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(57) Abstract: A hollow guidewire with a shapeable distal end, for removing tissue from a body lumen, such as a coronary artery.
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@\ rotating drive shaft, is positioned at or near a distal end of the tubular guidewire body and extends through the axial lumen. Actuation
of the tissue removal assembly removes occlusive material in the body lumen.
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GUIDEWIRE FOR CROSSING OCCLUSIONS OR
STENOSES HAVING A SHAPEABLE DISTAL END

BACKGROUND OF THE INVENTION
[0001] The present invention is generally related to medical devices, kits, and methods.
More specifically, the present invention provides a guidewire system for crossing stenosis,

partial occlusions, or total occlusions in a patient’s body.

[0002] Cardiovascular disease frequently arises from the accumulation of atheromatous
material on the inner walls of vascular lumens, particularly arterial lumens of the coronary
and other vasculature, resulting in a condition known as atherosclerosis. Atheromatous and
other vascular deposits restrict blood flow and can cause ischemia which, in acute cases, can
result in myocardial infarction or a heart attack. Atheromatous deposits can have widely
varying properties, with some deposits being relatively soft and others being fibrous and/or
calcified. In the latter case, the deposits are frequently referred to as plaque. Atherosclerosis
occurs naturally as a result of aging, but may also be aggravated by factors such as diet,

hypertension, heredity, vascular injury, and the like.

[0003] Atherosclerosis can be treated in a variety of ways, including drugs, bypass surgery,
and a varijety of catheter-based approaches which rely on intravascular widening or removal
of the atheromatous or other material occluding the blood vessel. Particular catheter-based
interventions include angioplasty, atherectomy, laser ablation, stenting, and the like. For the
most part, the catheters used for these interventions must be introduced over a guidewire, and
the guidewire must be placed across the lesion prior to catheter placement. Initial guidewire
placement, however, can be difficult or impossible in tortuous regions of the vasculature.
Moreover, it can be equally difficult if the lesion is total or near total, i.e. the lesion occludes
the blood vessel lumen to such an extent that the guidewire cannot be advanced across the

lesion.

[0004] To overcome this difficulty, forward-cutting atherectomy catheters have been
proposed. Such catheters usually can have a forwardly disposed blade (U.S. 4,926,858) or
rotating burr (U.S. 4,445,509). While effective in some cases, these catheter systems, even

when being advanced through the body lumen with a separate guidewire, have great difficulty
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in traversing through the small and tortuous body lumens of the patients and reaching the

target site.

[0005] For these reasons, it is desired to provide devices, kits, and methods which can
access small, tortuous regions of the vasculature and which can remove atheromatous,
thrombotic, and other occluding materials from within blood vessels. In particular, it is
desired to provide atherectomy systems which can pass through partial occlusions, total
occlusions, stenosis, and be able to macerate blood clots or thrombotic material. It is further
desirable to have devices which can easily be configured by the user to have the desired
shapeability and/or flexibility. At least some of these needs will be met by the devices and

methods of the present invention described hereinafter and in the claims.

BRIEF SUMMARY OF THE INVENTION
[0006] The systems, devices and methods according to the present invention will generally
be adapted for the intraluminal treatment of a target site within a body lumen of a patient,
usually in a coronary artery or peripheral blood vessel which is occluded or stenosed with
atherosclerotic, stenotic, thrombotic, or other occlusive material. The systems, devices and
methods, however, are also suitable for treating stenoses of the body lumens and other
hyperplastic and neoplastic conditions in other body lumens, such as the ureter, the biliary
duct, respiratory passages, the pancreatic duct, the lymphatic duct, and the like. Neoplastic
cell growth will often occur as a result of a tumor surrounding and intruding into a body
lumen. Removal of such material can thus be beneficial to maintain patency of the body
lumen. While the remaining discussion is directed at passing through atheromatous or
thrombotic occlusive material in a coronary and peripheral arteries, it will be appreciated that
the systems and methods of the present invention can be used to remove and/or pass through
a variety of occlusive, stenotic, or hyperplastic material in a variety of body lumens. It
should also be appreciated, that many of the features of the different embodiments as
described, may be used in the described embodiment or together with others. More
particularly, the present invention can be used for passing through stenosis or occlusions in a

neuro, cardio, and peripheral body lumens.

[0007] The present invention provides for a manually shapeable hollow guidewire for
crossing an occlusion or stenosis within a body lumen. The shaped end will have the ability
to retain its shape even as the guidewire is advanced through a tortuous body lumen and as an

internal core wire is rotated within a central passage of the body. In addition, the shaped end
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as well as the proximal portions of the guidewire will provide a stable platform as the core
wire is rotated, generally avoiding unwanted oscillations and rotation of the distal end of the
body of the guidewire. While particularly intended for advancement through calcified and
difficult lesions, the shapeable guidewires of the present invention can also be advanced and

otherwise used while the core wire is not being rotated.

[0008] Generally, the present invention includes an elongate member, such as a hollow
body guidewire, i.e., having a central passage extending at least partially from the proximal
end to the distal end, and having a shapeable (or mallable) distal region, that is advanced
through a body lumen and positioned adjacent the occlusion or stenosis. The hollow devices
of the present invention, unless otherwise stated, may generally have similar dimensions as
those of conventional guidewires. Devices of the present invention, such as hollow
guidewire devices, may be used alone or in combination with other elongate members such as

conventional guidewires and access systems.

[0009] In an embodiment, the guidewire, comprises a guidewire body having a proximal
end, a distal end, and a central passage therethrough. A distal region of the body is malleable
(shapeable) so that it may be manually configured to a desired shape. A mechanically driven
core element disposed in the central passage and passes out through the distal end of the
guidewire body. The core element may be rotated, oscillated, and/or translated within the
central passage while the distal region of the body retains its desired shape. In an
embodiment, malleable distal region comprises a tube formed from a malleable metal. The

tube may be slotted at least along a portion of its length.

[0010] In an embodiment, the slots are formed along a helical spine In an embodiment, the
slots are formed along an axial spine. The tube may be cut into a helical ribbon along at least

a portion of its length. In an embodiment, the slots along the helical spine have interruptions.

[0011] Insome embodiments, a spring element is disposed along at least a portion of the
malleable distal region. The spring is aligned to help hold a desired shape at the shapeable
distal region. The spring may be a linear spring axially aligned along one side of at least the
malleable distal region with the spring having an arcuate memory to help an arc manually
formed in the malleable region. In some embodiments, the spring element is formed from a

shape memory material.

[0012] In some embodiments, the malleable distal region comprises a heat-sensitive

component that can be softened by heating. The heat-sensitive component may include, but
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1s not limited to a polymer jacket disposed along at least a portion of the malleable distal

region.

[0013] The malleable distal region and the core element may be at least partially separated
by a liner, as for example, a coil. The core element includes a drive shaft formed from, at
least in part, from nickel titanium, and a distal tip, which normally extends distal of the distal

tip of the guidewire body.

[0014] The distal end of the guidewire will preferably be sufficiently pushable so that it
may be advanced through an occlusion or stenosed region in the blood vessel or other lumen
being treated. The distal end, however, must not be so stiff that it is difficult to advance the
guidewire through tortuous luminal regions, such as in the coronary vasculature. It is
particularly preferred that a distal most 10 mm of the guidewire have a column strength
(pushability) in the range from 3 g to 50 g, usually from 6 g to 35 g. The column strength
may be measured by clamping the guidewire at a location 10 mm proximal of the distal tip.
A force gage is then pushed against the distal tip and the force, in grams, is monitored until
the guidewire first begins to buckle anywhere alone the exposed 10 mm. The force at the

initial point of buckling will be considered the column strength of the guidewire.

