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Figure 2A

(57) Abstract: A device and method for treating a patient with total or near total occlusion is provided. The device can be positioned
in a blood vessel at a treatment site. An occlusion at the treatment site is enlarged by a catheter. The catheter can be advanced over a
guidewire into the occlusion. One or more of [a] compression or torsion applied to the guidewire or [b] compression or torsion ap -
o plied to the catheter body expands or creates a path through the occlusion. The expansions or creation of the access path can be by
cutting or abrading the occlusion or by a shoe-horn effect.
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SYSTEMS AND METHODS FOR CROSSING AND TREATING AN OCCLUSION

BACKGROUND OF THE INVENTION

Field of the Invention

(8081 This application is dirccted to systems and methods for treating
ccclusions, including crossing narrow passages of fumen segments or total occlusions.

Description of the Related Art

[8082] A variety of techniques exist to de-bulk occluded vessel segments. While
these techniques have met varying degrees of success, not all patients are successtully treated
in this manner. Some patients with peripheral occlusions are left with few options other than
amputation of the limb fed by the occluded artery. Such drastic technigues are obviously not
available to paticnts with extensive occlusion of coronary and other critical arteries.

6603} There are a number of products on the market that are designed
specifically for crossing CTOs and these can be categorized as either intraluminal, subintimal
or re-entry devices. Intraluminal crossing in theory may reduce the dissection plane of a long
occlusive lesion, protect collaterals and keep treatment options open.  Subintimal crossing
may extend “re-entry” bevond the occluded segment, putting collaterals at risk and himiting
treatment options. It may also increase the rates of complications such as perforation and
dissection and extend procedure time with resultant increased radiation and contrast
exposure. Also below the knee, once a wire has crossed inte the adventitia it can be
extremely difficult to re-enter the trae lomen.

60041 Certain catheter systems have been developed to cross occlusions in an
intraluminal manner., However, these catheter systems have problems. For instance three or
more coaxially placed catheter bodies can work n a system to cross a lesion. An inner solid
guidewire oember can be provided within an outer sheath. An intervening rotatable layer
can be advanced over the guidewire from within the outer sheath to gouge or chisel the
occlusion mass slowly away. One problem with this structure is that with three or more
components, two operators may be needed to handle components of the device.

3
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[6085] Alse, with more caleified lesions typical catheter bodics are not well

suited to provide access. Generally, catheter bodies are of reduced stiffness toward the distal
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end thereot to muninuize potential for trauma to healthy vascular tissnes. However, in order
operate on highly caleified lesions, the tip of the device should have greater stiffness,

{3006} Ancther problem with conventional technigues is {ie., athercctomy-
devices} is that debris of atheroma may embolize and may lead to distal embolization
meluding no-reflow phenomenon.  Ton addition, for these devices greater arterial access
sheaths are mandatory, which lead to more vascular complications in this normally very ill
paticnts.

SUMMARY OF THE INVENTION

16087] For these reasons, there exists a need for a flexible, low-profile occlusion
crossing catheter that is able to cross a region of vessel stenosis and establish a passageway
sufficient to accommodate a balloon catheter or other interventional device. The crossing
catheter can be a delivery catheter in some implementations,

(6008} In one embodiment, a system is provided for creating an enlarged passage
across an occlusion within a blood vessel or cvlindrnical body cavity. The system includes a
guidewire and a catheter device. The guidewire has free distal and proximal ends. The
guidewire s configured to be advanced relative to an occlusion and has an outer diameter,
The catheter device has a flexible body, an implement, and a handle. The ciongate body
extends between a proximal end and a distal end. The ¢longate body having a lumen
extending therethrough with an inner diameter larger than the outer diameter of the
guidewire. The implernent has a distal face, a side surface and a proximal end engaged with,
e.g., disposed over, the distal end of the clongate body. The distal end of the implement is
configured to act upon a portion of the occlasion. The handle is disposed at the proximal end
of the elongate body. The system is configured such that distal pressure on the bandle urges
the implement distally to firmly engage the occlusion. The hlumen provides lateral support to
the guidewire in some technigues. In other technigues, the catheter itself primartly or solely
acts upon the occlusion to enhance a passage therethrough. The system is configured such
that rotation of the handle causcs the elongate body and the implement to be rotated to
enlarge the passage.

[6009] In another ecmbodiment, a catheter for providing access across an
occlusion is provided. The catheter has an clongate flexible body and an occlusion

impiement. The occlusion implement is a device used to clear a path through an occlusion as
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discussed herein. The clongate flexible body extends between a proximal end and a distal
end. The occlusion implement has a rigid distal face and a cylindrical body extending
proximally therefrom. The cylindrical body is configured to be juxtaposed relative to a distal
portion of the clongate tlexible body over an interface. The catheter body is configured to be
advanced within the vasculature to an occlusion. In one embodiment or technigue, the
catheter body is configured to be advanced over a guidewire to the occlusion. In one

3
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embodiment or technique, the catheter body is configured to be advanced within the
vasculature with an ocuter surface thercof exposed to the vasculature. In another embodiment
or technigue, the catheter body is configured to be advanced within a sheath within the
vasculature. In such embodiments or technigues, the outer surface thereof, ¢.g., including at
lcast the occlusion clearing implement, is exposed adjacent to the occlusion.  In another
embodiment or technigues, the catheter body is configured to be advanced unguided to an
occlusion and to enhance access across an occlusion without the presence of a guidewire,

{6010 Preferably the occlusion implement has sufficient crush resistance to
enable the cnergy or motion applied to the catheter to be used to enhance the access across
the occlusion rather than to be used in deforming the occlusion froplement. A distal tp or
occlusion engaging portion should be more crush resistant than a more proximal structure,
¢.g., than the catheter body. The occlusion implement can be configured to retain a
minimm fransverse dimension of at least about 0% of its diameter upon application of a
crush force of about 13pst whereby deformation of an mer passage thereof 18 minimal
during interaction with an occlusion. The occlusion tmplement can be configured to retain a
minimum transverse dimension of at least about 90% of its diameter upon application of a
crush force of about 25pst whereby deformation of an inner passage thereof is minimal
during interaction with an occlusion,

(011 In some variations, the occlusion implement can be configured to retain a
minigin transverse dimension, ¢.g., of at least about 905 of its original or at rest diameter,
upon apphcation of a crush force of about 3 Newton, in some cases as muuch as 5 Newton, in
some cases up to and exceeding 7 Newton, and in some cases 10 Newton or more.

(6012} In some cmbodiments, the occlusion implement has a hoop strength
greater than 15 psi or n some cases as nuich as 25 psi fo munimuze out or round of the

implement so that the implement will not bind upon a guidewire or guide catheter during use.
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[0813] The catheter can provide other usefud functions or can have other useful
features. For example, the catheter can be configured to be a conduit for contrast injection n
some methods. The injection of contrast can be used to illuminate, e.g., to provide
information about the operational state of the catheter, e.g., indicate if it is blocked by
abraded matier.

HHEY In some embodiments, the catheter has variable stiffness, for example has
high stiffness at or near its distal end to enhanced occlusion abrading, reducing or
chiminating effect. Proximal of the distal end, the flexibility of the catheter can be greater.

801 5] In some techniques, clearing the occlusion can involve removing onc or
more guidewires and exchanging one guidewire for another guidewire. For cxample, a
flexible wire could be exchanged for a stiff wire or a stiff wire for a flexible wire, It is
preferred that such mancuvers do not disturb the position of the distal end of the catheter
significantly. Thus, a lubricious coating or material can be provided along the swrface
forming the guidewire lumen of the catheter. Also, the other surface can comprise or be
coated with a lubricious matenial to reduce the force needed to advance the catheter exposed
within the vasculature or within a guide catheter.

