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(57) Abstract: An intracorporeal device includes
an elongate tubular member. The tubular member can
comprise one or more materials that have superelastic
and/or shape memory characteristics. The tubular
member can comprise one or more deformable zones
and one or more elastic zones. The deformable zone(s)
can comprise material(s) that are less elastic than
the material in the elastic zone(s). The deformable
and elastic zones can contain different materials or
they can contain the same or similar materials that
have been treated in order to change the elasticity or
type of elasticity of one of the zones relative to the
other zones, creating different elasticity between the
elastic and the deformable zones. The intracorporeal
device can be, for example, a guidewire, a catheter
or any other intracorporeal device that can include an
elongate tubular member.
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ELONGATE MEDICAL DEVICE INCLUDING DEFORMABLE
DISTAL END

Technical Field

The invention pertains generally to elongate medical devices such as catheters,
guidewires, and the like. More specifically, the invention pertains to tubular

structures within such medical devices.

Background

A wide variety of medical devices such as catheters and guidewires have been

"developed. Medical devices such as catheters and guidewires can be used for

performing intravascular procedures. These intravascular procedures have become
commonly used in order to avoid more invasive surgical procedures. Because the
anatomy of a patient may be very tortuous, it can be desirable to have particular
performance features in an elongate medical device. A number of different structures
and assemblies for elongate medical devices such as catheters and guidewires are
known, each having certain advantages and disadvantages. However, there is an

ongoing need to provide alternative structures and assemblies.

Summary of Some Embodiments

The invention provides several alternative designs, materials and methods of
manufacturing and use of alternative medical device structures and assemblies.

Accordingly, an example embodiment can be found in an intra-luminal or
intracorporeal medical device including a tubular member. The tubular member can
have proximal and distal portions and can have one or more zones of metal alloy, for
example Nitinol. One or more of these zones of metal alloy can comprise an alloy
with superelastic and/or shape memory characteristics that has austenitic and
martensitic states. The alloy in each zone can have a temperature, Af, above which
the tubular member may assume the austenitic state. One zone of the tubular member
can have one Ay, and a second zone can have a second, higher As. The tubular
member can comprise one alloy along the length of the tubular member, with the
alloy of the distal portion conditioned or treated to raise the Ar from an initial As
temperature to a second, higher A¢ temperature. The initial A can be below the
temperature of use and the second As temperature can be above the temperature of

use. For example, the temperature of use can be the normal body temperature of a
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human body, or 37°C, or it can be higher than body temperature, such as 42°C. The
temperature of use can also be a range, for example 10°C to 45°C. The intracorporeal
devices of this example can be guidewires, catheters, or any other elongate medical
device that comprise tubular members.

Another example embodiment can have a tubular member, for example any of
the tubular members of the previous paragraph, and can further comprise a core
member. The core member can be of a solid cross-section, and at least a portion of
the core member can be disposed in a lumen defined by the tubular member. A
proximal portion of the tubular member can be attached to the core member at a point
of attachment and can extend distally around the core member from this point of
attachment. The core member can comprise a metal such as stainless steel.

Another embodiment can comprise a method of making and/or using an
elongate medical device. In one method of manufacture, a tubular member can be
provided. In another method of manufacture, a core member and a tubular member
can be provided, and the core member can be disposed at least partially inside a lumen
of the tubular member. A proximal portion of the tubular member can be attached to
the core member. Further, during manufacture or during use, the distal portion of the
tubular member can be treated to raise the Ay of the distal portion, in some cases
above 42°C. Also, in an example method of manufacture or use, the shape of the
distal portion of the tubular member with a higher Af can be changed from a first
shape to a second shape and the distal portion can substantially remain in the second
shape.

The above summary of some embodiments is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures,
and Detailed Description which follows, more particularly exemplify these and other

embodiments.

