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VASCULAR STENT DEVICES AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No.

62/399,465, filed on September 25, 2016, and titled "VASCULAR STENT DEVICES AND

METHODS," the content of which is incorporated by reference in its entirety.

FIELD

[0002] The current invention relates to stents and methods for cannuiating a vessel.

BACKGROUND

[0003] An intravenous cannula provides access to a vein and may allow blood to be

drawn and fluids to be administered into a patient. In the case of hemodialysis, cannuiation

provides access to a fistula with quickened blood flow that may provide for effective dialysis.

In dialysis treatment, needles, catheters, or other cannulas may be inserted into the blood

vessels near a fistula to draw blood from the circulator}' system, pass it through a dialysis

machine, and return it to the body. However, cannuiation can be difficult due to challenges

in locating vessel sites, difficulty reaching vessels for vascular access due to an underlying

layer of adipose tissue, collapse of a blood vessel being punctured, and complications from

cannuiation that may include hematoma, infiltration, thrombosis, and embolism. t would

therefore be useful to find improved ways to access the vasculature for cannuiation, and ways

to modify blood flow to allow for alternative access sites, such as to improve access to blood

vessels near a fistula.

BRIEF SUMMARY

[0004] Described here are devices, systems, and methods for improving retrograde

blood flow through peripheral vasculature and to aid in cannuiation. The devices, systems,

and methods described herein may be used to hold open venous valves to allow bi-directional

fl ow of blood through a vein. In some variations, a stent may be deployed in a blood vessel

to hold open a valve to increase retrograde blood flow, aid in locating the blood vessel, and

structurally support the blood vessel during cannuiation. In some variations, a fistula may be



formed to arterialize a vein and increase retrograde blood flow through the vein. In some

variations, the methods described herein comprise methods for cannulating a first vessel

comprising advancing a stent into the first vessel comprising one or more valves. The stent

may be deployed over one or more valves to hold open the one or more valves. A needle

may be advanced through a wall of the first vessel. In some variations, the needle may also

be advanced through an aperture defined in a wall of the stent. In other variations, the needle

may be advanced through the wall of the first vessel at a location distal to the stent. In some

variations, stent location may be detected non-invasively. In some of these variations, the

needle may be positioned over the first vessel using the detected stent location. In other

variations, the stent comprises first struts and second struts having different thicknesses. In

some variations, the first vessel may be a cephalic vein. In other variations, the first vessel

may be a basilic vein.

[0005] In some variations, a first catheter may be advanced into an artery adjacent to

a vein. The first catheter may comprise a fistula-forming element, and a fistula may be

formed between the artery and the vein using the fistula-forming element. The stent may be

deployed distal to the fistula. The artery may be an ulnar artery and the vein may be an ulnar

vein. A second catheter may be advanced into the vein. In some instances, the first catheter

and the second catheter may be aligned. One or more stents may be loaded into a third

catheter. The one or more stents may be sequentially deployed from the third catheter into the

first vessel by advancing a push wire through the third catheter.

[0006] Also described here are systems for forming a fistula and improving

retrograde blood flow through peripheral vasculature. In general, the systems described

herein may include a catheter system comprising a stent comprising one or more apertures

defined in a wall of the stent. The stent may be configured to hold open one or more venous

valves and receive a needle through one or more apertures. A first catheter may comprise a

fistula-forming element. In some variations, the stent may comprise first struts and second

struts having different thicknesses. The system may further comprise a plurality of the stents

and a second catheter comprising a push wire configured to deploy one or more stents

sequentially from a distal end of the second catheter. The fistula-forming element may be an

electrode. The needle may be a cannula. The system may further comprise a stent detector

coupled to a needle injector coupled to the needle.



BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is an illustrative depiction of the vascular anatomy of the arm.

[0008] FIGS. 2A-2F depict illustrative variations of a stent.

[0009] FIG. 3 depicts an illustrative variation of a system described here comprising a

stent detector and cannulator.

[0010] FIG. 4 depicts an illustrative variation of a system described here comprising a

first catheter and a second catheter.

[0011] FIGS. 5A-5D depict an illustrative variation of a method for cannulating a

vessel.

[0012] FIG. 6 depicts an illustrative variation of a stent delivery system.

[0013] FIGS. 7A-7E depict illustrative variations of a method for delivering a stent.

DETAILED DESCRIPTION

[0014] Generally described here are devices, systems, and methods for providing a

stent in peripheral vasculature to permit retrograde blood flow, to support cannulation of a

vein, and/or to percutaneously create one or more arteriovenous fistulae for increasing venous

blood flow, such as for increasing retrograde blood flow through a forearm vein to be

cannulated. 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 elbowjoint, and these arteries supply blood

to the joint and surrounding muscles. Further down the arm (typically just below the radial

tuberosity of the 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 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 vein2 ( 110, 114) near the elbowjoint. 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

common ulnar vein (120)). The basilic vein (120) of the lower arm is sometimes referred to

as the common ulnar vein. The median cubital vein (118) (in some instances referred to as

the median basilic vein) joins the basilic vein (112) and the common ulnar vein (120) (in

some instances, this vein segment is also referred to as the basilic vein of the forearm). The

median cubital vein (118) and the median cephalic vein ( 116) are formed at the branching of

the median antebrachial vein (122). 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 (126, 128) 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 brachial vein (130) and second (132) brachial

vein. The brachial veins generally run along the brachial artery (100), and the deep ulnar

veins feed into the brachial veins near the elbowjoint. Additionally, a pair of radial veins



(not shown) may run along the radial artery, and may feed into one or both of the brachial

veins.

[0017] Generally, the systems, devices, and methods described herein may be used to

hold open venous valves to permit retrograde blood flow in a blood vessel, to assist in

locating a vascular access site, and/or to provide structural support to a blood vessel to aid in

cannulation (e.g., needle puncture into the blood vessel). In some variations, one or more of

these uses may be in conjunction with formation of a fistula between two blood vessels (e.g.,

an arteriovenous fistula between an artery and a vein). In some variations, a delivery system

may be utilized to deploy one or more structures (e.g., stents) in a target blood vessel where

the deployed structures may increase blood flow and aid in cannulation.

[0018] Generally, the systems and methods may be used to hold open unidirectional

venous valves in a vein to allow arterialized blood flow (e.g., from an arteriovenous fistula

between an artery and a vein) to travel distally through the vein and provide a preferred

conduit for retrograde blood flow. Generally, to create a retrograde blood flow path through

a vein, a stent may be advanced in a minimally invasive manner through the vasculature to a

peripheral vein (e.g., a vein segment in the forearm). The stent may be placed in the

peripheral vein to hold open one or more venous valves to permit retrograde blood flow. For

example, the sidewalls of the stent may push one or more unidirectional valves against the

inner circumference of the vein so as to hold open the valves in the vein without damaging

them. Opening the valves using a stent may allow blood to flow retrograde through the vein

without removing the venous valves, as would be required in a valvulotomy procedure. For

example, opening the valves using a stent may allow arterialized blood flow from a fistula to

flow retrograde through the vein without removing the venous valves. As the venous valves

in the rest of the peripheral vasculature retain their function and inhibit retrograde flow, the

portion of the vein having the stent provides a preferred retrograde blood flow pathway. The

devices and systems described herein offer a reversible approach to rendering valves

incompetent having improved procedural speed relative to a valvulotome that cuts the leaflets

of the valves. In some instances, a single stent may be placed in a blood vessel. In other

instances, a system comprising multiple stents may be deployed in one or more blood vessels.

