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DEVICE AND METHOD FOR ESTABLISHING AN ARTIFICIAL

ARTERIO-VENOUS FISTULA
FIELD OF THE INVENTION
[0002] The inventions described below relate to treatments for pulmonary hypertension and
vascular surgery.
BACKGROUND OF THE INVENTION
[0003] Chronic obstructive pulmonary disease (COPD), chronic hypoxia, hypertension, and left

ventricular hypertrophy and pulmonary hypertension are diseases of the cardiopulmonary system. Chronic
obstructive pulmonary disease (COPD), which includes chronic bronchitis and emphysema, is a slowly
progressive lung disease caused primarily by smoking. In COPD, the lungs are damaged and the airways
are partly obstructed, making it difficult to breath and leading to a gradual loss of lung function.
Symptoms of COPD mclude chronic cough, excessive sputum production, low blood oxygen levels and
severe chsabling shortness of breath. COPD represents the fourth leading cause of death in the United States.
Chronic hypoxia (reduction of oxygen. supply to the body despite adequate blood flow through the
body), hypertension, and left ventricular hypertrophy are related conditions which may be symptomatic
of COPD or coincident with COPD.

[0004] These serious conditions affect many people, and the primary treatments are

merely ameliorative. The primary treatments for COPD include avoidance of irritants such as tobacco
smoke and breathing supplemental oxygen. In advanced cases of COPD, lung reduction surgery is
sometimes performed, but it is not clear that it helps. There is no known cure for COPD.

[0005] An aortocaval fistula (ACF) is a rare chnical condition that can be either

spontaneous (80% of the cases), related to abdominal aortic aneurysm, or the result of
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some trauma such as lumbar disk surgery. It is currently seen as a defect that should be
cured with surgery and, possibly, stent-graft implanigtion in the sortn,

|0006]  Contrary to this understanding, an intentionally formed aortocaval fistula
appears to be a viable treatment for COPD. Recently, in U.S. Publication 2004-0249335
Al, entitled Implantable Arteriovenous Shunt Device and listing John L. Faul, Toshihiko
Nishirnura, Peter N. Kao & Ronald G. Pearl as inventors, we propose creation of an
artificial aortocaval fistule as a treatment for COPD, and we disclose the method of

creating the fistula and an implantable shunt for maintaining the aortocaval fistula.

[0007] Shunts or stents for connecting blood vessels have been proposed for the
treatment of coronary artery disease. Makower, Device, System And Method For
Interstitial Transvascular Intervention, U.S. Pat. No. 6,746,464 (Jun. 8, 2004) (filed Oct.
28, 1998) discloses a stent with a short tubular section spanning the thickness of a
coronary artery and an adjacent parallel coronary vein. This stent includes “clovers” on
either end of the stent, and these clovers fold radially outwardly (o obstruct movement of
the stent through the vessel walls. Two clovers on the proximal end of the stent are
orthogonal (relative to the eadial cross section of the stent) 1o two clovers on the distal end
of the stent, and the interconnecting wires are paraliel to the longitudinal axis of the

device,

SUMMARY OF THE INVENTION
|0008]  The devices and methods described below provide for treatment of COPD,
hypertension {e.g., pulmonary hypertension, cardiac hypertension, ete.), and left
ventricular hypertrophy, and chronic hypoxia. A vascular shunt rivet is disclosed which
serves to hold contiguous points of the patiant's aorta and inferior vena cava (or other
arteries and there associated veins, such as the femoral artery and fomoral vein, or the
carotid artery and the carotid veln) together and maintain an open flow path from the
gorta to the vena cava. The device functions as a rivet, holding the two vessel walls in
close proximity, and as a shunt, permitting and maintaining flow from one blood vessel to
the other. The device is implanted, between the aorta and inferior vena cava, as a
trentment for pulmonary hypertension, COPD and chranic hypoxia.
|0009]  The shunt rivet is provided in the form of an expandable wire frame strueture
adapted for transoutaneous delivery and deposit at the desired implantation site. The wire

Y
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frame structure may be compressed into a small diameter configuration to it within the
distal tip ot a delivery catheter. Upon expulsion from the catheter, the wwe frame
structure restliently or pseudoelastically expands into a flow-through rivet comprising a
tube with expanded heads at exther end. When the rivet 18 released within an artificial
fistula formed through the aorta and vena cava walls, it expands to trap the walls between
the two expanded heads. The tubular section between the two expanded head may
resiliently expand, and may alse be balloon-expanded or otherwise plastically deformed

to enlarge the How-through lumen of the tubular section.

BRIEF DESCRIPTION OF THE DRAWINGS
0010 FIG. 1 dlustrates the method of installing the shunt rnivet to ¢create and
maintain an artificial aortocaval histula.
(0011}  F1G. 2 dlustrates an aortocaval shunt rivet in s restrained condition,
10012} F1G. 3 illustrates the aortocaval shunt rivet of K. 2 1n a resthiently expanded
configuration.
0013 F1{. 4 15 a perspective view of the aortocaval shant nvet of FIGL. 2 n a
resihently expanded configuration.
{0014} FIG. 8 idlustrates the aortocaval shunt nvet of FiG. 2 in a fully expanded
configuration.
6015} F1(S., 6 through 11 illustrate the deployment of the gaortocaval shunt nivet of
FiG 2.
0016} F1G. 12 illustrates an aortocaval shunt rivet with asvmmetrically shaped distal
and proximal tlanges.
16017} FIG, 13 siustrates an aortocaval shunt rivet with asymmetnicaily shaped distal

and proximal flanges.

[3018] FIGS. 14, 15 and 16 illustrate an aortocaval shunt rivet with strut members
that form diamond-shaped cells in the central section upon expansion.

jBaist Kl

wired wrapped to form the device.

[6020]  KIGL 19 shows a detadd of the clinch member, tHlustrating radiopagque markers
on the shunt rivet.

0621 ] FIGH. 20 and 21 dlustrate a mandrel useful tor formung and traming/heat

setting the shunt nivets.
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0022}
biased to provide a pair of chnch members biased to close upon contiguous paraliel
portions of adjacent vessels while exerting shight pressure on circumferentially spaced
pomnts on the side walls of the adjacent blood vessels.

16023 FIG, 23 15 a side view of the shunt rivet 22 showmg the substantial closure of
longitudinally oriented clinch members.,

0024}  FIG, 24 13 a side view of the shunt rivet 22 showing the preferred angle of the
transversely orented clinch members relative to the axis of the device.

|6625] FI(. 25 15 a side view of the shunt rivet of FEG. 22 showing transversely
oriented chinches.

[6026] FI1(. 26 shows the shunt rivet of FIGS, 22 through 25 mistalied between an
arterv and a vein, tustrating the construction of the device relative to the environment of
Use.

00271 FI1G. 27 shows another vanation of shunt rivet which may include varying
lengths of the respective clinch members.

0028} F1{. 28 shows a partial cross-sectional view of another variation of a shunt
rivet as deploved having clinch members of differing lengths.

