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CATHETER WITH A DUAL LUMEN MONOLITHIC SHAFT
BACKGROUND OF THE DISCLOSED SUBJECT MATTER

Cross-Reference to Related Applications

This application claims priority to U.S. Patent Application No.
13/542,129, filed July 5, 2012 which is incorporated by reference herein in its

entirety.

Field of the Disclosed Subiect Matter

The disclosed subject matter relates to catheters for treating luminal
systems of a patient. Specifically, the disclosed subject matter relates to a monolithic
elongate tubular shaft member having an inner core made of a first material and an
outer layer made of a second material, the inner core having a first lumen and a

second fumen defined therein with substantially uniform cross-sections, respectively.

Description of Related Subject Matter

Balloon catheters are used for a wide range of treatments in the
medical field. For example, balloon catheters are used for percutaneous transluminal
coronary angioplasty (PTCA) and for the delivery of stents or the like.

In percutaneous transluminal coronary angioplasty (PTCA)
procedures, a guiding catheter is advanced in the vasculature of a patient until the
distal tip of the guiding catheter is seated in the ostium of a desired coronary artery.
A guidewire is advanced out of the distal end of the guiding catheter into the coronary
artery until the distal end of the guidewire crosses a lesion to be dilated. A dilatation
catheter, having an inflatable balloon on the distal portion thereof, is advanced into
the coronary anatomy over the previously introduced guidewire until the balloon of
the dilatation catheter is positioned across the lesion. Once positioned, the dilatation
balloon is inflated with inflation fluid one or more times to a predetermined size at a
suitable pressure to compress the stenosis against the arterial wall to open up the
vascular passageway. Generally, the inflated diameter of the balloon is approximately
the same diameter as the native diameter of the body lumen being dilated to complete

the dilatation but not over expand the artery wall. After the balloon is deflated, blood
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resumes through the dilated artery and the dilatation catheter and the guidewire can be
removed there from.

In such angioplasty procedures, there may be restenosis of the artery,
i.e. reformation of the arterial blockage, which necessitates either another angioplasty
procedure, or some other method of repairing or strengthening the dilated area. To
reduce the restenosis rate and to strengthen the dilated area, physicians may
additionally or alternatively implant an intravascular prosthesis inside the artery at the
site of the lesion. Such stents may be bare metal, polymeric, or coated with a drug or
other therapeutic agent. Stents may also be used to repair vessels having an intimal
flap or dissection or to generally strengthen a weakened section of a vessel. Stents are
usually delivered to a desired location within a coronary artery in a contracted
condition on a balloon of a catheter which is similar in many respects to a balloon
angioplasty catheter, and expanded to a larger diameter by expansion of the balloon.
The balloon is deflated to remove the catheter with the stent implanted within the
artery at the site of the dilated lesion. Coverings on an inner or an outer surface of the
stent have been used in, for example, the treatment of pseudo-aneurysms and
perforated arteries, and to prevent prolapse of plaque. Similarly, vascular grafts
comprising cylindrical tubes made from tissue or synthetic materials such as
polyester, expanded polytetrafluoroethylene, and DACRON may be implanted in
vessels to strengthen or repair the vessel, or used in an anastomosis procedure to
connect vessels segments together, For details of example stents, see for example,
U.S. Pat. No. 5,507,768 (Lau, et al.) and U.S. Pat. No. 5,458,615 (Klemm, et al.),
which are incorporated herein by reference.

In addition to PTA, PTCA, and atherectomy procedures, balloon
catheters are also used to the peripheral system such as in the veins system or the like.
For mstance, a balloon catheter is initially advanced over a guidewire to position the
balloon adjacent a stenotic lesion. Once in place, the balloon is then inflated, and the
restriction of the vessel is opened. Likewise, balloon catheters are also used for
treatment of other luminal systems throughout the body.

Typically, balloon catheters comprise a hollow catheter shaft with a
balloon secured at a distal end. The interior of the balloon is in a fluid flow relation
with an inflation lumen extending along a length of the shaft. Fluid under pressure

can thereby be supplied to the interior of the balloon through the inflation lumen. To
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position the balloon at the stenosed region, the catheter shaft is designed to have
suitable pushability (i.e., ability to transmit force along the length of the catheter),
trackability, and flexibility, to be readily advanceable within the tortuous anatomy of
the vasculature. Conventional balloon catheters for intravascular procedures, such as
angioplasty and stent delivery, frequently have a relatively stiff proximal shaft section
to facilitate advancement of the catheter within the body lumen and a relatively
flexible distal shaft section to facilitate passage through tortuous anatomy, such as
distal coronary and neurological arteries, without damage to the vessel wall.

Traditional catheter shafts are often constructed with inner and outer
member tubing separately with an annular space therebetween for balloon inflation.
In the design of catheter shafts, it is desirable to predetermine or control
characteristics such as strength, stiffness and flexibility of various sections of the
catheter shaft to provide the desired catheter performance. This is conventionally
performed by combining separate lengths of tubular members of different material
and/or dimensions and then assembling the separate members into a single shaft
length. However, the transition between sections of different stiffness or material can
be a cause of undesirable kinking along the length of the catheter. Such kinking is
particularly evident in rapid exchange (RX) catheters, wherein the proximal shaft
section does not include the additional structure of a guidewire lumen tube. For
example, a conventional RX catheter generally consists at its proximal end of a
hypotube having a single inflation lumen therethrough and at its distal end, a dual
lumen or coaxial tube configuration having both a guidewire lumen and an inflation
lumen therein. Known techniques to minimize kinking at the transition between the
more rigid proximal section and the more flexible distal section include bonding two
or more segments of different flexibility together to form the shaft. Such transition
bonds need to be sufficiently strong to withstand the pulling and pushing forces on the
shaft during use.

To address the described issues, catheters having varied flexibility
and/or stiffness have been developed. For example, each of U.S. Patent Nos.
4,782,834 to Maguire and U.S. Patent No. 5,370,655 to Burns discloses a catheter
having sections along its length which are formed from materials having a different
stiffness; U.S. Patent No. 4,976,690 to Solar discloses a catheter having an

intermediate waist portion which provides increased flexibility along the catheter
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shaft; U.S. Patent No. 5,423,754 to Cornelius discloses a catheter having a greater
flextbility at its distal portion due to both a material and dimensional transition in the
shaft; U.S. Patent No. 5,649,909 to Cornelius discloses a catheter having a proximal
portion with greater stiffness due to the application of a polymeric coating thereto;
and U.S. Publication No. 2010/0130925 to Haslinger discloses a multilayer catheter
shaft using a combination of a high Shore D durometer value material and a lower

Shore D durometer value material to reduce kinking,
However, there remains a need for a catheter shaft with an improved

combination of characteristics such as strength, flexibility and ease of manufacture,

SUMMARY OF THE DISCLOSED SUBJECT MATTER

The purpose and advantages of the disclosed subject matter will be set
forth in and apparent from the description that follows, as well as will be learned by
practice of the disclosed subject matter. Additional advantages of the disclosed
subject matter 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 the above and other advantages and in accordance with the
purpose of the disclosed subject matter, as embodied and broadly described, the
disclosed subject matter includes, according to one embodiment, a multi-lumen
catheter comprising a monolithic elongate tubular shaft member having a proximal
end, a distal end and a longitudinal length therebetween, wherein the tubular shaft
member has an outer cross-sectional dimension that varies along the length of the
tubular shaft member. The tubular shaft member has an inner core made of a first
material and an outer layer made of a second material, wherein the inner core has a
first lumen and a second lumen defined therein. The first lumen has a first lumen
cross-section and a length extending at least along a portion of the length of the
tubular shaft member, the first lumen cross-section being substantially uniform along
the length of the first lumen, and the second lumen has a second lumen cross-section
and a length extending along the length of tubular shaft member, the second lumen
cross-section being substantially uniform along the length of the second lumen.

