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WIRE GUIDE HAVING DISTAL COUPLING TIP

Description

‘Technical Field

This invention relates generally to a wire guide for use in intracorporeal
procedures, and more particularly relates to the construction of a wire guide to be
coupled to a previously introduced wire guide for assistance during interventional
procedures in vessels with proximal tortuosity, or as a more substantial wire guide
for angioplasty procedures, stenting procedures, and other device placement
procedures and their related devices.

Background of the Invention

Proximal tortuosity of the vasculature is problematic for all medical catheter
devices such as atherectomy devices, angioplasty devices, stent delivery devices,
and filter delivery devices. Wire guides are therefore typically used to navigate the
vasculature of a patient during percutaneous interventional procedures. Once the
wire guide has been introduced, it may then be used to introduce one or more
medical catheter devices. Thus, most wire guides are typically 0.014 inches in
diameter and have a lubricious coating to enhance wire guide introduction
movement. Conventional 0.014 inch floppy wire guides must have sufficient
flexibility and torque control for navigation through tortuous vessels. At the same
time, the wire guide must have a certain amount of rigidity to pass through lesions,
straighten extremely tortuous vessels, and support medical catheter devices that are
introduced over the wire guide.

Accordingly, wire guides are subjected to potentially conflicting requirements.
Conventional 0.014 inch floppy wire guides are usually sufficient for navigation of
moderately tortuous vessels. However, in some situations the wire guide tip may
prolapse :':lway from the site to which it is guiding the device. For example, balloon
angioplasty in vessels with proximal tortuosity has been associated with a higher
incidence of acute complications and procedural failure due to the inability to cross
lesions with a conventional floppy wire guide, and due to the inability of the wire
guide to provide adequate support to the balloon catheter. Heavy-duty wire guides,

on the other hand, are generally not well suited as primary wire guides because of
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their stiffness and potential for causing injury to the vessel during introduction.

It may therefore be desirable to use conventional floppy wire guides for
navigation of tortuous vessels, and then enhance the conventional wire guide with
a supplemental wire guide. The supplemental wire guide will straighten out the
vessel curves and ease further wire guide movement. Additionally, the supplemental
wire guide provides greater support and enhances the tracking of balloons, stents,
stent delivery devices, atherectomy devices, and other medical catheter devices as
compared to a conventional floppy wire guide. This technique is commonly referred
to as the “Buddy Wire” technique, details of which are disclosed in U.S. Patent
Application Serial No. 11/081,146, filed March 16, 2005.

However, the navigation of the supplemental wire guide parallel to the first
wire guide is an exacting and time consuming process in which additional
difficulties are encountered. For example, the second wire guide can cork screw
or coil around the first wire guide, which may result in immobilization or
unintended movement of the first wire guide, which in turn may require the
retraction and re-feeding of the supplemental wire guide and/or the primary wire
guide. Moreover, if retraction of the supplemental wire guide is necessary, either
of the wire guides may become contaminated and the entire process may need to
be restarted with sterile components. The time consumed by this process can be
critical to the success of the procedure. Additionally, when traversing through
the heart of a patient, and particularly the ostium, the larger open space of the
heart makes identical placement of the supplemental wire guide somewhat
difficult.

Accordingly, there exists a need to provide a supporting wire guide for percutaneous
interventional procedures that may be easily and reliably traversed through the
vasculature to a position proximate a previously introduced wire guide.

Summary of the Invention

The present invention provides a supporting wire guide for intracorporeal
procedures that may be easily and reliably traversed through the vasculature to a
position proximate a previously introduced wire guide. The supporting wire guide is

a coupling wire guide that is structured to be slidably coupled to the previously
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introduced Wire guide. In one embodiment constructed in accordance with the
teachings of the present invention, the coupling wire guide generally includes a main
body defined by a first wire and a second wire wound around a safety wire. A first
loop is defined by an enlarged revolution of the first wire within a distal portion of
the main body. A second loop is defined by an enlarged revolution of the second

wire within the distal portion of the main body. The first and second loops are sized
to receive the previously introduced wire guide for coupling of the two wire guides.

According to more detailed aspects of this embodiment of the present
invention, the first and second loops are axially spaced apart. Generally, the first and
second loops are spaced apart a distance about equal to the pitch of the coiled first
and second wires. The coupling wire guide may further include a third wire wound
around the safety wire, wherein the first, second and third wires define the main
body. Here, a third loop is also provided, and is defined by an enlarged revolution
of the third wire within the distal portion of the main body. The first, second and
third loops are axially spaced apart, preferably a distance about equal to the pitch of
the coiled first, second and third wires.

