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(57) Abstract: Catheter assemblies (100) include a stabilization mechanism (130) disposed at a distal end of the catheter assembly
for stabilizing the catheter assembly within a subintimal space. The stabilization mechanism includes a self-expanding support struc -
ture (130) that is slidably positionable within an inflatable balloon (124). The catheter assemblies include an outer shaft (102) which
has the balloon at a distal end thereof and an inner shaft (114) which has the support structure mounted on a distal end thereof. The
inner shaft is slidably disposed within a lumen of the outer shaft and has a first configuration in which the support structure is held in
a compressed state within the outer shaft and a second configuration in which the support structure is permitted to return to an ex -
panded state within the intlatable balloon. In the expanded state, the stabilization mechanism has a flattened laterally-extending pro -
file.
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CATHETER ASSEMBLIES FOR STABILIZING A CATHETER ASSEMBLY WITHIN A SUBINTIMAL SPACE

FIELD OF THE INVENTION

188611 The mvention relates generally to catheters and more particalarly to catheter

asscmblics that provide stabilization within a subintimal space of a vessel wall,

BACKGROUND OF THE INVENTION

18882] Cardiovascular disease, including atherosclerosis, 1s the leading cause of death 1o the
United States. One method for treating atherosclerosis and other forms of arterial lumen
narrowing s percutancous transluminal angioplasty, commonly referred to as “angioplasty”
or “FTA,” or “PTCA” when performed in the coronary arteries. The objective in angioplasty
18 to restore adequate blood flow through the affected artery, which may be accomplished by
inflating a balloon of a balloon catheter within the narrowed himen of the artery to dilate the

vessel,

0863} The anatorny of arterics varics widely froma paticut to patient. Often pationt’s arterics
are irregularly shaped, highly tortuous and very narrow. The tortuous configuration of the
arterics may present difficultios to a clinician in advancement of the balloon catheter to a
treatroent stfe. In addition, in some instances, the extent to which the lumen is narrowed at
the treatment site is so severe that the fumen is completely or nearly completely gbstructed,
which way be described as a total occlusion. Total or vear-total occlusions in arteries can
prevent all or nearly all of the blood flow through the affected arteries. If the total or near
total occlusion has becn established for a long period of time, the lesion may be referred to as
a chronic total occlusion or CTG. Chronic total occlusions can gccur in coronary as well as
peripheral arterics.  Chronic total occlusions are often characterized by extensive plaque
formation and typically include a fibrous cap surrounding softer plagque material.  This
fibrous cap may present a surface that is difficult to penetrate with a conventional medical

guidewire,

[8884] A nomber of devices have been developed and/or used for the percutancous
interventional treatment of CTOs, such as stiffer guidewires, low-profiie balloons, laser light
eraitting wires, atherectomy devices, drills, drug eluting stents, and re-cutry catheters. The

factor that is most determinative of whether the physician can successfully recanalize a CTO
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is the physician's ability to advance a suitable guidewire from a position within the true
fumen of the artery that is proxirsal to the CTO lesion, across the CTO lesion, ie., either
through the lesion or around if, and then back inte the true lumen of the artery at a location

that s distal to the CTO lesion.

[0865] In some cases, such as where the artery 18 totally occluded by hard, calcified
atherosclerotic plague, the guidewire may tend to deviate to one side and penetrate through
the mtima of the artery, thereby creating a neo-lumen called a “subintiroal space,” ie, a
penetration space or tract formed within the wall of the artery between the intima and
adventitia. In these cases, the distal end of the guidewire may be advanced to a position
distal to the lesion but remains trapped within the subintimal tract. In such instances, it is
then necessary to direct or steer the guidewire from the subintimal tract back into the true
fumen of the artery at a location distal to the CTO lesion. The process of manipulating the
guidewire to reenter the artery lumen is often difficult and various solutions have been

proposed utilizing macans for handling sach a presentation.

0866} For example, a nuraber of catheter-based devices have been suggested for redirecting
subintimally placed guidewires or other medical devices back into the true lumen of the
artery. Included among these arc a varicty of catheters having laterally deployable elements
i.e., pre-shaped needles or puncturing stylets. For example, a catheter system may utilize a
penetrator or needle that exits through a side exit port of the catheter to puncture the intimal
fayer distal of the CTO to re-enter the true lumen of the vessel. A second guidewire is then
passed through the laterally deployed ncedle and is advanced into the truc lumen of the
artery. In cases ju which deployable clements sach as pre-shaped needles or puncturing
stylets are used, their efficacy is enhanced by the stability of the catheter system inside the
subintimal space. In order to provide greater stability to the catheter system, an inflatable
balloon may be utilized to anchor the system inside the subintimal space. A need in the art
still exists for other wuedical devices or systems that consistently and reliably anchor a
catheter system inside the subintimal space to enhance stability of the catheter system cither

before or after the deployment of the puncturing element.

BRIEF SUMMARY OF THE INVENTION

1880671 Embodiments hereof are directed to a catheter assembly including an outer shaft

including an inflatable balloon disposed at a distal end thereof and an inner shaft including a
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seif-cxpanding support structure mounted on a distal end thercof. The inner shaft is disposed
withio a humen of the outer shaft such that the inner shaft is movable relative to the outer
shaft. In a first configuration, the support structure is held in a radially compressed state
within the outer shaft. In a second configuration, the support structure is permitted to return
to an expanded state within the inflatable balloon such that the inflatabic balloon has a
flattened laterally-cxtending profile dictated by the support structure 1n the expanded state for

anchoring the catheter assembly within the subintimal space.

[8808] Another embodiment hereof 1s directed to a catheter assembly that provides
stabilization within a subintimal space including a stabilization mechanism disposed at a
distal end of the catheter assembly.  The stabilization mechanism inchudes a self-expanding
support structure that is sclectively positionable within an inflatable balloon. When the
support structure is positioned within the balloon, the support structure returns to an
expanded state and causes the balloon to have a flattened laterally-extending profile that
corresponds to the geometry of the support structure theren for anchoring the catheter

assembly within the subintimal space.

1860¢9] Embodiments hereof also relate to a method of stabilizing a catheter assembly within
a subintimal space. In one such methoed, a distal end of the catheter assemnbly s tracked to a
treatment site within the subintimal space with a self-expanding support structure held in a
compressed state therein. The support structure 18 positioned within an inflatable balloon of
the catheter assembly to permit the support structare to return to an expanded state within the
balloon. The balloon is iflated around the support structure, wherein an inflated profile of

the balloon corresponds to the geometry of the support siracture therein.

BRIEF DESCRIPTION OF DRAWINGS

[0618] The foregoing and other features and advantages of the invention will be apparent
from the following description of cmbodiments hercof as tlustrated in the accompanying
drawings. The accompanying drawings, which are incorporated herein and form a part of the
spectfication, further serve to explain the principles of the invention and to enable a person

skilled in the pertinent art to make and use the imvention. The drawings are not to scale.

