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(57) Abstract: Systems and methods for positioning a wire for advancement through a vessel wall, and advancing it through one or
more vessel walls, generally include a delivery catheter and an alignment catheter or a receiving catheter, and a guidewire. In some
variations, the systems and methods may be used to bypass an occlusion or other barrier that may prevent advancement of a wire or
tools through an endoluminal space. In these variations, the systems and methods include a delivery catheter, a bypass catheter, a re-
ceiving catheter, and a guidewire. The delivery and receiving catheters each generally include a side aperture, a detlection surtace,
and an alignment element, and the bypass catheter generally includes two side apertures, two deflectors, and two alignment elements.
In some variations, the systems and methods may assist in treatment of a patient suffering from critical limb ischemia.



DEVICES AND METHODS FOR ADVANCING A WIRE

[0001] This application claims priority to U.S. Provisional Application Serial No. 62/279,650,
filed on January 15, 2016, and titled “DEVICES AND METHODS FOR ADVANCING A
WIRE.”

FIELD

[0002] The current invention relates to systems and methods for advancing a wire. The
systems and methods may be used to advance a wire through one or more vessel walls, for

example to bypass an occlusion in a vessel.
BACKGROUND

[0003] During some percutaneous procedures, it may be necessary or desirable to advance
tools from a first vessel (e.g., a vein or artery) to a second, nearby vessel (e.g., a second vein or
artery). This may be especially desirable in procedures to form a fistula between the two
vessels. A fistula is generally a passageway formed between two internal organs. Forming a
fistula between two blood vessels can have one or more beneficial functions. For example, the
formation of a fistula between an artery and a vein may provide access to the vasculature for
hemodialysis patients. Specifically, forming a fistula between an artery and a vein allows blood
to flow quickly between the vessels while bypassing the capillaries. In other instances, a fistula
may be formed between two veins to form a veno-venous fistula. Accordingly, it may therefore
be useful to find improved ways to access or and form a path between two vessels that may be

used during fistula creation.

[0004] Additionally, it may be necessary or desirable to form a path between two blood
vessels to avoid or bypass an occlusion or barrier within one of the vessels to effectuate
treatment of a variety of diseases. People may suffer from occluded vessels for a number of
reasons, including peripheral vascular disease (PVD), which may progress into critical limb
ischemia (CLI) if left untreated. CLI is characterized by chronic pain, as well as tissue loss that
may ultimately result in amputation. Amputations are not only costly, they also lead to a
significant loss in quality of life for the amputee, and in some unfortunate cases, result in a
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patient’s death. Accordingly, it may therefore be useful to find improved ways to access and

create alternate paths for blood flow around an occlusion.

[0005] To form a path between two vessels or between a vessel and a cavity, it may be
necessary or desirable to deliver a guidewire or a needle from a first vessel lumen or cavity to
another vessel lumen or cavity with high accuracy. This may prevent unnecessary or inaccurate
punctures. For example, during passage of a guidewire from the abdominal inferior vena cava
into the aorta, the guidewire should be accurately delivered from the vena cava to the aorta to
prevent potentially damaging inaccurate or unnecessary punctures in the vena cava and/or the
aorta. Additionally, high accuracy systems and methods may also assist with delivery of a
guidewire or needle to small vessels, as accessing and puncturing vessels may become more
difficult as vessel diameter decreases. In larger vessels, it may be difficult to create a path
between vessels if the tools are not located close enough to the vessel walls or if the vessel walls
themselves have too much space between them. Thus, at times, it may be beneficial to move the
vessels closer together before a path between the vessels is created, or for the tools used to be
located close to the vessel walls, as this may result in a decreased travel distance for the
guidewire or needle to create a desired path and/or may result in fewer alignment errors.
Accordingly, it may be useful to find accurate systems and methods for delivering a wire to a
target location and for creating a pathway between vessels. Additionally, systems and methods
that decrease the distance between vessels or between tools and vessel walls during path

formation may be useful.

[0006] In some instances, increased system complexity or utilization of multiple modes of
visualization may be undesirable in the clinical setting. Accordingly, it may be useful to develop
systems and methods that are simple and do not require significant time or effort for alignment

for successful delivery into a desired location.
BRIEF SUMMARY

[0007] Described here are systems and methods for advancing a wire through luminal walls
from a first endoluminal space to a second endoluminal space and for many uses, including
bypassing an occlusion or barrier in a vessel. Generally, systems described here may comprise a

plurality of catheters. In some variations, the systems and methods described here may comprise
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a first catheter and a second catheter. In other variations, the system and methods described here

may comprise a [irst catheter, a second catheter, and a third catheter.

[0008] In some variations, the systems described here may comprise a first catheter, a second
catheter, and a guidewire. The first catheter may comprise a catheter body having a first lumen
therethrough and a first side aperture, a first deflection surface, and a first alignment element.
The second catheter may comprise a catheter body having a second lumen therethrough and a
second side aperture, a second deflection surface, and a second alignment element. The third
catheter may comprise a catheter body having a lumen therethrough, a fourth side aperture, a
fourth deflector positioned within the lumen, and a fourth alignment element. In some
variations, the first and second alignment elements may be configured to align the first and

second side apertures to create a guidewire pathway through the first and second catheters.

[0009] In some variations, the first catheter is a delivery catheter and the second catheter is a
receiving catheter. The first and second alignment elements may each comprise a magnet or
magnetic array. In some variations, the first catheter may further comprise a third alignment
element and the second catheter may comprise a fourth alignment element. In some of these
variations, the third and fourth alignment elements may each comprise a magnet or a magnetic
array. The first alignment element may be positioned proximal to the first side aperture and the
third alignment element may be positioned distal to the first side aperture. The first deflection
surface may be positioned between the first and third alignment elements. The second alignment
element may be positioned distal to the second side aperture and the fourth alignment element
may be positioned proximal to the second side aperture. The second deflection surface may be
positioned between the second and fourth alignment elements. In other of these variations, the
first alignment element may be configured to mate with the second alighment element and the
third alignment element may be configured to mate with the fourth alignment element. The first
and second catheters are configured to be aligned lengthwise. In another of these variations, the
first alignment element may comprise a lumen configured to pass the guidewire therethrough.
The fourth alignment element may comprise a lumen configured to pass the guidewire

therethrough.

[0010] The system may include one or more additional features. In some variations, the [irst
catheter may comprise a first deflector positioned within the first lumen and comprise the first

deflection surface and the second catheter may comprise a second deflector positioned within the
3
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second lumen and comprising the second deflection surface. In some variations, the first and

second catheters may be arranged so that slopes of the first and second deflection surfaces have
the same sign. In some variations, one or both of the first and second deflection surface may be
curved. In some variations, the second catheter may further comprise a guide funnel configured
to direct a distal tip of the guidewire into the second lumen. The first and second catheters may

each comprise an atraumatic tip.

[0011] Also described herein are other systems for bypassing an occlusion in a vessel. In
general, these systems may comprise a first catheter, a second catheter, a third catheter, and a
guidewire. The first catheter may comprise a catheter body having a first lumen therethrough
and a first side aperture, and a first alignment element. The second catheter may comprise a
catheter body having a second lumen therethrough and second and third side apertures, and
second and third alignment elements. The third catheter may comprise a catheter body having a
third lumen therethrough and a fourth side aperture, and a fourth alignment element. In some
variations, the first and second alignment elements may be configured to align the first and
second side apertures. The third and fourth alighment elements may be configured to align the
third and fourth side apertures to create a guidewire pathway through the first, second, and third

catheters.

[0012] In some variations, the first catheter may be a delivery catheter, the second catheter
may be a bypass catheter, and the third catheter may be a receiving catheter. The first, second,
third, and fourth alignment elements may each comprise a magnet or a magnetic array. The
second catheter may comprise a slit, a weakened body portion, or perforations between the

second and third side apertures.

[0013] In some variations, the first catheter may further comprise a first deflector positioned
within the first lumen, the second catheter may further comprise second and third deflectors
positioned within the second lumen, and the third catheter may further comprise a fourth
deflector positioned within the fourth lumen. In some of these variations, the first, second, third,
and fourth deflectors may each comprise a deflection surface. In another of these variations, the
first, second, and third catheters may be arranged so that slopes of three of the deflection

surfaces have the same sign and a slope of the fourth deflection surface has the opposite sign.
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[0014] In other of these variations, the first, second, and third catheters may be arranged so
that the first deflector comprises a first deflection surface with a positive slope, the second
deflector comprises a second deflection surface with a negative slope, the third deflector
comprises a third deflection surface with a positive slope, and the fourth deflector comprises a
fourth deflection surface with a positive slope. Positive may be defined as increasing from a
proximal end to a distal end and negative may be defined as decreasing from a proximal end to a
distal end. In another of these variations, one or more of the first, second, third, and fourth

deflection surfaces may be curved.

[0015] In other of these variations, each of the second and third deflectors may comprise a
deflection surface. One of the deflection surfaces may have a positive slope and the other of the
deflection surfaces may have a negative slope. Positive may be defined as increasing from a
proximal end to a distal end and negative may be defined as decreasing from a proximal end to a

distal end. In some of these variations, the second and third deflectors may be integrally formed.

[0016] In other of these variations, the first deflector may be positioned distal to the first
alignment element. In some of these variations, the second deflector may be positioned distal to
the second alignment element and the third deflector may be positioned between the second and
third alignment elements. In another of these variations, the fourth deflector may be positioned

distal to the fourth alignment element.

[0017] In other of these variations, at least one of the second and third deflectors may
comprise a lumen configured to pass a second guidewire therethrough. In some other of these
variations, at least one of the second and third deflectors may be sized and positioned to allow
passage of a second guidewire within the lumen of the second catheter around the at least one of

the second and third deflectors.

[0018] In some variations, at least one of the first and fourth alignment elements may
comprise a lumen configured to pass the guidewire therethrough. In some variations, the first,
second, and third catheters may each comprise an atraumatic tip. In some variations, at least one
of the second and third alignment elements may be sized and positioned to allow passage of a
second guidewire within the lumen of the second catheter around the at least one of the second

and third deflectors.
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[0019] Generally, methods for bypassing an occlusion in a vessel may comprise advancing a
{irst catheter through a lumen in a {irst vessel to a first side of the occlusion. The first catheter
may comprise a first alignment element and a catheter body having a lumen therethrough and a
first side aperture. A second catheter may be advanced through a lumen in a second vessel. The
second catheter may comprise second and third alignment elements and a catheter body having a
lumen therethrough and second and third side apertures. A third catheter may be advanced
through the lumen in the first vessel to a second side of the occlusion. The third catheter may
comprise a fourth alignment element and a catheter body having a lumen thercthrough and a
fourth side aperture. The first and second alignment elements and the third and fourth alignment
elements may be aligned to create a guidewire path that bypasses the occlusion. The guidewire
path may include the first, second, third, and fourth side apertures. A guidewire may be

advanced along the guidewire path to form a guidewire bypass around the occlusion.

[0020] In some variations, advancing the guidewire along the guidewire path may comprise
piercing a wall of the first vessel with the guidewire at a location proximal to the occlusion,
piercing a wall of the second vessel with the guidewire such that the guidewire enters the second
vessel lumen, advancing the guide wire through the second vessel lumen at the location of the
occlusion in the first vessel, piercing the wall of the second vessel with the guidewire such that
the guidewire exits the second vessel lumen, and piercing the wall of the first vessel at a location

distal to the occlusion.

[0021] In some variations, the first vessel may be an artery and the second vessel may be a
vein. The first vessel may be a vein and the second vessel may be an artery. In some variations,
after advancing the guidewire along the guidewire path, the second catheter may be removed
without disrupting the guidewire bypass. One or more of the first, second, third, and fourth
alignment elements may comprise a magnet or magnetic array. Aligning the first and second
alignment elements may align the first and second catheters axially and rotationally. In some of
these variations, aligning the third and fourth alignment elements may align the second and third

catheters axially and rotationally.