100291 FIG. 29 shows a top view of another varnation of a shant rivet having an
angled connector between the chinch members, which may also have differing lengths.
6030} F1G, 30 shows a partial cross-sectional view of yvet another vanation of a
shunt rivet having an angied connector which may also be tapered along s length.
(031} K1G. 31 shows a partial cross-sectional view of vet another vanation of &
shunt rivet having hinges or flanges between the clinch members and the connector to
adjust or change an gngle between the shunt rivet and the vessels,

00321  FIG. 32 shows a top view of another variation of a shunt rivet having one or
more break-away or frangible segments which may be integrated with the shunt rivet
along a periphery of the connector.

0033}

more plastically deformable sections which mayv be integrated along the periphery of the

CORNECLor.

[03:4] F1G. 34 shows a partial cross-sectional view of vet another variation of a
shant rivet having plastically deformabie, elastically deformable, or break-away segments
or portions along a length of the connector to adjust a length of the lumen through which

hiood 1s shunted.
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0035}
shunt rivet tustrating an example of an ordered sequence m which the clinch members
may be deplovyed.

0036} F1GS. 35B and 35C illustrate side views, respectively, of chinch members of a
shunt rivet being deployed entirely within a vessel.

6037 FIG. 36 shows a side view of ong vanation of an mstrument which may be
ased to adjust a length of the connector hanen.

[0038] F1G. 37 shows a side view of another vanation of an mstrument which may be
used to adjust an angle of the shunt rivet with respect 1o the vessels.

|3039] FIG. 38 shows side and end views, respectively, of another variation of an
mstrument baving an milatable batloon which may be used to adjust a cross-sectional
area of the shunt rivet to adjust the flow rate between the vessels.

16040} F1G. 39 shows a top view of a shunt rivet having an oval cross-sectional area
which may be optionally adjusted.

G041 ] FIG. 40 shows a top view of another shunt rivet having a rectangular ¢cross-

seotional area.

DETAILED DESCRIPTION OF THE INVENTION
0042} FIG. 1 illustrates the method of installing the shunt rivet to create and
mamntain an artificial aortocaval fistula. The patient 1 s shown with a dehivery catheter 2
mserted mto the eft femoral artery/external femoral artery 3L and pushed upwardiy
through the left common thiac arterv 4L to a point just above the aortic/thac hifurcation 1
the distal abdominatl aorta 8. The miferior vena cava 6 runs parallel to the aorta, and
rypically 18 conticuons with the gorta. As shown m the tlustration, the left femoral artery
provides a nearly straight pathway to a suitable site of the artificial aortocaval fistala 7
within the abdominal aorta (the night femoral vem 9R also provides a straight pathwav to
the same site on the vena cava side, and may be also be used as an access pathway). The
fistula 1s created by forming a small hole or shit through the walls of both the aorta and the
veng cava at immediately adjacent sites, and 1s maintained by inserting the shunt rivet 8
described below. The device may also be mmplanted via a route through the left femoral
vein 9L, or through the right femoral artery 3R and/or nght common tliac artery 4R,
though these pathways are not expected to be so veadily navigable. The shunt rivet may

also be mstalled m an arptficial arternio-venous fistula formed between the femoral vein
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and femoral artery on either side of the body, indicated as iems 10R and 106, or between
the ihac artery and the femoral vein, and at locations in the aorta above the renal arteries.
{0043 ] FI1G. 2 illustrates the gortocaval shunt nivet 8 in its restramed condition, while
configuratton. The shunt rivet may be formed from a smgle tube 11 of resibient maternial,
such as nitinol, spring steel, glass or carbon composites or polvmers, or pseudoelastic (at
body temperature} matersal such as nitinol or comparable alloys and polymers, by laser
cutting several ¢losed-ended slots 12 along the length of the tube {leaving the extreme
cdistat and proximal edges of the tube ntact) and cuttimg open-¢nded slots 13 from the
longitudinal center of the tube through the distal and proximal edges of the tube. The
open~ended slots ave cut between each pair of closed-end slots to form a namber of loops
t4 joined at the center section by waist segments 18, Though the shunt tivet tlustrated 1n
these figures can be made of several loops of wire welded together at the waist section,
and many other fabrication techiques, manufacture from a single tube as tustrated has
been convenient.

0044} After the tube s cut as described above, it 18 formed 1o #s eventual

turn radiatly ontwardly from the center section, and evert toward the center plane of the
center section, thus forming clinch members 16 in the form of arcuate, everted, petalowd
frames at either end of the loop, extendmg trom the generally tubular center section
formed by the waist segments 15, For clanty, the term everted 1s used here to mean that
the arc over which the petaloid frame runs 18 such that the mside surface of the device as
configured in FIG. 2 faces radially outwardly from the cylinder established by the tube.
FIG. 4 15 a perspective view of the shunt rivet in the resthently expanded configuration
tHustrated i FIG. 3, more clearly tlustrating the relationship between the several
petatoid frames at each end of the shunt nivet.

|0045] FI1G. 5 shows a side view of the aortocaval shunt rivet of FIG. 2 moa fully
expanded configuration. Even after the device has resiliently expanded to the extent
possible given 1ts impingement upon the walls of the aorta and the vena cava, the center
section may be further expanded by plastic deformation. This mav be accomplished by
nflating a balloon within the center section, inflating the balloon, and expanding the
center section bevond its elastic or superelastic detormation range. By plastically
deforming the center section of the shunt rivet, the center section becomes more nigid and

able to withstand the compressive force of the walls of the aorta and vena cava.

6
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[0046]  As illustrated, the construction provides several paus of longitudinally
opposed (that i, they bend to come nto close proxamity to each other, and perbaps but
not necessarily, touch) and aligned (they are disposed along the same longiudinal hine}
distal and proximal petaloids. Overall, the petaloid frames of the distal section form a
“coratla” {analogous to the corolia of a flower) flange or rivet clinch, which mmpinges on
the vena cava wall and prevents expuision into the aorta, and the petaloid frames of the
proximal section form a corolla, flange or rivet clineh (this clinch would be analogous to
a rivet head, but it 1s formed like the clinch after msertion of the rivet), which mmpinges
on the aorta wall and prevents the expulsion of the shunt nivet into the vena cava, and the
central section 17 forms a short length of riyd tubing to keep the fistula open. The
resilient apposition of the two distal and proximal flanges or corollas so formed will
securely hold the shunt rivet in place by resthiently clamping the walls of the aorta and
vena cava (even over g considerable range of wall thickness or “grip range™).