According to a further aspect of the disclosed subject matter, a method

of forming a multi-lumen catheter is provided comprising extruding a first material to
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form an inner core with a first lumen and a second lumen defined therein, the first
lumen having a first lumen cross-section and the second lumen having a second
Iumen cross-section; and extruding a second material generally surrounding the inner
core to form an extrudate having an outer layer of the second material surrounding the
inner core of the first material, the extrudate having an outer cross-sectional
dimension. The method further includes internally pressurizing the first lumen and
the second lumen, respectively, while drawing a length of the extrudate at a varied
speed to vary the oufer cross-sectional dimension along the length thereof, and
cooling the extrudate to form a monolithic elongate tubular shaft member having a
proximal end, a distal end and a longitudinal length therebetween, the tubular shaft
member having an outer cross-sectional dimension that varies along the length of the
tubular shaft member.

It is to be understood that both the foregoing general description and
the following detailed description are embodiments and are intended to provide
further explanation of the disclosed subject matter 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 system and method of
the disclosed subject matter. Together with the description, the drawings serve to

explain the principles of the disclosed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the application will be more readily understood
from the following detailed description when read in conjunction with the
accompanying drawings, in which:

FIG. 1 is a schematic side view of a representative embodiment of a
multi-lumen catheter with an over-the-wire configuration, according to an
embodiment of the disclosed subject matter;

FIG. 2A is a cross-section of the multi-lumen catheter at 2-2 of FIG. 1,
according to an embodiment of the disclosed subject matter;

FIG. 2B is a cross-section of a multi-lumen catheter, according to
another embodiment of the disclosed subject matter;

FIG. 3 1s an enlarged cross-section side view of the multi-lumen

catheter at 3-3 of I'IG. 2, according to the disclosed subject matter;
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FI1G. 4 and $ are schematic side views of a tubular shaft member for an
over-the-wire catheter and a rapid exchange catheter, respectively, according to

embodiments of the disclosed subject matter;

FIG. 6 is a cross-section end view of the tubular shaft member at 6-6 of
FIG. 4, according to an embodiment of the disclosed subject matter;

FIG. 7 1s a cross-section end view of the tubular shaft member at 7-7 of
FIG. 4, according to an embodiment of the disclosed subject matter;

FIG. 8 is a cross-section end view of the tubular shaft member at 8-8 of
FIG. 4, according to an embodiment of the disclosed subject matter;

FiG. 9 1s an enlarged perspective view of a notch for a guidewire port
for a rapid exchange catheter shafl, according to an embodiment of the disclosed
subject matter;

FIG. 10 is an enlarged perspective view of a proximal and of a tubular
shaft member, according to an embodiment of the disclosed subject matter;

FIG. 11 is an enlarged perspective view in cross-section of a manifold
coupled to a tubular shaft member for an over-the-wire catheter, according to an
embodiment of the disclosed subject matter;

FIG. 12 is an enlarged perspective view of distal end of a tubular shafi
member, according to an embodiment of the disclosed subject matter;

FIG. 13 is an enlarged perspective view of a partial cross-section of an
inflated balloon coupled to a tubular shaft member, according to an embodiment of
the disclosed subject matter; and

FIG. 14 is a block diagram of a method of forming a multi-lumen

catheter, according to an embodiment of the disclosed subject matter.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of the disclosed
subject matter, an example of which is illustrated in the accompanying drawings. The
examples are not intended to limit the scope of the disclosed subject matter in any
manner.  The disclosed subject matter will be described in conjunction with the

detailed description of the system.
As disclosed herein, the devices presented herein can be used for

treating a luminal system of a patient. In particular, the disclosed subject matter is



10

15

20

25

30

WO 2014/007944 PCT/US2013/045001

particularly suited for treatment of the cardiovascular system of a patient, such as
delivery of a medical device into the vasculature.

In accordance with an aspect of the disclosed subject matter, a multi-
Iumen catheter is provided. To achieve the above and other advantages and in
accordance with the purpose of the disclosed subject matter, as embodied and broadly
described, the disclosed subject matter includes, according to one embodiment, a
multi-lumen catheter comprising a monolithic elongate tubular shaft member having a
proximal end, a distal end and a longitudinal length therebetween, wherein the tubular
shaft member has an outer cross-sectional dimension that varies along the length of
the tubular shaft member. The tubular shaft member has an inner core made of a first
material and an outer layer made of a second material, wherein the inner core has a
first lumen and a second lumen defined therein. The first lumen has a first lumen
cross-section and a length extending at least along a portion of the length of the
tubular shaft member, the first Jumen cross-section being substantially uniform along
the length of the first lumen, and the second lumen has a second lumen cross-section
and a length extending along the length of tubular shaft member, the second lumen
cross-section being substantially uniform along the length of the second lumen.

According to a further aspect of the disclosed subject matter, a method
of forming a multi-lumen catheter is provided comprising extruding a first material to
form an inner core with a first lumen and a second lumen defined therein, the first
lumen having a first lumen cross-section and the second lumen having a second
lumen cross-section; and extruding a second material generally surrounding the inner
core to form an extrudate having an outer layer of the second material surrounding the
inner core of the first material, the extrudate having an outer cross-sectional
dimension. The method further includes internally pressurizing the first lumen and
the second lumen, respectively, while drawing a length of the extrudate at a varied
speed to vary the outer cross-sectional dimension along the length thereof, and
cooling the extrudate to form a monolithic elongate tubular shaft member having a
proximal end, a distal end and a longitudinal length therebetween, the tubular shaft
member having an outer cross-sectional dimension that varies along the length of the
tubular shaft member,

For purpose of illustration and not fimitation, reference will now be

made in detail to specific embodiments, examples of which are illustrated in the
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accompanying drawings. For the purposes of this disclosure, like reference numbers
in the figures shall refer to like features unless otherwise indicated.

Solely for purpose of illustration, an exemplary embodiment of a
multi-lumen catheter 100 is shown in FIG. 1. The multi-lumen catheter 100 includes a
monolithic elongate tubular shaft member 110 having a proximal end, a distal end and
a longitudinal length therebetween. The tubular shaft member 110, being a monolithic
elongate member, can exhibit various beneficial characteristics not achieved by multi-
piece constructions, such as improved pushability, reduced profile, increased
flexibility, and 1 to 1 torque ratio along the length of the catheter 100.