THIEY In various embodiments below, the shape of cutting features, e.g., teeth,
on the distal end of the catheter can be configured o address certain types of occlusive
matter. Harder occlusive matter may be more efficiently cleared using teeth or similar
structures that deliver a focused force.  Less hard occlusive matter may be more cfficiently
cleared using less aggressive teeth or similar structures, which can act more like a shoe-horn
to scoop such material from the vessel humen,

(3017} In some cmbodiments, an approach for addressing the tip or occlusion
clearing implement filling with material is provided. The approach may involve exchanging
one filled catheter for a clear catheter. In this technigue, a catheter is advanced, 1s filled, and
is then removed with a core of material captured therein.  Then a second catheter is
advanced, filled and removed. This procedure is continued until a path through the
occlusions s sufficiently large. Because each removed core may enlarge the bore of or
lengthen the passable portion of the occlusions somewhat, second and subsequent catheters
can be longer or can have larger internal lumens and/or cutting implements.  In other

approaches, an aspiration tumen is provided through the catheter. The aspiration fumen can
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be the same lumen as the guidewire lomen, e.g., a large central lumen. In other
embodiments, separate aspiration lumens can be provided in the wall of the catheter, In this
context, aspiration can include removing by negative pressure dislodged portions of the
occlusion entirely from the patient’s body and from the catheter. Aspiration can also include
just taking the dislodged portions up tnto a passage wn the catheter but not necessarily fully
out of the patient’s body and out of the catheter while the catheter 1s in the body,

(6018} In some embodiments, the tip of the catheter is flat, ¢.g., is perpendicular
to the longitudinal axis of the lumen of the catheter. An advantage of this configuration is
that it is more deliverable within the patient, ¢.g., in an exposed approach without a sleeve
covering the tip. Angled tips may be used, and when used may be delivered in a protective
sheath in some embodiments or in some techniques invelving tortuous vasculature (e.g., in
coronary vasculature or in neuro vasculature). Angled tips may be delivered in an exposed
state in techniques jovolving straight or non-tortuous vasculature (e.g., in peripheral
vasculature),

(6019} An advantage of the catheter is that the distal tip will generally jnclude or
be formed of a material that 1s highly opague under X-ray. Thus, as the device 1s being
delivered the clinician can casily sec the tip, which can help with its safe delivery to the
treatment site, oven without the need to inject a contrast medium and, in some techniques,
even without a sheath or guidewire. Safety of delivery can also be provided by maintaining
the outer diameter of the catheter to a fraction of the unoccluded vessel size. For cxample,
the catheter can be maintained at about one-guarter the size or in some cases as small as one-
eighth the size of the vessel diameter. In such embodiments, the cutting tip preferably has a
length about equal to the vessel diameter. This aspect ratio enables the cutting or abrading
portion of the catheter to stay centered in and aligned with the longitudinal axis of the vessel,
These configurations are particularly suited for non-tortuous, e.g., straight, vessels as are
found in the legs and other peripheral vasculature.

{6020 In another embodiment, a method of treating a patient with total or near
total occlusion is provided. In the method a biood vessel is accessed. The access can be by
any catheter technigue. A gmdewire is advanced into the patient to a treatment site. The
treatment site has an occlusion that is desired to be cleared or enlarged, for example a total or

near total occlusion. A catheter is advanced over the guidewire into apposition with a
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proximal portion of the occlusion. The catheter has a lumen therethrough and a distal
occlusion engaging portion, ¢.g., an anchor face, at a distal end thereof. The anchor face can
be in the form of high friction or sharp features to enable the clinician to selectively prevent
rotation of a catheter. One or more of {a] compression force or torsion to the guidewire or
{b] compression force or torsion is applied to the catheter body to expand or create an access
path through the occlusion. An anchor face or other distal occlusion engaging portions can
provide stability, like a climber’s crampon, to the catheter while a wire is being advanced or
rotated therein to help provide access across the occlusion. The cxpansions of the access
path can be by cuntting or abrading the occlusion. In some cases, the expansion can be
provided or enhanced by a shoe-hom effect.

(30211 In another embodiment, a catheter is provided for providing access across
an occlusion. The catheter inchudes an elongate catheter assembly, a lesion clearing
wnplement, and an interface. The elongate catheter assembly extends between a proximal
end and a distal end. The lesion clearing implement has a ring structure.  The inferface is
disposed between the ring structure and the clongate catheter assemibly. The interface
provides a protrusion disposed on one of {a] the clongate catheter assembly and the ring
structure and [b] a recess disposed on the other of the clongate catheter assembly and the ring
structure, The interface is at least partially in a radial direction such that an axial load can be
transmitted across the interface.

(6022} In some embodiments, the interface is provided such that a protrusion and
recess overlap in the axial direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[6023] Embodiments of the present invention may be betier understood from the
following detailed description when read in conjunction with the accompanying drawings.
Such embodiments, which are for illustrative purposes only, depict novel and non-obvious

aspects of the mvention, The drawings include the following figures:

(60241 Figure | illustrates schematically a near total occhusion;
[3025] Figure 1A illustrates a systemn the can be used to provide access across an

occhusion for therapy devices to enhance treatment of an occlusion;
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[0826] Figure 2 1s a perspective view of a first embodiment of a device that can
be used in the system of Figure 1A in providing access across an occlusion for therapy
devices;

[0827] Figure 2A 1s a plan view of a sccond embodiment of a device for
providing access across an occlusion for therapy devices;

[B028] Figure 3 is an exploded perspective view of the second embodiment of a2
device of Figure 2A;

(80629 Figure 4 15 a perspective detail view of a distal portion of one variation of
an occlusion crossing device, which can be incorporated into various embodiments including
the first or second embodiments;

(8030} Figure 5 is a perspective detail view of a distal portion of another variation
of an occlusion crossing device, which can be incorporated into various embodiments
inclnding the first or second embodiments;

(60311 Figure SA s a perspective detail view of a distal portion of another
variation of an occlusion crossing device, which can be incorporated into various
embodiments including the first or second embodiments;

{60321 Figure 5B schematically shows one embodiment of a mechanical interface
between a tip portion and a catheter assembly.

[6033] Figure 6 is a cut-away view of a distal portion of a catheter body
illustrating how the catheter body provides enhanced stiffness in a distal portion;

60341 Fignre 7A ilustrates wnder fluoroscopic imaging a patient having a
chronic total occlusion, which patient is in dire need for a device that can quickly and safely
cross the chronic total occlusion;

0351 Figore 7B ilhustrates under fluoroscopic imaging a system including a
guidewire and an anchorable and/or rotatable crossing device advanced through a patient
portion of an artery, toward a total occlusion;

[B436] Figure 7C llustrates under flyoroscopic imaging a treatment device being
position over the guidewire of the systern of Figure 7B through the total occlusion;

(66371 Figure 7D illustrates under fluoroscopic imaging advancement of the
treatment device entively through the total ceclusion to facilitate expansion of a balloon

catheter; and



WO 2015/042190 PCT/US2014/056162

[G038] Figure 7E illustrates the same vessel segment of illustrated im Figure 7A,

where the occhusion has been opened and the flow restored.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

{3039 Each and every feature described herein, and cach and every combination
of two or more of such features, is included within the scope of the present mvention
provided that the features included in such a combination are not mutually inconsistent.

50481 Embodiments of the present invention are gencerally divected to catheter
systems for crossing vascular stenosis, such as near total ccclusions, components thereof, and
methods use of such systems and components.

{841 As used herein, the term “near total occlusion” refers to regions of
vascular stenosis that reduce the cross-sectional arca of the vessel lumen by >80%, in
particuiar, by >90%, and in some cases by more than 95%. The term “total occhision” means
the entire vessel humen is fully occupied by atheroma or other occhusive material preventing
blood flow through the passage of the lumen.

1604721 As used herein, the term “substantially”, when used in reference to a lincar
dimension {e.g., length, width, thickness, distance, etc.) means within plos or minus one
percent {1%) of the value of the referenced lincar dimension,

{60431 Figure 1 is a cartoon representation of a near total occlusion of a blood
vessel formed by a lesion 17, The blood vessel 10 has an interior surface 12, which defines a
tumen 14. In atherosclerosis, lipid and fibro muscular material accumulate in the vessel wall,
forming a lesion that bulges into and occupics or occludes at least a portion of the lomen 14,
Advanced-stage atherosclerotic lesions often include regions of soft plague 16 and regions of
atheroma |8, In some cases, the atheroma 18 wmay be calcified making access by
interventional techniques difficult or impossible.

[dd] When the atheroma 18 intrudes into the lnmen 14, a stenosis 20 is formed
that can greatly reduce blood flow through the vessel, Angioplasty s one techunigue for
treating a stenosis 20, In balloon angioplasty, a deflated balloon 1s mounted on an
endovascular catheter, and the catheter is pushed along the vessel 16 until the deflated
balloon occupies at least a portion of the stenosis 20. Once the deflated balloon is positioned

within the stenosis 20, the balloon is inflated, pushing the atheroma 18 back toward the

8-
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vessel wall and enlarging the tomen 14 within the region of stenosis 20. In some cases, an
expandable stent s used fo restore the luroen 14 within the region of stenosis 20.

[ 34 5] In many cascs, a guidewire is pushed ahead of the endovascular catheter to
aid catheter travel through the blood vessel. The guidewire is thin and has a smaller profile
than the catheter. Often, the catheter has a central humen that acconunodates the guidewire,
and the catheter rides along the guidewire, This configuration of catheter is referred to as an
“gver-the-wire” catheter.