00471 Referring to FEIGH, 2 through §, the shunt rivet may be manufactured with an
overall mitial length L of about 8 to 10 mm 1o obtain a grip range G of about 3 mm (glven
a typical aortic wall thickness of 2 mm and a typeal infernior vena cava wall thickness of

| mim at the target site}, a clinch allowance C of at least about 3 mm {the clinch allowance

the formed head), a formed or blind head allowance A of about 10-16 mm {(we use the
tevm blimd head to refer to the distal head, which 18 the head that s tormed on the bhind
(in the restliently expanded configuration, prior to plastic deformation), a final shank
diameter D2 of 5-12 mum to create a flow through lumen of about 5-10 mm diameter. The
arip strength of the shunt nivet should provide for a shght compressive force exernted by
the opposing clinch members on the intervening blood vessel walls. Thus, the shant rivet
15 formed such that, in the resihentlv expanded configuration, produces a gnp strength m
the range of 0.1 to 1.5 oz (about 3 to 45 gram-force} per chinch member upon the
intervening blood vessels of the expected thickness.

0048} FIGS. 6 through 11 illustrate the method of releasmg the shunt rivet so that
the distal chinch members are released within the vena cava and the proximal clineh
members are released within the aorta. Prior to msertion of the delivery catheter, the
surgeon performing the maplantation will image the aorta and inferior vena cava with
appropriate fluoroscope, ultrasonic, or other imaging methods, and create a pilot hole in

the vessel walls wiath a crossing catheter. As shown in FEG. 6, the shunt nivet 1 housed

Al =
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within the distal tip of a delivery catheter 23, and i3 entirely restramed within the delivery

catheter. The del

wery catheter includes an outer sheath 24, a shatt 28 which i3
longitudinally shidable within the onter sheath, and a tapered or rounded tip 26 disposed
on the shaft. The tapersd may be mounted on a separate shaft, slidably disposed within
the shaft 25, so that it may be pushed through the prepared aperture while holding the
remainder of the device steady within the aorta. The distal edge of the outer sheath may
also be rounded or tapered, as shown. A distally facing shoulder 27 on the shaft, just
praximal to the shuat rivet, serves to keep the shunt rivet 1n place longitudinally as the
outer sheath s withdrawn, A guide wire lumen 28 may be provided in the shatt for use
with a gukde wire 29, and may extend to the proximal end of the shaft tor over-the-wire
operation or may exit the shaft joust proximal o the shunt nivet holding segment for
monorail gudewire operation, and other gutde wire configurations may aiso be used. A
batloon 30 may be disposed on the shaft {and a suitable balloon inflation lumen provided
1 the shaft, and a suttable intlation pressure source i fhuid communication with the
lumen).

|0049] As shown i FiG. 7, the distal tip of the dehivery catheter 1s pushed through a
small aperture m the walls of the aortz and vena cava (items 31 and 32) {the aperture 1s
made by the operator, using a separate or integral punch, needle or lance) to create the
artificial aortocaval fistula. After the distal tip has entered the vena cava, the outer sheath
15 pulled proxamally to release the distal petaloids, as shown m FIG, 8. After the distal
petaloids bave reverted to their unrestramed configuration, the entive device 18 pulied
proximallv to seat the distal petaloids against the toner wall of the vena cava. Prior to
complete release of the shunt rivet, the operator should confivm that its location 18
acceptable {(gny suttable maging technigque may be used). To gllow retraction i case the
shunt rivet must be repositioned, 8 hook 33 protrudes radsally from the shatt 28 and
passes through a loop of the shunt rivet. This traps and secures the shunt fivet within the
owter sheath 24 until the outer sheath 18 moved proximally o release the proxnmal clinch
members, so that the operator may pull the shunt nivet back into the outer sheath in case
its location, as visualized prior to complete release of the shunt rivet, 1s undesirable. Any
other retaming means, such as a restlient or spring-loaded detent, a retractable pawl which
engages a loop of the shunt rivet, of a retractable hook extending mwardly from the cuter
sheath, may be used in place of the ilustrated hook.

[0030]  Then the outer sheath 1s pulled further proximally to release the proximal

petatoids, as shown mn FIHG. 9. With the shunt rivet securely set in the artihicial fistula,



CA 02682592 2009-10-01
WO 2008/124314 PCT/US2008/058315

Upon withdrawal of the shaft, the shunt rivet remaing in place to hold the two pertorations
n the blood vessel wall in apposition to each other to maintain the fistula, and to mamntam
an open shunt pathway between the aorta and vena cava, as shown in FI1G. 11,

0051 The final form of the shunt rivet 15, according to the above description,
accompiished with the method that includes forming the generally tubular structure
having a central section with a first diameter, a proximal clinch section defined by one or
more clinch members, and a distal chinch section defined by one or more clinch members,
tratning the proximal and distal clinch members to make them resiliently biased to bend
radially outwardly from the central section; then resithiently compressing the tubular
structure to maintamn a genevally tubular shape and restraining the compressed tubular
structure 1 a compressed configuration suitable for percutaneous insertion into the body;
mserting the structure through apposing apertures in the aorta wall and vena cava wall of
a patient such that the distal chinch members protrude nto the vena cava of the patient and
the central section 18 disposed within the apertures; and then releasing the distal clinch
members to pernut vesthient expansion of the distal clinch members followed by
expandmyg the central section through plastic deformation to larger diameter and releasing
the proximial chinch members to permt resithient expansion of the proximal clinch
members {(the proximal clinch members may be released before or after expansion of the
central section),

(G052} The shunt rivet itlustrated above may be modified as shown m FIGS, 12 and
13, which show an aonocaval shunt rivet with asymmetrically shaped distal and proximal
flanges. In FIG. 12, the shunt rivet 358 15 similar to the shunt rivet of FIGS., 2 through 4,
and mcludes the central section, the distal flanee comprised of multiple petaloid wire-
frame members 16d, and the proximal flange comprised of multiple petaloid wire-frame
members 16p. In this embodument, the distal corolla 15 hom-shaped, “salverformy” or
“funneltonm” {as those terms are used in botany), with the petaloids arcing outwardly
without everting {without a substantial arc in the proximal direction}, while the proximal
corolia is pertanth-like, arcing ontwardly and everting with g substantial arc in the distal
direction. Each petalord 1s significantly reflexed, like the penanth of a narcissus
asymmetricatly shaped distat and proxymal tlanges. In FIG, 13, the proximal petaloids
are highly reflexed, and evert to torm pigtails with an arc of over 180° and preferably, as

tHustrated, an arc in excess of about 270°, such that the proximal petalowds bend radsaily
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iwardly toward the tips 36 to present a length of wire 37, rather than the tip of the

petatonds, for impmgement on the blood vessel wall, One or both of the distal or

I w

proximal petaloids/clinch members may be moditfied to form the pigtails ilustrated in

united by their margins, at least at the base, as in FEG. 2 et seq.). but they may also be
actinomorphic, though thev may be constructed in zvgomorphic fashion with
asynunetrical petaloids.

