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Description

CROSS REFERENCE RELATED APPLICATIONS

[0001] This Patent Application claims priority to and
the benefit of Provisional Patent Application Serial No.
61/381,655, entitled VASCULAR ACCESS FISTULA
DEVICE, filed September 10,2010.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention relates to anastomotic and blood
access devices more specifically to vascular access fis-
tulas and side-branch devices.

Discussion of the Related Art

[0003] In the United States alone, approximately
400,000 people have end- stage renal disease requiring
chronic hemodialysis. Hemodialysis replaces kidney
function by removing toxins from the blood that are nor-
mally removed by healthy kidneys. In order to remove
toxins effectively, blood must be passed at a high blood
flow rate through a hemodialysis machine. This high
blood flow is best achieved by the creation of a permanent
vascular access site that includes an arteriovenous (AV)
anastomosis in which a vein is attached to an artery to
form a high-flow shunt or fistula, commonly referred to
as an AV fistula. AV fistulas are widely preferred for use
in connection with hemodialysis vascular access based
on their superior patency, low complication rates, lower
cost to the healthcare system, and decreased risk of pa-
tient mortality.
[0004] In creating an AV fistula, typically, a vein is di-
rectly attached to an artery, and then six to eight weeks
from the time of attachment is usually required for the
fistula to sufficiently mature, i.e. to provide adequate
blood flow, to be cannulated for dialysis, etc. Fistula mat-
uration requires a compliant and responsive vasculature
capable of dilating in response to the increased velocity
of blood flowing into
the newly created low-resistance circuit. Failure to ma-
ture of new fistulas remains a major obstacle to increas-
ing the proportion of dialysis patients with fistulas.
[0005] In addition, waiting for a fistula to mature expos-
es those patients in need of more immediate dialysis to
increased risk, because a less-desirable temporary ac-
cess device may be employed. Typically, this temporary
access device is a catheter, to be inserted for hemodial-
ysis access until the fistula has matured. The use of a
temporary catheter access exposes the patient to addi-
tional risk of bleeding and infection, as well as discomfort,
and is associated with a 91% higher mortality rate com-
pared to fistulas. In trying to increase the prevalence of
fistulas in the U.S., a proportional rise in catheter use has
been documented.

[0006] Moreover, some people are less than ideal can-
didates for a fistula. For example, if the vascular system
is greatly compromised, a fistula may not be attempted
because the implantation may require an invasive surgi-
cal procedure that causes trauma to vessel walls and
thus, is too risky for those with a weakened vasculature.
In addition, AV fistula may not be feasible in all patients
due to anatomical considerations.
[0007] US patent application US 2008/109069 (Cole-
man et al.) relates to methods and and devices for ap-
plying retrograde perfusion of blood at various locations
within the body. In certain exemplary embodiments, the
methods and devices are particularly useful during open
or translumenal surgical approaches to apply long-term
retrograde perfusion of the myocardium, the neurosys-
tem, or a periphery, such as the arm or leg, thereby treat-
ing various medical conditions, such as coronary artery
disease, stroke, renal failure, etc. A described embodi-
ment provides a graft, which can be used to create an
arteriovenous fistula within the arm or leg region. The
graft includes a conduit having a first end with an expand-
able anchor formed thereon and a second end that ex-
tends into the transverse venous sinus (figure 29) or the
subclavian vein(figure 30). The flow rate and pressure at
which arterialized blood is delivered into the subclavian
vein can be regulated by the configuration of the graft.
This device and method of use for retrograde perfusion
of a periphery, such as the arm, results in dilation and
maturation of the veins of the arm providing vascular ac-
cess sites along the extremity. Removal of a patient’s
blood in order to pass it through a dialysis machine and
return it at a more first site via another dilated vein on the
same limb, which has formed as a result of arterialization
of the venous system on that limb, is possible as a result
of placement of the device creating an arteriovenous fis-
tula.
[0008] Accordingly, there is a need for AV fistulas ex-
hibiting the ability to improve the maturation rates of AV
fistulas, reduce the instances of AV fistula failure, and
minimize the extent of vessel trauma during implantation
and thereafter.

SUMMARY OF THE INVENTION

[0009] The invention is defined by the features of claim
1. The methods disclosed in the description do not form
part of the claimed subject matter.
[0010] A vascular access fistula device has a generally
continuous conduit to allow blood flow between an artery
and a vein having inner walls after a deployment of the
device in a body. The fistula device has an arterial seg-
ment that extends into the artery after deployment. The
fistula device has a venous segment that extends into
the vein after deployment. The fistula device further has
a body that extends longitudinally between the arterial
segment and the venous segment. The fistula device in-
cludes a first flange that extends outwardly from the ar-
terial segment. The first flange mechanically engages an
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arterial wall upon deployment of the fistula device to se-
cure the fistula device to the artery. The fistula device
also includes a compliant support formed on the venous
segment that expands outwardly toward the inner walls
of the vein. The compliant support is flexible and gener-
ally compliant to minimize radial distension of the vein
after deployment of the venous segment in the vein. In
an exemplary embodiment, the compliant support may
be configured to reduce or block retrograde blood flow.
[0011] According to another aspect of the invention, a
sidewall port device comprises dual flanges and is cou-
pled to a conduit wherein the dual flanges engage an
aperture in a vascular wall. Each flange of the dual flang-
es extends radially outwardly with respect to the aperture
in the vascular wall. The flanges mechanically engage
both luminal and abluminal surfaces of the arterial wall
for fixedly securing the stent graft to the vascular wall
and generally creating an end-to-side sutureless anas-
tomosis.
[0012] According to another aspect of the invention, a
stent graft comprises a sidewall port device having dual
flanges for coupling the stent graft to a surgically made
aperture in a vascular wall or another stent device. Ac-
cording to another aspect of the invention, a stent graft
includes a single flange for coupling a conduit through
an aperture in a vascular wall and/or the wall of another
stent device. A single flange extends generally radially
outwardly from an end of the stent graft and resides in
proximity to the luminal wall of vessel and/or stent device
upon deployment. The single flange mechanically en-
gages the luminal wall and may be held in place against
the vessel wall by fluid pressure and/or an interference
fit. The single flange portion reduces the effect of necrosis
of the vessel by reducing the pinch force of the vessel
wall.
[0013] According to another aspect of the invention, a
vascular access fistula device may comprise a conduit
to allow blood flow between two vessels, such as an ar-
tery and a vein, and a flow frame connected thereto or
integral with a conduit configured to allow downstream
perfusion in addition to transmural flow. Stated different-
ly, the flow frame, which may be comprised of any struc-
ture or material (e.g., whether metallic or polymeric), may
be configured to not obstruct flow through the native con-
duit or vessel. In this regard, the flow frame may comprise
a branched conduit, an elbow conduit, a stent, a stent
graft, a modified stent graft to have a window cutout or
bare stent area, a siphon, a conduit occupying only a
portion of the luminal cross-section of a vessel, a whisk,
a floating whisk, and the like.
[0014] Another aspect of the invention comprises a fis-
tula device having a conduit and two flow frames, such
as two whisks, wherein a whisk is projecting from each
end of the conduit and is configured to be surgically or
percutaneously implanted, and further, may be percuta-
neously maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with
the description serve to explain the principles of the in-
vention.