Brief Description of the Figures

The invention may be more completely understood in consideration of the

following detailed description of various embodiments of the invention in connection
with the accompanying drawings, in which:
FIG. 1 is a graph of a stress-strain curve of a typical linear elastic material;
FIG. 2 is a graph of the critical temperature and stress curves of a typical metal

alloy having austenitic and martensitic states;
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FIG. 3 is a graph of s stress-strain curve of a typical superelastic alloy;

FIG. 4 1s a graph of a stress-strain curve of a typical shape memory alloy;

FIG. 5 is a perspective view of one embodiment of a guidewire;

FIG. 6 1s a longitudinal cross-section of one embodiment of a guidewire;

FIG. 7 1s an axial cross-section at a longitudinal position along FIG. 6;

FIG. 8 is another axial cross-section at another longitudinal position along FIG. 6;

FIG. 9 is a perspective view of one embodiment of a distal portion of a guidewire that has
incorporated a tubular member; and

FIG. 10 1s a perspective view of an embodiment of a catheter.

While the invention is amenable to various modifications and alternative forms, some
specifics thereof have been shown by way of example in the drawings and will be described in
detail. It should be understood, however, that the intention is not to limit the invention to the
particular embodiments described. The scope of the claims should not be limited by the preterred
embodiments set forth in the examples, but should be given the broadest interpretation consistent
with the description as a whole.

Detailed Description of Some Embodiments

For the following defined terms, these definitions shall be applied, unless a different
definition is given in the claims or elsewhere in this specification.

The term "polymer" will be understood to include polymers, copolymers (e.g., polymers
formed using two or more different monomers), oligomers and combinations thereof, as well as
polymers, oligomers, or copolymers that can be formed in a miscible blend by, for example,
coextrusion or reaction, including transesterification. Both block and random copolymers are
included, unless indicated otherwise.

All numeric values are herein assumed to be modified by the term "about"”, whether or not
explicitly indicated. The term "about” generally refers to a range of numbers that one of skill in
the art would consider equivalent to the recited value (1.e., having the same function or result). In
many instances, the terms "about" may include numbers that are rounded to the nearest significant
figure.

The recitation of numerical ranges by endpoints includes all numbers within that range

(e.g., 1 to Sincludes 1, 1.5, 2, 2.75, 3, 3.80, 4, and J).

As used 1n this specification and the appended claims, the singular forms "a",
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“an”, and “the” include plural referents unless the content clearly dictates otherwise.
As used in this specification and the appended claims, the term “or” 1s generally
employed in its sense including “and/or” unléss the content clearly dictates otherwise.

The following description should be read with reference to the drawings
wherein like reference numerals indicate like elements throughout the several views.
The drawings, which are not necessarily to scale, depict illustrative embodiments of
the claimed invention.

For exarhple, although discussed with specific reference to guidewires and
catheters in the particular embodiments described herein, the invention may be
applicable to a variety of medical devices that are adapted to be advanced into the
anatomy of a patient through an opening or lumen. For example, the invention may
be applicable to fixed wire devices, a variety of catheters (e.g., balloon, stent delivery,
etc.) drive shafts for rotational devices such as atherectomy catheters and IVUS
catheters, endoscopic devices, laproscopic devices, embolic protection devices, spinal
or cranial navigational devices, and other such devices. Additionally, while some
embodiments may be adapted or configured for use within the vasculature of a
patient, other embodiments may be adapted and/or configured for use in other
anatomies. It is to be understood that a broad variety of materials, dimensions and
structures can be used to construct suitable embodiments, depending on the desired
characteristics. The following examples of some embodiments are included by way
of example only, and are not intended to be limiting.

The devices of the current invention can comprise an elongate medical device,
and the medical device can have a tubular member. Different medical device
structures and uses will be described below. The shaft, and in particular the tubular
member, can compris€ one or more materials that exhibit shape memory or
superelastic behavior, or both. These materials can be metal alloys, for example
Nitinol.

In general, certain Nitinol alons can exhibit shape-.memory or superelastic (or
pseudoelastic) behavior, or both. Although Nitinol is essentially a binary alloy with
Nickel and Titanium, some superelastic and/or shape memory Ni:Ti alloys can
contain additional elements, such as Cobalt or Vanadium. In addition, some other
alloys exhibit SIiape memory or superelastic behaﬁor or, like some Ni:T1 alloys, both

shape memory and superelasticity. Some examples of these alloys are: AgCd, AuCd,
AuCu, CuAlNi, CuAuZn, CuSn, CuZn, CuZnSi, CuZnSn, CuZnAl, CuZnGa,
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CuZnXe, CuAlNi, InTIl, NiAl, FePt, FePd, FeMn, Fe;Be, Fe;Pt, FeNiTiCo, and
MnCu. Some polymers and other materials have also been shown to exhibit shape
memory or superelastic behavior, or both.

