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MULTIPLE LUMEN CATHETER AND METHOD OF MAKING SAME

BACKGROUND OF THE INVENTION

Cross Reference to Related Application
The present application claims the benefit of U.S. Provisional Patent

Application Serial No. 60/684,143, filed May 23, 2005 and is a and is a continuation-
in-part of U.S. Patent Application Serial No. 11/136,640, filed May 23, 2005,
currently pending and which claims the benefit of U.S. Provisional Patent Application
Serial Nos. 60/575,643 filed on May 27, 2004, and 60/654,022 filed on February 17,
2005, and a continuation in part of U.S. Patent Application Serial No. 10/952,543,
filed September 29, 2004 currently pending, the entire contents of each are

incorporated herein by reference.

Field of the Invention

The present invention relates to a catheter for treating a lumenal
system of a patient. Particularly, the present invention is directed to a catheter having
a support member disposed in the lumen of an outer tubular member proximate an
inner tubular member, where the support member biases a portion of an outer surface
of the inner tubular member against a portion of an inner surface of the outer tubular

member.

Description of Related Art

A variety of catheter devices are known in the art for treating the
lumenal system of a patient. Of such devices, many are directed to treating the
cardiovascular system of a patient.

“Over the wire” catheters are generally known in the art. These
devices are generally introduced into a patient after a guidewire has been introduced
into the patient, and advanced to a treatment site within a patient where a treatment
procedure (e.g., angioplasty and/or stent placement) is to be performed. The catheter
is advanced over the guidewire to the treatment site, the treatment procedure is
performed, and the catheter and guidewire are subsequently removed. Such systems
can be disadvantageous. Because the guidewire lumen of an over the wire catheter
must traverse the entire length of the catheter (which can exceed about 150 cm), either

an extremely long guidewire (greater than 300 ¢m in length) or a guidewire extension
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must be used to permit the physician to maintain a grip on the guidewire and catheter

during the treatment procedure.

To address this problem, rapid exchange catheters have been
developed. Generally, a rapid exchange catheter has a relatively short guidewire
lumen (e.g., less than 25 cm) near the distal end of the catheter, thus permitting the
physician to use a standard length guidewire (e.g., 150-175 c¢m) to introduce a catheter
and/or perform a catheter exchange.

Such conventional methods and systems generally have been
considered satisfactory for their intended purpose. However, rapid exchange catheters
still suffer from certain performance issues, such as a lack of pushability and kink
resistance. Although solutions to this problem have been developed, such as by
introducing metallic components (such as hypotubes) along the length of a catheter
not supported by a guidewire, there still remains a continued need in the art for a
catheter having enhanced pushability, kink resistance and versatility. There also
remains a need in the art for a catheter that is inexpensive and easy to make. The

present invention provides a solution for these problems.

SUMMARY OF THE INVENTION

The purpose and advantages of the present invention will be set forth
in and apparent from the description that follows, as well as will be learned by
practice of the invention. Additional advantages of the invention will be realized and
attained by the methods and systems particularly pointed out in the written description
and claims hereof, as well as from the appended drawings.

To achieve these and other advantages and in accordance with the
purpose of the invention, as embodied herein and broadly described, the invention
includes a catheter including an outer tubular member having a length, an outer
surface, an inner surface and a lumen therein. The catheter also includes an inner
tubular member having an outer surface, an inner surface and a lumen therein, at least
a length of the inner lumen is disposed in the lumen of the outer tubular member. The
catheter also includes a support member disposed in the lumen of the outer tubular
member adjacent the inner tubular member, the support member biasing a portion of
the outer surface of the inner tubular member against a portion of the inner surface of

the outer tubular member,
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In accordance with a further aspect of the invention, the support

member can be unattached to at least one of the inner tubular member and the outer
tubular member. Furthermore, the support member can be unattached to either the
inner tubular member or the outer tubular member. The support member can be a
tubular structure having a length and a lumen therein. The tubular structure can be at
least partially compressed to bias the inner tubular member against the outer tubular
member. The support member can be made of a polymeric material, such as
polyimide, or an elastomeric member or foam.

In accordance with another aspect of the invention, the support
member can extend longitudinally along at least a portion of the length of the inner
tubular member disposed within the outer tubular member. The support member can
extend along the entire length of the inner tubular member disposed within the outer
tubular member. Moreover, a plurality of support members can be disposed along the
length between the outer surface of the inner tubular member and the inner surface of
the outer tubular member. Furthermore, the plurality of support members can be
interconnected. In accordance with a further aspect of the invention, each support
member can have a length and the lengths of the support members can be varied.

In accordance with another aspect of the invention, the lumen of the
inner tubular member can define a guidewire lumen. The lumen of the outer tubular
member can define an inflation lumen. The support member can have a lumen
defined therein for passage of inflation fluid. The catheter can further include an
inflatable member in fluid communication with the inflation lumen.

In accordance with still another aspect of the invention, a catheter is
provided including an elongate main body including at least a proximal shaft section,
a distal shaft section, and a lumen therein. The catheter also can include a guidewire
tube disposed along a length of the lumen of the elongate main body, and having a
proximal guidewire port, a distal guidewire port, and a guidewire lumen
therebetween. The catheter can also be provided with a support member disposed in
the lumen of the elongate main body adjacent the guidewire tube, the support member
biasing a portion of an outer surface of the guidewire tube against a portion of an
inner surface of the elongate main body.

In accordance with yet a further aspect of the invention, the support
member can be a tubular structure having a length and a lumen therein. The tubular

structure can be at least partially compressed to bias the guidewire tube against the
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elongate main body. Moreover, the support member can extend longitudinally along

at least a portion of the length of the guidewire tube disposed within the elongate
main body. In accordance with this aspect of the invention, the lumen of the elongate
main body can define an inflation lumen. Furthermore, the support member can have
a lumen defined therein for passage of inflation fluid.

In further accordance with the invention, the catheter includes at least
one tubular member including a plurality of cuts spirally disposed about the outer
surface of the tubular member. In this manner, the support member, the guidewire
tubular member or the elongate main body can include a plurality of cuts along a
length thereof. In this aspect of the invention, the plurality of cuts can transition from
a first pitch to a second pitch, The first pitch and second pitch being different. In this
manner, the tubular member can be configured to have a varied flexibility along a
length thereof. If desired, the tubular member further include coating on at least a
portion of the outer surface. For example, a polymeric coating, e.g., polyamide,
polyimide, or a block copolymer such as Pebax® can form a topcoat on the surface of
the tubular member. '

The invention also includes a catheter tubing and method for forming a
catheter tubing. In one embodiment, the catheter tubing defines a multiple lumen
catheter. Alternatively, the catheter tubing can define a multi-layered unitary catheter
tube.

The method for forming a catheter tubing includes providing a first
tubular member having a proximal end, a distal end, and a first lumen therein and a
second tubular member having a proximal end, a distal end, and a second lumen
therein. The method includes the further step of arranging the first tubular member in
contact with the second tubular member to define a contact area therebetween. The
method also includes providing a light absorbing portion proximate to the contact
area, and irradiating the light absorbing portion with light energy to fuse the second
tubular member to the first tubular member at the fixation or contact area. The light
absorbing portion is configured to include a gradient along its length. A fusion bond
is defined by the absorption of light energy by the light absorbing portion. The fusion
bond includes a gradient that corresponds to the gradient of the light absorbing
portion. Accordingly, in one aspect of the invention, the method is capable of

defining catheter tubing having a varied stiffness or flexibility along its length.
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In further accordance with the invention, the providing step can

include positioning at least one mandrel having a light absorbing portion proximate to
the contact area, and irradiating the mandrel with light energy to fuse the second
tubular member to the first tubular member at the contact area. Moreover, the
irradiating step can include irradiating the mandrel with white light. The white light
can be provided by a halogen light source. The light absorbing portion can include a
linear segment along a length of the mandrel. The providing step can include locating
the mandrel in the lumen of at least one of the first and second tubular members with
the light absorbing portion proximate the contact area. The contact area can be
defined along at least a portion of the length of the first and second tubular members.
The arranging step can include disposing at least a length of the second tubular
member inside the lumen of the first tubular member with a portion of the outer
surface of the second tubular member in contact with a portion of the inner surface of
the first tubular member to define the contact area therebetween. Furthermore, the
first lumen can define an inflation lumen, and the second lumen can define a
guidewire lumen.