[0022] In some variations, aligning the first and second alignment elements and the third and
fourth alignment elements may comprise moving the first and second vessels closer to one
another. In other variations, aligning the first and second alignment elements and the third and

fourth alignment elements may comprise compressing tissue of the first and second vessels. In
6
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some of these variations, the first, second, and third catheters may comprise flat alignment

surfaces configured to aid in compressing tissue of the first and second vessels.

[0023] In some variations, advancing the first, second, and third catheters may occur under
indirect visualization. In some variations, advancing the second and third catheters may
comprise advancing the second and third catheters to an anti-parallel orientation relative to one
another. In some variations, advancing the first and second catheters may comprise advancing
the first and second catheters to a parallel orientation relative to one another. In some variations,
after advancement of the first, second, and third catheters, two catheters may be in a parallel
orientation relative to one another and two catheters may be in an anti-parallel orientation
relative to one another. In some variations, the methods described herein may be performed on a

patient suffering from critical limb ischemia.

[0024] Also described herein are other systems for advancing a guidewire through a vessel
wall. In general, these systems may comprise a first catheter, a second catheter, and a guidewire.
A first catheter may comprise a catheter body having a lumen therethrough and a side aperture,
and a first alignment element. A second catheter may comprise a catheter body and a second
alignment element. A guidewire may be slidably positioned within the first lumen. The first
and second alignment elements may be configured to coapt to compress the vessel wall between
the first and second catheters and position the side aperture for advancement of the guidewire

through the vessel wall.

[0025] In some variations, the first catheter may be a delivery catheter and the second catheter
may be an alignment catheter. In some variations, the first and second alignment elements may
each comprise a magnet or a magnetic array. In some of these variations, the first alignment

element may be positioned distal to the side aperture.

[0026] In some variations, the first catheter may further comprise a deflection surface distal to
the side aperture. In some of these variations, the first alignment element may be positioned
distal to the deflection surface. In other of these variations, the first catheter may further
comprise a deflector positioned within the lumen and comprising the deflection surface. In yet

other of these variations, the deflection surface may be curved.
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[0027] In some variations, the catheters may be configured to be aligned lengthwise. The
guidewire may comprise a sharpened distal tip. In some variations, the system may further
comprise a flexible needle. In some of these variations, the guidewire may be slideably disposed

within a lumen of the flexible needle.

[0028] In some variations, the first and second catheters may each comprise an atraumatic tip.
At least a portion of each of the catheter bodies of the first and second catheters may comprise a
square cross-sectional shape. In some of these variations, a distal portion of the first catheter
body and a distal portion of the second catheter body may each comprise a square cross-

sectional shape.

[0029] Also described herein are other systems for advancing a guidewire through a vessel
wall. In general, these systems may comprise a first catheter, a second catheter, a flexible
needle, and a guidewire. A first catheter may comprise a catheter body having a lumen
therethrough and a side aperture, a deflector may be positioned within the lumen and comprise a
deflection surface, and a first magnetic alignment element. A second catheter may comprise a
catheter body and a second magnetic alignment element. A flexible needle may comprise a
lumen therethrough. The flexible needle may be slideably disposed within the lumen of the first
catheter. A guidewire may be slidably positioned within the lumen of the flexible needle. The
first and second magnetic alignment elements may be configured to coapt to compress the vessel
wall between the first and second catheters and position the side aperture for advancement of the

needle and guidewire through the vessel wall.
BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1A depicts a top view of a variation of a catheter that may be used in the systems
and methods described here. FIG. 1B depicts a partially transparent view of the catheter shown
in FIG. 1A

[0031] FIGS. 2A and 2B show illustrative cross-sectional views of a variation of a delivery

catheter as a wire is advanced therethrough.

[0032] FIGS. 3A and 3B depict a perspective view and an illustrative cross-sectional view,

respectively, of a variation of a catheter.
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[0033] FIGS. 4A and 4B illustrate side cross-sectional and perspective cross-sectional views,

respectively, of a variation of a catheter. FIG. 4C depicts a perspective view of a deflector.

[0034] FIGS. 5A and 5B depict side cross-sectional and perspective cross-sectional views,

respectively, of a variation of a receiving catheter.

[0035] FIGS. 6A and 6B show side cross-sectional and perspective cross-sectional views,

respectively, of a variation of a two-catheter system.

[0036] FIG. 7A depicts a top view of a variation of a catheter suitable for use as a bypass

catheter. FIG. 7B depicts a partially transparent view of the catheter depicted in FIG. 7A.

[0037] FIGS. 8A and 8B show side cross-sectional and perspective cross-sectional views,

respectively, of a variation of a three-catheter system.

[0038] FIGS. 9A-9E depict a variation of a method for forming a path between two vessels

that may be used to guide tools or devices.
[0039] FIGS. 10A-10J depict a variation of a method for bypassing an occlusion in a vessel.

[0040] FIGS. 11A-11B depict a variation of a method for advancing a guidewire and a needle

between two vessels.
DETAILED DESCRIPTION

[0041] Generally described here are systems and methods for positioning a wire for
advancement through a vessel wall, and advancing it through one or more vessel walls. In some
variations, the systems and methods may be used to position a wire within a first endoluminal
space (e.g., blood vessel, intestine, or the like), and advance the wire from within the first
endoluminal space across the luminal wall(s) into a cavity or a second endoluminal space. In
some variations, the systems and methods may be used to form a fistula between two blood
vessels (e.g., an arteriovenous fistula between an artery and a vein or a veno-venous fistula
between two veins). For example, the systems and methods may be used to form an
arteriovenous fistula to treat critical limb ischemia (CLI), chronic total occlusion (CTO), or to

increase venous graft flow.
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[0042] Generally, to form a path between two blood vessels, one or more catheters may be
advanced in a minimally invasive fashion through the vasculature to a target location. In some
instances, a system comprising two catheters may be used to form a path between a vessel and a
cavity or between two vessels. For example, in some instances, the catheters may be placed on
opposite sides of a vessel wall or within the lumens of adjacent vessels to form a path between
the vessel and the cavity or between the two vessels. In these instances, it should be appreciated
that each catheter may or may not have the same configuration of elements, and that some
catheters may be different from and/or complementary to other catheters, as will be described in

more detail below.

[0043] Also generally described here are systems and methods for bypassing an occlusion or
other barrier that may prevent advancement of a wire or tools through an endoluminal space.
For example, the systems and methods may be used to position a wire proximal to an occlusion
or barrier in the lumen of the endoluminal space, advance the wire through one or more
endoluminal walls into a second endoluminal space or a cavity, advance the wire through the
second endoluminal space or cavity to avoid the occlusion or barrier in the first endoluminal
space, and advance the wire such that it reenters the first endoluminal space on the opposite side
of the occlusion or barrier. In some variations, the systems and methods may be used to advance
a wire from an artery to a vein, back into the artery, or vice versa, to bypass an occlusion in the
artery or vein and establish a path for tools and devices around the occlusion. For example, the
systems and methods described here may be used to place a wire (e.g.. a guidewire) around an
occlusion so that stents or stent grafts, balloons (including cutting balloons), cutting, punching,
or coring tools, or ablating devices may be advanced along the guidewire around the occlusion.
The systems and methods described here may also be used for other bypass procedures, for

example, femoral popliteal (fem-pop) bypass surgery.

[0044] Generally, to form a path around an occlusion or barrier, a plurality of catheters may be
advanced in a minimally invasive fashion through the vasculature to a target location, e.g., at or
near the occlusion or barrier. In some instances, a system comprising three catheters may be
used to position a guidewire with respect to the occlusion or barrier and to establish a path
around the occlusion or barrier. For example, a first catheter may be advanced within the
occluded vessel to a first, proximal side of the occlusion or barrier, a second catheter may be

advanced through an adjacent (or otherwise nearby) vessel or cavity, and a third catheter may be

10
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advanced within the occluded vessel to the opposite, distal side of the occlusion or barrier, and a
guidewire may be advanced to create a path around the occlusion or barrier through the adjacent
vessel or cavity. It should be appreciated that each of the catheters may or may not have the

same or similar configuration of elements, and that some catheters may be different from and/or

complementary to other catheters, as will described in more detail below.

[0045] As mentioned above, a plurality of the catheters described here may be used to create a
wire path through blood vessels. Generally, each catheter may comprise a catheter body
comprising a proximal portion and a distal portion. The catheters may comprise one or more
adaptors or handles coupled to the proximal portion, which may be used to help aid in
advancement, positioning, and/or control of the catheter within the vasculature, and may further
be used to actuate or otherwise advance a guidewire through the catheter body and/or introduce
one or more fluids or substances into and/or through the catheter. Additionally, the catheters
described here may also generally comprise one or more alignment elements configured to align
with the one or more alignment elements of another catheter. Some of the catheters described
here may also generally comprise a side aperture (i.e., a port on the side of the catheter body), a
deflection surface, which may or may not be part of a deflector, and one or more alignment

elements configured to align with the one or more alignment elements of another catheter.

[0046] The catheters may additionally comprise one or more lumens or passageways
extending at least partially along or through the catheter that may be used to pass one or more
wires, one or more drugs or fluids (e.g., contrast agents, perfusion fluids), combinations thereof,
or the like at least partially along or through the catheter. The distal tip of the catheter may be
configured to aid in advancement of the catheter and/or to be atraumatic. In some variations, the
tip may comprise one or more rapid exchange portions or other lumens for advancement of the

catheter over a guidewire.
1. Systems

[0047] Described here are systems for positioning a wire for advancement through a vessel
wall and advancing the wire through the vessel wall, and for bypassing an occlusion or other
barrier within an endoluminal space. The systems described here may generally comprise a
plurality of catheters that may each comprise a catheter body having a lumen therethrough, one

or more ports for passage of a wire (e.g., a guidewire) therethrough, one or more deflection
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surfaces to modify the path of the wire and position it appropriately to traverse the vessel wall
and, in some embodiments, enter another catheter, and one or more alignment elements to assist
in aligning the catheters to create a pathway through the vessels or around an occlusion. The
systems described here may also comprise one or more guidewires, instructions for using the
system, and/or tools for completing a procedure after guidewire placement, for example, stents
or stent grafts, balloons (including cutting balloons), cutting, punching, or coring tools, and/or

ablating devices, a combination thereof, and the like.

[0048] In some embodiments the systems described here may comprise a first catheter
comprising one or more magnetic alignment elements that may be advanced into a first vessel
and a second catheter comprising one or more magnetic alignment elements that may be
advanced into a second vessel. The one or more magnetic alignment elements on the first and
second catheters may interact to bring the first and second catheters and the first and second
vessels closer together. In some variations, the one or more magnetic alignment elements may
interact to rotationally and/or axially align the first and second catheters. For example, in some
instances, the one or more magnetic alignment elements may align the first and second catheters
such that a guidewire advanced through a side aperture on the first catheter may directly contact
the first vessel wall and may automatically be directed toward the second vessel, which may
decrease or minimize the distance that the guidewire must travel from the first vessel to the

second vessel.
A. Two Catheter System

[0049] As mentioned above, the systems described here may comprise a first catheter for
advancement within a vessel lumen to a first side of a first target location and a second catheter
for advancement outside of the vessel lumen to a second target location. In some variations, the
second target location may be on the second, opposite side, of the first target location. In some
embodiments, the first catheter may be a delivery catheter and the second catheter may be an
alignment catheter. A delivery catheter, as will be described in detail below, may be used to
advance a wire therethrough and deliver the wire to a target location, while an alignment
catheter, as will also be described below, may be used to assist in positioning the first catheter in
the desired location to pierce one or more vessels (e.g.. it may comprise one or more alignment
elements), but it may not be configured to receive the wire therethrough. In other variations, the

first catheter may be a delivery catheter, while the second catheter may be a receiving catheter.
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A receiving catheter may be used to both assist in aligning or positioning the catheters relative to
one another and the vessels, and may also receive the wire after the wire pierces the vessel
wall(s). In some variations, the two catheter system described here may comprise one or more

wires.