[0015] The guidewire body is formed from either or both a first and a second solid walled
tube. The first solid walled tube may extend proximally from at least a longitudinal portion
of the malleable region to the proximal end of the guidewire. Additionally, or alternatively,
the, first solid walled tube may extend proximally from at least a longitudinal portion of the
malleable region, and a distal end of the second solid walled tube which extends to the

proximal end of the guidewire.

[0016] In an exemplary embodiment, the first solid walled tube and the second solid walled
tubes may be formed from suitable materials such as, respectively, nickel titanium and
stainless steel. A housing is disposed at the proximal end of the guidewire tube and contains
a motor for moving the core element. The motor may be attached to a controller system. In
an embodiment the proximal end of the guidewire body is configured for attachment to a

distal end of an extension body.

[0017] In methods for practicing the invention, embodying features of the present
invention, method for crossing a luminal occlusion, said method includes providing a
shapeable hollow guidewire, as described above and manually shaping a distal end of the

guidewire. The guidewire is advanced through an occlusion while a core element carried by
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the guidewire is mechanically driven to engage and penetrate the occlusion while the core

holds the shape defined by the manually shaped distal end of the guidewire.

[0018] In another embodiment the body lumen, embodying features of the present
invention includes a guidewire body having a proximal end, a distal end, and a central
passage therethrough, and a distal region which is shapeable (e.g., mallable) by the user to a
desired shape. The distal shapeable region may be manually or otherwise shaped, by suitable
means. A mechanically driven core element is disposed in the central passage of the body
and exists out of the distal end of the guidewire body. The core element may be rotated,
oscillated, axially movable, or any combination thereof, while the distal region of the body
retains its desired shape. In an embodiment, the malleable ("shapeable") distal region
includes a tube formed from a malleable or shapeable metal. In an embodiment, the tube is
slotted along at least a portion of its length. The slots may be formed along a helical spine.

In an embodiment the slots are formed along an axial spine.

[0019] In an embodiment, the tube is cut into helical ribbon (helix with interruptions) along
at least a portion of its length. In various embodiments, the hollow guidewire includes a
spring element disposed along the malleable (shapeable) distal region. The spring element is
aligned to help the shapeable distal region in holding the desired shape. In some
embodiments, the spring is a linear spring axially aligned along one side of the malleable
distal region, with the spring having an arcuate memory which helps hold an arc manually

formed in the malleable region.

[0020] In an embodiment, the malleable distal region includes a heat sensitive component
that can be softened by heating. In an embodiment, the heat sensitive component may

include a polymer jacket formed over the malleable distal region.

[0021] The present invention is further directed to methods crossing luminal occlusions. In
an embodiment, the method includes providing a shapeable hollow guidewire, manually
shaping a distal section of the guidewire, advancing the guidewire through an occlusion. A
core element carried by the guidewire is mechanically driven to engage and penetrate the
occlusion while the core element maintains the shape of the shapeable distal region of the

guidewire.

[0022] In an embodiment, the distal tip of the core element may be configured for further
advancement and/or retraction from the distal end of the hollow guidewire. Once the

guidewire has reached the lesion, the guidewire with the exposed drive shaft may be
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advanced into the lesion. Alternatively, the guidewire may be disposed in a relatively fixed
position, and the drive shaft may be advanced to create an opening forward of the hollow
guidewire forming a path in the occlusion or stenosis. In an embodiment, the core element is

configured for rotational oscillation.

[0023] The shapeable distal region of the guidewire body, as shaped by the user, according
to the present invention, may range from about 0° degrees ("°") to about 90°, from about 0° to
about 60°, from about 0° to about 45°, from about 5° to about 45°. The length of the
shapeable region may range from about 0.1 centimeter ("cm") to 4.0 cm, from about 0.2 cm
to about 2.0 cm, from about 0.3 cm, to about 1.0 cm. The angle after the distal shapeable
region of the hollow guidewire body has been shaped, may be arrived at in a smooth
transition or in an abrupt transition, or any type and degree of transition in-between. One or
more shapes may be placed into the distal section of the guidewire body. In an embodiment,
the distal 0.5 cm may be shaped to 30°, and a 15° angle may be placed over 0.5 cm proximal
to the 30° angle. To facilitate passing through the occlusion or stenosis, the distal section of

the hollow guidewire can be steerable. Optionally, the target site can be infused and/or

aspirated before, during, and after creation of the path through the occlusion.

[0024] In an embodiment, the shapeability of the distal region is, at least in part, achieved
by way of an elongate body such as a metal wire or ribbon (or spring) longitudinally disposed
within the distal end of the body of the hollow guidewire inner lumen. The spring is
optionally fixedly attached to an inner surface of the body. The elongate body/spring is
formed from a shape memory material having an arcuate memory. In an embodiment, the
metal wire or ribbon/spring is attached to the inner lumen along at least a distal attachment
point at the hollow guidewire distal end. The elongate body/spring conforms to the inner
diameter of the distal portion of the hollow guidewire when it is attached thereto by suitable
means, such as soldering. The metal wire or ribbon/spring (with flat or curved profile) may
be formed from suitable material such as stainless steel, nitinol, or cobalt-chromium; and has
a longitudinal dimension ranging from about 0.1 centimeters ("cm") to about 4 cm, from
about 0.2 cm to about 1 cm. In an embodiment, the metal wire or ribbon has a longitudinal

dimension of about 0.3 cm.

[0025] In an embodiment, the shapeable (malleable) distal region is, at least in part,
achieved by way of a shaped distal portion of the guidewire body. For example, the shaped

distal portion may be made from a nickel-titanium alloy and heat set to a desired deflection
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angle. In such an embodiment, the distal portion may, optionally, also include the elongate
body such as the metal wire or ribbon/spring as further means to provide the desirable

deflection.

[0026] The hollow guidewire of the present invention has a shapeable (malleable) distal
region, flexibility, pushability, and torqueability to be advanced through the tortuous blood
vessel without the use of a separate guidewire or other guiding element. Additionally, the
hollow guidewire may be sized to fit within an axial lumen of a conventional support or
access catheter system. The distal end deflection is designed such that when the guidewire is
housed within and introduced through another elongate body, such as a balloon catheter, the
angle of the distal end of the guidewire is straight (e.g., straightened) to accommodate the
inner diameter of the catheter. Once the guidewire exits the catheter (e.g., balloon catheter),

the distal end returns to its shaped angle.

[0027] The catheter system can be delivered either concurrently with the advancement of
the hollow guidewire or after the hollow guidewire or conventional guidewire has reached the
target site. The core element as disposed within the axial lumen of the hollow guidewire and
extending distally from the guidewire distal end may be rotated, preferably oscillating
between a set number of rotations into the occlusion. In an embodiment, the distal tip of the
core element may be configured for further advancement and/or retraction from the distal end
of the hollow guidewire, such that the position of the hollow guidewire and catheter system
can be maintained and stabilized while the core element is rotated and translated out of the

axial lumen of the hollow guidewire.

