of this invention. Bends are made quicker because of
the ability to bend catheter 10 throughout much of the entire length of
catheter 10. As a result, the operator has more control of catheter 10. Also,
catheter 10 may be positioned much more quickly than other steerable
catheters since it is not necessary to bring the catheter tip into and out of
an outer sheath for shaping purposes. This may also reduce the
occurrence of trauma to endothelial linings within arteries or other
structures. In addition, when catheter 10 is used as a guiding catheter, a
significant time savings results since a different type of catheter may be
inserted without requiring removal of the guiding catheter and re-location
of the affected tissue with a second catheter. In addition, the straight,
continuous central lumen provides an easy passage of the other catheter
through catheter 10 without the other catheter getting caught in or hooked
on an irregularly shaped central lumen surface.

The use of strengthening members in the area of catheter 10
which articulates is also advantageous. Strengthening members prevent
the collapse of the catheter or distortion of the catheter into a non-circular

shape during large articulations or after several small articulations of the
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catheter. Preventing the collapsing of the catheter using the strengthening
members aids in the passage of a catheter through the central inner lumen
of catueter 10. '

It is also advantageous to use helical passageways comprising

wire access lumens 20 for pull wires 24 since the length of pull wires 24 is

- independent of the catheter shaft shape.By having helical passageways,

pull wires 24 spend equal amounts of time on the long side or radius and
the short side or radius of the catheter bend. Depending on the number of
helical turns, the effect of catheter rotation on the distal shape can be
minimized. The more helical bends in the distal end of the catheter, the
less effect catheter rotation will have on the length of the pull wires 24. In
addition, the amount of force necessary to rotate the catheter in a bent
configuration does not change during catheter rotation when the helical
configuration of the wire access lumens is used at the distal end of the
catheter. As the change in length of the pull wires becomes smaller, the
uniformity of the torque becomes greater throughout the catheter. In a
catheter have the wire access lumens in a straight configuration is used,
changes in force occur because a force is necessary to change the length of
the pull wires.

The catheter may also have a balancing and sensing sub-
system for monitoring wire elongation. The sub-system determines the
stress on the wires and may compensate for any deformation of wire or
catheter body material which may develop after repeated use of the

catheter.
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WE CLAIM:
1. A steerable wire guiding catheter comprising:
a) an elongate catheter body having a generally circular catheter

wall, a distal end, and a proximal end, the circular catheter wall being
comprised of a generally tubular body presenting an interior surface and
an outer surface;

b) a plurality of wire means, each wire means having a
proximal end and a distal end and extending through the tubular body of
the catheter wall for pulling on a steerable portion of the catheter wall
proximate the distal end of the catheter body to effect steering of the
catheter;

) a plurality of anchor means, each anchor means
corresponding to a distal end of one of the wire means and axially located
along the steerable portion of the catheter wall of the catheter body for
connection with a distal end of the respective one of the wire means, at
least two of the anchor means being located at axially different positions
along the steerable portion of the catheter wall; and

d) control means located at a proximal portion of the catheter

for controlling the pulling on the proximal end of the wire means.

2. The steerable catheter of claim 1 further comprising:
e) a lumen wall within the catheter body defining a lumen that
occupies a substantial portion of the axial cross-section of the catheter

continuously extends along an axial length of the catheter.

3. The steerable catheter of claim 1 wherein the steerable portion of
the catheter wall proximate the distal end of the catheter body is integral

with the catheter body.
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4. The steerable catheter of claim 1 further comprising steering
enhancement means within the steerable portion of the tubular body of

the catheter wall for facilitating the bending and steering of the catheter.

5. The steerable catheter of claim 4 wherein the steering enhancement

means comprises radial indentations within the catheter wall.

6. The steerable catheter of claim 5 wherein the radial indentations

comprise V-shaped indentations.

7. The steerable catheter of claim 5 wherein the radial indentations

comprise multiple fulcrumed walls.

8. The steerable catheter of claim 2 wherein the lumen of the catheter
is suitable for receiving a device therethrough, such that the catheter acts

as a guiding catheter.

9. The steerable catheter of claim 1 further comprising electrode
means extending from the distal end of the catheter body for sensing and

receiving unipolar and bipolar signals from tissue of the patient.

10.  The steerable catheter of claim 4 wherein the steering enhancement
means comprises placement of a softer material composition proximal the
interior surface of the catheter wall along the steerable portion of the
catheter wall and a stiffer material adjacent the outer surface along the

steerable portion of the catheter wall.