In accordance with a further aspect of the invention, the providing step
can include locating the mandrel in the lumen of the second tubular member with the
light absorbing portion proximate the contact area. The light absorbing portion can
include a linear segment. In accordance with yet a further aspect of the invention, the
light absorbing portion can include a plurality of segments.

In accordance with another aspect of the invention, the providing step
can include locating the mandrel outside the outer surface of the first tubular member
with the light absorbing portion proximate the contact area. The arranging step can
also include disposing at least a length of the first tubular member proximate a length
of the second tubular member with the outer surface of the first tubular member in
contact with the outer surface of the second tubular members.

In accordance with still another aspect of the invention, the method can
further include the step of applying a pre-fixation device to at least one of the first and
second tubular members to temporarily hold the first and second tubular members
together prior to the irradiating step. The pre-fixation device can include removable
heat shrink tubing. The arranging step can include disposing at least a length of the
second tubular member inside the lumen of the first tubular member. Furthermore,

the pre-fixation device can include a removable insert disposed in the lumen of the

-5.



WO 2006/127931 PCT/US2006/020302
first tubular member having a cross dimension sufficient to bias a portion of the outer

surface of the second tubular member against a portion of the inner surface of the first
tubular member.

In accordance with another aspect of the invention, at least one of the
first or second tubular members can be transparent and/or non-absorbing to light
energy. Moreover, the mandrel can further define a pre-fixation device. The pre-
fixation device can include shrink wrap tubing, the shrink wrap tubing having a

~ colored area to define a light absorbing portion.

It is to be understood that both the foregoing general description and
the following detailed description are exemplary and are intended to provide further
explanation of the invention claimed.

The accompanying drawings, which are incorporated in and constitute
part of this specification, are included to illustrate and provide a further understanding
of the method and system of the invention. Together with the description, the

drawings serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of a portion of a first representative
embodiment of a catheter in accordance with the present invention.

FIG. 2 is an end view of the portion of the catheter of FIG. 1 in
accordance with the present invention.

FIG. 3 is an isometric view of a portion of a second representative
embodiment of a catheter in accordance with the present invention.

FIG. 4 is an isometric view of a portion of a third representative
embodiment of a catheter in accordance with the present invention.

FIG. 5 is an isometric view of a portion of a fourth representative
embodiment of a catheter in accordance with the present invention.

FIG. 6 is an isometric view of a portion of a fifth representative
embodiment of a catheter in accordance with the present invention.

FIG. 7 is an isometric view of a portion of a representative
embodiment of a catheter made in accordance with the method of the present

invention.
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FIGS. 8(a)-8(c) are partial isometric views of a portion of a

representative embodiment of a catheter made using a method in accordance with the
present invention.

FIG. 9 is an isometric view of a portion of a representative
embodiment of a catheter made in accordance with a variation of the method of the
present invention.

FIG. 10 is a partial isometric view of still another alternative
embodiment of a catheter made in accordance with a method of the present invention.

FIGS. 11(a)-11(b) are partial isometric views of a portion of an
alternative embodiment of a catheter made in accordance with the present invention.

FIGS. 12(a)-12(b) are end views of a cross section of a catheter made
in accordance with an alternative embodiment of the present invention.

FIG, 13 is an end view of a cross section of a catheter made in
accordance with the method of the present invention.

FIG. 14 is a depiction of an alternative embodiment of a method of
fabricating a catheter in accordance with the present invention.

FIGS. 15(a)-15(c) are a depiction of still another alternative
embodiment of a method of fabricating a catheter in accordance with the present
invention.

FIGS. 16(a)-16(c) are perspective and end views of portions of
alternative catheters made in accordance with the present invention.

FIGS. 17(a)-17(b) are end views of a portion of alternative
embodiments of catheters made in accordance with the present invention.

FIG. 18 is an end view of a portion of a catheter made in accordance
with the present invention;

FIG. 19 is an illustration of a catheter including a tubular member
having a plurality of cuts along its length in accordance with the present invention.

FIG. 20 is an illustration of a method of fusing first and second tubular
members in accordance with the present invention; and

FIG. 21 is a depiction of one embodiment of a light absorbing portion

having a gradient along its length in accordance with the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT




WO 2006/127931 ‘ _ PCT/US2006/020302
Reference will now be made in detail to the present preferred

embodiments of the invention, an example of which is illustrated in the accompanying
drawings. The method and corresponding steps of the invention will be described in
conjunction with the detailed description of the system.

The devices and methods presented herein may be used for tregting the
lumenal systems of a patient. The present invention is particularly suited for treatment
of the cardiovascular system of a patient, such as performance of angioplasty and
delivery of balloon-expandable or self-expanding interventional devices (e.g., stents,
filters, coils).

In accordance with the invention, a catheter is provided including an
outer tubular member having a length, an outer surface, an inner surface and a lumen
therein, The catheter also includes an inner tubular member having an outer surface,
an inner surface and a lumen therein, at least a length of the inner lumen is disposed in
the lumen of the outer tubular member. In a preferred embodiment, the inner tubular
member is secured against the inner surface of the outer tubular member. In
accordance with one aspect of the invention, the catheter also includes a support
member disposed in the lumen of the outer tubular member adjacent the inner tubular
member, the support member biasing a portion of the outer surface of the inner
tubular member against a portion of the inner surface of the outer tubular member.

For purpose of explanation and illustration, and not limitation, a partial
view of an exemplary embodiment of the catheter in accordance with the invention is
shown in Fig. 1 and is designated generally by reference character 100. Other
embodiments of a catheter in accordance with the invention, or aspects thereof, are
provided in Figs. 2-21, as will be described.

In accordance with the invention, an outer tubular member is provided
having a length, an outer surface, an inner surface and a lumen therein.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 1, catheter 100 is provided with an outer tubular member 102.
Outer tubular member 102 has a proximal end 104, a distal end 106, a length L, an
outer surface 108, an inner surface 110 and defines a lumen 112 therein.

Outer tubular member 102 can be made from a variety of materials,
including metal, plastic and composite materials. Metal tubes such as stainless steel
hypotubes can be used, and may or may not be coated with a polymeric material such

as PTFE. Multilayered polymeric tubes can also be used formed by coextrusion,
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dipping processes, or by shrinking tubing layers over one another over a mandrel.

Moreover, polymeric tubular members can also be formed by charging a mandrel with
static electricity, applying plastic in powder or granular form to the mandrel to form a
layer of plastic over the mandrel, and by heating the mandrel to cause the particles to
fuse. Multilayered polymeric tubes can also be used that include metallic or
nonmetallic braiding within or between layers of the tube. A carbon tube can also be
used, as well as fiber-reinforced resin materials. If the catheter is only comprised of a
single outer tubular along its length, it may be desirable in certain instances to design
outer tubular member 102 to have a decreasing stiffness along its length from
proximal end 104 to distal end 106.

