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(57) Abstract: Balloon catheter comprising: a main catheter shatt including a first guidewire lumen, a second guidewire lumen, and
an inflation lumen; a balloon extending from a distal end of the main catheter shaft, wherein the inflation lumen of the main catheter
shaft is in fluid communication with an interior of the balloon; a first deformable guidewire shaft extending from a distal end of the
main catheter shaft, adjacent and external to the balloon, wherein the first deformable guidewire shaft detines a lumen in fluid com-
munication with the first guidewire lumen of the main catheter shaft; a second deformable guidewire shaft extending from a distal
end of the main catheter shaft, adjacent and external to the balloon, wherein the second deformable guidewire shaft defines a lumen
in fluid communication with the second guidewire lumen of the main catheter shaft; a proximal bond that fixes a proximal end of the
balloon to a distal end of the main catheter shaft; a first distal bond that fixes a distal end of the balloon to a first distal end of the
first deformable guidewire shaft and a second distal bond that fixes the first distal end of the first deformable guidewire shaft to a
second distal end of the second deformable guidewire shaft; at least one intermediate bond that fixes an intermediate portion of the
balloon to an intermediate portion of the second deformable guidewire shaft, wherein an outer surface of the first deformable
guidewire shaft between the proximal bond and the first distal bond is not bonded to the balloon, and wherein the balloon inflation
causes the balloon and the first deformable guidewire shaft to bend in radially opposing directions and causes the balloon and the
second deformable guidewire shaft to bend in the same direction, thereby orienting the distal ends of the first and second deformable
guidewire shafts in directions different from that of the main catheter shaft.
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CATHETER WITH DEFLECTABLE TIP

FIELD OF THE INVENTION
{60611  The invention relates in general to catheters and in particular {o a balloon

catheter having a deflectable distal end.

BACKGROUND OF THE INVENTION

{68621 A varielty of catheters for delivering g therapy andfor moniforing a
physiological condition have been implanied or proposed for implantation in patients.
Cathelers may deliver therapy to, and/or monitor conditions associated with, the
heart, muscle, nerve, brain, stomach or other organs or tissue. Many catheters are
tracked through the vasculature to iocale a therapeutic or diagnostic portion of the
catheter at a target site. Such catheters must have flexibility to navigate the twists
and turns of the vasculature, sufficient stiffness in the proximal portion thereof (o be
pushed through the vasculature alone or over a guidewire or through a lumen, and
the capability of orienting a distal portion thereof in alignment with an anatomical
feature at the targel site so thal a diagnostic or therapeutic procedure can be
completed.  In general terms, the catheter body must also resist kinking and be
capable of being advanced through access pathways that twist and tum, somelimes
abruptly at acute angles.

{00031 The distal portions of cathelers frequently need (o be selectively deflected
or bent and straightened again while being advanced within the patient {0 steer the
catheter distal end into a desired body lumen or chamber. For example, it may be
necessary to direct the catheter distal end through tortuous anatomies and/or info a
branch of vessel bifurcation. In addition, some procedures require high accuracy in
guidewire orientation. For example, when a subintimal approach is selected for
crossing a Chronic Total Occlusion {(CTO)}, a guidewire needs to be accuralely
oriented {0 re-enter the true vessel lumen downstream of the CTO. Various
steerable mechanisms have been disclosed o sieer catheters and other elongated
medical devices, e.g., steerable guidewires and siylets, and often involve the use of
a deflection mechanism extending through a lumen of the catheter body to an
attachment point in the catheter distal portion. For example, a deflection mechanism
may include elongated wires referred to as control or pull wires, extending between a

proximal control mechanism and the distal altachment point.  More complex
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steerable catheters have two or more lumens and conirol wires extending from the
handie to different points along the length or about the circumference of the catheter
body o induce bends in mulliple segmenis of the catheter body and/or in different
directions.

[6004] Embodiments hereof are directed (o a catheter having deflectable tip for

navigating through or within a patient’s anatomy.

BRIEF SUMMARY OF THE INVENTION

{60051 Embodiments hereof relale 1o a method of orienting a distal end of a
balioon catheter in situ. The balloon catheter includes a main catheter shaft, a shatft
component exiending from a distal end of the main catheter shaft that defines at
least one iumen in fluid communication with a guidewire lumen of the main catheter
shaft, and a balicon exiending from a distal end of the main catheter shaft. The
shaft component exiends adiacent and external to the balloon and an inflation lumen
of the main catheter shafl is in fiuid communication with an interior of the balloon.
The shaft component is operable 1o bend in a first radial direction and a second
opposing radial direction upon balicon  inflation. The balloon catheter is
percuatanaocusly advanced through a vasculature o a target location. The balloon is
inflated, and balicon inflation causes the balloon to bend in the Tirst radial direction
and causes the shaft component o selectively bend in either the first radial direction
with the balloon or the second opposing radial direction away from the balloon,
thereby selectively orienting the distal end of the shaft component in a direction
different from that of the main catheter shaft.

{06061 Embodiments hereof reiate {o a balloon catheter including a main catheter
shaft, a first deformable guidewire shaft, a second deformable guidewire shaft, and a
balioon. The main catheter shaft includes a first guidewire lumen, a second
guidewire lumen, and an inflation lumen. The first deformable guidewire shaft
aextends from a distal end of the main catheter shaft, adjacent and externa! to the
balioon, and the first delormable guidewire shaft defines a lumen in fluid
communication with the first guidewire lumen of the main catheter shaft. The second
deformable guidewire shaft extends from a distal end of the main catheter shaft,
adjacent and external to the balloon, and the second deformable guidewire shatft
defines a lumen in Hluid communication with the second guidewire lumen of the main

catheier shafl. The balloon exiends from a distal end of the main catheler shaft, and



WO 2014/120415 PCT/US2014/011140

the inflation lumen of the main catheler shaft is in fluid communication with an
interior of the balloon. A proximal bond fixes a proximal end of the balloon 1o a distal
end of the main catheter shaft. A first distal bond that fixes a distal end of the
balloon to a first distal end of the first deformable guidewire shaft and a second distal
bond that fixes the first distal end of the first deformable guidewire shaft to a second
distal end of the second deformable guidewire shaft. An outer surface of the first
deformable guidewire shaft between the proximal bond and the first distal bond is
not bonded to the balloon, while at least one intermediate bond fixes an intermediate
portion of the balioon o an intermediate portion of the second deformable guidewire
shaft. Balloon infiation causes the balloon and the first deformable guidewire shalt
to bend in radially opposing directions and causes the balicon and the second
deformable guidewire shaft to bend in the same direction, thereby orienting the distal
ends of the first and second deformable guidewire shafls in directions different from
that of the main catheter shaft.