The tubular shaft member 110 can be made of a variety of suitable
configurations. For cxample, the shaft can provide an over the wire (OTW)
configuration with a guidewire lumen extending generally across the entire length of
the shaft. As an alternative embodiment, the shaft of the catheter can be a rapid
exchange (RX) configuration with a guidewire lumen extending distally from a
proximal guidewire port to or near the distal end of the shaft, as known in the art.

For purpose of illustration and not limitation, FIG. 1 depicts an OTW
configuration for a balloon catheter and includes a balloon member 120 coupled to the
tubular shaft member 110 proximate the distal end thercof. An adaptor 150 is
positioned at the proximal end of the tubular shaft member 110 and is further
discussed herein. As illustrated herein, a system guidewire 125 is also depicted
extending the length of the tubular shaft member 110 through the balloon member
120 and ends at a distal tip 126. The distal tip 126 of the guidewire 125 is disposed
distal to the balloon member 120, as shown. Although FIG. 1 depicts a balloon
catheter, any of a variety of other types of catheters, including delivery systems, can
be used in accordance with the disclosed subject matter.

In accordance with one aspect of the disclosed subject matter, the
monolithic tubular shaft member 110 includes a plurality of materials. For example,
and as embodied herein, the tubular shaft member 110 includes an inner core made of
a first material and an outer layer made of a second material. FIG. 2 represents a
cross-section of the multi-lumen catheter 100 at 2-2 of FIG. 1. As depicted in FIG. 2,
the tubular shaft member 110 includes the inner core 210 made of the first material

and the outer layer 220 made of the second material. The first and second materials
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are selected for desired characteristics, such as but not limited to pushability, torque,
and flexibility,

As shown in the embodiment of FIG. 2, the inner core 210 has a first
lumen 212 and a second lumen 214 defined therein. For example, the first lumen 212
can define the guidewire lumen. Since the catheter 100 of FIG. 1 and FIG. 2 is of the
OTW configuration, the guidewire lumen 212 extends generally across the entire
length of the tubular shaft member 110. As depicted in FIG. 1, a guidewire 125
therefore can extend within the first lumen 212 the length of the catheter 100. As
shown in FIG. 1, the guidewire 125 is depicted extending beyond the distal end of the
catheter. The first lumen 212 includes a first proximal port and a first distal port, as
further discussed herein. Although depicted with only two lumens, additional lumens
also can be defined in the inner core and/or the outer layer if desired in accordance
with the discussed subject matter.

The first lumen 212 can have any suitable cross-sectional shape,
including elliptical, polygon, or prismatic, although a circular cross-section is
depicted herein. The first lumen 212 can also have any suitable size and diameter
depending upon the desired application. The cathefer 100 is suitably sized and
configured for delivery within a corresponding body lumen for the intended
indication, such as a vasculature for vascular intervention. In the embodiment of FIG.
2, the first lumen 212 has a substantially circular cross-section and is configured to
receive the guidewire therethrough. The cross-section of the first lumen 212 is
substantially uniform in size and shape along the length of the first lumen 212. Thus,
the diameter of the first lumen 212 remains substantially uniform along its length. The
diameter of the first lumen 212 can be any suitable dimension such as, for example,
0.0170 inches when used for a 0.014 inch guidewire. The diameter of the first lumen
212 can range from approximately 0.015 to approximately 0.021 inches.

The second lumen 214 can define a fluid lumen, such as an inflation
lumen for a balloon. In this manner, the second lumen or fluid lumen 214 is in fluid
communication with an inner chamber 122 of the balloon member 120, as described
further below. The second lumen 214 defines a pathway for fluid or an inflation
medium to be introduced through the tubular shaft member 110, Fluid can be
introduced into the second lumen 214 at a proximal end of the catheter 100 via a Iuer

adaptor or the like, as further discussed herein. The second lumen 214 can supply an
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inflation medium under positive pressure and can withdraw the inflation medium,
e.g., by negative pressure, from the balloon member 120. The balloon member can
thus be inflated and deflated via the second lumen 214, as further discussed below.
Additional or alternative uses for the second lumen include fluid supply lumen for
infusion or needle catheters, or for fluid flow lumens such as for perfusion or
aspiration catheters.

The second lumen 214 can also have any suitable cross-sectional
shape, including elliptical, polygon, or prismatic. The second lumen 214 can also
have any suitable size and diameter depending upon the desired application. In
accordance with another aspect of the disclosed subject matter however, the second
lumen can include at least one of a semi-circular cross-section or a circular cross-
section. For example, and as depicted in the embodiment of FIG. 2ZA, the second
lumen 214 has a substantially semi-circular cross-section and is configured to receive
inflation medium therethrough. The second lumen 214 is positioned adjacent the first
tumen 212 such that the substantially straight edge 214A of the semicircle is
proximate the first lumen 212. When inflation medium is received in the second
lumen 214, the geometry of the second lumen 214 facilitates a generally uniform
force distribution across the substantially straight edge 214A caused by the inflation
medium pressure. Unlike a conventional “smiley” configuration, the relationship of
the substantially straight edge relative the first lumen prevents or minimizes an
expansion of the core material toward the first lumen, Hence, pressurization of the
second lumen will reduce the likelthood of collapse of the first lumen or of “locking”
of the guidewire positioned therein. Hence, the configuration of the semi-circular
cross-section of the second lumen relative the first lumen assists to maintain the
integrity of the inner core 210 so that the pressurization does not cause the collapse of
the first lumen 212. In another representative embodiment, the second lumen 214
comprises a plurality of individual inflation lumens 214B-214D, as depicted in FIG.
2B. The plurality of individual inflation lumens can be configured independent and
isolated from each other, or can be in fluid communication with each other,

The cross-section of the second lumen 214 is substantially uniform in
size and shape along the length of the second lumen 214. The cross-dimension of the

second lumen 214 can be any suitable dimension such as, for example, approximately

10
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0.012 inches when configured as a single semi-circular cross-section for inflation of a
coronary balloon.

The inner core 210 can have any suitable cross-sectional shape,
including elliptical, polygon, or prismatic, although a circular cross-section Is
depicted herein. The inner core 210 can also have any suitable size and diameter
depending upon the desired application. As depicted in FIG. 2A, the inner core 210
has an outer cross-sectional dimension D1. For example, for a PCTA balloon catheter
the cross-sectional dimension D1 can range from approximately 0.02 inches to
approximately 0.05 inches, and in particular be approximately 0.0358 inches at the
distal end. As previously noted, and in accordance with the disclosed subject matter,
at least a portion of the length of the shaft member varies in cross-sectional
dimension. Similarly, the outer cross-sectional dimension D1 of the inner core is not
constant along the length of the tubular shaft member 110. For example, and as
depicted in FIG. 2A, the outer cross-sectional dimension D1 of the inner core varies
along the length of the tubular shaft member from the proximal end of the catheter
100 to the distal end of the catheter 100. Although the outer cross-sectional dimension
D1 varies in dimension, the dimensions of the first lumen 212 and the second lumen
214 are substantially uniform along the length of the tubular shaft member from the
proximal end of the catheter 100 to the distal end of the catheter 100.