[0050] FIGS. 1A and 1B depict an illustrative variation of a catheter suitable for use as a
delivery catheter, alignment catheter, or receiving catheter. Specifically, FIG. 1A depicts a top
view of a catheter (100) comprising a catheter body (102) comprising a lumen (108)
therethrough, a proximal portion (104), and a distal portion (106). FIG. 1B depicts the catheter
(100) with the distal portion (106) of the catheter body (102) illustrated as partially transparent.
The distal portion (106) of the catheter (100) may comprise a port or side aperture (110), one or
more alignment elements (112), and a deflector (114). In some variations, the distal portion
(106) of the catheter body (102) may also comprise a cap (118) coupled to the proximal portion
(104) of the catheter body (102), however, it need not. It should be appreciated that the lumen
(108) may or may not extend the full length of the catheter. Additionally, in some variations, the
cap (118) may be atraumatic and/or the catheter (100) may comprise an atraumatic tip to prevent

damage to surrounding tissue during advancement of the catheter through the vasculature.

[0051] The port (110) may be located along the length of the catheter body (102) (i.e., on the
side of the catheter body (102)) and may be sized and configured to allow passage of a wire
therethrough. The port (110) may be fluidly coupled to the lumen (108) such that a wire or
another element may be advanced from the proximal portion (104) of the catheter body (102)
through the lumen (108) to and through the port (110), to a location outside the catheter body
(102). In some variations, the port (110) may be covered with a thin membrane that may assist
in maintaining the sterility of the catheter and/or may prevent the lumen from becoming clogged.
The membrane may be pierced by the wire in use to allow passage of the wire therethrough, or
may be otherwise removed before or during use of the catheter (100). While depicted as
circular, the port may have any suitable shape, including oval, square, and the like. In variations
in which multiple catheters are used, the port (110) on each catheter may have the same size and
shape, or the ports (110) on the catheters may differ. The ports (110) may have any suitable size.
For example, in some variations, the ports (110) may be relatively small, e.g., have a 0.127 mm
(0.005 inch) diameter, width, or length, while in other variations, the ports (110) may be

relatively large, e.g., have a 7.62 ¢m (3.00 inch) diameter, width, or length. In some variations,
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the port (110) on the delivery catheter may be smaller (i.e., have a smaller diameter, width, or
length), than the port (110) on the receiving catheter. Utilizing a smaller port (110) on the
delivery catheter and a larger port (110) on the receiving catheter may assist in positioning the
wire to puncture and traverse the vessel wall(s) and may make it easier for the wire to be
advanced through the port (110) and into the lumen (108) of the receiving catheter. It should be
appreciated that in variations in which an alignment catheter is used, the alignment catheter may

not have a port (110).

[0052] As mentioned above, the distal portion (106) may comprise a deflector (114)
comprising an inclined deflection surface (116) that may alter the direction the wire is traveling
and may guide the wire from the lumen (108) to the port (110) or vice versa, depending on
whether the catheter is delivering or receiving the wire. In some variations the catheters
described herein the deflection surface may be straight or linear as depicted in Fig. 1A, while in
other variations it may be curved, as depicted in Fig. 11A. Additionally, in delivery catheters,
the deflection surface (116) may also assist in positioning the wire to facilitate piercing the
vessel wall(s). As shown here, the deflector (114) may be positioned at the distal end of the
lumen (108) with the deflection surface (116) positioned toward the proximal portion (104) of
the catheter body (102). The deflection surface (116) may comprise a positive slope (i.e.,
increasing from a proximal end to a distal end of the catheter, as depicted in FIG. 1B) ora
negative slope (i.e., decreasing from a proximal end to a distal end of the catheter), depending on
the orientation of the catheters with respect to each other and/or the vessel wall(s) intended for
puncture. In some variations in which delivery and receiving catheters are used, the delivery and
receiving catheters may be arranged such that the deflection surface (116) in the delivery
catheter may comprise a positive slope, while the deflection surface (116) in the receiving
catheter may comprise a negative slope or vice versa. In some variations, when not in use, the
deflection surfaces of the delivery and receiving catheters may each comprise slopes with the
same sign (e.g., both positive). The slopes of the deflection surfaces (116) of the delivery and
receiving catheters may facilitate the transition of the wire from the delivery catheter to the
receiving catheter. For example, in some variations, the slope of the deflection surface (116) in
the delivery catheter may have a greater magnitude than the slope of the deflection surface (116)
in the receiving catheter. In other variations, the magnitudes of the slopes of the deflection
surfaces (116) in the delivery and receiving catheters may be the same. It should be appreciated
that in some variations, the deflector and/or deflection surface may be integrally formed with
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catheter. For example, the deflector and/or the deflection surface may be formed from a wall of
the lumen of the catheter (e.g., a distal portion of the lumen may curve or angle). Put another

way, the deflector and/or the deflection surface need not be a separate element.

[0053] The deflection surface (116) in a delivery catheter may comprise a slope that results in
an exit angle (i.e., the angle formed between the wire and the catheter body (102) adjacent to the
port (110) as the wire exits the catheter body (102) through the port (110), as depicted in FIG.
2B) between about 20 degrees and about 90 degrees. More specifically, the deflection surface
(116) may comprise a slope that results in an exit angle of about 30 degrees, about 40 degrees,
about 50 degrees, about 60 degrees, about 70 degrees, or about 80 degrees. As discussed in
more detail below, in embodiments in which the wire enters a receiving catheter after piercing
one or more vessel walls, the slope of the deflection surface (116) may also assist in positioning

the wire with respect to the receiving catheter to facilitate entrance into the receiving catheter.

[0054] In some variations, the deflector may further comprise a housing comprising an
aperture that may be sized and/or shaped to correspond with the port in the catheter. In these
variations, the deflector may comprise a shape (e.g., cylindrical) sized to fit securely within the
lumen of the catheter and may have a lumen in a proximal portion that leads to the deflection
surface in a distal portion. In these variations, the deflector may be positioned within the lumen
of the catheter and coupled to the catheter such that the aperture in the housing aligns with the
port in the catheter to allow passage of a wire through both the aperture in the deflector and the

port in catheter.

[0055] As mentioned above, the distal portion (106) of catheter (100) may comprise one or
more (e.g., two, three, four, five, six, seven, eight, or more) alignment elements (112) that may
assist in aligning or otherwise repositioning the catheter(s) within the vasculature. For example,
in some instances, the alignment elements may help bring two or more catheters (and with them,
two or more blood vessels) in closer approximation. In other instances, the alignment elements
may help ensure that one or more catheters are in proper axial and/or rotational alignment
relative to another catheter. Ensuring proper position of the catheters and blood vessels may
help facilitate advancement of the wire through one or more blood vessel walls. In some
variations, catheters may comprise mechanical alignment elements, such as protrusions, grooves,
flat surfaces, and the like, that may or may not interact with one or more alignment elements on

another catheter. Additionally or alternatively, a catheter may comprise magnetic alignment
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elements, i.e., one or more magnetic components that may interact with one or more magnetic
components of another catheter. In still other variations, the catheter may comprise visual
alignment elements, for example, one or more markers that may help a user to align one or more
catheters. It should be appreciated that each of the catheters described here may comprise any

alignment element or combination of alignment elements described.

[0056] In variations in which magnetic alignment elements are used, the magnetic alignment
elements may be attracted to one or more additional elements (e.g., one or more portions of a
second catheter) to help position or align the catheter within a vessel. For example, a catheter
may comprise one or more magnetic alignment elements that act to attract the catheter toward
one or more portions of another catheter, thereby bringing the catheters in closer approximation,
rotationally and/or axially orienting the catheters, and/or mating a surface of the catheter with

one or more surfaces or portions of another catheter.

[0057] A magnetic alignment element may comprise any suitable magnet or magnetic
material. For example, in some variations, a catheter may comprise one or more rare-earth
magnets (e.g., neodymium magnets or samarium-cobalt magnets) and/or one or more
selectively-activated electromagnets. In variations where a catheter comprises a plurality of
magnets, these magnets may be grouped into one or more arrays. These magnetic arrays may be
located nside or outside of a catheter (or a combination thereof), and may be positioned
anywhere along the length of the catheter. When two or more catheters comprise magnets or
magnet arrays, each magnet or magnet array may be configured or arranged to align with one or
more magnets or magnet arrays from another catheter. Each magnet may be fixed in oron a
catheter by any suitable method. For example, in some variations one or more magnets may be
embedded in, adhered to, or friction fit within a catheter. Each magnet may have any suitable
diameter (or for non-circular cross-sections, height and/or width) (e.g., from about 0.25 mm
(0.010 inches) to about 8 mm (0.315 inches)) or length (e.g., from about 0.25 mm (0.001 inches)
to about 25 mm (0.984 inches)). In some variations, each magnet may have a diameter (or for
non-circular cross-sections, height and/or width) of about 1.91 mm (0.075 in.), about 2.03 mm
(0.080 in.), about 2.34 mm (0.092 in.), about 2.79 mm (0.110 in.) or the like or length of about 5
mm (0.197 in.), about 10 mm (0.394 in.), about 15 mm (0.591 in.), about 20 mm (0.787 in.), or
the like, and may be separated from adjoining magnets by any suitable distance (e.g., about 1

mm (0.039 in.), about 5 mm (0.197 in.), and the like). Magnet size may generally be directly
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proportional to catheter size (i.e., magnet size may increase with increasing catheter size). In
some variations, the magnets of an array may have alternating polarity (e.g., each magnet will
have the opposite polarity as any adjacent magnets), matching polarity, or combinations thereof.
In other variations, one or more portions of the catheter may be made from a magnetic material,
and/or may be embedded with one or more magnetic particles/materials. Each magnet may have
any suitable shape for placement inside or outside of the catheter. Magnets may be cylindrical,
semi-cylindrical, tube-shaped, box-shaped, or the like. In some variations, the magnetic
alignment elements may comprise Halbach arrays or focused magnets, as described in more
detail in U.S. Patent Application No. 14/214,503, filed March 14, 2014, and titled “FISTULA
FORMULATION DEVICES AND METHODS THEREFOR,” and/or in U.S. Patent
Application No. 14/657,997, filed March 13, 2015, and titled “FISTULA FORMATION
DEVICES AND METHODS THEREFOR,”

[0058] The catheter body (102) may comprise any suitable cross-sectional shape. In some
variations, the catheter body may comprise a circular cross-sectional shape (as shown in FIGS.
1A and 1B), a square cross-sectional shape (as shown in FIG. 3A), a rectangular cross-sectional
shape, a combination thereof, or the like. For example, in some instances, the catheter body may
have a [irst cross-seclional shape in a proximal portion (e.g., circular), and a second cross-
sectional shape in a distal portion (e.g., square) or in the portion comprising the one or more
alignment elements (if different from the distal portion). For example, it may be desirable to
utilize a catheter body comprising a square cross-sectional shape in the portion comprising the
one or more alignment elements such that the catheter(s) comprises a flat alignment surface. In
variations in which the alignment element comprises a magnet, the flat magnetic surface allows
lateral magnetic coaption force to be generated and translated into an aligning torque, thereby
more easily rotating and aligning the catheters. Additionally, the use of a flat alignment surface
may bring the catheters closer together, compress the intervening vessel wall(s) more, and create
a larger flat area between the two catheters, all of which may make puncturing and advancing

the wire through vessel wall(s), and optionally into another catheter, easier.