06531 FI1(GS, 14, 15 and 16 sHustrate an aortocaval shunt rivet 8 with diamond
shaped strut members in the central section. This shuat rivet provides a central section 17
with a sertes of expandable loops jomed by circumierentially oriented struts 38, FIG. 14
tHustrates a tube 1 with numerous slots cut into 1t to form the shunt nivet shown m FIG.
16, Slots 12 are closed-end slots, leaving a loop 14 extending from the central section 17
to form a chinch member cell 39, Slots 48 are open or closed-end slots extending from the
center of the device, leaving small circumferential struts 41 connecting adjacent cells of
the device. Slots 42 are open or closed-end slots extending from the center section of the
device, leaving larger waist sections 43 connecting the crrcumferential struts with
adiacent chinch member cells of the device. Slots 44 are closed-end slots extending
through the waist sectrons. As shown in FEG. 15, some waste area {segments mitended to
be removed) 46 shown m FEGe, 14 are cut away and discarded, leaving expandable waist
section cells 47 and clinch cells 39, interconnected by the cucumferential struts 38,
Though the device 1s tlustrated with three chinch members on each end, the number of
ciinch members formed 10 the shunt tivet mav be varied. The waist section cells and
chinch member ceils, can, as shown at 48, share struts which define contiguons cells. As
of the central section. The chinch member cells comprise petaloid cells which may be
described as lanceolate {(narrow and tapering to an apex (though the apex s preterably
blunt)), or ovate (having a broad base and narrow tip) rather than reniform or orbicular.
The tip of the petaloid 15 preferably obtuse, rounded or blunt, As can be appreciated from
K16, 16 the chinch members may also be deseribed as longitudmally extending wires
which connect the longitudinally tips of adjacent waist section cells.

16054 FIGH. 17 and 18 idlustrate an aortocaval shunt nivet 81 formed with a single
wired wrapped to form the device. In this device, a sigle wire has been wrapped around

a specially formed mandrel to form a manber of clinch members 82 on one end of the
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device and a number of clinch members 83 on the other end of the device. As illustrated,
each chnch member 15 slanted relative to the radius of the device, and the wires forming
the waist segment of the device are also obligue to the longitude of the device. As viewed
from the top, each cinch member comprises a substantially circular arc, and the wire

straight waist segment 54 where 1t runs substantially parailel to the long axis of the device
antil it arcs circamferentially away from the previous arc to form the clinch member on
the apposite end, whereafter it loops around o extend refrograde relative to the
crrcumference, forming waist segment 33 ranmng obliguely relative to the long axas, and
back toward the first end of the device until 1t curves again circumferentially forward 1o
form the loop of the next chinch member circomierentially adjacent the first loop and
longitudinally in hine with the immediate previousty formed chinch member on the
opposite end of the shunt rivet, and continues m this fashion until the entire tubular
structure of the device 15 achieved. In tracing s path, the wire may Cross over one or
more other portions of the wire.

6055} FIG, 19 shows a detadd of the chinch member, dlusirating radiopaque markers
on the shunt tivet. A radiopaque marker may be provided 1n the form of a radiopagque
rivet 61 disposed near the tip of the clinch member 16, or it may be provided in the form
of a wrapped coil of radiopaque wire or thread 62. The radiopague markers may be
comprised of platinum, mdiom, tantatum, bartum sulfate or other radiopaque matenals.
Simiar markers may also be apphed to the waist section. The marker matenial may also
be selected to enhance visibility under ultrasound mImaging, magnetic resonance IMagmg,
or other suttable maging techniques.

3056 FIGS. 20 and 21 dlustrate mandrels or dies usetul for forming and
tranung/heat setting the shunt rivets. As shovwn m FIG. 28, a two-part mandrel comprises
a distal mandrel portion 63 and a proximal mandrel portion 64. Each mandret 1s shaped
to correspond to the destred final shape of the shunt nivet and 1ts clinch members. The
mandrel portions are nserted mto the tube, after it has been cut, 30 as to deform the
device. Where the device is formed from a psendoelastic material that mwyst be heat set or
trained, the mandrels are dimensioned to deform the device to its desired open
configuration. Where the device 15 formed of spring steel or the hike, the mandrel 1s
dimensioned to bend the chinch members beyvond the desired final conhiguwration. Thus,

used to form quite stmilar shapes for devices made of mtinol and spring steel. The
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mandrel shapes may be modified as desired to aclieve various clinch member shapes,

0657}  The shunt rivet may be modified as shown in FIGS, 22 through 28, FI1G. 22
15 a perspective view of a shunt rivet 68 in which the clinch members are biased 10
provide pars of chinch members 66a and 66v biased to close upon contiguous paraliel
portions of adjacent vessels and a pair of clinch members 67a and 67v biased to exent
stight pressure, and establish slight comphance mismatch, on circumferentially spaced
pomts on the side walls of the adjacent blood vessels. Each ¢linch member 15 slit down
the center to allow radially expansion of the device through radial deformation of the
clinch member.

|BOSS8] F1€. 23 15 a side view of a shunt rivet of F1G, 22 showmg the substantial
closure of tongitudmatly ortented clinch membaers 66a and 66v. These clinch members
are formed to evert, such that the tips of opposing clinch members 66a and 66v are
closely proxunate each other when released (mn the expanded conhiguration shown). A
short segment at the distal tip of each clinch member 15 turmned away from the transverse
niidhne 68 of the device to form an atrawmnatic beaning surface for impingement on the
blood vessels walls. As illustrated, the chinch members 66a and 66v comprise a
continuousty tormed chp, with no imervening waist segment hetween the artertal portion
of the chip and the venous portion of the clip. The clip resembles a tool ¢hip, as that term
15 used m other arts. Preferably the chinch members making up the tool chp are joined
divectly together, without an intervening rectilimear base {though a rectihinear base may be
mcorporated if desired to accommodate the anatomy of the arteric-venous fistula m a
particular site}, to create a smoothly arcuate transition from the distal clinch member to
the proximal clinch member. FIG, 24 18 g side view of the shunt rivet 22 showing the
preferred angle of the transversely ortented clinch members 67a and 67v relative to the
axis 70 of the device. In this embodiment, the transversely onented chinch members 67a
and 67v {(both the near and far patrs are visible o this view) are set at a small angle from
axis 70. In the unrestramed configaration, the clinch members 67a on the artenal side of
the device {tvpically the first side of the device to be released from the catheter given the
preference for transvenous debivery) are inchined toward the upstream or retrograde
direction. Clinch members 67v on the venous side of the device are inclined toward the
upstream or retrograde divection within the vemin. This configuration faciiitates release of

the device from the small delivery catheter used o insert it into a fistula.
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the tension spring used 1 window frames, having an arcuate or bow shape, with the ends
arcing outwardly from the axial centerline 78 of the device and adapied to mmpinge upon
or exert force on the blood vessels and the middle of the arch adapted to exert force on the
remainder of the shunt rivet to which it is fixed), with no intervening waist segment
between the artenal portion of the tension spring and the venous portion of the tension
spring, and the tension spring formed to mpinge on the sidewall of the artery ot vein at a
pomt circumiferentially displaced from the center of the nivet without deformung the artery
and/or vein walls to bring the opposite tips 69a and 69v mto apposttion such as that
achieved by the tips of the weol chips. A short segment at the distal tip of each clinch
member 18 turned away from the axial centerline 78 of the device to form an atraumatic
bearmg surface for umpingement on the blood vessel walls.

