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A device for forming a fistula between two vessels comprising a handle; a first arm fixedly connected
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DEVICES AND METHODS FOR FISTULA FORMATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]

This application claims priority to U.S. Provisional Application Serial No.

61/712,704, filed on October 11, 2012 and titled “DEVICES AND METHODS FOR FISTULA

FORMATION,” and to U.S. Provisional Application Serial No. 61/785,548, filed on March 14,

2013 and titled “DEVICES AND METHODS FOR FISTULA FORMATION,” the contents of

which are hereby incorporated by reference in their entirety.

FIELD
[0002]

The current invention relates to methods for forming a fistula between two

blood vessels.

BACKGROUND
[0003]

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. Needles,

catheters, or other cannulas may then be inserted into the blood vessels near the fistula to draw

blood from the circulatory system, pass it through a dialysis machine, and return it to the body.
The quickened flow provided by the fistula may provide for effective hemodialysis. Generally,
fistula formation requires the surgical dissection of a target vein, transecting and moving the

vein for surgical anastomosis to the artery. These fistulas typically have a primary failure rate

(failure before the patient receives dialysis) of about 30-60%, and take between 5 and 12 months
before the fistula is usable for dialysis. It may be useful to find improved ways to form a fistula
between two blood vessels.

BRIEF SUMMARY
[0004]

In some variations, the methods described here comprise forming a first

fistula between a proximal ulnar artery and a first deep ulnar vein. In some variations, the

methods may further comprise endovascularly advancing a distal portion of a first catheter into
1
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the first deep ulnar vein. In some of these variations, the first catheter comprises a fistula

forming element, and forming the first fistula between the proximal ulnar artery and the first

deep ulnar vein comprises forming the first fistula using the fistula-forming element. The

fistula-forming element may be, for example, an electrode. In some of these variations, the

methods further comprise moving the electrode away from the first catheter against a vessel wall

2018217340

of the deep ulnar vein, and wherein forming the first fistula between the proximal ulnar artery
and the first deep ulnar vein comprises ablating the vessel wall of the deep ulnar vein and a

vessel wall of the ulnar artery.
[0005]

In some variations, the methods described here may further comprise

advancing a distal portion of a second catheter into the ulnar artery. In some of these variations,
the first and second catheters may each comprise one or more magnets and the method may

further comprise aligning the first and second catheters using the one or more magnets of each of
the first and second catheters. In some variations, the second catheter may comprise a fistula

forming element, and forming the first fistula between the proximal ulnar artery and the first

deep ulnar vein comprises forming the first fistula using the fistula-forming element. The

fistula-forming element may be, for example, an electrode. In some of these variations, the
method may further comprise moving the electrode away from the second catheter against a

vessel wall of the proximal ulnar artery, and forming the first fistula between the proximal ulnar
artery and the first deep ulnar vein may comprise ablating the vessel wall of the proximal ulnar
artery and a vessel wall of the first deep ulnar vein. In some variations, endovascularly

advancing the distal portion of the second catheter into the proximal ulnar artery comprises
endovascularly advancing the distal portion of the second catheter into the proximal ulnar artery

from a brachial artery. In some of these variations, the method may further comprise creating an
access site in the brachial artery and advancing the second catheter into the brachial artery
through the access site.
[0006]

In some variations, endovascularly advancing the distal portion of the first

catheter into the first deep ulnar vein comprises endovascularly advancing the distal portion of
the first catheter into the first deep ulnar vein from a median cubital vein. In some variations,
the method may further comprise forming an access site in a basilic vein, introducing the distal
portion of the first catheter into the basilic vein through the access site, and advancing the distal
portion of the first catheter into the median cubital vein through the basilic vein.

2
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In some variations, endovascularly advancing the distal portion of the first

catheter into the first deep ulnar vein comprises endovascularly advancing the distal portion of
the first catheter into the first deep ulnar vein from a median cephalic vein. In some variations,
the method may further comprise forming an access site in a cephalic vein, introducing the distal
portion of the first catheter into the cephalic vein through the access site, and advancing the

2018217340

distal portion of the first catheter into the median cephalic vein through the cephalic vein. In
some variations, endovascularly advancing the distal portion of the first catheter into the first

deep ulnar vein comprises endovascularly advancing the distal portion of the first catheter into
the first deep ulnar vein from a first brachial vein. In some variations, the method may further

comprise forming an access site in the first brachial vein, introducing the distal portion of the
first catheter into the first brachial vein through the access site.
[0008]

In some variations, the methods described here may comprise injecting a

radiopaque die into the proximal ulnar artery. Additionally or alternatively, the methods may

comprise forming a second fistula between the proximal ulnar artery and a second deep ulnar
vein. Additionally or alternatively, the methods may further comprise cannulating the cephalic

vein and/or the basilic vein to provide dialysis access.
[0009]

In other variations, the methods described here may comprise

endovascularly advancing a distal portion of a first catheter through a portion of a basilic vein, a

median cubital vein, and into a first deep ulnar vein, endovascularly advancing a distal portion of

a second catheter through a portion of a brachial artery and into a ulnar artery, and forming a
fistula between the first deep ulnar vein and the ulnar artery. In still variations, the methods

described here may comprise endovascularly advancing a distal portion of a first catheter
through a portion of a cephalic vein, a median cephalic vein, and into a first deep ulnar vein,

endovascularly advancing a distal portion of a second catheter through a portion of a brachial

artery and into a ulnar artery, and forming a fistula between the first deep ulnar vein and the
ulnar artery. In yet other variations, the methods described here may comprise endovascularly

advancing a distal portion of a first catheter through a portion of a first brachial vein and into a
first deep ulnar vein, endovascularly advancing a distal portion of a second catheter through a
portion of a brachial artery and into a ulnar artery, and forming a fistula between the first deep

ulnar vein and the ulnar artery.

3
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BRIEF DESCRIPTION
[0010]

FIG. 1 is an illustrative depiction of the vascular anatomy of the arm.

[0011]

FIG. 2 depicts a variation of a catheter system suitable for use with the

methods described here.
[0012]

FIGS. 3A-3C depict an illustrative method as described here.

[0013]

FIGS. 4A-4C depict a variation of a device described here for forming a

fistula.