[0059] In some instances, it may be desirable to utilize a wire to assist in advancing the
catheters described here to a target tissue within the vasculature. Accordingly, in some

variations, the catheters described here may be configured to both advance through the
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vasculature along a guidewire and deliver or receive a wire that may be used in fistula formation.
For example, FIGS. 3A and 3B depict a perspective view and an illustrative cross-sectional view
of such a variation of a catheter (300). As shown there, the catheter (300) may comprise a
catheter body (302), a deflector (304) comprising a deflection surface (306), a first alighment
element (308), a second alignment element (312), a port (310), and a distal opening (316). In
this variation, the catheter body (302) may comprise a first lumen (314) therethrough, similar to
the lumen (108) described above with respect to FIGS. 1A and 1B, and a second lumen (318)
therethrough that may fluidly couple a proximal opening (not depicted) in a handle or a proximal
portion of the catheter body (302) and the distal opening (316). The first and second alignment
elements (308, 312) and the deflector (304) may be positioned within the first lumen (314) and a
guidewire (320) may be positioned within the second lumen (318). While catheter (300) is
depicted with a discrete deflector (304), in some variations, the deflection surface (306) may be

formed from a wall of the catheter (300).

[0060] While the catheter (300) is depicted with a first lumen (314) and a second lumen (318),
it should be appreciated that in other variations, the catheter (300) may comprise a single lumen
that may be utilized for both a guidewire to assist in advancing the catheter through the
vasculature, and a wire that may be used to connect vessels. For example, in this embodiment, a
single lumen may fluidly couple a proximal opening, a distal opening, and a port, and the one or
more alighment element(s) and deflector may be sized, shaped, and positioned within the lumen
such that a guidewire may pass through the lumen undemneath or next to the alignment
element(s) and the deflector. For example, the alignment element(s) may be smaller (e.g.,
comprise a smaller diameter, height, volume) than the diameter of the lumen of the catheter and
may be positioned such that a wire may pass around or next to the alignment element(s) (e.g.,
may be positioned against an internal surface of the catheter at the top, bottom, or on either side
of the lumen and/or be embedded within a catheter wall). In other embodiments, the catheter
may comprise a single lumen and the one or more alignment element(s) and deflector may
comprise a lumen therethrough to accommodate passage of the guidewire through the catheter to
the distal opening. In still other embodiments in which the catheter comprises a single lumen,
the catheter may comprise a combination of elements sized, shaped, and/or positioned to allow
passage of the guidewire undemeath or around the elements and elements comprising a lumen
therethrough to allow passage of the guidewire therethrough. For example, the alignment
elements may be sized, shaped, and/or positioned within the lumen such that the guidewire may
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pass underneath or next to the alignment elements, while the deflector may comprise a fumen

therethrough so that the guidewire may pass through the deflector, or vice versa.

[0061] In some variations, the catheter may comprise a single lumen that may be utilized for
both a guidewire for advancing the catheter through the vasculature and a guidewire that may be
used to connect two vessels. For example, FIGS. 4A and 4B depict a cross-sectional view and a
perspective cross-sectional view, respectively, of a variation of a catheter (400) comprising a
catheter body (402) comprising a single lumen (414) therethrough, a deflector (404) comprising
a deflection surface (406), a first alignment element (408), a second alignment element (412), a
port (410), and a distal opening (not shown). The deflector (404) and the alignment elements
(408, 412) may be configured such that a guidewire may pass through the catheter, such as by
passing around or through the deflector (404) and the alignment elements (408, 412). In the
variation shown in FIGS. 4A and 4B, the first alignment element (408) may be sized and
positioned within the lumen (414) such that a guidewire (420) may pass underneath or next to it,
while the deflector (404) and the second alignment element (412) may each comprise a lumen or
opening (422, 424, respectively) through which the guidewire (420) may travel to reach the
distal opening. For additional clarity, FIG. 4C depicts the deflector (404) shown in FIGS. 4A
and 4B removed from the catheter (400). While depicted in FIG. 4C as a separate element, in
some variations the deflector (404) and/or the deflection surface (406) may be formed from a

wall of the catheter (400).
1. Delivery Catheter

[0062] FIGS. 2A and 2B depict an illustrative cross-sectional view of a variation of a delivery
catheter as a wire is advanced in the direction of the arrow (e.g., from a proximal to a distal end
of the catheter) through a lumen of the catheter (FIG. 2A) and out a port in the catheter body
(FIG. 2B). As shown there, the delivery catheter (200) may comprise a catheter body (202)
comprising a lumen therethrough (214), a deflector (204) comprising a deflection surface (206),
a first alignment element (208), a second alignment element (212), and a port (210). The first
alignment element (210) is located proximal to the port (210) and the deflector (204), while the
second alignment element (212) is located distal to the port (210) and the deflector (204). Put
another way, the deflector (204) is located between the first alignment element (208) and the
second alignment element (212). In the embodiment shown in FIGS. 2A and 2B, the first and

second alignment elements (208, 212) comprise magnetic arrays that are positioned within the
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lumen (214) of the catheter body (202), however, as described above, this need not be the case.
The alignment elements (208, 212) may comprise any of the alignment elements described
above. The first alignment element (208) may comprise a lumen therethrough to accommodate
passage of a wire (216) through the alignment element (208), as shown. Moreover, while the
deflector (204) is depicted as a separate element, it need not be, and in some variations, the

deflector (204) and the deflection surface (206) may be formed from a wall of the catheter.

[0063] In use, the wire (216) may be advanced from a proximal end of the catheter (200)
toward the deflector (204) and the distal end of the catheter, as shown by the arrow, such that the
wire (216) may contact the deflection surface (206) of the deflector (204). The deflection
surface (206) may prevent the wire (216) from advancing any further distally, and may alter its
path so that the wire (216) exits the lumen (214) through the port (210) at an exit angle (218), as
described above. The wire (216) may then be advanced through the vessel wall(s) and,
optionally, into a receiving catheter. While the wire (216) is depicted with a rounded distal tip
(220), this need not be the case. In some variations, the wire (216) may comprise a distal tip
(220) that is configured to pierce or create an opening in tissue (e.g., a sharpened distal tip or the
like). In some instances, the wire (216) may comprise a distal tip (220) that is bent, which may

aid in redirection of the wire.
2. Receiving Catheter

[0064] FIGS. 5A and 5B depict cross-sectional and perspective cross-sectional views,
respectively, of a receiving catheter. As shown there, a receiving catheter (500) may comprise a
catheter body (502) comprising a lumen therethrough, a deflector (504) comprising a deflection
surface (506), a port (510), a first alignment element (508), a second alignment element (512),
and a guide funnel or funneling element (516). In this variation, the first alighment element
(508) may comprise a lumen (518) therethrough for passage of a wire after it enters the catheter
body (502) through the port (510) and is redirected by the deflection surface (506) of the
deflector (504) into the funneling element (516) and then into the first alignment element (508).
In some variations, the deflector (504), the deflection surface (506), and/or the funneling element

(516) may be formed from a wall of the catheter (e.g., may be part of the catheter body).

[0065] The funneling element (516) may be used to direct the distal tip of the wire into the

lumen (518) of the first alignment element (508) once it is deflected by the deflection surface
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(506). Additionally, the funneling element (516) may fluidly couple the deflector (504) and the
first alignment element (508). The funneling element (516) may comprise a cone-shaped or
frustoconical body comprising a lumen. The lumen may have a first smaller diameter at a
proximal end of the funneling element (516) and a second larger diameter at a distal end of the
funneling element (516), such that the lumen has a proximally decreasing diameter. In some
variations, the lumens of the funneling element (516) and the first alignment element (508) may
be the same size and shape and/or the funneling element (516) and the first alignment element
(508) may be positioned such that their lumens align. The funneling element (516) may or may
not be directly adjacent to the first alignment element (508). In some variations, and the first
alignment element (508) may, instead of comprising a lumen therethrough, be sized, shaped, and
positioned to allow passage of the wire underneath or next to the first alignment element (508)
through the lumen of the catheter body (502). In these variations, the funneling element (516)
may fluidly couple the deflector (504) to the portion of the catheter lumen proximal to the
funneling element (516). In some variations, the receiving catheter may not comprise a guide

funnel or funneling element.
3. Use of Delivery and Receiving Catheters

[0066] As mentioned above, the delivery and receiving catheters described here may be
configured to align with each other, or to otherwise influence the position of one another. For
example, FIGS. 6A and 6B depict side cross-sectional and top perspective cross-sectional views,
respectively, of a system (600) comprising a delivery catheter (602) and a receiving catheter
(650) in use with a wire (620) (vessel wall(s) have been omitted for clarity). As shown there, the
delivery catheter (602) may comprise a catheter body (616) comprising a lumen (614)
therethrough, a deflector (604) comprising a deflection surface (606), a first alignment element
(608) comprising a lumen (618) therethrough, a port (610), and a second alignment element
(612). The receiving catheter (650) may comprise a catheter body (652), a deflector (654)
comprising a deflection surface (656), a first alignment element (658) comprising a lumen (664)
therethrough, a port (660), a funneling element (666), and a second alignment element (662). As
mentioned above, in some variations, the deflectors, the deflection surfaces, and/or the funneling

element may be formed integrally with the catheter body.

[0067] The system may also comprise a wire (620) that may be used to puncture the vessel

wall(s). In some variations, the wire (620) may comprise a distal tip configured to puncture or
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otherwise form a hole in tissue. In some instances, the wire (620) may be a guidewire. In
variations in which the delivery catheter (602) and/or the receiving catheter (650) may be
configured to advance through the vasculature to a target location utilizing a guidewire, the
system may comprise a first guidewire for advancing either of the delivery or receiving catheters
to the target location, and a second wire (620) to puncture the vessel wall(s). In yet other
variations, the same wire (620) may be used to both advance the delivery catheter to the target
location and to puncture the vessel wall(s). In still other variations, the system may comprise a
first guidewire for advancing the delivery catheter to a target location, a second guidewire for
advancing the receiving catheter to a corresponding target location, and a third wire (620) to

puncture the vessel wall(s).

[0068] In use, the delivery catheter (602) and the receiving catheter (650) may be advanced
through the vasculature to corresponding target locations in a first vessel and a second vessel or
cavity, respectively. Once the delivery catheter (602) and the receiving catheter (650) are
located near each other, the alignment elements of the catheters may be used to align the
catheters axially and/or rotationally. In some variations, the delivery catheter (602) and the
receiving catheter (650) may be configured to be axially aligned in an antiparallel configuration.
For example, the first alignment element (608) on the delivery catheter (602) may be configured
to mate with, attract, or otherwise interact with the second alighment element (662) on the
receiving catheter (650), while the second alignment element (612) on the delivery catheter
(602) may be configured to mate with, attract, or otherwise interact with the first alignment
element (658) on the receiving catheter (650) to form a wire or guidewire pathway through the
delivery and receiving catheters (602, 650). In other variations, the delivery catheter (602) and
the receiving catheter (650) may be configured to be axially aligned in a parallel configuration.
For example, the first alignment element on the delivery catheter may be configured to mate
with, attract, or otherwise interact with the first alignment element on the receiving catheter, and
the second alignment element on the delivery catheter may be configured to mate with, attract,
or otherwise interact with the second alignment element on the receiving catheter. In some
variations, the delivery catheter (602) and the receiving catheter (650) may be configured such

that they may be aligned in either parallel or antiparallel configurations.

[0069] Additionally, the delivery catheter (602) and the receiving catheter (650) (e.g., the

alignment elements) may be configured to align the delivery and receiving catheters lengthwise,
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as opposed to at the distal ends of the catheters. In variations in which an alignment catheter is
used instead of a receiving catheter (i.e., in which the wire (620) is not advanced into another
catheter after exiting the delivery catheter), the alignment catheter may comprise any of the
alignment element configurations described with respect to the receiving catheter. Moreover,
while the alignment elements are depicted as magnetic arrays, it should be appreciated that they
may be any of the alignment elements described above. Additionally, while both the delivery
and receiving catheters (602, 650) are each depicted with two alighment elements, they may

comprise any suitable number of alignment elements, as described above.