For example, in some instances, a stent may be placed in each of two veins (e.g., a cephalic

vein and a basilic vein). In other instances, a stent may be placed in a vein and an accessory



vein. It should be appreciated that each stent may or may not have the same configuration of

elements, and that some stents may be different from and/or complementary to other stents.

[0019] Also generally described are systems comprising one or more stents to aid in

cannulating a blood vessel by reducing damage and/or preventing collapse of the blood vessel

being punctured. The stent may add radial strength and stiffness to the blood vessel in which

it is disposed. These stents may be the same or different stents as those allowing retrograde

venous blood flow. The one or more stents generally comprise a plurality of struts and may

vary in length, diameter, thickness, geometric patterns, compressibility, and flexibility based

on a target vessel, function, and delivery process. The stent may comprise a cannulation

region having one or more apertures defined in a wall of the stent configured to receive a

needle such as for cannulation.

[0020] Generally, the devices, systems and methods described herein may be used to

cannulate a vein, such as a forearm vein. Generally, a stent may be advanced in a minimally

invasive manner through the vasculature and placed in the vein. The stent may add to the

strength and stiffness of the vein segment in which the stent is disposed, such as when being

punctured by a needle. In some instances, the vein may be palpated and/or visualized to

locate one or more of the stent and vein for cannulation. In other instances, the system may

comprise a stent detector to non-invasively detect the stent disposed in the vein. For

example, the stent detector may generate a signal when the presence of the stent is detected

through the skin of the patient and output the signal to an operator. In some of these

instances, a stent may define a cannulation region through which a needle may be advanced.

Once a vein is located, an insertion point may be selected for a cannula such as a needle. The

needle may be advanced through the skin and a vessel wall of the vein and an aperture

defined in a wall (e.g., sidewall) of the stent. By advancing the needle through the vessel

wall and stent having enhanced strength and stiffness, complications from cannulation such

as infiltration, hematoma, and vein wall collapse may be reduced.

[0021] Generally, the systems described herein may comprise a stent detector and

cannulator. These devices and systems may detect and locate the blood vessel for

cannulation in cases where visualization and palpation are insufficient. In some variations,

the stent detector may comprise a metal detector configured to detect a metal stent disposed



in a vein. In some variations, the stent detector may comprise an output device to indicate to

an operator the detected location of the stent under the skin. The cannulator (e.g., needle

injector) may be coupled to a needle that may be advanced through skin and into a wall of a

blood vessel and an aperture defined in a wall of the stent. In some instances, the system may

output an audio tone when the system is located over the stent in the blood vessel.

[0022] Generally, one or more stents may be advanced in a minimally invasive

manner through the vasculature and placed in the vein using a stent delivery system. These

devices and systems offer a minimally invasive approach that may improve procedural speed

by permitting deployment of one or more stents using a single catheter and deployment to

smaller diameter blood vessels. Generally, to deliver and deploy one or more stents, one or

more catheters may be advanced in a minimally invasive fashion through the vasculature to a

target location. In some instances, a single catheter may be advanced to a target site in a

blood vessel to deploy one or more stents. In other instances, a system comprising multiple

catheters may be used to deliver and deploy one or more stents to target sites in respective

blood vessels. For example, in some instances a catheter may be placed in each of the two

blood vessels (e.g., different veins). One or both of the catheters may comprise a push wire

(e.g., guidewire, stylet, push rod). The push wire may be configured to slide within the

catheter to advance one or more stents out of a lumen of the catheter for deployment of a

stent. For example, one or more stents may be loaded into a lumen of the catheter distal to

the push wire. The stent may be configured to self-deploy to a predetermined shape when

advanced out of the catheter and into a target blood vessel by the push wire. For example, a

distal tip of the push wire may push a proximal end of the stent through a catheter lumen and

out the distal end of the catheter. 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.

[0023] Generally, the systems and methods may be used to form and access a fistula

in peripheral vasculature, such as in a forearm. These devices and systems offer a minimally

invasive approach that may improve procedural speed. Generally, to form one or more

fistulas 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 single

catheter may be placed in a blood vessel to form a fistula with an adjoining blood vessel. In



other instances, a system comprising multiple catheters may be used to form one or more

fistulas. For example, in some instances a catheter may be placed in each of the two blood

vessels (e.g., an artery and a vein). One or both of the catheters may comprise a fistula-

forming element. The fistula-forming element(s) may comprise an electrode that is used to

form the fistula such as through tissue ablation. The catheter may further comprise one or

more alignment portions including magnets that help align one catheter relative to another

catheter in related blood vessels and/or bring the catheters (and blood vessels) in closer

approximation. 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.

I . Systems

[0024] The systems described here may comprise one or more stents to hold open one

or more valves of a venous blood vessel, provide structural support to a vein in which it is

disposed, and/or aid in access for cannulation. Generally, the stents may comprise a plurality

of struts forming a cylindrical configuration. The stent may be placed in a blood vessel to

hold the valves in an open configuration that allows bi-directional blood flow, and in

particular, retrograde blood flow through a vein. Accordingly, it may be desirable that the

stent have sufficient radial strength to hold open the valves, but be of minimal thickness and

surface area (e.g., diaphanous) to limit platelet activation and stenosis. The radial strength,

thickness, and surface area of the stents described herein may be significantly less than that of

vascular stents for maintaining the patency of blood vessels. In some variations, a stent may

hold one or more valves open, allow at least one of blood flow from a fistula and a needle to

pass through an aperture defined in a sidewall of the stent, and provide structural support to

the fistula.

A . Stent

[0025] FIGS. 2A-2F show illustrative variations of stent geometries that may be used

to increase retrograde blood flow in venous vasculature. FIG. 2A shows a portion of a stent

(200). As shown there, the stent (200) may comprise a plurality of struts (204) forming a

repeating symmetric diamond pattern, which forms a cylindrical configuration (202). It

should be understood that many different configurations of the stent pattern may be used to



provide a structure capable of holding the valve leaflets open. Patterns may include a helical

coil or coils, rings of straight, angled, zig-zag, or curved geometries interconnected by linking

elements, or braided or woven meshes.

[0026] Another variation is illustrated in FIG. 2B, which shows a portion of a stent

(21 0) comprising a plurality of first struts (214) and a plurality of second struts (216) forming

a cylindrical configuration (212). The first struts (214) may be thicker (e.g., have a larger

diameter) than the second struts (216). In one example, the first struts (214) may form a first

set of diamonds and the second struts (21 6) may form a second set of diamonds within the

larger diamonds. As shown, nine smaller diamonds form a larger diamond. In some

variations, the second struts (216) may be disposed on the interior side of the first struts

(214). The first struts (214) may be configured to provide radial strength to a blood vessel in

which the stent (210) is disposed. The second struts (21 6) may be configured to hold open

the valves. In some variations, one or more of the larger diamonds formed by the first struts

(214) may be formed without second struts (216) such that the larger diamond defines an

aperture (not shown). The first and second struts (214, 2 16) thus form the sidewalls of the

stent. An example of struts defining an aperture is further described herein. In yet another

variation, as shown in FIG. 2C, a stent (220) may comprise a helical configuration. For

example, the stent (220) may comprise a double helix (222) comprising two or a plurality of

helical elongate struts (224) and a plurality of connecting struts (226).