[3846] In some cases, the stenosis 20 18 so narrow that the balloon catheter is
unable to follow the guidewire through the stenosis. Rather, the balloon catheter can get
hung-up or blocked at the proximal or distal end {depending on the direction of approach} of
the stenosis 20, In such a case, angioplasty is precluded because it is not possible (o position
a deflated balloon within the stenosis 20, In some cases, the atheroma 18 forms a calcified
plug that precludes passage of the guidewire through the stenosis 20,

(63471 Figore 1A illustrates an occhision crossing system 50 that can be used to
improve a clinician’s ability to pass a balloon catheter or other therapy device across a
blockage formed by the lesion 17, The occlusion crossing system 50 includes a sheath 54
and a catheter device 38, The catheter device 58 is provided for clearing a passage through
the lesion 17 to enlarge the access therethrough, which may involve cutting the ocelusion.
For this reason, in some passages the catheter device 58 1s referred to as a cutting catheter,
The sheath 54 can be used to enclose and/or guide the catheter device 58 between a vascular
access site and an occlusion. The sheath 54 thus provides protection for the un-occhuded
vessel{s) through which the catheter device 58 is delivered. The occlusion crossing system
50 can also melude a gmdewire 62 to help access or ¢ross an occlusion,

60481 The guidewire 62 can take any suitable form. It can be a long slender wire
with no lateral protuberances or it can have one or more lateral extensions. For example a
plurality of barriers or shoulders can be provided along a distal length of the guidewire 62 to
engage and retain portions of the lesion 17. The guidewire 62 can have an anchor, such as a
helical structure adapted to be advanced rotationally into the lesion to engage and hold it
These are examples of structures that can positively engage and hold the lesion 17, When so
engaged, these structures can provide a counter traction for holding the position of the lesion

while catheter device 58 {or variant herein} is advanced into the lesion to enhance access

9.
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across the lesion. Examples of barriers and anchor are discussed in US5443443 and
US5047040, which are hereby incorporated by reference herein n their entirety.

15049] The sheath 54 comprises a proximal end 64, a distal end 66, and a lumen
extending throngh an clongate body 65 disposed between the ends 64, 66, The lumen is
sized to receive the catheter device 58 as discussed further below, The proximal end 64 of
the sheath 54 15 preferably configured to be coupled with other devices. For example, a
branched access port 68 can be provided at the proximal end 64. A first branch 70 can be
provided to couple with a fluid source. A second branch 72 can be aligned with the lnmen of
the sheath 34 to provide in-line access to the humen of the sheath 54, Oune or both of the
branches 70, 72 can have a valve structure to limdt, minimize or eliminate blood loss. A
tuohy-borst attachment can be provided on one or both of the branches 70, 72. In one
embodiment, the proximal end 64 includes a modular coupling 74 that enables the branched
access port 68 1o be decoupled from the elongate body 65 if access via the branches 15 not
required or for certain phases of procedures where the branches arc not needed and might be
in the way if not removed from the procedure zone. The coupling 74 can include torque
structures 75 on opposite sides thereof,

[0050] The catheter device 58 is configured to be advanced to the occlusion 20 to
provide a therapy as discussed herein. The catheter device 58 comprises a proximal end 80,
a distal end 82, and a humen extending through an elongate body 84 disposed between the
ends 80, 82, The lumen is sized to provide access for a balloon catheter or other therapy
device, for fluid to be mjected or withdrawn, and/or for material of the occlusion 20 to be
lodged. The elongate body 84 has sufficient nigidity for deliverability and for providing
cutting or segmenting action at the occlusion 20. For example the body 84 can be configured
to provide L1 torque. As discussed below, braids and coils arc contemplated as structures
providing pushability and flexibility for various applications, including peripheral, coronary
and neuro-vascular applications.

(6051 The clongate body 84 has a length sufficient to reach a treatment site such
as a peripheral, coronary, or neurg-vascular treatment site. For example, for ipsa-lateral
treatment, the elongate body 84 can be between about 40 and about 100 cm, ¢.g., about 80
cm. For a treatment in the iliac artery, the elongate body 84 can be about 60 ¢, For a

treatment in the superficial femoral artery (SFA), the elongate body 84 can be between about

-10-
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140 and 160cm. For a weatment in the coronary arterics, the clongate body 84 can be
between about 10 cm and abount 140 om. For neurovascular applications the elongate body
&4 can be between about 130 cm and about 180 om, e.g., about 150 cm. The sheath 34 can
be about 10 cm to about 20 cm shorter than the catheter device 58, The clongate body 65 can
be 10-20 om shorter than the clongate body 84, More generally, the sheath 34 or elongate
body 65 can be shorier than the catheter device 58 or elongate body 84 by an amount
sufficient to provide a working length.

(0521 Figore 1A shows that the lomen in the body 84 can receive the guidewire
62 in certain ernbodiments and for cerfain technigues. The proximal end 80 of the catheter
device 58 is preferably has a handle 86 that s used to actuate the catheter 58, The handle 86
is configured to transmit a torque. The proximal end ¥0 can also include a branched access
port 88 or other access device. A first branch 90 can be provided to couple with a fhud
source F. A second branch 92 can be aligned with the lumen of the cutting catheter 58 to
provide in-line access to the lomen in the body 84. One or both of the branches 90, 92 can
have a valve structure to limit, minimize or eliminate blood loss. A tushy-borst attachment
can be provided on one or both of the branches 90, 92. In one embodiment, the branched
access port 88 can he detached from the handle 86 when access via the branches 90, 92 is not
reqguired or for cortain phases of procedures where the branches are not needed and might be
in the way if not removed from the procedure zone. In one technigue, the branched access
port 88 is left in place when torqueing the catheter 38 because the first branch 90 provides a
higher torgue than the handle 86 in an optional system and technique.

[B453] The distal ends 66, 82 can be configured to be incompressible and/or
radiopague. The distal end 82 can be configured to engage and disrupt the occlusion 20 to
enhance access through the stenosis 20, The distal end 82 preferably is stiffer than the
clongate body ¥4 at locations proximal of the distal end 82, The ond 82 includes an
occlusion clearing implement 94, which can be one or more tecth, a continuous but abrasive
surface for removing maticr, a concave scooping structure for separating volumes of the
matter from the occlusion 17 or other structures discussed herein.  As discussed further
below, the implement 94 or the system 50 are configured to follow a directed path and not to
cause vessel mjury in regions not being treated. The implement 94 can be radiopaque to

provide visuahization of the cutting catheter 58 when disposed in the vasculature,

-11-
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6054} The sheath 54 is configured to slideably and rotatably receives the catheter
device 58, The inner surface of elongate body 65 and/or the outer surface of elongate body
84 can be configured to ease a retracting or extending motion in an axial direction, ¢.g., along
the longitudinal axis of the body 65 or the body 84, Either of these surfaces can have a
tubricions coating, for example. In one embodiment, the moer surface of the body 84
includes an expanded polytetrafiuorocthylene (ePTFE) or other similar liner. As a result, the
end 82 of the cutting catheter 58 can be pulled back inte the end 66 of the sheath 54 for
delivery or pushed out from the end 66 for engagement with the occlusion 26, The end 66 i3
configured to minimize out-of-round conditions of the sheath 34, Tn particular, a support
ring 96 of the body 65 can be made more rigid than portions of the clongate body proximal
of the distal portion 96 such that the clongate body 84 can freely rotate within the body 65.
For example the support ring 96 can include a metal or ceramic cylinder that has hoop
strength preventing it from being deformed when urged against an occlusion. The nigidity of
the support ring 96 provides the advantage that the distal end 66 will mamntain its pre-
delivery configuration or will be deformed only by an amount that would not restrict rotation
of the body 84 and thereby the end 82, The support ring 96 can be made of a radiopaque
material to enhance visibility of the sheath 94 and the system 50,

[B8055] Methods of using the occlusion crossing system 50 or similar systems with
any of the alternative components deseribed herein are discussed below

[8056] Figure 2 depicts an embodiment of a clearing device 100, The clearing
device 1{{ as or in combination with the catheter device 58 in the occlusion crossing system
50 discussed above. In the illustrated embodiment, the clearing device 100 has a handle 130
at a proximal end, a tip 140 at a distal end, and a flexible elongate body 110 that is coupled to
the handle 130 and the tip 140,

(0571 In some embodiments, the elongate body 110 is holiow and cylindrical or
substantially cylindrical, having an internal surface 116, a central lumen 114, an inner
diameter 112, and an outer diameter 112, In several embodiments, the mner diameter 112 is
about .94 mm to about 1.07 mun.  In several embodiments, the outer diameter 118 15 about
112 v to about 1.37 om. In some embodiments, the central huven 114 1s configared to
accommodate a guidewire (not shown). In at least one embodiment, the inner diameter 112

is less than 10% larger than the outer diameter of a guidewire, In other embodiments, a
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smaller gap on a percentage basis may be provided. For example, some embodiments
provide a less than 5% gap between the mner diameter thereof and an outer diameter of a
guidewire {c.g., the guidewire 62 of Figure 1A).