10611} FIG. 1 is a side view of a catheter assembly having a stabilization mechansro
according to an cmbodiment hereof, with a portion thereof shown in section, wherein the

stabilization roechanism 1s shown in a first or delivery state.
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[6612] FIG. 1A is a cross-sectional view taken along line A-A of FIG. 1.

[6813] FIGS. 2 and 3 are side and top views, respectively, of a distal portion of the catheter
assembly of FIG. 1, wherein the stabilization mechanism is shown in a second or deployed

state,
13814 FIG. 2A 1s a cross-sectional view taken along line A-A of FIG. 2.

[6815] FIG. 2B is a cross-sectional view of a balloon of the catheter assembly of FIG. 1,

wherein the balloon 1s inflated without a support structure therein,
[8016] FIG. 415 an illustration of a subintimal space of a vessel,

[8617] FIG. 5 illustrates a cross-sectional view of a portion of the vessel of FIG. 4 with the

catheter assembly of FIG. 1 deployed within the subintimal space.

10618} FIG. 6A 1s a top view of a distal portion of an inuner shaft of the catheter asserobly of

FI1G. 1, wherein the support structure is shown in a first or delivery state.

[6819] FIG. 6B is a top view of the distal portion of the inner shaft of the catheter assembly
of FIG. 1 removed from the remainder of the catheter assembly, wherein the support structare

is shown in a second or deployed state.

[6028] FIG. 7 is cross-sectional view of an inner shaft and support structure according to
another cmbodiment hereof, wherein the support structure 1s shown in a sceound or deployed

state.

16621 FIG. 8 ilhustrates a cross-sectional view of a portion of the vessel of FIG. 4 with a

catheter assembly of FIG. 7 deployed within the subintimal space.

[6822] FIG. 9 is a perspective view of a distal portion of a catheter assembly according t©
another embodiment hereof, wherein a stabilization mechanisma of the catheter asserubly 18

shown in a second or deployed state.

[6023] FIG. 10 13 an cnlarged view of a proximal end of a balloon of the stabilization

mechamsm of the catheter asserably of FIG. 9.
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[0824] FIG. 11 is a perspective view of a distal portion of a catheter assermnbly according to
another embodiment hereof, wherein a stabilization mechanisma of the catheter asserubly 18

shown 1n a first or delivery state.

[6025] FIG. 12 is a perspective view of the distal portion of the catheter assembly of FIG. 11,

wherein the stabilization mechanism is shown in a second or deployed state.

10626} FIG. 13 &5 a diagram of an artery showing the three layers of tissue that comprise the

artery wall,

10627 FIGS. 14-24 ilhustrate the steps of utilizing the catheter asserably of FIG. 1 to bypass
F g

a chronic total occlusion according to an embodiment hereof.

DETAILED DESCRIPTION OF THE INVENTION

10628} Specific embodiments of the present wnvention are now described with reference to
the figures, wherein like reference numbers indicate identical or functionally similar
clements. The terms “distal” and “proximal” arc used in the following description with
respect to a position or direction relative to the treating clinician. “Distal” or “distally” are a
position distant from or in a direction away from the clinician. “Proximal” and “proxirnally”
are a position near or in a direction toward the clinician. The term “shape memory” is used
in the following description with reference to a scif-expanding support structure and 18
intended to convey that the structure is shaped or formed from a material that can be provided
with a mechanical memory to return the structure from a straightened or compressed delivery
state to an expanded or deployed state. Non-exhaustive exemplary materials that may be
imparted with a shape memory include stainless steel, a pscudo-clastic metal such as a nickel
titanium alloy or nitinol, a so-called super alloy, which may have a base metal of nickel,
cobalt, chromium, or other metal, or a polymer having a shape memory such as but not
himited to polyctheretherketone (PEEK). Shape memory may be imparted to a support
structure by thermal treatment to achieve a spring temper in stainless steel, for example, or to

set a mechanical memory in a susceptibie metal alloy, such as nitinol.

[6829] The following detatled description is merely exeraplary in nature and s not mtended
to livait the invention or the application and uses of the invention. Although the description
of the invention is in the context of treatment of blood vessels such as peripheral or coronary

arteries, the invention may also be used in any other body passageways where i is deemed
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useful. Further, although the description of the mvention generally refers to a catheter
assembly and wethod of bypassing a vessel blockage m a proximal-to~-distal direction, ie
antegrade or with the blood flow, the invention may be used cqually well to bypass a vessel
blockage in a distal-to-proximal divection, i e. retrograde or against the blood flow if access s
available from that direction. In other terms, the assembly and method described herein may
be considered to bypass a vessel blockage from 4 near side of the blockage to a far side of the
blockage. Additionally, the catheter assembly may be used for stabilization within a
subintimal space in other procedures or mcthods and is not limited to methods of bypassing
an gcelusion. There is no intention to be bound by any expressed or implied theory presented
in the preceding technical field, background, briet summary or the following detailed

description,

[8838] Embodiments hereof relate to a catheter assembly 100 having a stabilization
mechanism 122 for stabilizing or anchoring the catheter assembly within a subintimal space.
Stabilization mechanism 122 includes a self-expanding support structure 130 that is slidably
positionable within an inflatable balloon 124, Catheter assernbly 100 mneludes an outer shaft
102 having inflatable balloon 124 at a distal end thercof and an inner shaft 114 having self-
expanding support structure 130 mounted on a distal end portion thereof. Inner shaft 114 is
slidably disposed within a continuous lumen 108 that is defined within outer shaft 102 from a

proximal end 104 to a distal end 106 thereof.

10631} In a first or delivery configuration of stabilization mechanism 122 shown in FIG. 1,
seif-expanding support structure 130 is held in a compressed state within outer shaft 102
proximal of balloon 124, When inner shaft 114 is longitudinally translated relative to outer
shaft 102, stabilization mechanism 122 is placed in the second or deployed configuration of
FIGS. 2 and 3, wheremn support structure 130 and balloon 124 are longitudinally aligned as
explained in more detai] herein and support structure 130 is permitted to return to a laterally
cxpanded state within balioon 124, The laterally cxpanded support structure dictates or
constrains expansion of balloon 124 such that the balloon assumes a flattened, laterally-
extending profile when in an inflated state as will be described in more detail herein.
Accordingly, when in the second or deployed configuration, stabilization mechanism 122
may be described as having a flattened, non-circular profile for anchoring the catheter
assembly within target anatomical space due to laterally expanded support structure 130 with

balloon: 124 inflated there around. Together, support structure 130 and balloon 124 function
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to stabilize or anchor a distal portion of catheter assembly 100 within a target anatomical
space, so as to minimize any axial or rotational motion of the catheter assembly during
further procedural steps. For example, catheter assembly 100 may be utilized as a re-entry
catheter for bypassing a chronic total occlusion (CTO) or other occlusion. In such an
example, as will be explained in more detail herein, stabilization mechanism 122 is utthized to
anchor catheter assernbly 100 within the subintimoal space prior to, during, or after

deployment of a needie component that is used to puncture a blood vessel wall to re-enter a

frue lumen of the blood vessel.

