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MEDICAL DEVICE WITH PUSH FORCE LIMITER

Field of the Invention

The invention pertains to medical devices and, more particularly, to medical
devices, such as guidewires, catheters, or the like, having improved flexibility
characteristics.

Background

A wide variety of medical devices have been developed for me2dical use, for
example, intravascular use. Some of these devices include guidewires or catheters
that have certain flexibility characteristics. Of the known medical devices that have
deﬁhed flexibility characteristics, each has certain advantages and disadvantages.
There is an ongoing need to provide alternative designs and methods of making and

using medical devices with desirable flexibility characteristics.

Brief Summary

The invention provides design, material, and manufacturing method
alternatives for medical devices having certain flexibility characteristics. In at least
some embodiments, the medical devices include an elongate shaft that has a proximal
portion, a distal portion, and an intermediate portion disposed between the proximal
and distal portions that include a region having a flexibility that is greater than that of

the distal portion or the proximal portion.

Brief Description of the Drawings

Figure 1 is partial cross-sectional plan view of an example medical device
disposed within a blood vessel;

Figure 2 is another partial cross-sectional view of an example medical device
disposed within a blood vessel;

Figure 3 is a plan overview of an example medical device;

Figure 4 is a partial cross-sectional view of an example medical device;

Figure 5 is a partial cross-sectional view of another example medical device;

Figure 6 is a partial cross-sectional view of another example medical device;

Figure 7 is a partial cross-sectional view of another example medical device;

Figure 8 is a partial cross-sectional view of another example medical device;
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Figure 9 is a partial cross-sectional view of another example medical device;
and

Figure 10 is a partial cross-sectional view of another example medical device.

Detailed Description

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

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 (i.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 5 includes 1, 1.5, 2,2.75, 3, 3.80, 4, and 5).

As used in this specification and the appended claims, the singular forms “a”,
“an”, and “the” include plural referents unless the content clearly dictates otherwise.
As used in this specification and the appended claims, the term “or” is generally
employed in its sense including “and/or” unless 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 detailed description and drawings illustrate example embodiments of the claimed
invention.

A number of different medical devices, for example guidewires, catheters, and
the like, are used in certain medical procedures and for treating many types of disease.
For example, an intravascular device can be inserted into the vascular system of the
patient and navigated through the vasculature to a desired target site. Using this
method, virtually any target site in the patient’s vascular system may be accessed,
including, for example, the coronary, cerebral, and peripheral vasculature.

When in use, such a medical device enters the patient’s anatomy at a
predetermined location and then is advanced toward a target region. While advancing
the device a clinician may urge the distal tip forward by applying longitudinal forces
to the proximal portion of the device. For the device to effectively communicate
these longitudinal forces, it is desirable that the device have a high level of pushability

or stiffness, particularly near the proximal end. Moreover, the path taken by a device
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within the anatomy may be tortuous, requiring the device to change direction
frequently. In order for the device to navigate the tortuous anatomy, it is desirable for
it to have certain flexibility characteristics, particularly near the distal end. The need
for this combination of performance features is often addressed by manufacturing a
medical device that has two or more discrete regions having different performance
characteristics. For example, a relatively flexible distal section may be connected to a
relatively rigid proximal section.

In some instances, the anatomy that the medical device is being advanced
through may be partially or completely occluded. A number of complications could
occur if the medical device encounters a partial or total occlusion. For example, the
flexible distal tip could deflect and, possibly, damage or perforate a blood vessel or
other anatomy through which it is navigating. In at least some embodiments, the
invention includes a medical device with improved flexibility characteristics. For
example, the device may include an increased flexibility portion located proximally of
the distal tip that may act as a push force limiting structure, as described in more
detail below.