[0070] Once the delivery and receiving catheters (602, 650) are aligned, they may be
configured such that the wire may be advanced out of the delivery catheter, through one or more
vessel walls, and into the receiving catheter. More specifically, the wire (620) may be advanced
from a proximal end of the delivery catheter (602) through the lumen (614) in the delivery
catheter body (616) and the lumen (618) in the first alignment element (608) in the delivery
catheter (602), to the deflection surface (606) on the deflector (604). The deflection surface
(606) may then alter the direction of the wire (620) such that it exits the delivery catheter (602)
through the port (610) at an appropriate exit angle to both puncture the vessel wall and
subsequently enter the port (660) of the receiving catheter (650). After the wire (620) punctures
one or more vessel walls, it may enter the receiving catheter (650) through the port (660). As the
wire (620) 1s continued to be advanced, it may reach the deflection surface (656) of the deflector
(654), which may then alter the direction of the wire (620) such that it enters the funneling
element (666), and the lumen (664) of the first alignment element (658) in the receiving catheter
(650). As mentioned above, the deflection surfaces (606, 656) of the deflectors (604, 654) in
both the delivery and receiving catheters (602, 650) may be configured to facilitate the transition
of the wire (620) from the delivery catheter (602) to the receiving catheter (650) and guide the

wire (620) from the delivery catheter lumen (614) to a lumen in the receiving catheter (650).
B. Three Catheter System

[0071] As mentioned above, the systems described herein may be used to bypass an occluded
vessel. These systems may comprise a first catheter for advancement within an occluded vessel
lumen to a first side of an occlusion, a second catheter for advancement outside of the occluded
vessel to a location at or near the occlusion, and a third catheter for advancement within the

occluded vessel lumen to a second, opposite side of the occlusion. In some variations, the first
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catheter may be any of the delivery catheters described above, and the third catheter may be any
of the receiving catheters described above. The second catheter may be a bypass catheter that is
used to both receive and deliver a wire in order to advance the wire outside of the first vessel
around the occlusion. For example, the second catheter may be configured to receive a wire
after it is deployed from the delivery catheter through a vessel wall(s), house or otherwise
transport the wire to avoid or bypass the occlusion in the occluded vessel, and deliver the wire to

a receiving catheter within the occluded vessel on the opposite side of the occlusion.

[0072] FIGS. 7A and 7B depict an illustrative variation of a catheter suitable for use as a
bypass catheter. Specifically, FIG. 7A depicts a top view of a catheter (700) comprising a
catheter body (702) comprising a lumen (708) therethrough, a proximal portion (704), and a
distal portion (706). FIG. 7B depicts a view of the catheter (700) with the distal portion (706) of
the catheter body (702) illustrated as partially transparent. The distal portion (706) of the
catheter (700) may comprise a first port or side aperture (710), a second port or side aperture
(712), a first alignment element (714), a second alignment element (716), a first deflector (718),
and a second deflector (720). In some variations, the catheter body may circumferentially
surround the lumen (708) between the first and second ports (710, 712). In some of these
variations, the catheter (700) may further comprise a slit (722) between the first and second ports
(710, 712) through which the wire may pass to exit the catheter body (702) after it has entered
the receiving catheter, as will be explained in more detail below. In some variations, the distal
portion (706) of the catheter body (702) may also comprise a cap (724) coupled to the proximal
portion (704) of the catheter body (102), however, it need not. It should be appreciated that the
lumen (708) may or may not extend the full length of the catheter (700). Additionally, in some
variations, the cap (724) may comprise an atraumatic tip and/or the catheter (7000) may
comprise an atraumatic tip to prevent damage to surrounding tissue during advancement of the

catheter through the vasculature.

[0073] The bypass catheter may comprise elements that are similar to elements described
above with respect to the delivery and receiving catheters. For example, the catheter body (702),
the ports (710, 712) and the first and second alignment elements (714, 716), may have any of the
configurations previously described with respect to those elements in the delivery and/or

receiving catheters. For example, the first port (710) may have any of the configurations
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described above with respect the receiving catheters, and the second port (712) may have any of

the configurations described above with respect to the delivery catheters, or vice versa.

[0074] While many of the components of the bypass catheter may be similar to or the same as
components described above with respect to the delivery and receiving catheters, the bypass
catheter differs in that it may comprise a first deflector (718) comprising a deflection surface
(726) with a positive slope and a second deflector (720) comprising a deflection surface (728)
with a negative slope (or vice versa, depending on catheter and/or vessel orientation). Put
another way, the first and second deflectors (718, 720) may comprise deflection surfaces
(726,728) with slopes having opposite signs. This is because the first and second deflectors
(718, 720) may be configured to serve different purposes; one may be configured to modify the
direction of the wire just after it is received through one of the ports, and the other may be
configured to modify the direction and angle of the wire to position it to puncture tissue and be

received by a receiving catheter.

[0075] Turning back to FIG. 7B, in the embodiment shown there, the first deflector (718) may
comprise a deflection surface (726) with a positive slope that is configured to alter the path of
the wire so that it travels through the lumen (708) of the catheter body (702) toward the second
deflector (720), while the second deflector (720) may comprise a deflection surface (728) with a
negative slope that is configured to alter the path of the wire so that it travels through the second
port (712) and into the port on the receiving catheter. The deflection surface (728) of the second
deflector (720) may also be selected to appropriately position the wire to pierce the vessel
wall(s). The first deflector (726) may comprise any of the deflectors described above with
respect to the receiving catheter. Similarly, the second deflector (720) may comprise any of the
deflectors described above with respect to the delivery catheter. In some variations, the first and
second deflectors (718, 720) may be connected by a deflector housing such that the bypass
catheter comprises a single deflector comprising two deflection surfaces (e.g., deflection
surfaces (726, 728)). Moreover, in some variations, the first and second deflectors (718, 720)
and/or the first and second deflection surfaces (726, 728) may be formed from a wall of the

catheter.

[0076] As mentioned above, the bypass catheters described herein may comprise a catheter
body (702) with a lumen (708) in which the first and second alignment elements (714, 716) and

the first and second deflectors (718, 720) may be positioned. In some variations, any of the first
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alignment element (714), second alignment element (716), first deflector (718), or second
deflector (720) may optionally comprise a lumen therethrough to allow passage of a guidewire
for advancing the bypass catheter through the vasculature to a target location or may be sized
and positioned to allow passage of such a guidewire, as is discussed in more detail above. In
other variations, and as depicted in FIG. 7B, the first alignment element (714) and the first
deflector (718) may be positioned within the lumen (708) such that they may partially or fully
block the lumen (708) between the proximal portion (704) of the catheter body (702) and the
first port (710), after which the lumen (708) may reopen and remain open for passage of a wire
therethrough until the deflection surface (728) of the second deflector (720). In these variations,
the catheter body (702) may comprise a slit (722) through which the wire may exit the catheter
body (702) after it has passed through the lumen (708), out of the second port (712), and into the
receiving catheter so that tools or devices may be advanced along the wire to bypass the
occlusion. In some instances, the catheter body (702) may comprise perforations, a weakened
body portion configured to tear to release the wire, or the like in place of the slit (722). Inyet
other variations, the catheter body (702) may comprise a large gap along the length of the
catheter that connects the first and second ports (710, 712), which may be used to release the
wire in-situ. In yet other embodiments, the catheter body (702) may comprise a large hole (e.g.,
a semicircular portion of the catheter body may be removed), and the wire may be guided by a
track in the first and second deflectors (718,720) and the internal surface of the catheter body
(702) that remains, or in instances in which the first and second deflectors (718, 720) are

integrally formed, through the integral deflector.
1. Use of Delivery, Receiving, and Bypass Catheters

[0077] Similarly to the two-catheter system described above, the delivery, bypass, and
receiving catheters described here may be configured to align with one another, or to otherwise
affect the position of one another. For example, FIGS. 8A and 8B depict side and perspective
cross-sectional views, respectively, of a system (800) comprising a delivery catheter (802), a
receiving catheter (850), and a bypass catheter (875) in use with a wire (820). The delivery
catheter (802) may comprise a catheter body (816) comprising a lumen (814) therethrough, a
deflector (804) comprising a deflection surface (806), an alignment element (808) comprising a
lumen (818) therethrough, and a port (810). The receiving catheter (850) may comprise a
catheter body (852), a deflector (854) comprising a deflection surface (856), an alignment
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element (858) comprising a lumen (864) therethrough, and a port (860). The bypass catheter
(875) may comprise a catheter body (878) comprising a lumen therethrough (880), a first
deflector (882) comprising a first deflection surface (884), a second deflector (886) comprising a
second deflection surface (888), a first alignment element (890), a second alighment element
(892), a first port (881), and a second port (883). As mentioned above, it should be appreciated
that the first and second deflectors (882, 886) may be integrally formed or otherwise connected

via a deflector housing.

[0078] The system may also comprise a wire (820) that may be used to puncture the vessel
wall(s). In some variations, the wire (820) may comprise a distal tip configured to puncture or
otherwise form a hole in tissue. In some instances, the wire (820) may be a guidewire. In
variations in which the delivery catheter (802) and/or the receiving catheter (850) may be
configured to advance through the vasculature to a target location utilizing a guidewire, the
system may further comprise one or more guidewires for advancing the delivery and/or
receiving catheters to the occlusion, and an additional wire (820) to puncture the vessel wall(s)
to bypass the occlusion. In some variations, the same wire (820) may be used to both advance

the delivery catheter to the target location and to puncture the vessel wall(s).

[0079] In use, the delivery catheter (802) may be advanced through the vasculature to a first
side (870) of an occlusion (868) in an occluded vessel (866). The receiving catheter (850) may
be advanced through the vasculature to a second, opposite side (872) of the occlusion (868) in
the occluded vessel (866). The bypass catheter may be advanced through the vasculature to a
vessel (874) adjacent to or near the occluded vessel (866) to a location near the occlusion (868).
In some variations, the delivery, receiving, and bypass catheters (802, 850, 875) may be
advanced so that the delivery catheter (802) and the bypass catheter (875) are in a parallel
orientation and the bypass catheter (875) and the receiving catheter (850) are in an anti-parallel
orientation, as depicted in Fig. 8B. Once the delivery catheter (802), the receiving catheter
(850), and the bypass catheter (875) are located near each other, the alignment elements of the
delivery, receiving, and bypass catheters (802, 850, 875) may be used to align the catheters (802,
850, 875) axially and/or rotationally.

[0080] For example, as depicted in FIGS. 8A and 8B, the alignment element (808) on the
delivery catheter (802) may be configured to mate with, attract, or otherwise interact with the

first alignment element (890) on the bypass catheter (875), while the alignment element (858) on
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the receiving catheter (850) may be configured to mate with, attract, or otherwise interact with
the second alignment element (892) on the bypass catheter (875). This alignment may form a

wire or guidewire pathway through the delivery, bypass, and receiving catheters (802, 875, 850).