{00071  Embodiments hereof relate to a balloon catheter including a main catheter
shaft, a deformable guidewire shaft, and a balicon. The main catheter shaft includes
a guidewire lumen and an inflation lumen. The deformable guidewire shaft exiends
from a distal end of the main catheter shafl, adjacent and external to the balloon,
and the deformable guidewire shaft defines a lumen in fluid communication with the
guidewire lumen of the main catheter shaft. The balloon exitends from a distal end of
the main catheter shaft, and the inflation iumen of the main catheter shafl is in fiuid
communication with an interior of the balloon. A proximal bond fixes a proximal end
of the balloon to a distal end of the main catheter shaft and a distal bond fixes a
distal end of the balloon o a distal end of the deformable guidewire shaft, wherein
an outer surface of the first deformabile guidewire shaft between the proximal bond
and the first distal bond is not bonded to the balloon. A first magnetic component is
coupled to or insertable within or over an intermediate portion of the balloon, and a
second magnetic component is coupled o or insertable within or over an
intermediate portion of the deformable guidewire shafl.  The first and second
magnetic componenis are operable o selectively and temporarily couple the
intermediaie portion of the balloon and the intermediate portion of the deformable
guidewire shaft together. Balioon inflation causes the balloon and the deformable
guidewire shaft to bend in radially opposing directions when the intermediate
portions of the balloon and deformable guidewire shaft are not coupled together and

(]
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causes the balloon and the deformabie guidewire shaft to bend in the same direction
when the intermediate portions of the balloon and deformable guidewire shaft are
coupled together, thereby selectively orienting the distal end of the deformable
guidewire shaft in a direction different from that of the main cathetler shaft.

BRIEF DESCRIPTION OF DRAWINGS

[8008] The foregoing and other features and advaniages of the invention will be
apparent from the foliowing description of embodiments hereof as illustrated in the
accompanying drawings.  The accompanying drawings, which are incorporated
herein and form a part of the specification, further serve to explain the principles of
the invention and to enable a person skilled in the pertinent art to make and use the
invention. The drawings are not to scale.

{60691 FIG. 1 is a side view of a catheter having a halloon and a deformable
guidewire shaft according to an embodiment hereof, the balloon being proximally
bonded to a main catheter shaft and distally bonded {o the deformable guidewrire
shaft, wherein the balloon is in a delivery or deflated configuration.

{60101  FIG. 1A is a cross-sectional view taken along line A-A of FIG. 1.

{80111 FIG. 1B is a cross-sectional view taken along line A-A of FIG. 1 according
to another embodiment hereof in which the main catheter shaft is formed via multi-
lumen extrusion.

{00121 FIG. 2 is a side view of a distal portion of the catheter of FIG. 1, wherein
the balloon is in a deployed or inflated configuration and balicon inflation causes a
distal end of the deformable guidewire shaft to bend or deflect with respect © the
main catheter shaft.

{80131 FIG. 3 is a side view of a distal portion of a catheter having a balloon and
a deformable guidewire shaft according o another embodiment herecf, the
deformable guidewire shaft being a coiled shaft, wherein the balloon is in a delivery
or deflated configuration.

{0014] FlG. 4 is a side view of a distal portion of a catheter having a balloon and
a deformable quidewire shaft according to another embodiment hereof, the catheler
including a radiopague marker within the balloon, wherein the balloon is in a
deployed or inflated configuration.

{0015] FlG. 5 is a side view of a distal portion of a catheter having a balloon and
a deformable guidewire shaft according to another embodiment hereof, the catheler
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including additional bonds between intermediate portions of the balloon and the
deformable guidewire shaft, wherein the balloon is in a depioyed or inflated
configuration.

{60161 FIG. 6 is a side view of & distal portion of a catheter having a bailoon and
a deformable guidewire shaft according to another embodiment hereof, wherein
intermediate portions of the balloon and the deformable guidewire shaft may be
selectively magneticaily coupled together and the balloon is in 2 delivery or deflated
configuration.

[0017] FIG. B8A is a side view of the catheter of FIG. 6, wherein intermediate
portions of the bsalloon and the deformable guidewire shaft are selectively
magnetically coupled and the balloon is in a deployed or inflated configuration.
{6018] FIG. 6B is a side view of the catheler of FIG. 8, wherein iniermediate
portions of the bhalloon and the deformable guidewire shaft are not magnetically
coupled and the balloon is in a deployed or inflated configuration.

{00191 FiG. 7 is a side view of a distal portion of a catheler having a bailoon and
two deformable guidewire shafts according to another embadiment hereof, whergin
the balloon is in a delivery or deflated configuration.

{00201 FIG. 7Ais a cross-sectional view taken along line A-A of FIG. 7.

{00211 FiG. 78 is a side view of the catheter of FIG. 7, wherein the bailoon isin a
deployed or inflated configuration.

{00221 FIGS. 8A-8C illustrate a method of using the catheter of FIG. 6 at a
bifurcation.

{6023} FIGS. 0A-9F dlustrate a method of using the catheter of FIG. € o bypass
a chronic total occlusion (CTO}.

DETAILED DESCRIPTION OF THE INVENTION

{0024} Specific embodiments of the present invention arg now described with
reference to the figures, wherein like reference numbers indicate identical or
functionally similar elements. The ferms “distal” and "proximal” are used in the
following description with respect to a position or direclion relative 1o the treating
clinician. "Distal” or "distally” is a position distant from or in a direction away from the
clinician. "Proximal” or “proximally” is a position near or in a direclion toward the

glinician.
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{80251 The foliowing delailed description is merely exemplary in nature and is not
intended to limit 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 the coronary, carotid and renal arteries, and in general the peripheral vasculature
{e.g. Temoral and popliteal arteries), the invention may also be used in any other
body passageways where it is deemed useful. Furthermore, there is no infention to
be bound by any expressed or implied theory presented in the preceding technical
field, background, brief summary or the following detailed description.

{60261 Embodiments hereof relate fo a catheter having a distal balloon and a
deformable guidewire shaft which is adjacent and external (o the balloon. Inflation of
the balloon deflects or bends the deformable guidewire shaft in order to orient or
angle a distal end of the guidewire shafl in a desired direction o guide and direct a
guidewire extending through the deformable guidewire shaft towards a specific
endovascular region.