FIG. 1 (a) illustrates a perspective view of an exem-
plary fistula device comprising a sidewall port device;
FIG. 1 (b) illustrates a perspective view of an exem-
plary fistula device comprising a flow frame;
FIG. 2(a) illustrates a longitudinal view an exemplary
fistula device shown deployed and coupled to an ar-
tery and vein, which are shown cut-away to show
portions of the device;
FIG. 2(b) illustrates a side view of an exemplary side-
wall port device connected to an exemplary conduit
in an uncompressed state;
FIG. 2(c) illustrates a side view of a double-flanged
end of an exemplary sidewall port device, as viewed
in a plane generally orthogonal to the direction of
blood flow through the artery;
FIG. 2(d) illustrates a perspective view of a double-
flanged end of an exemplary sidewall port device;
FIGS. 3(a) to 3(e) illustrate perspective views of var-
ious exemplary conduits;
FIGS. 4(a) to 4(d) illustrate perspective views of var-
ious exemplary compliant supports;
FIG. 5(a) illustrates perspective views of exemplary
flow frames comprising conduits;
FIG. 5(b) illustrates a perspective view of an exem-
plary flow frame comprising a siphon conduit;
FIG. 6(a) illustrates a side view of an exemplary fis-
tula device comprising two exemplary whisks;
FIG. 6(b) illustrates exemplary floating whisks and a
side view of an exemplary floating whisk positioned
in a vessel; and
FIGS. 7(a) to 7(c) illustrate an exemplary method of
percutaneous delivery of a fistula device.

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS

[0016] Persons skilled in the art will readily appreciate
that various aspects of the present invention may be re-
alized by any number of methods and apparatuses con-
figured to perform the intended functions. Stated differ-
ently, other methods and apparatuses may be incorpo-
rated herein to perform the intended functions. It should
also be noted that the accompanying drawing figures re-
ferred to herein are not all drawn to scale, but may be
exaggerated to illustrate various aspects of the present
invention, and in that regard, the drawing figures should
not be construed as limiting.
[0017] Although the present invention may be de-
scribed in connection with various principles and beliefs,
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the present invention should not be bound by theory. For
example, the present invention is described herein in
connection with anastomosis, such as vascular access
fistula devices, in the context of hemodialysis in particu-
lar. However, the present invention may be applied to-
ward any conduit connecting devices or methods of sim-
ilar structure and/or function, e.g. in aortic side-branch
applications. Furthermore, the present invention may be
applied in nonvascular applications and even non-bio-
logic and/or non-medical applications.
[0018] Exemplary embodiments of the present inven-
tion are directed toward devices and methods for use in
anastomosis, and more specifically toward devices and
methods for creating new or reinforcing existing side-
branch vessels, and/or bridging neighboring vessels to-
gether. One aspect of the present invention is directed
toward sidewall ports and/or flow frame designs for pur-
poses of creating transmural flow through an aperture in
the sidewall of a vessel or stent device. Another aspect
of the present invention is directed toward compliant ves-
sel supports to aid in the transition from device to vessel
and/or vessel to device, and to promote vessel dilation.
In combination, the present invention is directed toward
fistula designs modified with sidewall ports, flow frame
designs, and/or compliant vessel supports that can be
variously selected, interchanged and connected in any
combination and configuration to facilitate an anastomot-
ic outcome.
[0019] In particular, exemplary embodiments of the
present invention are directed toward arteriovenous fis-
tula (AV fistula) designs. Exemplary AV fistula designs
may improve fistula circuit maturity rates such that the
fistula may be immediately cannulateable and self-seal-
ing and thereby, eliminate the need for a temporary cath-
eter. Exemplary AV fistula designs may reduce the oc-
currence of stenosis or restenosis while promoting nor-
mal vein dilation. Similarly, exemplary AV fistula designs
are sutureless and minimize pressure on vessel walls,
thereby making the placement and presence of the de-
vice less traumatic to a vessel.
[0020] Another exemplary embodiment of the present
invention is directed toward aortic side-branch devices
configured to engage an aortic stent-graft wall.
[0021] A fistula device, in accordance with the present
invention, is a device configured to connect a first vessel
to a second vessel to facilitate flow, e.g., transmural flow.
As used in the context of aortic side-branches, a first
vessel may comprise an aorta and a second vessel may
comprise an aortic side branch. As used in the context
of AV fistulas, a first vessel may comprise an artery, and
a second vessel may comprise a vein. An AV fistula may
direct blood flow from the artery to the vein through a
conduit so that the blood pressure at the venous end of
the fistula may be sufficient for hemodialysis.
[0022] The above examples serve as illustrations of
exemplary configurations and these exemplary configu-
rations are used throughout to explain the present inven-
tion. However, the present invention contemplates any