In accordance with the discussed subject matter, and as embodied
herein, the tubular shaft member 110 further includes an outer layer 220 made of a
second material. The outer layer 220 generally surrounds the inner core 210 is made
of a different material than the first material, as further discussed herein. Similar to
the inner core, the outer layer can have any suitable cross-sectional shape, including
elliptical, polygon, or prismatic, or a circular cross-section as depicted. Generally, the
inner core 210 and the outer layer 220 can have similar cross-sectional shape. The
outer layer 220 and the inner core 220 together can also have any suitable size and
diameter depending upon the desired application.

As depicted in FIG. 2A, the tubular shaft member 110 has an outer
cross-sectional dimension D2. For example, a PCTA catheter as embodied herein can
have cross-sectional dimension D2 ranging from approximately 0.03 to approximately
0.05 inches. The outer cross-sectional dimension D2 of the tubular shaft member 110

varies along the length of the tubular shaft member from the proximal end of the
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catheter 100 to the distal end of the catheter 100. That is, the cross-sectional
dimension of the outer surface is not consistent along at least a portion of the length of
the tubular member. Although the outer cross-sectional dimension D2 varies in
dimension, the dimensions of the first lumen 212 and the second lumen 214 are
substantially uniform along the length of the tubular shaft member from the proximal
end of the catheter 100 to the distal end of the catheter 100. In one embodiment, the
outer cross-sectional dimension D2 and the outer cross-sectional dimension D1 can
vary proportionally to each other along the length of the tubular shaft member and can
vary uniformly along at least a portion of the tubular shaft member 110. In another
embodiment, the outer cross-sectional dimension D2 and the outer cross-sectional
dimension D1 each vary independently.

In an alternate embodiment, the outer cross-sectional dimension D2
can remain substantially uniform along the length of the tubular shaft member 110
whereas the outer cross-sectional dimension D1 varies along the length of the tubular
shaft member 110. In such embodiment, the inner core 210 decreases in cross-
sectional dimension whereas the outer layer 210 remains substantially uniform. For
example, the inner core can be made according to the method describe in further
details below, and the outer layer can be applied after the inner core is made with the
varied outer cross-sectional dimensions.

FIG. 3 represents a cross-section of the tubular shaft member 110 at 3-
3 of FIG. 2A. As depicted in FIG. 2A, the inner core 210 and the outer layer 220
together vary in outer cross-sectional dimension. In the embodiment of FIG. 3, for
purpose of illustration and not limitation the inner core 210 and the outer layer 220
vary proportionally with each other. As depicted in the representative embodiment of
FIG. 3, the first lumen 212 and the second lumen 214 are substantially uniform in
cross-sectional dimension. For purpose of example in this embodiment, the cross-
sectional dimension of the tubular shaft member 110 is generally constant along a
proximal section and along a distal section, with a taper or decreasing cross-sectional
dimension along an intermediate section. In one example for a catheter approximately
185 c¢m in length, the intermediate section can be approximately 25.5 ¢cm in length
with the proximal section having approximately 0.052 inch outer diameter and the
distal section having approximately 0,036 inch outer diameter. In addition thereto, the

intermediate section can range from approximately 2 cm (0.7874 inches) to
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approximately 185 cm (72.83 inches), the outer diameter in the proximal portion can
range from approximately 0.03 inches to approximately 0.08 inches, and the outer
diameter in the distal section can range from approximately 0.02 inches to
approximately 0.05 inches.

The slope or angle of the taper in the intermediate section can depend
upon the desired needs. In one embodiment, the intermediate section has a slope of
approximately 0.15. The slope can vary and range from approximately 0.0004 to
approximately 0.381. Furthermore, the tubular shaft member 110 can have a
continuous or uniform taper or the taper can vary in slope along the length thereon,
such as parabolicly. Additionally, and as previously noted, the change in cross-
sectional dimension can be provided along only a portion of the tubular shaft or can
extend the entire length of the shaft portion.

FIG. 4 and FIG. 5 represent partial cross-sectional views of the tubular
shaft member 110 in the OTW configuration and the RX configuration, respectively.
FIGS. 4 and 5 depict the proximal section P, a distal section D, and an intermediate
section M disposed between the proximal section P and the distal section D. In FIG. 5,
a proximal guidewire port 155 is provided in the intermediate section M, which is
further discussed herein. In the embodiments of FIGS. 4 and 5, the outer cross-
sectional dimensions of the inner core 210 and the outer layer 220 vary independently
to each other, as further discussed with respect to FIG. 6, FIG. 7, and FIG. 8.

FIG. 6 represents a cross-section of the tubular shaft member 110 at 6-
6 of FIG. 4 in the proximal section P. The outer cross-sectional dimension D2 of the
tubular shaft member 110 at the proximal section P is at a maximum dimension.
Likewise, the outer cross-sectional dimension D1 of the inner core 210 is at a
maximum dimension. Accordingly, the catheter 100 has embodied herein maximum
profile in the proximal section P.

FIG. 7 represents a cross-section of the tubular shaft member 110 at 7-
7 of FIG. 4 in the intermediate section M. The tubular member 110 tapers in the
intermediate section M such that the outer cross-sectional dimension D2 of the tubular
shaft member 110 and the outer cross-sectional dimension D1 of the inner core 220
vary. However, as depicted in FIG. 6 and FIG. 7, the cross-sectional dimensions of
the first lumen 212 and the second lumen 214 are substantially uniform within

acceptable tolerances.
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FIG. 8 represents a cross-section of the tubular shaft member 110 at 8-
8 of FIG. 4 in the distal section D). The outer cross-sectional dimension D2 of the
tubular shaft member 110 embodied herein at the distal section D is at a minimum
dimenston. Likewise, the outer cross-sectional dimension D1 of the inner core 210 is
at a minimum dimension. However, as depicted in FIG. 6 - FIG. 8, the cross-sectional
dimensions of the first lumen 212 and the second lumen 214 are substantially
uniform. The catheter 100 has its smallest profile in the distal section D. Therefore,
the outer cross-sectional dimension D2 of the tubular shaft member 110 decreases
distally along the tubular shaft member 110, The spacing distance between the first
lumen 212 and the second lumen 214 can decrease from the proximal section P to the
distal section D or can remain substantially uniform, as depicted in FIG. 6-8 with
respect to X1-X3.

FIG. 9 represents a detailed view of a representative embodiment of
the proximal guidewire port 155 of FIG. 5 for a catheter of RX configuration. The
proximal guidewire port 155 is spaced distally from the proximal end of the tubular
shaft member. The proximal guidewire port 155 is defined through the external
surface of the tubular shaft member 110 and is fluidly coupled with the first lumen
212. In the embodiment of FIGS. 5 and 9, the proximal guidewire port 155 is
embodied as a notch. The proximal guidewire port 155 or notch extends through the
outer layer and into the inner core 210 to intersect the first lumen 212. The notch can
be formed with any of a variety of shapes or configurations, and can be made using
connection process, such as mechanical cutting, milling or laser. The proximal
guidewire port 155 allows the guidewire to exit the first lumen 212 at this location.

For a catheter of the OTW configuration, the proximal guidewire port
155 is generally located at the proximal end of the catheter. FIG. 1 depicts catheter
100 of the OTW configuration with the proximal guidewire port 155 proximate to the
tubular shaft member 110.