DETAILED DESCRIPTION
[0014]

Generally described here are methods for forming one or more fistulas

between blood vessels of the arm. The methods described here comprise forming a fistula
between an ulnar artery and a deep ulnar vein, as will be described in detail below. The fistula
may be formed using one or more catheters, which may be advanced endovascularly into an

ulnar artery and/or a deep ulnar vein. In some variations a first catheter may be advanced into

the ulnar artery, and a second catheter may be placed into a deep ulnar vein, and the first and

second catheters may form a fistula therebetween. Access to the vascular sites may be achieved
in a number of ways, such as will be described in more detail below. Accordingly, it may be
helpful to briefly describe the anatomy of the vasculature of the arm.
[0015]

FIG. 1 shows a simplified depiction of the typical vascular anatomy of the

arm around the elbow. Specifically, FIG. 1 shows an anterior view of the right arm as would be

seen with the palm facing upward. As shown there, the brachial artery (100) extends

superficially and distally from the upper arm and sinks deeply into the arm near the elbow joint,
where the brachial artery (100) branches into the radial artery (102) and the ulnar artery (104).

The upper portion of the ulnar artery (104) is deeply seated within the arm beneath the

superficial flexor muscles (not shown), and leads down the ulnar side of the forearm to the wrist.
The anterior ulnar recurrent artery (106) and the posterior ulnar recurrent artery (108) branch off
of the ulnar artery (104) just below the elbow joint, and these arteries supply blood to the joint
and surrounding muscles. Further down the arm (typically just below the radial tuberosity of the

4
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radius bone (not shown)), the interosseous artery (109) branches off from the ulnar artery (104)
and eventually feeds into the posterior and anterior interosseous arteries.
[0016]

Also shown in FIG. 1 are the cephalic vein and the basilic vein. The

cephalic vein runs along the outer border of the bicep muscle (not shown) continues down into

2018217340

the forearm (the cephalic vein of the upper arm is labeled in FIG. 1 as cephalic vein (110), while
the cephalic vein of the lower arm is labeled as cephalic vein (114)). The median cephalic vein

(116) joins the cephalic vein (110)/(114) near the elbow joint. The basilic vein runs along the

inner side of the bicep muscle and continues into the forearm (the basilic vein of the upper arm

is labeled as basilic vein (112), while the basilic vein of the lower arm is labeled as basilic vein
(120)). The median cubital vein (118) (in some instances referred to as the median basilic vein)
joins the basilic vein (112)/(120) and the common ulnar vein (120) (in some instances, this vein
segment is also referred to as the basilic vein of the forearm or forearm basilica vein). The

median cubital vein (118) and the median cephalic vein (116) are formed at the branching of the
median antebrachial vein (122) (also known as the median vein). Near the branching of the
median vein (122) into the median cubital vein (118) and the medial cephalic vein (116), a

perforating branch (124) connects these vessels with the deep veins of the arm through the
antebrachial fascia (not shown). As shown in FIG. 1, perforating branch (124) communicates
with a first deep ulnar vein (126) and a second deep ulnar vein (128). These deep ulnar veins
may run substantially parallel on either side of the ulnar artery (104) between the brachial artery

(100) and the interosseous artery (109), and may branch away from ulnar artery (104) distal to
the interosseous artery (109). Between the brachial artery (100) and the interosseous artery

(109), the deep ulnar veins are typically located in close proximity to the ulnar artery, and

usually less than 2 mm separate the ulnar artery from the deep ulnar veins. Along the length of
the deep ulnar veins, transverse branches (not shown) may occasionally connect the deep ulnar

veins. Also shown in FIG. 1 are first (130) and second (132) brachial veins. The brachial veins
generally run along the brachial artery (100), and the deep ulnar veins feed into the brachial

veins near the elbow joint. Additionally, a pair of radial veins ((144) and (146)) may run along
the radial artery, and may feed into one or both of the brachial veins. Also shown in FIG. 1 are

first (140) and second (142) interosseous veins, which may branch off from the first (126) and

second (128) deep ulnar veins respectively, and which may run substantially parallel to the
interosseous artery (109).

5
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As mentioned above, the methods described here comprise forming a fistula

between an ulnar artery and a deep ulnar vein. Preferably, the fistula is formed at a site in the

proximal ulnar artery. As used herein, the term “proximal ulnar artery” means the ulnar artery
between the brachial artery and branch of the interosseous artery. In some variations, the fistula
may be formed between an ulnar artery and a deep ulnar vein at a location within about 6 cm

2018217340

from the branch between the brachial artery and the ulnar artery. In some of these variations, the
fistula may be formed at a location less than about 4 cm from the branch between the brachial

artery and the ulnar artery. Due to their deep anatomic location, the deep ulnar veins are
difficult to access surgically, and thus are not desirable target sites for conventional surgical

fistula-forming techniques. The deep anatomic location of the deep ulnar veins, however, means
that these veins are usually undamaged (e.g., by needle sticks or other trauma), which may

optimize fistula longevity. Additionally, because the deep ulnar veins feed into both the
cephalic and basilic venous systems, forming a fistula between the ulnar artery and a deep ulnar

vein may provide multiple upper-arm cannulation options for dialysis patients. As both of the
deep ulnar veins feed into the cephalic and basilic venous systems, either deep ulnar veins may

be selected, and in some instances each of the deep ulnar veins may be utilized to form different
fistulas.
[0018]

Generally, the methods described here comprise endovascularly advancing

a distal portion of a first catheter into an ulnar artery, endovascularly advancing a distal portion
of a second catheter into a first deep ulnar vein, and forming a fistula between the ulnar artery
and the first deep ulnar vein. As mentioned above, the fistula is preferably formed between a
proximal ulnar artery and a first deep ulnar vein, and thus the methods may comprise

endovascularly advancing a distal portion of a first catheter into a proximal ulnar artery,
endovascularly advancing a distal portion of a second catheter into a first deep ulnar vein, and

forming a fistula between the proximal ulnar artery and the first deep ulnar vein. When catheters
are endovascularly advanced into an ulnar artery and/or a deep ulnar vein, access to these vessels
may be achieved in any suitable manner, as will be described in more detail below. The first and

second catheters may be aligned to position one or more fistula-forming elements (e.g., one or
more electrodes, mechanical cutting elements, chemical mechanisms, cryogenic-cautery devices,

laser ablation devices, combinations thereof, and the like, as will be descried in more detail

below) relative to the desired fistula site. One or both of the first and second catheters may be
advanced or retracted within their respective blood vessels to axially position the one or more
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fistula-forming elements relative to the fistula-formation site. One or both of the first and
second catheters may be rotated to rotationally position the one or more fistula-forming elements
relative to the fistula-formation site (e.g., to direct a fistula-forming element in the ulnar artery

toward a deep ulnar vein, to direct a fistula-forming element in a deep ulnar vein toward the
ulnar artery, to direct a fistula-forming element in the ulnar artery toward a fistula-forming