vessel-to-vessel configuration, vasculature or otherwise,
including but not limited to artery-to-vein, vein-to-artery,
main branch-to-side branch, and side branch-to-main
branch. As such, arterial and venous references are used
as a means of explanation and should not be used to
limit the scope of the present invention.
[0023] A fistula device, in accordance with the present
invention, may be implanted surgically or percutaneous-
ly, e.g., endovascularly or otherwise. In addition, a fistula
device, in accordance with the present invention, may be
endovascularly maintained. For a percutaneously im-
plantable embodiment, a fistula device may comprise a
compressed configuration and an expanded configura-
tion. Moreover, the fistula device may be self-expanda-
ble.
[0024] A fistula device, in accordance with the present
invention, may comprise any number of the elements se-
lected from the following-sidewall ports, flow frame de-
signs, compliant vessel supports, and conduits-which
can be variously selected, interchanged and connected
in any combination and configuration to facilitate an anas-
tomotic outcome. Furthermore, each of the elements may
be configured to radially expand and contract with its host
vessel(s) in an effort to more closely match the compli-
ance of the vessel(s).
[0025] Now with reference to FIG. 1(a), in accordance
with an exemplary embodiment, a fistula device 100 may
comprise a sidewall port device 120 coupled to the end
portion of and co-luminal with a conduit 110 to create a
branched system. Conduit 110 comprises a tubular com-
ponent configured to transport a fluid. Conduit 110 may
be configured to create a new conduit, e.g. a bridging
conduit, connecting two vessels and/or provide support
to a preexisting vessel proximate a junction. A distal por-
tion 111 of conduit 110 may be modified to aid in the
transition from device 100 to a vessel, a vessel to device
100 or may be modified to have a compliant support 113
attached thereto to promote vessel dilation.
[0026] A sidewall port device 120 is a device config-
ured to join two conduits at an angle to create or reinforce
a junction of a branched vessel system and/or a bridged
vessel system. (Both conduit modifications, bridged and
branched systems, are referred to herein as a branched
system.) As such, sidewall port device 120 creates a sub-
stantially annular seal with the sidewall of a vessel so
that a fluid, such as blood flowing through a vessel, does
not leak from the branched system. For example, side-
wall port device 120 may comprise a single-flanged or
double-flanged device configured to extend radially with
respect to an aperture in a vessel wall.
[0027] In lieu of or in addition to sidewall port 120, with
reference to FIG. 1(b), a fistula device 100 may comprise
conduit 110 having a proximal portion 112 configured to
allow to allow downstream perfusion in addition to trans-
mural flow. For example, conduit 110 may be modified
to extend through a first vessel and an aperture in the
vessel wall and have a flow frame locatable in the lumen
of the first vessel.
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[0028] In an exemplary embodiment, with reference to
FIG. 2(a), a fistula device 200 comprises an arterial seg-
ment 201, body segment 202, and a venous segment
203 having opposite proximal 212 and distal 211 por-
tions. Fistula device 200 includes a generally continuous
conduit 210 (the path of which is illustrated by the dotted
axis line) that extends between the proximal 212 and
distal 211 portions to allow blood flow (as indicated by
the arrows) between an artery A and a vein V after a
deployment of fistula device 200 in a body of a patient.
Upon deployment, arterial segment 201 extends through
a fenestration in the artery A. The fenestration may be
created surgically or percutaneously, e.g., endovascu-
larly or otherwise. Upon deployment, venous segment
203 extends through a fenestration formed in the vein V.
Body 202 extends longitudinally between arterial seg-
ment 201 and venous segment 203. Conduit 210 extends
through each of the arterial 201, venous 203 and body
202 segments of fistula device 200.
[0029] An alternative to fistula device 200 extending
through an aperture may comprise one end of a cut ves-
sel repositioned over fistula device 200, such that the cut
vessel and fistula device 200 connect, e.g., end to end
or overlapping. In this embodiment, the other end would
be ligated or otherwise closed off.
[0030] Conduit 210 comprises a tubular component
configured to transport a fluid. Conduit 210 may comprise
a prosthetic or biological material. A tubular component
comprises a biocompatible material, whether polymeric
or metallic, which can be varied or used in combination
to obtain desired support or flexibility properties. A tubular
component may be rigid or very flexible and bendable.
Similarly, a rigid conduit 210 may comprise a straight or
angled configuration as is required by the desired con-
figuration. Conduit 210 when bent, twisted or torqued
may be structurally and/or materially configured to do so
without kinking. Conduit 210 may also be configured to
be length adjustable.
[0031] Conduit 210 may also be configured such that
the diameter can be customizeable and/or variable such
as that disclosed in U.S. Patent No. 6,336,937 to Vonesh
et al. For example, conduit 210 may be deployed at a
first diameter, expanded to a second diameter, and en-
larged by application of a distensive force, such as
through use of a balloon dilatation catheter or via con-
trolled creep processes engineered into conduit 210, to
variable third diametrical dimensions to fit the dimensions
of the vessel or adjust to changing dimension of the ves-
sel.
[0032] For example, with reference to FIG. 3(a), con-
duit 310 may utilize a bendable or flexible tube design
having reduced-diameter sections or indentations 314
that define individual segments 315. Indentations 314
allow the tube to be bent or contorted along a tight curve
by elongating on the "outside" of the curve and compress-
ing on the "inside" of the curve. The segments 315 also
have an increased radial strength to allow the lumen de-
fined by the tube to remain open when severely bent/dis-

