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SYSTEMS AND METHODS FOR CREATING
ARTERIOVENOUS (AV) FISTULAS

[0001] This application claims the benefit under 35 U.S.C.
119(e) of the filing date of Provisional U.S. Application Ser.
No. 61/354,903, entitled Systems and Methods for Creating
Arteriovenous Fistulas, filed on Jun. 15, 2010, and Provi-
sional U.S. Application Ser. No. 61/480,486, entitled Systems
and Methods for Creating Arteriovenous Fistulas, filed on
Apr. 29, 2011. Both applications are expressly incorporated
herein by reference, in their entirety.

BACKGROUND OF THE INVENTION

[0002] In the body, various fluids are transported through
conduits throughout the organism to perform various essen-
tial functions. Blood vessels, arteries, veins, and capillaries
carry blood throughout the body, carrying nutrients and waste
products to different organs and tissues for processing. Bile
ducts carry bile from the liver to the duodenum. Ureters carry
urine from the kidneys to the bladder. The intestines carry
nutrients and waste products from the mouth to the anus.

[0003] In medical practice, there is often a need to connect
conduits to one another or to a replacement conduit to treat
disease or dysfunction of the existing conduits. The connec-
tion created between conduits is called an anastomosis.

[0004] In blood vessels, anastomoses are made between
veins and arteries, arteries and arteries, or veins and veins.
The purpose of these connections is to create either a high
flow connection, or fistula, between an artery and a vein, or to
carry blood around an obstruction in a replacement conduit,
or bypass. The conduit for a bypass is a vein, artery, or
prosthetic graft.

[0005] An anastomosis is created during surgery by bring-
ing two vessels or a conduit into direct contact. The vessels
are joined together with suture or clips. The anastomosis can
be end-to-end, end-to-side, or side-to-side. In blood vessels,
the anastomosis is elliptical in shape and is most commonly
sewn by hand with a continuous suture. Other methods for
anastomosis creation have been used including carbon diox-
ide laser, and a number of methods using various connecting
prosthesis, clips, and stents.

[0006] An arterio-venous fistula (AVF) is created by con-
necting an artery to avein. This type of connection is used for
hemodialysis, to increase exercise tolerance, to keep an artery
or vein open, or to provide reliable access for chemotherapy.

[0007] An alternative is to connect a prosthetic graft from
an artery to a vein for the same purpose of creating a high flow
connection between artery and vein. This is called an arterio-
venous graft, and requires two anastomoses. One is between
artery and graft, and the second is between graft and vein.

[0008] A bypass is similar to an arteriovenous graft. To
bypass an obstruction, two anastomoses and a conduit are
required. A proximal anastomosis is created from a blood
vessel to a conduit. The conduit extends around the obstruc-
tion, and a second distal anastomosis is created between the
conduit and vessel beyond the obstruction.

[0009] As noted above, in current medical practice, it is
desirable to connect arteries to veins to create a fistula for the
purpose of hemodialysis. The process of hemodialysis
requires the removal of blood from the body at a rapid rate,
passing the blood through a dialysis machine, and returning
the blood to the body. The access to the blood circulation is
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achieved with catheters placed in large veins, prosthetic grafts
attached to an artery and a vein, or a fistula where an artery is
attached directly to the vein.

[0010] Fistulas for hemodialysis are required by patients
with kidney failure. The fistula provides a high flow of blood
that can be withdrawn from the body into a dialysis machine
to remove waste products and then returned to the body. The
blood is withdrawn through a large access needle near the
artery and returned to the fistula through a second large return
needle. These fistulas are typically created in the forearm,
upper arm, less frequently in the thigh, and in rare cases,
elsewhere in the body. It is important that the fistula be able to
achieve a flow rate of 500 ml per minute or greater. Dialysis
fistulas have to be close to the skin (<6 mm), and large enough
(>4 mm) to access with a large needle. The fistula needs to be
long enough (>6 cm) to allow adequate separation of the
access and return needle to prevent recirculation of dialysed
and non-dialysed blood between the needles inserted in the
fistula.