Figure 1 shows an example medical device 10 disposed in a blood vessel 12.
Device 10 includes an elongate shaft 14 having a proximal portion 16, a distal tip
portion 18, and an intermediate portion 20. In general, device 10 is configured so that
it can change shape, buckle, or otherwise alter in position or configuration, for
example adjacent intermediate portion 20, if device 10 encounters a barrier or
occlusion 22 as shown in Figure 2. Although the embodiments shown in Figures 1
and 2 depict device 10 simply as a shaft, it can be appreciated that these figures are
illustrative in nature and that device 10 could be essentially any medical device or be
any device designed to pass through an opening or body lumen. For example, device
10 may comprise a core wire (for use alone or with a variety of other medical
devices), guidewire, catheter (e.g., therapeutic, diagnostic, or guide -catheter),
endoscopic device, laproscopic device, an embolic protection device, or any other
suitable device.

Intermediate portion 20 generally provides device 10 with a region having a
decreased column strength or increased flexibility than the column strength or
flexibility at a distal end 21 of device 10. Although the individual portions of device'
10 have been called out as the proximal 16, distal 18, and intermediate portions 20, it

can be appreciated that these names are not intended to limit the precise position of
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intermediate portion 20. For example, in at least some embodiments, device 10 may
include a generally stiff proximal portion 16 and a generally flexible distal portion 18.
Additionally, the stiffness of proximal and distal portion 16/18 may vary along the
length. Intermediate portion 20 can then be placed at essentially any position along
the length of shaft 14. For example, intermediate portion 20 may be disposed
between proximal and distal portion 16/18, within a region of proximal portion 16,.
within a region of distal portion 18, or even distally of distal portion 18. Because
intermediate portion 20 generally provides a point of increased flexibility relative to
the distal end of shaft 14, the later embodiment of device 10 would include a tip
portion extending distally of intermediate portion 20 and distal portion 18.

Figure 3 illustrates a plan overview of an example device 10. In some
embodiments, device 10 is configured so that at least a part of intermediate portion 20
is disposed between a generally stiff proximal portion 16 and a generally flexible
distal tip 18. According to this embodiment, distal tip 18 is more flexible than
proximal portion 16, and at least a part of intermediate portion 20 is more flexible
than distal tip 18. This feature allows device 10 to buckle at intermediate portion 20
if distal tip 18 is stopped, for example by an occlusion.

Buckling is generally understood to be a change in shape of device 10 that
results in at least some lateral displacement of at least a portion of intermediate
portion 20 that diverts force away from or prevents force from being transmitted to
distal tip 18. Diverting or preventing the transmission of force to distal tip 18 can
result in a reduced or nominal amount of displacement of distal tip 18. Thus, as force
is applied to proximal portion of 16 in the distal direction, device 10 advances
distally. When distal tip 18 encounters a barrier, additional distal force is diverted
from distal tip 18 by the buckling of intermediate portion 20. As such, intermediate
portion 20 acts as a push force limiter by limiting the amount of force that can be
transmitted from proximal portion 16 to distal tip 18.

The buckling feature of device 10 can be achieved at or adjacent intermediate
portion 20 by utilizing a number a different strategies. In some embodiments, the
materials used to manufacture device 10 can be chosen so that intermediate portion 20
includes the desired buckling feature. For example, the different portions of shaft 14
can be made of any suitable materials including metals, metal alloys, polymers, or the
like, or combinations or mixtures thereof. Some examples of suitable metals and