2018217340

element in a deep ulnar vein, etc.). The methods described here may comprise using one or
more magnets, markers, and/or other alignment elements to assist in positioning the first and/or

second catheters, as will be described in more detail below. Once the one or more fistula
forming elements are positioned relative to the fistula-formation site, the fistula-forming

elements may be actuated to cut, ablate, or otherwise remove tissue between the ulnar artery and
the deep ulnar vein to form a fistula therebetween.
[0019]

Following activation of the fistula-forming element, one or more steps may

be conducted to assess the condition of the fistula. For example, in some variations a radiopaque
dye (or other suitable contrast media) may be introduced into the ulnar artery to confirm blood

flow into the deep ulnar vein from the ulnar artery following activation of the fistula-forming

element. In some of these variations, the first and/or second catheters may be removed from
their respective vessels prior to introduction of the radiopaque dye into the ulnar artery. In other
variations, the radiopaque dye may be introduced into the ulnar artery through the first catheter.

In some variations, formation of the fistula may act to release one or more radiopaque agents

from the first and/or second catheters. For example, in some variations, a first catheter advanced
into an ulnar artery may comprise a fistula-forming element, and a second catheter advanced into

a deep ulnar vein may comprise a balloon housing a radiopaque agent therein. The first and
second catheters may be aligned such that activation may form a fistula between the ulnar artery
and deep ulnar vein and also punctures the balloon to release the radiopaque agent.
[0020]

The methods described here may further comprise forming a second fistula

between the ulnar artery and a second deep ulnar vein. For example, if a user or physician

determines that there is insufficient flow between the ulnar artery and a first deep ulnar vein, a

second fistula may be formed between the ulnar artery and a second deep ulnar vein. The
second fistula may be formed during the same procedure, or may be formed during a subsequent
procedure. The second fistula may be formed using any of the methods described

hereinthroughout.
7
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Because the deep ulnar veins feed into both the cephalic and basilic

systems, a patient having a fistula between an ulnar artery and a deep ulnar vein be cannulated

using a blood vessel from either system to provide dialysis access. In some variations, the

methods described here may comprise allowing a fistula formed between an ulnar artery and a
deep ulnar vein to mature (this may take as long as six or more months), and cannulating either

2018217340

the cephalic and basilic systems to provide vascular access. The methods may further comprise

assessing the flow through a vein of the cephalic or basilic system, selecting a vein having a
flow rate suitable for dialysis access (which is some instances may be approximately 600

ml/min), and cannulating that vein to provide vascular access. In some variations, this may

comprise cannulating a portion of the median cubital vein. In some variations, this may comprise
cannulating a portion of the cephalic vein. In other variations, this may comprise cannulating a

portion of the basilic vein. In some variations, both the cephalic and basilic veins may be
cannulated, as will be described in more detail below. In variations where the cephalic vein is
cannulated, the methods may further comprise ligating or coil embolizing the median cubital

vein to prevent or reduce flow from the fistula into the basilic vein. Conversely, in variations
where the basilic vein is cannulated, the methods may comprise ligating or coil embolizing the

median cephalic vein to reduce flow from the fistula into the cephalic vein.
[0022]

In some variations, the methods may further comprise ligating or coil

embolizing at least one brachial vein. In these variations, one or both of the brachial veins may

be ligated or coil embolized. Restricting flow through the brachial veins may divert flow to
cephalic and/or basilic systems, which may improve flow therethrough. In these variations, the

brachial vein or veins may be closed off during the same procedure in which the fistula is

formed, or may be closed off during a later procedure (e.g., between about four weeks and about
eight weeks following formation of the fistula). In some variations, a first brachial vein may be
closed off during the fistula-forming procedure, while a second brachial vein may be closed
during a subsequent procedure.
[0023]

It should be appreciated that the methods described here may be used to

form a fistula between the ulnar artery and deep ulnar vein that may not require a stent or other
connecting structure to maintain patency of the fistula. In some variations, however, the

methods described here may further comprise placing a stent, tube, or other structure between
the ulnar artery and deep ulnar vein. Additional, while the methods described immediately

8
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above may comprise advancing catheters into both the ulnar artery and a deep ulnar vein,

respectively, it should be appreciated that in some variations a fistula may be formed using only
a first catheter placed in a deep ulnar vein, or may be formed using only a first catheter placed in
the ulnar artery. When a first catheter is placed in the ulnar artery and a second catheter is

placed in a deep ulnar vein, either catheter or both catheters may comprise one or more fistula

2018217340

forming elements. When a first catheter placed in the ulnar artery comprises a fistula-forming
element, that fistula-forming element may form the fistula directionally from the ulnar artery

into the deep ulnar vein. When a second catheter placed in the ulnar artery comprises a fistula

forming element, that fistula-forming element may form the fistula directionally from the deep
ulnar vein into the ulnar artery. When both first and second catheters comprise fistula-forming
elements, the fistula may be formed directionally from the deep ulnar vein into the ulnar artery,

directionally from the ulnar artery into a deep ulnar vein, or may be formed simultaneously from

both the ulnar artery and a deep ulnar vein.
[0024]

Any suitable catheter or catheters may be used to form the fistulas using the

methods described here. The methods described here may use one or more of the devices as
described in U.S. Patent Application Serial No. 13/298,169, filed on November 16, 2011 and
titled “DEVICES AND MEHTODS FOR FORMING A FISTULA,” which is hereby
incorporated by reference in its entirety. In some variations, a fistula may be formed using a

first catheter placed in the ulnar artery and a second catheter placed in the deep ulnar vein. FIG.
2 show one variation of a catheter system (200) that may be used to form a fistula between the

ulnar artery and a deep ulnar vein. As shown there, system (200) may comprise a first catheter