[0011] Fistulas are created in anesthetized patients by care-
fully dissecting an artery and vein from their surrounding
tissue, and sewing the vessels together with fine suture or
clips. The connection thus created is an anastomosis. It is
highly desirable to be able to make the anastomosis quickly,
reliably, with less dissection, and with less pain. It is impor-
tant that the anastomosis is the correct size, is smooth, and
that the artery and vein are not twisted.

SUMMARY OF THE INVENTION

[0012] The present invention comprises, in one aspect
thereof, a device for creating an arteriovenous (AV) fistula,
which comprises a first member or main body having a pri-
mary lumen and a secondary lumen, and a second or piercing
member disposed in the secondary lumen, and configured to
be moved distally out of the secondary lumen, and to cut
through tissue while being distally moved. A third member
extends from a distal end of the piercing member and is
actuatable to move adjacent first and second blood vessels
toward one another, and to create an elongated communicat-
ing aperture in opposing sides of each of the first vessel and
the second vessel. In one particular embodiment, the third
member comprises a toggle member which is hinged to a
distal end of the piercing member, and is pivotable between
first and second orientations relative to the piercing member.
The toggle member may have a sharp point on one end
thereof.

[0013] A source of RF energy or resistive heat energy may
be provided for application to the toggle member, for the
purpose of creating the elongated communicating aperture.
Other cutting mechanisms known to those skilled in the art
may alternatively be provided.

[0014] The third member comprises a pre-formed needle
which is extendable from a distal end of the piercing member
into a distal end of the primary lumen of the main body. A
snare or other suitable apparatus is disposed in the primary
lumen for retracting in a proximal direction the needle.
[0015] In another aspect of the invention, a method of cre-
ating an AV fistula between adjacent first and second blood
vessels comprises a step of positioning a main body of a
device within the first vessel and extending a piercing mem-
ber distally from the main body, through a wall of the first
vessel, and through an adjacent wall of the second vessel, so
that a distal end of the piercing meniber is disposed within the
second vessel. A third member is actuated to move relative to
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a distal end of the piercing member for cutting an elongated
communicating aperture on opposing walls of the first vessel
and the second vessel. Preferably, the positioning step is
performed percutaneously. The third member preferably
comprises a pivotable toggle member, and the actuating step
comprises pivoting the toggle member relative to the distal
end of the piercing member. The actuating step further com-
prises applying a proximally directed tensile force on the
toggle member so that the toggle member pulls the second
vessel toward the first vessel.

[0016] In one alternative, the inventive method further
comprises a step of energizing the toggle member with RF
energy, to cause a cutting action along the opposing walls of
the first vessel and second vessel, in order to create the elon-
gated communicating aperture. In another alternative, this
further step is performed by energizing the toggle member
with resistive heat energy, for the same purpose. In certain
embodiments, the third member may comprise a pre-formed
piercing needle and the actuating step comprises moving the
pre-formed piercing needle so that an end thereof enters a
distal end of the primary lumen. In these embodiments, the
device further comprises a snare on a pull wire, disposed in
the primary lumen, and the actuating step further comprises
using the snare to capture the pre-formed piercing needle.

[0017] The method further comprises a step of pulling the
pull wire proximally, thereby moving the preformed piercing
needle proximally to cause a cutting action along the oppos-
ing walls of the first vessel and second vessel, in order to
create the elongated communicating aperture.

[0018] In another aspect of the invention, there is provided
a system for creating an arteriovenous (AV) fistula, which
comprises a vessel access sheath having a hollow interior and
an exit port, a side access needle catheter configured to fit
within the hollow interior of the sheath, a needle configured to
be inserted into a blood vessel through the side access needle
catheter, a toggle delivery catheter configured to fit within the
hollow interior of the sheath, and a toggle apparatus config-
ured to be delivered into a vessel through the toggle delivery
catheter. The toggle apparatus comprises a shaft and a toggle
member pivotably attached to a distal end of the shaft.