[0027] FIGS. 2D-2F illustrates a portion of a stent (230) comprising a plurality of

struts (232) arranged to form one or more apertures (234) defined in a wall of the strut and

disposed along a length of the strut and configured to receive a needle (240). For example,

the struts (232) may form a quadrilateral aperture (234). In some variations, the aperture

(234) may be configured to receive a needle (240) having a diameter between about 12 gauge

and about 20 gauge. In some variations, the struts (232) forming the aperture may add radial

stiffness to locally support a wall of the vein being punctured by the needle (240) to allow the

vein to be punctured without collapsing. A needle advanced through a wall of a target blood

vessel may be further advanced through an aperture (234) of the stent (230) without contact

and/or damage to a strut (232). As such, the stent (230) may form a cannulation region along

its length through which a needle (240) may preferably be advanced.



[0028] In some variations, the stents may be configured with dimensions to hold open

venous valves and/or support the vessel during cannulation. In some variations, the stent may

have an outer diameter between about 1 mm and about 20 mm. For example, the stent may

have an outer diameter of about 5.0 mm. In some variations, the stent may have a strut width

and thickness between about 0.05 mm and about 0.5 mm. In some variations, the stent may

have side aperture openings disposed in a plane parallel to a longitudinal axis of the strut

(e.g., the apertures being substantially orthogonal to the longitudinal axis of the strut) having

a length between about 1 mm and about 15 mm and a width between about 1 mm and about

15 mm. For example, the stent may have an outer diameter of about 5.0 mm, a strut width of

about 0.05 mm, a strut thickness of about 0.05 mm, and one or more diamond shaped

apertures about 5 mm in width and about 10 mm in length.

[0029] In some variations, an axial portion of the stent may comprise a plurality of

struts. For example, an axial portion of the stent may comprise a minimum of four struts to

provide a predetermined minimum strut-to-leaflet ratio to achieve adequate valve leaflet

opening when deployed in a vein. In some instances, the strut width and mesh density of the

stent may be minimized so as to achieve a minimum stent area-to-intimal area ratio. In some

variations, the strut surface area-to-vessel wall surface area ratio may be between about 0.02

and about 0.08. In some instances, this ratio may be between about 0.03 and 0.04. The stent

may comprise any suitable configuration, such as a cylindrical configuration (e.g., tube)

and/or helical spiral configuration. In some variations, the stent may have a length between

about 5.0 cm and about 60 cm. For example, the stent may have a length of about 15.0 cm.

The stent may be configured to fit within a lumen of a target blood vessel and press against

the leaflets of a valve, such that they are moved into and held in an open configuration until

the stent is removed.

[0030] The stent may be made of any suitable material, for example, one or more

metals or polymers (e.g., stainless steel 316L, tantalum, nitinol, platinum iridium, niobium

alloy, cobalt alloy, etc.). The stent may optionally be bioresorbable (e.g., made of poly-L

lactic acid (PLLA) and may absorb over a time period of six months to three years) and may

optionally comprise a drug eluting coating configured to prevent stenosis and/or thrombosis).

The stent may be formed by any suitable manufacturing process, for example, laser cutting,

photochemical etching, braiding, knitting, vapor deposition, water jet, etc. In some



variations, the stent may comprise one or more coverings and/or visualization markers to aid

in locating and positioning the stent within a vessel. For example, the stent may comprise a

radiopaque marker and/or coating made of one or more of gold, platinum, tantalum, etc. that

may be indirectly visualized.

[0031] In some variations, the stent may comprise multiple portions, each portion

corresponding to a specific material, shape, and/or coating. For example, the stent may

comprise a proximal portion comprising a coating for inducing thrombosis, a distal portion

configured to prevent platelet aggregation and maximize fluid flow through the vessel, and an

intermediate portion comprising a radiopaque marker surrounding an aperture and configured

to permit visualization to aid in locating a blood vessel for cannulation. Of course, the stent

may comprise any suitable number of portions (e.g., two, three, or four portions) and the

length of each portion may be the same or different from the other portions. The stent may

comprise any suitable length, and the length of the stent may vary depending on the type of

procedure being performed.

[0032] In some variations, one or more portions of the stent may comprise a visual

detection portion for indirectly visualizing the location and/or orientation of a stent with

respect to a catheter system, target blood vessel, and/or external elements such as a

cannulator. The visual detection portion may be visualized using a technique such as

fluoroscopy during stent deployment and/or needle puncture of the blood vessel. In some

instances, one or more characteristics of the stent such as echogenicity, radiopacity, surface

area, surface area, permittivity, conductivity, permeability, and the like may be selected to

enhance detection by, for example, fluoroscopy and/or a stent detector described herein.

Fluoroscopy is a technique for real-time X-ray imaging where, generally, an X-ray beam is

emitted from a fluoroscope through an area of interest in a body. Objects to be visualized

(e.g., stents) may be imaged using an image intensifier. A user viewing the real-time images

shown by the image intensifier may then determine the location and orientation of the one or

more stents and use it to guide stent deployment and/or needle insertion.

[0033] Generally, a visual detection portion may be configured such that an aperture

defined in a wall of the stent is discernable in a two-dimensional fluoroscopic image and/or

detectable by a stent detector. In some variations, the portions of the stent configured for



non-invasive detection may be used to guide positioning of a needle to be inserted through an

aperture of the stent and the vessel wall. For example, one or more detection portions of the

stent may surround an aperture of the stent and/or be provided at a predetermined location

corresponding to the aperture. In some instances, the detection portions of the stent may

comprise a set of patterns that may be visualized under fluoroscopy. For example, the visual

detection portion may comprise an ellipsoid or polygon that may be fluoroscopically imaged.

The shape of the visual detection portion may vary on a fluoroscopic image based on an

orientation of the stent relative to the image intensifier. For example, a circular visual

detection portion surrounding an aperture of the stent that appears as an ellipsoid on a

fluoroscopic image may indicate that the aperture is non-perpendicular with respect to the

image intensifier. Accordingly, the visual detection portion may be used to guide placement

of a stent in a target blood vessel and/or cannula insertion through an aperture of the stent.

B . Stent detector

[0034] The systems described here may comprise one or more of a stent detector

configured to locate a stent disposed in a vessel and a cannulator (e.g., needle injector)

configured to advance a needle through a wall of the blood vessel and the stent. FIG. 3

illustrates a side view of a cannulation system (300). As shown in FIG. 3, a stent detector

(300) may comprise a sensor (310) configured to detect a stent, an output device (320)

configured to output a stent detection status, a cannulator (330), and a needle (340). The

sensor (3 10) may be configured to non-invasively detect a location of a stent disposed in a

blood vessel to aid an operator in positioning the cannulator (330) and the needle (340) for

cannulation. In some variations, the sensor (3 10) may comprise a metal detector configured

to generate a stent signal in response to detecting a metal content of a stent disposed in a

blood vessel. In some instances, the sensor (310) may comprise an inductive sensor. In some

variations, the stent detector (300) may comprise an optical source configured to project a

light into the skin and an optical sensor configured to receive the reflected light from the skin

that is used to generate the stent signal.