(202) and a second catheter (203). The first catheter (202) may comprise a catheter body (204)
and an electrode (206) which may be advanced out of an opening (205) in the catheter body

(204). Current may be passed through the electrode (206) to ablate or otherwise remove tissue
contacted by the electrode (206). In some variations, the first catheter (202) may comprise an
insulating housing (208) (e.g., a ceramic housing or the like) within the catheter body, which
may help protect other components of the first catheter (202) from heat that may be generated by

the electrode (206) during tissue removal. The electrode (206) may be selectively moved from a

position in which the electrode (206) is retained or otherwise held in the catheter body (204) to a
position in which the electrode (206) extends away from the catheter body (204) (such as shown
in FIG. 2), and electrode (206) may also be selectively moved back to a retracted/low-profile

position (either the same or a different position as the previous retracted position) following
9
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ablation of tissue. In some variations, the electrode (206) may be biased toward an extended
position when not otherwise restrained by the catheter body (204). While a fistula-forming

element comprising an electrode (206) is shown in FIG. 2, it should be appreciated that the

methods described here may utilize a catheter comprising any suitable fistula-forming element

(e.g., one or more electrodes/electrocautery mechanisms, cone or more mechanical cutting

2018217340

mechanisms such as blades, lances, needles, or the like, one or more chemical devices,
cryogenic-cautery devices, laser ablation devices, combinations thereof and the like), such as

those described in more detail in U.S. Patent Application Serial No. 13/298,169, which was
previously incorporated by reference in its entirety, and may be operated in any manner as

described therein.
[0025]

While shown in FIG. 2 as having both first (202) and second (203)

catheters, system (200) need not comprise two catheters. For example, in variations of the
methods described here in which a fistula is formed using a catheter placed only in the ulnar
artery or only in a deep ulnar vein, the system (200) may comprise only a first catheter (202). In

variations that do have a second catheter (203), the catheter (203) may have any suitable
elements or combination of elements. For example, the second catheter (203) may comprise a

catheter body (208) having a recess (210) extending therein. The recess (210) may be coated by
an insulating material (not shown), which may act as a backstop to receive and contact the

electrode (206) of the first catheter without damaging one or more components of the first

catheter (202). Additionally or alternatively, the second catheter (203) may comprise one or
more fistula-forming elements, which may be the same as or different from the fistula forming

element or elements of the first catheter (202).
[0026]

The methods described here may utilize one or more catheters comprising

one or more alignment elements, which may help to position catheters within the vasculature.
For example, in some variations a method may comprise using one or more alignment elements

to help bring two or more catheters (and with them, associated blood vessels) in closer

approximation. Additionally or alternatively, a method may comprise using one or more

alignment elements to position one or more catheters in a specific rotational configuration
relative to the blood vessels and/or the other catheters. Additionally or alternatively, a method
may comprise using one or more alignment elements to position one or more catheters axially

within a blood vessel or blood vessels. For example, one or more alignment elements may be
10
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configured to position a fistula-forming element of a catheter relative to the ulnar artery and a

deep ulnar vein such that activation of the fistula-forming element directs fistula formation
between the two vessels.
[0027]

In some variations, a catheter may comprise one or more magnetic

2018217340

alignment components. Examples of magnet arrangements for use with the catheters described
here may be found in in U.S. Patent Application Serial No. 13/298,169, which was previously

incorporated by reference in its entirety. These magnetic alignment components may be
attracted to one or more additional elements (e.g., one or more portions of a second catheter, one

or more magnets or other components placed externally from the body) to help position or align

the catheter within a vessel. For example, one or more magnets placed outside of the body may

interact with the magnetic alignment components of a catheter to help facilitate advancement of
the catheter through the vasculature. Additionally or alternatively, one or more magnetic

alignment elements of a first catheter may interact with one or more magnetic alignment
elements of a second catheter to attract the first and second catheters toward each other, and/or
to bias the first and second catheters toward a specific rotational and/or axial alignment.
[0028]

For example, in the variation of system (200) shown in FIG. 2, each of first

(202) and second (203) catheters may comprise a plurality of magnetic alignment elements

(212). These magnetic alignment elements (212) may be configured to bias the axial positioning
of the first (202) and second (203) catheters such that the opening (205) of the first catheter

(202) axially aligns with the recess (210) of the second catheter (203). The magnetic alignment
elements (212) may also be configured to bias the rotational positioning of the first (202) and
second (203) catheters such that the opening (205) of the first catheter (202) faces toward the

recess (210) of the second catheter (203). Accordingly, the magnetic alignment elements (212)
may be used to help position the first (202) and second (203) catheters within respective blood

vessels such that the electrode (206) may be extended from opening (205) toward recess (210) of
the second catheter (203) during fistula formation.
[0029]

Additionally or alternatively, in some variations, the catheter may comprise

one or more shape-changing elements for approximating two or more blood vessels. In these

variations, the shape-changing element may have a first configuration during advancement of the

catheter through the vasculature. Once the catheter reaches a target location, the shape-changing
element may be altered to a second configuration, which may alter the overall shape of the

11
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catheter. As the catheter changes shape, the catheter may move or reconfigure one or more

portions of the blood vessel, which may help bring that portion or portions of the blood vessel in
closer approximation to one or more portions of a second blood vessel. Examples of shape

changing elements for use with the catheters described here may be found in in U.S. Patent

Application Serial No. 13/298,169, which was previously incorporated by reference in its

2018217340

entirety.
[0030]

Additionally or alternatively, the methods may comprise visualizing one or

more markers from one or more catheters during advancement and positioning thereof. In some
variations, the marker may be directly visualized. In other variations, the marker may be

indirectly visualized (e.g., via ultrasound, fluoroscopy and/or X-ray visualization). Markers may

be located anywhere relative to the catheter, e.g., one or more surfaces of the catheter, inside of
the catheter. In some variations, one or more portions of the catheter may be made from an

echogenic or radiographic material. A marker may be attached to the catheter by any suitable
method, for example, by mechanical attachment (e.g., embedded in a portion of the catheter,

circumferential circumscription, or the like), adhesive bonding, welding, soldering,

combinations thereof or the like. For example, in the variation of system (200) shown above in