[0081] Once the delivery, bypass, and receiving catheters (802, 875, 850) are aligned, the wire
(820) may be advanced out of the delivery catheter, through the vessel walls, into the bypass
catheter, back through the vessel walls, and into the receiving catheter to form a guidewire
bypass around the occlusion (868). More specifically, the wire (820) may be advanced from a
proximal end of the delivery catheter (802) through the lumen (814) in the delivery catheter
body (816) and the lumen (818) in the first alignment element (808) in the delivery catheter
(802) to the deflection surface (806) on the deflector (804). The deflection surface (806) may
then alter the direction of the wire (820) such that it exits the delivery catheter (802) through the
port (810) at an appropriate exit angle to puncture both the occluded vessel and non-occluded
vessel walls, and subsequently pass through the first port (881) of the bypass catheter (§875).
After the wire (820) punctures both vessel walls, it may enter the bypass catheter (875) through
the first port (881) and be advanced to the first deflection surface (884) of the first deflector
(882). The first deflector (882) may then alter the direction of the wire (820) such that it enters
the lumen (880) of the bypass catheter (875). The wire (820) may then be advanced through the
lumen (880) of the bypass catheter (875) at the location of the occlusion (868) toward the second
deflection surface (888) of the second deflector (886), which may alter the direction of the wire
(820) again so that it is positioned to exit the bypass catheter (875) through the second port
(883). After exiting the bypass catheter (875) through the second port (883), the wire (820) may
pierce both the clear and occluded vessel walls, and pass through the port (860) of the receiving
catheter (850). Once the wire (820) is advanced through the vessel walls and the into the
receiving catheter (850), the deflection surface (856) of the deflector (854) may modify the path
of the wire so that it enters the lumen (864) of the alignment element (858) and travels through a
lumen of the receiving catheter (850). As mentioned above, the deflection surfaces (806, 884,
888, 856) in the delivery, bypass, and receiving catheters (802, 875, 850) may be configured to
ease the transition of the wire (820) from the delivery catheter (802) through the vessel walls,
into the bypass catheter (875), back through the vessel walls, and into the receiving catheter
(850), and guide the wire from the delivery catheter lumen (814) to the bypass catheter lumen
(880) and ultimately to the receiving catheter lumen (864). Once a wire path (guidewire by pass)
around the occlusion (868) has been established, the delivery, bypass, and receiving catheters
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(802, 875, 850) may be removed from the vessels to allow for passage of tools or devices along

the wire (820).
II. METHODS
1. Two Catheter Method

[0082] The methods described here may be utilized to advance a wire from a first endoluminal
space through one or more luminal walls to a second endoluminal space or cavity. The methods
may be used to assist in fistula formation between two endoluminal spaces, for example,
between a vein and an artery, between two veins, and the like. Generally, the methods described
here comprise accessing a first blood vessel with a first catheter, and advancing the first catheter
to a target location within the first blood vessel. The methods generally further comprise
accessing a second blood vessel or a body cavity with a second catheter, and advancing the
second catheter to a target location within the second blood vessel or the body cavity. In some
variations, the first catheter is advanced into an artery, and the second catheter is advanced into a
vein. In other variations, the first catheter is advanced into a first vein and the second catheter is
advanced into a second vein. In still other variations, the first catheter is advanced into a first
artery and the second catheter is advanced into a second artery. In some variations, the first and
second catheters may be advanced such that they are in a parallel orientation. In other
variations, the first and second catheters may be advanced such that they are in an anti-parallel
orientation. The first and/or second catheters may be advanced in any suitable manner, such as
using a Seldinger technique or other similar techniques. Advancement may or may not occur
under indirection visualization (e.g., via fluoroscopy, X-ray, or ultrasound). The first and second
catheters may be advanced in the same manner, or may be advanced in different manners. In
variations in which one or both of the catheters are configured for advancement over a
guidewire, as described above, the catheters may be advanced along a guidewire. In some
variations of the methods described here, one or more external magnets may help advance or
position one or both catheters at a target location. In these variations, the external magnets may
interact with any suitable portion of the catheter (e.g.. one or more magnetic alignment elements)
to create an attractive force between the catheter and the external magnet. The attractive force

may be used to pull, push, or otherwise manipulate the catheter during advancement.
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[0083] Once the first and second catheters have been advanced into the respective blood
vessels or cavity, the catheters may be adjusted to affect the positioning of the catheters within
the blood vessels or cavity and/or the positioning of the blood vessels relative to each other. In
variations in which a first catheter has been advanced into a first blood vessel and a second
catheter has been advanced into a second blood vessel, the first and second catheters may be
aligned or otherwise adjusted to bring at least a portion of the first and second catheters toward
each other, which may act to bring the blood vessels in closer approximation. In some
variations, each of the first or second catheters may comprise one or more alignment elements,
for example, magnetic alignment elements, such as those described in more detail above. The
use of magnetic alignment elements may result in an attractive force between the first and
second catheters, which may pull the catheters toward each other. In some instances, this
attractive force may be sufficient to compress tissue (e.g., blood vessel walls) between the first
and second catheters. For example, in variations where the first and second catheters comprise
flat surfaces, as described above, the attractive force may flatten and/or compress the tissue

between the surfaces.

[0084] In some variations, the catheters may be aligned axially and/or rotationally. For
example, the catheters may be oriented such that a port on the first catheter may be aligned with
a port on the second catheter to create a guidewire path from the first catheter to the second
catheter, or vice versa. The catheters may be aligned in any suitable manner. In variations
where the first and/or second catheters comprise one or more markers, such as those described
above, the markers may be viewed (e.g., via fluoroscopy, x-ray, or the like) to ensure that the
catheters have the proper axial and/or radial orientation relative to each other. Additionally, in
variations where the first and/or second catheters comprise one or more magnetic alignment
elements, the magnetic alignment elements may be used to axially and/or rotationally orient the
first catheter relative to the second catheter. Once the catheters have been positioned and
aligned, a wire may be used to pierce or otherwise form a hole in the blood vessel wall(s) located
between the two catheters and to form a path from the first blood vessel to the second blood
vessel or cavity. As mentioned above, after removal of the catheters, the path between the blood
vessels may in some variations be used in the creation of a fistula or in another suitable

procedure.
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[0085] It should be appreciated that any of the delivery, receiving, or alignment catheters
described above may be used in the methods described here to form a path that may be used in
the creation of a fistula. For example, in some variations, the first catheter may be any variation
of the delivery catheters described in detail above and the second catheter may be an alignment
catheter. In other variations, the first or second catheter may be any variation of the delivery
catheters described above, and the other of the first or second catheter may be any variation of

the receiving catheters described above.

[0086] In some variations, it may be desirable to directionally form the path from the first
endoluminal space to the second endoluminal space such that the wire punctures the first luminal
wall first and the second luminal wall second (i.e., after puncturing the first luminal wall). For
example, in variations in which a wire is advanced and a path is formed between an artery and a
vein, it may be desirable to begin in the vein. In these variations, the vein may be punctured
prior to puncturing the artery. If one or more catheters malfunctions such that a path between
the vein and the artery is not established, beginning in the vein may prevent a puncture in the
artery without a corresponding puncture in the vein. When an artery is punctured, the arterial
pressure may push blood into the extravascular space around the blood vessels, and in some
instances, a surgical procedure may be required to fix the arterv. Conversely, puncturing a vein
may result in some extravascular bleeding, but the venous pressure may be low enough that
significant bleeding does not occur, which may allow the blood vessel to heal itself. While
described above as being used to directionally form a path from a vein to an artery, in some
instances, it may also be desirable to directionally form a path from an artery to a vein, from a
first vein to a second vein, from a first artery to a second artery, from a blood vessel to a cavity,

or from a cavity to a blood vessel.

[0087] Once a path has been formed between a first vessel and a second vessel, or between a
first vessel and a cavity, the catheters described here may be removed from the first and second
vessels or from the first vessel and the cavity, and tools may be advanced along the wire to the
target locations (e.g., utilizing the wire as a guidewire). Any suitable tools or devices may be
advanced, for example, those that may be used to form a fistula between the first and second
vessels, or between the first vessel and a cavity, including but not limited to stents, balloons
(including cutting balloons), punching, coring or cutting devices, ablation devices, a

combination of thereof, or the like.
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[0088] In some embodiments, an additional procedure may be performed once the wire has
been placed between a first vessel and a second vessel, including but not limited to: the
placement of a stent or covered stent through the first and second vessels, which may alter the
flow of blood or other bodily fluids; the advancement of a balloon or cutting balloon to the wire
location for the purpose of creating a fistula; the advancement of a cutting or ablation device
such as a coring tool, radio-frequency cutting electrode, or excimer laser such that tissue may be
removed to form a fistula at the location of the wire; and/or the delivery of any percutaneous
medical device over the wire and through the vessel walls, such that a device may be advanced
from one access location to a different target vessel or system, for example, advancing a device

from the venous svstem into the arterial system.

[0089] Turning to FIGS. 9A-9E, shown there 1s a method for forming a path between two
vessels that may be used to guide tools or devices to and/or through the blood vessels. FIG. 9A
depicts a first blood vessel (902) and a second blood vessel (908) located adjacent to or near
each other in a body. The first blood vessel (902) may comprise a first vessel wall (904) and a
first lumen (906), and the second blood vessel (908) may comprise a second vessel wall (910)
and a second lumen (912). A first catheter (914) may be advanced through the lumen (906) of
the first vessel (902) to a target location within the first vessel (e.g., where puncture and path
creation is desired), as can be seen in FIG. 9B. As shown there, the first catheter (914) may be a
delivery catheter as described above in detail. A second catheter (916) may be advanced through
the lumen (912) of the second vessel (908) to a target location within the second vessel, which
may be near or adjacent to the target location in the first vessel (902), as shown in FIG. 9C. As
shown there, the second catheter (916) may be a receiving catheter as described above. In some
variations, the second catheter may be an alignment catheter, also as described above. In some
embodiments of the methods described here, the second catheter (e.g., the receiving or alignment
catheter) may be advanced to a target location first, and the first catheter (e.g., the delivery
catheter) may be advanced to a target location after advancement of the second catheter.
Additionally, while FIG. 9C depicts advancement of the first catheter (914) within the first
vessel (902) from a first direction and advancement of the second catheter (916) within the
second vessel (908) from a second, opposite direction, such that the two catheters are antiparallel
(e.g., the first catheter (914) may comprise an alignment element proximal to the port, and the
second catheter (916) may comprise an alignment element distal to the port), this need not be the
case. In some variations, the first and second catheters (914, 916) may be advanced within the
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first and second vessels (902, 908) from the same direction such that the two catheters are
parallel (e.g., the catheters may comprise alignment elements proximal to respective ports on the
catheters). Additionally, the first and second catheters (914, 916) may be aligned along the
lengths of the catheters (as shown), as opposed to at the distal ends of the catheters.
Additionally, in some variations, the catheters may have alignment elements on both the

proximal and distal sides of the port.

[0090] Once the first and second catheters (914, 916) are advanced through the first and
second vessels (902, 908) respectively, the first and second catheters (914, 916) may be aligned
using the one or more alignment elements (918, 920). For example, in variations in which the
alignment elements (918, 920) comprise magnetic alignment elements, the magnetic alignment
element (918) on the first catheter (914) may be attracted to the magnetic alignment element
(920) on the second catheter (916), which may pull, push, or otherwise move the vessel walls
(904, 910) closer to each other. Additionally, the attraction between the magnetic alignment
elements (918, 920) may align the ports on the catheters to create a guidewire path from the
lumen of the first catheter (914), through the port in the first catheter (914), through the port of
the second catheter (916), and into the lumen of the second catheter (916). After the first and
second catheters are aligned, a wire (922) may be advanced along the guidewire path to puncture
the vessel walls and create a path from the first vessel (902) to the second vessel (908), as shown
in FIG. 9D. For example, the wire (922) may be advanced through the lumen and port of the
first catheter (914) to the vessel wall (904) of the first vessel (902). It may then pierce the vessel
wall (904) at or near the target location within the first vessel, pierce the vessel wall (910) of the
second vessel (908) at or near the target location within the second vessel (908), and pass

through the port in the second catheter (914) into the lumen of the second catheter (914).

[0091] Once the wire (922) has established a path between the first and second catheters (914,
916) and the first and second vessels (902, 908), the first and second catheters (914, 916) may be
removed and the wire (922) may remain within the first and second vessels (902, 908) to assist

in the advancement of tools or devices, as depicted in FIG. 9E.