[0035] The output device (320) may receive the stent signal and use it to generate a

signal to indicate that the stent has been located within a predetermined volume of space

(e.g., the stent is directly beneath the location of the stent detector (300)). The output device



(320) may output one or more signals to indicate a location of the stent relative to the stent

detector (300). For example, the output device (320) may generate one or more audible tones

and/or beeps to indicate proximity to a stent. In some variations, a set of colored lights may

be output by the output device (320) to visually indicate a distance between the stent detector

(300) and the stent. In some instances, the color, partem, intensity, and number of lights may

correspond to different ranges of distances between the stent detector (300) and the stent.

[0036] The output device (320) may comprise one or more of a display device, audio

device, and haptic device. In some variations, the display device may be configured to

display a graphical user interface (GUI). A display device may permit an operator to view

patient data, sensor data, system data, alarms, and/or warnings. In some variations, an output

device may comprise a display device including at least one of a light emitting diode (LED),

liquid crystal display (LCD), electroluminescent display (ELD), plasma display panel (PDP),

thin film transistor (TFT), organic light emitting diodes (OLED), and the like. An audio

device may audibly output patient data, sensor data, system data, alarms, and/or warnings.

For example, the audio device may output an audible warning when an operator actuates the

stent detector (300) to inject the needle (340) when a stent is not detected within a

predetermined range by the stent detector (300). In some variations, an audio device may

comprise at least one of a speaker, piezoelectric audio device, magnetostrictive speaker,

and/or digital speaker. A haptic device may provide additional sensory output (e.g., force

feedback) to the operator. For example, a haptic device may generate a tactile response (e.g.,

vibration) to provide an alarm and/or warning. For example, haptic feedback may notify that

operation of the cannulator is inhibited to prevent potential harm to the patient when a stent is

not detected within a predetermined range. In some variations, the stent detector (300) may

comprise a wired and/or wireless transmitter configured to transmit a stent signal to another

device such as an external computing device including a desktop computer, server, database,

and the like.

[0037] In some variations, a needle (340) may be advanced through the skin when the

stent detector (300) locates the stent. The cannulator (330) may comprise a lumen to guide

the needle (340). The needle (340) may be may be manually advanced from the cannulator

(330) and/or actuated by the cannulator (330). The lumen may be configured to hold a needle

(340) of any suitable size for cannulation, such as between about 12 gauge and about 20



gauge. The cannulator (330) may be configured to actuate when the stent is detected within a

predetermined range to ensure that a needle (340) will advance through an aperture of the

stent. Operation of the cannulator (330) may be inhibited and a notification output when the

operator attempts to actuate the cannulator (330) when the stent is detected outside a

predetermined range.

[0038] The stent detector (300) may comprise one or more processors and one or

more machine-readable memories in communication with the one or more processors. The

processor may incorporate data received from memory, sensor data, and operator input to

control the stent detector (300). For example, the processor and memory may receive the

stent signal from the sensor and determine a distance of the sensor to a stent. In some

instance, the processor may compare the stent signal to a look-up-table. The processor may

then select one or more notification methods based on the determined distance and user

settings. The memory may further store instructions to cause the processor to execute

modules, processes and/or functions associated with the stent detector (300). The processor

and memory may be implemented consistent with numerous general purpose or special

purpose computing systems or configurations. Various exemplary computing systems,

environments, and/or configurations that may be suitable for use with the systems and

devices disclosed herein may include, but are not limited to software or other components

within or embodied on computing devices such as routing/connectivity components,

multiprocessor systems, microprocessor-based systems, distributed computing networks,

personal computing devices, network appliances, portable (e.g., hand-held) or laptop devices.

[0039] The processor may be any suitable processing device configured to run and/or

execute a set of instructions or code and may include one or more data processors, image

processors, graphics processing units, physics processing units, digital signal processors,

and/or central processing units. The processor may be, for example, a general purpose

processor, Field Programmable Gate Array (FPGA), an Application Specific Integrated

Circuit (ASIC), and/or the like. The processor may be configured to run and/or execute

application processes and/or other modules, processes and/or functions associated with the

system and/or a network associated therewith. The underlying device technologies may be

provided in a variety of component types such as metal-oxide semiconductor field-effect

transistor (MOSFET) technologies like complementary metal-oxide semiconductor (CMOS),



bipolar technologies like emitter-coupled logic (ECL), polymer technologies (e.g., silicon-

conjugated polymer and metal-conjugated polymer-metal structures), mixed analog and

digital, and/or the like.

[0040] In some variations, the memory may include a database and may be, for

example, a random access memory (RAM), a memory buffer, a hard drive, an erasable

programmable read-only memory (EPROM), an electrically erasable read-only memory

(EEPROM), a read-only memory (ROM), Flash memory, and the like. As used herein,

database refers to a data storage resource. The memory may store instructions to cause the

processor to execute modules, processes and/or functions associated with the control system,

such as stent detection, notification, calibration, cannulation, and/or device settings. In some

variations, storage may be network-based and accessible for one or more authorized users.

Network-based storage may be referred to as remote data storage or cloud data storage.

Some variations described herein relate to a computer storage product with a non-transitory

computer-readable medium (also may be referred to as a non-transitory processor-readable

medium) having instructions or computer code thereon for performing various computer-

implemented operations. The computer-readable medium (or processor-readable medium) is

non-transitory in the sense that it does not include transitory propagating signals per se (e.g.,

a propagating electromagnetic wave carrying information on a transmission medium such as

space or a cable). The media and computer code (also may be referred to as code or

algorithm) may be those designed and constructed for the specific purpose or purposes.

Examples of non-transitory computer-readable media include, but are not limited to,

magnetic storage media such as hard disks, floppy disks, and magnetic tape; optical storage

media such as Compact Disc/Digital Video Discs (CD/DVDs); Compact Disc-Read Only

Memories (CD-ROMs); holographic devices; magneto-optical storage media such as optical

disks; solid state storage devices such as a solid state drive (SSD) and a solid state hybrid

drive (SSHD); carrier wave signal processing modules; and hardware devices that are

specially configured to store and execute program code, such as Application-Specific

Integrated Circuits (ASICs), Programmable Logic Devices (PLDs), Read-Only Memory

(ROM), and Random-Access Memory (RAM) devices. Other variations described herein

relate to a computer program product, which may include, for example, the instructions

and/or computer code disclosed herein.



[0041] The systems, devices, and/or methods described herein may be performed by

software (executed on hardware), hardware, or a combination thereof. Hardware modules

may include, for example, a general-purpose processor (or microprocessor or

microcontroller), afield programmable gate array (FPGA), and/or an application specific

integrated circuit (ASIC). Software modules (executed on hardware) may be expressed in a

variety of software languages (e.g., computer code), including C, C++, Java®, Python, Ruby,

Visual Basic®, and/or other object-oriented, procedural, or other programming language and

development tools. Examples of computer code include, but are not limited to, micro-code or

micro-instructions, machine instructions, such as produced by a compiler, code used to

produce a web service, and files containing higher-level instructions that are executed by a

computer using an interpreter. Additional examples of computer code include, but are not

limited to, control signals, encrypted code, and compressed code.

C . Stent delivery system

[0042] Generally, one or more stents may be advanced in a minimally invasive

manner through the vasculature and placed in the vein using a stent delivery system.

Generally, to deliver and deploy one or more stents, one or more catheters may be advanced

in a minimally invasive fashion through the vasculature to a target location. In some

instances, a single catheter may be advanced to a target site in a blood vessel to deploy one or

more stents. In other instances, a system comprising multiple catheters may be used to

deliver and deploy one or more stents to different target sites in respective blood vessels. For

example, in some instances a catheter may be placed in each of the two blood vessels (e.g.,

different veins). The catheter may comprise a push wire configured to advance within the

catheter to push one or more stents out of a lumen of the catheter for deployment of a stent.