In further accordance with the invention, a catheter is provided further
including an inner tubular member.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 1, catheter 100 includes inner tubular member 114. Inner tubular
member 114 has a proximal end 116, a distal end 118, an outer surface 120, an inner
surface 122 and defines a lumen 124 therein. In accordance with a particular
embodiment of the invention depicted in Figure 1, at least a length of the inner tubular
member 114 is disposed in the lumen of the outer tubular member 102.

A variety of materials can be used for inner tubular member 114. For
example and not limitation, as depicted in Fig. 2, inner tubular member 114 can be
made from the same materials as the outer tubular member 102. In accordance with a
specific embodiment of the invention, a multilayered tube is used for inner tubular
member 114 including a nylon outer layer 114a and an inner layer 114b formed from
a lubricious material such as polyethylene of varying densities, PTFE, polyimide,
PEEK or PVDEF. In accordance this aspect of the invention, the inner tubular member
114 can function as a guidewire lumen, as the low friction inner surface 122 of inner
tubular member permits a guidewire to move easily through lumen 124,

In accordance with another specific embodiment of the invention, as
depicted in Fig. 19, inner tubular member 114 can be formed from a metallic tube.
For example and not limitation, the metallic tube can be formed from stainless steel,
nitinol, or any other suitable metal or metal alloy. In further accordance with this
embodiment, the metallic tube can further include a plurality of cuts or markings 260
along a length thereof to define an inner tubular member having an increased

flexibility or stiffness along its length. The metallic tube can include a plurality of
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cuts 260 over a portion of the inner tubular member or if desired along the entire

length thereof. Additionally or alternatively, the elongate main body can be
configured to define a tubular member having a plurality of cuts along a length
thereof, if desired.

In one preferred embodiment, the plurality of cuts 260 is disposed in a
helical or spiral pattern along the length of the inner tubular member 114, The helical
pattern defines a plurality of rotations about the tubular member. A pitch P is defined
between adjacent rotations. The inner tubular member 114 can be configured to
include a plurality of cuts 260 along its length having a constant pitch along a portion
of the inner tubular member. Alternatively, the tubular member 114 can be
configured to include a plurality of cuts 260 having a progressive pitch, i.e., an
increasing or decreasing, along a portion of the inner tubular member, As yet another
example, the pitch can be varied along a length thereof. For example and not
limitation, a first portion of the tubular member can include a plurality of cuts 260
having a constant pitch, and a second portion of the tubular member can include a
plurality of cuts having a varied pitch.

In this regard, the first portion can have include cuts having a pitch
from about 0.5 to 2 mm, and a second portion can have a plurality of cuts having a
pitch that ranges from 1 to 2 mm, 3 to 4 mm, 4 to S mm. Alternatively, a first portion
of the tubular member can have a plurality of cuts 260 having a constant pitch and a
second portion of the tubular member 114 can have a plurality of cuts 260 having a
decreasing pitch. Generally, the pitch can have a length from about 0.1 to about 100
mm. A pitch from about 0.5 to 20 mm is preferred. However, other suitable pitch
lengths are suitable depending on the stiffness or flexibility desired. The inner tube
can be configured to have an increasing flexibility or stiffness along a length thereof
by varying the pitch along the sections of the tubular member.

In further accordance of the invention, the metallic tube can further
include a coating, preferably a polymeric coating 262, over a length thereof. A
variety of polymeric materials can be used. For example and not limitation, the
polymers can include polyamide, polyimide, block copolymers, including PTFE and
Pebax®, and the like. Alternatively, other suitable coating materials can be used as
would be known in the art.

For example and not limitation, the metallic tubular member can be

formed by laser cuiting a hypotube in a desired pattern over a portion or the entire
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length of the hypotube. However, other suitable techniques can be used to form the

cuts 260 along the tubular member 114, as would be known in the art. Further, a
polymeric coating 262 can be extruded over a length of the inner body if desired.

In further accordance with the invention, the catheter includes a
support member configured to bias a portion of the outer surface of the inner tubular
member against a portion of the inner surface of the outer tubular member.

For purposes of illustration, and not limitation, as depicted in Fig. 3,
catheter 100 includes support member 126. As depicted, support member 126 is
disposed in the lumen 112 of the outer tubular member 102 adjacent the inner tubular
member 114. The support member 126 is configured to bias a portion of the outer
surface 120 of the inner tubular member 114 against a portion of the inner surface 110
of the outer tubular member 102. Such an arrangement is advantageous as it enhances
the structural integrity of catheter 100,

Support member can take on a variety of forms. For purposes of
illustration only, as depicted in Fig. 3, support member 126 can include a tubular
structure having a length and defining a lumen 128 therein. This tubular structure can
be at least partially compressed to bias the inner tubular member 114 against the outer
tubular member 102. In accordance with this aspect of the invention, the support
member 126 can be made, for example, of a metallic material, a polymeric material,
such as polyimide, or an elastomeric member or foam. However, other materials such
as shape memory materials can also be used. If a shape memory material is used,
support member 126 can be configured to expand from a first undeployed
configuration to a second deployed configuration upon interaction of support member
126 to a stimulus, such as heat, electricity, chemicals or the like. If desired, the
support member can be a metallic tubular member having a plurality of cuts along a
length thereof as described herein.

By way of further example, for purposes of illustration only, as
depicted in Fig. 4, the support member 126 can have a coiled configuration. The
windings 130 of the support member 126 can urge the inner tubular member 114
against the outer tubular member 102. Support member 126 can be made from a
variety of materials, including various metals, plastics, fiber-reinforced resins, carbon
and combinations thereof. During catheter construction, use of a coiled support
member 126 can be advantageous since the overall diameter of the coiled member can

be minimized during insertion of support member 126 inside of outer tubular member

211 -



WO 2006/127931 PCT/US2006/020302
102. The diameter of support member 126 can then be increased by unwinding it

after insertion to urge inner tubular member 114 against outer tubular member 102,
By way of further example, a coiled member of shape-memory material can be used
for support member 126 that expands from a first contracted configuration to a larger
configuration upon interaction of the coiled support member 126 to a stimulus, such
as by a change in temperature (i.e., cooling or heating). In accordance with a specific
embodiment of the invention, the coiled member is made from Nitinol. Moreover, the
support member can also be a stent-like structure such like a wallstent-structure

In further accordance with the invention, the length of the support
member can be varied with respect to the other portions of the catheter,

For purposes of illustration and not limitation, as depicted in Fig. 4,
support member 126 extends longitudinally along a portion of the length of the inner
tubular member 114 disposed within the outer tubular member 102, Alternatively, as
depicted in Fig. 3, the support member 126 extends along the entire length of the
inner tubular member 102 disposed within the outer tubular member 102.

By way of further example, as depicted in Fig. 5, a plurality of support
members 126 are disposed along the length between the outer surface 120 of the inner
tubular member 114 and the inner surface 110 of the outer tubular member 102.
Additionally, the plurality of support members 126 can be interconnected by bridge
portions 132, if desired.

As additionally depicied in Fig. 5, for purposes of illustration and not
limitation, each support member 126 can be provided with a predetermined length
whereby the lengths of the support members 126 are varied, The lengths of the
support members 126 can be varied to provide a desired change in stiffness along the
length of the catheter 100. For example, if it is desired to provide decreasing stiffness
along the length of catheter 100, support members 126 can be provided having
progressively shorter lengths in the distal direction of the catheter 100.

In further accordance with the invention, the support member can be
attached or unattached to various portions of the catheter.

For purposes of illustration only, support member 126 can be
unattached to at least one of the inner tubular member 114 and the outer tubular
member 102. Alternatively, support member 126 can be unattached to both the inner
tubular member 114 and the outer tubular member 102. Such an arrangement can

permit for easier assembly of catheter 100, The outer surfaces 120, 127 of one or
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more of the inner tubular member 114 and support member 126 and the inner surface

110 of the outer tubular member 102 can be provided with a textured surface that
causes the parts of the catheter 100 to effectively lock together and not move after the
catheter 100 is assembled. Additionally or alternatively, if the surfaces are not
configured to lock, this can allow for movement between the members when the
catheter is bent.