metal alloys include stainless steel, such as 304v stainless steel; nickel-titanium alloy,
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such as nitinol, nickel-chromium alloy, nickel-chromium-iron alloy, cobalt alloy, or
the like; or other suitable material. The word nitinol was coined by a group of
researchers at the United States Naval Ordinance Laboratory (NOL) who were the
first to observe the shape memory behavior of this material. The word nitinol is an
acronym' including the chemical symbol for nickel (Ni), the chemical symbol for
titanium (Ti), and an acronym identifying the Naval Ordinance Laboratory (NOL).
Some examples of suitable polymers may include PTFE, fluorinated ethylene
propylene (FEP), polyurethane, polypropylene (PP), polyvinylchloride (PVC),
polyether-ester (for example a polyether-ester elastormer such as ARNITEL®
available from DSM Engineering Plastics), polyester (for example a polyester
elastomer such as HYTREL® available from DuPont), polyamide (for example,
DURETHAN® available from Bayer or CRISTAMID® awvailable from Elf Atochem),
elastomeric polyamides, block polyamide/ethers, polyether block amide (PEBA, for
example available under the trade name PEBAX®), silicones, polyethylene, Marlex
high-density polyethylene, linear low density polyethylene (for example REXELL®),
polyetheretherketone (PEEK), polyimide (PI), polyetherimide (PEI), other suitable
materials, or mixtures, combinations, or copolymers thereof. In some embodiments
intermediate portion 20 can include a liquid crystal polymer (LCP) blended with other
polymers to enhance torqueability.

In general, the materials used to construct device 10 can be chosen so that
proximal portion 16 can be relatively stiff for pushability and torqueabilify, and distal
portion 18 can be relatively flexible by comparison for better lateral trackability and
steerability. For example, proximal portion 16 can be formed of straightened 304v
stainless steel wire or ribbon, and distal portion 18 can be formed of a straightened
super elastic or linear elastic alloy, for example a nickel-titanium alloy wire or ribbon.
The materials used to construct intermediate portion 20 can then be chosen relative to
those chosen for portions 16/18 in order to impart the desired push force limiting
effect. For example, intermediate portion 20 can be manufactured from a metal, metal
alloy, or polymer that is more flexible that the material used to construct distal tip 18.
For example, in some example embodiments, proximal portion 16 can be constructed
of rigid stainless steel, distal portion 18 can be nickel-titanium alloy, and intermediate
portion 20 can be nickel-titanium alloy having more flexibility and less column
strength than distal portion 18. Alternatively, all of shaft 14, or the distal and

intermediate portions 18, 20 may be constructed from a single material, and be
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configured so that intermediate portion 20 has more flexibility and less column
strength than distal portion 18. For example, all of shaft 14, or the distal and
intermediate portions 18, 20 may be constructed from a nickel-titanium alloy, and be
configured so that intermediate portion 20 has more flexibility and less column'
strength than distal portion 18.

The desired results can be achieved by employing selection of materials,
processirig, and/or structural techniques. More particularly, the use of different
materials different processing techniques, different structure, or a combination of all
of these allows different embodiments of intermediate portion 20 to be more flexible
than the distal portion 18.

In some embodiments, the intermediate portion 20 can be engineered to buckle
at a predetermined force and/or be tuned to buckle at a specific force. Thus, in
embodiments where device 10 is a guidewire being advanced toward a total
occlusion, it may be desirable to manufacture or configure intermediate portion 20 so
that it will buckle before the pushing forces become high enough that distal tip 18
could displace and perforate, for example, a blood vessel.

In some embodiments, the materials, geometry, mechanical workings,
structure, etc. can be used to design the push force limiting intermediate portion 20 to
buckle at a specific predetermined force, thereby preventing additional force from
being transmitted to the tip. In some embodiments, the amount of force at which
point intermediate portion 20 will buckle can be in the range of about 0.01 Newtons to
about 2.2 Newtons, or in the range of about 0.02 pound to about 0.5 pound.

Variations in materials, geometries, mechanical workings, etc. can also result
in the shape or direction of the “buckle” to vary. For example, some configurations of
intermediate portion 20 result in a generally lateral deflection when buckling.
Alternatively, other embodiments include intermediate portion 20 being configured to
buckle in a generally spiraling, looping, or helical manner. This configuration may
allow intermediate portion 20 (and/or the buckled portion thereof) to buckle over a
larger longitudinal distance and a smaller lateral distance. This feature may be
desirable, for example, when device 10 is being used in relatively small or stenotic
vessels.