A method of forming the coupling wire guide is also provided in accordance
with the teachings of the present invention. The method generally comprising the
steps of selecting a wire guide formed of a first wire twisted to define a main body
portion, backtwisting a portion of the main body, forming an enlarged revolution of
the first wire to thereby define a first loop, and twisting the main body to reform the
wire guide having the first loop. In this manner, the coupling wire guide may again
be backtwisted and twisted to remove the first loop, and thus these steps may be
repeated multiple times for multiple formation or removal of the first loop. Similarly,
the axial location of the first loop may be shifted by manipulating the respective wire.
Multiple filar Wire guides are preferably employed whereby multiple loops are formed.
Accordingly, the coupling wire guide may be returned to its normal configuration
having a standard profile, and the formation and position of the loops may be

selectively provided according to the needs of the medical professional and patient.
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Brief Description of the Drawing

The accompanying drawings incorporated in and forming a part of the
specification illustrate several aspects of the present invention, and together with the
description serve to explain the principles of the invention. In the drawings:

FIG. 1 is a side view, partially cut-away, of a coupling wire guide constructed
in accordance with the teachings of the present invention; and

FIG. 2 is an enlarged side view, partially cut-away, showing the coupling
wire guide of FIG. 1 coupled to a previously introduced wire guide

Detailed Description

Turning now to the figures, FIGS. 1 and 2 depict a coupling wire guide 20
constructed in accordance with the teachings of the present invention. The
coupling wire guide 20 includes a main body 22 having a distal portion 23. The
main body 22, including the distal portion 23, is defined by a first wire 24, a
second wire 26, and a third wire 28. The first, second and third wires 24, 26, 28
are disposed over a safety wire 21, which in turn is connected to an end cap 30
defining a distal tip 32 of the coupling wire guide 20. Particularly, the first,
second and third wires 24, 26, 28 are wound around the safety wire 21,
preferably by coiling the wires in parallel to form three phases or filars. It can be
seen in the figures that the wires 24, 26, 28 are immediately adjacent each other
in the wind.

The coupling wire guide 20 is structured for coupling to a previously
introduced wire guide 10, depicted as a solid wire in FIG. 2. While wire guides are
often used in percutaneous interventional procedures, it will be recognized by those
skilled in the art that the wire guides of the present invention may also be employed
in endoscopic or other intracorporeal procedures. It will also be recognized that the
previously introduced wire guide 10, as well as the main body 22 of the coupling
wire guide 20, may take numerous forms as many types of wire guides are known
in the art, including a solid wire, a tubular wire, a coiled wire and combinations
thereof. For example, the previously introduced wire guide 10 may simply comprise
a mandrel alone, or a combination of mandrel and coiled wire, as is shown in U.S.

Patent No. 5,243,996, the disclosure of which is incorporated herein by reference
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in its entirety. With regard to the coupling wire guide 20, at least the distal portion
23 preferably has a multiple filar construction, such as the coiled first, second and
third wires 24, 26, 28 described above, although a single coiled wire may still
employ the teachings of the present invention.

In order to provide the coupling function, the coupling wire guide 20 includes
a first loop 34, a second loop 36, and a third loop 38. As best seen in FIG. 2, the
loops 34, 36, 38 are each sized to receive a previously introduced wire guide 10
therein. Each loop 34, 36, 38 is formed in a similar manner, namely by way of an
enlarged revolution of the respective first, second or third wire 24, 26, 28. That is,
for each revolution of one of the wires 24, 26, 28, the wire spans an axial distance
P, also referred to herein as the pitch. The loops 34, 36, 38 are axially spaced from
one another such that the wind is progressed to maintain this pitch (i.e. the non-
looping wires progress normally) in between each of the loops. Thus, the friction
between the wires 24, 26, 28 assists in maintaining the position of the loops 34, 36,
38. For example, in the area of first loop 34 the normal winding position of the
second and third wires 26, 28 are maintained while the first wire 24 makes an
enlarged revolution to define the first loop 34. Then, once the first wire 24 has
returned to its normal position within the wind progression, the second wire 26 then
makes its enlarged revolution to define the second loop 36, while the first and third
wires 24, 28 continue on their normal progression. As such, once all of the loops
34, 36, 38 have been formed, the first, second and third wires 24, 26, 28 may
continue on their normal winding progression to define the remainder of the main
body 22.