[G0SE] In other embodiments and technigues, the guidewire is used to track the
clearing device 100 and specifically the tip 140 to the stenosis. Ouvce in position, the
guidewire could be withdrawn and the clearing device 100 can be used to enhance access
across the occlusion. If the guidewire is in place the clearing device 100 system may rotate
about the outer surface of the guidewire independently either exposed in the vessel or in the
sheath 54, Thus, in some embodiments, the gudewire is not required to be i place or to
rotate with the system for the device to function. In other embodiments and for cerfain
applications, a guidewire may not be used cven for delivery of the system. For example, if
the vessel segment is straight there may not be a need for a guidewire. In such cases, the
clearing device 100 preferably is configured to enhance access across an occlusion without
support from a goidewire,

EER Ume feature that aids in guidance of the clearing device 100 whether
guided by a wire or a guide catheter is the configuration of a rigid distal portion, for example
of the tip 140. The tip 140 can be configured to minimize wandering within a blood vessel.
In particular, blood is subject to varying pressures and certain peripheral blood vessels have a
relatively high mobility. By making the length of the tip 140 greater than mner diameter 112
the distal portion of the clearing device 100 tends to remain generally straight in the vessel
In some embodiments, the length of the tip 140 is more than two times the diamcter of the
tip. In some embodiments, the length of the tip 140 is more than two and one-half times the
diameter of the tip. In some embodiments, the length of the tip 140 1s more than three tiraes
the diamcter of the tip, The tip 140 can be from 1-5 times the diameter of the tip in certain
embodiments,

[6060] More generally, the clearing device 100 is not bimuted to natural body
lumens or blood vessels. For example, another application for which the clearing device
could be used is for salvaging occluded dialysis grafts. Such application may benefit from a
lower profile clearing device, ¢.g., one having an outer diameter of bout 4-8 mm.

(6061 In some embodiments, a lining 120 covers at least a portion of the mner

surface 116. In some embodiments, the lining 120 is made of a material that enhances the

13-



WO 2015/042190 PCT/US2014/056162

fubricity of the inner surface 116, In at least one embodiment, the lining 120 is made from
ePTFE. The lining 120 or other lubricions structure or coating such as silicone or surface
modification facilitates sliding of the elongate body 110 over a guidewire in a manner that
reduces or minimizes forces that would tend to change the tracking force, the torque force,
and the position of a the distal portion, such as a tip of the clearing device 100, As discussed
below, in one mode the tip of the clearing device 100 is rotated about the guidewire to
provide an abrading or gentle cutting action. Such action could be prevented if the distal
portion, ¢.g., the tip becomes out of round duc to such forces.

(6062} In several embodiments, the outer surface of the clearing device 100 1s
coated with a lubricious coating or structure to reduce friction with the vessel wall during
tracking, torqueing, and crossing of the stenosis. Examples of such structures inchude a layer
of Teflon, sitlicon, or a hydrophilic coating. A lubricious sleeve could be used, which sleeve
can be moveable relative to, e.g., configured to be withdrawn from the clearing device 100

{063} In several embodiments, the clearing device 100 has a tip 140 that is
coupled to a distal end 152 of the elongate body 110, In some emwbodiments, a proximal end
154 of the tip 140 1s disposed over the distal end 152 of the elongate body 116, In some
embodiments, the distal end 152 of the elongate body 110 is disposed over the proximal end
154 of the tip 140. In at lcast onc embodiment, the proximal end 154 of the tip 140 is
coupled face-to-face with the distal end 152 of the elongate body 110 such that the tip 140
and the elongate body 110 share a similar outer diameter, with a proximal face 143 of the tip
140 forming an interface with a distal face 155 of the elongate body 110. In some cases, a
transition between the proximal face 143 and a distal end of the clongate provide a joint
without a step that could catch on external matter as the device 100 is being dehivered. In
several embodiments, the cutting tip is attached to the braided skeleton of the catheter body
prior to coating the cntire structure with an extruded polymer, after which the tip can be
subsequently exposed.  Other reinforced catheter designs tend to store energy in the
reinforcement. The rvesult 13 something like winding a spring rather than providing oue-~to-
one rotation of the distal end upon rotation of the proximal end. In the catheters herein the
braided skeleton is preferably formed to reduce storing encrgy in the catheter body and to
maintain as close as possible one-to-one rotation to enhance the entting work at the distal end

for the rotation at the proximal end. Figure 6 shows a mesh material 190 to which the tip
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cortld be welded or otherwise coupled, for example. In other embodiments, the cutting tip
can be attached to the catheter with an adhesive. Varnations provide multiple lavers of
adhesive and layers that can be applied or heat-shrunk over mner layers of the clcaring
device 10. In some cascs, as described herein a recess and/or protrusion provide a strong
mechanical interface alone or in combination with other attachment structares,

[8064] In several embodiments, the clearing device 100 has a handle 130 coupled
to the proximal end 132 of the elongate body 110, In some embodiments, the handle 130 is
configured to apply torgue to the elongate body 110 as a user rotates the handle 130, In at
least one embodiment, the clearing device 100 1s configured so that the handle 130 apphies an
approximately a [l torque ratio to the elongate body 110, causing the tip 140 to rotate
substantially in unison with the handle 136. In some embodiments, the handle 130 is made of
polymer. In at least one embodiment, the handle 130 is made of polycarbonate.

[3865] Figure 2A depicts an embodiment of a clearing device 100A that is similar
to the clearing device 100 except as set forth differently below. The clearing device 100A
can be used with one or more components of the system 30. In this embodiment, a handie
130A is provided that nchudes at least one tib 134 that enhances a user’s ability to apply
torque by finger pressure to the elongate body 110, In the illustrate embodiment, the handle
130A has two ribs that are disposed on opposite sides of the body of the handle 130A. This
structure enables a user to apply pressure by a thumb and index finger of a single hand to
rotate the clearing deviee 100A. This provides for casy abrading or cutting action, with the
procedure being performed with just one or two hands, For instance, as discussed more
below, this approach enables a user to hold a gnidewire in one hand and the clearing device
100A 1o the other hand and to provide rotation of the clearing device over the guidewire
when so held.

[8366] In another technigue, by altering the fension or compression on the
guidewire the user can direct the leading edge of the clearing device 100, 160A. Tf the wire
bows under compression, for cxample, the trajectory of the clearing device 100 can be
altered. A plurality of wires of different bending stiffness could be used to vary the bending
stitfness under compression. In one case, two or three wires are provided which will be
relatively stiff and counld clear canse some enlargement of the occluded lumen. I operation
of the clearing device 100 is to commence, one or more of the wires can be removed., For

-15-
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instance a first wire can be removed so that the remaining wires will bow ander compression.
A tangent to the bent wire(s) that remaim will define the trajectory of the clearimg device 100,
LO0A. In a further step, all wires can be removed to permit the clearing device 100, 100A to
be advanced without support, and unguided from that point on. For progressive enlargement
a serics of clearing devices 100 could be used to enlarge the lumen shghtly more for cach
device.