In further accordance with the invention, the outer tubular member can
define an inflation lumen to direct inflation fluid to inflate an inflatable member,

For purposes of illustration and not limitation, as depicted in Fig. 3,
outer tubular member 102 defines an inflation lumen 134 generally between inner
surface 110 of outer tubular member 102 and outer surface 120 of inner tubular
member 114. In accordance with this embodiment of the invention, inflation lumen
134 can be used to direct inflation fluid to an inflatable member 136 in fluid
communication with the inflation lumen 134. In accordance with this embodiment of
the invention, support member 126 is configured to permit passage of inflation fluid,
As such, the support member 126 can help to define the inflation lumen 134,

Inflatable member 136 can be made from a variety of materials. For
purpose of illustration and not limitation, inflatable member 136 can be made from a
poly ether block amide (“PEBA™), nylon, Hytrel, PU, PEEK, PE or a variety of other
materials. Inflatable member 136 can be attached to distal end 106 of outer tubular
member 102 of catheter 100 by way of adhesive bond, fusion bond, or preferably by
welding, as described in U.S. Patent Application Serial No. 10/952,543, which is
incorporated by reference herein in its entirety. Thus, if inflatable member 136 is
made of nylon, it is advantageous for outer tubular member 102 to be made of a
material compatible for a welded bond therebetween.

By way of further example, an inflation device (not shown) is provided
for inflating the inflatable member 136, The inflation device 136 can be, for example,
a syringe or a flexible reservoir that is connected to a proximal end 104 of outer
tubular member 102 and actuated by the physician to inflate inflatable member 136.

In further accordance with the invention, a catheter is provided having
an elongate main body including at least a proximal shaft section, a distal shaft
section and a lumen therein. Optionally, the catheter can include a guidewire tube.

For further purposes of illustration and not limitation, as depicted in

Fig. 6, a catheter 200 is provided including an elongate main body 202 including a
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proximal end 202 and a distal end 204. Catheter 200 further includes a proximal shaft

section 208 having a proximal end 210 and a distal end 212, as well as a distal shaft
section 214 including a proximal end 216, a distal end 218, and a lumen 220 therein
having an inner surface 222.

Catheter 200 also can include a guidewire tube 224 disposed along a
length of the lumen 220 of the elongate main body 202. Guidewire tube 224 alone or
in combination with elongate main body 202 can thus define a proximal guidewire
port 226, a distal guidewire port 228, and a guidewire lumen 230 therebetween. The
catheter 200 can also be provided with a support member 234 disposed in the lumen
220 of the elongate main body 202 adjacent the gnidewire tube 224, the support
member 234 biasing a portion of an outer surface 232 of the guidewire tube 224
against a portion of an inner surface 222 of the elongate main body 202. The support
member 234 can be formed in a variety of ways as described herein.

Proximal shaft section 208 can be formed of a variety of different
materials. Proximal shaft section 208 can be formed from a variety of materials,
including metal, plastic and composite materials. Metal tubes such as stainless steel
hypotubes can be used, and may or may not be coated with a polymeric material such
as PTFE. Multilayered polymeric tubes can also be used formed by coextrusion,
dipping processes, or by shrinking tubing layers over one another over a mandrel or
by electrostatic deposition and heating as described herein above. Multilayered
polymeric tubes can also be used that include metallic or nonmetallic braiding within
or between layers of the tube. A carbon tube can also be used, as well as fiber-
reinforced resin materials. It may be desirable in certain instances to design proximal
shaft section 208 to have a decreasing stiffness along its length from proximal end
210 to distal end 212.

Constructing proximal shaft section 208 from a relatively stiff material
can provide catheter 200 with enhanced pushability and kink resistance during use,
particularly if catheter 200 is designed for use as a rapid-exchange catheter such that
proximal shaft section 208 is not supported along its length by a guidewire during use.
Moreover, a hypotube can act as a fluid conduit, or inflation lumen, if catheter 200 is
provided with a inflatable member 236, as depicted in Fig. 6.

A variety of materials can also be used for distal shaft section 214. For
example, distal shaft section 214 can be made from any suitable polymer material

such as Polyamide, PEEK, PTFE, PVDF, Kynar, or polyethylene of various suitable
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densities. As a further exemplary alternative, distal shaft section 214 can be a

composite member comprising a fabrication of several different materials, such as a
co-extrusion of different polymers, or a fiber-reinforced composite material such as
fiber-reinforced resin or polymeric thermoplastic material. While it is generally
desired that distal shaft section 214 be more flexible than proximal shaft section 208,
distal shaft section 214 can also be as stiff or even stiffer than proximal shaft section
208, depending on the desired application of catheter 200.

In accordance with another aspect of the invention, the catheter of the
present invention can be used to deliver a medical device to a location within the
corporeal system of a patient. '

For purposes of illustration and not limitation, as embodied herein, a
variety of medical devices are suitable for delivery by the catheter of the present
invention. For purpose of example and not limitation, a medical device can be
provided, for example, in the form of a balloon-expandable stent 250 as depicted in
Fig. 6. Such devices are generally well known in the art. However, the catheter of
the present invention is not limited to the delivery of balloon expandable stents.
Other devices may also be used. For example, stent-grafts, self-expanding
intraluminal devices, coils, filters and embolic protection devices may be delivered
within a patient's vasculature using the catheter of the present invention. Other
devices such as a prosthesis retrieval mechanism or visual or ultrasonic imaging
devices can also be delivered with the catheter to a predetermined location in a
patient's lumenal systems. Moreover, combinations of medical devices and/or
beneficial agents can also be delivered using the device of the present invention. For
example, multiple stents or a combination of stents and embolic protection devices
and/or beneficial agents can be delivered using the catheter of the present invention,
mounted on separate inflatable members (not shown) or as self expanding devices or
coils and combinations of coils and stent-grafts or the like.

In accordance with another aspect of the invention, as shown and
embodied in Figs. 7 and 20, a catheter tubing 300, 300’ and a method of forming a
catheter tubing are provided. The catheter tubing includes a first tubular member 302,
302’ having a proximal end, a distal end, a lumen therein, a second tubular member
314, 314’ having a proximal end, a distal end, a lumen therein, and a fusion area

disposed between the first tubular member and the second tubular member. The
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fusion area has an intensity gradient. The intensity gradient defines a varied stiffness

along a length of the fusion area.

In one embodiment, the lumen of the first tubular member 302, 302’ is
larger than the lumen of the second tubular member. In this manner, the second
tubular member 314, 314” can be disposed inside the lumen of the first tubular
member 302,302°. Further, each lumen can be configured such that the first and
second tubular members define a multiple lumen catheter tubing, as shown in Fig. 7.
In this embodiment, the contact area 326 between the first and second tubular
members is disposed along a portion of the inner surface of the outer tubular member
and the outer surface of the inner tubular member, Accordingly, and as depicted in
Fig. 7, the lumen 312 of the first tubular member can define an inflation lumen and
the lumen 324 of the second tubular member can define a guidewire lumen.

In another embodiment, each of the first and second tubular lumens
can be configured to define a multi-layer tubing, as shown and embodied in Fig. 20.
In this embodiment, as shown in Fig. 20, the contact area 326° between the first and
second tubular members is disposed along a portion of the inner surface 310° of the
first tubular member and the outer surface of the second tubular member 320°.
Accordingly, a unitary lumen 322’ is provided to define a guidewire lumen or
alternatively an inflation lumen, if desired.