11. The steerable catheter of claim 1 wherein the catheter body is
comprised of a softer material at the distal end of the catheter at the

proximal end of the catheter.
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12 A medical catheter having improved maneuverability, comprising:

a) a catheter body having a catheter wall, a distal end, and a
proximal end, the catheter wall being comprised of a generally tubular
body presenting an interior surface and an outer surface; and

b) a radial indentation region in the tubular body of the catheter
wall proximate the distal end of the catheter body, the radial indentation
region comprising a plurality of radial indentations extending between
and not intersecting the outer surface and the interior surface of the

catheter wall.

13.  The medical catheter of claim 12 wherein each of the plurality of
radial indentations has a first wall and a second wall, a first end and a

second end, and an axial length.

14. The medical catheter of claim 13 wherein the first and second walls

are are not parallel to each other.

15.  The medical catheter of claim 13 wherein at least some of the
plurality of radial indentations have a wider opening at the first end and

an apex at the second end.

16.  The medical catheter of claim 13 wherein the first end of at least
some of the plurality of radial indentations cornpresées more than the

second end.

17.  The medical catheter of claim 13 wherein at least some of the
plurality of radial indentations comprise different materials along the

axial length of the radial indentation.
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18.  The medical catheter of claim 15 wherein a soft material is placed
proximate the apex and a stiff material is placed proximate the wider

opening of the radial indentation.

19. The medical catheter of claim 14 wherein the first wall and the

second wall of the radial indentations comprise V-shaped indentations.

20. The medical catheter of claim 14 wherein the first wall and the

second wall of the radial indentations comprise multiple fulcrumed walls.

21. A medical catheter having improved maneuverability, comprising:

a) a catheter body having a catheter wall, a distal end, and a
proximal end, the catheter wall being comprised of a generally tubular
body presenting an interior surface and an outer surface; and

b) a steering enhancement indentation region in the tubular
body of the catheter wall proximate the distal end of the catheter body, the
steering enhancement indentation region comprising a plurality of
circumferential indentations within the catheter wall arranged so that the
catheter wall in each region comprises varying durometers, each of the
plurality of indentations comprising a material composition having
mechanical characteristics differing from the characteristics of the adjacent
indentation, the plurality of indentations extending between and not
intersecting the outer surface and the interior surface of the catheter, the
indentation region comprising locations having a material composition
that is more pliable than portions of the tubular body proximate the
interior surface of the catheter wall and locations having a material
composition that is less pliable than other portions of the tubular body

proximate the outer surface of the catheter wall.

22, The medical catheter of claim 21 wherein the catheter body is
comprised of a softer material at the distal end of the catheter and a stiffer

material at the proximal end of the catheter.
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23. A steerable wire guiding catheter, comprising:

a) an elongate catheter body having a catheter wall, a distal end,
a proximal end, the catheter wall being comprised of a generally tubular
body‘ presenting an interior surface and an outer surface;

b) a plurality of wire means, each wire means having a
proximal end and a distal end and extending through the tubular body of
the catheter wall for pulling on a steerable portion of the catheter wall
integral with and proximate to the distal end of the catheter body to effect
steering of the catheter;

C) a plurality of anchor means, each anchor means
corresponding to a distal end of one of the wire means and axially located
along the steerable portion of the catheter wall of the catheter body for
connection with a distal end of the respective one of the wire means; and

d) control means located at a proximal portion of the catheter

for controlling the pulling on the proximal end of the wire means.

24.  The catheter of claim 23 wherein the plurality of wire means pulls
on a steerable portion of the catheter wall integral with and proximate to

the distal end of the catheter body.

25.  The catheter of claim 23 further comprising radial placement of a
material composition stiffer than the tubular body proximate the interior
surface and a material composition softer than the tubular body proximate

the outer surface of the catheter wall.

26. A steerable wire guiding catheter, comprising:

a) an elongate catheter body having a catheter wall, a distal end,
a proximal end, the catheter wall being comprised of a generally tubular
body presenting an interior surface and an outer surface;

b) a plurality of wire means, each wire means having a

proximal end and a distal end and extending through the tubular body of
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the catheter wall for pulling on a steerable portion of the catheter wall
integral with and proximate to the distal end of the catheter body to effect
steering of the catheter, the wire means following a generally helical path
over a portion of the axial length of the catheter proximal the distal end of
the catheter;

) a plurality of anchor means, each anchor means
corresponding to a distal end of one of the wire means and axially located
along the steerable portion of the catheter wall of the catheter body for
connection with a distal end of the respective one of the wire means; and

d) control means located at a proximal portion of the catheter

for controlling the pulling on the proximal end of the wire means.

27. The steerable catheter of claim 26 further comprising a

strengthening member axially positioned within the catheter
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