Although superelasticity and shape memory characteristics can be interrelated,
the concepts are separate physical phenomena. Superelasticity is a sub-category of
elasticity, and in some ways can be contrasted with linear elasticity, whereas shape
memory 1s generally the ability of a material to be deformed, remain deformed, and
later assume the initial shape. Without being constrained by the theories presented
herein, these concepts will be described 1n greater detail below.

Referring to FIG. 1, when stress is applied to linear elastic materials at a
relatively constant rate, the stress-strain curve can initially be linear until the material
reaches its proportional limit (shown at point P). If stress is further applied to the
material after this point, the material can be plastically deformed, and the material
may not return to its original shape and size when the stress is removed. Thus, with
linear elastic materials, the stress-strain curve appears as a substantially straight line
within the proportional region (the portion of the curve before the proportional limit).
When the material is stressed within this proportional region, the strain can increase
propoftionally, and when the stress 1s removed, the strain may decrease substantially
along the same straight line, substantially back to the origin of the stress-strain graph.

In the case of superelastic metal alloys (SEMAs), the stress-strain curve can be
non-linear. This non-linearity can be a product of a phase change that occurs within
the alloy when the alloy i1s being subjected to stress (as opposed to linear elastic
materials, which generally do not have a phase change within the elastic region).
Some SEMASs can have two solid-state phases that are relevant to superelasticity: the
austenite phase and the martensite phase. The austenite phase can be the higher
energy, stronger phase of these alloys, and the martensite phase can be the lower
enefgy, more deformable phase. The change between these phases can cause a
change in the crystal structure of the metal. Two common catalysts for the change
between these phases can be thermal changes and stresses applied to the material.
These mechanisms will be discussed further below.

FIG. 2 shows the phases present at given stress and temperature combinations
for an example SEMA. In general, there can be four lines of interest relating to the
phase changes that occur within a SEMA. The lines A; and Af can denote the

austenite start and austenite final, which can be the temperature and load
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combinations at which the SEMA starts and finishes, respectively, the transtormation

from the martensitic state to the austenitic state. Likewise, the M and M can be the

‘temperature and load combinations at which a SEMA starts and finishes the

transformation from an austenitic state to a martensitic state. In this Figure, these
lines are shown as M; < M < A < Ar. In the case of some materials, these lines could
be in a different order, for example Ms <A <M <A

If the temperature of the example SEMA is held constant and a stress is placed
on the SEMA, the SEMA may undergo a phase transformation between austenitic and
martensitic states. This transformation is called a stress-induced martensitic
transformation. For example, the line (b) in FIG. 2 shows the material being
subjected to stress where the Ty, (temperature of the material) 1s greater than the Ag
temperature of the material. Because the temperature of the material is above the Ay
temperature, it is entirely in its austenitic form before stress is applied. As stress is
applied to the material, it reaches the line M;, where a martensitic crystal structure
begins to form. Further along line (b) the line Mg 1s reached. At.this point, the SEMA
is fully martensitic. When the stress 1s removed from the SEMA, it returns to its
former austenitic state (and, in the process, substantially to its original shape) along
the same line (b). With the temperature of the material being greater than the Ag
temperature, the crystal structure of the material will be driven toward the austenitic
state 1n the absence of stress. When the SEMA passes across the line A, the
austenitic crystal structure begins to form, and the material is fully austenitic when it
passes across the line Ags.