[0019] A source of RF energy or resistive heat energy may
be provided for application to the toggle member, for pur-
poses that may include creating an elongated communicating
aperture between two adjacent blood vessels, such as an
artery and a vein, or applying energy to the vessel surface that
opposes the toggle member. Other cutting mechanisms
known to those skilled in the art may alternatively be pro-
vided.

[0020] The side access needle catheter preferably com-
prises a primary lumen and a secondary lumen. The toggle
member may be actuated between an extended distal position
and a retracted proximal position using the shaft.

[0021] A heater may be provided in the toggle delivery
catheter for the purpose of creating an elongated communi-
cating aperture between two adjacent vessels. In such a case,
the heater may comprise a heater insert which is structurally
separate from, or, alternatively, integral with the toggle deliv-
ery catheter. In the structurally separate embodiments, the
heater insert may be removed from the toggle delivery cath-
eter. Preferably, the heater insert comprises a surface which is
adapted to mate with the toggle member when the toggle
member is retracted to a proximal position, and comprises a
resistive material. The heater insert may also comprise a weld
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cut zone and a guide wire slot, as well as apertures for con-
veying power wires to the heater insert.

[0022] Inapresently preferred embodiment, the aforemen-
tioned source of RF or resistive heat energy is applied both to
the toggle member and to the heater insert, for the purpose of
creating an elongated communicating aperture between two
adjacent vessels.

[0023] In yet another aspect of the invention, there is dis-
closed a method of creating an AV fistula between adjacent
first and second vessels, comprising steps of inserting a first
guidewire into the first vessel, positioning a hollow vessel
access sheath within the first vessel over the first guidewire,
inserting a needle into the sheath, and using the needle to
pierce a side wall of the first vessel and a side wall of the
adjacent second vessel. Additional method steps include
advancing the needle so that a distal end thereof enters the
second vessel, inserting a second guidewire through the
needle from the first vessel into the second vessel, withdraw-
ing the first guidewire and the needle from the procedural site,
and inserting a toggle delivery catheter into the sheath over
the second guidewire. At this juncture, a toggle apparatus
comprising a shaft and a pivotable toggle member attached to
adistal end of the shaft is advanced over the second guidewire
so that the toggle member is disposed within the second
vessel. The toggle member is moved proximally to contact the
wall of the second vessel, and an aperture is created through
the wall of one of the two vessels. Alternative approaches may
include removing tissue roughly the size and shape of the
toggle member via burning or vaporization. The toggle mem-
ber moving step includes pivoting the toggle member so that
the length of the toggle member is in contact with the wall of
the second vessel.

[0024] In one approach according to the inventive method,
the aperture creating step comprises a step of creating the
aperture through the walls of both vessels, wherein the aper-
tures in the walls of each of the first and second vessels
together create a communicating aperture between said ves-
sels to create said AV fistula. Advantageously, as the ener-
gized member (or members) cuts or ablates the tissue to create
the communicating aperture, the tissue edges defining the
aperture are welded and sealed to create a finished edge and
thus prevent further tissue damage after the AV fistula is
completed, and to hermetically seal the tissue to prevent
blood loss.

[0025] The above noted energized member may comprise
the toggle member, or a heater disposed in the toggle delivery
catheter, or, preferably, both, so that the aperture creating step
comprises energizing the toggle member and the heater, and
applying the energized toggle member and the energized
heater to opposing sides of the tissue through which the
aperture is to be formed. The heater preferably comprises a
heater insert which is removable from the toggle delivery
catheter.