{00271 More particularly, with reference FIG. 1, FIG. 1A, and FIG. 2, a balloon
catheter 100 includes a main or glongated catheter shaft 102 defining a lumen 104,
an inflatable balloon 122, and a deformable guidewire shaft 114 defining a lumen
116 and being positioned adjacent and external to balicon 122, Deformable
guidewire shaft 114 extends longitudinally along an exterior surface of balioon 122.
Balloon 122 is shown in an unexpanded or delivery configuration in FIG. 1 and is
shown in an expanded or inflated configuration in FIG. 2. In the catheler
construction of the embodiment shown in FIGS. 1 and 1A, a guidewire shaft or tube
106 defining a lumen 108 and an inflation shaft or twbe 110 defining an inflation
lumen 112 exiends through lumen 104 of main catheter shaft 102. Deformable
guidewire shaft 114 is coupled o and extends from a distal end 107 of main catheler
shaft 102 so that it forms a continuatlion or extension of guidewire shaft 106 and
lumen 116 of deformable guidewire shaft 114 is in fluid communication with lumen
108 of guidewire shaft 106. As such, guidewire shaft 106 and deformable guidewire
shaft 114 collectively define a guidewire lumen that extends substantially the entire
length of the catheter for accommeodating a guidewire {not shown in FIG. 1). Other
types of catheter construction are also amendable 1o the invention, such as, without
limitation thereto, a catheter shaft formed by multi-lumen profile exirusion as shown
in FIG. 1B in which a main cathster shaft 1028 is a dual lumen tubular component
that includes an inflation lumen 1M12B and a guidewire lumen 108B. In another

(o3
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embodiment hereof (not shown), catheter 100 may be modified o be of a rapid
axchange (RX) catheter configuration without departing from the scope of the
present invention such that guidewire shaft 108 extends within only the distal portion
of main catheter shaft 102.

[6028] Main catheter shaft 102 has a proximal end 118, which also defines a
proximal end of catheler 100, which extends out of the patient and is coupled to a
hub 103, Distal end 107 of main catheter shaft 102 is coupled to a proximal end or
neck 124 of balloon 122, A distal end or neck 126 of balloon 122 is coupled 1o a
distal end 120 of deformable guidewire shaft 114, which defines a distal guidewire
port as well as a distal end of catheter 100. Distal end 120 may include a tapered
distal catheter tip (not shown).

{00291 Inflation lumen 112 extends belween proximal and distal ends 118, 107,
respectively, of main catheter shaft 102 to aliow inflation fluid received through hub
103 to be delivered to balloon 122. As would be understood by one of ordinary skill
in the art of balloon catheter design, hub 103 provides a luer hub or other type of
fitling that may be connecled to a source of inflation fluid and may be of ancther
construction or configuration without departing from the scope of the present
invention.

{00301 The catheter shafts, including main catheler shaft 102, guidewire shatft
106, and inflation shaft 110, may be formed of a polymeric material, non-exhaustive
examples of which include polyethvlene, polyethylene biock amide copolymer
{(PEBA), polvamide and/or combinations thereof, either laminaied, blended or co-
extruded. Optionally, main catheter shaft 102 or some portion thereof may be
formed as a composite having a reinforcement material incorporated within a
polymeric body in order 10 enhance strength and/or flaxibility. Suitable reinforcement
layers include braiding, wire mesh layers, embedded axial wires, embedded helical
or circumferential wires, hypotubes, and the like. In one embodiment, for example,
at least a proximal portion of main catheter shaft 102 may be formed from a
reinforced polymaeric tube.

[0031] Balloon 122 is fixed to catheter 100 via two constraints, a proximal bond
128 and a distal bond 130. An outer surface of deformable guidewire shaft 114
between the proximal and distal bonds is not bonded or otherwise coupled to balloon
122. Proximal bond 128 fixes or couples proximal end 124 of balloon 122 o main
catheler shaft 102, and inflation lumen 112 of main catheter shaft 102 is in fluid
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communication with the interior of balloon 122.  Distal bond 130 fixes or couples
distal end 126 of balloon 122 to a distal end 120 of deformable guidewire shait 114.
The distance or length between proximal and distal bonds 128, 130, in which balloon
122 and deformable guidewire shaft 114 are not coupled together, is equal to or
slightly less than the length of balloon 122 prior to inflation thereof. More
particularly, in an embodiment, balloon 122 may have a length of 10-60 mm and the
distance or length belween proximal and distal bonds 128, 130 may be between 80
and 80% of the balloon length. The distance between proximal and distal bonds
128, 130 is a function of the amount of desired bending needed, /¢, a shorter
distance resulis in less bending. Proximal and distal bonds 128, 130 may be formed
in any conventional manner known to one of skill in the art of balloon catheter
consiruction, such as by laser welding, adhesives, heat fusing, or ultrasonic welding.
{60321 Referring now to FIG. 2, inflation of balloon 122 causes balloon 122 and
deformable guidewire shaft 114 {o bend, curve, or bow in radially opposing
directions, thereby orienting or deflecting distal end 120 of deformable guidewire
shaft 114 in a direction different from that of the main catheter shaft 102. More
particularly, prior to inflation or in a deflated state, both balioon 122 and deformable
guidewire shaft 114 are siraight and have a first longitudinal length. Balloon 122 s
formed of a compliant or semi-compliant material and as balioon 122 inflates,
pressure siretches the balloon walls in both the radial and longitudinal directions. As
a result, as ballcon 122 infiates, the longitudinal length of the balloon increases from
the first longitudinal length to a second longitudinal length, which is greater than the
first iongitudinal length, and a diameter of the balloon increases from a first diameter
to a second diameter. Such stretching is achieved due o the capability of polymer
fibers of the balloon material to align and withstand inflation pressures.  On the
other hand, deformable guidewire shaft 114 maintains the same length and
diameter, ie., the length and diameter of deformable guidewire shaft 114 does not
change during balloon inflation.  Since proximal and distal ends 124, 126 of balloon
122 are constrained or fixed via proximal and distal bonds 128, 130, inflation of
balioon 122 causes the balioon to bend or bow as the longitudinal length of the
balloon increases from the first longitudinal length to the second longitudinal tength.
Meanwhile, in order {0 balance the forces developed during balloon inflalion,
deformable guidewire shaft 114 bends or bows with its concavity directed towards
balloon 122, As a result, distal end 120 of deformable guidewire shaft 114 is
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oriented in a direction different from that of main shaft 102. Hence, as a function of
the balloon inflation, during the procedure a guidewire which is inseried through the
guidewire lumen can be oriented according to different directions, in particular
different from the longitudinal straight direction collectively defined by guidewire shaft
106 and deformable guidewire shaft 114.

{86331 The amount of deflection or bending of deformable guidewire shaft 114 is
dependent upon various factors including inflation pressure, balloon compliance, and
material characteristics of deformable guidewire shaft 114, Most notably, the
amount of deflection or bending of deformable guidewire shaft 114 is a funclion of
inflation pressure. in general, the more balloon 122 is inflated, the greater amount of
bending or deflection occurs or is produced in deformable guidewire shaft 114.
{0034] Compliance of bailoon 122 also affects the amount of deflection or
bending of deformable guidewire shaft 114. Balicon compliance can be defined as
the change in balloon diameter and length as a function of inflation pressure. A high
compliant balloon has a relatively large increase in diameter and length in response
to an increase in inflation pressure, while a balloon having a relatively small increase
in diameter and length in response o an increase in inflation pressure issaid iobe a
low compliant balioon or a non-compliant balioon. In general, higher balloon
compliance results in more deflection or bending of balloon 122, which in tumn resulis
in more deflection or bending of deformable guidewire shaft 114. As such, balloon
122 is formed from a compliant or semi-compliant material in order to result in the
desired bending thereof. Non-exhaustive examples of materials for balloon 122
include polymers such as polyethylene, PEBA, polyethylene terephthalate (PET),
polvamide, and polyurethane, copolymers or blends thereof. In one embodiment,
balloon 122 is a relatively compliant thermoplastic elastomer (TFE) material. The
size of balloon 122 will vary according {o application. However, in an embodiment
hereof, the second longitudinal length of balloon 122 in an inflated or expanded state
is between 10 and 60 mm and the second diameter of balioon 122 in an inflated or
expanded state is between 1 and 3 mm in order o minimize the size of the distal
portion of catheter 100 when balloon 122 is inflated in situ.