If the stress cycle described in the above paragraph is plotted on a stress-strain
curve where the Ty, is above the Af temperature, the curve can look like FIG. 3. As
depicted 1n FIG. 3, the curve has an initial steep slope on the extension portion of the
curve, followed by a plateau region (marked P;) which can be the region of phase
change between the austenitic and martensitic phases. The curve also has an
additional plateau region (marked P;) on the return portion of the curve, which can be
the region of phase change between the martensitic and austenitic forms. These
plateau regions are regions where the example SEMA can undergo significant
deformation without being subjected to large amounts of stress (the slope of the curve
1s very shallow). These plateau regions are often a desirable attribute of superelastic

materials because little stress 1s required in order to deform the material in this region
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of the curve, and the material may also return to its initial shape, as shown by the
return portion of the curve in FIG. 3.

As can be observed from FIGS. 2 and 3, it .can be the presence of the two
solid-state phases of the SEMA which drive the SEMA to be superelastic, or to be
able to return to its original shape and/or size once it has been deformed. If the T, is
above Artemperature (as shown by line (b) in FIG. 2), then the SEMA, once a stress
is applied and removed, can return along the line (b) in FIG. 2 (corresponding to the
return portion of the curve in FIG. 3). As long as the Ty, is above the As temperature,
when the stress 1s removed, the crystal structure can return to its original austenitic
state, including its original shape and size. This tendency to return to its original
configuration is correctly referred to as superelasticity. (It is sometimes incorrectly
referred to in the art as a shape memory characteristic of this material because the
material can “remember” (and return to) its original shape. However, shape memory
will be further explained below.) Because of the phase change in the material and the
resultant shape of the stress-strain curve, these elastic materials are called superelastic
or pseudoelastic (as opposed to linear elastic).

Shape memory, on the other hand, can refer to the ability of a material to be
deformed from a first to a second shape, to maintain the second shape when the stress
is removed, then to return to the first shape when the material 1s subjected to an
additional catalyst, for example changes in the temperature of the material (Tp,).

Referring again to FIG. 2, a shape memory alloy (SMA) such as certain
Nitinol alloys can be 1n a first shape when the SMA is above the A temperature (for
example, see point (c)), then the material can be cooled down below the My
temperature, making the SMA fully martensitic. For example, this cooling can be
along the line (d) in FIG. 2, which depicts a constant-stress being placed on the
material (this could also be depicted along the temperature axis of FIG. 2, which
would be a constant stress level of zero; for simplicity, it is depicted at a constant,
elevated stress). The martensitic form of the SMA can be more easily deformable
compared to the austenitic form, and the material can be formed into a second shape.
The SMA may be able to maintain this second shape as long as it 1s in the martensitic
form. Later, if the material is heated back through the A temperature above the As
temperature (again, as shown along line (d) in FIG. 2), the material can reform the
first shape. The cycle can be repeated with the material being cooled back below the

M temperature and deformed once again, again returning to the first shape when the
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material is returned to a temperature above the A temperature. This is called a one-
way shape memory material because the transtormation is one-way; the one-way
material does not change shape when cooled to form martensite, but must be
deformed into the second shape by an outside force. Also possible are two-way shape
memory materials that assume one shape upon cooling of the material and another
shape upon heating of the material.

From the above discussion, it becomes apparent that changing the temperature
(Ty) of a SMA or SEMA can change the characteristics of the material. For example,
a metal alloy that has both shape memory and superelastic characteristics and
austenitic and martensitic states and has a given A¢ temperature may not exhibit shape
memory characteristics if the alloy 1s maintained above the Ar temperature. Placing
the material under a stress may simply form stress-induced martensite, and the release -
of the stress may allow the material to return to the austenitic phase. Thus, this
material at these conditions may not have shape memory characteristics, but it may
have superelastic characteristics. (Again, such a scenario is shown with line (b) in
FIG.2 and in FIG.3.) '