[0028] The distal tip of the core element may be coiled, blunted, flattened, enlarged,
twisted, basket shaped, football shaped, bullet shaped, coned shaped, or the like. In some
embodiments, to increase the rate of removal of the occlusive material, the distal tip is
sharpened or impregnated with an abrasive material such as diamond chips, diamond powder,
glass, or the like. The core element distal tip may be formed of any suitable material such as
stainless steel, nitinol, cobalt-chromium, polymeric material, or radiopaque material such as
platinum-iridium. In an embodiment, the core element distal tip may be formed from a
composite material such as a stainless steel tip having a cavity filled with a radiopaque
material. Alternatively, or in addition thereto, the plaque removal assembly may comprise a
laser, an RF electrode, a heating element (e.g., resistive element), an ultrasound transducer, or

the like. A lead of the plaque removal assembly may extend proximally through the axial
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lumen of the hollow guidewire body. In an embodiment, the drive shaft is distally tapered, as

for example along the shaped distal end of the guidewire body.

[0029] The hollow guidewire body includes proximal and distal portions. In an
embodiment, the elongate hollow guidewire body may be formed from a unitary tube having
different portions. Alternatively, the guidewire body may be formed from several members
joined longitudinally to one another forming the various portions. In an embodiment, the
distal portion of the guidewire body comprises one or more patterns such as, but not limited
to, interrupted helical pattern and ribbed pattern. Either of the patterned portions may extend
proximally from the distal end of the hollow guidewire body with the other pattern extending
proximally from a proximal end of the other. Alternatively, the guidewire distal portion may
comprise a single type of pattern. In an embodiment, the interrupted helical patterned portion
comprises laser edged helical windings formed at 180° interrupted by 30° segments. In an
embodiment, the one or more patterned portions, together, have a longitudinal dimension
ranging from about 0.3 to about 10 cm, from about 1 to about 5 cm, normally about 4 cm. In
an embodiment, interrupted helical pattern is laser cut into a stainless steel tube. In an
embodiment, all or at least a portion of the shapeable distal portion may be plated with

suitable radiopaque material, such as gold.

[0030] In an embodiment, the guidewire body is formed from more than one tubular
member. The distal tubular member is formed from a stainless steel tube with a laser cut helix
with interruptions in at least a portion of the tube The distal tubular member includes a
shapeable distal region and optionally a non-shapeable region (or less shapeable as compared
to the shapeable distal region). An intermediate tubular member is located proximal to the
distal tubular member. The intermediate tubular member and distal tubular members may be
joined. The intermediate tubular member may be made from nitinol and distally tapered for
increased distal flexibility. The intermediate tubular member may further be tapered within
the distal tubular member to provide a smooth transition. The intermediate tubular member
may extend all the way proximally into the housing or may be coupled to a proximal tubular
member formed from suitable material such as stainless steel. The intermediate tubular
member and the proximal tubular member may be coupled together by suitable means such as

a cuff, with the proximal tubular member extending into the housing.

[0031] In an embodiment, the intermediate tubular member may be at least partially

covered with a coil or polymer (e.g, PEBAX). The longitudinal dimension extending
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between the distal tip of the core element to the proximal end of the exposed intermediate

tubular member includes the flexible distal section.

[0032] In an embodiment, the flexible distal section has a longitudinal dimension ranging
from about 1 to about 200 cm, from about 20 to about 200 ¢cm, normally about 30 to 165 cm.
While the material described above with respect to one or more embodiments, it should be
appreciated than any tubular members may be independently formed from suitable material
such as stainless steel, nitinol, polymeric material, or radiopaque material such as platinum-

ridium or cobalt-chromium.

[0033] In an embodiment, a spring (e.g., a first tube forming at least in part a part of the
intermediate portion) extends within at least a portion of the guidewire axial lumen. In an
embodiment, the elongate tube may have flat or arcuate transverse profile, and may be
coupled to the guidewire body distal end. The elongate tube may be distally tapered at the
distal end. The elongate tube tapered distal end may be in the form of a ribbon/spring. The
tapered distal end may have a flat or arcuate (e.g., crescent shape) transverse profile. In an
embodiment, the elongate tube is skived at the distal end to provide the tapered distal end.
The elongate tube generally has a longitudinal dimension ranging from about 1 to about 200

cm, from about 20 to about 190 cm, normally about 170 cm.

[0034] In an embodiment, the elongate tube (e.g., first tube) is tapered along the length of
the flexible distal section of the hollow guidewire. In an embodiment, the tapered elongate
tube terminates proximally at the proximal end of the flexible distal section. In an
embodiment, the proximal end of the tapered elongate tube terminates within a solid wall
tube which extends to the hollow guidewire proximal end. A distal end of the solid wall tube
may form a distal flange extending over the proximal end of the elongate tube forming a joint

(e.g., alap joint) therewith.

[0035] The one or more portions of the elongate tube may be independently formed from
any suitable material such as stainless steel, nickel-titanium alloy (such as nitinol),
radiopaque material (such as platinum-iridium material), cobalt chromium, polymer (such as

PEEK), or any combination thereof.

[0036] In an embodiment, a liner (e.g., a coil) coil is disposed about the distal portion of the
drive shaft radially separating it from the inner surface of the hollow guidewire body. In an
embodiment, the coil extends along the tapered distal portion of the elongate tube. The coil

may be formed from any suitable material such as stainless steel, nickel-titanium alloy (such
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as nitinol), radiopaque material (such as platinum-iridium material), cobalt chromium, or any
combination thereof. The coil may have a longitudinal dimension ranging from about 1 to
about 60 millimeter ("mm"), from about 10 to about 50 mm, normally about 40 mm. In an
embodiment, the coil (liner) extends distally about the drive shaft to the proximal end of the

core element distal tip.

[0037] The drive shaft may be of a single wire type, a counter-wound guidewire
construction, or be formed from a composite structure comprising a fine wire around which a
coil 1s wrapped. In an embodiment, at least a portion of the drive shaft may be coated with

lubricious material to enhance its movement within the inner lumen of the body.

[0038] The dimensions of the hollow guidewires of the present invention may vary
depending on the target lumen, with the body and the specific needs of the procedure. In an
embodiment, the radial dimension (e.g., outer diameter) of the guidewire body ranges from
about 0.040 to about 0.008 inches ("in."), from about 0.035 to about 0.008 in., from about
0.024 to about 0.008 in., normally from about 0.018 to about 0.009 in. A wall thickness of
the hollow guidewires of the present invention typically range from about 0.001 to about
0.004 in., but as with the other dimensions may vary depending on the desired characteristics

of the hollow guidewire.

[0039] Systems and kits of the present invention may include a support system or access
system, such as a catheter, having a body adapted for intraluminal introduction to the target
blood vessel. The dimensions and other physical characteristics of the access system body
will vary significantly depending on the body lumen which is to be accessed. The body of
the support or access system is very flexible and is suitable for introduction over a
conventional guidewire, or the hollow guidewire (e.g., having a removable handle) of the
present invention. The support or access system body can either be for “over-the-wire”
introduction or for “rapid exchange,” where the guidewire lumen extends only through a
distal portion of the access system body. Optionally, the support or access system can have at
least one axial channel extending through the lumen to facilitate infusion to and/or aspiration
of material from the target site. Support or access system bodies will typically be formed
from an organic polymer, such as polyvinylchloride, polyurethanes, polyesters,
polytetrafluoroethylenes (PTFE), silicone rubbers, natural rubbers, or the like. Suitable
bodies may be formed by extrusion, with one or more lumens that extend axially through the

body. For example, the support or access system can be a support catheter, interventional
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catheter, balloon dilation catheter, atherectomy catheter, rotational catheter, extractional
catheter, laser ablation catheter, guiding catheter, stenting catheter, ultrasound catheter, and
the like. The support system, which is described in more detail in commonly owned U.S.
Patent Application Serial No. 10/864,075, filed June 8, 2004, the disclosure of which is
incorporated herein by reference in its entirety, may be used for over-the-wire introduction or

for rapid exchange.