10032} Inner shaft 114 15 an clongate tubular or cylindrical element that is configured to be
stidably disposed within lumen 108 of outer shaft 102, As used herein, “slidably” denotes
back and forth movement in a longitudinal direction along a longitudinal axis La of the
catheter assembly 100, Inner shaft 114 defines at least one lumen 120 that extends from a
proximal end 116 to a distal end 118 thercof. Proximal end 116 of inner shaft 114 is coupled
to a first hub 150 having a proximal port 152 with a heroostatic valve. In an embodiment,
fumen 120 may be sized to slidingly accommodate a guidewire 156 so that catheter assembly
100 1s trackable over guidewire 1536, Guidewire 156 is an clongate substantially straight
tubular or cylindrical element that is configured to be slidably disposed within lumen 120 of
fner shaft 114 and removable therefrom.  Beyond distal end 118 of nner shaft 114,
guidewire 156 extends through humen 108 of outer shaft 102 such that the guidewire 156
extends through the entire length of the catheter asserobly. In an embodiment, catheter
assembly 100 may be sized to be used with a 6F introducer sheath with lumen 120 of inner
shaft 114 being sized to accommodate a guidewire having an outer diameter of 0.035 inch.
Alternatively, catheter asserobly 100 roay be sized to be used with a SF introducer sheath
with lumen 120 of inner shaft 114 being sized to accommodate a guidewire having an outer
diameter of 0.018 inch. Although catheter asscmbly 100 1s shown in FIG. 1 with a guidewire
extending there-through, other elongated components such as but not limited to a8 needle
component may extend through inner shaft 114, Tnner shatt 114 may be formed of polymeric
materials, non-exhaustive examples of which include polyethvlene terephthalate (PET),
polypropylene, polyethylene, peolyether block amide copolymer (PEBA), polyamide,

fluoropolymers, and/or combinations thereof, either laminated, blended or co-extruded.

188331 Support stracture 130 i3 formed to have a shape roomory to resurne a shape set

faterally expanded state as shown in FIG. 6B from a compressed state shown in FIG. 6A.
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More particularly, FIG. 6A illustrates a top view of distal end portion of inner shaft 114 with
support stracture 130 in a compressed state within outer shaft 102 (shown in phantoro in FIG.
6A), while FIG. 6B illustrates a top view of the distal end portion of inner shaft 114 in which
support structure 130 resumes its expanded state {with outer shaft 102 being removed from
FIG. 6B for illustrative purposes). More particularly, in its shape set or relaxed condition,
support structure 130 assumes the expanded state of FIG. 6B and therefore may be described
as self-expanding. In the expanded state, support structure 130 includes first and second
wings 136A, 136B having mtegral peaks or bends 138A, 138B, respectively, that bow
faterally outward from inuner shaft 114 in opposite directions from ecach other. As used
herein, the term laterally refers to a direction along an axis transverse to longitudinal axas Ly
of catheter asserably 100, Each of first and second wings 136A, 1368 1s a longitudinally
extending band that bridges a length between proximal and distal tube segments 132, 134,
respectively, of support structure 130, Inner shaft 114 extends through the proximal and
distal tube segments 132, 134 such that the longitudinally extending band that forms first
wing 136A extends along a first side of inmer shaft 114 and the longitudinally extending band
that forms second wing 136B extends along an opposite, second side of inner shaft 114, In
an cmbodiment, distal tube segment 134 1s fixedly secured or attached to inner shaft 114
while proximal tube segment 132 is slidingly disposed over tnper shaft 114, As such, while
transforming from the compressed state of FIG. 6A to the laterally expanded state of FIG.
6B, proximal tube segment 132 slides or moves over inner shaft 114 towards distal tube
segment 134 to permit first and second wings 1364, 136B to outwardly expand or deploy
into the expanded state. While transforming back to the compressed state of FIG. 6A frorn
the laterally cxpanded state of FIG. 6B, proximal tube segment 132 slides or moves over
inner shaft 114 away from distal tube segment 134 to inwardly compress or collapse into the
compressed state for retrieval.  Alternatively, proximal tube segment 132 is fixedly secured
or attached to inner shaft 114 while distal tube segment 134 18 shidingly disposed over mner

shaft 114,

[6634] As will be discussed in more detail herein, in order to control or dictate the shape of
stabilization rocchanism 122, support structure 130 is formed from a generally stiffer roaterial
than balloon 124 so that ballpon 124 conforms to the shape of support structure 138, Suitable
materials for self-expanding support structure 130 include but are not limited to shape

meroory materials such as nitinol, other super-clastic alloys, and shape-memory polymers.
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Self-expanding support structure 130 may also be formed from metallic materials such as

stainless steel.

188351 The proximal end 104 of outer shaft 102 extcuds out of the patient and is coupled
to a second hub 140, Proximal end 104 of outer shaft 102 is disposed within a strain relief
element 154 that is attached to distally extend from sccond hub 140, Seccond hub 140
inchudes a proximal port 144 with a hemostatic valve to accommodate insertion of other
componcuts of catheter assembly 100 into lumen 108 of outer shaft 102, An inflation shaft
or tube 110 defining an inflation fumen 112 extends through lumen 108 of outer shaft 102 to
allow mflation tluid received through a Luer fitting 142 of hub 140 to be delivered to balloon
124. 1t will be understood by one of ordinary skill in the art that Luer fitting 142, or some
other type of fitting, may be connected to a source of inflation fluid {not shown) and may be
of another construction or configuration without departing frow the scope of the present
tnvention. Other types of construction are also suitable for outer shaft 102, such as, without
Homtation thereto, a catheter shaft having a working lumen and an inflation lumen formed by
multi-lumen profile extrusion. In another embodiment hereof, discussed in more detail with
cspect to the embodiment of FIGS. 9 and 10, the outer shaft roay mclude an inflation shaft or
tube that is attached to extend along an outer surface of the outer shaft to allow inflation fluid

recetved through Luer fitting 142 of second hub 140 to be delivered to balloon 124,

[8036] In the embodiment of FIGS, 1-2, balloon 124 forms an integral distal portion of outer
shaft 102. More particularly, outer shaft 102 may be considered to include a first or proximal
portion 146, a sccond or distal tip portion 148, and balloon 124 disposed or sandwiched
between proximal portion 146 and distal tip portion 148, Proximal portion 146, balloon 124,
and distal tip portion 148 coliectively define continuous lumen 108 of outer shaft 102, In
accordance with embodiments hereof, proximal portion 146 is a tubular or cylindrical shaft
segment having a first flexibility, distal tip portion 148 is a tubular or cylindrical shaft
segment having a second flexibility, and balloon 124 1s a tubular or cylindrical clement
baving a third flexibility with balloon 124 being more flexible or compliant than proximal
and distal tip portions 146, 148, In an cmbodiment, proximal portion 146 18 an clongate
polymeric tube having a retnforcement layer, distal tip portion 148 is a polymeric tube that is
more flexible than the proximal portion, and balloon 124 18 a cylindrical or tubular clernent
formed of a compliant material in order to conform to the shape of support element 130, The

mnflated state of balloon 124 will be discussed in more detail hercin with respect to
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deployment of stabilization mechanism 122, Balloon 124 has a proximal end 126 and a distal
end 128, and ends 126, 128 may be welded or otherwise mechanically coupled to proximal
and distal tip portions 146, 148 to form the continuous ocuter shaft.  Suitable compliant
materials for balloon 124 include but are not Hmited to polyether block amide, PEBAX"
5533, PEBAX® 4033, silicon, polyurethane, or polyether-based thermoplastic polyurethanes
{TPUs) such as Tecothane or Tecoflex 90, The remaining portions of outer shaft 102, ie,
proximal portion 146 and distal tip portion 148, may be formed of semi-compliant or non-
compliant polymeric materials, non-cxhaustive cxamples of which include polycthylene
terephthalate (PET), polypropylene, polyethylene, polyether block amide copolymer (PEBA),
polyamide, fluoropolymers, and/or combinations thercof, either laminated, blended or co-

extruded.