torted during placement and deployment in tortuous anat-
omy. Adjustability may be achieved by the selective semi-
densification of indentation 314 of the tube. Under ten-
sion (provided by the implanting clinician) semi-densified
indentation 314 will lengthen, thereby allowing the clinical
benefit of tailoring the length of fistula device at time of
implant.
[0033] In another embodiment, with reference to FIG.
3(b), conduit 310 may comprise graft walls 318, such as
those made from a thin polymeric material like ePTFE,
and/or a stent 3 9. Stent 319 may comprise any config-
uration to achieve the preferred amount of bendability
and support. For example, stent 319 may comprise a
series of wire ring stents or a helical, multi-turn stent
which are attached to the graft walls 318 by a film (not
shown). The ring or helical turned frame of stent 319 may
further comprise undulations (as depicted in FIG. 3(b))
wherein the film only partially covers the wire undulations.
This configuration allows conduit 310 to bend within 360
degrees without kinking and improves the conformability
of the device to the vessel wall and the ability to traverse
through aperture 325.
[0034] Another conduit 310, with reference to FIG. 3(c),
may comprise a thin, "wispy" tube design such as that
disclosed in United States Patent No. 5,800,522 In this
embodiment, conduit 310 may
circumferentially distend from its initial circumference up-
on the application of a circumferentially distending force
such as applied by an internal pressure, and which ex-
hibits minimal recoil following the removal of the circum-
ferentially distending force. As such, conduit 310 may
comprise a second circumference larger than the initial
circumference that remains substantially unchanged by
further increasing force once it is achieved. A clinician
simply trimming the tail of the tube to a desired length
may achieve adjustability.
[0035] Alternatively, with reference to FIG. 3(d) and
3(e), conduit 310 may comprise a tubular member that
(i) terminates at a junction with a neighboring element
and/or (ii) connects end to end with a vessel. In this em-
bodiment, a tubular member may be more rigid and less
bendable than the conduit embodiments previously de-
scribed because conduit 310 is not required to conform
to and/or extend through vessels A or V. Conduit 310
may be straight or bent at a preferred angle or curvature
suitable for the desired configuration. In an exemplary
embodiment, conduit 310 comprises a polymeric mate-
rial such as ePTFE, and optionally, may comprise, bio-
degradable material, such as a polyglycolide-co-
primethylene carbonate (PGA:TMC) or other similar.
[0036] With reference to FIG 3(d) and 3(e), conduit 310
may optionally comprise a suture retention ring 360 at a
proximal and/or distal end. Suture retention ring 360 may
comprise a densified area or an area otherwise rein-
forced so that an end of a vessel or an aperture in a
vessel wall may fit about conduit 310 and be connected
thereto in any suitable manner, e.g., by clamping, tying,
or suturing the vessel to conduit 310.
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[0037] Referring back to FIG. 2(a), conduit 210 may
comprise a compliant support 213. Compliant support
213 is configured to radially expand and contract with its
host vessel in an effort to more closely match the com-
pliance of the vessel. For example, compliant support
213 may be formed within venous segment 203 and ex-
pand outwardly (e.g., in a flared configuration) from distal
portion 211 of fistula device 200 toward inner walls of the
vein V. Compliant support 213 may also be formed within
arterial segment 201 or any other area where compliancy
is desired or beneficial. Compliant support 213 comprises
any flexible structure that once deployed is generally
compliant to minimize radial distension of a vessel. In the
instance of a percutaneously deployable fistula device
200, compliant support 213 may comprise a compressed
configuration and an expanded configuration, and may
further have a self-expanding (elastic) or plastic config-
uration.
[0038] Compliant support 213 may have a generally
tapered, bell or frusto-conical shape in an uncompressed
state. (Exemplary embodiments of compliant support
413 are illustrated in FIGS. 4(a) to 4(d).) For example,
compliant support 213 comprises a tapered, bell or frus-
to-conical frame. The frame of compliant support 213
comprises any biocompatible material, such as Nitinol,
that can make a compliant and flexible frame. The frame
of compliant support 213 may be formed of metallic or
polymeric filament or cut from tubing or both. A filament
in turn, may be formed into a closed ended braided de-
sign, a criss-cross or over-lapping design, an undulating
series of rings or helix, or any other design, which creates
a compliant support 213.
[0039] Compliant support 213 may be integral with or
fixedly secured to fistula device 200 by any suitable
mechanism. For example, annular band 217 may secure
compliant support 213 to fistula device 200. Annular band
217 may be formed from a flexible film, such as ePTFE.
In one embodiment, compliant support 213 is spaced
apart from distal portion 212 and coupled thereto solely
by the annular band 217. Alternatively or in addition, com-
pliant support 213 may be fixedly secured, for example
by welding or suturing to fistula device 200 that forms a
part of the venous segment 203.
[0040] While not required, compliant support 213 may
comprise a flexible film lining, such as ePTFE. In an ex-
emplary embodiment, the flexible film lining may be con-
figured to reduce or block retrograde blood flow. Further,
a film lining may enhance or improve cellular in-growth
or biocompatibility.
[0041] Compliant support 213 may be any configura-
tion that exerts slight, but constant pressure on the vein
V. This constant pressure will cause vascular remodeling
to occur over time, resulting in eventual dilation of the
vein. This dilation may have an upper limit set by com-
pliant support 213. Once remodeling has ceased, com-
pliant support 213 will allow diametrical fluctuation as de-
termined by blood pressure. It is known that changes
between systole and diastole, use of medication, and