[0040] The position of the hollow guidewire and/or support system may be maintained and
stabilized during the advancing of the distal tip of the drive shaft. At the end of the plaque
removal, the method may further comprise exchanging the hollow guidewire with the
conventional guidewire. Additionally, other features of the devices of the present invention
and methods using the same, are further described in commonly owned U.S. Patent
Application Serial No. 11/236,703, filed September 26, 2005, and assigned to the assignee of
the present invention, the disclosure of which is incorporated herein by reference in its
entirety. In an embodiment, when the handle assembly is removably attached to the hollow
guidewire, the handle assembly may be detached from the hollow guidewire (e.g., with the
use of a guidewire extension) and the support catheter is removed and exchanged with

another support catheter.

[0041] In an embodiment, the proximal end of the elongate member is housed within a
handle assembly with proximal and distal ends, and a housing disposed therebetween. At the
distal end, the handle assembly includes a strain relief having a lumen extending
therethrough. A torquer with a lumen is disposed between the strain relief and the housing.
The proximal end of the guidewire with the drive shaft proximal end disposed through the
guidewire lumen, extends through the strain relief and the torquer. The proximal end of the
guidewire terminates and is secured in place within a connector assembly which is located
within the housing. The connector assembly limits the motion of the elongate member while
allowing the drive shaft to either or both rotationally oscillate and translate within the
elongate member. The proximal end of the drive shaft extends proximally from the
connector assembly and is secured by a shaft coupling within the housing. In an
embodiment, a motor disposed within the housing provides rotational oscillation to the drive
shaft during operation. A connector cable connects the motor for moving (i.e., oscillate,
rotate, translate, reciprocate, vibrate, or the like) the drive shaft and its distal tip, to a control
system and power supply. It should be appreciated that the various components may be

located within or outside of the housing. By way of example, the control system may be
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placed within the housing. Similarly, the power supply may be battery operated and similarly

and entirely locatable within the housing.

[0042] The handle assembly may be removably or fixedly attached to the proximal ends of
the hollow guidewire and the drive shaft. Optionally, some embodiments of the connector
assembly include an aspiration or infusion port (not shown) for facilitating fluid exchange

(e.g., delivery or removal) at the target site through the axial lumen.

[0043] Torque transmission of the guidewire body and activation of the core element may
be carried out sequentially or simultaneously as a physician steers through a tortuous blood
vessel. This can advantageously be accomplished while maintaining the handle in a
stationary configuration that is ergonomically easy to grasp and control. The handle may
further comprise a drive motor to move (e.g., oscillate, reciprocate, translate, rotate, vibrate,
or the like) the core element, actuators for steering the guidewire body, a control system
including circuitry which provides feedback control as discussed in more detail below, and/or
a power supply. The handle may alternatively be removably coupled to the guidewire body
as described above. An optional polymeric insert may be provided as part of a coupling to

reduce electrical emission during operation of the device.

[0044] The plaque removal assembly may be fixedly or movably disposed at the distal end
of the hollow guidewire body. If the plaque removal assembly is movable, the plaque
removal assembly may be movable from a first axially retracted position (or extending distal
to the hollow guidewire body) to a second position which is longitudinally distal to the first
position. The drive shaft of the present invention may be axially movable and rotatable
within the axial lumen of the hollow guidewire body. In an embodiment, either or both the
guidewire and the drive shaft may be coated with any one or more or combinations of
hydrophilic coatings and therapeutic agents. In an embodiment, the guidewire is coated with
heparin or other similar therapeutic agents. In an embodiment, the drive shaft may be coated
with Teflon® or other materials to improve the rotation of the drive shaft within the guidewire

axial lumen.

[0045] In use, the access system can be delivered to the target site over a conventional
guidewire. Once the access system has been positioned near the target site, the conventional
guidewire can be removed and the elongate member (e.g., hollow guidewire) of the present
invention can be advanced through an inner lumen of the access system to the target site.

Optionally, the support system can be delivered concurrently with the advancement of the
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hollow guidewire. Alternatively, because the elongate member can have the shapeability,
flexibility, pushability, and torqueability to be advanced through the tortuous regions of the
vasculature, the elongate member may be advanced through the vasculature to the target site
without the use of the separate guidewire. In such embodiments, the access system can be
advanced over the elongate member of the present invention to the target site. Once the
elongate member has been positioned at the target site, the drive shaft is rotated, preferably,
in an oscillation rotational mode, and advanced into the occlusive material or the entire
elongate member may be advanced distally into the occlusion. The rotation of the drive shaft
distal tip creates a path forward of the elongate member. In some embodiments, the path
created by the distal tip has a path radius which is larger than the radius of the distal end of
the elongate member. In other embodiments, the path created by the distal tip has a path

radius which is the same size or smaller than the radius of the elongate member.

[0046] The hollow guidewire device can be used in conjunction with conventional
guidewires to cross a total occlusion. For example, the hollow guidewire can be used to cross
calcified regions (e.g. proximal and distal cap) of the total occlusion requiring more
penetration force. A conventional guidewire can be used to cross softer, more tortuous
regions of the occlusion that require more flexibility. The hollow guidewire and conventional
guidewire can be placed parallel as they are advanced or can be exchanged through one
access system. If one guidewire enters sub-intimal space, it may be left in place while

another hollow guidewire or conventional guidewire continues advancement in parallel.

[0047] The preferred operating mode of rotational oscillation of the drive shaft and the
distal tip is of particular benefit to the present invention as it prevents tissue from wrapping
around the distal tip of the plaque removal drive shaft. This in turn allows for enhanced
penetration through, in and/or out of the occlusive or stenotic material. In an embodiment,
the drive shaft is configured for rotational oscillation movement such that the shaft distal tip
may be rotated through an angle equal to or less than 360°. The shaft distal tip is then
adapted to rotate back in the same manner and amount. In an embodiment, the during each
oscillation cycle, the motor is configured to provide from about 100 to about 200,000
revolutions per minute ("rpm"); from about 5,000 to about 50,000 rpm; normally about
12,000 rpm. Typically, the drive shaft is oscillated so that it changes polarity after a period of
time. The period of time may range from about 0.2 to about 5.0 seconds, usually in a range

from about 0.3 to about 1.2 seconds, and normally about 0.7 seconds. By way of example, in
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an embodiment, the motor is configured to provide about 140 complete cycles (i.e., rotations

of 360°) per about every 0.7 seconds before it oscillates to change the polarity of the rotation.

[0048] Advancing may further comprise reciprocating axial translation of the distal tip of
the drive shaft so as to completely cross the total occlusion. Oscillation and reciprocation of
the drive shaft may be carried out sequentially or simultaneously. Generally, oscillation
and/or reciprocation movement of the drive shaft are carried out by a drive motor. However,
a device operator may also easily affect reciprocation by simply axially translating the device
by its handle manually. Advancing may further comprise extending the drive shaft from a
retracted configuration to an extended configuration relative to the distal portion of the
hollow guidewire body, wherein the drive shaft is simultaneously or sequentially extended

and oscillated.

[0049] Proper positioning at the occlusion site may further be verified by viewing a distal
end of the hollow guidewire under fluoroscopy via any of the radiopaque components of the

devices, such as the coil, gold plating, or the core element distal tip.