[0092] In another embodiment, a first catheter in a first vessel may comprise a lumen that may
be utilized for advancing a piercing needle and a guidewire within a lumen of the needle. Once

the needle has advanced out of the catheter and pierced through the vasculature, a guidewire may
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be advanced out of the needle. The guidewire may advance into a second vessel adjacent to

and/or along an external surface of a second catheter in the second vessel.

[0093] FIGS. 11A-11B illustrate a variation of a system and method for advancing a
guidewire, and optionally, a needle, between two vessels. FIG. 11A depicts a first catheter
(1106) (e.g., a delivery catheter) disposed within a first vessel (1102) such as an artery, and a
second catheter (1118) (e.g., an alignment catheter) disposed within a second adjacent vessel
(1104), such as a vein. FIG. 11B depicts a detail view of the first and second catheters (1106,
1118) in use with a flexible needle (1114) and guidewire (1116). In this variation, the first
catheter (1106) may be advanced from a first direction and may comprise an alignment element
(1108) (e.g., one or more magnets), a deflector (1110) comprising a deflection surface (1111),
and a catheter body (1107) comprising a lumen (1112) therethrough and a side port (1115). In
some variations, the deflector (1110) and/or the deflection surface (1111) may be formed from
the catheter body (1107) (e.g., as the wall of an angled or curved lumen). The lumen (1112) may
be provided in a proximal portion of the first catheter (1106) and may fluidly couple a proximal
end of the catheter body (1107) and/or a handle or other control coupled thereto (not depicted),
to the side port (1115).

[0094] In some variations, a flexible needle (1114) may be slideably disposed within the
lumen (1112) and may be advanced and/or retracted through the lumen (1112). The flexible
needle (1114) may comprise a lumen therethrough and a guidewire (1116) may be slideably
disposed within the lumen such that it mayv be advanced and retracted through the lumen. The
deflector (1110) may be disposed within the lumen (1112) of the first catheter (1106) distal to
the side port (1115), and may comprise a deflection surface (1111) that may aid in guiding, or
otherwise altering the path of, the flexible needle (1114) and the guidewire (1116). In some
variations, the deflection surface (1111) may be curved (e.g., concave) to guide one or more of
the needle (1114) and the guidewire (1116) through the side port (1115) and out of the first
catheter (1106). While described above as comprising both a needle (1114) and a guidewire
(1116), the system need not. For example, in some variations, the system may comprise a

guidewire (1116) slideably disposed within the lumen (1112) without the use of aneedle (1114).

[0095] In some variations, the distal end of the needle (1114) may be configured to pierce the
vessel walls, while in other variations, including those with and without a needle (1114), the

distal end of the guidewire (1116) may be configured to pierce the vessel walls (e.g., the
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guidewire may comprise a sharpened or beveled distal tip). In some variations, the needle
(1114) and/or the guidewire (1116) may be made of a shape-memory material (e.g., nitinol or the
like) and may be pre-curved, which may assist in directing the distal tip of the needle (1114)
and/or the guidewire (1116) out of the side port (1115) and toward the vessel wall(s). In these

variations, a deflector with an angled or curved surface may not be needed.

[0096] A second catheter (1118) may be advanced through the second vessel (1104) in a
second direction opposite the first direction. The second catheter (1118) may be advanced
before or after, the first catheter (1106) is advanced, or concurrently therewith. The first and
second catheters (1104, 1106) may each comprise an atraumatic tip, which may assist in
preventing damage to tissue as the first and second catheters are advanced through the body.
The second catheter (1118) may also comprise an alignment element (1120) (e.g., one or more
magnets). In some variations, the first catheter (1106) and the second catheter (1118) may be
advanced into the respective vessels and aligned by, for example, the attractive forces of the
magnetic alignment elements (1108, 1120). Once both the first and second catheters (1106,
1118) have been advanced through the first and second vessels (1102, 1104) respectively, the
first and second catheters (1106, 1118) may be positioned such that the alignment elements
(1108) of the first catheter (1106) and the alignment elements (1120) of the second catheter
(1118) coapt to compress together with tissue interposed between. The alignment elements
(1108, 1120) may assist in appropriately positioning the first catheter (1106) (e.g., the side port
(1115)) relative to the vessel wall(s) for advancement of the needle (1114) and/or the guidewire
(1116) therethrough. As described above, at least a portion of the catheter bodies may comprise
a square cross-sectional shape (e.g., a distal portion), which may also assist in appropriately

positioning the first catheter (1106).

[0097] The needle (1114) may be advanced through the lumen (1112) of the first catheter
(1106) from a proximal portion of the catheter body toward the alignment elements (1108), and
the deflector (1110) and the side port (1115) proximal thereto. The deflection surface (1111) of
the deflector (1110) may guide the needle (1114) carrying the guidewire (1116) toward the side
port (1115) and the vessel walls, such that when the needle (1114) is advanced into the
deflection surface (1111) its path is altered from a direction parallel to the longitudinal axis of
the first catheter (1106) to a direction transverse to the longitudinal axis of the first catheter

(1106). The needle (1114) may then exit the lumen (1112) of the first catheter (1106) via the
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side port (1115). In some variations, the distal end of the needle (1114) may puncture the walls
of the first and second vessels (1102, 1104) and enter the lumen of the second vessel (1104). In
other variations, the guidewire (1116) may be advanced out of the lumen of the needle (1114) to

pierce the vessel walls.

[0098] Once the distal end of the needle (1114) and/or the guidewire (1116) has entered the
lumen of the second vessel (1104), the guidewire (1116) may be advanced, or further advanced,
out of the needle (1114) and through the second vessel (1104) (e.g., along the second vessel
wall) adjacent and external to the second catheter (1118). As mentioned above, the second
catheter (1118) may coapt to the first catheter (1106), which may provide space within the
second vessel for advancement of the guidewire (1116) between the second vessel wall and the
second catheter (1118), as depicted in FIGS. 11A and 11B. The guidewire (1116) may be
advanced to a desired position and the needle (1114) may be retracted back into the first catheter

(1106).
2.  Three Catheter Method

[0099] The methods described here may be utilized to advance a wire from a first endoluminal
space (e.g., a vein, an artery, an intestine, and the like) through one or more luminal walls to a
second endoluminal space or cavity (e.g., a vein, an artery, an intestine, a cavity surrounding a
vessel, and the like), back through the one or more luminal walls into the first endoluminal
space. The methods may be used to avoid an occlusion or other barrier within a vessel. For
example, the methods may be used to create a wire path from a first occluded vessel at a location
upstream of the occlusion, through one or more vessel walls into a second clear vessel or cavity,
and back through the one or more vessel walls into the occluded vessel at a location downstream
of the occlusion. This wire path may be used to advance tools or devices around an occlusion or

barrier.

[0100] Generally, the methods described here comprise accessing a first blood vessel from a
first direction with a first catheter and advancing the first catheter to a first target location within
the first blood vessel, accessing a second blood vessel or a body cavity with a second catheter
and advancing the second catheter to a target location within the cavity or the second blood
vessel, and accessing the first blood vessel from a second, opposite direction with a third

catheter and advancing the third catheter to a second target location within the first blood vessel.
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In some embodiments, the first vessel may comprise an occlusion or barrier. In these
embodiments, the first target location within the first blood vessel may be a location upstream of
or proximal to the occlusion or barrier, and the second target location within the first blood

vessel may be a location downstream of or distal to the occlusion or barrier.

[0101] In some variations, the first and third catheters may be advanced into an artery, and the
second catheter may be advanced into a vein. In other variations, the first and third catheters
may be advanced into a first vein and the second catheter may be advanced into a second vein.
In still other variations, the first and third catheters may be advanced into a first artery and a
second catheter may be advanced into a second artery. In still other variations, the first and third
catheters may be advanced into a vein, and the second catheter may be advanced into an artery.
The first, second, and third catheters may be advanced using the same techniques as described
above with respect to the first and second catheters in the two catheter method (e.g., over a
guidewire, utilizing external magnets, utilizing visualization techniques). The first, second, and

third catheters may be advanced in the same manner, or may be advanced in different manners.

[0102] In some variations, the first catheter may be a delivery catheter, as described above. In
variations in which a delivery catheter configured for advancement along a guidewire may be
used, the first catheter may be advanced to a target location along the guidewire. After the
advancement of the second and third catheters, the guidewire may be retracted proximally
through the first catheter such that the wire passes through or underneath the deflector to a
location proximal to the deflection surface. In some of these embodiments, the same guidewire
may then be used to create the bypass path around the occlusion. In some variations, a different
wire may be used to create the bypass path around the occlusion. For example, in some
instances, a second guidewire, for example, one with a larger diameter, may be used to create the
bypass path around the occlusion after the first catheter is advanced to a target location using a
first guidewire. In these variations, the first guidewire may be retracted proximally through the
first catheter after the catheter is advanced to a target location and before advancement of the
second guidewire. The first guidewire may optionally be removed from the first catheter

through an opening in the handle or a proximal portion of the first catheter.

[0103] Once the first, second, and third catheters have been advanced into the respective blood
vessels or cavity, the catheters may be aligned or otherwise adjusted to affect the positioning of

the catheters within the blood vessels or cavity and/or the positioning of the blood vessels
37



CA 03011238 2018-07-11

WO 2017/124059 PCT/US2017/013610

relative to each other. In variations in which the first and third catheters have been advanced
into a first blood vessel and a second catheter has been advanced into a second blood vessel, the
first, second, and third catheters may be adjusted to bring at least a portion of the first and third
catheters toward the second catheter, which may act to bring the blood vessels in closer
approximation. In some variations, each of the first, second, and third catheters may comprise
one or more alignment elements, for example, magnetic alignment elements, such as those
described in more detail above. The use of magnetic alighment elements may result in an
attractive force between the first and second catheters and the second and third catheters, which
may pull the catheters toward each other. In some instances, this attractive force may be
sufficient to compress tissue (e.g., blood vessel wall(s)) between the first and second and second
and third catheters. For example, in variations where the first, second, and third catheters
comprise flat surfaces, as described above, the attractive force may flatten and/or compress

vessel tissue between the surfaces.

[0104] In some variations, the first, second, and third catheters may be aligned axially and/or
rotationally. For example, the catheters may be oriented such that a port on the first catheter
may be aligned with a first port on the second catheter, and a second port on the second catheter
may be aligned with a port on the third catheter. This alignment may create a guidewire path
from the first catheter, through the second catheter, to the third catheter. The catheters may be
aligned in any suitable manner. The first, second, and third catheters may comprise one or more
markers, as described above, which may be viewed (e.g., via fluoroscopy, x-ray, or the like) to
ensure that the catheters have the proper axial and/or radial orientation relative to each other.
Once the catheters have been positioned and adjusted, a wire may be used to puncture the blood
vessel wall(s) located between the catheters and form a path from the first blood vessel to the

cavity or the second blood vessel and back into the first blood vessel.

[0105] It should be appreciated that any of the delivery or receiving catheters described above
may be used in the methods described here to form a path that may be used to bypass an
occlusion or barrier within a vessel. For example, in some variations, the first catheter may be
any variation of the delivery catheters described in detail above and the third catheter may be
any variation of the receiving catheters described above. In other variations, the third catheter

may be any variation of the delivery catheters described above, and the first catheter may be any
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variation of the receiving catheters described above. In some embodiments, the second catheter

may be any variation of the by pass catheters described above.

[0106] Once a path has been formed around an occlusion or barrier in a vessel, the catheters
described here may be removed from the first and second vessels or from the first vessel and the
cavity, and tools may be advanced along the wire around the occlusion or barrier (e.g., utilizing
the wire as a guidewire). Any suitable tools or devices may be advanced, for example, those that
may be used to form a fistula between the first and second vessels, or between the first vessel
and a cavity (e.g., stents, balloons (including cutting balloons), punching, coring or cutting
devices, ablation devices, or the like), stents or stent-grafts, and a combination thereof, and the
like. Additionally, the methods described here may be used in percutaneous in-situ fem-pop

bypass procedures, or for recapture and externalization of a wire.