0060} The device may thus be described, in thetr open and vnconstrained conditions,
as comprising two paraliel tool chips secured at thewr closed ends to two parallel tension
springs, at the nudpomts of the tension springs, (o create an orthogonal or crucHform
grouping of alternating spring clips and tension springs. Adopting the botanical language
used for other embodiments, each side of the device comprises a pair of petalotds arcing
outwardly from the axial centerhine of the device without everting {without a substantial
arc m the proxumal divection), and a pan of petaloids arcing outwardly and everting with a
substantial arc in the distal direction, with corresponding petaloid stractures being jomed
at thew proxmmal ends without an intervening waist seginent. Each petaloid 18 formed wm
an open frame V-shape. Though sllustrated with a patr of clips and a pawr of tension
springs, the device may be formed with additional tension springs or clips, as dictated by
the local anatomv of a particalar installation. In appropriate anatonucal conditions, the
device may comprise four clips in the tool clip configuration, or the comparable everting
petatoid patrs (in which all clinch members evert substantially to close upon the vessel
wall}, arranged orthogonally, where the tool chips are arranged n a circular arrangement
with the closed end of each clip being secured to the closed and of an adjacent clip, such
that the open end of each tool chip 18 directed outwardly from the circular arrangement.

The device may also include additional arcuate tension springs and/or tool clip portions,
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substantial spacing of the vessel contacting tips from the artenio-venous fistula,

(G061 ] F1G. 26 shows the shunt rivet of FIGS, 22 through 28 mnstalied between an
artery 71 and vein 72, i order to illustrate the construction of the device relative to the
environment of use. The tips of the “tool chip”™ portion of the device (66a and 66b) close
upon points in the respective vessels 73a and 73v which are longitudinally spaced
{relative to the blood vessels) from the arterio-venous fistula formed 1o which the device
1s placed. The pomts of impingement are significantly spaced from the fistula, as
tlustrated. The tips of the tenston spring portion (674 and 67v) of the device impinge on
cicumferentially spaced points 74a and 74v. As shown in F1G. 26, the circumferential
points of impingement are significantly spaced {rom the fistula. The circumierential
spacing is preterably 309 to 807, but may be adjusted to #if local anatomy. in this manner,
the shunt rivet avoids engagement of the blood vessels adjacent the fistula. As shown m
FIG. 26, the ulumate shape of the mstalled shunt rivet may vary from the unrestramed
shape due to the remaining constraint of the blood vessel walls, though the device 15
biased to resiliently or superelastically return to the unrestrained shapes of FIGS, 22
through 25, After installation, the shunt rivet holds the adjacent artery and ven together
and mamtams an open How path through opeming detimed by the roughly circular
arrangement of the clips and tension springs. Should the arrangement appear to be
somewhat squared or angular, peatagonal, hexagonal, etc., given the particular geometnes
of the various parts, it 1s intended that such departures from perfect circudar arrangenment
be included under the description of a circular arrangement.
10062 ] Yet another variation for the shunt rivet may include varving a length of the
respective chinch miembers. As ilustrated in the perspective view of Fig. 27, shunt rivet
80 may inchude the longitadinally ontented chinch members 81a, 81a” and 8iv, 81y’
positioned oppostie to one another and transversely onented clinch members 82a and 82v
positioned transverse relative to an axial centerhine of shunt rivet 88, as described above.
In this variation, chinch members 81a and 81v° may be sized to have a length which 3
less than clinch members 81a” and 81v, as described in further detail below. The
respective tengths of chinch members 8ia, 81v7 relative to 8187, 81v may be vanably
sized 1o maximize or optimize the stability of shunt river 8¢ with respect to the vessels
when deploved between adjacent vessels.
10063 ] Moreover, varyving the lengths of the respective clinch members mayv further

provide additional advantages. For mstance, the clinch members which are shortened i
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length may facilitate the posittoning and securement of the shunt rivet between the
vessels by allowing for the refattvely shorter member to swing mto position within the
vessel tnmen during deployment, as described in further detail below. Moreover, a
shorter member may provide for 2 mmimized implant size when placed against the vessel
mterior wall for securement as well as a mitigating any physigiogic reaction to the
nplant, e.g.. a reduction in thrombosis, eic. Additionally, clinch members which are
lengthened relative to other members may provide for increased shunt stabilitv by
increase the amount of force applied against the tissue walls.

|0064] Moreover, clinch members having ditterent tengths may additionally place the
adiacent vessels m tension such that the vessel walls are drawn towards one another and
the clinch members 81a, 81a" and 81v, 81v’ contact the vessel lunmunal walls to stabilize
not only the shunt rivet within the vessels but also the vessels with respect to one another.
Addtonally, baving one or more clinch members 81a, 81y’ sized to have a length shorter
than its respective apposed clinch member may also facilitate the deployment and/or
positiontng of the chinch members 81a, 81v” within the vessel since the shorter length
clinch members can move eastly “swing” through an arc within the vessel lumen without
contacting the mterior walls. Clinch members with differing lengths may further be
configured to align atong different planes when deploved to facilitate vessel separation, if
so desired.

[GO65] As above, each of the clinch members may be formed without an intervening
waist segment between the arterial portion of the shunt rivet 81a, 81a° and the venous
portion of the shunt rivet 81y, 81v'. As also previonsly described, the clinch members
may be jomed directly together, without an mtervening rectilinear base (though a
rectilinear bgse may be mcorporated 1f destred to accommodate the anatomy of the
arterio-venous fistula m a particalar site}, to create a smoothly arcuate trapsition from the
cdistal clinch member o the proxamal clhinch member.

| 1066} Aside from the variable length clinch wembers, shant nvet 80 may further
define one or more siots 83 along the length of the clinch members, such as at the
terminal ends of each clinch member. The one or more slots 83 may be formed or ¢cut,

e i, by a laser, to provade a region through which a radio-opaque marker or wire, such as
tantalum wire or any other radio-opague material as described herein, may be passed
through to faciitate imaging durmyg deployment. Shant rivet B8 may also turther include
an optional radio-opaque center markmg band about the center of rivet 80 to indicate the

center | .o, when viewed under fluoroscopy or any other imaging modahty.



CA 02682592 2009-10-01
WO 2008/124314 PCT/US2008/058315

Addionally, one or more of each chinch member may also optionally include a slot 84
detined along a length of the mdividuoal respective chinch member strats, as shown, to
further function as a stress-relieving slot.