Further, if a material is fully austenitic (for example, if it was initially raised
above the Ay temperature, forming the austenite crystal structure) and it is later
lowered to, and maintained at a temperai:ure below the Af temperature, then a stress
placed on the material can cause the formation of martensite crystal structure, but the
removal of the stress may not cause the entire crystal structure to return to the
austenitic phase. Because there is not a full return to the initial austenitic phase, the
material may not make a full return of the initial strain. In other words, the material
may remain at least partially deformed. Examples of such a scenario are shown with
lines (a”) and (a") in FIG. 2. (Some austenite could be formed, and thus some strain
and shape returned, if the Ty, is above A temperature, as shown with line a” in FIG.
2.) The stress-strain curve of such a scenario 1s shown with a solid line in FIG. 4.
However, the shape memory characteristics of these materials can cause the material
to return to the initial shape and size it the material is subsequently heated above the
As temperature. This return is shown with a dotted line in FIG. 4, and can be driven
by the phase change from the martensitic to the austenitic phase as the Ty, is increased
above the A temperature and the A; temperature. Thus, this material can show
relatively weak elastic characteristics it the Ty, is below the Af temperature (although

it can show some elastic characteristics if the T, is above the A temperature).
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However, such a material in these conditions can still exhibit shape memory
characteristics if the material is subsequently heated to form the austenitic phase and
return the material to the first shape. In either case (superelastic behavior or shape
memory behavior), the return of a material to the original shape and/or the return of
strain can be driven by the phase change between martensite and austenite in the
material.

There are several common ways to change the critical temperatures of Mg, M;,
A; and Ar and/or remove superelasticity and/or shape memory characteristics from a
SEMA/SMA. First, the composition of the alloy can have an effect on these critical
temperatures. With Nitinol, changing the ratio of Ni:Ti1i can affect the critical
temperatures, or can even make the Nitinol lack superelastic and shape memory
characteristics altogether. For example, some common Ni:Ti superelastic and/or
shape memory alloys have compositions in range of 49-51% Nickel. In other
examples, a Ni:Ti alloy can contain 49%-55% Nickel.

Also, within the family of commercially available Nitinol alloys 1s a category
designated "linear elastic” which, although .is similar in chemistry to conventional
shape memory and superelastic varieties, exhibits distinct and useful mechanical
properties. By skilled applications of cold work, directional stress, and heat
treatment, the wire is fabricated in such a way that it does not display a substantial
"superelastic plateau” or "flag region" 1n 1ts stress/strain curve. Instead, as
recoverable strain increases, the stress continues to increase in an essentially linear
relationship until plastic deformation begins. In some embodiments, the linear elastic
nickel-titanium alloy is an alloy that does not show any martensite/austenite phase
changes that are detectable by DSC and DMTA analysis over a large temperature
range. For example, in somé embodiments, there are no martensite/austenite phase
changes detectable by DSC and DMTA analysis in the range of about —60°C to about
120°C. The mechanical bending properties of such material are therefore generally
inert to the effect of temperature over this very broad range of temperature. In some
particular embodiments, the mechanical properties of the alloy at ambient or room
temperature are substantially the same as the mechanical properties at body
temperature. In some embodiments, the use of the linear elastic nickel-titanium alloy
for a proximal or distal portion of a medical device allows the medical device to

exhibit superior “pushability” around tortuous anatomy.
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In some embodiments, the linear elastic nickel-titanium alloy comprises in the range of
about 50 to about 60 wt.% nickel, with the remainder being essentially titanium. In some
particular embodiments, the composition comprises in the range of about 54 to about 57 wt. %
nickel. One example of a suitable nickel-titanium alloy is FHP-NT alloy commercially available
from Furukawa Techno Material Co. of Kanagawa, Japan. Some examples of nickel-titanium
alloys are disclosed in U.S. Pat. Nos. 5,238,004 and 6,508,803.

In varieties of Nitinol that exhibit shape memory and/or superelastic behavior, adding
other elements to the Ni1:T1 alloy can also change the alloy properties. Further, other alloys,

polymers or other types of materials can be used to form superelastic and/or shape memory
alloys. The ratios of elements in many other shape memory or superelastic alloys can also be
varied in order to affect these critical temperatures. In addition and as shown in FIG. 2, the shape
memory and/or superelastic behavior can be changed by changing the load (stress) on these
materials.