In some embodiments, a coating, for example a lubricious, a hydrophilic, a
protective, or other type of coating may be applied over portions or all or portions of

device 10. Hydrophobic coatings such as fluoropolymers provide a dry lubricity
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which can improve guidewire handling and device exchanges. ILubricious coatings
can also improve steerability and lesion crossing capability. Suitable lubricious
polymers are well known in the art and may include silicone and the like, hydrophilic
polymers such as polyarylene oxides, polyvinylpyrolidones, polyvinylalcohols,
hydroxy alkyl cellulosics, algins, saccharides, caprolactones, and the like, and
mixtures and combinations thereof. Hydrophilic polymers may be blended among
themselves or with formulated amounts of water insoluble compounds (including
some polymers) to yield coatings with suitable lubricity, bonding, and solubility.
Some other examples of such coatings and materials and methods used to create such
coatings can be found in U.S. Patent Nos. 6,139,510 and 5,772,609, which are
incorporated herein by reference.

In at least some embodiments, portions or all of device 10 may also be doped
with, made of, or otherwise include a radiopaque material. Radiopaque materials are
understood to be materials capable of producing a relatively bright image on a
fluoroscopy screen or another imaging technique during a medical procedure. This
relatively bright image aids the user of device 10 in determining its location. For
example, intermediate portion 20 may include radiopaque materials so that the
clinician can monitor for the presence of any buckling. Some examples of radiopaque
materials can include, but are not limited to, gold, platinum, palladium, tantalum,
tungsten alloy, polymer material loaded with a radiopaque filler, and the like.

The different portions of device 10 can be connected using any suitable
connecting technique such as welding, soldering, brazing, adhesive, mechanical
interlocking, or the like, or combinations thereof. In some embodiments, the different
portions of device 10 may be integral with one another or generally made of the same
material but structurally different from one another.  Alternatively, some
embodiments can include one or more mechanical connectors or connector assemblies
to connect the different portions of the core wire that are made of different materials.
The connector may include any structure generally suitable for connecting portions of
a guidewire. One example of a suitable structure includes a structure such as a
hypotube or a coiled wire which has an inside diameter sized appropriately to receive
and connect to the ends of proximal portion 16 and distal portion 18. Some other
examples of suitable techniques and structures that can be used to interconnect
different shaft sections are disclosed in U.S. Patent Application No. 09/972,276,

which is incorporated herein by reference.

-7-



WO 2005/063329 PCT/US2004/043750

10

15

20

25

30

The length of device 10, or the length of individual portions thereof, is
typically dictated by the length and flexibility characteristics desired in the final
medical device. In some example embodiments, proximal portion 16 may have a
length in the range of about 20 to about 300 centimeters or more and distal portion 18
may have a length in the range of about 3 to about 50 centimeters or more. In some
embodiments, the length of intermediate portion 20 may be in the range of about 5
centimeter or less, for example about 1 centimeter or less. It can be appreciated that
alterations in the length of portions 16/18/20 can be made without departing from the
spirit of the invention.

In addition, shaft 14 can have a solid cross-section, but in some embodiments,
can have a hollow cross-section. In yet other embodiments, shaft 14 can include a
combination of areas having solid cross-sections and hollow cross sections.
Moreover, shaft 14, or portions thereof, can be made of rounded wire, flattened
ribbon, or other such structures having various cross-sectional geometries. The cross
sectional geometries along the length of shaft 14 can also be constant or can vary.

In some other embodiments, for example, with reference to Figure 4, device
110 may include mechanical alterations in order to achieve the desired buckling
feature. Device 110 is similar to device 10, shown in Figures 1-3, except that shaft
114 includes intermediate portion 120 having one or more cuts or notches 122 formed
therein. Notches 122 can decrease the column strength and/or flexibility of
intermediate portion 120 so that at least a portion thereof can buckle if distal tip 20
encounters, for example, an occlusion.