0067 Although shunt rivet may be formed without an intervening waist member, it
may be aptionally mehuded. As shown in the ilustrative partial cross~sectional view of
Fig. 28, another vaniation of shunt rivet 93 may be seen deploved between two respective
vessels, artery 98 and vein 91, Clip connector 99 may extend between sets of clinch
mentbers 95, 96 and 97, 98 while defining lumen 94, Although the transverse clinch
members have been onutted trom the tllustration for clartty, they may be optionally
omitted from the shunt rivet entiraly, i so desived. In its deploved contiguration when
placed through fistela 92 defined between vessels 90, 91, hunen 94 may define a flow
path between the vessels, as described above. In this vanation, clinch members 96, 97 are
shortened in length relative to the lengths of clinch members 958, 98, The shortened
chinch members 96, 97 may be configured to be deploved on opposite ends of the shunt
rivet such that shortened clinch member 96 1s disposed within artery 90 while shortened
chinch member 97 15 disposed within vein 91 and extends m a direction opposite 1o that of

chinch member 96. Shortened clinch members 96, 97 may be sumilar in length and

0068}  Likewise, clinch member 95 may be disposed in artery 96 while clinch
member 98 15 disposed in vein 91 such that they extend tn opposing directions and ave
positioned oppostie to thew respective shartened chinch members. Like their shortened
counterpart members, clinch members 95, 98 mayv be similar m length and configuration
or they may also be varied in length relative to one another. Clinch members with
differimg lenpths may be utilized 1n any of the variations described herem in combination
with additional features, as described.

[0069]  In addition to having chinch members of different lengths, the connector
member self may be modified such that s extends between the respective chinch
members at an angle relative to a centerline of the shunt nivet, as dlustrated by angled
connector 100 in the top view of Fig. 29. The angled connector 108 may be configured
over a nwmber of vanous angles such that the blood flow between the vessels 98, 91
through angled connector 100 avoids a 90° tum,

| 0070} In vet another vartation, angled connector 110 may be further modified such
that the cross-section of the connector 1s tapered along s length, as shown n the partial

cross-sectionat view of Fig. 30, Accordingly, in addition to having clinch members of
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varicus lengths and an angled connector, the connector 118 and/or connector lumen 94
may be tapered or it may detine a non-constant cross~-sectional area along s length. For
mstance, the connector lumen 94 may be tapered such that the cross-sectional area
imcreases as the connector 110 extends from the arterial vessel 99 to the venous vessel 91,
as shown. Alternatively, the cross-sectional area may decrease as the connector 118
extends away from the arterial vessel 90.

[607E]  In vet a further variation, the shunt rivet may optionally include a hinge or
flange 111 connecting one or mare of the ¢linch members to the connectar 116, as shown
w Fig 310 Such a hinge or tlange may be adjusiable to change an angle at wluch
connector 110 extends between the clinch members and mayv utilize any number of
hinging mechanisms. For mstance, hinge or flange 111 may stmply comprise a
plastically deformable portion of the shunt rivet or 1t mayv be a mechanically hinged
mechanism, e.g., which provides for frictional engagement between the clinch members
and the connector 110 to mamtam s posttion yet also allows tor adjustiment. The hinge
or flange 111 may be adjusted prior to deploving the shunt rivet such that the clinch
members extend at thewr predetermined angle when deploved. Alternatively, hinge or
flange 111 mayv be adjusted during deployment or after the shunt rivet has been placed
between the vessels 90, 91 by using an milatable balloon instrument or other expandable
teol. In vet another alternative, the hinge or flange 111 may be adjusted both before
deployment and during or post deployment into the vessels. For example, post
deployviment adjustiments may be accomplished anvtme, e.g., within one hour of shunt
deployment, or alternatively m a subsequent procedure, e.g.. prior to or after thuty days
of deployment within a patient.

10072} Another variation may utihize one or more break-away or franeible segments
128 which may be integrated with the shunt rivet along a perphery of connector 99, as
iHustrated 1 the top view of Fig. 32, In this example, two break-away segments 120 may
be mntegrated on etther side of connector 99 such that when the shwat rivet has been
positionad or during positioning into the vessels, connector 99 may be adjusted in size,
e.g., by expanding the opening via a balloon mstrument, to allow for a greater How
through the shunt rivet. The break-away segments 120 may be comprised of a number of
different biocompatible materials which mav be dissolved tnto the blood or they may be
configured as opposmg portions of connector 99 which are overiapped or otherwise held

temporasily to one another.
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0073}  Alternatively, segments 128 may be compnised of plastically deformable
bands which break apart to adjust or allow for the adjustment of the cross-sectional area
of the connector 99. The adjustability of the connector cross-section may allow for the
shunt rivet to change from a circular cross-sectional area to an oval cross-sectional area.
in the same manner, the cross-sectional area may be changed from an oval area to a round
area. The adjustment of the cross-sectional area ntilizing the break-away segments 120
may be performed pre-implantation, during implantation, or post implantation of the
shunt rivet mto the vessels.

| 0074} Another varation 1s shown @ the top view of a shunt rivet in Fig, 33 winch
utilizes one or more plastically detormable sections 130 which may be integrated along
the periphery of connector 99, As shown, the plastically deformable sections 130 may be
plastically deformed. e.g., via an mflatable balloon, either prior to, duting, or post
deployment to adjust the ¢cross-sectional areg of connector 99, Muoreover, plastically
detormable sections 138 may be integrated mnto connectar 99 such that when connector
99 is expanded or deformed, sections 138 plastically deform and retain their deformed
configuration when a defornung force 1s removed.

[075)  Aside from vanations m adjusting the cross~sectional flow area of the shunt
rivets, other optional variattons may be meomporated in any of the shunt rivets described
herem. For mstance, Fig. 34 shows a partial cross-sectional side view of yvet another
variation which may utilhize plastically deformable, elastically deformable, or break-away
segments or portions 140 along a tength of connector 110 to adjust a length of the lumen
through which blood s shunted. The portions 140 mav be utilized along a length of
comnector 110 to allow for adjustment of the distance between the vessels 96, 91 and they
may be utilized with a connector length which i uniform m diameter or which 1s tapered
or narrowed, as described above.

[8076]  In utilhzing a shunt rivet having ditferent clinch member lengths, shorter
length clhinch members can more easity “swing” through an arc witlhun the vessel lumen
without contacting the interior walls, as mentioned above. Accordingly, such a shunt
rivet may be mmplanted such that the clinch members are deploved 1n an ordered
sequence. In one examiple, once a needle has been passed through the tissue wall to cross
between vessels 99, 91, poidewire 30 may be advanced intravascularly through the negdle
which may then be removed leaving guidewire 30 passing through vessels 99, 91, Shatt
25 andfor outer sheath 24 may be advanced through vessel 90 over or along gudewire 30

1o follow gwidewire 30 mto vessel 91, as shown m Fig. 35A. Shatft 25, desenbed above,
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may be fabricated with a stuffened tp, such as polyvinude, to facilitate crossing between
vessels. Once property positioned within vessel 91, outer sheath 24 may be pulied
proximally while tracking its distal end visually via a marker band 152 until clinch
mentber 98 1s first released from the constramts of outer sheath 24 and allowed to
reconfigure msell mto s angled configuration, relative to a longitudinal axis of the shunt
rivet, The individual clinch members of the shunt rivet may be optionally retamed via
anchoring pins 183 integrated with shaft 28 which may hold the chinch members in place
as outer sheath 24 1s retracted. These anchormg pins 153 may also serve 1o prevent or
[t the motion of the shunt nivet wselt until cuter sheath 24 has been fully retracted.
This particular configuration may be utihized m situations where a chinician may wish to
re-sheath the shunt rivet, e g, for abandomng a procedure or {for repostiioming the shont
rrvet, ete.