For example, one or more stents may be pre-loaded into a lumen of the catheter distal to the

push wire prior to introduction through vasculature. The push wire may be, for example, a

guidewire, a stylet, a push rod, and the like. The push wire may be advanced within the

catheter such that a distal end of the push wire pushes one or more stents out of the catheter

and into a target blood vessel. The stent may be configured to self-deploy to a predetermined

shape when advanced out of the catheter and into a target blood vessel by the push wire. 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. These devices and systems offer a minimally invasive

approach that may improve procedural speed by permitting deployment of a plurality of struts

using a single catheter and provide greater flexibility to allow stent delivery and deployment

using smaller diameter blood vessels.

[0043] FIG. 6 illustrates a side view of a stent delivery system (600). As shown in

FIG. 6, a stent delivery system (600) may comprise a catheter (61 0), a proximal adaptor (620)

coupled to a proximal end of the catheter (610), a stent (630) configured to be compressed

and advanced through the catheter (61 0), and a push wire (640) configured to push the stent

(630) through and out of the catheter (61 0). The proximal adaptor (620) may help the stent

transition from an expanded configuration to a compressed configuration to permit the stent

to be advanced within a lumen of the catheter (610). Although shown in FIG. 6 as having a

single port, the adaptor (620) may comprise any suitable number of ports (e.g., zero, one, two,

three, or four or more), and the port may serve one or more useful functions (e.g., the introduction

of one or more elements or substances into or through the catheter (6 10)). For example, the

proximal adaptor (620) may be used to introduce one or more stents (630) into a lumen of the

catheter (6 10). As another example, the proximal adaptor (620) may be used to introduce a fluid

or substance (e.g., contrast agents, flush agents, therapeutic agents, and/or intravenous fluids) into

a body lumen (not shown), and may be connected to a liquid or gaseous fluid source (e.g., a fluid

pump, a syringe, etc.). The proximal adaptor (620) may further guide one or more devices (e.g., a

push wire (640)) into a lumen of the catheter (610). Additional ports may be provided as desired

for other functions, such as a visualization port, an actuator port, a suction port, and the like.

Ports may have any suitable connection form factor, such as a threaded connector, luer connector,

or the like.

[0044] In some variations, the one or more stents that may be loaded within a lumen

of the catheter may have the stent dimensions described herein. In some instances, the stents

may be configured to be compressible and biased to transition from a compressed

configuration to an expanded configuration (e.g., self-expand). In some variations, the

diaphanous nature of the stent allows radial compression to a diameter of about 0.035 inches

or less, thereby allowing loading of the stent into a 4 Fr catheter or smaller. For example, the

stent may be configured in a compressed configuration when loaded into a catheter and

biased to self-expand to an expanded configuration when deployed from the catheter and into



a target blood vessel having a larger diameter lumen than the catheter. The catheters may

have any suitable diameter for intravascular use, such as, for example, about 4 French or less.

Any suitable catheter or catheters may be used with the systems described herein to deploy

the stents using the methods described herein. A push wire of the catheter may have a

diameter of up to an inner diameter of the catheter. The push wire may have any suitable

configuration (e.g., diameter) for pushing one or more loaded stents out of a distal end of the

catheter. The stents may have the same or different dimensions and characteristics.

D . Fistula formation system

[0045] Also described here are systems for forming a fistula and improving

retrograde blood flow through peripheral vasculature. Generally, the systems described here

may comprise one or more catheters configured to be used to form a fistula in addition to a

stent. FIG. 4 shows an illustrative variation of a catheter system that may be used to form a

fistula as described herein. As shown there, the system may comprise a first catheter (401)

and a second catheter (403). The first catheter (401) may comprise a catheter body (405), one

or more magnetic elements (407), and a fistula-forming element (409) that may be used to

form a fistula. In some variations, the fistula-forming element (409) may be advanced to

project out of an opening (41 1) in the catheter body (405). The fistula-forming element (409)

may comprise an electrode configured to move between a low-profile configuration and an

extended configuration in which it extends from the catheter body (405). In some variations

the fistula-forming element may be spring-biased toward the extended configuration. That is,

the electrode may be configured to self-expand from the low-profile configuration to the

extended configuration. Put yet another way, the electrode (409) may be in its natural resting

state in the extended configuration. In some variations of electrodes moving between a low-

profile configuration and an extended configuration, the electrode may be held in the low-

profile configuration during placement of the catheter. For example, in some variations the

electrode may be held in the low-profile configuration by the catheter body. The electrode

may be released from the low-profile configuration when the electrode has been delivered to

the location for fistula formation. For example, in some variations, the electrode may be

released by moving the electrode in a proximal direction relative to the housing using a

proximal control, as described in in U.S. Patent Application Serial No. 13/298,169, filed on

November 16, 2011, and titled "DEVICES AND METHODS FOR FORMING A



FISTULA," which is hereby incorporated by reference in its entirety. In other variations, the

electrode may be held in a low-profile configuration by an external radially inward force on

the electrode from a vessel wall during delivery, as described in U.S. Patent Application

Serial No. 15/406,755, filed on January 15, 2017, and titled "DEVICES AND METHODS

FOR FORMING A FISTULA" and claiming the benefit of U.S. Provisional Application

Serial No. 62/399,471, filed on September 25, 2016, and U.S. Provisional Application Serial

No. 62/279,603, filed on January 15, 2016, the contents of each of which are hereby

incorporated by reference in its entirety.

[0046] In some variations, the first catheter (401) may comprise a housing (413),

which may help protect other components of the first catheter (401) during fistula formation.

For example, when the fistula-forming element (409) comprises an electrode configured to

ablate tissue, the housing (413) may comprise one or more insulating materials which may

shield or otherwise protect one or more components of the first catheter (401) from heat that

may be generated by the electrode during use.

[0047] As shown in FIG. 4, the second catheter (403) may also comprise a catheter

body (415) and one or more magnetic elements (407). In variations where the first catheter

(401) comprises a fistula-forming element (409) configured to project out the catheter body

(405) of the first catheter (401), such as the variation depicted in FIG. 4, the catheter body

(415) of the second catheter (403) may comprise a recess (417) therein, which may be

configured to receive the fistula-forming element (409) as it passes through tissue. While

shown in FIG. 4 as having a recess (417), it should also be appreciated that in some variations

the second catheter (403) may not comprise a recess (417). In some variations, the second

catheter may comprise a fistula-forming element (not shown) in addition to or instead of the

fistula-forming element (409) of the first catheter (401). Thus, in some variations, a fistula

may be formed by one or more electrodes of one catheter, while in other variations, two

catheters each comprising an electrode may simultaneously cut tissue from opposing sides to

form a fistula.

[0048] Certain exemplary devices and systems that may be used in the methods

described herein are described in more detail in U.S. Patent Application Serial No.

13/298,169, filed on November 16, 201 1, and titled "DEVICES AND METHODS FOR



FORMING A FISTULA," and U.S. Patent Application Serial No. 15/406,755, filed on

January 15, 2017, and titled "DEVICES AND METHODS FOR FORMING A FISTULA,"

the contents of each of which was previously hereby incorporated by reference in its entirety.