188371 Scaling voembers 127, 129 are disposed iuternally of outer shaft 102, radially
externally of inner shaft 114 and adjacent to proximal and distal balloon ends 126, 128,
respectively, for preventing leakage of inflation fluid. Seahing mevobers 127, 129 fill or close
the annular space between outer shaft 102 and inner shaft 114, thereby sealing or preventing
icakage of inflation fluid that 15 delivered to balloon 124 for expansion thercof. More
particularly, inflation fluid is delivered to balloon 124 via inflation tube 110, which extends
through a wall of proximal scaling member 127 and extends just beyond or distal to proximal
end 126 of balloon 124 and sealing member 127, Sealing members 127, 129 are valve-like or
wiper scals that allow shiding or longitudinal movement of inner shaft 114 within outer shaft
102 while preventing leakage of the inflation fluid used for inflating balloon 124, For
examples, scaling members 127, 129 arc commercially available from Merit Medical
Systems, Inc. of South Jordan, Utab, Qosiva Corp. of Edgewood, NY, or Minivalve
International B.V. of (Oldenzaal, Netherlands., Sealing members 127, 129 may be moulded,
welded, coupled via adhesive, or otherwise attached to an nner surface of outer shaft 102

such that the sealing members are integral with the outer shaft.

[3038] Deployment of catheter assembly 100 and stabilization mechanism 122 will now be
discussed in more detail with reference to FIGS. 1-2. FIG. 1 iHustrates inner shaft 114 and
stabilization mechanism 122 in a first or delivery configuration in which self-expanding
support structure 130 is held in g compressed or constrained state since it is positioned within
outer shaft 102 proxumal of balloon 124, i.e., positioned within proximal portion 146 of outer

shaft 102, As best shown in the top view of FIG. 6A, when in the compressed state, first and
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second wings 1364, 1368 of support structure 130 are substantially straightened and extend
parallel or 10 line with longitudinal axis La of catheter asserably 100, Proximal tube segroent
132 of support structure 130, which is disposed over inner shaft 114 but is not fixed thereto,
is free to shde or move in a longitudinal {axialy divection over 1oner shaft 114 to permit fivst
and second wings 136A, 136B to collapse or straighten within outer shaft 102 into the
compressed state. Quter shaft 102 1s thus being employed as an outer sheath, restraining scif-

expanding support element 130 therein and not permitting it to expand.

188398] FIGS. 2 and 3 illustrate inner shaft 114 and stabilization mechanism 122 in a second
or deployed configuration, with other components of the catheter systern removed for
ilhustrative purposes only.  More particularly, when it is desired to deploy stabilization
mechanism 122, outer shaft 102 and inner shaft 114 are moved relative to each other in order
to longitudinally align or overlap support structure 130 and balloon 124, Outer shaft 102
nmay be proximally retracted relative to inner shatt 114; alternatively, inner shaft 114 may be
distally advanced relative to outer shaft 102, or a combination of both. Once the two
structures of the stabilization mechanism are longitudinally aligned, support structure 130 is
no longer constrained by proximal portion 146 of cuter shatt 102 and is thus permitted to
return to its expanded or deployed state within balloon 124 as shown in FIGS. 2-3. Proximal
tube segment 132 of support structure 130 shides or moves 1 a distal direction over inner
shaft 114 to permit first and second wings 136A, 1368 to outwardly expand or laterally bow
mto the deployed configuration. When wings 136A, 136B deploy, the comphant material of
balloon 124 is laterally pushed or extended outward by peaks or bends 138A, 1388 of wings
136A, 136B such that the balloon is stretched over the expanded support structure. Laterally
expanded support structure 130 pushes or forces compliant balloon 124 outward in opposing

directions from the longitudinal axis L of catheter assembly 100, as shown 1n FIG. 3.

10648 After support structure 130 is laterally expanded within balloon 124, balloon 124 is
then inflated at a low pressure, ¢.g. 1n the range from about 2 and 5 bar. As previeusly stated,
balloon 124 has a cylindrical or tubular profile, and thus without support structure 130
positioned therein, cylindrical balloon 124 would mflate to g substantially cylindrical shape
having a circular cross-section as shown in FIG. 2B. However, when balloon 124 1s inflated
with low pressure over laterally cxpanded support structure 130, compliant balloon 124 1s
stretched laterally outward and the expansion of balloon 124 15 constrained or hmited by the

faterally expanded support structure 130 therein from obtaining a circular cross-section and a
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cylindrical shape. Stated another way, balloon 124 may be considered to have a flattened or
pancake-like shape since radial expansion thercof 1s constrained by the expanded support
structure therein. More particularly, during inflation, balloon 124 sits or abuts against
laterally expanded support structure 1380 so that, in the inflated state, balloon 124 remains 1o
contact with or is only slightly spaced apart from the lateral~most or outermost surfaces of the
taterally expanded support structure 130 along the length of the balloon. Accordingly, when
in the inflated state, balloon 124 matches or corresponds to the geometry or bowed shape of
laterally expanded support structure 130 positioned within the interior of balloon 124 and the
cross-sectional size and/or shape of inflated balloon 124 varies along its length in accordance
with the bowed support structure. When self-expanding support structure 130 1s expanded
and the balloon 124 15 inflated, the balioon has a flattened, non-circular cross-section as best
shown in the cross-sectional view of FIG. 2A. As used herein, flattened, non-circular cross-
section includes oval, egg-shaped, elliptical, or other generally rounded oblong shapes that
resemble a rectangie with opposing curved or semicircular ends. Particularly, as shown in
FI1G. 24, the width dimension W of stabilization mcchanism 122 18 greater than the height
dimension H of stabilization mechanism 122 and opposing eunds 123A, 123B are generally

rounded.