[0026] Theinvention, together with additional features and
advantages thereof, may best be understood by reference to
the following description taken in conjunction with the
accompanying illustrative drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG.1is aview of one embodiment of the device of
the present invention, wherein the device has been percuta-
neously or surgically positioned at a desired procedural loca-
tion in a blood vessel;
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[0028] FIG.2isa view illustrating a shaft and toggle mem-
ber of the present invention in isolation;

[0029] FIG.3isaview similarto FIG. 1, wherein the toggle
member illustrated in FIG. 2 has been extended out of the first
blood vessel and into an adjacent second blood vessel,
[0030] FIG. 4 is a view similar to FIG. 3, wherein tension
has been applied to the toggle member to actuate it and to
cause the second blood vessel to be pulled into a position
closely adjacent to the first vessel;

[0031] FIG. 5 illustrates the fistula created by the device
and methods of the present invention after the inventive
device of FIGS. 1-4 has been withdrawn from the procedural
site;

[0032] FIG. 6 illustrates a communicating lumen created
between the first and second vessels;

[0033] FIG. 7 is a view similar to FIG. 1 illustrating a
second modified embodiment of the device of the present
invention, wherein the device has been percutaneously or
surgically positioned at a desired procedural location in a first
blood vessel;

[0034] FIG. 8 is a view similar to FIG. 7, wherein the
secondary piercing element of the device has been extended
out of the first vessel and into an adjacent second vessel;
[0035] FIG.9is a view similar to FIGS. 7 and 8, wherein a
preformed piercing needle has been extended from the sec-
ondary piercing element and into a distal end of the main body
of the device;

[0036] FIG. 10 is a view similar to FIG. 9, wherein a snare
has been extended through the main body of the device to
catch and secure, then proximally pull the piercing needle
therethrough;

[0037] FIG. 11 is a side view of the distal tip of the main
body in isolation;

[0038] FIG. 12 is a top view of the distal tip shown in FIG.
11;
[0039] FIG. 13 is a plan view of a vessel access sheath for

use in yet another embodiment of the present invention,

[0040] FIG. 13A is an isometric view of the sheath of FIG.
13;
[0041] FIG. 14 is a cross-sectional view of the side access

portion of a needle catheter for use with the sheath of F1G. 13;
[0042] FIG. 14A is a cross-sectional view taken along the
lines 14A-14A of F1G. 14;

[0043] FIG. 15 is a cross-sectional view of the catheter
inserted into the vessel access sheath of FIG. 13, over a
guidewire;

[0044] FIG. 16 is a cross-sectional view similar to F1G. 15
of the side access needle and guidewire inserted into the
catheter;

[0045] FIG. 16A is an isometric view of the side access
needle catheter shown in FIGS. 14-16;

[0046] FIG.17 is across-sectional view of the toggle deliv-
ery catheter of the embodiment of FIGS. 13-16;

[0047] FIG. 18 is a cross-sectional view similar to F1IG. 17,
wherein the toggle delivery catheter has been inserted into the
sheath;

[0048] FIG.19is across-sectional view similar to FIGS. 17
and 18 wherein the toggle member has been inserted over the
side access guidewire;

[0049] FIG. 20 is an isometric view of the device as shown
in FIG. 19;
[0050] FIG.21is anisometric view showing the first step of

an inventive method for creating an AV fistula in accordance
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with the principles of the present invention, using the toggle
delivery catheter embodiment illustrated in FIGS. 13-20;
[0051] FIG. 22 is a view similar to FIG. 21, wherein a
needle has been inserted into a vessel in the hand of a patient;
[0052] FIG. 23 is a view illustrating the insertion of a
guidewire through the needle into the vessel:

[0053] FIG. 24 is a view similar to FIG. 23 wherein the
needle has been withdrawn and removed;

[0054] FIG. 25 is a view similar to FIGS. 23 and 24,
wherein a sheath has been inserted over the guidewire;
[0055] FIG. 26 is a view similar to FIGS. 23-25, wherein
the sheath has been advanced farther into the vessel;