{60351  In addition to material properties of balloon 122, material properties of
deformable shafl extension 114 aiso affect the amount of deflection or bending of
deformable guidewire shait 114. The material and the mechanical characteristics of
deformable guidewire shaft 114 are chosen to oplimize the deformability or flexibility
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thereof. For this reason, deformable guidewire shaft 114 is a separate component
from guidewire shaft 106 and has different material properties from guidewire shaft
108, A proximal end of deformable guidewire shaft 114 is coupled to a distal end of
guidewire shaft 106 o form a continuous guidewire lumen as described above.
However, in another embodiment hereof (not shown), guidewire shaft 114 and
guidewire shaft 106 may be a continuous shail or tube of the same material. In
order {0 ensure thal deformable guidewire shaft 114 bends in response to balloon
inflation while main shaft 102 remain straight, deformable guidewire shaft 114 is
constructed such that the bending stifiness Mg thereof s lower than bending
stifiness My of main shaft 102, In an embodiment hereof, bending stifiness Mg of
deformable guidewire shaft 114 is approximately equal {o or in the same range as
the bending stifiness of balloon 122 in order (o guaraniee a sufficient bending rate
while inflating the balioon. Bending stifiness may be defined as M=Ed, where E is
the elastic modulus of the material and J is the cross seclion moment of inertia.
{00381 The target bending slifiness Mg of deformable guidewire shaft 114 may be
achieved either by means of a proper geometrical construction of deformable
guidewire shaft 114 and/or by means of selecting a particular material for deformable
guidewire shaft 114. With respect {0 the geometrical construction of deformable
guidewire shaft 114, it is desirable to reduce or minimize the cross seclion moment
of inertie by reducing or minimizing inner and outer diameters of deformable
guidewire shaft 114 or, if deformable guidewire shaft 114 has a non-circular ¢ross
section, changing geometrical characteristics of the cross section of deformable
guidewire shafl 114, However, the size of lumen 116 of deformable guidewire shaft
114 must remain of sufficient size to accommodate a guidewire.

{80371  With respect to selection of a particular material for deformable guidewire
shaft 114, it is desirable to reduce or minimize the elastic modulus of the material.
The elastic modulus of the material for deformabie guidewire shaft 114 may vary
between 0.01 — 10 GPa. Non-exhaustive examples of materials for deformable
guidewire shaft 114 include a polysther block amide (PEBA)} and a standard
polyamide such as Nylon 12, Nylon 66, BSelection of material for  deformable
guidewire shaft 114 may occur after balicon material and size are selected. For
example, if a relatively small balloon is selected, e.g. a standard nylon balloon, 10

mm fength, 1 mm nominal diameter, the expected amount of longitudinal compliance

10
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recovered during inflation is small and accordingly, material selection deformable
guidewire shaft 114 would be a very soft material having a low elastic modulus.
{00381 In an embodiment hereof, shown in FIG. 3, a coil 340 may be wrapped
around an outermost surface of deformable guidewire shaft 114 in order to enhance
flexibility and allow for proper bending thereof without kinking. Pitch length and wire
characteristics of coil 340 may be chosen or designed to increase bending
performance. For example, coil 340 may be constructed with a ribbon or flat wire, or
with a round wire, {0 increase bending performance thereof. A round wire having a
circular cross section may reduce friction between adjacent windings of coil 340.
Pitch or pitch length between windings of coll 340 may vary in a range of 0.005 -0.05
inches. Pitch may be chosen or designed in order {0 provide the desired stiffness of
coll. In general, a shorter pitch in which the windings of coil 340 are relatively close
together results in increased stifiness.  According to another embodiment hereof,
rather than having a coil wrapped around deformable guidewire shaft 114, the
deformable guidewire shatft itself may be a coil or may have a ¢oil construction. For
example, a coll may be co-extruded with a polymeric tube that forms or makes the
deformable guidewire shatft.

{60381 i may be desirable to monitor the position of balloon 122 during inflation in
order to determine whether additional inflation and bending thereof is required.
Thus, in an embodiment shown in FIG. 4, catheter 100 may include a relatively smail
shaft or tube 442 having a radiopague marker band 444 mounted on or adjacent o
its distal end 446. A proximal end 448 of tube 442 is positioned within inflation
fumen 112 of main shaft 102 and is fixed or coupled (o an inside surface of inflation
tube 110. Distal end 448, having marker band 444 thereon, extends distally and
profrudes into balloon 122, Distal end 4486 s not constrained or coupled to balloon
122, but an intermediate bond 450 may be included to couple tube 442 o a distal
portion of main shaft 102 and/or a proximal portion of balloon 122, During balloon
inflation, distal end 446 of tube 442 follows or moves with balloon 122, thus providing
a visual indication of the position of balloon 122, In addition o marker 444,
additional radiopague markers {not shown)} may be placed on main shaft 102 and/or
deformable guidewire shafl 114, Additional radiopague markers allow visibility of
position/orientation of the balloon with respect o the position/orientation of the main
shatt and/or deformable guidewire shaft. Further, according to another embodiment
{not shown}, tube 442 may be omitted and inflation tube 110 may extend into and

11
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within balioon 122, distal to proximal bond 128, and a radiopague marker band may
be mounted adjacent to a distal end of infiation tube 110.

{6044} During some procedures, it may be desirable for the ballocon and the
deformable guidewire shaft to bend, curve, or bow in the same radial direction rather
than radially opposing directions as described with respect to FIG. 2. Referring o
FIG. 5, another embodiment hereof is shown in which two additional bonds 552A,
5528 are provided between a balloon 522 and a deformable guidewire shaft 514
which force the deformable guidewire shaft o bend in the same direction as the
balloon.  Additional bonds 5524, 558 are positioned belween proximal and distal
bonds 528, 530, which have placement and funclion similar to proximal and distal
bonds 128, 130 described above. Although FIG. & illustrates two additional bonds to
couple an intermediate or middle portion of deformable guidewirs shaft 514 to an
intermediaie or middle portion of balloon 522, a grealer or less number of additional
ponds may be used. Since the intermediate or middie portion of deformable
guidewire shaft 514 remains connected or coupled to balloon 522 through additional
consiraints, ie., bonds 5524, 5528, deformable guidewire shaft 514 staris bending
with its concavity directed in the same direction as the concavity of the balloon.
Additional bonds 552A, 558 may be formed in any conventional manner known {0
one of skill in the art of balicon catheter construction, such as by laser welding,
adhesives, heat fusing, or uitrasonic welding.