The wire guides 10, 20 are coupled by placing a proximal end of the previously
introduced wire guide 10 through each of the loops 34, 36, 38. The coupling wire
guide 20 is then traversed through the vasculature in a normal manner, preferably
while holding the previously introduced wire guide 10 in place. To decouple the wire
guides 10, 20, the wire guides 10, 20 are moved relative to one another such that
a distal end of the previously introduced wire guide 10 passes proximally through and

out of each of the loops 34, 36, 38.
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It will be recognized that many variations may be employed by the coupling
wire guide 20 of the present invention. For example, the main body 22 or at least
its distal portion 23 may comprise a winding of only one or two wires, or may
comprise a winding of more than three wires. It will also be recognized that a
loop does not need to be formed in each of the wires. For example, distal portion
23 may comprise a winding of three wires with single or multiple loops formed in
only one or two of the wires. Further, while one set of loops 34, 36, 38 have
been depicted, it will be recognized that additional sets of loops may be readily
formed. In sum, a wire guide having a single coiled wire may include one or more
loops, a wire guide having two or more wires may include one or more loops in
one or more of the wires.

By employing multiple loops 34, 36, 38 in the coupling wire guide 20, the
medical professional is provided with flexibility in the manner of coupling two wire
guides 10, 20. For example, less than all of the loops 34, 36, 38 may be used to
couple the wire guides 10, 20, resulting in different levels of coupling support.
Additional flexibility is provided since the loops 34, 36, 38 may be formed at any
axial position along the length of the coupling wire guide 20, although it is preferred
that the loops are formed in a distal portion 23 of the wire guide 20 and adjacent the
distal tip 32 thereof, thereby facilitating decoupling of the two wire guides 10, 20
inside the vasculature with minimal relative translation of the two wire guides 10,
20. Further, the size of the loops 34, 36, 38 may be of any area or diameter, and
preferably are sized such that the loops may receive numerous sizes of previously
introduced wire guides 10 having a range of sizes (diameters).

The wires 24, 26, 28 are preferably formed of a metal or alloy such as
stainless steel or Nitinol (Ni-Ti) although any known or future developed wire guide
materials may be used, and thus the loops 34, 36, 38 are flexible and may bend or
fold to a position close to the wire guide 20. In this manner the distal portion 23 is
provided with an extremely low profile that is not significantly greater in size than
a standard wire guide. An even lower profile, and specifically a normal configuration
of the wire guide 20, may also be achieved through a particular construction of the

wire guide 20. That is, the loops 34, 36, 38 may be selectively “removed” from the
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wire guide 20 through simple maniptulation of the wire guide 20, as will be described
below.

One method of forming the coupling wire guide 20 described above, as well
as removing the loops 34, 36, 38, is through the manipulation of a standard mutli-
filar wire guide. Taking the three filar wire guide as an example, the twisted wire
portion of the wire guide may be clamped at a clamping pqint proximal to the distal
end of the wire guide, such as by pinching the wire guide with one’s fingers. The
clamping point may include the proximal end of the wire guide. Then, the wire guide
is backtwisted (i.e. a portion distal to the clamping point is rotated counter to the
winding direction) to loosen the winding of the wires 24, 26, 28. Each of the wires
24, 26, 28 are then grasped and pulled to form an enlarged revolution, i.e. a loop 34,
36, 38. Preferably these loops 34, 36, 38 are positioned and spaced in the manner
described above. The portion of the wire guide 20 distal to the loops 34, 36, 38 are
twisted again in their normal manner to re-form the wire guide 20.

It will be recognized by those skilled in the art that the method of forming
the wire guide 20 described in the preceding paragraph may be reversed once the
loops 34, 36, 38 have been formed, whereby the loops 34, 36, 38 may be
removed thrdugh backtwisting and then proper re-twisting of the wires 24, 26,
28. It will also be recognized that this process may be repeated indefinitely to
form more loops, to remove loops, or to shift the position of loops. In fact, the
location of the loops 34, 36, 38 may be shifted with little to no backtwisting
through simple manipulation of the wires 24, 26, 28 in the area of the loops 34,
36, 38. It will also be recognized by those skilled in the art that other methods
may be used to form coupling wire guides in accordance with the téachings of the
present invention, such as originally twisting or otherwise initially forming the
wire guide with the loops 34, 36, 38. Likewise, it may be desirable in some
applications to fix the position of the loops 34, 36, 38, which may be readily
accomplished through soldering, welding or other bonding techniques.

Accordingly, it will be recognized by those skilled in the art that the coupling
wire guide, by way of formed loops 34, 36, 38, provides a simple and reliable

connection to a previously introduced wire guide 10. The loops 34, 36, 38 provide
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an extremely secure interconnection of the wire guides 10, 20, and are sized to
provide easy connection between coupling wire guide 20 and various sized wire
guides 10. At the same time, the loops 34, 36, 38 are sufficiently flexible to provide
a low profile for the coupling wire guide 20, and additionally may be easily removed
or shifted in position depending on the needs of the user. Further, the atraumatic
nature of the distal tip 32 is maintained, as is the preferred balance between
flexibility and rigidity of the main body 22. In this manner, the coupling wire guide
20 is increasingly adept at traversing the vasculature, and in particular torturous
pathways, while at the same time having sufficient rigidity for straightening out
these passageways and passing through occlusions or other obstacles.