Notches 122 may also allow intermediate potion 120 to be manufactured from
the same material or from materials having a similar flexibility as proxirhal portion 16
and/or distal tip 20. For example, distal tip 20 may include linear-elastic or super-
elastic nickel-titanium alloy and intermediate portion 120 may be defined by a region
of the nickel-titanium alloy that includes notches 122. ‘Similarly, proximal portion 16
may be comprised of a metal (e.g., stainless steel, nickel-titanium alloy, and the like
including those described herein) and intermediate portion 120 may be defined by a
region that includes notches 122. Although notches 122 are depicted as being squared
in shape in Figure 4, it can be appreciated that the shape, arrangement, and/or
configuration of notches 122 can be altered without departing from the spirit of the
invention. For example, notches may be rounded in shape, pointed in shape, have a

“regular” or ‘“irregular” configuration, spiral about intermediate portion 120,
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combinations of different shapes and configurations, and the like. = Moreover,
additional or alternative geometric alterations can be includes such as twisting all or a
part of intermediate portion 120 as well as any intermediate portion described herein.

The number of notches 122 may also vary and include numbers between one
and any other appropriate number. For example, Figure 5 illustrates another example
device 510 that is similar to device 110 except that shaft 514 includes intermediate
portion 520 having one notch or necked region 522. According to this embodiment,
push force limiting intermediate portion 520 may be defined by a narrowing in shaft
514. This structural feature can allow device 510 to be manufactured from one
material while still having the desired push force limiting structural feature. It can be
appreciated, however, that any of the materials described herein may be used to
manufacture device 510, shaft 514, and any of the portions of shaft 514. Additionally,
it may be desirable for distal portion 518 to be somewhat narrower or smaller in
diameter than proximal portion 516. This feature can help impart distal flexibility to
device 510, which may be desirable.

Another example medical device 210 is shown in Figure 6. Device 210 is
similar to devices 10/110, as in Figure 1-5, except that intermediate portion 220 of
shaft 214 includes a coil or coiled region 224. Coil 224 may be generally positioned
at intermediate region 220. In some embodiments, coil 224 may be disposed over a
core member (not shown) or other suitable support structure. Alternatively, the inner
cavity defined by coil 224 may be substantially hollow.

Coil 224 can be manufactured from a number of suitable materials, including,
for example, metals, metal alloys, polymers, metal-polymer composites, and the like.
Some examples of materials include stainless steel, nickel-chromium alloy, nickel-
chromium-iron alloy, cobalt alloy, platinum, or other suitable materials, and the like.
Some additional examples of suitable material include straightened super elastic or
linear elastic alloy (e.g., nickel-titanium) wire, or alternatively, a polymer material,
such as a high performance polymer. In some embodiments, coil 224 can be made of
,in full or in part, coated with, or doped with a radiopaque material.

Coil 224 may be formed of round wire or flat ribbon ranging in dimensions to
achieve the desired characteristics, such as flexibility, and be wrapped in a generally
helical fashion by conventional winding techniques. The pitch of adjacent turns of
coil 224 may be tightly wrapped so that each turn touches the succeeding turn or the

pitch may be set such that coil 224 is wrapped in an open fashion. Moreowver, the pitch
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of the coil can be varied along the length device 10. In some embodiments, a coating,
for example a lubricious (e.g., hydrophylic) or other type of coating may be applied
over portions or all of coil 224. Some examples of such coatings include those
discussed above. Additionally, the thickness of coil 224 may be wvaried along the
longitudinal axis of the device 10.

Coil 224 may include a proximal end 226 that is coupled to or otherwise
attached to proximal portion 16. Coil 224 can be attached using suitable attachment
mechanism, for example a solder joint or other suitable attachment means such as
adhesive, thermal bonding, mechanical bonding, and the like. A distal end 228 of coil
224 may be coupled to distal tip 18, for example, analogously to how proximal end
226 is coupled to proximal portion 16 or by any other suitable connection.