physical exertion all affect blood pressure. Compliant
support 213 is configured to radially expand and contract
with its host vessel in an effort to more closely match the
compliance of the vessel and thereby reduce late outflow
stenosis. It should be appreciated that this feature of fis-
tula device 200 could be applied to other regions of mam-
malian anatomy also with enhanced benefit. Other ve-
nous applications are possible, as well as increased ef-
ficacy of arterial, esophageal and intestinal devices can
be realized.
[0042] In an exemplary embodiment, fistula device 200
comprises sidewall port device 220 in the arterial seg-
ment 201 coupled to or integral with conduit 210. For
example, sidewall port device 220 may comprise a first
flange 221, which extends generally radially and gener-
ally defines an aperture 225. Upon deployment of fistula
device 200, first flange 221 engages an arterial wall to
secure fistula device 200 to the artery A. The outer pe-
ripheral dimension of flange 221 may range from being
only slightly up to substantially larger than aperture 225.
In an exemplary embodiment, with reference to FIG. 2(b),
first flange 221 may be configured so arterial pressure
may press flange 221 against the arterial wall in order to
engage the wall. In addition, first flange 221 may also
comprise at least one anchor 226, e.g. a hook or the like,
to engage the arterial wall. It should be noted that while
not required, sidewall port device 220 may further option-
ally comprise a second flange 222, as also shown in FIG.
2(a).
[0043] By way of further example, and with reference
to FIG. 2(c) and FIG. 2(d), sidewall port device 220 may
comprise a first flange 221 and second flange 222, both
which extend generally radially and generally define an
aperture 225. The second flange 222 is axially spaced
apart from the first flange 221 to receive a portion of a
vessel wall there-between upon deployment, such that
the first 221 and second 222 flanges are configured to
mechanically engage opposite luminal and abluminal
surfaces "a1" and "a2" of the vessel wall to secure the
sidewall port device 220 and/or a fistula device to the
vessel wall.
[0044] Flange 221, 222, whether a single or dual con-
figuration, may comprise a lattice 223 (FIG. 2(a)) that is
self-expanding or self-setting. For example, lattice 223
may radially and outwardly bias the flanges 221, 222 to-
ward an outer peripheral dimension that is larger than
that of aperture 225. When a tension force is applied,
flanges 221, 222 elongate to a reduced profile, but when
the tension force is removed, built-in bias of lattice 223
facilities flanges regaining their neutral, outer peripheral
dimension. For example, lattice 223 may comprise a gen-
erally diamond-shaped, petal-like pattern, or any other
flexible configuration that can be elongated to reduce its
profile and retract back to its neutral, flanged configura-
tion upon relaxation of a tension force. Such reduced
profile facilitates a percutaneous placement.
[0045] Lattice 223 may be formed from either a single
filament or a plurality of filaments. The filaments may
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comprise a Nitinol, Elgiloy or other suitable biocompatible
metals or polymers. The cross-section of the filaments
may be round, square, rectangular, oval, polygonal, or
other geometric shape. Lattice 223 may be covered or
lined in with a flexible polymeric film, such as an expand-
ed polytetrafluorethylene (ePTFE) film. In FIGS. 2(a)
through 2(d), both multiple and single filament lattice
structures are depicted, but the desired sutureless anas-
tomosis may be achieved with a formed laser-cut tube
as well.
[0046] Although a self-expanding lattice is preferred
(due to implant site proximity to the skin surface and risk
of accidental or inadvertent external compression),
flange 221, 222 may comprise any collared or rimmed
structure that can be fixedly secured to a vessel wall
about aperture 225-whether comprised of filament(s),
molded feature(s), or otherwise-such as a plastically de-
formable flange structure as illustrated in FIG. 3(d).
[0047] In an exemplary embodiment, with reference to
FIG. 2(c), sidewall port device 220 may comprise first
flange 221 and/or second flange 222 formed from a tube
224 comprising lattice 223 inverted onto itself to form an
inner tube disposed coaxially within an outer tube. Flang-
es 221, 222 may be formed along the outer tube. The
inner and outer tubes transition at an outer peripheral
edge of the first flange. In an exemplary embodiment,
tube may further extend from sidewall port device 220 to
function as a stent graft, or alternatively a stent graft may
be coupled to the sidewall port device 220. However,
sidewall port device 220 need not be configured from a
tube. Sidewall port 220 comprises any structure having
a first flange 221, which extends generally radially and
generally defines an aperture 225 and is configured to
engage an arterial wall.
[0048] It should be readily appreciated that the sidewall
port device, e.g., the anchored single flange and dual
flanges, and the flow frame described below can be uti-
lized for anchoring and sealing other endoluminal devic-
es, such as stent grafts, in other areas of the vascular
system and other bodily conduits, such as aortic side
branches, coronary bypass grafts, artificial gastrointes-
tinal stomas and the like. A stent graft according to an
alternative embodiment includes dual flanges for cou-
pling the stent graft through a clinically made aperture in
a vascular wall or wall of another prosthesis. Each flange
of the dual flanges extends radially outwardly with re-
spect to the aperture. Each flange mechanically engages
generally opposite sides of the wall surrounding an ap-
erture for fixedly securing the stent graft to the wall. In
another embodiment, a stent graft includes a single
flange for coupling the stent graft through an aperture in
a wall. The single flange extends generally radially out-
wardly from an end of the graft and resides in proximity
to the luminal wall of the artery upon deployment. The
single flange mechanically engages the luminal wall and
is held in place against the wall by vessel pressure and/or
interference fit. The single flange portion reduces the ef-
fect of necrosis of the vessel by reducing the pinch force