[0050] Electronic circuitry within the control system of the handle may measure a variety
of characteristics for feedback control. For instance, the load encountered during
advancement of the distal tip in the body lumen may be measured. For example, a load
sensor may be coupled to the motor and configured to provide an output representative of the
load on the motor. In an embodiment, an audible and/or visual output may be coupled to the
load sensor to provide load status to the user. The audio feedback may be represented in a
continuous spectrum or it may be represented as a plurality of discrete load levels. The visual
feedback may be represented as a plurality of discrete load levels. In another embodiment,
absence of load may be indicative of a break or fracture in the oscillating drive shaft distal
tip. A locking mechanism on a distal end of the guidewire body may be provided to further
prevent inadvertent release of the distal tip of the drive shaft into the body lumen by locking
it to a distal end of the hollow guidewire. Still further, the device may be automatically
disabled in response to the no load measurement as an added safety feature. In still another
instance, a use of the device based on time or number of revolutions or oscillations may be
measured. The device may be automatically and permanently disabled once the measured
time or number is above a threshold value. This safety feature protects against device fatigue

and warrants that the device is not operable past its optimal lifetime use.
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[0051] In an embodiment, the present invention provides a kit. The kit has any of the
hollow guidewires and/or the drive shafts described herein and instructions for use according
to any of the methods described herein. The instructions for use in passing occlusions or
stenosis in a body lumen comprise rotational oscillation and advancing either or both the
hollow guidewire and the drive shaft into the occlusive or stenotic material to create a path
through the occlusive or stenotic material. A package is adapted to contain either or both the
hollow guidewire, the core element, and the instructions for use. In some embodiments, the
instructions can be printed directly on the package, while in other embodiments the

instructions can be separate from the package.

[0052] These and other features of the invention will be further evident from the attached

drawings and description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0053] FIG. 1 is an elevational view of a system embodying features of the present

invention having a guidewire with shapeable distal region.

[0054] FIG. 2 is an elevational view of a distal end of an exemplary guidewire embodying

features of the present invention having multiple portions.

[0055] FIG. 3 is an elevational view of a distal end of an exemplary guidewire embodying
features of the present invention having a polymeric jacket disposed around the distal section

of the guidewire body.

[0056] FIG. 4 is an elevational view of an exemplary guidewire embodying features of the
present invention having an elongate body such as a ribbon/spring longitudinally disposed

within the lumen of the guidewire body lumen at its distal region.

[0057] FIGS. 4A and 4B illustrate the ribbon of FIG. 4 under unstrained and strained

configurations.

[0058] FIG. 5A is an elevational view of an exemplary guidewire embodying features of
the present invention having an intermediate portion with a distal end extended within the

proximal portion of the helical distal section of the guidewire.

[0059] FIG. 5B is an elevational view of an exemplary guidewire embodying features of
the present invention having a second tube forming the proximal portion of the guidewire

body.
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[0060] FIG. 5C is an elevational view of an exemplary guidewire embodying features of
the present invention having a second tube forming the proximal portion of the guidewire

body.

[0061] FIG. 5D is an elevational view of an exemplary guidewire embodying features of
the present invention having a first tube forming the intermediate and the proximal portions

of the guidewire body.

[0062] FIG. 5E is an elevational view of an exemplary guidewire embodying features of
the present invention having a first tube forming the intermediate and the proximal portions

of the guidewire body with a spring element in a trained configuration.

[0063] FIGS. 6A and 6B, are elevational views of an exemplary guidewire embodying
features of the present invention having a slidable member for shaping the distal region of the

guidewire body, with FIG. 6B showing the slidable member in an unstrained configuration.

[0064] FIG.7 is an elevational view of an exemplary guidewire embodying features of the
present invention having a slidable member secured to the distal of the guidewire body for

shaping the distal region of the guidewire body.

[0065] FIG. 8 is an elevation view of an exemplary guidewire embodying features of the
present invention with the shapeable distal region 19 formed from a shape memory alloy

having an arcuate memory shape.

[0066] FIG. 9 is an elevation view of an exemplary guidewire embodying features of the
present invention with the intermediate tube extending to the distal end of the guidewire body

and having a distal end providing spring features.

[0067] FIG. 10 is an elevation view of an exemplary guidewire embodying features of the
present invention with the intermediate tube extending all the way to the proximal end of the

guidewire body and having a polymeric jacket disposed on at least a portion thereof.

[0068] FIG. 11 is an elevation view of an exemplary shaping tool 150 for shaping and
controlling the angle and the length of the shapeable distal region of the hollow guidewire
body.

[0069] FIG. 12 is an elevation view of an exemplary system 400 including a shapeable
hollow guidewire similar to that of FIG. 1 in straight configuration.
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[0070] FIG. 13 is an elevation view of an exemplary embodiment of a system including a

support catheter.

[0071] FIG. 14 is an elevation view of another embodiment of a system embodying

features of the present invention.

[0072] FIG. 15 is an elevation view of the system of FIG. 14 after the guidewire has been

detached from a housing.

DETAILED DESCRIPTION OF THE INVENTION
[0073] The systems, devices and methods according to the present invention will generally
be adapted for the intraluminal treatment of a target site within a body lumen of a patient,
usually in a coronary artery or peripheral blood vessel which is occluded or stenosed with
atherosclerotic, stenotic, thrombotic, or other occlusive material. The systems, devices and
methods, however, are also suitable for treating stenoses of the body lumens and other
hyperplastic and neoplastic conditions in other body lumens, such as the ureter, the biliary
duct, respiratory passages, the pancreatic duct, the lymphatic duct, and the like. Neoplastic
cell growth will often occur as a result of a tumor surrounding and intruding into a body
lumen. Removal of such material can thus be beneficial to maintain patency of the body
lumen. While the remaining discussion is directed at passing through atheromatous or
thrombotic occlusive material in a coronary and peripheral arteries, it will be appreciated that
the systems and methods of the present invention can be used to remove and/or pass through
a variety of occlusive, stenotic, or hyperplastic material in a variety of body lumens. It
should be appreciated, that many of the features of the different embodiments as described,

may be used in the described embodiment, alone, or together with others.

[0074] An apparatus 10 embodying features of the present invention is illustrated in FIG. 1
generally including an elongate member 14, such as a guidewire; having an elongate body 15
with a proximal portion 16, a proximal end 18, a distal portion 20, a distal end 22, and an

axial lumen 24 (or interchangeably used herein "central passage") extending therethrough. A
handle assembly 200 may be fixedly or removably attachable to the elongate member 14. In

an embodiment as shown, the handle is fixedly attached to the elongate member.

[0075] The distal portion 20 of the body 15, includes a shapeable (e.g., malleable) distal
region 19. The shapeable region is configured such that it can take a desired shape. By way

of example, the distal region 19 is shaped by a physician to have an angle of deflection 30, as
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compared to a longitudinal axis 32 of the elongate member 14 (i.e., a deflection angle as
defined by the tangential line formed between the distal end 22 of the body 15 and the
longitudinal axis 32). In an embodiment, the distal region 19, is at least substantially,
preferably, parallel to the longitudinal axis 32 (e.g., the deflection angle is zero "0"). The
shapeable distal region 19 is configured to be shaped depending on the choice of the
physician in one or more number of ways such as manually, setting of the desired angle via a
tool, or any other suitable means. In an exemplary embodiment, the distal region 19 is
configured to be manually shaped. The distal region 19, after it has been shaped, may take on
a deflection 30, generally, ranging from about 0 to about 90 degrees ("°"), usually from about
0 to about 60°, and normally from about 5 to about 45°. In an embodiment, the deflection,
after having been shaped, is about 15°, about 30°, or about 45°. The length of the shaped
region may range from about 0.1 cm to about 4.0 cm, from about 0.2 ¢cm to about 2.0 cm,
from 0.2 cm to about 1.0 cm. The deflection 30 of the distal region19 may be arrived at in a
smooth transition or in an abrupt transition, or any type and degree of transition in-between.
One or more shapes may be placed into the distal region 19 of the body 15. In an
embodiment, the 0.5 cm distal length of the body as measured from the distal tip 46 of the
core element 33 and may be shaped to 30° angle, with a 15° angle shape extending

proximally 0.5 cm from the 30° region.