Another example medical device 610 is shown in Figure 7. Device is similar
to the other devices described herein except that intermediate region 620 includes a
plurality of slots 629 formed or cut therein. Slots 629 can decrease the column
strength and/or flexibility of intermediate portion 620 so that at least a portion thereof
can buckle if distal tip 20 encounters, for example, an occlusion. The material
;:omposition may vary to include any of the materials described herein. For example,
intermediate region 620 may include stainless steel and/or may be a stainless steel
hypotube that includes slots 629. Additionally, the number of slots 629, the length of
intermediate portion 620, and other characteristics of device 610 may vary in a
manner analogous to what is described in relation to any of the other example
embodiments.

Medical devices including such push force limiting structure can also include
additional structure. For example, such structures as a coil, a sheath, a shaping
ribbon, a marker member, a solder tip, or the like can be present on the device, for
example, near the distal end, or on other portions of the device. For example, Figure
8 is a partial cross-sectional view of another example medical device 310, which in
this example is a guidewire. Device 310 includes a shaft 314 having a proximal
portion 316 and a distal portion 318. According to this embodiment, shaft 314 may
be a core wire. Proximal portion 316 is similar to proximal portion 16 above. Distal
portion 318 is similar to distal tip portion 18, except that it includes a push-force
limiting intermediate portion 320. Intermediate portion 320 can take the form of any
of the aforementioned intermediate portions (20, 120, 220, and variants thereof).

Device 310 may also include a distal shaping ribbon 328 that may extend, for
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example, from the distal end 330 of distal portion 318 to a distal solder ball tip 332
and an outer member or sheath 334 disposed over at least a portion of device 310, for
exémple over distal portion 318.

In at least some embodiments, intermediate portion 320 is located a distance
away from a distal end 330 of distal portion 318. For example, distal portion may
have a length of about 1-300 centimeters or longer and intermediate portion 320 may
be located about 1-50 centimeters from distal end 330. Moreover, the length, shape,
materials, configuration, etc. of intermediate portion may be substantially similar to
the example embodiments of intermediate portions 20/120/220 described above. For
example, the materials used to manufacture intermediate portion 320 may include a
polymer, metal, or any other material including those described herein that has a
flexibility that is greater than the material found at regions of distal portion 318 that
are located distally of intermediate portion 320.

As shown in Figure 8, distal portion 318 of shaft 314 may include one or more
tapered regions. In some embodiments the distal portion 318 may be tapered and
have an initial outside size or diameter that can be substantially the same as the
outside diameter of proximal portion 316, which then tapers to a reduced size or
diameter. For example, in some embodiments, distal portion 318 can have an initial
outside diameter that is in the range of about 0.010 to about 0.020 inches that tapers to
a diameter in the range of about 0.001 to about 0.005 inches. The tapered regions
may be linearly tapered, tapered in a curvilinear fashion, uniformly tapered, non-
uniformly tapered, or tapered in a step-wise fashion. The angle of any such tapers can
vary, depending upon the desired flexibility characteristics. The length of the taper
may be selected to obtain a more (longer length) or less (shorter length) gradual
transition in stiffness. Although Figure 8 depicts distal portion 318 of shaft 314 as
being tapered, it can be appreciated that essentially any portion of shaft 314 may be
tapered and the taper can be in either the proximal or the distal direction. As shown in
Figure 8, the tai)ered region may include one or more portions where the outside
diameter is narrowing, for example, the tapered portions, and portions where the
outside diameter remains essentially constant, for example, constant diameter
portions. The number, arrangement, size, and length of the narrowing and constant
diameter portions can be varied to achieve the desired characteristics, such as

flexibility and torque transmission characteristics. The narrowing and constant
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diameter portions as shown in Figure 8 are not intended to be limiting, and alterations
of this arrangement can be made without departing from the spirit of the invention.