' In one preferred embodiment, at least one of the tubular members is
sufficiently transparent to light energy. For example, in one embodiment, the first
tubular member is formed from a material that is sufficiently transparent to light
energy and the second tubular member includes a light absorbing portion. The light
absorbing portion of the second tubular member absorbs irradiated light energy
sufficient to form a fusion area between the first and second tubular members.

In one embodiment, as depicted in Figs. 7 and 20, the light absorbing
portion 330, 330” includes an intensity gradient along a length thereof. For example
and not limitation, as shown in Fig. 20, the intensity gradient includes a dark colored
area having an increasing or decreasing density along the length of the light absorbing
portion.

Further, and in accordance with the invention, the fusion area between
the first and second tubular members has an intensity gradient which corresponds to

the intensity gradient of the light absorbing portion 330, 330°, In this manner, the
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intensity gradient defines a variation in stiffness or flexibility along the length of the

multilayer or multilumen tubing defined by the tubular members.

In a further aspect of the invention, a method of forming the multilayer
tubing 300’ or the multilumen tubing 300 is provided. The method includes the step
of providing a first tubular member having a proximal end, a distal end, and a first
lumen therein and a second tubular member having a proximal end, a distal end, and a
second lumen therein.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 7, a first tubular member 302 and a second tubular member 314 are
provided for forming a catheter 300. First tubular member 302 includes a proximal
end 304, a distal end 306, an outer surface 308 an inner surface 310 and a lumen 312.
Second tubular member 314 includes a proximal end 316, a distal end 318, an outer
surface 320, an inner surface 322 and a lumen 324, These tubular members 302, 314
can be similar in composition and construction to outer tubular member 102 and inner
tubular member 114 described herein. One or both of first tubular member 302 and
second tubular member 314 can be composed of material sufficiently transparent to
permit passage of light therethrough.

In further accordance with the invention, the method includes the
further step of arranging the first tubular member in contact with the second tubular
member to define a contact area therebetween.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 7, the arranging step can include disposing at least a length of the
second tubular member 314 inside the lumen 312 of the first tubular member 302 with
a portion of the outer surface 320 of the second tubular member 314 in contact with a
portion of the inner surface 322 of the first tubular member 302 to define a contact
area 326 therebetween.

In accordance with one embodiment of the invention, as depicted in
Fig. 7, lumen 312 of first tubular member 302 can define an inflation lumen, and
lumen 324 of second tubular member 314 can define a guidewire lumen. One of the
lumens can also be used for injection of cells ( for gene therapy), and therapeutic or
beneficial agents, such as anticoagulants and the like. Alternatively, and in
accordance with another embodiment of the invention, as depicted in Fig. 20, the first
tubular member 302’ can define an outer layer and the second tubular member 314’

can define an inner layer of a multilayer tubing 300, -
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In further accordance with the invention, as depicted in Figs. 7 and 20,

the method includes positioning a light absorbing portion 330,430 proximate to the
contact area 326, 326” and irradiating the first and second tubular members and the
light absorbing portion 330, 330° with light energy to fuse the second tubular member
to the first tubular member at the contact area.

In a preferred embodiment, light absorbing portion 330, 330’ has an
intensity gradient along a length thereof. The intensity gradient, as shown in Figs, 20
and 21, includes a dark color having an increasing or decreasing density along a
length thereof. For the purpose of illustration and not limitation, the light absorbing
portion having an intensity gradient can be a linear segment, which has a decreasing
width along the length of the light absorbing portion. The decreasing width can be
varied, as depicted in Fig. 7, or progressive, as depicted in Fig. 20. Alternatively, the
predetermined shape can comprise a plurality of interrupted segments 330” along the
length of the light absorbing portion, as shown in Fig. 21. The plurality of interrupted
segments can be configured to define alternating dark and light areas along the length
of the light absorbing portion. For example, the plurality of interrupted segments can
include helical shaped dark areas. In this manner, as depicted in Fig. 21, a pitch (P1,
P2) can be defined between adjacent helices and the length of the pitch between
adjacent helices can increase along the length of the light absorbing portion. In this
manuer, an increasing or decreasing intensity gradient can be defined. Alternatively,
a varied pitch can be defined by fluctuating the pitch or length between adjacent
helices.

For purposes of illustration and not limitation, as embodied herein, the
irradiating step preferably includes irradiating the light absorbing pottion proximate to
the contact area 326, 326" with light energy. For example, the light energy can be
white light. The white light R can be provided by a halogen light source 328, but
other light sources (incandescent, plasma and the like) are possible. For example, a
halogen light source of 100 watts can be suitable. Light absorbing portion 330, 330’
is provided proximate the contact area 326, 326°. As discussed, the light absorbing
portion 330, 330" is preferably dark in color such that it absorbs white light energy
creating heat sufficient to join the second tubular member 314 to the first tubular
member 302 at the contact area 326, 326°. The light absorbing portion 330, 330°
preferably includes a dark color gradient along its length. A greater amount of light

energy is absorbed by the area of the light absorbing portion having a density of dark
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color relative to an area of the light absorbing portion having less density of dark

color. In this manner, the fusion area defined by the absorption of light energy and
the melting of the tubular members is configured to have an intensity gradient which
corresponds to the light absorbing portion. Thus, the fusion area can be configured to
include a stiffness gradient along the length thereof.

For the purpose of illustration and not limitation, as shown in Fig. 20, a
first section 430 of the light absorbing portion having a greater width along its
longitudinal axis absorbs a greater amount of energy than a second section 450 having
a smaller width along the axis. Accordingly, the fusion area that cotresponds to the
first section of the light absorbing portion has a greater stiffness than the fusion area
that corresponds to the second section of the light absorbing section.

Using ordinary white light, in contrast to intense laser light and the like
provides numerous advantages. When other light sources of the prior art is used,
expensive laser equipment is necessary to fuse plastic catheter segments. Moreover, it
is riecessary for an operator to use protective gear to prevent damage (such as to the
eyes) when operating the equipment. In contrast, when using white light, such as
from a halogen source, a much safer and less expensive result is obtained.

Light absorbing portion 330 can take on a variety of forms. For
example, light absorbing portion 330 can be a separate component, or can be
integrated with one or more of first tubular member 302 and second tubular member
314. Specifically, second tubular member 314 can be provided in the form of a black
plastic material, such as polyimide.

First tubular member 302 can be provided accordingly in the form of a
clear polyamide. As such, during the irradiation step, light will pass through first
tubular member 302 and be absorbed by second tubular member 314 causing first
tubular member 302 and/or second tubular member 314 to melt at the contact area
326, thereby permitting fusion. If second tubular member 314 is heated near its
melting point during irradiation, the lumen of second tubular member can be
supported by a mandrel 332 as depicted in Fig. 7. For example, a black second
tubular member 314 composed of polyimide can have a melting temperature near 500
degrees centigrade, and a first polyamide nylon tubular member 302 can have a
melting point near 100 degrees centigrade.

By way of further example, the black plastic material can be covered

with a clear non-absorbing outer layer such as nylon by means of coextrusion, fusion
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etc. So that the inner black layer heats up and melts the outer layer without melting in

itself, the outer layer can act like a hot-adhesive. For purposes of illustration and not
limitation, as depicted in Fig. 8(a), inner layer 314b of second tubular member 314 is
composed of such a black plastic material, and outer layer 314a is provided in the
form of a plastic material that does not absorb significant light energy (e.g.,
transparent nylon). When catheter 300 is irradiated with white light R, inner layer
314b absorbs the radiation and increases in temperature, thereby partially melting
outer layer 314a, resulting in outer layer 314a a being welded or fused to first tubular
member 302.