[0076] The apparatus 10 may further comprise a plaque removal assembly, such as a core
element 33 comprising a drive shaft 36 and a distal tip 46, for removing tissue and creating a
path through the body lumen. The drive shaft 36 has a shaft proximal end 38 and a distal end
40 and is received within the axial lumen 24 of the hollow guidewire 14. In an embodiment,
the core element is configured for any one or more of rotation, oscillation, translation, and

axial movement within the lumen 24, as for example shown by arrows 42 and 44.

[0077] In an embodiment, the core element may be configured for rotation (with or without
oscillation) but not axial movement. The distal tip 46 of the core element 33 at the shaft
distal end 40 may have a shaped profile, enabling the movement or positioning of the distal
tip 46 beyond the distal end 22 of the body 15. The rotation of the core element 33 may be
used to create a cutting path forward of the distal end 22 of the hollow guidewire body for
passing through the occlusive or stenotic material in the body lumen. The drive shaft 36 and
the distal tip 46, may independently be formed from stainless steel or nitinol, or other suitable

material including other radiopaque materials such as platinum/tungsten compounds. The
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proximal end 18 of the body 15 may be coupled to a vacuum source or a fluid source (not

shown) such that the target site can be aspirated or infused during the procedure, if desired.

[0078] Now referring to FIG. 2, wherein like references represent like elements, an
exemplary embodiment of a distal portion 20 including the shapeable distal region 19 such as
that shown in FIG. 1 is shown. It should be noted that in all figures, unless otherwise stated,
the shapeable distal region 19 is shown after it has been shaped by the user to have the

desired deflection angle.

[0079] The body 15 includes the proximal portion 16, an intermediate portion 54, and distal
portion 20 The intermediate and proximal portions as shown, are formed from first and
second solid wall tubes, 55 and 52, respectively. The distal portion 20 of the body 15
includes a distal section 23 which includes the shapeable distal region 19 and optionally a
non-shapeable region 58 (or less shapeable as compared to the shapeable distal region 19). It
should be noted that the body 15 may be formed from one or more tubular members. By way
of example, the body 15 may be formed from a single tubular member with different
configurations such as solid outer shell or a shell with slots formed therein a least along a

portion thereof.

[0080] In some exemplary embodiments, the first tube 55 is distally tapered. In an
exemplary embodiment, the tapered first tube has a longitudinal dimension ranging from
about 20 to about 60 cm, usually about 30 or about 40 cm. In an exemplary embodiment, the
first tube, has an outer diameter ranging from about 0.005 to about 0.040 in., from about
0.008 to about 0.018 in., normally about 0.011 in.

[0081] Inthe embodiment shown, the first tube, at its proximal end is engaged with the
distal end of the second solid wall tube 52, and at its distal end with the proximal end of the
distal portion 20 not shown in Fig. 2. As shown, a cuff 90, surrounds the two ends of the first
tube and the second tube by press fitting, soldering, or other suitable means. The cuff may be
formed from suitable material such as stainless steel, nickel-titanium, or platinum-iridium.
Additionally, the elongate intermediate segment may be at least partially covered with a coil

or polymer (such as PEBAX).

[0082] The distal section 23 of the distal portion 20 may be formed of either or both slots

(r1ibs) 62 and helical pattern including interrupted helix 65. Optionally, and as shown, an coil
68 is disposed around, and extends proximally from, the distal end 40 of the drive shaft. The
coil 68 radially separates the drive shaft from the distal section 23 of body 15. The coil 68 is,
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preferably, formed from stainless steel or a radiopaque material such as platinum-iridium.
The coil 68 may be soldered, glued, or otherwise attached to the inner surface of the guide
wire body. In an embodiment, the coil 68 may float without being fixedly attached between
the shaft and the body 15. The coil (liner) 68 may have any desired length and pitch. In the
embodiment shown, the coil 68 has a longitudinal dimension substantially the same as that of
the distal section 23 of the body 15. However it should be noted that that the coil may extend
further proximally as may be necessary. The coil generally has a longitudinal dimension

from about 1 and 200 cm, from about 1 to about 10, normally about 4 cm.

[0083] As shown, the shapeable distal region 19 and the less-shapeable distal region 58 of
the distal section 23 are formed from a single tubular member with varying physical
characteristics (e.g., flexibility, slots, helix). In some embodiments, the proximal portion 16,
the intermediate portion 54, and the distal portion of the body 15 may be independently,
formed from stainless steel, nitinol, polymeric material, radiopaque material including

platinum such as platinum/iridium compounds, or a combination thereof.

[0084] In an embodiment, the distal portion 20may have a longitudinal dimension ranging
from about 1 to about 200 cm, from about 10 to about 80 ¢cm, from about 20 to about 40 cm,
normally about 35 or about 30 cm. In an embodiment, the shapeable distal region 19 extends
from about 0.1 to about 10 cm, usually from about 0.2 to about 1, normally about 0.5 cm. In
an embodiment, all or at least a portion of the distal section 23 of distal portion 20 may be
plated with suitable radiopaque material, such as gold. The shapeable distal region 19 may
include slots (ribs) 62 or helix (or interrupted helix) 71 or any suitable configuration as
described earlier above. In the embodiment shown, the distal section 23 in its entirety

includes slots and helix.

[0085] In some exemplary embodiments, the body 15 may be formed from a unitary
construction formed from a single hypotube. It should be noted, that various features may be

used in one or more embodiments without departing from the scope of the invention.

[0086] As shown, at least a section of the distal portion 20 forming the distal section 23,
may be laser edged to create a plurality of helical windings or spirals 65 (as described earlier
above). The laser cuts may extend all the way from the proximal end to the distal end of the
body, or a portion thereof, preferably at least along the length of the distal section 23. The

laser cuts used to create the helical windings 65 may extend completely through a wall 80 of
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the distal section 23 or may extend only partially through the wall so as to create thinner wall

portions (e.g., grooves).

[0087] The laser edging removes at least a portion of the material from the guidewire body
15. The laser cuts, may be, in the form of an interrupted helical pattern ranging from about
90° to about 270°, preferably about 180°. Interruptions or breaks, when present have no laser
cuts and are in a range from about 5° to about 225°, preferably 30° segments. In
embodiments, including the interruptions help preserve the integrity and continuity of the
device 14, particularly when it is steered through tortuous blood vessels. The interrupted
helical pattern may have a clockwise or counterclockwise helical direction and a kerf ranging
from about 0.0005 inches ("in.") to about 0.0040 in. The helical windings may have the same
or variable pitch through at least part of the distal section 23. As can be appreciated, the pitch
between adjacent windings will affect the flexibility of the hollow guidewire 14. As can be
appreciated, the hollow guidewire 14 may comprise any number of sections, and the sections
in turn may have any desired pitch or kerf, any number or degree of helical windings or
interruptions, clockwise or counterclockwise helical directions, any length, or variations

thereof.