In either OTW or RX configuration, a proximal fluid port is fluidly
coupled with the second umen 214. FIG. 10 represents the tubular shaft member 110
at a proximal end depicting the proximal fluid port 157. The proximal fluid port
embodied herein as defined through the extension surface of the tubular shaft as a
notch extending through the outer layer and into the inner core to the second lumen

214. The proximal fluid port can be formed with a variety of shapes and using any
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conventional process. The proximal fluid port 157 receives an inflation medium or
pressurized fluid and facilitates the channeling of the inflation medium into the
second fumen 214. In this embodiment, the proximal end of the second lumen 214
proximal to the proximal fluid port 157 includes a plug 112 to prevent the inflation
medium from exiting proximally. The proximal guidewire port 155 is also depicted in
FIG. 10. In FIG. 10, the adaptor is not depicted, but is further discussed herein.

FIG. 11 represents a partial cross-sectional view of the proximal end of
the catheter 100 of FIG. 1. An adaptor 150 or manifold can be provided at the
proximal end of the catheter for access to the proximal fluid port 157 and, if desired,
the proximal guidewire port 155. As depicted for the OTW configuration in FIG. 11,
the manifold has a Y-shape with a luer connector at the proximal end of one branch
151 to receive the fluid source, and a separate hemostatic valve on another branch 153
to receive the guidewire. A conventional deviee, such as but not limited to an
indeflator or a syringe, can be connected to the luer connector to introduce the fluid to
the fluid lumen. A locking mechanism can further be provided to lock the operating
position of the indeflator or syringe. For a RX configuration, the manifold need only
comprise a single branch for introducing an inflation medium into the second lumen
214 via the proximal fluid port 157,

The indeflator or other fluid source can be configured to control the
inflation and deflation of the balloon member, as further discussed herein. A pressure
gauge can be provided with the indeflator to monitor and/or maintain the pressure
system of the catheter. The indeflator likewise can allow for the rapid release of
pressure. The indeflator can have a locking mechanism to maintain negative pressure
in the catheter, which can decrease the profile of the catheter.

FIG. 12 represents the distal end of the tubular shaft member 110 and
depicts both a distal guidewire port 401 and a distal flow port 405. The distal
guidewire port 401 is fluidly coupled with the first lumen 212 to allow access for the
guidewire 125 within the first lumen 212. As further depicted in FIG. 1, the distal tip
126 of the guidewire 125 is distal to the distal guidewire port 401 in this FIG.

Turning back to FIG. 12, the distal flow port 405 is fluidly coupled
with the second lumen 214. The distal flow port 405 defines an opening within the
second lumen 214 to allow inflation medium to exit the second lumen 214. In one

embodiment, the distal flow port 405 is defined by a notch extending through the
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outer layer and into the inner core to intersect the second lumen 214. Distally of the
distal flow port 405, the second lumen 214 is sealed, such as by a plug 412 to prevent
the flow of inflation medium distal to the distal end of the tubular shaft member 110.
The distal flow port 405 is disposed within an inner chamber 122 of the balloon
member 120 and is spaced proximally from the distal end of the tubular shaft
member, as further described herein. The second lumen 214 facilitates the inflation
and deflation of the balloon member 120 via the distal flow port 405.

FIG. 13 depicts a partial cross-sectional view of the balloon member
120 coupled to the distal end portion of the tubular shaft member 110. The balloon
member 120 has an exterior surface and an interior surface. The interior surface of the
balloon member 120 defines an inner chamber 122 with an interior volume. The inner
chamber 122 is in fluid communication with the second lumen 214 of the tubular shaft
member 110 via the distal flow port 405. The tubular shaft member 110 extends
through the balloon member 120. FIG. 13 shows the tubular shaft member 110
extending the entire length of the balloon member 120, although the tubular shaft
member 110 can terminate and transition into a single lumen member within or
proximal to the inner chamber 122, if needed or desired. As embodied herein, the
distal flow port 405 can be defined along the tubular shaft member 110 along the
wofking length of the balloon member 120 to ensure inflation medium reaches with
the inner chamber 122 of the balloon member 120.

The balloon member 120 is transitionable between a deflated
configuration and an inflated configuration. The balloon member 120 is depicted in an
inflated condition in the drawing of FIG. 13. The balloon member 120 has an overall
length with a working length extending at least a portion of the overall length. At least
a portion of the exterior surface of the balloon member 120 along the working length
is configured to engage a body lumen of a patient when the balloon member 120 is in
the inflated configuration.

In another embodiment, the balloon member 120 can have a drug
coating on the balloon to deliver the drug to the lesion site. Additionally, or
alternatively, a stent can be mounted on an exterior surface of the balloon member
120. Examples of various known catheters and stents are disclosed in U.S. Pat. Nos.
5,649,977; 5,464,650; 5,591,227, 7,378,105, 7,445,792; 7,335,227, each of which is

hereby incorporated by reference in its entirety. Examples of other balloon and

i
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catheter embodiments the features of which can be employed in accordance with the
disclosed subject matter include, for purpose of illustration and not limitation, U.S.
Pat. Nos. 4,748,982; 5,496,346; 5,626,600; 5,300,085, 6,406,457 and U.S.
Application Serial Nos. 12/371,426; 11/539,944; 12/371,422, each of which is hereby
incorporated by reference in its entirety.

The tubular shaft member 110 can further include a tip 140 at the distal
end of the catheter 100, as illustrated in FIG. 1. The tip 140 can be monolithic with
the tubular member 110 and formed by same materials previously discussed with
respect to the tubular member 110. Additionally or alternatively, the distal tip can be
formed at least in part by the distal leg of the balloon member. In alternate
embodiments, the tip can be formed as separate member, such as from a relatively soft
material, which can be softer than the tubular shaft member 100 to reduce trauma to
the vasculature of a patient. According to one embodiment, the tip can be molded
from a polyether block amide (PEBAX) such as PEBAX 4033. It is further
contemplated that the tip 140 may be made of a material that is harder and/or has
greater stiffness than the tubular shaft member 110.

The tip 140 can also include a radiopaque material or have a
radiopaque coating. United States Publication Number 2011/0070355 to Bavaro et al.
and United States Patent Numbers 7,303,798 to Bavaro et al., 7,322,959 to Warnack
at al., and 7,833,597 to Bavaro et al. discuss further examples of radiopaque materials
and the disclosures of which are herein incorporated by reference in their entirety.
Various other materials that are suitable with the catheter shaft material can be used
for the tip as is known in the art.