of the vessel wall.
[0049] Now with reference to FIG. 5(a) to 5(b), in an
exemplary embodiment, fistula 500 comprises a flexible
conduit 510, as described above, and a flow frame 530
in arterial segment 501. Fistula 500 may further comprise
a compliant support 513, as described above, in venous
segment 503.
[0050] Flow frame 530 is configured to span at least a
portion of the lumen of a vessel proximate the aperture
when deployed. Flow frame 530 is usually configured to
allow to allow downstream perfusion in addition to trans-
mural flow. Similarly, the present invention contemplates
flow frame 530 alternatively configured to block or reduce
retrograde blood flow. A portion of flow frame 530 may
extend through an aperture in a vasculature wall or pros-
thetic device.
[0051] Flow frame 530 may comprise a compressed
configuration and an expanded configuration. Moreover,
flow frame 530 may be self-expanding.
[0052] For example, flow frame 530 may comprise a
portion of conduit 510 comprising stent 519 as describe
above with a portion of graft material 518 in the area of
an elbow or bend in conduit cut-away, i.e. bare stent 519,
to allow downstream perfusion in addition to transmural
flow. Graft material 518 may terminate in any fashion to
reveal bare stent 519; e.g., graft 518 may terminate at a
straight or angled cut to reveal bare stent 519 or be a
cutout of any shape and size proximate aperture 525.
Other exemplary embodiments of flow frame 530 may
comprise a bifurcated branch or a conduit window or
opening of any shape locatable at an elbow or bend in
conduit 510.
[0053] Alternatively, with reference to FIG. 5(b), flow
frame 530 may comprise a siphon conduit 570 that oc-
cupies only a portion of the luminal cross-section of a
vessel to allow downstream perfusion in addition to trans-
mural flow. Siphon conduit 570 comprises an inlet 571
sized so as to allow sufficient flow into the diverted seg-
ment yet still allow for sufficient downstream perfusion
(e.g., in the context of AV fistulas, to minimize the chance
of Steal Syndrome).
[0054] Alternatively, with reference to FIG. 6(a), flow
frame 630 may comprise whisk 631. Whisk 631 compris-
es any framework 632 configured to span at least a por-
tion of a lumen proximate an aperture when deployed to
allow to allow downstream perfusion in addition to trans-
mural flow, For example, framework 632 may comprise
any open structure which when deployed does not block
or significantly obstruct flow through the native conduit,
e.g. rib(s) or a crisscross structure. Whisk 631 may have
a generally curved profile at points of contact to minimize
any vessel wall trauma thereabout. Whisk 631 may be
composed of any biocompatible material, whether poly-
meric, metallic or combinations thereof, e.g., ePTFE
and/or Nitinol, and may be formed of ribs or interwo-
ven/interconnected bands or cut from tubing or both.
[0055] Whisk 631 may comprise a compressed con-
figuration and an expanded configuration. Moreover,
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whisk 631 may be self-expanding.
[0056] Whisk 631 may be configured to allow or re-
direct normal blood flow, or reduce or block retrograde
blood flow. For example, framework 632 may be partially
covered with film 634 and at least partially spanning a
lumen cross-section to reduce or block flow. Similarly,
whisk 631 may be configured to minimize fluid turbu-
lence, or alternatively to increase fluid turbulence. For
example, ribs may comprise a bladed profile that when
deployed are positioned in a manner to reduce turbu-
lence.
[0057] Whisk 631 may be configured to seal a vessel
wall puncture site. For example, whisk 631 may comprise
a cap 633 on distal end that when deployed presses
against vessel wall opposite aperture 625. A puncture on
vessel wall generally opposite aperture 625 would then
be sealed by cap. Cap 633 may be further imbibed with
a therapeutic agent, such as a localized clotting agent or
antibiotic, to further promote sealing and/or improve rate
of healing.
[0058] Whisk 631 may be integral with or fixedly se-
cured to conduit 610, as described above, by any suitable
mechanism. For example, an annular band, as described
above, may secure whisk 631 to conduit 610. Annular
band is formed from a flexible film or tape, such as eP-
TFE. Alternatively or in addition, whisk 631 may be fixedly
secured, for example by welding or suturing to conduit
610.
[0059] Whisk 631 may exert slight, but constant pres-
sure on a vessel. This constant pressure will cause vas-
cular remodeling to occur over time, resulting in eventual
dilation of the vessel. This dilation will have an upper limit
set by whisk 631. Once remodeling has ceased, whisk
631 may allow diametrical fluctuation as determined by
blood pressure. It is known that changes between systole
and diastole, use of medication and physical exertion all
effect blood pressure. Whisk 631 may be configured to
radially expand and contract with its host vessel in an
effort to more closely match the compliance of the host
vessel and thereby reduce late outflow stenosis.
[0060] In an exemplary embodiment, fistula device 600
may comprise conduit 610, a first whisk 631 and a second
whisk 635, wherein first whisk 631 is projecting from one
end of conduit 610 and the second whisk 635 is projecting
from the other end. At least one whisk 631, 635 may
comprise cap 633 to seal a puncture site created to per-
cutaneously deploy fistula device 600. Fistula device 600
may be self-expandable.
[0061] With reference to FIG. 6(b), whisk 631, as de-
scribed above, may also be configured to function as a
"floating" whisk 631 to span a portion of, or the entire
cross-section of a lumen or aperture. Floating whisk 631
can be positioned anywhere within the lumen of a vessel,
fistula device, or prosthetic device, through an aperture
or otherwise, for purposes of providing structural support,
i.e., holding an aperture or vascular walls open to prevent
collapse. Floating whisk 631 may be surgically or en-
dovascularly removable if desired.

[0062] The present invention also contemplates meth-
ods for implanting surgically or percutaneously a fistula
device as described herein, as well as method of per-
forming maintenance endovascularly on a previously im-
planted fistula device. In exemplary embodiments, the
present invention provides for a mature fistula which may
be characterized as (i) having at least a 4 mm, more
preferably at least a 6mm diameter, (ii) being less than
8 mm, more preferably less than 6mm from the skin sur-
face, and/or (iii) facilitating 400 mL/min of blood flow,
more preferably 600 mL/min of blood flow.
[0063] For example, an exemplary method of delivery
may comprise the steps of passing a first catheter through
a first vessel wherein the first catheter comprises a side
port and ramp to radially direct a flexible piercing device,
second catheter; or other elongate member though the
sideport. An exemplary piercing device may comprise a
continuous lumen there through.
[0064] The next step in an exemplary method of deliv-
ery may comprise passing the piercing device through
the lumen of the first catheter; piercing the sidewall of
the first vessel and piercing the sidewall a second vessel
with the piercing device; and entering lumen sufficiently
to so that a guidewire may enter the lumen of a second
vessel as it exits the distal tip of the piercing device. In
an exemplary embodiment, the next step may comprise
passing a fistula device as described herein, which may
be loaded onto a catheter over the guidewire into a de-
sired position for deployment. For example, with regard
to an AV fistula, the desired portion may comprise a prox-
imal portion within an arterial segment and a distal portion
within a venous segment.
[0065] In an exemplary embodiment, with reference to
FIG. 7(a) to 7(c), a method of delivery comprises the
steps of passing a hollow needle 740 through a first ves-
sel 750 wherein within the lumen of hollow needle 740,
a compressed fistula device 700 comprising conduit 710,
first whisk 731 and second whisk 735 as described above
resides; entering the lumen of a second vessel 751 with
hollow needle 740; deploying first whisk 731 in lumen of
second vessel 751; retracting the hollow needle 740 from
fistula device 700; and thereby deploying second whisk
735 in first vessel 750. First vessel 750 and second vessel
751 may comprise an artery or a vein.
[0066] In an exemplary embodiment, a method of
maintenance comprises the steps of endovascularly de-
ploying a balloon or other endovascular tool to the site
where a fistula device (as described herein) has been
previously implanted for purposes of inspection, repair,
or maintenance
[0067] All components described herein may be im-
bibed or coated with a therapeutic agent; e.g., heparin
or any other antithrombotic agents.
[0068] As stated previously, it should be readily appre-
ciated that the embodiments described herein are not an
exhaustive recount of all possible embodiments. The
components described herein, namely sidewall ports,
conduits, flow frames (e.g., modified conduits or whisks),
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and compliant supports, can be variously selected, inter-
changed and connected in any combination and config-
uration to facilitate an anastomotic outcome.
[0069] It should be noted that various implantation
schemes are envisioned. This device may be surgically
implanted or endoluminally deployed in place. Both sur-
gical and endoluminal versions may contain radiopaque
markers to assist in 1) initial implantation and 2) subse-
quent interrogation "maintenance" procedures. The de-
vice may come pre-packaged and radially constrained
within a delivery system to facilitate accurate and quick
placement. This delivery system may be configured long
enough for remote access to a vessel, such as from the
brachial artery, or very short to be used by a vascular
surgeon. The delivery devices and systems will also be
configured with imaging enhancements to assist in locat-
ing and guiding these devices during use. Enhancements
may include echogenic and or radiopaque markers.
[0070] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the scope of the
invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended
claims and their equivalents.