10077} With outer sheath 24 pulled further proxumally, shortened chinch member 97
may be subsequently released. With 1ts shortened length, relative to clinch member 98,
clinch member 97 may fully deploy and arc 151 entirely within vessel 91 withowt
mterfering or contactimg the distal region of the vessel wall until clinch member 97 comes
mito contact against the proximal region of the vessel wall, With clinch members 97, 98
fully deploved withun vessel 91, outer sheath 24 may be further withdrawn relative to
shaft 25 to subseqguently release shortened clinch member 96, which may then arc 150
entirely within adjacent vessel 99 to contact the tissue surrosnding the fistuia,
Subsequently, outer sheath 24 may be fully retracted to release clinch member 95 to allow
If fo come into contact agamst the tssue wall within vessel 98, thereby fully deploving the
shunt rivet between vessels 98, 91, The shunt rivet may be partially deploved from shaft
23 and optionally removed and/or re-positioned and re-deployed elsewhere within the
body

[B078]  Another example 13 tHustrated m Figs. 358 and 33C, winch flustrate side
views of clinch members of a shwnt rivet being deployed entirely witlhin a vessel. Ag
shown i Fig. 358, once the assembly has been advanced intravascularly through vessel
98, ¢.¢., an artery, and the needle and guidewwre advanced from within vessel 90 and into
adjacent vessel 91, e.g., a vein, shaft 28 carrving the shunt rivet may be advanced at least
partially from outer sheath 24 (alternatively, cuter sheath 24 may be retracted relative to
shaft 28) to expose the transversely onented clinch members 154, 156 and the chinch
members 97, 98 for expansion and/or reconfiguration within vessel 91, As shown, clinch

member 97 may recontigure from a low profile configuration where chinch member 97 15
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positioned to extend distally along shaft 28 duning delivery to a configuration where
member 97 swings proximally withim vessel 91, as shown, to a securement configuration.
(00791 One or more members can be deploved and by advancing the outer sheath 24
(andfor retracting shafl 28 relative to outer sheath 24}, the members can be recaptured and
at least partially re-sheathed to allow for removal and/or repositioning of the shunt rivet.
Once destrably reposttioned, the clinch members may be tully deploved mto position.
G080} Az further Hhustrated mn this example, the lengthened clinch member 98 may
engage against the vessel wall within vessel 91 during deplovment. I excessive pull
force 15 apphied to the shunt nivet, member 98 can deform and stratghten while deflected
by the walls of vessel 91, as illustrated by deformed tissue 158, so as to prevent or inhibit
damage to the surrounding tissue. A climscian can visually assess, e.g., via fluoroscopy or
ultrasound, the wall-to-shunt engagement by gaugmg the amount of deflection indicated
by the lengthened clinch member 98. Along with the tactile feedback perceived by the
clinician, the visual indication of the chinch member detormation may further aid in
confirming suitable shunt rivet positioning.

[0O81} {nce the position of the shunt rivet has been contirmed within vessel 91,
chinch member 98 mayv be fully deploved and chinel member 97 may be tully deployed to
swing proximaily o 1s securement position within vessel 91, as shown m Fig. 35
The remamng clinch members may be subsequently released from outer sheath 24 and
shaft 285 to be deployed within vessel 96

[B082] In dehivermg and configuring the shunt rivets described above, additional
debiverv mstruments mav be atihized to facilitate adjustment of the shunt rivets to a
desirable configuration. For instance, adjusting the cross-sectional area of the connector
portion of the shunt rivet or adjusting g length of the connector lumen between the clinch
menmbers, or adpusting an angle of the shunt rivet and clinch members with vespect to the
vessel lumens, ete., may be accomplished with istruments as shown in Figs. 36 to 38,

| H0R3] Fig. 36 silustrates one vanation of an instrument 160 which may be used to
adjust a fength of the connector lumen. Instroment 160 may generally comprise an outer
sheath 161 having an inflatable balloon or expandable member 162 disposed around a
cdistal portion of the sheath 161, inner shding core 163, upon which the shunt rivet may
be disposed upon or over, may be shdingly disposed within outer sheath 161 and may
aiso have an inilatable balloon or expandable member 164 also disposed around a distal
portion of core 163, As mentioned above, with the shunt rivet disposed upon sliding core

163 intlatable members 162, 164 may be expanded to temporarily engage the respective
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chinch members to lengthen or extend the connector length between the clinch members
of the shunt rivet, e, to accomunodate vessel separation distances, either prnior to,
during, or post implantation of the shunt rivet within the vessels. Alternatively, with
members 162, 164 expanded, the connector length may be shortened between the clinch
members.

084 ] The ability 10 adjust the length of the connector may allow for not only
accommodating for the distance between the vessels, but also to “fine~tune™ a flow rate of
the blood through the shunt rivet 1o achieve a desired therapeutic result and/or to mitigate
any side effects of the fistula. Moreover, although the adjustiment to the shunt nivet may
be done intra-operatively i vive, adiustments may also be performed prior o insertion
within the patient body. Moreover, an electromic or mechanical gauge or mavkers {such
as visual markings or radio-opaque markers) may be integrated with the instrument 166 o
provide feedback to the user as to the length that the shunt rivet 1s shortened or
lengthened.

LHILRY: An example of another tnstroment which mayv be used 1o adjust an angle of the
shunt rivet with respect to the vessels 18 shown g, 37, As above, an moer shiding core
163 may be transiatably positioned within outer sheath 161, A pullwire 165 may have a
fixation pomt 166 near or at a distal end of sheath 161 and may be routed through outer
sheath 161 and articnlated 169 to adjust an angle of outer sheath 161 with respect to a
longiudinal axis of sheath 161, Likewise, mner core 163 may also have 3 separate
pullwire 167 with a fixation point 168 near or at a distal end of mmer core 163 to adjust
1697 115 angle with respect 1o a longitudimal axis of inner core 163. Shdmng core 163 and
outer sheath 161 may both be articulated independently of one another to create muliiple
bendding configurations. In this manner, a shunt rivet disposed within outer sheath 161
and/or upon shiding core 163 may be bent or curved mto various configurations by the
forces mparted upon the shunt rivet fo adjust its angle with respect to the chinch members
and vessels.