According to another aspect of the disclosed subject matter, the inner
core and the outer layer are extruded together to form the tubular shaft member. The
inner core can comprise a first material of suitable strength, flexibility, and desired
characteristics. The first material of the inner core can include at least one of Nylon,
Nylon 12, Nylon TR53, transparent amorphous nylon, and high density polyethylene
(HDPE). Further, the first material of the inner core can be a lubricious material to
reduce friction such as guidewire passing through the first lumen, Examples of
lubricious material include such as HDPE, UHMWPE, PTFE, polyolefin blends of
PEO’s such as poly(ethylene oxide), polyvinylpyrrolidone (PVP), Polydimethyl

acrylamide, polyvinylalcohol (PVA), and other suitable materials.
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The outer layer can be coextruded with or extruded subsequently over
the inner core. As embodied herein, the outer layer can comprise a second material
that is different than the first material of the inner core. The second material can
comprise a suitable strength, flexibility, and desired characteristics. Additionally or
alternatively, the second material can exhibit chemical resistance or chemical
inaction. Further, the second material can be of suitable material to facilitate anti-
kinking and/or reduce kinking such as that would otherwise occur with the first
material alone. For example, the second material can comprise at least one of Pebax
63D, Pebax 70D, and Pebax 72D,

In further embodiments, the second material can comprise at least one
of an amorphous polyamide selected from polyamide such as EMS TR 55 (iransparent
amorphous nylon 12), Arkema Rilsan G110 (transparent amorphous nylon 12),
Cristamid MS 110 (transparent amorphous nylon 12), polyamide 11, polyamide 6, or

polyamide 6,6. This polyamide is preferably a copolyamide comprising

" cycloaliphatic, and/or aromatic, and/or aliphatic segment, and/or PEBAX. In another

embodiment, the outer layer is blended with a softer polyamide such as a crystalline
or semi-crystalline copolymer of nylon 12 and polytetramethylene oxide or
polytetramethylene glycol, e.g. Pebax 72D or Pebax 70D or PET or polyester
elastomer such as Hytrel for example, or polyester such as Melinar for example, or
polyurethane such as Pellethane for example, or polyvinylidene fluoride such as
Kynar for example. This blending offers a higher strength outer layer for greater
pushability and resistance to collapse, while the copolymer operates to resist kinking
and yield greater flexibility. Although various blends of high miscibility can be used,
blend ratios are such that the lower durometer polymer forms a virtual continuous
phase and the high durometer polymer forms a virtual reinforcement, Other materials
are also contemplated for the inner core, when the outer layer has a glass transition or
melting temperature that can be lower than, or at least approximately equal to, the
surface temperature of the mold during the blowing or forming process of the balloon
member, as further discussed herein.

In accordance with another aspect, an intermediate layer or material
can be disposed between the inner core and the outer layer. For example, the
intermediate layer can be a tie or bonding layer to join the inner core and the outer

layer. The intermediate layer can comprise at least one of Primacore, PET, Polyester
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Elastomer, high density polyethylene, and Pebax or other soft copolyamide,
depending on the material of the inner core and outer layer as known in the art.

In another embodiment, a liner can be provided along at least a portion
of the length of the lumen used as a guidewire lumen, such as the first lumen 212 as
embodied herein. The liner can be coextruded with the first material and the second
material. The liner can furthermore exhibit a suitable strength, flexibility, and desired
characteristics, such as for example, chemical resistance or chemical inaction. The
liner can comprise at least one of HDPE, FEP, and Pebax 72D.

The outer layer can further include an exterior coating of suitable
material along all or a portion of its length. The coating can be a lubricious material
and can further enhance chemical resistance and anti-kinking of the catheter. The
outer layer can be further coated with any of a variety of materials and techniques to
enhance performance if desired, including a number suitable coatings and coating
techniques subject to patent matters owned by Abbott Laboratories such as U.S.
Patent No. 6,541,116, U.S. Patent No. 6,287,285, and U.S. Patent No. 6,541,116, the
entireties of which are hereby incorporated by reference. For example, possible
coating materials include lubricious materials such as Teflon® and hydrophobic
materials such as silicone lubricant dispersion PN 409 or hydrophilic materials such
as hydrogel, or other lubricious coatings. The composition of the inner core and the
outer layer and any additional layers, facilitate a desired flexibility and desired
hardness for the tubular shaft member.

The materials of the inner core, outer layer as well as intermediate
layer and exterior coating if provided, can vary and be any suitable material
depending upon the desired need and use. The following table represents a few
examples combinations of tables, although the disclosed subject matter is not limited

to the following examples:
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Comb | Outermost Layer | Second Layer | Third Layer | Innermost
NO. Layer

i Pebax 72D Primacor HDPE N/A

2 Pebax 63D Primacor HDPE N/A

3 Pebax 72D N/A Nylon 12 N/A

4 Pebax 631D Pebax 72D Primacor HDPE

5 Pebax 63D Nylon 12 Primacor HDPE

6 Pebax55D Tie layer PET Polyester
7 Polyester PET Tie layer HDPE

Elastomer
8 Pebax 63D Nylon 6 Primacor HDPE

The balloon member

can comprise a plurality of suitable

configurations including suitable materials and be a single layer or multi-layered
balloon member. For example, the balloon member can be made from polyamides,
polymeric material, including compliant, semi-compliant, or non-compliant polymeric
material or polymeric blends, polyurethane material, a low tensile set polymer such as
a silicone-polyurethane copolymer. Examples of other balloon and catheter
embodiments which can be employed in accordance with the disclosed subject matter
include U.S. Patent Nos. 4,748.982: 5,496,346; 5,626,600, 5,300,085; 6,406,457;
6,500,148; 7,828,766 and U.S. Publication Nos. 2010/0030183; 2007/0088255; and
2010/0023108, each of which 1s hereby incorporated by reference in its entirety.

In accordance with another aspect of the disclosed subject matter, a
therapeutic agent can be disposed on the balloon member 120. Examples of suitable
therapeutic agents include anti-proliferative, anti-inflammatory, antineoplastic,
anti-fibrin, antithrombotic, antimitotic, antibiotic,

antiplatelet, anti-coagulant,

antiallergic and antioxidant compounds. Such therapeutic agents can be, again
without limitation, a synthetic inorganic or organic compound, a protein, a peptide, a
polysaccharides and other sugars, a lipid, DNA and RNA nucleic acid sequences, an
antisense oligonucleotide, an antibodies, a receptor ligands, an enzyme, an adhesion
peptide, a blood clot agent including streptokinase and tissue plasminogen activator,
an antigen, a hormone, a growth factor, a ribozyme, and a retroviral vector.

In one embodiment, however, the therapeutic agents include a
cytostatic drug. The term “cytostatic” as used herein means a drug that mitigates cell

proliferation but allows cell migration. These cytostatic drugs, include for the
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purpose of ilustration and without limitation, macrolide antibiotics, rapamycin,
everolimus, zotaroliumus, biolimus, temsirolimus, deforolimus, novolimus,
myolimus, structural derivatives and functional analogues of rapamycin, structural
derivatives and functional analogues of everolimus, structural derivatives and
functional analogues of zotarolimus and any marcrolide immunosuppressive drugs.
The term “cytotoxic” as used herein means a drug used to inhibit cell growth, such as
chemotherapeutic drugs. Some non-limiting examples of cytotoxic drugs include
vincristine, actinomycin, cisplatin, taxanes, paclitaxel, and protaxel. Other drugs
include dexamethasone, statins, sirolimus, and tacrolimus.