[0088] As described above, the distal section 23 of the guidewire may comprise the same or
different patterned sections such as radial slots, openings, and/or thinned portions. In an
exemplary embodiment, the slots may extend along the length of the distal section 23 of the
hollow guidewire. The radial slots/openings may be formed on the guidewire body 14 by
way of laser cutting or electro-discharge machining (EDM) that removes at least a portion of
the material from the guidewire body, as described above with respect to the helical

windings. The slots/openings may extend around less than the entire circumference of the
hypotube, typically extending between about 25% (e.g., 90°) to about 90% (e.g., 324°) of the
guidewire body. Support ribs typically will extend between 100% (e.g., 360°) to about 25%

(e.g., 90°) around the circumference of the hollow guidewire body 14.

[0089] The pitch between helical windings 65 may decrease in the distal direction so as to
provide the hollow guidewire 14 with increasing flexibility in the distal direction. In an
exemplary embodiment, it may be desirable to have sections of the guidewire body to have
no helical cuts or have laser cuts that have a pitch that increases in the distal direction so as to

provide less flexibility over a portion of the hollow guidewire.
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[0090] In an embodiment features of which are shown in FIG. 3, the distal section 23 of
body 15 includes a polymeric jacket 86 on at least a portion of the outer surface of the distal
section 23. The polymeric jacket may be used to bring about the desired shape of the
shapeable distal region 19. By way of example, the polymeric jacket is formed from a steam
sensitive polymer. To achieve the desired shape, in operation, one may apply steam to the
polymer at the distal section 23 including the shapeable distal region 19. In an embodiment,
the polymeric jacket may be disposed over or under the distal section 23, or it be used alone

as the distal section 23 of the body 15.

[0091] In an embodiment, features of which are shown in FIG. 4, wherein like references
represent the like elements, the shapeable distal end is, at least in part, arrived at by way of a
spring or an elongate body such as a metal wire or ribbon 50, longitudinally disposed in the
shapeable distal region 19, preferably within the hollow guidewire inner lumen 24, between
coil 68 and the body 15. The spring 50 is formed from shape memory material to assume an
arcuate memory (e.g., nickel-titanium alloy, heat set to the assume an arcuate memory) when
it is not under strain (as shown in FIG. 4A). By way of example, when the shapeable distal
region 19 of the body 15 is straightened through plastic deformation, the pre-shaped
ribbon/spring, now under strain (FIG. 4B), conforms to the straightened configuration of the
guidewire. Thereby, when the shapeable distal region 19 of the body 15 is shaped by the user
into a desired curve through plastic deformation, the pre-shaped ribbon provides shape

retention during use, until straightened again by the user.

[0092] The elongate body/spring 50 (such as metal wire or ribbon) may be formed from
suitable shape memory material such as stainless steel, nitinol, nickel-titanium, or cobalt-
chromium; and has a longitudinal dimension ranging from about 0.1 to about 6 centimeters
("cm"), from about 0.2 to about 1 cm. In an embodiment, the spring/metal wire or ribbon 50
has a longitudinal dimension of about 0.3 cm. The ribbon or spring may be attached; at its
distal, proximal, or both ends; (e.g., fixedly or otherwise, such as soldered) to the guidewire

body.

[0093] Now referring to FIG. 5A, in an exemplary embodiment, wherein like references
refer to like elements, the first tube 55 is further distally tapered having a first tapered distal
end 95 and extends distally beyond a proximal end 98 of the distal section 23, preferably, as

shown, terminating proximal to the shapeable distal region 19.
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[0094] In an embodiment features of which are shown in FIG. 5B, wherein like references
represent like elements, a portion of the body 15 is shown, having a second tube 52 formed
from stainless steel hypotube which forms the proximal portion 16, and a first tube 55 (such
as a nitinol) which forms the intermediate portion 54. The first and second tubes are joined
via cuff 90. The guidewire is shown in an unshaped configuration. The spring 50 in a
strained configuration is shown attached to the body 15 (e.g., via solder) along at least a
portion of the shapeable distal region 19. The distal end 40 of the drive shaft 36 is secured
(e.g., laser welded) to the core element distal tip 46. The first tube 55 such as a nitinol
hypotube, is further distally tapered for increased flexibility with a first tapered distal end 96
further tapered and extending within the distal section 23. The coil 68 (e.g., formed from
stainless steel), as previously shown, extends along the distal section 23 radially separating
drive shaft 36 from the distal section 23. The distal section 23 with the helix/slots
(interrupted helix) is laser cut from stainless steel tube. The drive shaft 36 is formed from
nitinol wire and is tapered under the shapeable distal region for increased fatigue life. In the
embodiment shown, the distal section 23 has a longitudinal dimension of about 4 cm, a 40 cm
flexible length which extends from the distal tip of the core element to the distal end of the
cuff, with an overall working length of 165 cm extending from the distal tip of the core

element to its proximal end.

[0095] Now referring to FIG. 5C, a portion of the body 15 is shown with a shapeable distal
region being in the shaped configuration and the spring 50 in the unstrained configuration.
The superelastic nitinol shaping spring 50 in this configuration minimizes plastic deformation
of the laser cut stainless steel distal section, which otherwise may cause an unwanted shape

change.

[0096] Now referring to FIG. 5D, a portion of the body 15 is shown with a first tube 105
(e.g., formed from nitinol hypotube 101) further replacing the second tube 52, and extending
the full proximal length of the guidewire without the second tube (e.g., stainless steel
hypotube) or cuff 90. The spring 50 as shown is in the strained configuration with a stainless

steel distal section 23.

[0097] Now referring to FIG. 5E, the guidewire of FIG. 5D, is shown with spring 50 in an

unstrained configuration.

[0098] Now referring to FIG. 6A and 6B, an exemplary embodiment of a hollow guidewire

1s shown wherein like references refer to like elements. A slidable member 110, extends
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along an exterior of a distal portion of the first tube 55, and extends distally through the inner
lumen of the distal section of the hollow guidewire body 15. The slidable member terminates
at the distal end 22 of the body 15. The slidable member 110, may take on any suitable shape
such as a ribbon or wire/spring. The slidable member 110 at its proximal end is engaged with
the first tubular member 55 at a proximal stop 117, by way of suitable means such as friction
or multiple locking features. The slidable member 110, acts similarly to spring 50 shown and
discussed earlier. As illustrated in FIG. 6B, the slidable member is shown in unstrained

configuration with a shaped distal section.

[0099] The slidable member is processed to have a memory shaped configuration prior to
use. The axial movement of the sliding member proximally causes the angle at the distal end
of the hollow guidewire member to decrease while the distal axial movement of the slidable

member increases the angle.

[0100] Now referring to FIG. 7 distal end 112 of the slidable member 110 is secured to the
distal end 22 of the body 15, by suitable means such as soldering, as shown. It may be
secured in place between the coil and the distal end 22 of the guidewire. The slidable

member may be formed from suitable material such as nitinol or stainless steel.

[0101] Now referring to FIG. 8, in an exemplary embodiment, the distal section 23 is
formed from a shape memory material with the shapeable distal region 19 having an arcuate
memory shape (e.g., heat set nitinol). Member 111 is a slidable elongate member which does
not function as the same as spring 110 descried previously and is processed to have a straight
configuration with a distal end 113. When the sliding member 111 is advanced distally, the
ribbon/wire straightens the shapeable distal region thus allowing the user/physician to shape
the distal region 19 to the desire angle. When the sliding member is pulled proximally and
the ribbon is removed from under the shapeable distal region of the guidewire, the shapeable

distal region returns to its memorized pre-shaped configuration.