FIG. 2, each of the first (202) and second (203) catheters may comprise one or more markers
(214). These markers (214) may be visualized during advancement and/or position of the first
(202) and second (203) catheters to confirm that the catheters are properly positioned within the

blood vessels. For example, in variations where a method comprises axially aligning the

opening (205) of the first catheter (202) relative to the recess (210) of the second catheter (203)
and/or rotationally aligning the opening (205) of the first catheter (202) relative to the recess
(210) of the second catheter (203), the method may further comprise visualizing one or more
markers (214) of the first (202) and/or second (203) catheters to confirm this positioning.
[0031]

In some variations, one or more of the catheters may comprise one or more

balloons or other expandable structures. These expandable structures may serve one or more
functions. In some instances, an expandable structure may help appose an electrode surface (or

other fistula-forming element) against one or more vessel walls. This apposition may help
temporarily flatten or otherwise relocate tissue, and may act to displace blood from the area.
Additionally, during fistula formation, the expandable member may continue to urge the fistula

forming element against tissue as it is removed from the vessel wall. In some variations, the
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expandable structure may be configured to help provide apposition between the catheter and a
vessel wall, while still allowing for blood flow through the blood vessel. In some instances, one
or more expandable structures may help modify or otherwise alter the size or shape of a fistula.

In still other instances, the expandable structures may be used to dilate, contract, or otherwise
displace a portion of one or more blood vessels. In some of these variations, this displacement
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may help bring a portion of the blood vessel closer to a skin surface.
[0032]

FIGS. 3A-3C depict an illustrative method by which the catheter system

(200) of FIG. 2 may be used to form a fistula between a first deep ulnar vein and an ulnar artery.
The labeling of FIGS. 1 and 2 will be used for common elements and anatomical locations. As
shown in FIG. 3A, the method may comprise endovascularly advancing a distal portion of a first

catheter (202) into an ulnar artery (104). In the method shown in FIG. 3A, the first catheter
(202) may be advanced into the ulnar artery (104) from the brachial artery (100). In some
variations, the method may comprise creating an access site (not shown) in the brachial artery

(100), and advancing the first catheter (202) into the brachial artery (100) through the access
site. It should be appreciated, however, that the first catheter (202) may be advanced into the
ulnar artery in any suitable manner, as described in more detail below.
[0033]

As shown in FIG. 3B, the method may further comprise endovascularly

advancing a second catheter (203) into a first deep ulnar vein (126) (it should be appreciated that
the second catheter (203) may be advanced into either of the deep ulnar veins (126) or (128)). In
the method shown in FIG. 3B, the second catheter (203) may be advanced into the first deep
ulnar vein (126) from the perforating branch (124), which may be accessed by advancing the

second catheter (203) through the basilic vein (112) and the median cubital vein (118). In some
variations, the method may comprise creating an access site (not shown) in the basilic vein

(112), and advancing the second catheter (203) into the basilic vein (112) through the access site.
It should be appreciated, however, that the second catheter (203) may be advanced into the deep

ulnar vein (126) in any suitable manner, as described in more detail below. While the first

catheter (202) is shown in FIG. 3A as being advanced into ulnar artery (104) prior to
advancement of the second catheter (203) into the deep ulnar vein (126), it should be appreciated
that the first (202) and second (203) catheters may be advanced in any order.
[0034]

Once the distal ends of the first (202) and second (203) catheters have been

advanced into the ulnar artery (104) and deep ulnar vein (126), the first (202) and second (203)
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catheters may be axially positioned relative to one another to align the opening (205) of the first

(202) catheter with the recess (210) of the second catheter (203), as shown in FIG. 3C.
Additionally, the first (202) and second (203) catheters may be axially positioned relative to the

ulnar artery (104) and deep ulnar vein (126) respectively such that the opening (205) of the first

catheter (202) and recess (210) of the second catheter (203) are axially aligned with the desired
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fistula formation site. In some instances, when the opening (205) of the first catheter (202) and

recess (210) of the second catheter (203) are axially aligned with the desired fistula formation

site (e.g., in a ulnar artery and a deep ulnar vein), the distal tips of the first and second catheters
may extend into the ulnar artery (104) and deep ulnar vein (126) distally of the branching of the

interosseous artery (109) and the interosseous veins (e.g. the first interosseous vein (140)), such

as shown in FIG. 3B. Alternatively, when the opening (205) of the first catheter (202) and
recess (210) of the second catheter (203) are axially aligned as discussed above, a distal tip of
the first catheter (202) may extend into the interosseous artery (109) and/or the distal tip of the

second catheter (203) may extend into an interosseous vein (e.g., first interosseous vein (140)).
[0035]

Additionally, the first (202) and second (203) catheters may be rotationally

aligned such that opening (205) may face the recess (210) of the second catheter (203). As

mentioned above, in some variations, the methods may comprise using one or more magnetic

alignment elements (212) help achieve the axial or rotational positioning of the first (202) and
second (203) catheters. Additionally or alternatively, the positioning of the first (202) and
second (203) catheters may be confirmed by visualizing magnets (214) of the first and/or second
catheters.
[0036]

Once the first (202) and second (203) catheters are positioned relative to

each other and their respective vessels, the electrode (206) may be advanced out of the opening

(205) of the first catheter (202) to press the electrode (206) against a vessel wall of the ulnar
artery (104). Energy may be delivered to the electrode (206) to cut tissue, which may advance
the electrode (206) from the ulnar artery (104), through the wall of the deep ulnar vein (126),
and into the deep ulnar vein (126). In some variations, the first catheter (202) comprising the

electrode (206) may be placed in the deep ulnar vein (126) and the second catheter (203) may be

placed in the ulnar artery (104), such that the electrode (206) may be advanced from the deep
ulnar vein (126) into the ulnar artery (104). Once the fistula has been has been formed between

the ulnar artery (104) and the deep ulnar vein (126), one or more contrast agents may be passed
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through the fistula and/or a second fistula may be formed, such as described in more detail

above.
[0037]