{06041} According o further embodiments hereof, a balloon catheter includes a
deformable guidewire shaft that has the capability to bend in the same direction as
the bailoon and/or in a radially opposing direction as the ballcon. The bending
direction may be selectively decided in sifu by the operator. More particularly, a
balioon catheter 6800 is shown in FIG. 6. Similar {o balioon catheter 100, balloon
catheter 600 includes a main catheter shaft 602 having a guidewire fumen {(not
shown) and an inflation lumen (not shown}, a deformable guidewire shaft 614, and a
balioon 622. Deformable guidewire shaft 614 extends from a distal end 607 of main
catheter shaft 602, adjacent and external to balloon 622, and the deformable
guidewire shaft defines a lumen in fluid communication with the guidewire lumen of
the main catheter shaft. Balloon 822 extends from distal end 607 of main catheter
shaft 802, and the inflation lumen of the main catheter shaft is in fluid communication
with an interior of the balloon. Also similar 1o balioon cathster 104, a proximal bond
628 fixes a proximal end of the balloon to distal end 807 of main catheter shafl 802
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and a distal bond 630 fixes a distal end of balioon 622 to a distal end 620 of
deformable guidewire shaft 614. An outer surface of deformable guidewire shaft 614
between proximal bond 628 and the distal bond 630 is not bonded {0 balloon 622,
{60421 The bending direction of deformable guidewire shaft 614 may be
selectively decided in sifu by the operator via first and second magnetic componenis
660, 662. First magnetic component 660 is coupled/bonded to or insertable within or
over an intermeadiate portion of balloon 622, and second magnetic component 662 is
coupled to or inseriable within or over an intermediate portion of deformable
guidewire shaft 614. The first and second magnetic components are operable 1o
selectively and temporarily couple the intermediate portion of balioon 622 and the
intermediate portion of deformable guidewire shaft 614 together. Coupling between
balloon 622 and deformable guidewire shaft 614 is selectively achieved by means of
the magnetic force between first and second magnetic components 660, 662. When
the intermediale portions of the bailoon and deformable guidewire shafl are coupled
together and bailoon 622 is inflated, first and second magnetic components 660, 662
operate or function similar to additional bonds 5524, 5528 described with respect o
FIG. 5 and cause deformable guidewire shaft 614 to bend in the same direction as
balloon 822 as shown in FIG. BA. However, as shown in FIG. 6B, when the
intermediate portions of the balloon and deformable guidewire shaft are not coupled
together and balloon 622 is inflated, balloon 622 and deformable guidewire shaft 814
bend in radially opposing direclions as described with respect to FIG. 2.

{60431 In a first embodiment, in order to provide catheter 800 and deformable
guidewire shaft 614 with the capability of selectively bending in one of two opposing
directions, first magnetic component 660 is coupled to a distal end of an elongate
component 664 that is slidingly insertable within the inflation lumen of catheter 800 in
order to position first magnetic component 660 at an intermediate portion of balloon
622. Second magnetic component 662 is coupled 10 an inner or outer surface of
deformable shaft component 814, Alternatively, in another embodiment {not shown},
first magnetic componeant 660 may be coupled to a surface of balloon 6822 or may be
coupled to an interior wbe that extends into balioon 622, such as tube 442 described
with respect to FIG. 4, and second magnetic component 662 may be selectively
insertable into deformable shaft component 614, Baoth first and second magnetic
components 660, 662 may be formed from a magnetic material, or one of first and
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second magnetic components 660, 662 is formed from a magnetic material and the
other is formed from a ferromagnetic material.

{00441 In a second embodiment, in order 1o provide catheler 800 and deformable
guidewire shaft 614 with the capability of selectively bending in one of two opposing
directions, first magnetic component 660 is an electromagnet while second magnetic
component 662 is formed from a ferromagnetic material. An electromagnet is a type
of magnet in which a magnetic field is produced by the flow of electric current. When
the current i3 turned on, the electromagnet creates a magnetic field and when the
current is tumed off, the electromagnet does not create a magnetic field. As such,
coupling between the intermediate portions of the balloon and deformable guidewire
shatt can be selaectively activated by tumning the electric current flowing info the
electromagnet on or off. In this embodiment, an elongated conductor 866 such as a
wire exiends through the inflation lumen of catheter 600 and connects the
glectromagnetic, which is magnelic components 680, to an exiernal current
generator (not shown) which is located external to the catheter.  Alternatively, in
another embodiment (not shown}, second magnetic component 682 is the
glectromagnet and first magnetic component 660 is formed from a ferromagnetic
material.

{00451 FIG. 7 Hlustrates another embodiment hereof in which a balioon catheter
700 includes two deformable guidewire shafts which bend in opposing directions so
that the direction of a guidewire inserted there through may be selectively decided in
situ by the operaior. Balloon catheler 700 includes a main catheter shaft 702, a first
deformable guidewire shaft 714A, a second deformable guidewire shaft 7148, and a
balioon 722. As shown in FIG. 7A, main catheter shaft 702 includes a first guidewire
lumen 7U6A, a second guidewire lumen 7068, and an inflation lumen 712, First
deformable guidewire shaft 714A exiends from a distal end 707 of main catheler
shaft 702, adjacent and external to balloon 722, and the first deformable guidewire
shaft defines a lumen 716A in fluid communication with first guidewire lumen 700A of
main catheter shaft 702. Second deformable guidewire shaft 714B also exiends
from distal end 707 of main catheter shaft 702, adjacent and external to balloon 722,
and the second deformable guidewire shaft defines a lumen 716B in fluld
communication with second guidewire iumen 7068 of main catheter shaft 702
Balloon 722 also extends from distal end 707 of the main catheler shait, and inflation
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lumen 712 of main catheter shaft 702 is in fluid communication with an interior of
balloon 722.