In addition to the therapeutic agent, any of a wvariety of fluid
compositions can be applied to the expandable member. The fluid can include
compounds or additives, such as polymers, binding agents, plasticizers, solvents,
surfactants, additives, chelators, fillers, excipients, and the like, or combinations
thereof. Suitable excipients, binding agents and other components include those
described 1n detail in U.S. Publication No. 2011/0143014, which is hereby
incorporated by reference in its entirety. In one embodiment, excipients include
poly(ethylene glycol) (PEG), polyvinylpyrrolidone (PVP), polyoxyethylene sorbitan
monooleate (tweens), poloxamer triblock copolymers of poly(ethylene oxide)-
poly(propylene oxide)-poly(ethylene oxide) (Pluronics), carboxymethyl cellulose
(CMC), and PEG phospholipids such as 1,2-distearolyl-sn-glycero-3-
phosphoethanolamine-N-(methoxy(polyethylene glycoD)-2000) (PEG-PE). In one
embodiment, plasticizers include PEG, propylene glycol, N-methylpyrrolidone
(NMP), glycerin, and tweens. Examples of possible compounds include zotarolimus,
PVP and glycerol. In one embodiment the therapeutic agent can be provided in liquid
form or dissolved in a suitable solvent. In another embodiment, the therapeutic agent
is provided as a particulate and mixed in a suitable carrier for application as a fluid.

The fluid compositions, such as the therapeutic agents, can be applied
to the expandable member using a variety of know techniques, such as spraying (air-
atomization, ultrasonic, electrostatic, piezoelectric, etc.), spray drying, pneumatic
spray, spray with patterning, electrospinning, direct fluid application, dip-coating,
spin-coating, pipette coating, syringe coating, vapor deposition, roll coating, micro-
droplet coating, ultrasonic atomization, or other means as known to those skilled in

the art. The coating can be applied over at least a length or the entirety of the

21



10

15

20

25

30

WO 2014/007944 PCT/US2013/045001

expandable member. By way of example, and not limitation, certain coating
processes that can be used with the instant disclosed subject matter are described in
U.S. Patent No. 6,669,980 to Hansen; U.S. Patent No. 7,241,344 to Worsham; U.S.
Publication No. 2004/0234748 to Stenzel; and U.S. Publication No. 2011/028019 and
U.S. Patent Application Serial Number 13/280,067, the entire disclosures of which are
hereby incorporated by reference. In accordance with one embodiment of the
disclosed subject matter, the coating can be applied to either a folded or inflated
balloon. Furthermore, the coating can be directly applied into the folds of the folded
balloons. The coating characteristics are affected by process variables. For example,
for dip-coating process, coating quality and thickness can vary as an effect of
variables such as number, rate, and depth of dips along with drying time and
temperature.

A representative method of forming a multi-lumen catheter as
described above is depicted in FIG. 14 for purpose of illustration and not limitation.
For purpose of understanding, reference is made to the embodiments of FIGS. 1-13,
although the method can be modified are appropriate to form other variations of the
catheter shaft of the disclosed subject matter. The method includes extruding the first
material to form an inner core 210 with the first lumen 212 and the second lumen 214
defined therein. The second material generally surrounding the first material can be
simultaneously coextruded with or sequentially extruded over the inner core to form
an extrudate having an outer layer 220 of the second material surrounding an inner
core 210 of the first material. The first material and the second material each can be
heated with a melt pump or the like, prior to the extrusion of the first and second
materials. The stable flow of melting the first and second materials is controlled to
maintain the dimensional stability of the extrudate.

The first lumen 212 and the second lumen 214 are internally
pressurized and the extrudate is drawn by the application of an axial force while being
cooled to a suitable temperature, such as by a water bath or the like. This drawing
process generally increases length and reduces cross-sectional diameters, as well as
aligns polymeric strands for increased strength as known in the art. However, unlike
conventional fechniques, the shape and size of first and second lumens can be
maintained by internally pressurizing the lumens with suitable pressurized fluid, such

as air or nitrogen. Hence as the outer cross-sectional dimension of the extrudate, and
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thus the inner core and/or outer layer, is reduced by the drawing process, the cross-
sectional dimensions of the first and second lumens are maintained generally uniform
along each respective length. Furthermore, and in accordance with an additional
aspect of the disclosed subject matter, a length of the extrudate can be drawn at a
varied speed to vary the outer cross-sectional dimension of the extrudate and thus the
inner core and/or outer layer along the length thereof. In this manner, the spacing
between the first lumen and second lumen likewise can decrease. A taper tube puller
or the ltke can be used and controlled to draw the extrudate at a varied speed with the
outer cross-sectional dimension and the extrudate decreasing proportionally with
increasing speed and force applied.

As previously noted, the first lumen and the second lumen are
respectively internally pressurized while drawing the extrudate to maintain a cross-
section of the first lumen and a cross-section of the second lumen. As embodied
herein, when varying the drawing speed or force, internal pressurization of the first
lumen and the second lumen is adjusted proportionally to maintain the generally
uniform size and shape thereof For example, with increasing drawing speed or force,
the pressured fluid is likewise increased to compensate for the increase in radially
compressive force applied by the material of the inner core and/or outer layer. The
adjustments to the pressured fluid can be synchronized with the drawing speed or
force or can be controlled to adjust automatically to any change in drawing speed or
force, such as by a controller.

In another embodiment, the extrudate can be vacuum sized by using a
manifold with a series of outlets to create the vacuum atmosphere. For example, the
vacuum sizing can be performed as an internal air method, can be used to determine
the outer diameter of the tubing, and can provide a suitable surface finish, reduction in

internal stress, and suitable dimension stability. The reference, Plastics Extrusion

Technology Handbook, Second Edition, 1989, by Sidney Levy and James F. Carley,

discusses further examples of vacuum sizing and the disclosure of which is herein
mcorporated by reference in its entirety.

Cooling of the extrudate is completed to form the monolithic elongate
tubular shaft member 110 having a proximal end, a distal end and a longitudinal
length therebetween. The tubular shaft member thus has an outer cross-sectional

dimension that varies along the length of the tubular shaft member. The monolithic
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elongate tubular shaft member can be further cooled with an air box, and trimmed or
cut as needed to the desired length of the tubular shaft member.

For purpose of illustration, a plurality of multi-lumen shaft members
can be made sequentially along an inline assembly system. For example, catheters
having a length of 185 cm or less by continuously cycling between increasing and
decreasing drawing speeds, with intervals of constant speed therebetween as needed.
Each cycle of increasing drawing speed or force results in a length of decreasing
cross-sectional dimension of the extrudate, and thus the shaft member, while each
cycle of decreasing speed in force results in a length of increasing cross-sectional
dimension. The lumens are maintained at generally uniform size and shape by
controlling pressurized fluid accordingly. In this manner, each subsequent length of
the tubular member can be a mirror of the previous length, or can be constructed
inline in rapid succession. This processing eliminates waste of the material for the
tubular shaft member. The speed of the drawing can be further adjusted to allow for
the formation of each proximall section, intermediate section, and distal section as
desired. Once a respective catheter is created of a desired length, the speed of the
assembly system is adjusted to create an adjacent catheter on the assembly. The
cooled extrudate can subsequently be cut at the desired length by a cutting device and
system. Rather than cycling the drawing process as described to form mirror or
reverse tubular shaft lengths, each cycle can be repeated in sequence.

While the disclosed subject matter is described herein in terms of
certain embodiments, those skilled in the art will recognize that various modifications
and improvements can be made to the disclosed subject matter without departing from
the scope thereof. Moreover, although individual features of one embodiment of the
disclosed subject matter can be discussed herein or shown in the drawings of the one
embodiment and not in other embodiments, it should be apparent that individual
features of one embodiment can be combined with one or more features of another
embodiment or features from a plurality of embodiments.