The tapered and constant diameter portions of tapered region may be formed
by any one of a number of different techniques, for example, by centerless grinding
methods, stamping methods, and the like. The centerless grinding technique may
utilize an indexing system employing sensors (e.g., optical/reflective, magnetic) to
avoid excessive grinding of the connection. In addition, the centerless grinding
technique may utilize a CBN or diamond abrasive grinding wheel that is well shaped
and dressed to avoid grabbing shaft 314 during the grinding process. In some
embodiments, shaft 314 is centerless ground using a Royal Master HI-AC centerless
grinder.

The cross-sectional shape of shaft 314 may also vary. For example, Figure 8
depicts shaft 314 as having a round cross-sectional shape. It can be appreciated that
other cross-sectional shapes or combinations of shapes may be utilized without
departing from the spirit of the invention. For example, the cross-sectional shape of
shaft 314 may be oval, rectangular, square, polygonal, and the like, or any suitable
shape.

Sheath 334 may be manufactured from a suitable material such as a metal or
metal alloy, a polymer, a metal-polymer composite, and the like including any of
those listed above. In some embodiments, sheath .334 may be multi-layer (indicated
in Figure 8 by phantom lines). For example, sheath 334 includes a first layer disposed
generally over distal portion 318 and a second layer disposed over the first layer. One
or more of the layers may be coated with, doped, or otherwise include a radiopaque
material, including any of those listed above. For example, the second layer may
comprise an outer radiopaque jacket. Sheath 334 may also take a number of different
forms. For example, sheath 334 may comprise a solid structure wherein distal portion
318 is essentially embedded. Alternatively, sheath 334 may be substantially tubular
so that a space may be present between at least some regions of distal portion 318 and
sheath 334.

Another example medical device 410 is illustrated in Figure 9. Device 410 is
similar to device 310 except that outer member 432 may include a coil. It can be
appreciated that any of the alternatives described in relation to coil 224 above are
available to outer member 432. For example, it is within the spirit of the invention

that outer member 432 may have a number of different material compositions
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(including metal, metal alloys, polymers, and the like), differences in pitch,
differences in length, and the like. Moreover, outer member 432 may be configured
so that is tightly associated or attached with distal portion 318 or outer member 432
may be spaced a distance away from regions of distal portion 318.

Another example medical device 710 is illustrated in Figure 10. Device 710
may comprise a fixed wire device, similar to those known in the art, in order to
illustrate that the desirable features and characteristics may be useful in fixed wire
devices. Device 710, which is otherwise similar to other devices described herein, is
illustrated in Figure 10 as being a fixed wire balloon catheter including an expandable
balloon 736 and shaft 714. Shaft 714 may include proximal region 716, distal region
718, and intermediate region 720. Intermediate region 720 may similar to any of the
other intermediate regions described herein so that it may buckle and/or function as a
push-force limiter.

It should be understood that this disclosure is, in many respects, only
illustrative. Changes may be made in details, particularly in matters of shape, size,
and arrangement of steps without exceeding the scope of the invention. The
invention's scope is, of course, defined in the language in which the appended claims

are expressed.
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What is claimed is:

1. A medical device, comprising:

an elongate shaft having a longitudinal axis and having a proximal portion, a
distal portion, and an intermediate portion disposed between the proximal and distal
portions; and

wherein the intermediate portion is more flexible than the distal portion and

the proximal portion.

2. A medical device, comprising:

an elongate core wire having a proximal portion, an intermediate portion, and
a distal portion;

wherein the iﬁtermediate portion is more flexible than the distal portion; and

a sheath, covering, coil, or coating disposed over at least some of the core

wire.

3. The medical device of claim 1 or 2, wherein the distal portion is more

flexible than the proximal portion.

4, The medical device of claim 1, 2, or 3, wherein the proximal portibn

comprises a stainless steel.