{08481 Essentially, first deformable guidewire shaft 714A is coupled o balloon
722 in the same manner as guidewire shaft 114 described with respect to FIGS. 1-2,
while second deformable guidewire shaft 7148 is coupled to balloon in the same
manner as guidewire shaft 514 described with respect to FIG. 5. More particularly, a
proximal bond 728 fixes a proximal end of balloon 722 1o distal end 707 of main
catheter shaft 702, First distal bond 730A fixes a distal end of balloon 722 to distal
end 720A of first deformable guidewire shaft 714A, and second distal bond 7308
fixes distal end 720A of first deformable guidewire shaft 714A {o distal end 7208 of
sacond deformable guidewire shaft 7148, thereby coupling the distal ends of bailoon
722 and first and second deformable guidewire shafts 714A, 714B together. In
another embodiment hereof {(not shown), the distal end of balloon 722 may be
coupled to each distal end 720A, 7208, of first and second deformable guidewire
shafts 714A, 714B, respeciively. Regardiess of the particular construction, the distal
ends of balioon 722 and first and second deformable guidewire shafls 714A, 7148
are coupled or bonded together. An ouler surface of first deformable guidewire shaft
714A between proximal bond 728 and first distal bond 730A is not bonded o the
balloon, while al least one intermediate bond 752 fixes an intermediale portion of
balloon 722 1o an intermediate portion of second deformable guidewire shaft 714B8.
Similar to deformable guidewire shaft 114, balloon inflation causes balloon 722 and
first deformable guidewire shaft 714A 1o bend in radially opposing directions while,
similar to deformable guidewire shaft 514 having additional intermediary consiraints,
balioon inflation causes balloon 722 and second deformable guidewire shaft 7148 to
bend in the same direction. Distal ends 7204, 7208 of first and second deformable
guidewire shafts 7144/, 7148 are thus oriented in different directions, thereby
providing two different oplions or directions to the operator o direct a guidewire
inserted through catheter 700. A guidewire may be inserted through guidewire
lumen 7U6A and lumen 710A, or may alternatively be inserted through guidewire
lumen 7068 and lumen 7168, thereby obtaining two different opposite directions for
the guidewire exiting from catheter 700.

{80471 Catheters having a construction which provide an operalor with more than
one guidewire direction, such as catheter 800 or catheter 700, are useful in
applications such as a bifurcation or a chronic total occlusion (CTO).  In order to
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orient a distal end of a balloon catheter in situ, the balloon catheter is
percuataneocusly advanced through a vasculature to a target location. The balicon is
inflated, and balloon inflation causes the balloon o bend in the first radial direction.
The shaft component selectively bends in either the first radial direction with the
balloon or a second opposing radial direction away from the balloon, thereby
selectively orienting the distal end of the shaft component in a direction different from
that of the main catheter shaft. More particularly, a method of using catheter 800 at
a bifurcation is shown in FIGS. 8A-8C and a method of using catheter 600 to bypass
a CTO is shown in FIGS. 8A-8F. Although the methods are Hlustrated with catheter
600, it will be understood by those of ordinary skill in the art that the methods may
alternatively utilize catheter 100 or catheter 700 o direct the catheter distal end in
particular direction.

{60481 Referring to FIG. 8A, catheter 800 is shown within the vasculature at a
pifurcation having a main vessel MV, a first branch vessel BV, and a second branch
vessel BY.. The position of catheter 600 within the vasculature and the position of
balioon 822 with respedct to main shaft 602 are visible via radiopague markers {not
shown} on catheler 8600, I il is desired to direct distal end 620 of catheter 600
towards second branch vessel BV,, as shown in FIG. 8B, first and second magnetic
components 660, 662 of balloon 622 and deformable guidewire shaft 614,
respactively, are not magneltically coupled together. When balloon 6822 is inflated as
shown in FiG. 8B, balloon 622 and deformable guidewire shaft 614 bend in radially
opposing directions as described with respect o FiG. 8B, As such, in FIG. 8B,
guidewire 860 is shown inserted through catheter 600 and extending into second
branch vessel BV, If it is desired to direct distal end 620 of catheter 600 towards
first branch vessel BV, as shown in FIG. 8C, first and second magnetic components
660, 662 of balloon 622 and deformable guidewire shaft 614, respectively, are
magnetically coupled together. When balloon 622 is inflated as shown in FIG. 8C,
deformable guidewire shaft 6§14 bends in the same radial direction as balloon 622 as
described with respect {o FIG. BA. As such, in FIG. 8C, guidewire 860 is shown
inserted through catheter 600 and extending into first branch vessel BY,. Thus, the
bending direction of deformable guidewire shaft 614 may be selectively decided in
sifu by the operator, respectively magneticaily coupling or decoupling first and

second magnetic components 860, 662, in order o direct the distal end of the

16



WO 2014/120415 PCT/US2014/011140

catheter towards a particular branch of the bifurcation, i.e., first branch vessel BY,
and a second branch vessel BY,.

{00491 Referring to FIG. 84, a guidewire 960 is shown at a portion upstream of a
treatment site, which in this instance is a chronic total occlusion CTO within a lumen
970 of blood vessel V. For purposes of this description, the anatomy of vessel V
includes essentially three layers, the tunica intima | (fintima”), tunica media M
{"media”} which is the thickest layer of the wall, and the tunica adventitia A
{"fadventitia”). In some arteries an internal elastic membrane is disposed between
the media M and adventitia A, The adventitia A is made of collagen, vasa vasorum
and nerve cells, the media M is made of smooth muscie cells, and the intima | is
made up of a single layer of endothelial cells that provide a nonthrombogenic
surface for flowing blood. In some cases, such as where biood vessel is (olally
occluded by hard, calcified atherosclerotic plaque, a determinative factor of whether
the operator can successfully recannalize the CTO is the operator's ability {o
advance a guidewire from a posilion within the true lumen of the main vessel
proximal to the CTQO lesion, across the CTQO lesion, ie., either through the lesion or
around it, and then back into the true lumen of the main vessel at a iocation distal to
the CTQO lesion. One approach of crossing a CTO includes creating a neo-lumen
called a "subintimal tract” /.., a8 penetration tract formed within the wall of the artery
between the intima and adventitia. In such instances, after crossing the CTO within
the subintimal tracl, # IS necessary to diverl or steer the guidewire from the
subintimal tract back into the true lumen of the blood vessel at a location distal to the
CTO lesion.  Although described in relation to bypassing a CTQ, it should be
undersiood that the methods and apparatus described herein may be used for
bypassing any tight sienoses in arteries or other anatomical conduits and are not
limited to total occlusions.

{00501 Referring to FIG. 8B, in accordance with technigues known in the field of
interventional cardiology and/or interventional radiology, a distal end of guidewire
960 pierces the intima | and is advanced distally to create a subintimal tract by
locally dissecting or delaminating intima | from media M or by burrowing through
media M. In order to pierce the intima |, a clinician may manipulate the distal end of
guidewire 960 by prolapsing or bending-over the distal end thereof {0 creale a stiffer
arc or foop 871 that is operable to pierce into the intima § as shown in FIG. 8B, The
piercing of the intima | is aided by the fact that iypically blood vessel V is diseased,
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which in some instances makes the intima | prone to piercing. Alternatively, another
device other than guidewire 960 inserted through catheter 600 may be initially used
to create the subintimal tract. Those of ordinary skill in the arl will appreciate and
understand the types of alternative devices that may be used in this step including
an apparatus known as an “olive”, a laser wire, an slongale radiofrequency
electrode, or any other device suitable for boring or advancing through the vessel
tissue. I an allemnative device is used instead of guidewire 8960 to form the
subintimal tract, such aliernative device may be removed and replaced with
guidewire 960 after the subintimal tract has been formed.