[6041] When inflated around the expanded support structure 130, balloon 124 1s atraumatic
and expands inte contact with the surrounding patient’s anatomy to fill out or occupy the
target anatomical space to improve anchoring as well as minimize damage to the surrounding
apatomy since it is the balloon that comes into contact with the vessel wall and not the
metailic wings of the support structure 130, Balloon 124 serves to provide stabilization
mechamsm 122 with a smooth, rounded and stable profile while roaintaining the laterally
extended shape of expanded support structure 130. Stated another way, laterally expanded
support structure 130 dictates the overall flattened or pancake-like shape or profile of inflated
balloon 124, as well as the overall lateral and longitudinally-extending shape or profile of
stabilization mechanism 122, As used herein, “profile” refers to a shape of the balloon or
stabilization mechanism in a top view as seen in FIG. 2ZA and FIG. 3. In the second or
deploved configuration, stabilization mechanism 122 has a lateral and longitudinally-
extending profile that resembles a diamond or a manta-ray having opposing triangular
portions extending along the length thercof, which are formed or produced by bowed wings

1364, 1368 of the expanded support structure.
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[0842] When positioned in target anatomy such as a subintimal space, stabilization
wechanism 122 conforms to the shape of the vative anatomy due to the flexible and/or
compliant material characteristics thercof. The flattened, laterally-extending profile is
required to conforra fo the shape of the target anatomical space while avoiding over-
expansion of the patient’s anatomy. More particularty, FIG. 4 illusirates a cross-sectional
view of a vessel V having a true luomen TL and a subintimal space 35S, As shown, subintimal
space SS may be described as having an arc, curve, or C shape. FIG. 5 illustrates
stabilization mechanism 122 deployed within subintimal space S5 of vessel V. When
disposed within subintimal space S8 and subjected to a bending load or force via the native
anatomy, stabilization mechanism 122 conforms to the curved shape of the subintimal space
due to the flexible and compliant characteristics of the waterials thercof. As shown, when
deployed within subintimal space 5SS, the flattened, lateraliy-extending profile of the
stabilization mechanisro is shaped into an are, curve, or C shape. Deployed wings 1364,
1368 of support structure 130 bend or curve with the native anatomy. Thus, the flattened,
taterally-extending profile improves anchoring of stabilization mechanism 122 within target
anatomical space because stabilization mechanism 122 may adapt its shape to the subintimal

space geometry, and thereby avoid over-cxpansion of the patient’s anatomy.

[8043] Once anchoring within the tfarget anatomy is no longer desired, stabilization
mechanism 122 may be retrieved for storage and subsequent use, or for removal of catheter
assermbly 100, When it 1s desired to retrieve stabilization mechanism 122, balloon 124 18
deflated and then outer shaft 102 and inner shaft 114 are moved relative to each other in
order to return support structure 130 to the position of FIG. 1 in which support structure 130
is constrained or compressed by proxivoal portion 146 of cuter shaft 102, Move particularly,
outer shaft 102 may be distally advanced relative to inner shaft 114; alternatively inner shaft
114 may be proximally retracted relative to outer shaft 102, or a combination of both. During
relative movement between outer shaft 102 and inner shaft 114, proximal tube segment 132
of support structure 130 slides or moves in a proximal direction over inner shaft 114 to
permit first and second wings 1364, 136B to collapse or straighten into their compressed
state. Although not required, in another embodiraent hereof (not shown), catheter assembly
100 may inchide additional elements to assist in the retrieval of support element 138,
including but not limited to an additional outer sheath that may be distally advanced

thercover to forcibly collapse wings 1364, 136B avd/or an jutermediate shaft or tether that s
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attached to proximal tube scgment 132 of support structure 130 that may be pulled

proximally to collapse wings 136A, 136B.

188441 As previously explaived, due to the material thercof, support structure 130 is
sufficiently compliant or flexible to conform to the shape of the target anatomical space after
deployment.  However, in addition to exploiting the material properties of the support
structure, the support structure may also include thinned or weakened areas or joints that
merease flexibility of the support structure wings at prodetermined locations. For example,
with respect to FHGS. 7 and 8, a catheter assembly 700 includes a stabilization mechanism
722 having a support structure 730 roounted on an inner shaft 714 and a balloon 724 mounted
on an outer shaft (not shown} similar to stabilization mechanism 122 above. In this
embodiment, however, wings 736A, 736B include mmultiple thinned or weakened areas or
joints 739 that permott selective bending of the wings at predetermined locations.  When
disposed within subintimal space S8 and subjected to a bending load or force via the native

anatorny, stabilization mechanism 722 conforms to the curved shape of the subintimal space

g
I
i

due to the thinned or weakened arcas or joints 739 of support structure 730, The cross-
sectional width of wings 736A, 7368 at joints 739 are smaller or lower than the width of the
wings along the remaining lengths thereof. Thinned or weakened areas or joints 739 improve

bending or curving of wings 736A, 7368 with the native anatoray.

[0845] FIGS. 9 and 10 illustrate a distal portion of g catheter assembly 900 according to
another embodiment hereof.  Similar to catheter assembly 100, catheter assembly 900
includes a stabilization mechanism 922 for stabilizing or anchoring the catheter assembly
within a subintimal space. An inflatable balloon 924 of the stabilization mechamsm is shown
in phantom in FIGS. 9-10 so that the components internal thereto are clearly shown.
Stabilization mechanism 922 includes a self-expanding support structure 930 that is slidably
positionable within inflatable balloon 924. More particularly, catheter assembly 900 includes
an outer shaft 902 including intlatable balloon 924 mounted on a distal portion thereof and an
inner shaft 914 inchuding seif-expanding support structure 930 having deployable wings
936A, 9368 mounted on a distal end thereof. Trner shaft 914 15 slidably disposed within a
fumen (not shown in FIG. 9) of outer shaft 902, and support structure 930 is mounted over
muer shaft 914 as described above with respect to support structure 130 and inner shatt 114,
However, 1o this embodiment, outer shaft 902 is a single or continuous tubular shaft and

balloon: 924 is mounted over a distal portion thercof. Within balloon 924, outer shaft 902
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includes corresponding openings or windows 960 formed through a sidewall thercof which
allow deployment and outward, lateral expansion of wings 9364, 936B. Wheun it 15 desired
to deploy stabilization mechanism 922, outer shaft 902 and inner shaft 914 are moved
relative to cach other in order to longitudinally align wings 9364, 936B with openings 960,
Once wings 9364, 9368 and openings 960 are longitudinally aligned, support structure 930
18 no longer constrained by outer sheath 902 and 1s thus perritied to return to its expanded or
deployed state within balloon 924 as shown in FIG. 9. Sumilar to support structure 130,
proximal tube segment 932 of support structure 930 1s slidably disposed over inner shatft 914,
and thus is permitted to slide or move in a distal direction over inner shaft 914 towards distal
tube scgment 934 to permit wings 936A, 9368 to outwardly cxpand or laterally bow into the
deploved configuration. Thus, rather than longitudinally aligning support structure 130 with
compliant balloon 124 to permit self-cxpansion as described in the embodiment above, wings
9364, 9368 of support structure 930 must be longitudinally aligned with opeuings or
windows 960 of outer shaft 902 to permit self-expansion thercof. Openings or windows 960
provide controlled deployment and assist in retrieval or collapse of wings 936A, 936B
because the openings reduce the force required for movement of wings 9364, 9368 of