[0102] Now referring to FIG. 9, in an embodiment, the first distally tapered end 95 (e.g.,
skived) of the first tube 55 may be further tapered forming a second tapered portion 97. The
second tapered portion 97, is shaped similarly to the elongate member/spring 50, and extends
distally to the distal end 22 of the body 15. The tapered (skived) distal portion 97 may be

pre-shaped and perform similarly to that discussed in reference to FIG. 4.

[0103] As described above, the drive shaft 36 is disposed within the axial lumen 24 of the
guidewire body 14 with the core element tip 46 extending distally from the distal end 22 of
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the body 15. The distal tip 46 may be formed from stainless steel or nickel-titanium and a tip
end (not shown) formed from a radiopaque material, such as a platinum-tungsten compound.
The radiopaque material of the tip may be disposed within the tip body by suitable means

such as solder or swaging.

[0104] Now referring to FIG. 10, the first tube 105 extends proximally and may be engaged
with the second 52 (not shown) at a farther proximal point than previously shown. In some
embodiments the second solid wall tube 52 (e.g., stainless steel hypotube) may not be present
at all, with the first tube 105 forming also the proximal portion of the body 15, similar to that
discussed in reference to FIG. SF, such that it continues proximally to the handle assembly
(e.g. 200) without the need for the second tube 52 forming the proximal portion (e.g., formed

from stainless steel) or any other means of coupling or cuff.

[0105] Additionally and optionally, at least a portion of the first tube may be partially
covered with a polymer jacket 130 (e.g., PTFE, polyester, etc.) over the nitinol intermediate

portion to increase lubricity, diameter, and/or friction.

[0106] Now referring to FIG. 11, an exemplary shaping tool 150 for shaping and
controlling the angle and the length of the shapeable distal region 19, is shown. Such shaping
tool may be provided alone or in combination with the shapeable guidewire in a kit. As
shown, the shaping tool includes a groove 153 for housing the guidewire body 15, a curved
surface 156 and a bore 159 for affecting the length and the angle of the shapeable distal
region. In use, the guidewire body 15 is placed inside/along the groove by the user/physician,
and running along the curved space and inserted into the bore 159 until the distal end 22 of
body 15 reaches the bottom of the bore. The guide wire is thereafter bent over the curved
surface 156. The bore depth and the curved surface, affect the length of the shapeable distal
region, while the bore angle and curve surface determine the angle of the shapeable distal
region. The shapeable distal region length and angle may also be affected by the shaping
spring 50 (which is part of the guidewire), dimensions, length, location, and the memorized

shape.

[0107] Now referring to FIG. 12, wherein like references refer to like elements, a system
400 including a shapeable hollow guidewire 414 similar to that of FIG. 1 is shown in straight
configuration. The shapeable guidewire includes a core element 433 terminating at a distal tip

446. The hollow guidewire and the core element proximally terminate in housing 420. An
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adjustable torquer 430 is placed between the housing and a portion of the guidewire which

extends distally therefrom.

[0108] Now referring to FIG. 13, a portion of the system 400 extends proximally and
distally from the adjustable torquer 430 which is placed over the exterior of the hollow
guidewire 414. Distal to the adjustable torquer 430 a support catheter 450 is shown having a
flange 455 for introducing the hollow guidewire if its use is necessary or chosen by the
physician/user into the support catheter. An optional stainless steel tube 440 is attached to the

adjustable torquer 430 and extends distal to the proximal end of the support catheter 450.

[0109] Now referring to FIG. 14, a proximal portion 510 of a system 500 is shown
embodying features of an exemplary system. The proximal portion of system 500 at its
proximal end includes the adjustable torquer 530, a cover 550 placed over a portion of the
hollow guidewire 514, and a spindle nose 516 which connects to the spindle. A collet 520,
partially contained within the spindle, which secures the hollow guidewire by tightening the
spindle nose 516. The spindle 522 is inserted through the bearings 526 into the cylinder.
The spindle cap secures the spindle 522 into the cylinder. The detachable feature 523allows
for the optional detachment of the hollow guidewire from the housing, enabling the hollow
guidewire to be extended for use with over the wire catheter exchangers. As shown, the core
element extends proximally into the housing and connects to a motor 530 via a motor
coupling. The motor is contained within the cylinder. A cable 535 is connected to the motor

530 and to a USB connector 538 for controlling its various modes of movement.

[0110] Now referring to FIG. 15, a portion of the system 500, after the guidewire has been
detached from the housing is shown. Hollow guidewire 514 with a lumen 524 extending
through, houses the core element 533. An extension wire 600 at its distal end is connected to
the hollow guidewire 514. The extension wire 600 includes a stainless steel or nitinol
hypotube 605 and is connected to a stainless steel or nitinol wire 610, with a proximal end of

the hypotube 605 forming a lap joint 615 with the distal end of the wire 610.

[0111] While not explicitly illustrated, a person of ordinary skill in the art will recognize
that aspects of one configuration of the hollow guidewire body may be used with other
configurations of the hollow guidewire body. Therefore, the above description should not be

taken as limiting the scope of the invention which is defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A shapeable guidewire for crossing an occlusion or stenosis within a
body lumen, said guidewire comprising:

a guidewire body having a proximal end, a distal end, and a central passage
therethrough, wherein a distal region of the body is malleable so that it may be manually
configured to a desired shape;

a spring element disposed along at least a portion of the malleable distal
region, wherein the spring element is aligned to help hold a desired shape; and

a mechanically driven core element disposed in the central passage and
passing out through the distal end of the guidewire body, wherein the core element may be
rotated, oscillated, and/or translated within the central passage while the distal region of the

body retains its desired shape.

2. A guidewire as in claim 1, wherein, the spring comprises a linear
spring axially aligned along one side of at least a portion of the malleable distal region,
wherein the spring has an arcuate memory and helps hold an arc manually formed in the

malleable region.

3. A guidewire a in claim 1 or 2, wherein the spring element is formed

from a shape memory material.

4, A guidewire of claim 4, wherein the slots along the helical spine have
interruptions.

5. A guidewire as in claim 4, wherein the liner is at least in part a coil.

6. A guidewire as in any one of the preceding claims, wherein the

malleable distal region comprises a tube formed from a malleable metal, having one or more

slots are formed along a helical spine.

7. A guidewire as in claim 1, wherein the tube is cut into a helical ribbon

along at least a portion of its length.

8. A guidewire as in any one of the preceding claims, wherein the

malleable distal region comprises a heat-sensitive component that can be softened by heating,
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wherein the heat-sensitive component comprises a polymer jacket disposed along at least a

portion of the malleable distal region.

9. A guidewire according to any one of the preceding claims, wherein the
guidewire boy comprises solid walled tube extends proximally from at least a longitudinal

portion of the malleable region to the proximal end of the guidewire.

10. A guidewire as in any one of the preceding claims, wherein a housing
is disposed at the proximal end of the guidewire and contains a motor for moving the core

element.

11. A guidewire as in any one of the preceding claims, wherein the core

element comprises a drive shaft formed from nickel titantum, and a distal tip.

12. A guidewire according to claim 11, wherein the motor is attached to a

controller system.

13. A guidewire as in claim 12, wherein the controller causes the motor to

rotationally oscillate the core element.

14. A guidewire according to claim 13, wherein the controller oscillates
the core element at a preset rotational speed and changes rotational direction at a preset

period.

15. A guidewire as in any one of the preceding claims, wherein the distal-
" most 10 mm of the guidewire body has a column strength in the range from 3 g to 50 g,
perferably in the range from 6 gto 35 g.
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