{80511  Catheler 600 is transiuminally advanced over guidewire 960 and within the
subintimal tract from a near side of the CTO o a position where distal end 6820 of
catheter 600 is positioned in the subintimal tract on a far side of the CTO, as shown
in FIG. 9C. Guidewire 960 is partially withdrawn until its distal end only slightly
extends from distal end 620 of catheter 600, or until its distal end is positioned flush
with the disial end 620 of catheter 600. I one or more optional radiopague markers
are present which indicate the position of balloon 622 with respect o main shaft 602,
they may be used by the operalor to ensure that catheter 600 is oriented as desired
with respect to true lumen 970 with deformable guidewire shaft 614 adjacent or nexi
to the true lumen.

{00521 Once catheter 6800 is positioned within the subintimal tract with distal end
520 downstream of the CTO as desired, first and second magnetic components 680,
662 {not shown on FIGS. 8A-8F) of balloon 622 and deformable guidewire shaft 614,
respeciively, are magnetically coupled together. Once the catheter is positioned and
oriented fo re-enter the true lumen, balloon 622 is inflated as shown in FIG. 8D.
Since deformable guidewire shaft 614 is magnetically coupled to the balloon,
deformable guidewire shaft 614 bends in the same radial direction as balloon 622 as
described with respect to FIG. 8A. If the catheter is disposed in a reverse direction
with balloon 622 being positioned between deformable guidewire shaft 614 and true
lumen 870, first and second magnetic components 680, 862 may be decoupled such
that deformable guidewire shaft 614 bends in an opposite radial direction than
balloon 622 when balicon 822 is inflated. Thus, advantageously, since first and
second magnetic components 680, 662 may be coupled or decoupled in situ, the
operator may select or chose which radial direction to bend deformable guidewire
shaft 614 on the basis of how the catheter is positioned and oriented in the
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subintimal space at the targel site. The catheler orientation determines how {0
operate first and second magnetic components 660, 662 to have deformable
guidewire shaft 614 and bailoon 622 bend in the same direction or in radially
opposing directions. When distal end 820 is bent or deformed to the desired axtent
towards fumen 970 of blood vessel V, guidewire 960 is pushed through the intima
and into the true lumen of the blood vessel distal to, i.e., downstream of, the CTQ.
Guidewire 8960 exiends in true lumen 870 proximal to the CTO, through the
subintimal tract, and back into true lumen 970 distal to the CTO such that the CTO
may now be successiully crossed via the subintimal conduit thus created.

{00531  Optionally, balicon catheter 600 may be removed and a covered or
uncovered stent may be delivered and implanted within the subintimal reentry
conduit to facilitate flow from the lumen of the vessel upstream of the CTO, through
the subintimal tract and back into the lumen of the vessel downstream of the CT0.
For example, FIG. 9E shows a distal end of a catheter 972 having a stent 974
mounted thereon being advanced over guidewire 880 to a position where a distal
end of the radially colispsed stent 974 is in true lumen 970 of vessel V downstream
of chronic {olal occlusion CTO, a proximal end of stent 874 is in true lumen 970 of
vessel V upstream of chronic tolal occlusion CTO, and a mid-portion of stent 974
axtends through the subintimal reentry conduit. Stent 974 is then deployed by either
self-expansion or balicon inflation within the subintimal reentry conduit to dilate the
subintimal reentry conduit and compress the adjacent chronic total occlusion CTO.
Stent 974 provides a scafiold which maintains the subintimal reentry conduit in an
open condition capable of carrying blood downsiream of chronic tolal occlusion
CTO. Thereafter, guidewire 860 and catheter 972 may be removed from the patient,
leaving stent 974 in an expanded configuration and creating a radially supported,
subintimal blood flow channel arcund chronic total occlusion CTO as seen in FIG.
gF. In some cases, it may be desirable to enlarge the diameter of the subintimal
tract before advancing stent catheter 972 into and through it. Such enlargement of
the subintimal tract may be accomplished by passing a balloon catheter over
guidewire 960 and inflating the balioon to dilate the fract, or may be any other
suitable tract enlarging, dilating or de-bulking instrument that may be passed over
guidewire 960.

{0054]  While various embodiments according 1o the present invention have been
described above, it should be understood that they have been presenied by way of
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Husiration and exampie only, and not limitalion. it 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 spiril and scope of the invention. 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 undersiood 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 reference herein in their entirety.

20



WO 2014/120415 PCT/US2014/011140

CLAIMS

What is claimed is:

1. A balloon cathseter comprising:

a main catheter shaft including a first guidewire lumen, a second
guidewire lumen, and an infiation lumen;

a halloon extending from a distal end of the main catheter shaft,
wherein the inflation lumen of the main catheter shaft is in fluid communication with
an interior of the balloon;

a first deformable guidewire shaft extending from a distal end of the
main catheter shafl, adjacent and external to the balloon, wherein the first
deformable guidewire shaft defines a lumen in fluid communication with the first
guidewire lumen of the main catheter shaft;

a second deformable guidewire shatt exiending from a distal end of the
main catheter shafl, adjacent and external to the balloon, wherein the second
deformable guidewire shatft defines a lumen in fluid communication with the second
guidewire lumen of the main catheter shaft;

a proximal bond that fixes a proximal end of the balloon to a distal end
of the main catheter shaft;

a first distal bond that fixes a distal end of the balloon to a first distal
end of the first deformable guidewire shaft and a second distal bond that fixes the
first distal end of the first deformable guidewire shaft to a second distal end of the
second deformable guidewire shaft;

at least ong intermediate bond that fixes an intermediate portion of the
balioon to an intermediate portion of the second deformable guidewire shaft, wherein
an outer surface of the first deformable guidewire shaft between the proximal bond
and the first distal bond is not bonded o the balloon, and

wherein the balloon inflation causes the balloon and the first
deformable guidewire shatt to bend in radially opposing directions and causes the
balloon and the second deformable guidewire shaft to bend in the same direction,
thereby orienting the distal ends of the first and second deformabile guidewire shafls
in directions different from that of the main catheter shaft.
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2. The halloon catheter of claim 1, wherein a disiance between the
proximal bond and the distal bond is equal 1o a length of the balloon prior to inflation
thereof.

3. The balloon catheter of ¢laim 1, wherein the guidewire lumen and

the inflation lumen are formed by mulii-lumen profile extrusion.

4. The balloon catheter of claim 1, wherein guidewire lumen is defined
by a guidewire shafi that extends through the main catheter shaft and the inflation
fumen is defined by an inflation shaft that extends through the main catheter shaft
and wherein a proximal end of the deformable guidewire shaft is coupled to a distal
end of the guidewire shaft.