support structure 930,

[0046] In addition to opeuings 960, catheter assembly 900 also illustrates another
embodiment of the inflation lumen. More particularly, as best shown in the enlarged
perspective view of FIG. 10, outer shaft 902 includes an inflation shaft or tube 910 defining a
fumen 912 that is attached to extend along an outer surface of outer shaft 902 to allow
inflation fluid recetved through a proximal hub (not shown) to be delivered to balloon 924
In an ermnbodiment bhereof, when inflation tube 910 is external to outer shaft 902, an outer
sheath 938 (shown in phantom in FIG. 9 so that the components internal thercto are clearly
shown) may be disposed over the inflation tube and outer shaft in order to couple the
inflation tube to the outer shaft. However, cuter sheath 958 is optional and the external
mflation tube may be coupled to the outer shaft using other coupling mechanisms or
methodologies known in the art. Scaling members 927, 929 are disposed internally to outer
shaft 902, radially external to mner shaft 914 and adjacent to proximal and distal balloon
ends 926, 928, respectively, for preventing leakage of inflation fluid. Inflation tube 910
extends from the proximal hub into balloon 924, such that a distal end or port 911 of inflation
tube 910 1s positioned or extends just beyond or distal to proximal end 926 of balloon 924

and sealing member 927. Similar to sealing members 127, 129, sealing members 927, 929
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are valve-like or wiper scals that allow sliding or longitudinal movement of internal shaft 914
within outer shaft 902 while preventing leakage of the inflation flind used for inflating

balloon 824.

160477  FIGS. 11 and 12 illustrate a distal portion of a catheter assembly 1100 having a
stabilization mechanism 1122 1n first and sccond configurations, respectively, according to
another embodiment hereof. An inflatable balloon 1124 of the stabilization mechanism is
shown in phantom in FIGS. 11-12 so that the components internal thereto are clearly shown,
Catheter asserably 1100 s similar to catheter assembly 1200 in that outer shaft 1102 includes
windows or openings 1160 for deployment of wings 1136A, 11368 of support structure
1130. Support structure 1130 is similar in structure to support structure 138, with one of the
proximal and distal tube segments (not shown in FIG. 11) being slidingly disposed over inner
shaft 1114 and the other one of the proxumal and distal tube segroents (vot shown in FIG. 11)
being fixed or sccured to imner shaft 1114 to permit wings 1136A, 11368 to outwardly
expand or laterally bow into the deployed configuration. In this conbodiment, deployment of
wings 1136A, 11368 is achieved via relative rotation between tnner shaft 1114 and outer
shaft 1102 rather than relative longitudinal movement thereof. Inner shatt 1114 is not
shidingly disposed relative to outer shaft 1102 but rather is rotatably disposed relative to outer
shaft 1102 so deployment is achicved when wings 1136A, 1136B of support structure 1130
circumferentially align with windows or openings 1160, Rotation is illustrated via a
dircctional arrow 1262 in FIG. 12, Once wings 1136A, 11368 and openings 1160 arc
circamfercutially aligned, wings 11364, 1136B outwardly expand or laterally bow into thetr
expanded state through openings 960 as shown in FIG. 12, Sealing members 1127, 1129 are
disposed internally to outer shaft 1102, radially external to inner shaft 1114 and adjacent to
proximal and distal balloon ends 1126, 1125, respectively, for preventing leakage of inflation
fluid.  Similar to scaling members 127, 129, scaling members 1127, 1129 are valve-like or
wiper seals that allow rotational movement of internal shaft 1114 within outer shaft 1102

while preventing leakage of the inflation fluid used for inflating balloon 1124,

0048} As previously mentioned, catheter assemblics according to embodiments hercof may
be utilized in a method for re-entering the true lamen of a vessel after subintimally bypassing
an occlusion in a blood vessel such as a chronic total occlusion {(CTO) of an artery. FIG. 13
is a sectional view of the anatoroy of an artery wall, which for purposes of this description s

shown to consist cssentially of three layers, the tunica intima I (“intima’™), tunica media M
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{"media”) which is the thickest layer of the wall, and the tunica adventitia A (“adventitia”).
ln some arteries an internal elastic merobrane IEM is disposed between the media M and
adventitia A. The adventitia A 1s made of collagen, vasa vasorum and nerve cells, the media
M is made of smooth muscle cells, and the ntirea 1is made up of a single layer of endothelial
cells that provide a nonthrombogenic surface for flowing blood. A catheter assembly in
accordance with embodiments hereot 1s used as part of a system for creating a subintiraal
reentry conduit within a wall of a blood vessel V to allow blood flow around an occlusion.
FIGS. 14-24 tlustrate an cxemplary method of using the above-described catheter assembly
100 to bypass a chronic total occlusion {CTO} according to an embodiment hercof, but i
would be understood by one of ordinary skill in the art that the depicted method may be
adapted to be performed by other catheter asserably disclosed herein. Although described in
relation o bypassing a CTO, it should be understood that the methods and apparatus
described herein may be used for bypassing any tight stenoses 1o arteries or other anatoroical

conduits and are not Hmited to total soclusions.

[0649] As shown in FIG. 14, m accordance with techniques known in the field of
mterventional cardiclogy and/or interventional radiology, guidewire 156 having a distal end
1472 is transluminally advanced through the vasculatiure to a position upstream or proximal
of a treatient site, which in this instance 1s shown as occlusion O within a true lumen TL of
blood vessel V. Guidewire 156 pierces the intima | and is advanced distally to create a
subintimal space by locally dissecting or delaminating intima 1 from media M or by
burrowing through media M. Guidewire 156 has a relatively larger outer diameter such as
between 0.032-0.040 inches in order to have sufficient column strength to gain access to the
subintimal space of vessel V. In order to pierce the mtima I, a clinician roay manipulate
distal end 1472 of guidewire 156 by prolapsing or bending-over the distal end of guidewire
156 (not shown} and thercafter may use the stiffer arc or loop of the prolapsed distal end to
pierce inte the intima | to advance guidewire 156 there through. The piercing of the intima |
is aided by the fact that typically blood vessel V 1s diseased, which in some instances makes
the intima I prone to piercing. Guidewire 156 is distally advanced within the subintimal
space from a near or proximal side of occlusion O to a position where distal end 1472 thereof

is positioned in the subintimal tract on a far or distal side of occlusion O,

[0858] Alternatively, another device other than guidewire 156 may be inifially used to create

the subintimal tract. Those of ordinary skill in the art will appreciate and understand the
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types of alternative devices that may be used in this step including an apparatus known as an
“olive”, a laser wire, an elongate radiofrequency electrode, a microcatheter, or any other
device suitable for boring or advancing through the vessel tissue. If an alternative device is
used instead of guidewire 156 to form the subintimal tract, such aliernative device roay be
removed and replaced with guidewire 156 or a smaller diameter guidewire after the

subintimal tract has been formed.