Alternatively, as depicted in Fig. 8(b), inner layer 314b of second
tubular member 314 is provided in the form of a plastic material that does not absorb
significant light energy and outer layer 314a is provided in the form of black plastic
material having a lower melting temperature than layer 314b. When catheter 300 is
irradiated with white light R, outer layer 314a absorbs the radiation and increases in
temperature, thereby partially melting inner layer 302b of first tubular member 302,
resulting in outer layer 314a being welded to first tubular member 302.

As depicted in Fig. 8(c), second tubular member 314 is provided in the
form of a dark plastic. As such, when irradiated with white light R, inner tube heats
up. Depending on the melting temperature of first tubular member 302 and second
tubular member 314, either or both tubular members 302, 314 can melt to create a
bond.

Light absorbing portion 330 can also be applied, such as by printing or
spray onto the surface of first tubular member 302 and/or second tubular member 314
in various geometric shapes and darkness to vary the degree of attachment between
the first tubular member 302 and the second tubular member 314, as well as vary the
degree of stiffness along the first and second tubular members. Moreover, light
absorbing portion 330 can be incorporated into the body of first tubular member 302
and/or second tubular member 314 when formed, such as by during extrusion or
dipping.

During the irradiation step, white light can be applied to the first
tubular member 302 and second tubular member 304 by focusing the light down to a
small area, such as an area half a centimeter in diameter. The light can be applied
along the length of the catheter such that the light absorbing portion 330 or portions

are all evenly heated permitting fusion along the length of the inner and outer
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members. While the focused radiation can be applied along a straight direction along

the catheter 300, it may also be desirable to rotate the catheter while the focused
radiation is translated along the length of the catheter, resulting in the radiation being
applied along a “spiral” path. This provides the advantage of permitting the entire
surface area of the catheter 300 to be heated. This can be useful, especially when the
first tubular member 302 and second tubular member 314 are not aligned, such that
the contact area 326 does not fall along a straight line. This method of applying
radiation increases the contact area 326, and thus helps ensure the strength of the
catheter 300.

In still further accordance with the invention, the method can also
include the step of providing at least one mandrel having a light absorbing portion
proximate to the contact area.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 9, a mandrel 332 is provided having a light absorbing portion 330
proximate to a contact area 326 defined where the first tubular member 302 adjoins
the second tubular member 314.

The light absorbing portion 330 can include a linear segment along a
length of the mandrel 332. The providing step can include positioning the mandrel
332 in the lumen 312, 324 of at least one of the first and second tubular members 302,
314, respectively with the light absorbing portion 330 proximate the contact area 326.
The contact area 326 can be defined along at least a portion of the length of the first
and second tubular members 302, 314. All or only a portion of the mandrel 332 can
define a light absorbing portion 330. Light absorbing portion 330 can include any
desired pattern (such as dots, squares, spirals and the like to permit different
attachment patterns. In one preferred embodiment, as discussed above, light
absorbing portion 330 includes a predetermined pattern having a gradient.

By way of further example, for purposes of illustration and not
limitation, the providing step can include locating the mandrel 332 in the lumen 324
of the second tubular member 314 with the light absorbing portion 330 proximate the
contact area 326. The light absorbing portion 330 can include a linear segment as
depicted in Fig. 9. In accordance with yet a further aspect of the invention, the light
absorbing portion 330 can include a plurality of segments.

In accordance with another aspect of the invention, the providing step

can include locating the mandrel 334 outside the outer surface 308 of the first tubular
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member 302 with the light absorbing portion 330 proximate the contact area 326. The

light absorbing portion can take any shape and can be provided in tubular or other
forms. The arranging step can also include disposing at least a length of the first
tubular member 302 adjacent a length of the second tubular member 314 with the
outer surface 308 of the first tubular member 302 in contact with the outer surface 320
of the second tubular members 314.

One or more mandrels 332 can also be used to provide a crescent-
shaped inflation channel. Advantageously, by using such a crescent-shaped mandrel,
the alignment between the first and second tubular members 302, 314 can be
optimized such that the contact area between the tubular members, and thus, the
contact area, will lie along a straight line. Accordingly, white light can be applied
along the catheter in a straight line without rotating the catheter during the irradiation
step.

In further accordance with the invention, the method of the invention
can further include the step of applying a pre-fixation device to at least one of the first
and second tubular members to temporarily hold the first and second tubular members
together prior to the irradiating step.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 10, the mandrel 334 acts as a pre-fixation device that is attached to
at least one of the first and second tubular members 302, 314 to temporarily hold the
first and second tubular members 302, 314 together prior and during the irradiating
step. The pre-fixation device 334 can then be removed after the irradiating step, if
desired.

In accordance with one embodiment of the invention, the pre-fixation
device 334 includes heat shrink tubing. The heat shrink tubing can be removable, or
if desired can remain affixed to the catheter. The shrink wrap tubing having a dark
colored area to define a light absorbing portion 330.

By way of further example, the arranging step can further include
disposing at least a length of the second tubular member 314 inside the lumen 312 of
the first tubular member 302. The pre-fixation device 334 can include a removable
insert disposed in the lumen 312 of the first tubular member 302, and be provided
with a cross dimension sufficient to bias a portion of the outer surface 320 of the
second tubular member 314 against a portion of the inner surface 310 of the first

tubular member 302.
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In accordance with another aspect of the invention, the mandrel can

further define a pre-fixation device.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 10, the first and second tubular members 302, 314 are transparent
to light energy. In accordance with this aspect of the invention, the mandrel 332
further defines a pre-fixation device 334, As depicted in Fig. 10, the mandrel 334 can
have two or more portions 336, 338 that are configured to hold the first and second
tubular members 302, 314 stationary relative to one another prior to the irradiation
step.

In further accordance with the invention, the first tubular member and
second tubular member can be arranged such that the second tubular member follows
a helical path with respect to the first tubular member.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Figs. 11(a), second tubular member 314 follows a helical path inside of
first tubular member 302. The bond is formed, for example, by providing either
tubular member 302, 314 in the form of black plastic. During irradiation, the darker
tube will heat up. Depending on the melting temperature of the material of each tube,
one or both tubes will adhere itself to the other, resulting in a bond. Similarly, Fig.
11(b) depicts an arrangement having two side-by-side tubular members 314, 340
arranged inside of tubular member 302. One or more of tubular members 314, 340, or
302 can be provided in the form of black plastic. Irradiation will raise the temperature
of tube 302 if provided in black plastic, facilitating fusion. Alternatively, tubular
members 314 and/or 340 can be heated, resulting in a bond between all three tubular
members 302, 314 and 340.

In further accordance with the method of the invention, it is also
possible to fuse stiffening members to the inside of the catheter-shaft.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 12(a), polymeric stiffening member 342 having an outer surface
344 is provided inside of first tubular member 302. In accordance with this example,
first tubular member does not absorb significant radiation, and stiffening member is
provided in a form that does absorb significant radiation, such as a black plastic
material. When stiffening member 342 is radiated with white light R, stiffening

member 342 heats up and melts or fuses its outer surface 344 to first tubular member
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302 or melts tubular member 302 to outer surface 344 cause fusion (or both)

depending on the melting temperature of each material.

Alternatively, as depicted in Fig. 12(b), stiffening member 342 can be
provided with a non-polymeric core 346, such as a metallic or carbon rod that is
encased in black polymer. When this collection of components is irradiated, bonding
can be accomplished as with the embodiment of Fig. 12(a).