In addition to the various embodiments depicted and claimed, the
disclosed subject matter is also directed to other embodiments having any other
possible combination of the dependent features claimed below and those disclosed
above. As such, the particular features presented in the dependent claims and

disclosed above can be combined with each other in other manners within the scope
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of the disclosed subject matter such that the disclosed subject matter should be
recognized as also specifically directed to other embodiments having any other
possible combinations. Thus, the foregoing description of specific embodiments of the
disclosed subject matter has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the disclosed subject maiter
to those embodiments disclosed.

Many meodifications, variations, or other equivalents to the specific
embodiments described above will be apparent to those familiar with the art. It is
intended that the scope of this disclosed subject matter be defined by the claims below
and those modifications, variations and equivalents apparent to practitioners familiar
with this art Thus, it is intended that the disclosed subject matter include
modifications and variations that are within the scope of the appended claims and

their equivalents.
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WHAT IS CLAIMED IS:

1. A multi-lumen catheter comprising:

a monolithic elongate tubular shaft member having a proximal end, a

distal end and a longitudinal length therebetween, the tubular shaft member having an
5  outer cross-sectional dimension that varies along the length of the tubular shaft

member,

the tubular shaft member having an inner core made of a first material
and an outer layer made of a second material, the inner core having a first lumen and a
second lumen defined therein,

10 the first Jumen having a first lumen cross-section and a length
extending at least along a portion of the length of the tubular shaft member, the first
lumen cross-section being substantially uniform along the length of the first lumen,
and

the second lumen having a second lumen cross-section and a length
15 extending along the length of tubular shaft member, the second lumen cross-section

being substantially uniform along the length of the second lumen.

2. The catheter according to claim 1, wherein the outer cross-sectional

dimension decreases distally along at least a portion of the tubular shaft member.

3. The catheter according to claim 1, wherein the outer cross-sectional

20 dimension changes uniformly along at least a portion of the tubular shaft member.

4. The catheter according to claim 1, wherein the tubular shaft member
has a proximal section, an intermediate section, and a distal section, and further
wherein the outer cross-sectional dimension varies along at least one of the

proximal section, the intermediate section and the distal section.

25 5. The catheter according to claim 4, wherein the outer cross-sectional
dimension is substantially uniform along at least one of the proximal section, the

intermediate section and distal section.
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6. The catheter according to claim 5, wherein the outer cross-sectional
dimension is uniform in the proximal section and in the distal section, and the outer

cross-sectional dimension tapers in the middle section.

7. The catheter according to claim 1, wherein the inner core has an outer

5 cross-sectional dimension that varies along the length of the tubular shaft member.

8. The catheter according to claim 1, wherein the first lumen has a

substantially circular cross-section configured to receive a guidewire therethrough.

9. The catheter according to claim 1, wherein the length of the first lumen
extends the length of the tubular shaft member, the first lumen having a distal port
10 at the distal end of the tubular shaft member and a proximal port at the proximal end

of the tubular shaft member.

10.  The catheter according to claim 1, wherein the first Jumen has a distal
port at the distal end of the tubular shaft member and a proximal port defined
through an external surface of the tubular shaft member and spaced distally from the

15 proximal end of the tubular shaft member.

11.  The catheter according to claim 10, wherein the proximal port is
defined by a notch extending through the outer layer and into the inner core to

intersect the first lumen.

12, The catheter according to claim 1, further comprising a liner along at

20 least a portion of the length of the first lumen.

13.  The catheter according to claim 1, wherein the second lumen has at
least one of a substantially semicircular cross-section or a substantially circular

cross-section.

14.  The catheter according to claim 13, wherein the second lumen
25 comprises the substantially semicircular cross-section and the substantially semi-
circular cross-section of the second lumen has a straight edge portion proximate the

first lumen.
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15.  The catheter according to claim 14, wherein the second lumen includes
a proximal flow port proximate the proximal end of the tubular shaft member, the
proximal flow port in fluid communication with the second lumen to receive a

pressurized fluid therein,

16. The catheter according to claim 135, further comprising an adaptor
coupled to the tubular member, the adaptor having a fluid branch fluidly coupled

with the proximal flow port.

17. The catheter according to claim 13, wherein the second lumen

comprises a plurality of individual inflation lumens.

18. The catheter according to claim 1, further comprising a balloon
member coupled to the tubular shaft member proximate the distal end thereof, the
second lumen having a distal flow port in fluid communication with an interior

chamber of the balloon.

19.  The catheter according to claim 18, further comprising a distal flow
port in fluid communication with the second lumen and disposed within the interior

of the balloon.

20.  The catheter according to claim 19, wherein the distal flow port is
spaced proximally from the distal end of the tubular member, the distal flow port
defined by a notch extending through the outer layer and into the inner core to

intersect the second lumen.

21. The catheter according to claim 1, wherein the inner core and the outer

layer are coextruded.

22.  The catheter according to claim 1, wherein the first material is different

from the second material.

23.  'The catheter according to claim 1, wherein the first material comprises
at least one of Nylon, Nylon 12, Nylon TR5S5, transparent amorphous nylon,
PEBAX, and high density polyethylene.
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24,  The catheter according to claim 1, wherein the second material

comprises at least one of Pebax 63D, Pebax 70D, and Pebax 72D.

25.  The catheter according to claim 1, further comprising an intermediate

layer between the inner core and the outer layer.

26. The catheter according to claim 25, wherein the intermediate layer is a

tie layer to join the outer layer to the inner core.

27. The catheter according to claim 26, wherein the intermediate layer
comprises at least one of Primacor, PET, Polyester Elastomer, and high density

polyethylene.

28. A method of forming a multi-lumen catheter comprising:

extruding a first material to form an inner core with a first lumen and a
second lumen defined therein, the first lumen having a first lumen cross-section and
the second lumen having a second lumen cross-section;

extruding a second material generally surrounding the inner core to
form an extrudate having an outer layer of the second material surrounding the inner
core of the first material, the extrudate having an outer cross-sectional dimension,

drawing a length of the extrudate at a varied speed to vary the outer
cross-sectional dimension along the length thereof; and internally pressurizing the
first lumen and the second lumen, respectively, while drawing the extrudate to
maintain the first lumen cross-section and the second lumen cross-section; and

cooling the extrudate to form a monolithic elongate tubular shaft
member having a proximal end, a distal end and a longitudinal length therebetween,
the tubular shaft member having an outer cross-sectional dimension that varies along

the length of the tubular shaft member.

29.  The method of forming a multi-layer catheter according to claim 27,
wherein internally pressurizing the first lumen and the second lumen is adjusted

proportionally to draw the length of the extrudate at a varied speed.
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30. The method of forming a multi-layer catheter according to claim 28,
wherein internally pressurizing the first lumen and the second lumen is increased

when drawing the length of the extrudate is increased.

31.  The method of forming a multi-layer catheter according to claim 27,
wherein extruding the first material and the extruding the second material is

performed at least one of simultaneously or sequentially.
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