5. The balloon catheler of claim 4, wherein the deformable guidewire

shaft includes a ¢oil.

§. The balloon catheter of claim 4, wherein the deformable guidewire
shaft has a lower bending stiffness than the main catheter shaft such that the main
catheter shaft remains straight during bending of the deformable guidewire shatt.

7. The balloon catheter of claim 6, wherein the bending sliffness of the
deformable guidewire shatl is equal {o the bending stifiness of the balloon.

8. The balloon catheter of claim 1, further comprising a tubular
component which extends through at least a portion of the inflation lumen and
includes a distal end that extends into the interior of the balloon, wherein a
radiopaque marker band is mounted on the distal end of the tubular component.

9. A balioon catheter comprising:

a main catheter shaft including a guidewire lumen and an inflation
lumen;

a balloon extending from a distal end of the main catheter shaft,
wherein the inflation lumen of the main catheter shatt is in fluid communication with

an interior of the balloon;
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a deformable guidewire shaft extending from a distal end of the main
catheter shaft, adjacent and external {0 the balloon, wherein the deformable
guidewire shaft defings a lumen in fluid communication with the guidewire lumen of
the main catheter shaft;

a proximail bond that fixes a proximal end of the balloon to a distal end
of the main catheter shaft;

a distal bond that fixes a distal end of the balioon o a distal end of the
deformable guidewire shatfl, wherein an outer surface of the first deformable
guidewire shaft between the proximal bond and the first distal bond is not bonded to
the balloon;

a first magnetic component coupled 1o or insertable within or over an
intermediate portion of the balloon; and

a second magnetic component coupled o or insertable within or over
an intermediate portion of the deformable guidewire shaft, wherein the first and
second magnetic components are operable o selectively and temporarily couple the
intermediaie portion of the balloon and the intermediate portion of the deformable
guidewire shaft together,

wherein balloon inflation causes the balloon and the deformable
guidewire shaft o bend in radially opposing directions when the intermediate
portions of the balloon and deformable guidewire shaft are not coupled together and
causes the balicon and the deformabie guidewire shaft to bend in the same direction
when the intermediate portions of the balloon and deformable guidewire shaft are
coupled together, thereby selectively orienting the distal end of the deformable
guidewire shaft in a direction different from that of the main catheter shaft.

10. The balioon catheter of claim 9, wherein a distance belween the
proximal bond and the distal bond is approximately equal to a length of the balicon

prior to inflation thereof.

11. The baliocon catheter of claim 9, wherein the guidewire lumen and

the inflation lumen are formed by multi-lumen profile exdrusion.

12. The balloon catheter of claim 9, wherein guidewire lumen is
defined by a guidewire shaft that exiends through the main catheler shaft and the
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inflation lumen is definad by an inflation shaft that extends through the main catheler
shatt and wherein a proximal end of the deformable guidewire shaft is coupled 1o a
distal end of the guidewire shaftl.

13. The balloon catheter of claim 8, further comprising a tubular
component which extends through at least g portion of the infiation lumen and
includes a distal end that extends into the interior of the balioon, wherein a
radiopaque marker band is mounted on the distal end of the tubular component.

14. The balloon catheter of claim 9, wherein one of the first or second

magnetic components is ferromagnetic and the other is magnetic.

15. The balloon catheter of claim 9, whearein one of the first or second

magnetic components is ferromagnetic and the other is electromagnetic.

16. A method of orienting a distal end of a balioon catheter in gy, the
method comprising the steps of:

percuatanecusly advancing the balloon catheler through a vasculature
to a target iocation, wherein the bailloon catheter includes a main catheter shaft, a
shaft component extending from a disial end of the main catheter shaft that defines
at least one lumen in fluid communication with a guidewire lumen of the main
catheter shait, and a balloon extending from a distal end of the main catheter shaft,
the shaft component extending adjacent and external (o the balicon and an inflation
lumen of the main catheter shaft being is in fluid communication with an interior of
the bailoon, wherein the shaft component is operable o bend in a first radial
direction and a second opposing radial direction upon balloon inflation;

inflating the balloon, whearein balloon inflation causes the balloon o
bend in the first radial direction and causes the shaft component 1o selectively bend
in gither the first radial direction with the ballcon or the second opposing radial
direction away from the balloon, thereby selectively orienting the distal end of the

shaft component in a direction different from that of the main catheter shaft.

17. The method of claim 16, wherein the target location is bifurcation.
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18. The method of claim 16, wherein the targel location is a Chronic

Total Coclusion.

18. The method of claim 16, wherein the shaft component includes

a first deformable guidewire shaft extending from a distal end of the
main catheter shaft, wherein the first deformable guidewire shaft defines a lumen in
fluid communication with a first guidewire lumen of the main catheter shaft,

a second deformable guidewire shaft extending from a distal end of the
main catheter shaft, wherein the second deformable guidewire shaft defines a lumen
in fluid communication with a second guidewire iumen of the main catheter shaft,

wherein a proximal bond fixes a proximal end of the balloon 1o a distal
end of the main catheter shaft, a first distal bond that fixes a distal end of the balloon
to a first distal end of the first deformable guidewire shaft, a second distal bond that
fixes the first distal end of the first deformable guidewire shaft to a second distal end
of the second deformable guidewire shaft, an outer surface of the first deformable
guidewire shaft between the proximal bond and the first distal bond is not coupled to
the bailoon, and at least one infermediate bond fixes an inflermediate portion of the
balloon o an intermediate portion of the second deformable guidewire shaft, and

wherein the step of inflating the balloon causes the balloon and the first
deformable guidewire shaft to bend in radially opposing directions and causes the
balloon and the second deformable guidewire shaft to bend in the same direction,
thereby orienting the distal ends of the first and second deformable guidewire shafls

in directions different from that of the main catheter shaft.

20. The method of claim 16, wherein the shaft component is a single
deformable guidewire shatfl, a proximal bond fixes a proximal end of the balloon o a
distal end of the main catheter shaft, a distal bond fixes a distal end of the balloon to
a distal end of the deformable guidewire shaft, an outer surface of the deformable
guidewire shaft between the proximal bond and the first distal bond is not bonded to
the balloon, and the balioon catheter further includes

a first magnetic component coupled to or insertable within or over an
intermediate portion of the balloon, and

a second magnetic component coupled o or insertable within or over

an intermediate portion of the deformabie guidewire shafl, wherein the first and
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second magnetic components are operable to selectively and temporarily couple the
intermediate portion of the balloon and the intermediate portion of the deformable
guidewire shaft together, and

wherein the siep of inflating the balloon causes the balioon and the
deformable guidewire shaft o bend in radially opposing directions when the
intermediate portions of the balloon and deformable guidewire shaft are not coupled
together and causes the balloon and the deformable guidewire shaft to bend in the
same direction when the intermediate portions of the bailoon and deformable
guidewire shaft are coupled together.
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