[8851] Afier the subintimal space or tract i1s formed, catheter assembly 100 1s tracked over
guidewire 156 and advanced until distal end 106 of outer shaft 102 is disposed at the far end
of occlusion O as shown m FIG. 15, During the step of tracking catheter assembly 100, scif-
expanding support structure 130 is held in a radially compressed state within the outer shaft
102 that is proximal of balloon 124, Omnce catheter assembly 100 is positioned as desired
withio the subintimal space, self-expaunding support structure 130 18 moved or positioned
within balloon 124 of the catheter assembly, thereby permitting support structure 130 to self-
expand and return to an expanded or deployed state within the balloon as shown in FIGS. 16
and 16A. More particularly, during the step of positioning, outer shaft 102 is proximally
retracted relative to inner shaft 114 until scelf-expanding support structure 130 slides within
balloon 124 to be longitudinally aligned or overlapping therewith. As best shown in FIG.
16A, the compliant material of balloon 124 is laterally pushed or extended outward such that

the balloon is stretched over the deployed wings 136A, 1368 of support structure 130.

10652] Balloon 124 is then inflated around support structure 130, as shown tn FIGS. 17 and
17A. With inflation of balloon 124, stabilization mechanism 122 is thereby deployed and
catheter assembly 100 1s anchored within the subintimal tract. Balloon 124 1s nflated at a
low pressure regime so that inflated balioon 124 matches or corresponds o the geometry or
profile of expanded support structure 130 therein.  As shown in FIG. 17A, when wflated
around the expanded support structure 130, balloon 124 expands into contact with the
surrounding patient’s anatomy to fill out or cccupy the target anatomical space to improve
anchoring, to provide stabilization mechanism 122 with a smooth, rounded-out, and stable

profile, and to minimize damage to the surrounding anatomy.

[8653] Gudewire 156 may then be proximally retracted and removed, with stabilization
mechanism 122 of catheter 100 deployed as shown in FIG. 18, In order to bypass the CT(O, a
needle component 1974 having a pre-formed or angled distal tip segment 1976 1s advanced or

loaded nto lumen 128 of tnner shaft 114, A side view of needle 1974 1s shown in FIG. 19A,
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Needie component 1974 is an clongate tubular or cylindrical element that is configured to be
shdably disposed within luroen 120 of inner shaft 114 and removable therefrom. Needle
component 1974 has an clongated straight proximal segment 1975 and angled distal tip
segment 1976, with a distal end 1978 that includes a distal tip 1980 configured to plerce or
penctrate through a wall of a vessel. Pre-formed angled distal tip segment 1976 extends,
bends, or otherwise curves at an acute angle 9 relative to the longitudinal axis of clongated
proximal segment 1975, In embodiments hereof, angle © may be in the range of 30° to 80°.
In an crobodiment at least angled distal tip segment 1976 of ncedle component 1974 1
formed from a biocompatible resilient metal such as spring temper stainless steel or nitinol,
which utilizes the clastic properties of stress induced martensite, such that a heat or thermal
treatment of the selected matenial may be used to set the shape mersory of angled distal tip
segment 1976, In an embodiment, needle component 1974 may be formed from more than
one matenial, for e.g., with aun clongated proxivoal segroent 1975 being formed of stainless
steel and only angled distal tip segment 1976 being formed of nitinol. Suitable materials for
needle 1974 include but are not limited to nitinol, stainless stecl, or relatively hard polymeric

materials such as polyetheretherketone (PEEK).

[8854] During advancement or loading of needle component 1974 through inner shaft
114, angled distal tip scgment 1976 of ncedle component 1974 is restrained or held in a
straightened state within catheter assernbly 100, The combination of the inner and outer
shafts of catheter assembly 100 provide sufficicnt nigidity to maintain angled distal tip
segment 1976 of veedle comwponent 1974 i a straightened state during loading and
advancement thercof. When relcased from catheter assembly 100, angled distal tip segment
1976 resurnes its shape wemory geometry by its own mterval restoring forces. Thus, needle
component 1974 is advanced within inner shaft 114 until angled distal tip segment 1976
extends from or protrudes out of the distal end of outer shaft 102, The distal tip scgment
1976 of needle component 1974 is then oriented such that subsequent distal advancement
relative to catheter asserably 100 will cause the distal tip 1980 to penctrate through the intima
and thereafter gain access to the true lumen of the vessel distal to, ie., downstream of, the

CTO as shown in FIG. 19.

[B0558] A sccond guidewire 2082 may be advanced through a lurnen (not shown) of needle
component 1974 and into the true lomen TL of vessel V as shown in FIG. 20, Guidewire

2082 has a relatively smaller outer diameter such as 0.014 inches in order to minimize the
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size of needle component 1974 and subsequently minimize the size of catheter assembiy 100,
With guidewire 2082 in place, needle component 1974 way be retracted and removed as

shown in FIG. 21,

[3056] In onc embodiment, at this stage of bypassing a CTO, catheter assembly 100 may
be removed and guidewire 2082 may be left in place as shown m FIG. 22, such that
guidewire 2082 extends m true lumen TL proximal to the CTO, through the subintimal tract,
and back into true lumen TL distal to the CTO to enable the CTO to be successtully crossed
via the subintimal conduit thus created. A covered or uncovered stent may be delivered over
guidewire 2082 and implanted within the subintimal tract to facilitate flow from the lomen of
the vessel upstream of the CTO, through the subintimal tract and back into the lumen of the
vessel downstream of the CTO. For example, FIG. 23 shows a distal end of a catheter 2384
having a stent 2388 wounted thercon being advanced over guidewire 2082 to a position
where a distal end 2390 of the radially collapsed stent 2388 is in true fumen TL of vessel V
downstrearn of chronic total occlusion CTO, a proximal end 2386 of stent 2388 is 1o true
fumen TL of vessel V upstream of chronic total occlusion CTO, and a tubular body of stent
2388 cxtends through the subintimal tract. Stent 2388 is then deployed (see FIG. 24) by
either self-expansion or balloon inflation within the subintimal reentry conduit to dilate the
subintimal tract and compress the adjacent chronic total occlusion CTO. Stent 2388 provides
a scaffold which maintains the subintimal tract in an open condition capable of carrying
blood downstream of chronic total occlusion CTO. Thereafter, guidewire 2082 and catheter
2384 ruay be removed from the patient, leaving stent 2388 10 an expanded configuration and
creating a radially supported, subintimal blood flow channel around chronic total occlusion

CTO as seen n FIG. 24,

1865871  As described heremn with respect to FIG. 19, needle component 1974 having a pre-
formed or angled distal tip segment 1976 is advanced or loaded into lumen 128 of inner shaft
114 in order to bypass the CTO. In another embodiment hereot, as would be understood by
one of ordinary skill in the art, the catheter assembly may be modified to include a side or
exit port {not shown) through the outer shaft, proximal to the distal end of the outer shaft, in
order to extend a needle or stylet through the intima and thereafter gain access to the true
fumen of the vessel distal to, e, downstream of, the CTO. In addition, as would be
undersiood by one of ordinary skill in the art, the catheter asserably may be modified to

include a ramp or inclined surface {not shown) adjacent to the side or exit port to accomplish
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and/or supplement the desired angled cxtension of the needle or stylet from the catheter

assembly.