(66671 In some embodiments, the handle 130A is joined to the clongate body
110, which s of a different configuration, ¢.g., a different matenial or physical structure. In
such arrangernents, a strain relief structure can be provided between the handle 130A and the
clongate body 110 to minimize kinking or other fatlure modes. Onc example of a strain
relief structure inclades a collar 136 that couples handle 130A to the clongate body 110, In at
least one embodiment, the collar 136 is bonded to the handic 130A using an adhesive. In
some embodiments, the collar 136 1s tapered such that a distal end 138 of the collar 136 has
an outer diameter that is smalier than the outer diameter of a proximal end 139 of the collar
136. In several embodiments, the collar 136 is made of polymer. In at least one embodiment,
the collar 136 is made of nylon. In at least one embodiment, the collar 136 is made of
polyether block amide (PEBA). Other functions of the strain relief inclade one or more of
the minimization of kinking during general handling, tracking and torgueing of the catheter,
facilitating the bonding of a larger diameter handle to the smaller diameter catheter body,
providing a surface for the printing of catheter specifications or color to denote the
configuration of the catheter,

{3638} In several embodiments, the clearing device 10 comprises a sleeve 160
that swrounds at least a portion of the elongate body 110, Tn some embodiments, the sleeve
160 strengthens the junction of the tip 140 to the elongate body 110, In several embodiments,
the slecve 160 minimizes abrupt diameter changes that may result during assembly of the tip
140 to the elongate body 110. In some embodiments, the sleeve 160 swrrounds the distal
portion of the elongate body 110, In at least one erubodiment, the sleeve 160 swrounds the
proximal portion of the tip 140 and the distal portion of the clongate body 110, In some
embodiments, a distal portion 162 of the sleeve 160 has an outer diameter that is larger than

the outer diameter of a proximal portion 164 of the sleeve 160. In at least one embodiment,

-16-



WO 2015/042190 PCT/US2014/056162

the sleeve 160 is made of shrink tubing material. Other Runctions of or modes of operation of
the sleeve 160 (e.g., shrink tubing 160} inclade providing any or all of the following:

18869} lubricity — the outer surface may be made of a material that is more
slippery or made to be more shippery than the catheter body thus facilitating tracking
and torqueing the catheter;

18878} support — the sleeve may be configured to increase the longitudinal
stiffness of the distal portion of the catheter, resulting in the cutting tip being guided
in a straight; and/or

{8071] protection — the slecve covers the tratling cdge of the cutting tip and
protects it from being dislodged during tracking and torqueing.

(60721 Although illustrated as a separate layer that s applied to the elongate body
110, the slecve 160 could be configured as a coating or could inchude a coating disposed over
it.

(84731 Figures 4 and S depict illustrative embodiments of the up 140, As
discussed below, the tip 140 mteracts with the lesion tissue and is configured to remove or
displace lesion tissuc. In several embodiments, the tip 140 is configured to remove lesion
tissue through different modes of operation including cutting, tearing, shaving, or abrading
the lesion tissue. The tip 140 may be configured to use one, or more than one, method of
removing lesion tissue. In several embodiments, the tip 140 provides lateral support to the
guidewire as the guidewire is advanced through a stenosis. In some embodiments, the tip 140
can prevent the guwidewire from buckling as the guidewire is advanced through an occlusion
or a near total occlusion. In providing this function, the tip 140 can be configured with a
bore having a diameter that is close to that of the guidewire, e.g., within about 10% of the
diameter of the gmdewwre. The gap between the guidewire and the clearing device 100
should be large enough to keep resistance fo relative movement {advancement and/or
rotation) between these components to an acceptable level for tracking and twisting. In
addition, the clearing device 100 may be used as an exchange device for changing
guidewires or other interventional devices without losing position or access to the target
lesion. The lomen in the clearing device 100 can be used for drog delivery and conirast

injection as needed.
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(6074} The tip 140 has a distal face 142, a side surface 144, and a distal opening
146, In the embodiment of the tip 140 shown in Figure 4, the distal face 142 of the tip 140 15
disposed generally at a plane extending transverse to the longitudinal axis of the tip 140, The
face 142 can also be beveled, such that it is rounded in a proximal direction from such a
plane, e.g., toward and outer surface of the tip 140, This arrangement s advantageous i that
a longitudinal force along the axis of the clearing device 100 will produce a generally
straight trajectory of the tip 140 as it advances. The distal face 142 can be disposed on a
plane at an acute angle to the longitudinal axis in certain embodiments, but disposing the
distal face 142 on a transverse plane resulis in less deflection of the tip upon advancement or
rotation.

{8751 In some embodiments the tip 140 can be beveled and serrated. An
example of a serrated tip provides a plurality of sharp edges on the surface 140 disposed
around the circumference of the tip 140, The sharp edges can be elongated and disposed on
the side surface 144. The cdges can be axial edges. The edges can be spiral edges. In some
embodiments, the sharp edges can be configured for removing material from the clearing
zone disposed around the distal face 142, In some embodiments, teeth or other cuiting
structures can be disposed on the inside of the lumen extending proximally from the distal
opening 146, Cutting structures disposed on the side surface 144 can have an arcuate
configuration facing the direction of the cut. For cxample, the cutting surface can have an
angle of attack facing the direction of motion of the clearing device. The cutting surface can
be position to maximally cut upon rotation of the clearing deviee 100 in some embodiments.
The cutting surface can be positioned to maximally cut upon advancement of the clearing
device 100 in some embodiments. In some embodurents, the distal face 142 1s blunt (not
shown). In at least one embodiment, the distal face 142 is abrasive. In the embodiment of the
tip 140A shown in Figure 5, the distal face 142A has a plurality of cutting tecth 170. The
face 142A can also be considered to be disposed on a transverse plane, for example, for
example if the distal aspects or proximal aspects of the teeth 170 are disposed at the same
plane disposed transverse to the axis of the tip 140A. In some embodiments, the cutting teeth
170 are configured to hold the lesion tissue fixed relative to the tip 1404, allowing the
clearing device 100 to tear lesion tissue away from vessel wall. In some embodiments, the

cutting teeth 170 are configured to shice through the lesion tissue, allowing the clearing
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device 100 to remove lesion tissue in a manner that minimizes twisting stress on the vessel
wall.

15076} In several embodiments, the side surface 144 of tip 140 includes an
clement for moving displaced or scparated abraded matter from the working zone of the
clearing device 100, For example, in one embodiment at least one flute 180 serves to debulk
the lesion as the tip 140 rotates within the stenosis 20, In some technigues, aspiration is
provided through a main {c.g., central} lumen of the clearing deviee 100, In some
approaches, if a8 guidewire is present, aspiration through the main lumen can be enhanced by
removing the gudewire,

(6677} In some embodiments, the flute 180 includes a hole that passes through
the tip 140. In at least one embodiment, the flute 180 commumicates with a lumen, ¢.g., a
dedicated aspiration humen (not shown) or the central lumen 114 of the clongate body 110, If
the abraded matter 1s to be aspirated out of the clearimg device 100, 100A or otherwise
segregated therein, a dedicated lumen may be preferred in that the sliding contact between
the inner surface 116 of the elongate body 110 and the outer surface of the guidewire should
remam as debris-free as possible to reduce the chance of these surfaces becoming seized. In
other embodiments, a greater gap is provided between the inside surface of the elongate body
110 and a gmidewire positioned therein and abraded or separated matter from the occlusion
can be aspirated or sequestered in the main lumen. o at least one embodiment, the flute 180
is a circular hole having a diameter of 6.6 mm.

[6878] (ther uses for the flutes 180 are to confirm the status of the clearing
device 100. For example, an imaging agent can be delivered through a lumen in flud
communication with the flutes. The patiern of the finages indicates the status of the clearing
device. In one instance, the imaging agent may not emerge from the clearing device 100,
The clinician can then know that the clearing device 100 is occluded and could be removed
and cither cleared or replaced with a second clearing device. In another instance, the
imaging agent can indicate whether the occlusion of the vessel is sufficiently enlarged for
other treatment. In another instance, the imaging agent may indicate that a different mode of
use of the clearing device 1030 should be used. For example, if one side of the clearing
device 100 s occluded a second side of the device counld be rotated into position fo further

clear the lumen.
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(66791 In some embodiments, apertures similar to the flutes 180 can be provided
throngh the tip 140A to provide for securement to other parts of the clearing device, For
example, the tip 140A can be configured as a metal cylinder to be joined to an clongate
polymeric catheter body. To secure the cylinder, holes in the cylinder can be configured and
positioned to have portions of the catheter flow or extend into the holes. Tn one technique a
polymeric body of the clearing device 100 disposed on the inside of the cylinder is formed
such that a portion thercof protrudes radially outwardly into the holes. In one technigue a
polymeric body of the clearing device 1060 disposed on the outside of the cylinder is formed
such that a portion thereof protrudes radially mwardly into the holes, Figure 5A shows an
example where holes are disposed beneath the sleeve 160, The sleeve is applied to a portion
of the side surface 144 of the tip 140A such that the sleeve extends into the holes. This
provides for secarement of the cvlinder to prevent it from slipping off the elongate body 110
or from being displaced proximally which would interfere with the clearing function,