Further, the preparation of the alloy can also affect the critical temperatures. For example,
with some forms of Nitinol, exposing the alloy to a high temperature tends to raise the critical
temperature points. In one example, the Artemperature of 49.8% Ti Nitinol can be raised from
30°C to 37°C by annealing the alloy at 500°C for one hour when compared to heating the alloy
at 400°C for one hour, hi some examples, the portion of the alloy in which the critical
temperatures are to be altered 1s heated above 500°C for a period of time 1n order to change the
critical temperatures. Alternatively, the alloy can be heated above 550°C or 600°C. The amount
of time that the alloy structure must be exposed to the heat will vary with the type of structure.
Using DSC or DMTA analysis, one of skill in the art can determine if the critical temperatures
has been altered to the degree required for the application. The deformability (as opposed to
elasticity) at certain temperatures can also be an indication that the critical temperatures have
been sufficiently modified. Sources of heat can include a sand bath, a conventional oven with
heat shielding for a portion of the device, or heating coils that can expose a zone of the device to
the required amount of thermal energy. Persons of ordinary skill in the art will appreciate that
other methods of heating all or a portion of the alloy can also be effective in changing the critical

temperatures of the alloy.

Shape memory and superelastic materials can be incorporated into medical devices in

different ways. For example, an elongate structure can have a tubular
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member. The tubular member can have several zones along its length, where the
zones can have different properties. In one embodiment, the tubular member can be
made from a single material that exhibits shape memory and/or superelastic
properties. Examples can be any of the materials mentioned above, for example metal
alloys such as Nitinol. The material can be treated or otherwise incorporated into the
device in such a manner as to cause a distal end of the device to have superelastic or
shape memory characteristics at different conditions at different zones of the elongate
structure. For example, with a metal alloy such as Nitinol, this could be accomplished
by raising the A; temperature, the Af temperature, or both, of one zone above the Ty,
(as used herein, the Ty, can be the temperature of use or the range of temperatures in
which the material may be used) and maintaining the A temperature, the Ag
temperature, or both, of a second zone below the Ty,. Thus, a second, proximal zone
of the tubular member can still exhibit superelastic behavior at the Ty, or within the
range of temperatures in which the tubular member may be used. With such a
structure, a first, distal zone of the tubular member may be deformable and/or exhibit
linear elastic behavior at or within the Ty, while a second, proximal zone of the
tubular member may still exhibit superelastic properties.

Other embodiments may also have the My temperature and/or the M;q
temperature of the first zone raised above the use T, and maintain the My, M;, A,
and/or the A¢ temperatures or any combination thereof, of the second zone below the
T In addition, another embodiment can have different alloys in the different zones
of the tubular member, with the different alloys having the same possible
combinations of properties as the different treated portions described above. Other
types of material configurations will also be discussed below, along with some
specific examples of these types of structures and methods of manufacture and use of
such structures.

Refer now to FIG. 5, which is a perspective view of a guidewire 1. The
guidewire can have a shaft 10 with a proximal end 12 and distal end 11. The
guidewires described 1n this application can be used in a variety of procedures. The
guidewires can be shaped and configured to be inserted into a body lumen, such as the
vasculature, of a patient. Another device such as a catheter can then be advanced over
the guidewire to a point of interest within the patient’s vasculature. The guidewires
can also be advanced through a catheter that 1s in place in a patient’s vasculature. In

addition, the guidewires can have devices disposed along the length of the guidewire
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such as balloons, atherectomy devices or other devices known in the art for
performing intravascular procedures. The guidewires can also have lumens extending
along all or a portion of the length of the guidewires, allowing other devices or
elements to be passed through the lumen(s) and/or allowing fluid communication
through all or a portion of the length of the guidewire.

FIG. 6 shows a longitudinal cross-section of a distal polrtion of one
embodiment of a guidewire of the current invention. The shaft 20 can comprise a
tubular member 21. The shaft can also comprise a core member 22 with a first
tapered region 23. The tubular member 21 and the core member 22 can be attached,
for example at a joint 24, which can be in the first tapered region 23. At least a
portion of the core member 22 can be disposed in a lumen 26 of the tubular .member.

Any of a broad variety of attachment techniques and/or structures can be used
to achieve the attachment(s) between the tubular member 21 and the core member 22,
or between any of the structures present in the shaft 20. Some examples of suitable
attachment techniques include welding, soldering, brazing, crimping, friction fitting,
adhesive bonding, mechanical interlocking and the like.