[0107] FIGS. 10A-10J depict a method for bypassing an occlusion in a vessel as described
here. Specifically, FIG. 10A depicts a first blood vessel (1002) located adjacent to or near a
second blood vessel (1010). The first blood vessel (1002) may comprise a first vessel wall
(1004), alumen (1006), and an occlusion (1008), and the second blood vessel (1010) may
comprise a second vessel wall (1012), and a lumen (1014). As shown in FIG. 10B, a first
catheter (1016) may be advanced through the lumen (1006) of the first blood vessel (1002) from
a first direction toward a first side (1018) of the occlusion (1008) to a first target location within
the first vessel (e.g., alocation upstream of the occlusion at the desired exit location of the wire).
As shown there, the first catheter (1016) may be a delivery catheter as described above in detail.
Turning to FIG. 10C, a second catheter (1020) may be advanced through the lumen (1014) of the
second blood vessel (1010) to a target location within the second vessel, which may be near or
adjacent to the first (and second, as described below) target location(s) in the first blood vessel
(1002). In some variations, the target location in the second vessel may be at a location
corresponding to the occlusion (1008) in the first vessel (1002). The second catheter (1020) may
be a bypass catheter as described above. Moving to FIG. 10D, a third catheter (1022) may be
advanced through the lumen (1006) of the first blood vessel (1002) from a second, opposite
direction to a second, opposite side (1024) of the occlusion to a second target location within the
first vessel (e.g., alocation downstream of the occlusion at the desired reentrance location of the

wire). As shown there, the third catheter (1022) may be a receiving catheter, a described above.
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In some variations, the first catheter (1016) may be a receiving catheter as described above, and

the third catheter (1022) may be a delivery catheter as described above.

[0108] Although the first, second, and third catheters are described as being advanced in
numerical order, this need not be the case. The first, second, and third catheters may be
advanced in any order. For example, in some variations, the third catheter may be advanced
first, followed by the second catheter and the first catheter, while in other variations, third
catheter may be advanced first followed by the first catheter and the second catheter. In yet
other variations, the first catheter may be advanced first, followed by the third catheter, and the
second catheter. In yet other variations, the second catheter may be advanced first, followed by
the first and third catheters in any order. In some instances, the catheters may be advanced

simultaneously.

[0109] Once the first and third catheters (1016, 1022) are advanced through the first blood
vessel (1002) and the second catheter (1020) is advanced through the second blood vessel
(1010), the first, second, and third catheters (1016, 1020, 1022) may be aligned using the one or
more alignment elements (1026, 1028, 1030, 1032), as shown in FIG. 10D. For example, in
variations in which the alignment elements (1026, 1028, 1030, 1032) comprise magnetic
alignment elements, the magnetic alignment element (1026) on the first catheter (1016) may be
attracted to the second magnetic alighment element (1030) on the second catheter (1020), and
the magnetic alignment element (1032) on the third catheter (1022) may be attracted to the first
magnetic alignment element (1028) on the second catheter (1020). In some variations, the
catheters may be configured such that the magnetic alignment element (1026) on the first
catheter (1016) may be attracted to the first magnetic alignment element (1028) on the second
catheter (1020), and the magnetic alignment element (1032) on the third catheter (1022) may be
attracted to the second magnetic alignment element (1030) on the second catheter (1020). The
attraction between the corresponding magnetic alignment elements may pull, push, or otherwise
move the vessel walls closer to each other. Additionally, the attraction between corresponding
magnetic alignment elements may align the ports on the catheters to create a guidewire path
from the lumen of the first catheter (1016), through the port in the first catheter (1016), through
the first port of the second catheter (1020), into the lumen of the second catheter (1020) to the
second port of the second catheter (1020), through the second port of the second catheter,
through the port on the third catheter (1022), and into the lumen of the third catheter (1022).
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Additionally, the first, second, and third catheters (1016, 1020, 1022) may be configured such
that the catheters are aligned along the lengths of the catheters (as shown), as opposed to at their

distal ends.

[0110]  After the first, second, and third catheters are aligned, a wire (1034) may be advanced
along the guidewire path to pierce the vessel walls and create a wire path from the first vessel
(1002) to the second vessel (1010), back through the vessel walls to the first vessel (1002) to
bypass the occlusion (1008) in the lumen (1006) of the first vessel (1002), as shown in FIGS.
10E-10H. For example, the wire (1034) may be advanced through the lumen of the first catheter
(1016) (FIG. 10E), through the port in the first catheter (1016) and the first blood vessel wall
(1004) at a location proximal to the occlusion (1008). The wire (1034) may pierce the second
blood vessel wall (1012), and may be advanced therethrough to and through the first port of the
second catheter (1020), and through the lumen of the second catheter (1020) at the location of
the occlusion (1008) in the first blood vessel lumen (1014) (FIG. 10F). The wire (1034) may
then be advanced through the second port of the second catheter (1020) to pierce the second
vessel wall (1012) and the first vessel wall 1004) at a location distal to the occlusion (1008)
(FIG. 10G). The wire (1034) may then enter the third catheter (1022) through the port and
continue into the lumen of the third catheter (1022) (FIG. 10H).

[0111] Once the wire (1034) has bypassed the occlusion (1008) and established a guidewire
bypass around the occlusion (1008) between the first, second, and third catheters (1016, 1020,
1022) and the first and second vessels (1002, 1010), the second catheter (1020) may be removed
without disrupting or otherwise severing the path around the occlusion (FIG. 10I). For example,
as discussed in more detail above, the second catheter may comprise a slit or other opening that
may allow passage of the wire (1034) therethrough such that the second catheter (1020) may be
removed from the second blood vessel (1010) without advancement or retraction of the wire
(1034). The first and third catheters (1016, 1022) may also be removed from the first blood
vessel lumen (1006) such that only the wire (1034) remains (FIG. 10J). Finally, tools or devices,
as described above, may be advanced around the occlusion (1008) using the wire (1034) (e.g., as

a guide wire).

[0112] Although the foregoing variations have, for the purposes of clarity and understanding,
been described in some detail by of illustration and example, it will be apparent that certain

changes and modifications may be practiced, and are intended to fall within the scope of the
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appended claims. Additionally, it should be understood that the components and characteristics
of the devices and methods described herein may be used in any appropriate combination. The
description of certain elements or characteristics with respect to a specific figure are not intended
to be limiting or nor should they be interpreted to suggest that the element cannot be used in

combination with any of the other described elements.
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CLAIMS:
1. A system for advancing a guidewire through a vessel wall comprising:

a first catheter comprising a catheter body having a first lumen therethrough
and a first side aperture, a first deflection surface, and a first alignment element
within the first lumen;

a second catheter comprising a catheter body having a second lumen
therethrough and a second side aperture, a second deflection surface, and a second
alignment element within the second lumen; and

a guidewire, wherein the first and second alignment elements are configured
to align the first and second side apertures to create a guidewire pathway through
the first and second catheters.

2. The system of claim 1, wherein the first catheter is a delivery catheter and the
second catheter is a receiving catheter.

3. The system of claim 1 or 2, wherein the first and second alignment elements each

comprise a magnet or a magnetic array.

4, The system of any one of claims 1 to 3, wherein the first catheter further comprises a
third alignment element and the second catheter further comprises a fourth
alignment element.

5. The system of claim 4, wherein the third and fourth alignment elements each
comprise a magnet or a magnetic array.

6. The system of claim 4, wherein the first alignment element is positioned proximal to
the first side aperture and the third alignment element is positioned distal to the first

side aperture.

7. The system of claim 4 or 5, wherein the first deflection surface is positioned between
the first and third alignment elements.
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8. The system of any one of claims 4 to 7, wherein the second alignment element is
positioned distal to the second side aperture and the fourth alignment element is

positioned proximal to the second side aperture.

9. The system of any one of claims 4 to 8, wherein the second deflection surface is
positioned between the second and fourth alignment elements.

10. The system of any one of claims 4 to 9, wherein the first alignment element is
configured to mate with the second alignment element and the third alignment

element is configured to mate with the fourth alignment element.

11. The system of any one of claims 4 to 10, wherein the first and second catheters are

configured to be aligned lengthwise.

12. The system of any one of claims 4 to 11, wherein the first alignment element

comprises a lumen configured to pass the guidewire therethrough.

13. The system of claim 12, wherein the fourth alignment element comprises a lumen
configured to pass the guidewire therethrough.

14. The system of any one of claims 1 to 11, wherein the first catheter comprises a first
deflector positioned within the first lumen and comprising the first deflection surface
and the second catheter comprises a second deflector positioned within the second
lumen and comprising the second deflection surface.

15. The system of any one of claims 1 to 14, wherein the first and second catheters are
arranged so that slopes of the first and second deflection surfaces have the same

sign.

16. The system of any one of claims 1 to 14, wherein one or both of the first and second
deflection surfaces are curved.

17. The system of any one of claims 1 to 16, wherein the second catheter further
comprises a guide funnel configured to direct a distal tip of the guidewire into the

second lumen.

44

Date Recue/Date Received 2023-04-26



18.

19.

20.

21.

22.

23.

24.

25.

26.

The system of any one of claims 1 to 17, wherein the first and second catheters

each comprise an atraumatic tip.
A system for advancing a guidewire through a vessel wall comprising:

a first catheter comprising a catheter body having a first lumen therethrough
and a side aperture, and a first alignment element within the first lumen,;

a second catheter comprising a catheter body having a second lumen

therethrough and a second alignment element within the second lumen; and

a guidewire slidably positioned within the first lumen, wherein the first and
second alignment elements are configured to coapt to compress the vessel wall
between the first and second catheters and position the side aperture for

advancement of the guidewire through the vessel wall.

The system of claim 19, wherein the first catheter is a delivery catheter and the

second catheter is an alignment catheter.

The system of claim 19 or 20, wherein the first and second alignment elements each

comprise a magnet or a magnetic array.

The system of claim 21, wherein the first alignment element is positioned distal to
the side aperture.

The system of any one of claims 19 to 22, wherein the first catheter further
comprises a deflection surface distal to the side aperture.

The system of claim 23, wherein the first alignment element is positioned distal to
the deflection surface.

The system of claim 23 or 24, wherein the first catheter further comprises a deflector
positioned within the first lumen and comprising the deflection surface.

The system of any one of claims 23 to 25, wherein the deflection surface is curved.
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27. The system of any one of claims 19 to 26, wherein the catheters are configured to

be aligned lengthwise.

28. The system of any one of claims 19 to 27, wherein the guidewire comprises a
sharpened distal tip.

29. The system of any one of claims 19 to 28, further comprising a flexible needle.

30. The system of claim 29, wherein the guidewire is slideably disposed within a lumen
of the flexible needle.

31. The system of any one of claims 19 to 30, wherein the first and second catheters

each comprise an atraumatic tip.

32. The system of any one of claims 19 to 31, wherein at least a portion of each of the
catheter bodies of the first and second catheters comprises a square cross-sectional
shape.

33. The system of claim 32, wherein a distal portion of the first catheter body and a
distal portion of the second catheter body each comprise a square cross-sectional

shape.
34. A system for advancing a guidewire through a vessel wall comprising:

a first catheter comprising a catheter body having a first lumen therethrough
and a side aperture, a deflector positioned within the lumen and comprising a
deflection surface, and a first magnetic alignment element within the first lumen,;

a second catheter comprising a catheter body having a second lumen and a
second magnetic alignment element positioned within the second lumen;

a flexible needle comprising a lumen therethrough, the flexible needle
slideably disposed within the lumen of the first catheter; and

a guidewire slidably positioned within the lumen of the flexible needle,
wherein the first and second magnetic alignment elements are configured to coapt
to compress the vessel wall between the first and second catheters and position the
side aperture for advancement of the needle and guidewire through the vessel wall.
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