{088 The clongate body 110 proximal of the tip 140 must be flexible to cnable
the clearing device 100 to travel throngh a tortuous vasculature for certain applications, e.g.,
for coronary or neurovascular procedures, At the same time, the elongate body 110 must be
stiff to transmit compressive and torsional forces to the tip 140, In several embodiments, the
clongate body 110 is made of polymer. In some embodiments, the elongate body 110 is made
of a polymeric material selected from the group consisting of polyimide, and PEBA. In some
embodiments, the clongate body 110 is made of one material embedded in another material.
In an embodiment depicted in Figure 6, the clongate body 110 is made of a mesh material
190 embedded in a coat material 194, In at least one embodiment, the mesh material 190
mcludes 304-stainless steel flat wire braid. In at least one embodiment, the coat material 194
18 made of a polymer, such as polyimide and/or PEBA. In some embodiments, multiple layer
and muitiple polymers may be employed. In addition, in several embodiments the clongate
body can be fashioned from a material or composite structire at the proximal end to provide
more push such as a hypotube and be attached to a material of softer stiffhess to facilitate
tracking and delivery of the cutting tip,

(8081} In several embodiments, the clearing device 100 is nsed in conjunction
with a guidewiwre (not shown)., In many cmbodiments, a guidewire 15 advanced

endovascularly until the distal end of the guidewire reaches a stenosis targeted for

J30-



WO 2015/042190 PCT/US2014/056162

angioplasty. In some embodiments, the clearing device 100 is mounted onte a guidewire by
fecding the proximal end of the guidewire mto the distal opening 146 of the tip 140, The
guidewire is then passed through the central tumen 114 of the capture device 110, and drawn
out of the proximal opening 133 of the handle 1306, The tip 140 is advanced along the
guidewire uantil the distal face 142 of the tip 140 encounters the lesion 17. As discussed
elsewhere herein, close clearance between the lumen |14 and a guidewire help to reduce the
crossing profile. In some embodiments and in some techniques, having close clearing also
helps in bracing the guidewire. Bracing is not required for various embodiments and
technigues. In some cases, a guidewire is not needed in any aspect of the method.

[8082] In some embodiments, the tip 140 is used to gently abrade the lesion 17,
Omce the distal face 142 makes contact with the lesion 17, a user applies torque to the handle
130, causing the handle 130 to rotate about the gindewire. The clongate body 110 transmits
the torgue to the tip 140, causing the distal face 142 of the tip 140 to shide over the surface of
the lesion 17. In many embodiments, a user rotates the handle 130 in alternating clockwise
and counterclockwise directions. In some embodiments, the handie 130 is rotated in only one
direction. In some embodiments, a user applies corpressive forces by pushing the handle
130 in the distal direction. In some embodiments, a user applies simultancously compressive
and torsional forces by pushing the handle 130 in the distal direction while rotating handle
130 about the guidewire.

[8083] In several embodiments, the tip 140 is configured to resist deformation, In
some embodiments, the tip 140 is made of an alloy possessing high strength propertics. In at
least one embodiment, the tip 140 is made of scamiess drawn tubing of L-605 composition.
In several embodiments, the tip 140 defines a circular lumen. In at least one embodiment, the
tip 140 has an mner diameter of 1.25 mm and a circularity of less than §.0050 mm. In at least
one embodiment, the tip 140 is a hollow cyvlinder with an outer diameter of 1.45 mm, a wall
thickness of 0.2 mum, and a length of 4.5 mm. As noted above, configuring the tip to avoid
being deformed out of round provides assurance that the clearing device 100, 100A will not
seize up upon the guidewire, preventing relative rotation.  In at least some embodiments, a
close fit between the guidewire and the clearing deviee 100, T00A is provided so that the
clearing device 100 can provide a bracing effect to the guidewire. This bracing effect

cuables the guidewire to be advanced distally out of the abrading device m a mode of
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operation where the guidewtre is urged forward across the lesion. In order to provide this
bracing effect while still mamtaining the clearing device 100 rotatable over the guidewire,
out of round of the inner diameter should be reduced, minimize or eliminated.

6084} Figure 5A illustrates another tip arrangement that can be provided on any
of the clearing or cutting devices disclosed herein. The embodiment includes a tip 1408 that
includes a first structure 200 for providing a mechanical interface between the tip 1408 and
an clongate catheter assembly and a second structure 204 for removing or retaining matter
removed from the lesion 17 during the procedure. The first stracture 200 can include one or
a plurality of recesses 212, The recesses 212 forra a part of an interface disposed between
the tissue modifying surface, which can include a ring or ring structure of the tip 1408 and
one or both of the sleeve 160 and the clongate body 110, which can be disposed within the
tip 1408, The recesses 212 can be formed around a circumference of the tip 1408, ¢.g., at
equal angular spaced apart crcurnferential locations. The recesses 212 can be holes disposed
entirely through the ring structure of the tip 140B. The sleeve 160 and/or the elongate body
110 can interface with the tip 140B by protruding into the recess 212, In other embodiments,
the recesses 212 can disposed on an nside surface of the sleeve 160 or an outside sorface of
the clongate body 110 and a lateral protrusion formed on the tip 140B can protrude into the
recesses. The interface between the recesses 212 and the elongate catheter assembly can be
disposed at least partially in a radial divection. As such, an axial load can be transmitted
across the interface such that a pushing, pulling or rotational force is duectly transmitied
trom the proximal end to the tip 1408, Also, the interface formed in and by the recesses 212
provide supplemental securement to the tip 140B such that it will not detach from the
clongate body 110.

[8085] The second structure 204 can include a plurality of apertures 216 disposed
about the circumference of the tip 140B. The holes provide for the tip 140B to take in matter
that is hiberated from the lesion 17, As discussed above, the aperture 216 can be blind end
holes or can extend enfirely through the tip 140B and be in fluid communication with a
lumen for aspiration or retention of the matter. The second structure 204 can be arranged at
one axial position or can be an array of holes disposed along a length of the tip 140B.

[3886] The second structure 204 can be in communication with a source of fluid,

¢.g., through the branch 90, such that fluid can be mjected through an aperture or through an
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array of apertures. The fluid can be a medication or can act as a lubricant to facilitate
motion, The fluid can be a contrast mediom such that the outflow through the apertures of
the second structure 204 can indicate the degree of fill of the interior of the clearing device
100.

[3887] In various erobodiments, the second structare 204 can inchude apertures of
different types such that distal-most apertures may cxiend partly through the wall of the tip
portion 1408 while apertures proximal thereof may extend entively through the wall to
provide fluid commumcation between an outside of the clearing device 100 and a lumen
therein. That way more distal apertures can {ill without obstructing the lumen. Once the
distal-most apertures are filled, the more proximal holes will become obstructed and prevent
contrast from flowing out of the device 100 indicating the device is full or nearly full.

[GO8S8] A further embodiment is ilustrated in covnection with Figure 6. In
particuiar, a tip (such as the tip 140, 140A, 140B) can be attached to the mesh 190 at the
distal end of the mesh 190, The distal end of the tip can be disposed proximally of the distal
end of the hning 120 or proximal to the distal end of the distal-most section of the coat
material 194, For example, the distal end of the tip can be at the Ime L in Figure 6. This
provides a bumper zone 220 distal to the end of the tip 140, 1404, 140B.  The bumper zone
220 can prevent an unintentional interaction with an un-discased vessel wall. The bumper
zone 220 1s generally more deformable than the tip 140, 140A, 1408 so under a higher force
it will either compress axially or radially under the lesion 17 thus not preventing the
treatments discussed above.

[089] Fignre SB shows a partial cross-section of one wall of a catheter device
100, 100A around the structure 200 for providing a mechamical interface. An interface 1s
disposed between the ring structure of the tip 1408 and the clongate catheter assembly. The
mnterface 1 provides a protrusion of the layer 160 into the recesses 212 as shown. In
aliernative embodiment, the layer 110 can extend radially outwardly info the recess 212, The
interface is at least partially in a radial direction in that a portion of the layer 160 is deformed
into recess 212, An axial load can be transmitted across the interface 1 in the direction of the
arrow A, In some embodiments, the interface is provided such that a protrusion and recess

overlap in the axial direction. The distal aspect of the aperture 212 can be just distal of
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(axially in front of) a portion of the laver 160. The proximal aspect of the aperture 212 can
be just proximal of {(axially behind a portion of the layer 160,

13099 In some embodiments, radial stiffncss and resistance to deformation
should be mimimal at least in an occlusion clearing portion. A braid, such as the mesh
material 190, can be used to reduce or eliminate deformation of the mmer diameter,

{3891 In at least one embodiment the tip has an oval or non-round outer profile
or is disposed radially or laterally away from an axis of rotation of the catheter assembly.
Such an arrangement provides that when the clearing device is rotated about the guidewire it
creates a circular lumen larger with a cross-sectional area greater than the cross-sectional
arca of the crossing device. In onc embodiment, an oval or other non-round outer profile
may be best for softer material. Round outer profile may be better to provide a more focnsed
force to clear harder materials.