[0858]  While various embodimeunts according to the present invention have been
described above, it should be understood that they have been presented by way of ilhustration
and cxample only, and not liroitation. Bt will be apparent to persons skilled in the relevant art
that various changes in form and detail can be made therein without departing from the spirit
and scope of the wnvention. For example, catheter assemblics according to cmbodiments
hereof may include a feature to limit or restrict the amount of relative longitudinal movement
between the tnner and outer shafts for properly positioning the support structure in the
balloon. For example, a safe lock mechanism may be incorporated into a proximal handle of
the device that controls the movement or sliding of the inner shaft relative to the outer shaft.
ln addition, stabilization mechanisros described berein moay be utilized to anchor catheter
assemblics within a subintimal space without inflation of the balloon. Rather, the balloon
may function as an outer mewber that surrounds the self-expaunding support structure to
minimize damage to the anatomy. Thus, the breadth and scope of the present invention
should not be limited by any of the above-described exemplary embodiments, but should be
defined only in accordance with the appended claims and their equivalents. It will also be
understood that each feature of each embodiment discussed herein, and of each reference
cited herein, can be used in combination with the features of any other embodiment. Al
patents and publications discussed herein are incorporated by refercnce hercin n their

entirety.
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CLAIMS

What is ¢claimed is:

1. A catheter agsembly comprising:

an outer shaft including an inflatable balioon disposed at a distal end thereof;

an inner shaft including a self-expanding support structure mounted on a distal end
thereof, the inner shaft being disposed within a lumen of the outer shaft such that the inner
shaft is movable relative to the outer shaft, wherein in a first configuration the support
structure is held i a compressed state within the outer shaft and in a second configuration the
support structure is permitied to return to an cxpanded state within the inflatable balloon such
that the inflatable balloon has a flatiened laterally-extending profile dictated by the support

structure in the expanded state for stabilizing the catheter asserably within a subintimal space.

2. The catheter assembly of claim 1, wherein the support structure includes first and
sccond wings that bow outward from the nner shaft in oppostte divections from cach other

when in the expanded state.

3. The catheter assembly of claim 2, wherein the flattened laterally-extending profile of
the balloon inchudes opposing triangular portions extending along the length thereof that are

formed by the first and second wings of the support structure,

4. The catheter assembly of claim 2, wherein cach of the first and sccond wings of the
support structure is a longitudinally extending band that bridges a length between proximal
and distal tube scgments of the support structure and wherein the frmer shaft extends through
the proximal and distal tube segments of the support structure such that the longitudinally
extending band that forms the first wing extends along a first side of the inner shaft and the
fongitadinally extending band that forms the second wing exiends along an opposite, second

side of the mner shaft.

5. The catheter assembly of claim 4, wherein each of the first and second wings of the
support structure include at least one joint formed thereon to permit selective bending, the

joint having a thinner cross-section than the rematning length of the band.
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6. The catheter assembly of claim 1, wherein the outer shaft includes at least one
opening formed through a sidewall thereof to permit the support structure to return to an

expanded state.

7. The catheter assembly of claim 1, wherein the inflatable balloon is an integral portion
of the outer shaft, with a proximal end of the balloon being coupled to a proximal portion of
the outer shaft and a distal tip of the balloon being coupled to a distal tip portion of the outer
shaft, and the proximal portion, balloon, and distal tip portions define a continuous lumen

there-through.

8. A catheter assembly that provides stabilization within a subintimal space coraprising:
a stabilization mechanism disposed at a distal end of the catheter assembly, the
stabilization mechamsro including a self-expanding support structure that is selectively
positionable within an inflatable balloon, wherein, when the support structure is positioned
within the balloon, the support structure returns to an expanded state and causes the balloon
to have a flattened laterally-extending profile that corresponds to the geometry of the support

structure therein for anchoring the catheter asserably within the subintimal space.

9. The catheter assembly of claim 8, further comprising:

an elongate outer tubular component having an elongate inner tubular component
slidably disposed therein, wherein the inflatabie balloon is disposed at a distal end of the
outer tubular component and the self-expanding support stracture is mounied at a distal end

of the inner tubular component.

10, The catheter assembly of claim 9, wherein the self-expanding support structure is held
in a radially compressed state when positioned within the outer tubular component proximal

of the balloon.

1. The catheter assembly of claim 9, wherein the self-expanding support stracture
ineludes first and second wings that bow outward from the inner tubular coraponent in

opposite directions from cach other when in the expanded state.

12, The catheter assembly of claim 11, wherein each of the fivst and sccond wings s a

longitudinally cxtending band that bridges a length between proximal and distal tube
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segments of the self-expanding support structure and wherein the inner tubular component
extends through the proximal and distal tube segments of the self~expanding support structure
such that the longitudinally extending band that forms the first wing cxtends along a first side
of the imner tubular coraponent and the longitudinally extendimg band that forms the second

wing extends along an oppostte, second side of the inner tubular component.

13, The catheter assembly of claim 9, wherein the outer tubular component includes at
lcast one opening formed through a sidewall thereof to permit the support structure to return

to an expanded state.

14, The catheter assembly of claim 9, wherein the mnflatable balloon is an integral portion
of the outer tubular component, with a proximal end of the balloon being coupled to a
proximal portion of the outer tubular component and a distal tip of the balloou being coupled
to a distal tip portion of the ounter tubular component, and the proximal portion, balloon, and

distal tip portions define a continuous lumen there-through.

15, A mcthod of stabihizing a catheter asscrably within a subintimal space comprising:

tracking a distal end of the catheter assembly to a treatment site within the subintimal
space with a self-expanding support structure held 1o a compressed state therein

positioning the self-expanding support structure within an inflatable balloon of the
catheter assembly to permit the support structure to return to an expanded state within the
balloon; and

inflating the balloon around the support structure, wherein the support structure
constrains expansion of the balloon such that the balloon has a flattened laterally-extending

profile.

16, The method of claim 15, wherein the catheter assembly further comprises,

an clongate outer tubular component including the inflatable balloon mounted at a
distal end thereof, and

an elongate inner tubular component including the self-expanding support structure

mounted at a distal end thereof,

17.  The wethod of claim 16, wherein the self-expanding support structare joclades first

and second wings that bow outward from the inner tubular component in opposite directions
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from each other when in the expanded state within the balloon and wherein during the step of
tracking, the first and second wings are held in a compressed state within the outer tubular

component proximal of the balloon.

18.  The method of claim 16, wherein positioning the self-expanding support structure
within an mnflatable balloon includes longitudinally aligning the support structure within the
inflatable balloon via relative sliding movement between the tnner and outer tubular

COMpPONCnis,

19, The method of claim 16, wherein positioning the seif-expanding support structure
within an inflatable balloon meludes circurnferentially aligning the support structure within

the inflatable balloon via relative rotation between the inner and outer tubular components.

20. The method of claim 16, further comprising the steps of:

creating a subintimal conduit through the catheter asserably that extends in a true luraen
proximal to an occlusion, through the subintimal space, and back into the true fumen distal to
the occlusion, wherein the balloon remains inflated around the cxpanded support structure

during the step of creating the subintimal conduit.
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FIG. 13
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