I . Methods

[0049] Described here are methods for aiding cannulation, improving retrograde

blood flow, and delivering a stent to a vessel using the systems and devices described herein.

Generally, the stents described herein may be used to aid in cannulation by assisting in

locating the blood vessel and/or by structurally supporting the blood vessel during

cannulation. For example, the stents may reduce damage and/or prevent collapse of a blood

vessel being punctured during cannulation. Additionally or alternatively, the stents described

herein may be used to increase retrograde blood flow through a vein by being deployed into a

vein segment to hold open one or more venous valves to permit retrograde blood flow. In

some of these variations, a stent may be deployed in conjunction with formation of an

arteriovenous fistula to provide arterialized blood flow in a vein and/or aid cannulation of the

fistula.

[0050] Generally, the stents described herein may be deployed by self-expansion or

balloon expansion. For instance, a self-expanding stent in a compressed configuration may

be constrained by a stent delivery system (e.g., a system comprising a conduit configured to

hold the self-expanding stent in a compressed configuration) as it is advanced through

vasculature in a minimally-invasive manner. Upon delivery to a target vessel by the stent

delivery system, the self-expanding stent may transition from the compressed configuration

to an expanded configuration. The stent delivery system may be withdrawn from the target

vessel and the stent may remain within the target vessel. Similarly, a balloon expandable

stent in a compressed configuration may be coupled to a stent delivery system comprising a

deflated balloon as it is advanced through vasculature in a minimally-invasive manner. At a

deployment location, the balloon of the stent delivery system may be inflated to expandably

deform the stent to an expanded configuration. After the balloon is deflated, and the stent

delivery system withdrawn, the stent may remain in the expanded configuration within the

target vessel.



[0051] In some variations, blood flow in a vessel may be improved using the

catheters, stents, and corresponding methods described in U.S. Patent Application Serial No.

15/406,755, filed on January 15, 2017, and titled "DEVICES AND METHODS FOR

FORMING A FISTULA" and claiming the benefit of U.S. Provisional Application Serial No.

62/399,471, filed on September 25, 2016, and U.S. Provisional Application Serial No.

62/279,603, filed on January 15, 2016, the contents of each of which was previously hereby

incorporated by reference in its entirety.

A . Cannulation

[0052] In some variations of the methods described here, the stents described herein

may be used to aid in cannulation, such as by assisting in locating the blood vessel, and/or by

structurally supporting the blood vessel during cannulation. FIG. 5A illustrates a cross-

sectional view of a vessel and stent for cannulation. A stent (500) may be disposed in a blood

vessel (502) beneath the skin (506). When the stent (500) is located in a vessel (502) having

valves (504) (e.g., a peripheral vein), the stent (500) may be configured to hold open the

valves (504). FIG. 5A depicts a needle (516) being inserted into the skin (506), blood vessel

(502), and stent (500). In some variations, a stent (500) disposed in a vessel (502) may be

more palpable than the vessel (502) alone, and thus may assist in location of the vessel (502).

For example, when the skin (506) is palpated, the stent (500) may exhibit tympanic

characteristics that may help an operator define a vessel and determine an access site.

[0053] A stent may additionally or alternatively assist in location of the vessel by

allowing other forms of detection. For example, a stent detector may be used to locate the

stent and therefore locate the blood vessel in which the stent is disposed. In some variations,

a sensor of a stent detector may comprise a metal detector configured to detect a metal

content of a stent disposed in a blood vessel. For example, the stent detector may be swept

over a patient's skin. This may be useful where visualization and palpation of a vein is

difficult due to a thick layer of adipose tissue. An example is shown in FIG. 5B where a stent

detector (510) may be used to locate the stent (500), and therefore, the blood vessel (502) to

be cannulated. The stent detector (510) may, for example, generate a magnetic field (511)

used to detect a property of the stent (500) (e.g., metal). A display device (512) using one or

more LEDs in FIG. 5B may indicate that a weak return signal of the stent (500) has been



detected such that the stent detector (5 10) is near but not directly above the blood vessel

(502). For example, a single LED emitting red light may indicate that the stent is within a

peripheral sensor range of the stent detector. The color, intensity, pattern, etc. of the LED

may change as the stent signal changes.

[0054] As shown in FIG. 5C, as an operator moves the stent detector (510) over the

skin, the display (5 12) of the stent detector (510) may indicate that the stent detector (5 10)

and cannulator (514) are located above the blood vessel (502) and stent (500) in a desired

position for cannulation. For example, two LEDS may emit a green light that may indicate

that the stent is below the stent detector within a predetermined sensor range. In this manner,

the blood vessel (502) for cannulation may be located even through thick layers of adipose

tissue. In some variations, a needle (516) may be loaded in a lumen of the cannulator (514)

for advancement through the skin (506), blood vessel (502), and stent (500). These devices

and systems offer a non-invasive approach to determining a blood vessel location, having

improved procedural speed.

[0055] A stent may additionally or alternatively assist in cannulation by structurally

supporting the blood vessel during cannulation. For example, in some cases, cannulation of

an arterialized vein may collapse the vein due to insufficient blood pressure. However, a

stent disposed in a vein segment may increase the strength and stiffness of a portion of the

vein to withstand cannulation without vein collapse and/or back-walling of the needle.

Furthermore, cannulation of a vein may in some cases cause infiltration of the vein where

blood leaks out of the vein and causes swelling in the perivascular space (e.g., hematoma).

Infiltration may compress the vessel and cause an undesirable thrombosis. A stent disposed

in the blood vessel may increase the radial strength of the vessel to reduce the compressive

forces of cannulation and infiltration from closing the blood vessel shut.

B . Retrograde flow

[0056] The methods described herein may also increase retrograde blood flow

through a vein. Generally, the methods may comprise advancing one or more stents into

peripheral vasculature. The stent may be deployed into a vein segment to hold open one or

more valves. The stent may provide force on the venous valves to hold the leaflets of the

valves in an open configuration. As such, the stent may hold one or more venous valves to



frustrate the valves without cutting them. Furthermore, deployment of the stent may be faster

and simpler than use of a valvulotome. For instance, deployment of the stent in a vessel may

be performed without visualization (e.g., contrast injection) due to the symmetric and

repeating configuration of the stent. Moreover, the sidewalls of the stent may additively

increase the radial strength of the vein vessel walls, as described in more detail herein.

[0057] As mentioned above, use of a stent in venous tissue to frustrate one or more

venous valves may be performed in fewer steps than a valvulotomy. A valvulotomy

procedure to increase retrograde blood flow through a vein may require a user to visualize

and locate a valve (e.g., using contrast), unsheathe the valvulotome, cut the leaflets with the

valvulotome, resheath the valvulotome, and repeat the process for each valve to be cut. This

may be a time consuming process, as the location, size, and spacing of valves in peripheral

vasculature varies per individual. By contrast, a venous stent having a length sufficient to

cover a desired vein segment may be located and deployed once to hold a plurality of valves

in an open configuration irrespective of the location, size, and spacing of the valves. Put

another way, a venous stent may in some instances prevent valve function over a desired vein

segment in fewer steps and less time than a valvulotome. In addition, use of a venous stent to

frustrate valves may be reversible (i.e., the stent may be removed from the vein to regain

valve function), in contrast to a valvulotomy.