Some examples of welding processes that can be suitable in some
embodiments include LASER welding, resistance welding, TIG welding,
microplasma welding, electron beam welding, friction welding, inertia welding, or the
like. LASER welding equipment which may be suitable in some applications is
commercially available from Unitek Miyachi of Monrovia, California and Rofin-Sinar
Incorporated of Plymouth, Michigan. Resistance welding equipment which may be
suitable 1n some applications 1s commercially available from Palomar Products
Incorporated of Carlsbad, California and Polaris Electronics of Olathe, Kansas. TIG
welding equipment which may be suitable in some applications is commercially
available from Weldlogic Incorporated of Newbury Park, California. Microplasma
welding equipment which may be suitable in some applications is commercially
available from Process Welding Systems Iricorpofated of Smyrna, Tennessee.

In some embodiments, LASER or plasma welding can be used to achieve the
attachments. In LASER welding, a light beam is used to supply the necessary heat.
LASER welding can be beneficial in the processes contemplated by the invention, as

the use of a LASER light heat source can provide significant accuracy. It should also

- be understood that such LASER welding can also be used to attach other components

of the device. Additionally, in some embodiments, LASER energy can be used as the
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heat source for soldering, brazing, or the like for attaching different components or structures of
the guidewire together. Again, the use of a LASER as a heat source for such connection techniques
can be beneficial, as the use of a LASER light heat source can provide substantial accuracy. One
particular example of such a technique includes LASER diode soldering.

Additionally, in some other example embodiments, attachment may be achieved and/or
aided through the use of a mechanical connector or body, and/or by an expandable alloy, for

example, a bismuth alloy. Some examples of methods, techniques and structures that can be used

to interconnect different portions of a guidewire using such expandable material are disclosed in a

U.S. Pat. Application Ser. No. 10/375,766 filed February 26, 2003 (Pub. No. U.S. 2004/0167441).
Some methods and structures that can be used to interconnect different sections are disclosed in

U.S. Pat. No. 6,918,882, and U.S. Pat. Application Ser. No. 10/086,992 filed February 28, 2002
(Pub. No. U.S. 2003/0069521).

As shown in FIG. 6, the core member 22 can extend through the entire length of the lumen
26. Alternatively, the core member 22 could extend only along a portion of the lumen 26. For
example, the core member 22 can extend only to the joint 24, or at least about 25%, or at least
about 50%, or at least about 75% or more, through the lumen 26. If the core member extends
through only a portion of the lumen 26, a wire extension can also be attached to the end of the core
member 22 (this configuration will be discussed in more detail below).

Additionally, the tubular member 21 and the core member 22 may be sized and/or shaped
or otherwise adapted and/or configured such that a space or gap 27 can be defined between at least

a portion of the outer surface of the core member 22 and the inner surface of the tubular member

21. For example, the tubular member 21 can include an inner diameter that is greater than the outer
diameter of the core member 22 that is disposed therein. As such, the tubular member 21 can be
disposed about the core member 22, or a portion thereof, such that the space or gap 27 is defined
therebetween. In some embodiments, the gap or space 27 remains open or unfilled by any other
structure of the device 1 along substantially the entire length of the core member 22 that 1s disposed

in the tubular member 21, with the exception of the joint 24 or the attachment to a distal tip 25, or
both.
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In some embodiments, the gap or space 27 can extend between the outer
surface of the core member 22 and the inner surface of the tubular member 21 along
the length of the tubular member 21 1n the range of about 50% or greater, about 75%
or greater, about 90% or greater, or about 95% or greater of the entire length of the
tubular member 21. However, in other embodiments, other attachment points
between the core member 22 and the tubular member 21 may be used, and as a result,
multiple gaps or spaces may be created that may be separated by these additional
attachment points, which may, in effect, fill portions of the gap or space 27. Such
multiple gaps or spaces may still collectively extend along a substantial portion of the
length of the tubular member 21, for example, in percentages of the total length as
given above.