In accordance with still another aspect of the invention, a method is
provided further including the step of filtering the radiation used during the irradiation
step.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 13, filter 348 is interposed between radiation source 328 and
catheter 300, As such, selected wavelengths can be chosen to irradiate catheter 300 to
cause fusion. Filters for the white light can be used to allow only a more narrow band
of light frequencies to pass. The band of frequencies can be adapted to the spectra of
the materials that are intended to absorb light energy and/or melt. Also, special light
sources can be chosen based on the light frequencies that are emitted in order to
accommodate the materials which are intended to be melted, and those that are not
intended to be melted. In addition to purely white light and subsections of that
spectrum, infrared and ultraviolet wavelengths can also be used if desired. Moreover,
light sources of certain frequencies can be combined with filters in order to make the
absorbance / non-absorbance more specific for certain combinations of materials.

In accordance with another aspect of the invention, a mask can be used
to create patterns on the components of the catheter.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Fig. 14, a mask 350 is provided having a preselected pattern to permit
radiation to be exposed to only certain portions of the catheter 300.

In accordance with another aspect of the invention, one or more light
conductive elements can be used to provide radiation during the radiation step.

For purposes of illustration and not limitation, as embodied herein and
as depicted in Figs. 15(a)-15(c), light conductive element 352 is provided. Light
conductive element 352 radiates white light along its length to heat one or both of first
and second tubular members 302, 314, as desired to promote fusion. Light conductive
element 352 can be directed through either lumen 324 of second tubular member 314,

lumen 312 of outer tubular member 302, or both. Moreover, any beam of white light
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or radiation R can be directed over the catheter 300 through light conductive element

352, as desired to accomplish fusion.

By way of further example, it is possible to include multiple tubular
members inside of an outer tubular member. For example, as depicted in Figs. 16(a),
three tubular members 314, 340, 354 can be provided inside of tubular member 302.
Tubular members 314, 340, 354 can be provided with different cross sectional shapes
and thicknesses as depicted in Fig. 16(b). Moreover, as depicted in Fig. 16(c), each of
tubular members 314, 340 and 354 can be provided in the form of multilayer tubes
314a, 314b, 340a, 340b, 354a, 354b, each tube having layers made of different
materials,

In further accordance with the invention, radiation can be used to melt
adhesive material to affix portions of a catheter to one another in a similar manner as
described above.

For purposes of illustration and not limitation, as depicted in Fig. 17, it
is possible to provide connecting material 356 that can be melted by radiation, acting
as an adhesive to affix tubular members 302, 314 and 340 to one another. Connecting
material can connect interior tubular members 314 and 340 to one another, as depicted
in Fig. 17(a), or to one another and tubular member 302, as depicted in Fig. 17(b).

Moreover, as depicted in Fig. 18, a crescent shaped member 358 can
be provided made of a meltable material, such as black plastic. If crescent shaped
member 358 is selected to have a lower melting temperature than tubular members
302, 314, crescent shaped member can melt upon exposure to radiation to fuse tubular
members 302, 314 to one another.

Many different types of catheters and portions thereof can be
constructed using support members (e.g., 126, Fig. 3) and using the methods of
construction described herein. For example, the catheters described in U.S. Patent
Application Serial No. 60/575,643, U.S. Patent Application Serial No. 60/654,022,
U.S. Non-Provisional Patent Application filed on even date herewith identified by
Winston & Strawn Docket No. 20.2600 titled “Catheter Having Main Body Portion
With Coil-Defined Guidewite Passage™ and U.S. Non-Provisional Patent Application
filed on even date herewith identified by Winston & Strawn Docket No. 20.2700
titled “Catheter Having First And Second Guidewire Tubes And Overlapping
Stiffening Members™ can be constructed in accordance with these techniques. These

patent applications are hereby incorporated by reference herein in their entirety,
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The methods and systems of the present invention, as described above

and shown in the drawings, provide for a catheter with superior properties including
superior flexibility and pushability. It will be apparent to those skilled in the art that
various modifications and variations can be made in the device and method of the
present invention without departing from the spirit or scope of the invention. Thus, it
is intended that the present invention include modifications and variations that are

within the scope of the appended claims and their equivalents.
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CLAIMS

What is claimed is:

1. A catheter comprising:

an outer tubular member having a length, an outer surface, an inner surface
and a lumen therein;

an inner tubular member having an outer surface, an inner surface and a lumen
therein, at least a length of the inner lumen is disposed in the lumen of the outer tubular
member; and

a support member disposed in the lumen of the outer tubular member adjacent
the inner tubular member, the support member biasing a portion of the outer surface of the

inner tubular member against a portion of the inner surface of the outer tubular member,

2. The catheter of claim 1, wherein the support member is not attached to at least one of

the inner tubular member and the outer tubular member.

3. The catheter of claim 1, wherein the support member is not attached to either the inner

tubular member or the outer tubular member.

4. The catheter of claim 1, wherein the support member is a tubular structure having a

length and a lumen therein.

5. The catheter of claim 4, wherein the tubular structure is at least partially compressed

to bias the inner tubular member against the outer tubular member.

6. The catheter of claim 1, wherein the support member is made of a polymeric material.
7. The catheter of claim 6, wherein the polymeric material is polyimide.

8. The catheter of claim 1, wherein the support member is an elastomeric member.

9. The catheter of claim 1, wherein the support member is foam.
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The catheter of claim 1, wherein the support member extends longitudinally along at

least a portion of the length of the inner tubular member disposed within the outer tubular

member,

11. The tubular member of claim 1, wherein the support member extends along the entire

length of the inner tubular member disposed within the outer tubular member.

12. The catheter of claim 1, wherein a plurality of support members are disposed along
the length between the outer surface of the inner tubular member and the inner surface of the

outer tubular member.

13. The catheter of claim 12, wherein the plurality of support members are

interconnected.

14. The catheter of claim 12, wherein each support member has a length, the lengths of

the support members being varied.

15. The catheter of claim 1, wherein the lumen of the inner tubular member defines a

guidewire lumen.

16. The catheter of claim 1, wherein the lumen of the outer tubular member defines an

inflation lumen.

17. The catheter of claim 15, wherein the support member has a lumen defined therein for

passage of inflation fluid.

18.  The catheter of claim 1, wherein the support member is a tubular member having a

length and a lumen, the tubular member formed from a metallic material.

19.  The catheter of claim 18, wherein the tubular member includes a plurality of cuts

spirally disposed about the tubular member and along a length thereof.
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20.  The catheter of claim 18, wherein the plurality of cuts transition from a first pitch to a

second pitch along the length of the tubular member, the first pitch and the second pitch

being different.

21. A catheter comprising;

an elongate main body including at least a proximal shaft section and a distal shaft
section, and a lumen therein;

a guidewire tube disposed along a length of the lumen of the elongate main body, and
having a proximal guidewire port, a distal guidewire port, and a guidewire [umen
therebetween;

a support member disposed in the lumen of the elongate main body adjacent the
guidewire tube, the support member biasing a portion of an outer surface of the guidewire

tube against a portion of an inner surface of the elongate main body.

22.  The catheter of claim 21, wherein the support member is a tubular structure having a

length and a lumen therein.

23.  The catheter of claim 22, wherein the tubular structure is at least partially compressed

to bias the guidewire tube against the elongate main body.

24.  The catheter of claim 21, wherein the support member extends longitudinally along at

least a portion of the length of the guidewire tube disposed within the elongate main body.

25.  The catheter of claim 21, wherein the lumen of the elongate main body defines an

inflation lumen.

26.  The catheter of claim 25, wherein the support member has a lumen defined therein for

passage of inflation fluid.
27.  The catheter of claim 235, wherein at least one of the elongate main body and

guidewire tube is a tubular member including a plurality of cuts spirally disposed about the

tubular member, the plurality of cuts defining a pitch between adjacent cuts.
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28,  The catheter of claim 27, wherein the a plurality of cuts is configured to define a

varied flexibility or stiffness along the length of the at least one elongate main body or the

guidewire tube.