It should be appreciated that in some or all of the methods described here,

one or more portions of the patient may be immobilized during some all of the steps of the
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method. For example, when a fistula is formed between two vessels in an arm, one or more

portions of the arm (e.g., a wrist, an elbow, or the like) may be immobilized. In some of these
variations, a wrist of the patient may be immobilized. When a wrist is immobilized, the wrist
may be immobilized prior to creating access to one or more blood vessels. In some of these

variations, the wrist may remain immobilized until after formation of the fistula. It should be

appreciated that when a portion of the arm is immobilized, the arm may be temporarily released
to reposition the arm, if needed.
[0038]

FIGS. 4A and 4B depict perspective views and 4C depicts a cross-sectional

side view of a device (400) which may be used to form a fistula. While the device (400) may be
used to form a fistula between two or more vessels as described above, the device (400) may be
used to form a fistula between any two vessels, such as described here and in U.S. Patent

Application Serial No. 13/298,169, which was previously incorporated by reference in its

entirety. As shown in FIG. 4A, the device (400) may comprise a first arm (402), a second arm
(404), a handle (406), and a fistula-forming element (408). Generally, the first arm (402) and
the second arm (404) may be formed from one or more rigid materials (e.g., one or more metals

such as stainless steel, one or more plastics, combinations thereof and the like), such that when
each arm is positioned in a respective blood vessel, the vessel may substantially conform to the
shape of the arm.
[0039]

In the variation shown in FIGS. 4A-4C, the handle (406) may comprise a

connection portion (414) and a grip portion (416). The grip portion (416) may be sized and
configured such that it may be held by a user, and may have any suitable dimensions. For
example, in some variations the grip portion (416) may have any suitable length (e.g., between

about 8 cm and about 25 cm, between about 12 cm and about 20 cm, or the like) and any
suitable diameter (e.g., between about 3 cm and about 12 cm, between about 5 cm and about 8
cm, and the like). The connection portion (414) (which may be connected to a distal end of the

grip portion (416)) is generally configured to position the first (402) and second (404) arms

relative to each other. As shown there, the first arm (402) may be fixedly connected to the
15

18 Aug 2018

WO 2014/059351

PCT/US2013/064657

connection portion (414) and the second arm (404) may be adjustably connected to the
connection portion (414). Specifically, a proximal end of the second arm (414) may comprise a
connector (418) having a track (420) (as illustrated in a cross-sectional side view in FIG. 4C),

and a knob (422) may connect the connector (418) to the connection portion (414). Specifically,

the knob (422) may comprise a pin (424) which may extend through the track (420) and into the
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connection portion (414). The knob (422) may be rotated in a first direction to lock the
connector (418) relative to the connection portion (414), and may be rotated in a second

direction to allow the connector (418) to be adjusted relative to the connection portion (414).
[0040]

When the connector (418) is adjustable relative to the connection portion

(414), the track (420) may be rotated and/or slid relative to the pin (424). Rotation of the
connector (418) may rotate the second arm (404) relative to the first arm (402), while sliding of

the connector (418) may adjust the distance between the second arm (404) and the first arm

(402). Accordingly, the position of the second arm (404) may be adjusted to set a specific
relation between the first arm (402) and the second arm (404), and the knob (422) may be

adjusted to temporarily lock the position of the second arm (404) relative to the first arm (402).

When the first arm (402) and the second arm (404) are placed in first and second vessels,

respectively, the relative positioning between the first and second arms may also dictate the
relative positioning between the first and second vessels.
[0041]

The fistula-forming element (408) may be any suitable fistula-forming

element (e.g., a cutting mechanism, an electrode) as described in more detail above. In the
variation shown in FIGS. 4A-4C, the fistula-forming element may comprise a blade (409)
connected to the first arm (402). The blade (409) may be rotatable between a low-profile

configuration in which the blade (409) is housed within the first arm (402) (as shown in FIG.

4C) and a cutting configuration in which the blade (409) extends from the first arm (402) (as
shown in FIG. 4B). As the blade (409) rotates out of the first arm (402), a cutting edge of the

blade (409) may cut tissue. In some variations, the blade (409) may also act as an electrode to
deliver current to tissue. The blade (409) may be rotated in any suitable manner. In the

variation of the device (400) shown in FIGS. 4A-4C, the device (400) may comprise a blade
control knob (410). The blade control knob (410) may be connected to a linkage (412), which in
turn may be connected to the blade (409). The linkage (412) may be configured such that

rotation of the control knob (410) in a first direction advances the linkage (412), which in turn
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rotates the blade (409) from the low-profile configuration to the cutting configuration.
Conversely, rotation of the control knob (410) in a second direction may retract the linkage
(412), which in turn may rotate the blade (409) from the cutting configuration to the low-profile

configuration. While the fistula-forming element (408) is shown in FIG. 4A as being connected
to the first arm (402), it should be appreciated that in some instances the fistula-forming element
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(408) may be connected to the second arm (404), and in other instances both the first arm (402)
and the second arm (404) may comprise a fistula-forming element.
[0042]

As mentioned above, the device (400) may be used to form a fistula. In

these variations, the first arm (402) may be introduced into a first blood vessel and the second
arm (404) may be introduced into a second blood vessel. The position of the second arm (404)

relative to the second arm (402) may be adjusted to reposition the second blood vessel relative to
the first blood vessel. When the blood vessels are positioned as desired, the second arm (404)
may be fixed relative to the first arm (402) (e.g., by rotating the knob (422)). With the arms set

in a fixed relation, the fistula-forming element (408) may be activated to form a fistula. For

example, this may comprise rotating the blade (409) relative to the first arm (402) to cut tissue of
the first and second blood vessels positioned between the first arm (402) and the second arm

(404).
[0043]

Ulnar Artery Access

[0044]