Claims

1. A fistula device (200) comprising:

a generally continuous conduit (210) to allow
flow between a first vessel and a second vessel
and having a proximal portion (212) and a distal
portion (211);
a compliant support (213) locatable on the distal
portion (211) and configured to expand outward-
ly toward inner walls of the second vessel when
deployed, wherein the compliant support (213)
is sufficiently flexible and generally compliant to
minimize radial distension of the second vessel
after deployment; and
a sidewall port device (220) connected to the
conduit (210) and locatable in the proximal por-
tion (212) and configured to engage a wall of the
first vessel about an aperture (225) in the wall
of the first vessel when deployed, wherein the
sidewall port device (220) comprises at least a
first flange (221, 222) formed from a tube (224)
comprising a lattice (223) inverted onto itself to
form an inner tube disposed coaxially within an
outer tube.

2. A fistula device (200) according to claim 1, wherein
the conduit (210) comprises a flow frame locatable
in the proximal portion and configured to span at least
a portion of a lumen cross-section of the first vessel
to allow downstream perfusion in addition to trans-

mural flow.

3. A fistula device (200) according to claim 1 or 2,
wherein the first vessel is an artery and the second
vessel is a vein.

4. A fistula device (200) according to any preceding
claim, wherein the first flange (221) extends radially
with respect to the aperture (225).

5. A fistula device (200) according to claim 4, wherein
the sidewall port device (220) further comprises a
second flange (222) that extends radially with re-
spect to the aperture (225), the second flange (222)
being axially spaced apart from the first flange (221)
to receive a portion of the first vessel wall therebe-
tween, the first and second flanges (221, 222) me-
chanically engaging opposite surfaces of the first
vessel wall.

6. A fistula device (200) according to claim 5, wherein
the first and second flanges (221, 222) include the
lattice (223), the lattice radially outwardly biasing the
flanges (221, 222) toward an outer peripheral dimen-
sion that is larger than that of the conduit (210).

7. A fistula device (200) according to claim 1, wherein
the sidewall port device (220) includes a plurality of
outwardly extending anchors configured to engage
an inner surface of the first vessel wall to secure the
sidewall port device (220) to the first vessel about
the aperture (225).

8. A fistula device (200) according to claim 1 or 2,
wherein the compliant support (213) in an uncom-
pressed state has an outer diameter that is larger
than that of the distal portion of the conduit (210).

9. A fistula device (200) according to claim 1 or 2,
wherein the compliant support (213) comprises a
wire frame made from Nitinol.

10. A fistula device (200) according to claim 1 or 2,
wherein the compliant support (213) is fixedly se-
cured to conduit (210) by an annular band.

11. A fistula device (200) according to claim 10, wherein
the annular band is formed from an ePTFE film.

12. A fistula device (200) according to claim 2, wherein
the conduit (210) is configured to bend and maintain
an open lumen.

13. A fistula device (200) according to claim 12, wherein
the proximal portion (212) of the conduit (210) is con-
figured to deploy within the first vessel and wherein
conduit (210) passes through the aperture (225) in
the wall of the first vessel.
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Patentansprüche

1. Fistelvorrichtung (200), die Folgendes beinhaltet:

eine allgemein durchgehende Leitung (210), um
Fluss zwischen einem ersten Gefäß und einem
zweiten Gefäß zu erlauben, die einen proxima-
len Abschnitt (212) und einen distalen Abschnitt
(211) aufweist;
eine nachgiebige Stütze (213), die am distalen
Abschnitt (211) platzierbar und konfiguriert ist,
um, wenn eingesetzt, nach außen zu Innenwän-
den des zweiten Gefäßes hin zu expandieren,
wobei die nachgiebige Stütze (213) ausreichend
flexibel und allgemein nachgiebig ist, um die ra-
diale Dehnung des zweiten Gefäßes nach Ein-
satz zu minimieren; und
eine Seitenwandanschlussvorrichtung (220),
die mit der Leitung (210) verbunden und im pro-
ximalen Abschnitt (212) platzierbar und konfigu-
riert ist, um eine Wand des ersten Gefäßes um
eine Öffnung (225) in der Wand des ersten Ge-
fäßes, wenn eingesetzt, in Eingriff zu nehmen,
wobei die Seitenwandanschlussvorrichtung
(220) mindestens einen ersten Flansch (221,
222) beinhaltet, der aus einem Rohr (224) aus-
gebildet ist, das ein Gitter (223) beinhaltet, das
auf sich selbst invertiert ist, um ein Innenohr aus-
zubilden, das koaxial innerhalb eines Außen-
rohrs angeordnet ist.

2. Fistelvorrichtung (200) gemäß Anspruch 1, wobei
die Leitung (210) einen Flussrahmen beinhaltet, der
im proximalen Abschnitt platzierbar und konfiguriert
ist, um mindestens einen Abschnitt eines Lumen-
querschnitts des ersten Gefäßes zu überspannen,
um stromabwärtige Perfusion zusätzlich zu transmu-
ralen Fluss zu erlauben.

3. Fistelvorrichtung (200) gemäß Anspruch 1 oder 2,
wobei das erste Gefäß eine Arterie ist und das zweite
Gefäß eine Vene ist.

4. Fistelvorrichtung (200) gemäß einem vorhergehen-
den Anspruch, wobei sich der erste Flansch (221)
mit Bezug auf die Öffnung (225) radial erstreckt.

5. Fistelvorrichtung (200) gemäß Anspruch 4, wobei
die Seitenwandanschlussvorrichtung (220) ferner
einen zweiten Flansch (222) beinhaltet, der sich mit
Bezug auf die Öffnung (225) radial erstreckt, wobei
der zweite Flansch (222) vom ersten Flansch (221)
axial beabstandet ist, um dazwischen einen Ab-
schnitt der ersten Gefäßwand aufzunehmen, wobei
der erste und zweite Flansch (221, 222) gegenüber-
liegende Oberflächen der ersten Gefäßwand me-
chanisch in Eingriff nehmen.