[0058] A length of a stent may be varied based on a desired length of retrograde

blood flow in the vessel. For example, a longer stent disposed in a vein segment will cover

and render incompetent a greater number of venous valves and thus allow for distal blood

flow along a greater length of the vein. It may be desirable for the distal portion of the stent

to have a minimal thickness and surface area necessary to hold open the venous valves.

[0059] In some variations, a stent may also increase retrograde blood flow through a

vein by forming a proximal thrombus. For example, a stent may be configured to form a

thrombus after being delivered to a vessel. Blood flow through the fistula may be thus be

diverted distally to flow retrograde through the vein at a predetermined rate (e.g., over a

week). A proximal portion of a stent may comprise, for example, copper to induce a

thrombus over time. In other variations, the proximal portion of the stent may be

electroplated, comprise a coating for inducing thrombosis, and/or be made of a thrombogenic



fiber. Alternatively, the proximal portion of the stent may comprise a semi-permeable or

impermeable membrane (e.g., cap, plug) to immediately reduce and/or eliminate proximal

venous blood flow back to the heart. A distal portion of the stent may be configured to

permit unobstructed blood flow through a lumen of the vein (e.g., by frustrating the venous

valves). The distal portion may in some variations be configured to prevent platelet

aggregation and maximize retrograde blood flow through the vein.

C . In conjunction with a fistula

[0060] The systems and methods described here may be used in some variations for

cannulation of a fistula, such as for dialysis access. In some variations, the methods may

comprise deploying a stent in conjunction with formation of an arteriovenous fistula to ease

cannulation of the fistula, and/or to allow for additional cannulation sites. The fistula may in

some variations be a surgically formed fistula. In other variations, the fistula may be formed

by a minimally invasive procedure. For example, the fistula may be formed endovascularly

using a catheter system as described herein.

[0061] More particularly, in some variations a fistula may be formed using a

minimally invasive procedure by accessing a first blood vessel with a first catheter, and

advancing the first catheter to a target location within a first blood vessel. A second blood

vessel may be accessed with a second catheter, and the second catheter may be advanced to a

target location within the second vessel. After the vessels are brought toward each other and

aligned, one or more fistula-forming elements may be activated to bore through, perforate, or

otherwise create a passageway between the two blood vessels such that blood may flow

directly between the two adjoining blood vessels.

[0062] In some variations of methods in which a fistula is formed using a catheter

system, the methods described herein may comprise aligning the first and second catheters.

This may axially and/or rotationally align the catheters. For example, the catheters may be

oriented such that a fistula-forming element of at least one of the first or second catheter is

positioned to form a fistula in a certain location. In variations where both the first and second

catheters comprise fistula-forming elements (e.g., an active electrode and aground electrode,

or each an active electrode), the catheters may be oriented to align these fistula-forming

elements. The catheters may be aligned in any suitable manner. The first and second



catheters may comprise any alignment element or combination of alignment elements. In

some variations, each of the first and second catheters may comprise one or more magnetic

alignment elements, which may generate an attractive force between the first and second

catheters. This may pull the catheters toward each other and/or help to rotationally align

them. Once the catheter or catheters are in position, one or more fistula-forming elements

may be used to create a fistula between the two blood vessels, as described in more detail in

U.S. Patent Application Serial No. 13/298,169, filed on November 16, 201 1, and titled

"DEVICES AND METHODS FOR FORMING A FISTULA," and U.S. Patent Application

Serial No. 15/406,755, filed on January 15, 2017, and titled "DEVICES AND METHODS

FOR FORMING A FISTULA," each of which was previously incorporated by reference in

its entirety.

[0063] The methods involving stents described herein may allow for easier

cannulation of a fistula, for example to allow for dialysis access, by assisting with locating

the access site and/or by structurally supporting the blood vessel during cannulation, as

described in more detail herein. Furthermore, the methods involving stents described herein

may allow for additional cannulation sites by allowing for retrograde flow. For example, a

venous stent may allow for cannulation in the forearm region of a patient. This may be

desirable because a vessel for vascular access in hemodialysis is ideally located about 5 mm

or less from the skin of the patient. However, some vessels, particularly in the upper arm,

may be too deep below the skin for palpation and/or visualization due to an underlying layer

of adipose tissue.

[0064] In some variations, the methods described herein may comprise forming a

fistula and deploying a stent in vein, such as a cephalic vein and/or basilic vein. Arterialized

blood flow may flow distally from the fistula and through the stent until meeting one or more

accessory branches, at which point a portion of the retrograde blood may flow proximally

through the one more accessory branches proximally towards the heart. Thus, the stent may

define or expand a cannulation region (e.g., vein segment) having arterialized retrograde

blood flow. In one particular variation, a stent as described herein may be deployed in the

cephalic vein to frustrate the venous valves and allow for retrograde flow from a fistula

distally. The stent may be placed distal to or through the region of the elbow crease and the

forearm until the cephalic vein meets the accessory cephalic vein. This may allow



cannulation of the cephalic vein in the forearm region. In this example, blood flow may

return proximally via the accessory cephalic vein. The stent may additionally assist with

cannulation in the forearm region by assisting with locating the vessel and structurally

supporting the vein, as described herein.

[0065] Additionally or alternatively, a portion of a stent located in a vein proximally

to a fistula may be used to form a thrombosis to drive arterial blood flow distally through the

vein. In some of these variations, a portion of the stent may cover the fistula, and blood flow

through the fistula may travel through the sidewall of the stent. The stent may form a

thrombus as described in more detail herein. For example, a proximal portion of the stent

may comprise copper to induce thrombus over time (e.g., a week). In other variations, the

proximal portion of the stent may be electroplated, comprise a coating for inducing

thrombosis, and/or be made of a thrombogenic fiber. Alternatively, the proximal portion of

the stent may comprise a semi-permeable or impermeable membrane (e.g., cap, plug) to

immediately reduce and/or eliminate proximal venous blood flow back to the heart. An

intermediate portion of the stent, disposed between a proximal portion and a distal portion,

may be disposed over a fistula and may be porous to permit blood flow from the fistula to

flow into the vein. A distal portion of the stent may be configured to permit unobstructed

blood flow through a lumen of the vein (e.g., by frustrating the venous valves).

D . Stent delivery

[0066] The methods described herein may also deliver one or more of the stents

described herein into a target vessel. Generally, the methods may comprise advancing and

deploying one or more stents into peripheral vasculature using a single catheter. The use of

the devices and systems described herein may be performed in fewer steps than using

conventional stent delivery systems. Typical stent delivery systems include a catheter

provided individually per stent. For example, a single stent is typically affixed to an end of a

catheter and covered by an outer sleeve during advancement through vasculature. Once the

stent is advanced to a desired location, the outer sleeve may be retracted so as to allow the

stent to expand (e.g., using self-expansion and/or balloon expansion) and deploy into a target

blood vessel. These systems using a catheter and sleeve are typically 6 French and greater in

diameter. Accordingly, deployment of a plurality of stents may be a time consuming process



that requires a set of corresponding delivery systems. By contrast, the stent delivery methods

and systems described herein provide an easily operated and adaptable catheter that may be

configured to deploy a plurality of stents sequentially without advancing and withdrawing

individual catheters. Put another way, one or more stents may in some instances be deployed

into one or more target blood vessel segments in fewer steps and less time than conventional

stent delivery systems. The stents may have different configurations and be loaded

sequentially together in the catheter. The stents may be configured with different

dimensions, characteristics, and functions. For example, stents configured for vessel support

may differ in one or more of materials, compressibility, detection, diameter, strut thickness,

etc., from stents configured for vessel visualization. In addition, the stent delivery catheters

described herein may have a compact configuration that allows advancement and deployment

of stents in small diameter vessels.