(60921 Another advantage of a structure maintaining inner diameter stability is
that crossing profile and clearance will be more counstant and more predictable. In contrast, if
the tip compresses and the tip deforms, the profile of the tip may be reduced, which will
reduce the effectivencss in clearing the lumen.  If the inner diameter is collapsed, the
clearance may be reduced or climinated. Reducing or eliminating clearance may result in
cutting off the ability to remove severed matter form the clearing device 100, This may
result in blockage of the device and the need to replace the clearing device 100,

ADDITIONAL METHODS

6093} An actoal use of a clearing device similar to the clearing device 100 and
the systermn 50 is itlustrated by Figures TA-TF. Figure 7A illustrates under fluoroscopic
imaging a patient having a chronic total occlusion, The dark region shows that contrast
media that has been mjected is trapped upstream of the occlusion. Figure 7B illustrates the
device under fluoroscopic imaging a system. The clearing device 100 is disposed over a
guidewire, The clearing device is positioned to be {and 1s after the point in time recorded n
Figure 7B) advanced through the occlusion. Figure 7C illustrates under fluoroscopic
imaging a balloon catheter disposed over the guidewire and across the occlusion. Figure 7D
ithustrates under fluoroscopic imaging the balloon expanded at and on both sides of the
occlusion. The arrows point to a narrowing of the balloon at the site of the occlusion

showing that the remains of the occlusion are more rigid than the balloon. Figure 7E
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ithastrates the same vessel segment of illustrated in Figure 7A, where the occlusion has been

opened and the flow restored.

EXAMPLES

Example 1 — Treatment of in-stent restenosis

[6094] A 54-year-old male presented Stage Hb peripheral artery discase (PAD)
arising from restenosis of a stent placed in the right common iliac artery four years earlier. A
(.035-inch diameter PTFE endovascular gwdewire was inserted into the patient and
advanced across the region of stenosis, A balloon catheter was then mounted onto the
guidewire in an over-the-wire (OTW) configuration and advanced to the region of stenosis,
The balioon catheter was unable to cross the target stenosis. The balloon catheter was
withdrawn from the patient, and an embodiment of the clearing device 100 was mounted
onto the guidewire m an OTW configuration. In this and the following examples,
embodiments of the clearing device 100 were used, The embodiment of the clearing device
100 used to treat this patient had a 0.035 inch mner diameter and a leading odge outer
diameter of 0.071 inch. As discussed above, the serrated tip was used to advance the catheter
in resistance lesions by abrading or cutting through the inner huminal edges of the vessel
stenosis in much the same way that a saw is used to cut through a piece of wood., While the
blunt or beveled tip is used more hike a shoe horn but also may have to some degree abrading
abilities.

60951 The embodiment of the tip 140 wused to treat this patient had a distal
surface 142 that was blunt and abrasive. The clearing device 100 was advanced along the
guidewire until the distal surface 142 of the tip 140 made contact with the lesion tissue. The
distal surface 142 of the tip 140 gently abraded the lesion tissue. Gentle abrasion was
achieved by pushing the handle 130 in the distal divection and, at the same time, rotating the
handle 130 about the guidewire. The handle 130 was rotated in both directions during the
abrading procedure,

{3896] As the lesion tissuc was abraded, the clearing device 160 was advanced
along the guidewire until the tip 140 had crossed the region of stenosis. After the tip 140 had
crossed the region of stenosis, the clearing device 100 was withdrawn from the patient, and a

balloon catheter was re-mounted on the guidewire m an OTW configuration. The balloon
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catheter was advanced along the guidewire to reach the target stenosis. The balloon catheter
was now able to enter the region of stenosis because the clearing device 100 had abraded the
target lesion and enlarged the stenosis, allowing the stenosis to accommodate the profile of
the balloon catheter. Once the balloon catheter was positioned within the Iumen of the target
stenosis, the balloon was inflated to further enlarge the stenosis. After balloon angioplasty,
the balloon catheter was removed from the patient. Radiography confirmed blood flow was

restored in the targeted vessel.

Example 2 - Recanalization of the superficial femoral artery

(60971 A T0-year-old male presented Stage b peripheral artery disease (PAD)
arising from cecclusion of the superficial femoral artery. Radiographic imaging indicated the
occlusion affected a length of >25 om of artery, with the patient having 95% truncus
tibiofibulanis stenosis. A (.035-inch diameter endovascular guidewire was mserted into the
patient and advanced across the region of stenosis. A balloon catheter was mounted onto the
guidewire in an over-the-wire (OTW) configuration and advanced to the region of stenosis.
The balloon catheter was unable to cross the target stcnosis, The balloon catheter was
withdrawn from the paticnt, and an embodiment of the clearing device 100 was mounted
onto the guidewire in an OTW configuration. The embodiment of the clearing device 100
used to treat this patient had a 0.035 inch inner diameter and 2 leading edge outer diameter of
0.071 inch,

(60981 The clearing device 100 was advanced along the guidewire until the distal
surface 142 of the tip 140 made contact with the lesion tissue. The distal surface 142 of the
tip 140 gently abraded the lesion tissue. Gentle abrasion was achieved by pushing the handle
130 in the distal direction and, at the samg time, rotating the handle 130 about the guidewire,
The handle 130 was rotated in both directions during the abrading procedurc. Applying
gentle pressure on the handle 130 ensured the distal surface 142 of the tip 140 was abrading
the lesion by moving over the lesion surface. If pressure 1s applied too strongly to the handie
130 the lesion tissue may mercly twist in unison with the distal surface 142 of the tip 140,
making the abrading procedure ineffective. As the lesion tissue was abraded, the clearing
device 10 was advanced along the guidewire until the tip 140 had crossed the region of

stenosis, After the tip 140 had crossed the region of stenosis, the clearing device 100 was
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withdrawn from the patient and angioplasty was performed. Radiography confirmed blood

flow was restored in the treated vessel

Example 3 - Treatment of short superficial fomoral artery occlusion

[8099] An §6-vear-old male presented Stage Hb peripheral artery disease (PAD)
arising from occlusion of the superficial femoral artery. Radiographic imaging indicated the
occlusion affected a length of <6 cm of artery. A 0.035-inch diameter endovascular
guidewire was inserted into the patient and advanced across region of stenosis. A balloon
catheter was mounted onto the guidewire in an over-the-wire (OTW) configuration and
advanced to the region of stenosis. The balloon catheter was unable to cross the target
stenosis. The balloon catheter was withdrawn from the patient, and an embodiment of the
clearing device 100 was mounted onto the guidewire in an OTW configaration. The
embodiment of the clearing device 100 used to treat this patient had a 6.035 inch moer
diameter and a leading edge outer diameter of 0.071 inch,

(6106} The tip 140 of the clearing device 100 was moved to the target lesion by
advancing the handle 130 distally along the guidewire. Ounee the distal face 142 of the tip 140
was in contact with the target lesion, the handle 130 of the clearing device 100 was gently
pushed in the distal direction and rotated back-and-forth about the guidewire, causing the
distal face 142 to gently abrade the target lesion. This method of lesion abrasion was
continued until the tip 140 of the clearing device 100 had crossed the region of stcnosis,
Once the tip 140 crossed the lesion, the clearing device 100 was withdrawn from the patient
by pulling the handle 130 in a proximal direction until the clearing device 100 was removed
from the guidewire, Next, a balloon catheter was mounted onto the guidewwe for use
balloon angioplasty. The balloon catheter was mounted on the guidewire in an OTW
configuration and advanced along the guidewire to reach the target stenosis. The balloon
catheter was now able to enter the region of stenosis because the clearing device 100 had
abraded the target lesion and enlarged the sienosis, allowing the stenosis to accommuodate the
profile of the balloon catheter. Once the balloon catheter was positioned within the lumen of
the target stenosis, the balloon was mflated to further enlarge the stenosis.

(6101} After balloon angioplasty, the balloon catheter was removed from the

satient, and a delivery catheter carrving an expandable stent was mounted onto the suidewire
9 o o el

)
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in an OTW configuration. The delivery catheter was advanced along the guidewire until the
DES was within the lamen of the target stenosis. The stent was then deployed to maintain the

enlarged lumen and restore blood flow to the previously occluded vessel.