In variations where a catheter or other tool is advanced endovascularly into

the ulnar artery, access to the ulnar artery may be achieved in any suitable manner. In some
variations, the catheter may be advanced along the brachial artery and into the ulnar artery. In
some of these methods, the catheter may be introduced into the vasculature via a brachial access

site. In some of these methods, the brachial artery may be cannulated with a cannula directed

distally in the brachial artery. The cannula may be any suitable size (e.g., about 5 Fr, about 7 Fr,
between about 5 Fr and about 7 Fr), and may be introduced into the brachial access site in any

suitable manner, for example, using Seidinger technique, a micropuncture set, and/or a cutdown
procedure. In other variations, the catheter may be advanced along the brachial artery from an

access site upstream of the brachial artery. For example, the catheter may introduced into the

vasculature via a femoral artery access site, and may be advanced to the brachial artery

therefrom. In some variations, the ulnar artery may be accessed directly. In some of these
variations, an ulnar access site may be formed in the ulnar artery (e.g., at a distal location in the
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wrist or forearm where the ulnar artery is superficially positioned), and a catheter may be
advanced in a retrograde fashion through the ulnar access site. In these variations, the ulnar

artery may be cannulated as described above. In still other variations, a catheter or other tool
may be advanced endovascularly into the ulnar artery through an access site in the radial artery.
[0045]
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The catheter may be advanced into the ulnar artery using one or more

visualization techniques (e.g., via fluoroscopy, ultrasound, combinations thereof, or the like). In
some variations, the catheter may be advanced over or along a guidewire which may be placed at

the target fistula formation site via one or more of the vascular access sites described

immediately above.
[0046]

Deep Ulnar Vein Access

[0047]

In variations where a catheter or other tool is advanced endovascularly into

a deep ulnar vein, access to the deep ulnar vein may be achieved in any suitable manner. In
some variations, the catheter is introduced into the vascular site via an access site. A vascular

access site may be formed using a micropuncture set, an access needle (e.g., a 18 or 19 gauge
access needle), and/or using a surgical cut-down procedure, such that a cannula may be placed in
the blood vessel. The venous access site may be in any suitable blood vessel, such as the basilic

vein, the cephalic vein, or a brachial vein.
[0048]

In some variations, the catheter may be advanced to a deep ulnar vein

endovascularly along the median cubital vein. For example in some variations, the catheter may

be advanced along the basilic vein, into the median cubital vein, and into one of the deep ulnar
veins via the perforating branch extending between the median cubital vein and the deep ulnar

veins. In instances where the perforating branch extends between the deep ulnar veins and the
median antebrachial vein, the catheter may be advanced from the median cubital vein into the
median vein, then into one of the deep ulnar veins.
[0049]

In other variations, the catheter may be advanced to a deep ulnar vein

endovascularly along the median cephalic vein. For example, in some variations, the catheter
may be advanced into the vasculature through an access site in the cephalic vein, and may be

endovascularly advanced from the cephalic vein into the median cephalic vein, and into one of
the deep ulnar veins via a perforating branch (to access the perforating branch, it may be
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necessary to advance the catheter into either the median cubital vein or the median antebrachial
vein).
[0050]

In still other variations, the catheter may be advanced to a deep ulnar vein

endovascularly along a brachial vein. For example, in some variations, the catheter may be
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advanced into the vasculature through an access site in a brachial vein, and may be

endovascularly advanced from the brachial vein into one of the deep ulnar veins in a retrograde
fashion.
[0051]

The catheter may be advanced into the deep ulnar vein using one or more

visualization techniques (e.g., via fluoroscopy, ultrasound, combinations thereof, or the like). In
some variations, the catheter may be advanced over or along a guidewire which may be placed at

the target fistula formation site via one or more of the vascular access sites described

immediately above.
[0052]

Dialysis Access

[0053]

As mentioned above, one or more veins may be cannulated following

fistula formation to provide dialysis access. Generally, providing dialysis access comprises
cannulating one or more blood vessels with a first needle and a second needle. Generally, one of

the needles may be an arterial needle configured to supply blood to a dialysis machine, while the

other needle may be a venous needle configured to return blood to the patient. In some
variations, both the first and second needles may be placed in thecephalic vein. In other
variations, both the first and second needles may be placed in thebasilic vein. In still other
variations, both the first and second needles may be placed in themedian cubital vein. When

both the first and second needles are placed in the same vein segment, it may be desirable to
place the arterial and venous needles such that they are at least about 5 cm apart, which may

reduce the likelihood that blood returned to the patient through the venous needle is taken up by
the arterial needle.
[0054]

In other variations, the first and second needles may be positioned in

different blood vessels. In some variations, a first needle may be placed in a basilic vein and a
second needle may be placed in a median cubital vein (e.g., an arterial needle may be placed in
the median cubital vein and a venous needle may be placed in the basilica vein). In other
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variations, a first needle may be placed in a cephalic vein and a second needle may be placed in

a median cubital vein (e.g., an arterial needle may be placed in the median cubital vein and a
venous needle may be placed in the cephalic vein). In still other variations, a first needle may be

placed in a cephalic vein and second needle may be placed in a basilic vein (e.g., an arterial
needle may be placed in the basilic vein and a venous needle may be placed in the cephalic
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vein). In these variations, the needle placed in the cephalic vein may be either the arterial needle
or the venous needle. When a first needle and second needle are positioned in different blood

vessels (e.g., when a first needle is placed in the basilic vein and a second needle is placed in the

antecubital vein or the cephalic vein), there may be a reduced likelihood that blood returned to
the body via the venous needle (which may be either the first or second needle) may be taken up

by the arterial needle.
[0055]

Example 1

[0056]

A total of nine patients received a percutaneously-formed fistula between a

proximal ulnar artery and a deep ulnar vein of an arm of each patient. To form the fistula, a first

catheter carrying an electrode was percutaneously positioned in the deep ulnar vein (via brachial
vein access) and a second catheter was percutaneously positioned in the proximal ulnar artery
(via brachial artery access), and the electrode ablated tissue between the deep ulnar vein and the
proximal ulnar artery to remove tissue between the vessels. The arm was immobilized at the

wrist during the formation of the fistula. Patient follow-ups occurred at one month, two months,
and three months. At the first follow-up, one or more vessels were coil embolized in some

patients at the discretion of the physician.
[0057]

As shown in Table 1, a fistula was successfully formed in nine of nine

patients. For the nine patients, the average time to dialysis readiness was 62 days. Dialysis

readiness was determined based on successful initiation of dialysis or physical determination of

a flow rate of at least 300 ml/min. Nine of the nine patients maintained fistula and vein patency
at three months.
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Table 1: Results from Example 1

Patient Study (9 patients)

Results

Successful fistula formation

100% (9/9)

Average time to dialysis readiness

62 days(n=9)

Fistula/vein patency at three months

100% (9/9)

[0058]

Example 2

[0059]