[0067] In some variations, one or more stents may be deployed using a minimally

invasive procedure by accessing a blood vessel with a catheter, and advancing the catheter to

a target location within the blood vessel. FIGS. 7A-7E show illustrative steps of a method for

delivering a stent (730). FIG. 7A illustrates a cross-sectional side view of a proximal end of a

stent delivery system (700) with a stent (730) in position to be inserted into a lumen of the

catheter (710). The stent (730) may be introduced into a proximal end of a catheter (710)

through a proximal adaptor (720). The system (700) may include a catheter (710) coupled to

the proximal adaptor (720). In some variations, the stent (730) may be biased to be in an

expanded configuration (as shown in FIG. 7A). FIGS. 7B and 7C are respective cross-

sectional side and perspective views of the stent (730) and a push wire (740) being introduced

into a proximal opening of the proximal adaptor (720). An inner diameter of the adaptor

(720) may taper to match the catheter (710) coupled to the adaptor (720). As the stent (730)

in an expanded configuration is introduced further into the adaptor (720), the inner diameter

of the adaptor (720) decreases and the diaphanous stent (730) may begin to transition from

the expanded configuration into a compressed configuration, thereby allowing the stent (730)

to be introduced into a proximal end of the catheter (710) and slidably advanced in the

compressed configuration. As the push wire (740) is introduced into the catheter (710), the

adaptor (720) may guide the push wire (740) into a lumen of the catheter (710). For ease of

illustration in FIGS. 7B and 7C, stent (730) and push wire (740) are shown as being



introduced together into the adaptor (720). However, one or more stents (730) may be

introduced sequentially into the catheter (7 10) prior to the push wire (740) such that a

proximal end of one of the stents (730) may abut a distal end of the push wire (740).

[0068] FIG. 7D illustrates a cross-sectional side view of a stent (730) in a compressed

configuration within a lumen of the catheter (7 10). The stents may have the same or different

configuration, so long as they may be disposed within a lumen of the catheter (7 10) in a

compressed configuration. In some variations, the catheter (7 10) may be loaded with one or

more stents (730) outside of the body. The push wire (740) may be advanced into the

catheter (7 10) and disposed proximal to the loaded stents (730). In other variations, the

catheter (7 10) may be introduced and advanced into vasculature in a minimally invasive

manner prior to loading the catheter (7 10) with one or more stents (730) and push wire (740).

Additionally or alternatively, a first set of stents may be introduced into the catheter (7 10)

prior to a minimally invasive procedure. After the deployment of the first set of stents in one

or more target vessels, the catheter (7 10) may be repositioned at a desired location, the push

wire (740) may be retracted from a proximal end of the catheter (71 0), and a second set of

stents may be introduced and loaded into the catheter (7 10).

[0069] Once a distal end of the catheter (7 10) is positioned at a predetermined

deployment location, the push wire (740) may be advanced within the catheter (71 0) to push

the one or more stents (730) out of the distal end of the catheter (7 10) and into the target

blood vessel. FIG. 7E is a perspective view of the catheter system (700) deploying a stent

from a distal end of the catheter (7 10). Although not shown in FIG. 7E, a distal end (e.g.,

distal tip) of the push wire (740) may contact and push a proximal end of the stent (730)

while the catheter (7 10) is stationary relative to the target blood vessel so as to advance the

stent (730) out of the catheter (7 10) and deploy the stent (730) in the target blood vessel.

Alternatively, the stent (730) may be advanced and deployed out of the catheter (7 10) by

retracting the catheter (71 0) while the push wire (740) is stationary relative to the target blood

vessel.

[0070] In some variations, the stent (730) disposed in the catheter (71 0) is in a

compressed configuration and transitions to an expanded configuration upon advancement

out of the catheter (7 10) and into the target blood vessel. For example, the stent (730) may



self-expand as the stent (730) is advanced into the target blood vessel having a larger

diameter lumen than that of the catheter (71 0). In other variations, a balloon may be used to

transition the stent into an expanded configuration through balloon inflation.

[0071] In variations in which a plurality of stents (730) are to be deployed, the stents

(730) may be deployed in a sequential manner by advancement of the push wire (740) and/or

retraction of the catheter (71 0). As one non-limiting example, a first stent may be deployed

in a first blood vessel (e.g., vein) portion by advancing the push wire (740) to push the first

stent out of the catheter (7 10) while the catheter (71 0) remains fixed relative to the first blood

vessel. The first stent may self-expand (e.g., bias to form the expanded configuration) once

disposed in the first blood vessel. The catheter (71 0) may be advanced through vasculature to

another predetermined location and then used to deploy a second stent in a second vein

portion by further advancing the push wire (740) to push the second stent out of the catheter

(71 0). A third stent may be deployed in the second vein portion by retracting the catheter

(71 0) relative to the second vein portion while maintaining the push wire (740) in position.

The second and third stents may self-expand once disposed in the target blood vessel.

[0072] 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 appended claims. Additionally, it should be understood that the

components and characteristics of the devices described herein may be used in any

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.



CLAIMS

We claim:

1. A method for cannulating a first vessel comprising:

advancing a stent into the first vessel comprising one or more valves;

deploying the stent over the one or more valves to hold open the one or more valves;

and

advancing a needle through a wall of the first vessel.

2 . The method of claim 1, wherein the needle is advanced through an aperture defined in a

wall of the stent.

3 . The method of claim 1, wherein the needle is advanced through the wall of the first vessel

distal to the stent.

4 . The method of claim 1, further comprising non-invasively detecting the stent location.

5 . The method of claim 4, further comprising positioning the needle over the first vessel

using the detected stent location.

6 . The method of claim 1, wherein the stent comprises first struts and second struts having

different thicknesses.

7 . The method of claim 1, wherein the first vessel is a cephalic vein.

8 . The method of claim 1, wherein the first vessel is a basilic vein.

9 . The method of claim 1, further comprising advancing a first catheter into an artery

adj acent to a vein, wherein the first catheter comprises a fistula-forming element, and

forming a fistula between the artery and the vein using the fistula-forming element.

10 . The method of claim 9, wherein the stent is deployed distal to the fistula.



11. The method of claim 9, wherein the artery is an ulnar artery and the vein is an ulnar

vein.

12. The method of claim 9, further comprising advancing a second catheter into the vein.

13. The method of claim 12, further comprising aligning the first catheter and the second

catheter.

14. The method of claim 1, further comprising loading one or more stents into a third

catheter, and deploying the one or more stents sequentially from the third catheter into the

first vessel by advancing a push wire through the third catheter.

15. A catheter system comprising:

a stent comprising one or more apertures, the stent configured to hold open one or

more venous valves and receive a needle through the one or more apertures; and

a first catheter comprising a fistula-forming element.

16. The system of claim 15, wherein the stent comprises first struts and second struts having

different thicknesses.

17. The system of claim 15, further comprising a second catheter comprising a push wire

configured to deploy one or more stents sequentially from a distal end of the second catheter.

18. The system of claim 15, wherein the fistula-forming element is an electrode.

19. The system of claim 15, wherein the needle is a cannula.

20. The system of claim 15, further comprising a stent detector coupled to a needle injector

coupled to the needle.
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