5. The medical device of any of claims 1-4, wherein the distal portion
comprises a nickel-titanium alloy, such as a super-elastic or a linear-elastic nickel-

titanium alloy.

6. The medical device of any of claims 1-5, wherein the intermediate
portion is made of a material having greater flexibility relative to the material of the

proximal and distal portions.
7. The medical device of any of claims 1-6, wherein the intermediate

portion comprises a nickel-titanium alloy, such as a super elastic or a linear elastic

nickel-titanium alloy.
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8. The medical device of any of claims 1-7, wherein the intermediate

portion comprises a polymer.

9. The medical device of any of claims 1-8, wherein the intermediate
portion includes structure that provides the intermediate portion with greater

flexibility relative to the proximal and distal portions.

10.  The medical device of any of claims 1-9, wherein the intermediate
portion includes one or more notches, cuts, or slots defined therein to provide
increased flexibility to the intermediate portion relative to the proximal and distal
portions, and optionally, the intermediate portion includes an outer surface, and the

" one or more notches, cuts, or slots are defined in the outer surface of the intermediate

portion.

11. The medical device of any of claims 1-10, wherein the intermediate
portion comprises a coil member disposed between the proximal and distal portions,
wherein the coil member provides increased flexibility to the intermediate portion

relative to the proximal and distal portions.

12. The medical device of any of claims 1-11, wherein the proximal
portion includes a first outer diameter, the distal portion includes a second outer
diameter, and the intermediate portion includes a third outer diameter, wherein the

third outer diameter is smaller than the first outer diameter.

13.  The medical device of claim 12, wherein the third outer diameter is

smaller than the second outer diameter.

14, The medical device of claim 12 or 13, wherein the second outer

diameter is smaller than the first outer diameter.

15. A medical device of any of claims 1-14, wherein the distal portion

comprises a distal tip, and the intermediate portion is disposed proximally of the distal

tip.
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16.  The medical device of any of claims 1, or 3-15, further comprising a

sheath, covering, coil, or coating disposed over at least a portion of the elongate shaft.

17.  The medical device of claim 2 or 16, wherein the sheath, covering,

coil, or coating includes a radiopaque material.

18.  The medical device of claim 2, 15, or 16, wherein the sheath, covering,
coil, or coating extends distally beyond the distal portion, and the medical device may
optionally further comprise a distal shaping region coupled to and extending distally

from the distal end of the core or shaft.

19. The medical device of any of claims 1-18, wherein the device

comprises a guidewire.

20.  The medical device of any of claims 1-19, wherein the elongated shaft

comprises a core wire having a generally solid cross section.

21.  The medical device of any of claims 1-20, wherein the intermediate
portion is adapted to buckle when a predetermined amount of longitudinal
compressive force is applied to the intermediate portion along the longitudinal axis,
optionally, the predetermined amount of force can be in the range of about 0.01 to

about 2.2 Newtons.

22.  The medical device of claim 21, wherein the intermediate portion is
adapted to buckle in a generally lateral, spiraling, looping, or helical manner relative

to the longitudinal axis.

23.  The medical device of any of claims 1-22, wherein due to the increased
flexibility of the intermediate portion relative to the proximal and distal portions,
when the distal portion is stopped, and a predetermined amount of longitudinal force
is applied to the proximal portion along the longitudinal axis in the distal direction,
the intermediate portion buckles, thus limiting the amount of force that can be applied

to the distal portion.
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24.  The medical device of any of claims 1-23, wherein the distal portion

includes one or more tapers.

25. A method of making a medical device, the method comprising:

providing an elongate shaft having a longitudinal axis and having a proximal
portion, a distal portion, and an intermediate portion disposed between the proximal
and distal portions; and

constructing the shaft such that the intermediate portion is more flexible than

the distal portion and the proximal portion.

26.  The method of claim 25, further including providing the medical

device with the material, structure, or function as defined in any of claims 1-24.
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