[0086]  Such an mstrument may be utilized to adjust not only an angle of, e.g.,
connectors between the chinch members, but also the hinge or flange 111 as well as other
portions of the shunt rivet vanations described herein. Moreover, the mstrument may be
utilized to plastically deform the portions of the shunt nivet. One or more radio-opaque
markers may be mcluded on the mstrument to visaally mdicate an angle of the

.

instrument. An additional and/or alternative vanation may further include an mstrument

21



CA 02682592 2009-10-01
WO 2008/124314 PCT/US2008/058315

aﬂj usting anglﬁsﬁ. distances, etc., of the shunt rivet. The shunt rivet may also be _;:;3} astically

changes,. Additi(}ﬁaﬁ}f} the mstrement may further include a mechanical or electronic
gauge to indicate the degree of force imparted on the shunt rivet as well as relaying other
mtormation during or post deployment.

|08 7] Yet another feature of a deplovment instrument i3 shown in the partial cross-
seciional side and end views, respectively, in Fig. 38, As shown, infiatable end effector
P70 may mclede an nflation balloon 173 m fhuid communication with an inflation fnmen
172 which is disposed near or at a distal end of a delivery shaft 171, A shant rivet may be
disposed proximate to, upon, or distal to nflation balloon 173 1 its deflated state tor
delivery into the vessels. Prior to, during, or post deployment of the shunt nivet into the

vessels, milation balloon173 may be inflated {0 adjust a cross-sectionat area of the shunt

J‘u

rivet to adjust the flow rate between the vessels, e.g., up to 5 mm or more diameter and as
described above 1n the shunt rivet variations. Inflation balloon 173 may be configured to
have a cireunlar cross-sectional area such that expansion within the shunt rivet may adjust
the shunt to have a corresponding circular cross~sectional area. Alternative varations of
the mflation balloon 173 may wclude balloons havimg non~circular cross sections, e.g.,
such as an oval cross section with adjustable major and/or minor axes, as shown in the

end view of Fig. 38, to optionally adjust a shunt rivet cross section accordingly. Other
non-cireular cross-sectional areas mayv be utihized, e.g., polvaon, trapezoid, irangle,
rhombus, rectangle, square, parallelogram, etc., to optimize a flow through the fistula and
to vary or optimize an effective flow diameter through the shunt rivet and between the
interconnected vessais.

G088 Fig. 39 iHustrates a top view of a shumt rivet having an example of an oval
cross-sectional area 180, which may be optionally adjusted via the one or more
mstruments above. Another non-circular cross-sectional area s tlustrated 1n Fig. ),
which shows a top view of a shunt rivet having a rectangular cross-sectional area 181, Ag
mentioned, other non-circular cross-sectional areas {2.g., polvgon, trapezoid, triangle,
rhombus, rectangle, square, paralielogram, et¢.} may be utilized to optimize flow
conditions and/or therapeutic resuits tor unplantation between the vessels, as desired.
G089} The devices described above mav be pmvided with coming;gs or additional
coatings, additional drug eluting strut members, drug eluting membranes s‘urrmmding the

central section or drug clating masses filling the cells of the device may be added 1o the
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devices. For the aortocaval application and the arterio-venous application, therapeutic
agents such as heparmn and other anti-coagulants and pachitaxol, rapamycm {(Sirolumis™),
everolimus and other anti-stenotic compounds can be applied to the stent in polvmer
matrices which permit elution of these drugs over a pertod of time ranging from several
hours to severat months after implantation. Polymers such as polvurethane can be used as
the matrix.

G090 While the preferred embodiments of the devices and methods have been
described in reference to the envirenment in which they were developed, they are merely
Hlustrative of the principies of the mventions. Modihication or combmnations of the
above-described assemblies, other embodiments, configurations, and methods for
carrving out the mvention, and vanations of aspects of the invention that are obvious to

those of skill in the art are intended to be within the scope of the claims.
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CLAIMS:

1. An intravascular connector, comprising:

a first pair of clinch members comprising a first member and an apposed second
member;

a second pair of clinch members opposite from the first pair of clinch members and
comprising a first member and an apposed second member;

wherein the first and second pairs of clinch members has a deployed configuration
longitudinally disposed relative to contiguous portions of a first vessel and a second vessel
such that the first and second pairs of clinch members are biased to close upon contiguous
parallel portions of the first and second vessels,

wherein the-first member of the first and second pair of clinch members each have a
length less than each second member of the first and second pair of clinch members such that
each first member is deployed on opposite ends of the connector within the first and second
vessels, respectively, and each individual clinch member is deployable sequentially in a
predetermined order within the first vessel and second vessel, and

wherein each first member is sized to arc entirely within each respective vessel into its

deployed position when each second member contacts each respective vessel wall.

2. The connector of claim 1 further comprising at least a third pair of clinch members
having a deployed configuration transverse to the first and second pairs such that the third pair

of clinch members are biased to exert a nominal pressure on circumferentially spaced points

on side walls of the first and second vessels.

3. The connector of claim 1, wherein each second member of the first and second pair of
clinch members are deployed on opposite ends of the connector within first and second

vessels, respectively.

4, The connector of claim 1 further comprising a clip connector extending between the
first and second pair of clinch members and defining a lumen therethrough fluidly coupling

the first and second vessels.
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5. The connector of claim 4, wherein the clip connector 1s angled relative to a centerline

of the connector.

6. The connector of claim 4, wherein the clip connector defines a tapered cross-sectional

area along its length.

7. The connector of claim 4, wherein the clip connector is angled relative to a centerline

of the connector and defines a tapered cross-sectional area along its length.

8. The connector of claim 4 further comprising at least one deformable segment along a

length of the clip connector.

0. The connector of claim 1 further comprising a hinge or flange between clinch

members.

10.  The connector of claim 1 further comprising at least one break-away or frangible

segment along a periphery of the connector,

11.  The connector of claim 1 further comprising at least one deformable segment along a

periphery of the connector.

12. The connector of claim 1 further comprising a delivery instrument having an outer
sheath and an inner shaft slidable within the outer sheath such that the connector is deployable

from within the outer sheath.

13.  The connector of claim 12 further comprising an inflatable member near or at a distal

end of the outer sheath and/or inner shaft.
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14. The connector of claim 12, wherein the outer sheath and/or inner shaft are
articulatable.
15.  The connector of claim 12, wherein the delivery instrument further comprises an

inflatable balloon thereupon.

16. The connector of claim 15, wherein the balloon defines a circular cross-sectional area

when inflated.

17. The connector of claim 15, wherein the balloon defines a non-circular cross-sectional

area when 1nflated.

18. The connector of claim 1, wherein the first and second pairs of clinch members are
biased to evert such that a distal portion of each apposed member is proximate to one another

when released in its deployed configuration.

19.  The connector of claim 1, wherein a distal portion of each apposed clinch member 1s

configured to form an atraumatic bearing surface therebetween for impingement on the first

and second vessels.

20.  The connector of claim 1, wherein the first and second pairs of clinch members

comprise a continuously formed clip absent an intervening waist segment.

21. The connector of claim 1, wherein the first vessel comprises an artery.
22.  The connector of claim 1, wherein the second vessel comprises a vein.
23.  The connector of claim 2, wherein the third pair of clinch members each define a

distal portion which 1s spaced apart from one another in the deployed configuration.
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24.  The connector of claim 2, wherein the third pair of clinch members comprise a

continuously formed clip absent an intervening waist segment.

25.  The connector of claim 1 further comprising a therapeutic drug coating or membrane

at least partially covering the connector.
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