The foregoing description of various embodiments of the invention has been
presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise embodiments disclosed. Numerous
modifications or variations are possible in light of the above teachings. The
embodiments discussed were chosen and described to provide the best illustration
of the principles of the invention and its practical application to thereby enable one
of ordinary skill in the art to utilize the invention in various embodiments and with
various modifications as are suited to the particular use contemplated. All such
modifications and variations are within the scope of the invention as determined by
the appended claims when interpreted in accordance with the breadth to which they

are fairly, legally, and equitably entitled.
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Claims

1. A coupling wire guide for coupling to a previously introduced wire guide during
intracorporeal procedures, the coupling wire guide comprising:

a main body defined by at least a first wire, the first wire wound around a
safety wire;

a first loop defined by an enlarged revolution of the first wire within a distal
portion of the main body; and
the first loop sized to receive the previously introduced wire guide therein.
2. The coupling wire guide of claim 1, further comprising a second wire wound
around the safety wire, the first and second wires defining the main body, and
further comprising a second loop defined by an enlarged revolution of one of the first
or second wires within the distal portion within a distal portion of the main body.
3. The coupling wire guide of claim 2, wherein the first and second loops are
axially spaced apart.
4., The coupling wire guide of claim 2, wherein the first and second loops are
formed by the first and second wires, respectively.
5. The coupling wire guide of claim 1, further comprising a third wire wound
around the safety wire, the first, second and third wires defining the main body.
6. The coupling wire guide of claim 5, further comprising a third loop defined by
an enlarged revolution of one of the first, second or third wires within the distal
portion of the main body.
7. The coupling wire guide of claim 6, wherein the first, second and third loops
are axially spaced apart a distance about equal to the pitch of the coiled first, second
and third Wires.
8. The coupling wire guide of claim 1, wherein the first and second wires do not
change pitch in the area of the first and second loops.
9. A coupling wire guide for coupling to a previously introduced wire guide during
intracorporeal procedures, the coupling wire guide comprising:

a main body defined by a first wire and a second wire, the first and second
wires coiled in parallel;

the first wire defining a first loop at a distal portion of the main body; and
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the second wire defining a second loop at the distal portion of the main body.
10.  The coupling wire guide of claim 9, wherein the first and second loops are
sized to receive the previously introduced wire guide.

11.  The coupling wire guide of claim 9, wherein the second loop is positioned

distally from the first loop.

12.  The coupling wire guide of claim 9, wherein the first and second loops do not

overlap in the axial direction.

13. The coupling wire guide of claim 9, further comprising a third wire, the first

second and third wires coiled in parallel to define the main body, the third wire

defining a third loop at the distal portion of the main body.

14. A method of forming a coupling wire guide comprising the steps of:

selecting a wire guide formed of a first wire twisted to form a main body:;
backtwisting a portion of the main body;

forming an enlarged revolution of the first wire to thereby define a first loop;
and

twisting the main body to reform the wire guide having the first loop.

15.  The method of claim 14, further comprising the subsequent steps of
backtwisting the portion of the main body distal to the first loop, and twisting the
main body to reform the wire guide without the first loop.

16. The method of claim 14, further comprising the step of clamping the main
body at a clamp point proximal to a distal end of the wire guide, and wherein the
step of backtwisting includes backtwisting the portion of the main body that is distal
to the clamp point.

17.  The method of claim 14, wherein the selecting step includes selecting a wire
guide having a main body portion formed of a first wire and a second wire twisted
in parallel, and further comprising the step of forming an enlarged revolution of the
second wire to thereby define a second loop.’

18. The method of claim 17, wherein the steps of forming the first and second
loops includes forming the first and second loops at axially spaced apart locations.
19.  The method of claim 14, further comprising the step of shifting the axial

location of the first loop by manipulating the first wire in the area of the first loop.
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20. A coupling wire guide for coupling to a previously introduced wire guide
during intracorporeal procedures, the coupling wire guide comprising N wires
coiled in respective, interleaved helical windings about a wire guide axis, where N
is greater than 1; there being at least one loop formed by an axially and radially
enlarged coil turn of one wire, the loop extending radially of the wire guide axis
sufficiently to receive the previously introduced wire guide and extending axially
of the wire guide axis to encompass N-1 coil turns.

21. The coupling wire guide of claim 20, wherein at least N loops are formed by a
respective axially and radially enlarged coil turn of each wire, the loops being

aligned to receive the previously introduced wire guide.
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