A total of seven patients received a percutaneously-formed fistula between

a proximal ulnar artery and a deep ulnar vein of an arm of each patient. To form the fistula, a
first catheter carrying an electrode was percutaneously positioned in the deep ulnar vein (via

cephalic, basilic, or brachial vein access) and a second catheter was percutaneously positioned in
the proximal ulnar artery (via brachial artery access), and the electrode ablated tissue between
the proximal ulnar artery and the deep ulnar vein to remove tissue between the vessels. The arm

was not immobilized during the formation of the fistula. Patient follow-ups occurred at one,

two, and three months. During follow-ups, one or more vessels were coil embolized in some
patients at the discretion of the physician. Two patients received balloon angioplasty at three

months, and one patient received balloon angioplasty and surgical revision at three months.
[0060]

As shown in Table 2, a fistula was successfully formed in six of seven

patients. Of the six patients with a successfully-formed fistula, each maintained fistula and vein
patency at three months. One patient was withdrew from the study after the three-month

evaluation. Of the remaining five patients, the average time to dialysis readiness was 108 days.
Dialysis readiness was determined based on successful initiation of dialysis or physical

determination of a flow rate of at least 300 ml/min.
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Table 2: Results from Example 2

Patient Study (7 patients)

Results

Successful fistula formation

86% (6/7)

Average time to dialysis readiness

108 days (n=5)

Fistula/vein patency at three months following

100% (6/6)

successful fistula formation

[0061]

Example 3

[0062]

A total of eight patients received a percutaneously-formed fistula between a

proximal ulnar artery and a deep ulnar vein of an arm of each patient. To form the fistula, a first

catheter carrying an electrode was percutaneously positioned in the deep ulnar vein (via brachial
vein access) and a second catheter was percutaneously positioned in the proximal ulnar artery
(via brachial artery access), and the electrode ablated tissue between the proximal ulnar artery
and the deep ulnar vein to remove tissue between the vessels. The arm was immobilized at the

wrist during the formation of the fistula. The brachial vein was coil embolized during the
procedure. Patient follow-ups occurred at one, two, and three months.
[0063]

As shown in Table 3, a fistula was successfully formed in all eight patients.

One patient died of causes unrelated to the procedure (arrhythmia caused by hyperkalemia) prior
to the two-month evaluation. A second patient achieved dialysis readiness, but died of causes

unrelated to the procedure (septicemia from diabetic foot ulcer) prior to the three-month
evaluation. Of the six patients that received a three-month evaluation, five maintained fistula
and vein patency at three months. For the six patients that achieved dialysis readiness, the

average time to dialysis readiness was 37 days. Dialysis readiness was determined based on

successful initiation of dialysis or physical determination of a flow rate of at least 300 ml/min.
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Table 3: Results from Example 3

Patient Study (8 patients)

Results

Successful fistula formation

100% (8/8)

Average time to dialysis readiness

37 days(n=6)

Fistula/vein patency at three months

83% (5/6)

23

27 Nov 2019

2018217340

Claims

A device for forming a fistula between two vessels comprising:
a handle;
a first arm fixedly connected to the handle; and
a second arm adjustably connected to the handle, wherein at least one of the first arm and the second
arm comprises a fistula forming element.
1.

2. The device of claim 1, wherein the fistula forming element comprises a rotatable blade.
3. The device of claim 2, wherein the rotatable blade is rotatably connected to a distal portion of the first
arm.

4. The device of claim 3, wherein the handle comprises a first control configured to rotate the rotatable
blade relative to the first arm.
5. The device of claim 1, further comprising an adjustment knob, wherein the adjustment knob is moveable
between a first configuration to lock the second arm relative to the first arm and a second configuration to
allow adjustment of the second arm relative to the first arm.

6. The device of claim 1, wherein the first arm is formed from a first rigid material such that placement of
the first arm in a first vessel causes the first vessel to conform to a shape of the first arm.
7. The device of claim 6, wherein the second arm is formed from a second rigid material such that
placement of the second arm in a second vessel causes the second vessel to conform to a shape of the second
arm.
8. A device for forming a fistula between two vessels comprising:
a handle comprising:
a grip portion; and
a connection portion connected to the grip portion;
a first arm connected to the connection portion; and
a second arm connected to the connection portion, wherein the connection portion is configured to
adjustably position the first arm and the second arm relative to each other.

9. The device of claim 8, wherein the first arm is fixedly connected to the connection portion and the
second arm is adjustably connected to the connection portion.

10. The device of claim 9, wherein the second arm is lockable in a position relative to the first arm.
11. The device of claim 8, wherein the first arm is configured to be inserted into a first vessel and the
second arm is configured to be positioned into a second vessel, and wherein an adjustment of a position of
the second arm relative to the first arm with the connection portion repositions the second vessel relative to
the first vessel.
12. The device of claim 8, further comprising an adjustment knob, wherein the adjustment knob is
moveable between a first configuration to lock the second arm relative to the first arm and a second
configuration to allow adjustment of the second arm relative to the first arm.
13. The device of claim 8, wherein the first arm is formed from a first rigid material such that placement
of the first arm in a first vessel causes the first vessel to conform to a shape of the first arm.
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14. The device of claim 13, wherein the second arm is formed from a second rigid material such that
placement of the second arm in a second vessel causes the second vessel to conform to a shape of the second
arm.
15. A device for forming a fistula between two vessels comprising:
a handle comprising:
a grip portion; and
a connection portion connected to the grip portion;
a first arm connected to the connection portion; and
a second arm comprising a fistula forming element, wherein the second arm is connected to the
connection portion and the connection portion is configured to adjustably position the first arm and the
second arm relative to each other.
16. The device of claim 15, wherein the first arm is fixedly connected to the connection portion and the
second arm is adjustably connected to the connection portion.
17. The device of claim 16, wherein the second arm is lockable in a position relative to the first arm.
18. The device of claim 15, wherein the first arm is configured to be inserted into a first vessel and the
second arm is configured to be positioned into a second vessel, and wherein an adjustment of a position of
the second arm relative to the first arm with the connection portion repositions the second vessel relative to
the first vessel.
19. The device of claim 15, wherein the fistula forming element comprises a rotatable blade.
20. The device of claim 19, wherein the rotatable blade is rotatable connected to a distal portion of the first
arm.
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