6. Fistelvorrichtung (200) gemäß Anspruch 5, wobei
der erste und zweite Flansch (221, 222) das Gitter
(223) umfassen, wobei das Gitter die Flansche (221,
222) radial nach außen zu einer Außenumfangsdi-
mension hin vorspannt, die größer als die Leitung
(210) ist.

7. Fistelvorrichtung (200) gemäß Anspruch 1, wobei
die Seitenwandanschlussvorrichtung (220) eine
Vielzahl von sich nach außen erstreckenden Ankern
umfasst, die konfiguriert sind, um eine Innenoberflä-
che der ersten Gefäßwand in Eingriff zu nehmen,
um die Seitenwandanschlussvorrichtung (220) am
ersten Gefäß um die Öffnung (225) zu sichern.

8. Fistelvorrichtung (200) gemäß Anspruch 1 oder 2,
wobei die nachgiebige Stütze (213) in einem nicht
komprimierten Zustand einen Außendurchmesser
aufweist, der größer als der des distalen Abschnitts
der Leitung (210) ist.

9. Fistelvorrichtung (200) gemäß Anspruch 1 oder 2,
wobei die nachgiebige Stütze (213) einen aus Nitinol
gefertigten Drahtrahmen beinhaltet.

10. Fistelvorrichtung (200) gemäß Anspruch 1 oder 2,
wobei die nachgiebige Stütze (213) an der Leitung
(210) durch ein ringförmiges Band fest gesichert ist.

11. Fistelvorrichtung (200) gemäß Anspruch 10, wobei
das ringförmige Band aus einer ePTFE-Folie aus-
gebildet ist.

12. Fistelvorrichtung (200) gemäß Anspruch 2, wobei
die Leitung (210) konfiguriert ist, um ein offenes Lu-
men zu biegen und aufrechtzuhalten.

13. Fistelvorrichtung (200) gemäß Anspruch 12, wobei
der proximale Abschnitt (212) der Leitung (210) kon-
figuriert ist, um innerhalb des ersten Gefäßes einge-
setzt zu werden, und wobei die Leitung (210) durch
die Öffnung (225) in der Wand des ersten Gefäßes
hindurch geht.

Revendications

1. Dispositif pour fistule (200) comprenant :

un conduit généralement continu (210) pour per-
mettre un écoulement entre un premier vais-
seau et un second vaisseau et possédant une
partie proximale (212) et une partie distale
(211) ;
un support compliant (213) pouvant être posi-
tionné sur la partie distale (211) et conçu pour
s’étendre vers l’extérieur en direction de parois
internes du second vaisseau lorsqu’il est dé-
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ployé, ledit support compliant (213) étant suffi-
samment souple et généralement compliant
pour minimiser la distension radiale du second
vaisseau après déploiement ; et
un dispositif d’orifice pariétal latéral (220) rac-
cordé au conduit (210) et pouvant être position-
né dans la partie proximale (212) et conçu pour
venir en prise avec une paroi du premier vais-
seau autour d’une ouverture (225) dans la paroi
du premier vaisseau lorsqu’il est déployé, ledit
dispositif d’orifice pariétal latéral (220) compre-
nant au moins une première bride (221, 222)
formé d’un tube (224) comprenant un treillis
(223) retourné sur lui-même afin de former un
tube interne disposé coaxialement à l’intérieur
d’un tube externe.

2. Dispositif pour fistule (200) selon la revendication 1,
ledit conduit (210) comprenant une trame d’écoule-
ment pouvant être positionnée dans la partie proxi-
male et conçue pour couvrir au moins une partie
d’une section transversale de la lumière du premier
vaisseau pour permettre une perfusion avale en sup-
plément de l’écoulement transmural.

3. Dispositif pour fistule (200) selon la revendication 1
ou 2, ledit premier vaisseau étant une artère et le
second vaisseau étant une veine.

4. Dispositif pour fistule (200) selon l’une quelconque
des revendications précédentes, ladite première bri-
de (221) s’étendant radialement par rapport à
l’ouverture (225).

5. Dispositif pour fistule (200) selon la revendication 4,
ledit dispositif d’orifice pariétal latéral (220) compre-
nant en outre une seconde bride (222) qui s’étend
radialement par rapport à l’ouverture (225), ladite
second bride (222) étant axialement espacée de la
première bride (221) afin de recevoir une partie de
la paroi du premier vaisseau entre elles, les première
et seconde brides (221, 222) étant mécaniquement
en prise avec les surfaces opposées de la paroi du
premier vaisseau.

6. Dispositif pour fistule (200) selon la revendication 5,
lesdites première et seconde brides (221, 222) com-
prenant le treillis (223), ledit treillis sollicitant radia-
lement vers l’extérieur les brides (221, 222) jusqu’à
atteindre une dimension périphérique externe qui est
plus grande que celle du conduit (210).

7. Dispositif pour fistule (200) selon la revendication 1,
ledit dispositif d’orifice pariétal latéral (220) compre-
nant une pluralité d’ancrages s’étendant vers l’exté-
rieur conçues pour venir en prise avec la surface
interne de la paroi du premier vaisseau afin de fixer
solidement le dispositif d’orifice pariétal latéral (220)

au premier vaisseau autour de l’ouverture (225).

8. Dispositif pour fistule (200) selon la revendication 1
ou 2, ledit support compliant (213) à l’état non com-
primé possédant un diamètre externe qui est plus
grand que celui de la partie distale du conduit (210).

9. Dispositif pour fistule (200) selon la revendication 1
ou 2, ledit support compliant (213) comprenant une
trame de fil fabriqué à partir de nitinol.

10. Dispositif pour fistule (200) selon la revendication 1
ou 2, ledit support compliant (213) étant fixé solide-
ment au conduit (210) par une bande annulaire.

11. Dispositif pour fistule (200) selon la revendication
10, ladite bande annulaire étant formée à partir d’un
film en PTFE expansé (ePTFE).

12. Dispositif pour fistule (200) selon la revendication 2,
ledit conduit (210) étant configuré pour se courber
tout en maintenant une lumière ouverte.

13. Dispositif pour fistule (200) selon la revendication
12, ladite partie proximale (212) du conduit (210)
étant conçue pour se déployer à l’intérieur du pre-
mier vaisseau et ledit conduit (210) passant à travers
l’ouverture (225) dans la paroi du premier vaisseau.
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