Example 4 — Treatment of truncus tibiofibiolaris stenosis

(6102} A T2-year-old male presented Stage IV peripheral artery discase (PAD)
arising from calcified below-the-knee (BTK) 99% truncus tibiofibiolaris stenosis. After a
successful wire-crossing of the stenosis by a 0.014-inch diameter guidewire, a 1.2 mm outer
diameter over-the-wire balloon catheter was advanced along the goidewire using a 1.5 mm
diameter push catheter. The balloon catheter was unable to cross the stenosis. The balioon
catheter was withdrawn from the patient and an embodiment of the clearing device 100 was
mounted onto the goidewire in an OTW configuration. The embodiment of the tip 140 used
for this example had a 0.018 inch inner diameter and a leading edge ounter diameter of 0.063.
The handle 130 was moved distally along the guidewire to advance the tip 140 to the target
leston. Once the distal face 142 of the tip 140 was in contact with the target lesion, the handle
130 of the clearing device 100 was gently pushed in the distal direction and rotated back-
and-forth about the guidewire to cause the distal face 142 to gently abrade the target lesion.

[0103] This method of lesion abrasion was continued until the tip 140 of the
clearing device 100 had crossed completely the region of stenosis. Once the tip 140 crossed
the lesion, the clearing device 100 was withdrawn from the paticnt by pulling the handle 130
in a proximal direction unti} the clearing device 100 was removed from the guidewire, Next,
a blade angioplasty catheter was again mounted onte the guide wire in an OTW
configuration. The blade angioplasty catheter was advanced along the guidewire, The blade
angioplasty catheter was now able to cnter the region of stenosis because the clearing device
160 had abraded the target lesion and enlarged the stenosis, allowing the stenosis to
accommodate the profile of the blade angioplasty catheter. The blade angioplasty catheter
was used to further enlarge the stenosis. After blade angioplasty, the blade angioplasty
catheter was removed from the patient, and a delivery catheter carrying an expandable drug-
cluting stent {DES) was mounted onto the guidewire in an OTW configuration. The delivery

catheter was advanced along the gnidewire until the DES was within the lumen of the target
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leston. The BES was then deployed to maintain the enlarged lumen and restore blood flow to
the previously occhuded vessel.

104} The above presents a description of modes contemplated of carrying out
the present invention, and of the manner and process of making and using it, n such full,
clear, coneise, and exact terms as to enable any person skilled i the art to which it pertains
to make and use this invention. This invention is, however, susceptibie to modifications and
alternate constructions from that discussed above which are fully equivalent. Consequently,
it 1s not the intention to hmit this invention to the particular embodiments disclosed. Un the
contrary, the mtention is to cover modifications and alternate constructions coming within
the spirit and scope of the invention as generally cxpressed by the following claims, which

particularly point out and distinctly claim the subject matter of the invention.
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WHAT IS CLAIMED 15:

I A system for crossing an occlusion within a blood vessel or eyhindrical body
cavity, cComprising:
a guidewire having free distal and proximal ends and being configured to be
advanced relative to an occlusion, the guidewtire having an outer diameter; and
a catheter device, comprising:

a fiexible clongate body extending between a proximal end and a distal
end, the clongate body having a lumen extending therethroungh with an inner
diameter larger than the outer diameter of the guidewire;

an implement having a distal face, a side surface with at least one
opening extending inwardly from the side surface and a proximal end engaged
with the distal end of the clongate body, the distal end of the implement
configured to act upon a portion of the occlusion; and

a handle disposed at the proximal end of the clongate body;

wherein the system is configured such that distal pressure on the
handle urges the maplement distally to firmly engage the occlusion; and

wherein the system is configured such that actuating the handle canses
the clongate body and the implement to be actuated to enlarge a passage

through the occhusion.

2. The system of claim 1, wherein the distal face of the implement comprises a
cutting blade.

3. The system of claim 1, wherein the distal face of the implement is blunt,

4, The system of claim 3, whercein the distal face is abrasive.

s. The system of claim 1, wheremn the at least one aperture comprises at least one

flute for clearing an amount of abraded matter.

6. The system of claim 5, wherein the at least one flute extends radially inwardly
and is in fluid communication with an aspiration hunen.

5

7. The systermn of claim 1, wherein the mmplement has an outer diameter that is

larger than the crossing profile of a balioon catheter
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8. The systemn of claim 1, wherein the guidewire has an outer diameter of
approximately 0.010 inch fo approximately $.039 inch and lumen has muoer diameter of
approximately 0.020 inch to 1.00 inch.

9. The system of Claim 1, further comprising a sheath configured to slideably
receive and to be disposed circamferentially about the catheter device such that the catheter
device can be delivered to a lesion without being exposed to the vasculature.
i3, A catheter for providing access across an occlusion, comprising:

an clongate flexible body extending between a proximal end and a distal end;

an occlusion clearing implement having a rigid distal face and a cylindrical
body extending proximally therefrom, the cylindrical body configured to be

5

juxtaposed relative to a distal portion of the clongate fiexible

3
1
¥

body over an mitertace;
wherein the catheter body is configured to be advanced over a guidewire
within the vasculature;
wherein the occlusion implement retains a mininwum transverse dimension of
at lcast about 90% of it’s at rest diamcter upon action against a lesion whereby
deformation of an inner passage thereof is minimal during interaction with the lesion,
1. The catheter of Claum 10, further comprising at least one recess disposed on
an outer surface of the catheter the at least one recess configured to accommodate material
dislodged from a lesion at the occlusion.
I2.  The catheter of Claim 11, wherein the at least one recess{(es) are disposed on
an outer surface of the occlusion clearing plement.
13, The catheter of Claim 12, whercin the at least one recess comprise a phurality
of openings formed through the cylindrical body.
14, The catheter of Claim 13, wherein the inner passage 1s large enough to permut
advancernent of a balloon catheter therethrough.
£5. A catheter for providing access across an gcclusion, comprising:
an elongate catheter assembly extending between a proximal end and a distal
end;
a lesion clearing implement having a ring structure; and
an interface disposed between the ring structure and the clongate catheter

assembly, the interface providing a protrusion disposed on one of the clongate
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catheter assembly and the ring structire and a recess disposed on the other of the
elongate catheter assembly and the ring struciure;

wherein the interface is at lcast partially in a radial direction such that an axial
load can be transmitted across the interface.

16,  The catheter of Claim 15, wherein the ring structure of the lesion cutting
implement comprises the recess and the elongate catheter assernbly comprises the protrusion,
the protrusion extending into the recess such that the interface is disposed between the recess
and the protrusion.

t7.  The catheter of Claim 16, wherein the clongate catheter assembly comprises a
polymeric structure disposed about the ring strocture, the protrusion comprising a convex
portion of an inner surface of the polymeric structure.

I8, The catheter of Claim 135, further comprising at least onc opening extending
mwardly from an outer surface of the ting structure, the at least one opening configured to
receive matter from the occlusion,

19, The catheter of Claim 18, wherein the at least one opening extends from the
outer surface to the inner surface of the ring structure,

20, The catheter of Claim 19, wherein the at least one opening comprises a
plurality of openings providing fluid communication from the outside surface of the ring
structure to a lumen disposed in the clongate catheter assembly.

21, The catheter of Claim 15, wherein the ring stracture has a length and a width,
the length being more than two times the width thereof,

22, The catheter of Claim 15, further comprising a bumper zone disposed distally
of a distal end of the ring structure of the lesion cutting implement.

23, A method of treating a patient with total or near total occhusion, comprising:

accessing a blood vessel of a patient at an access location using a catheter
technique;

advancing a guidewire into the patient and to a treatment site, the treatment
site having a total or near total occlusion;

advancing a catheter over the guidewire imto apposition with a proximal
portion of the occlusion, the catheter having a lumen therethrough and an anchor face

at a distal end thereof; and
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applying one or more of [a] compression or torsion to the guidewire or {b]
compression or torsion to the catheter body to expand or create an access path
through the occlusion.

24, The method of Claim 23, further comprising placing a sheath through the skin
and intervening tissues into an artery wall at the access location, the guidewire being
advanced through the sheath to the treatroent site.

25, The method of Claim 24, wherein placing the sheath comprises placing the
sheath adjacent to the access location and wherein advancing the catheter over the guidewire
comprises advancing the catheter out of the distal end of the sheath adjacent to the access
location and further comprising delivering the anchor face out of the distal end of the sheath
to a lesion at the occlusion.

26. The method of Claim 23, wherein when the anchor face is in contact with a
lesion at the occlusion, the distal portion of the catheter is exposed to the vessel wall,

27.  The method of Claim 23, further comprising advancing a guide catheter in the

patient, the guidewire being advanced through the guide catheter to the treatment site.
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