The tubular member 21 can also extend along differing amounts of the length
of the core member 22. For example, the tubular member 21 can extend along about
25% or less, about 50% or less, about 75% or less, about 90% or less, or about 95% or
less of the entire length of the core member 22. As such, the tubular member can act
to reinforce or impart desired properties, such as torsional or pushable rigidity, to the
shaft 10, but the gap or space 27 can allow at least the portion of the core member 22
surrounded by the gap or space 27 to move laterally within the lumen 26. In yet other
embodiments, one or more other structures, such as one or more coils, ribbons, bands,
marker members or the like, may be disposed within and fill portions of the gap 27.

The outer diameter of the tubular member 21 proximate the joint 24 can be

substantially the same as the outer diameter of the core member 22 proximal of the

joint 24. The outer diameter of the tubular member 21 can be substantially constant

along its length. The outer diameter of the core member 22 can also be substantially

constant proximal of the joint 24. If the outer diameter of the core member 22

proximal the joint 24 and the outer diameter of the tubular member 21 are

substantially the same and constant, the entire length of the guidewire can have a
substantially constant outer diameter. In another embodiment, if the outer diameter of
the tubular member 21 or the core member outer diameter proximal 6f the joint 24, or
both, are tapered, the guidewire can have a tapered configuration (such tapering is
discussed further below).

Referring again to FIG. 6, the core member 22 can be of a solid, round cross-
section. The cross-section of the core member 22 could also be round, flattened, oval,

rectangular, square, polygonal, and the like, or other such various cross-sectional
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geometries. Alternatively, the cross-sectional shape of the core member 22 could
change along its length. For example, FIGS. 7 and 8 show cross-sections at two
longitudinal locations along the guidewire of FIG. 6. These Figures show the core
member 22 changing from a circular cross-section to a flattened or rectangular cross-
section. Part or all of the core member 22 could also have a hollow cross-section.
The portion of the core member 22‘having a hollow cross-section can define a lumen
from a proximal region to a distal region. Such a lumen could allow for passage of
another device through the guidewire or allow for fluid communication along-all or a
portion of the length of the guidewire. '

The inner and outer surfaces of the tubular member 21 can have a round cross-
section, as shown in FIGS. 7 and 8. These surfaces can also have other cross-
sections, such as round, flattened, oval, rectangular, square, polygonal, and the like, or
other such various cross-sectional geometries. Alternatively, the cross-sectional
shape of the tubular member 21 could change along its length, and the tubular
member 31 can have different cross-sectional geometries on its inner and outer
surfaces.

" The shaft 20 may also include a distal tip 25 disposed at the distal end thereof.
The distal tip 25 may include any of a broad variety of tip structures and/or
assemblies, and may be adapted and/or configured to provide certain characteristics,
such as atraumatic or flexibility characteristics, to the distal end of the shaft 20. The
distal tip 25 can be formed from a variety of different materials, depending on desired
performance characteristics. In some embodiments, the distal tip 25 can include a
generally or partially rounded structure to provide an atraumatic element on the distal
end of the shaft 20. In some embodiments, the distal tip 25 can be formed of a
material such as a metallic material that 1s amenable to being welded, soldered, or

otherwise attached to the distal end of the shaft 20. For example, in some

~ embodiments, the distal tip 25 can be a solder tip or solder ball that is disposed via

soldering at the distal end of the device 1 and forms an atraumatic rounded portion.
In other embodiments, the distal tip 25 can be a prefabricated, or partially
prefabricated structure that is thereafter attached to the distal end of the device using
suitable attachment techniques, such as welding, soldering, brazing, crimping, friction
fitting, adhesive bonding, mechanical interlocking and the like. A variety of different
processes, such as soldering, deep drawing, roll forming or metal stamping, metal

injection molding, casting and the like can be used to form such distal tip structures.
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In the embodiments shown in FIGS. 5, 6 and 9, the distal tip 25 includes a rounded
structure, such as a metallic or solder tip that is attached, for example, to the distal end of the
tubular members (21, 51) or the distal end of the core member 22, or both (as shown in FIG. 6)
and/or to other structures near or at the distal end of the shaft 20. As such, in the embodiments
shown, both the tu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>