29, The catheter of claim 28, wherein the plurality of spiral cuts transition from a first

pitch to a second pitch, the first pitch being greater than the second pitch.
30.  The catheter of claim 27, wherein the tubular member is a metallic member.

31.  The catheter of claim 27, wherein the tubular member includes a polymeric coating

applied to an outer surface of the tubular member.

32. A method for forming catheter tubing, the method comprising:

providing a first tubular member having a proximal end, a distal end, a lumen therein
and inner surface and an outer surface;

arranging a second tubular member in contact with the first tubular member to define
a contact area therebetween, the second tubular member having a proximal end, a distal end,
a lumen therein, and an inner surface and an outer surface;

providing a light absorbing portion proximate the contact area, the light absorbing
portion having a length and an intensity gradient along its length; and

irradiating the light absorbing portion to join the second tubular member to the first
tubular member at the contact area to define a fusion area therebetween, the fusion area

having a gradient corresponding the gradient of the light absorbing portion.

33.  The method of claim 32, wherein the light absorbing portion includes a linear segment
having a progressively decreasing width relative to a longitudinal axis of the light absorbing

portion.

34, The method of claim 32, light absorbing portion includes a plurality of interrupted
segments, and further wherein the length between successive interruptions progressively

increases along the length of the light absorbing member.

35.  The method of claim 32, wherein the light absorbing portion providing step includes

providing at least one mandrel having a light absorbing portion proximate the contact area.
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36.  The method of claim 32, wherein the arranging step includes disposing at least a
length of the second tubular member inside the lumen of the first tubular member, and further

wherein the light absorbing portion is disposed on a surface of the second tubular member.

37.  The method of claim 35, wherein the irradiating step includes irradiating the mandrel

with white light.

38.  The method of claim 36, wherein the irradiating step includes irradiating the second

tubular member with white light.

39.  The method of claim 32, wherein the irradiating step includes providing white light by

a halogen light source.

40.  The method of claim 35, wherein the providing step includes positioning the mandrel
in the lumen of at least one of the first and second tubular members with the light absorbing

portion proximate the contact area.

42.  The method of claim 36, wherein the providing step includes arranging the second
tubular member inside the lumen of the first tubular members with the light absorbing portion

proximate the contact area.

43.  The method of claim 32, wherein the fusion area having a intensity gradient defines a

varied stiffness along a length of the contact area.

44, The method of claim 32, wherein the lumen of the first tubular member is larger than

the lumen of the second tubular member,

45. The method of claim 44, wherein the second tubular member is inserted inside the
first lumen to define a coaxial multilumen tubular member, and further wherein the first

lumen defines an inflation lumen and the second lumen defines a guidewire lumen.

46, The method of claim 44, wherein the second tubular member is inserted inside the

first lumen to define a unitary multilayer tubular member.
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47.  The method of claim 32, further including the step of applying a pre-fixation device to
at least one of the first and second tubular members to temporarily hold the first and second

tubular members together prior to the irradiating step.

48.  The method of claim 47, wherein the pre-fixation device includes removable heat
shrink tubing.

49.  The method of claim 47, wherein the arranging step includes disposing at least a
length of the second tubular member inside the lumen of the first tubular member , and
further wherein the pre-fixation device is a removable insert disposed in the lumen of the first
tubular member and having a cross dimension sufficient to bias a portion of the outer surface
of the second tubular member against a portion of the inner surface of the first tubular

member.

50. The method of claim 32, wherein at least one of the first or second tubular members is

transparent to light energy.

51.  The method of claim 32, wherein the first and second tubular members are transparent

to light energy.

52.  The method of claim 32, wherein the mandrel further defines a pre-fixation device.

53.  The method of claim 47, wherein the pre-fixation device is shrink wrap tubing, the

shrink wrap tubing having a colored area to define a light absorbing portion.

54,  The method of claim 47, wherein the pre-fixation device is shrink wrap tubing, the

shrink wrap tubing having a colored area to define a light absorbing portion.

55. A catheter tubing comprising
a first tubular member having a proximal end, a distal end, a lumen therein;
a second tubular member having a proximal end, a distal end, a lumen therein, and
a fusion area between the first tubular member and the second tubular member, the

fusion area having an intensity gradient.
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56.  The catheter of claim 55, wherein the intensity gradient defines a varied stiffness

along a length of the fusion area.

57.  The catheter of claim 55, wherein the lumen of the first tubular member is larger than

the lumen of the second tubular member.

58.  The catheter of claim 57, wherein the second tubular member is disposed inside the
lumen of the first tubular member and further wherein the fusion area is disposed between at
least a portion of the outer surface of the second tubular member and the inner surface of the

first tubular member.

59.  The catheter of claim 58, wherein the first tubular member and the second tubular

member are configured to define a multiple lumen catheter tubing.

60.  The catheter of claim 59, wherein the lumen of the second tubular member defines a

guidewire lumen and the lumen of the first tubular member defines an inflation lumen.

61. The catheter of claim 58, wherein the first tubular member and second tubular

member are configured to define a unitary multilayer tubular member.

62.  The catheter of claim 55, wherein at least one of the first and second tubular members

is sufficiently transparent to light energy.

63.  The catheter of claim 60, wherein the first tubular member is sufficiently transparent

to light energy and the second tubular member includes a light absorbing portion along a
length thereof.

64.  The catheter of clam 63, wherein the light absorbing portion has an intensity gradient

along a length thereof.

65.  The catheter of claim 64, wherein the intensity gradient of the light absorbing portion
corresponds to the intensity gradient of the fusion area between the first and second tubular

members.

-33.



WO 2006/127931 PCT/US2006/020302

1710

102

SUBSTITUTE SHEET (RULE 26)



PCT/US2006/020302

WO 2006/127931

2 /10

SUBSTITUTE SHEET (RULE 26)



WO 2006/127931

250

214

3/10

SUBSTITUTE SHEET (RULE 26)

PCT/US2006/020302

FIG. 6

208

202

222

210



WO 2006/127931 PCT/US2006/020302

SUBSTITUTE SHEET (RULE 26)



WO 2006/127931 PCT/US2006/020302

SUBSTITUTE SHEET (RULE 26)



WO 2006/127931 PCT/US2006/020302

6 /10

FIG. 12a

—
=
7

FIG. 12b
R)j/ 302

SUBSTITUTE SHEET (RULE 26)



WO 2006/127931 PCT/US2006/020302

SUBSTITUTE SHEET (RULE 26)



WO 2006/127931 PCT/US2006/020302

\
\
/‘\\
7\

\
A
N
N\ 7~
)
N7

~/

-1
\\\//

{
NIASRS

=

SUBSTITUTE SHEET (RULE 26)



WO 2006/127931 PCT/US2006/020302

302 fﬁ/R

FIG. 17a

FIG. 17b

SUBSTITUTE SHEET (RULE 26)



PCT/US2006/020302

WO 2006/127931

10 /10

¢ Ol

157

r _Omm

a h

( / )

Ll L L L L L L L L P2 2227222 2

L L L L LS L7 LELL 77272 7272277222727 2772727

e
NAAY IRt P IA

v
> A N N 7
ey e o WA VANV
- - - ~ P s
SIS 208 SAR VV:N\A_P_/molew Wﬁ. Mz\mm\..\wwde/lA.v RN TR, e
P e -

I % “
2 _I.w,/lvs)/ Fo =Y 2y Z | Z=

' > S \\Aug \\/l\\ann\l

BTN 2 >
IR I SRR AN S N4

S
RO AN

e e s~ . A AN NI

SN SNS S S S SOONONNANN

L

L L L L L Ll LSl

\\\\w\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\NHK\KNRJ
.C0¢E

CCE

0T€

V1E

)

d d

SUBSTITUTE SHEET (RULE 26)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