[0056] FIG. 27is aview similar to FIG. 26, wherein the side
access needle catheter has been inserted through the sheath;
[0057] FIG. 28 is aview similar to FIG. 27, wherein the side
access needle has been advanced into a second adjacent ves-
sel;

[0058] FIG. 29 is a view similar to FIG. 28, wherein a
second guidewire has been advanced through the side access
needle;

[0059] FIG. 301s a view similar to FIG. 29, wherein the first
guidewire, side access needle, and side access needle catheter
have all been removed, and the second guidewire remains in
position;

[0060] FIG. 31 is a view similar to FIG. 30, wherein the
toggle delivery catheter with toggle member has been
inserted, and the toggle member is being advanced over the
second guidewire;

[0061] FIG. 32 is a view similar to FIG. 31, wherein the
toggle member has been advanced into the second vessel;
[0062] FIG. 33 is a view similar to FIG. 32 wherein the
toggle member has rotated and adjusted its length to align
with the plane of the vessel into which it was inserted, after
which it has been withdrawn proximally to cinch the two
vessels together;

[0063] FIG. 34 is a view similar to FIG. 33 wherein the
toggle has been pulled through the walls of the two vessels;
[0064] FIG. 35 illustrates a completed AV fistula after the
toggle and access sheath have been removed;

[0065] FIG. 36 is an isometric view of the toggle delivery
catheter embodiment 210 of FIGS. 13-20, illustrating struc-
tural details of the toggle heater insert;

[0066] FIG. 37 is an isometric view similar to FIG. 36,
wherein the heat shield has been removed for illustrative
clarity;

[0067] FIG. 38 is an isometric view of the toggle insertion

sheath of the toggle delivery catheter embodiment, illustrat-
ing multiple lumens for carrying power wires to the toggle
heater insert;

[0068] FIG. 39 is an isometric view of one embodiment of
a toggle heater insert;

[0069] FIG. 40 1s an isometric view of another embodiment
of a toggle heater insert;

[0070] FIG. 41 is an isometric view of an embodiment of
the catheter toggle delivery system, with toggle heater insert;
[0071] FIG. 42 is an isometric view of a catheter tube for
use with the catheter toggle delivery system, showing the end
plug and power wires; and

[0072] FIG. 43 is an isometric view of the catheter tube of
FIG. 42, with the toggle heater insert in place.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0073] Referring now more particularly to the drawings,
there is shown in FIGS. 1-6 one embodiment of a device 10
constructed in accordance with the principles of the present
invention. As illustrated in FIG. 1, the device 10 comprises a
main body 12 having a primary lumen 14 and a secondary
lumen 16. To begin the inventive method of creating an AV
fistula, the practitioner selects an appropriate procedural site
having each of a first blood vessel 18 and a second blood
vessel 20 in close proximity to one another. In currently
preferred approaches, the first blood vessel 18 comprises a
vein, and the second blood vessel 20 comprises an artery, but
the invention is not necessarily limited to this arrangement.
The main body 12 is inserted into the first vessel 18, as
illustrated, so that a distal end 22 thereoflies within the blood
flow passage of the first vessel. Preferably, this insertion step
is performed using a percutaneous technique, but surgery
may also be employed, if desired.

[0074] Withreference now particularly to FIG. 2, apiercing
toggle member 24, which comprises a part of the device 10, is
shown. The piercing toggle member 24 comprises a shaft 26
and a toggle bar 28. The toggle bar 28 is preferably con-
structed to have a sharp point 30 on one end thereof. It is
pivotally attached, by means of a hinge point 32, to a distal
end of the shaft 26.

[0075] As illustrated in FIG. 2, the toggle bar 28 is pivot-
able between two primary orientations. A first, or closed,
orientation 34 is shown in solid outline, while a second, or
open, orientation 36 is shown in dotted outline. As will be
described more fully below, the closed orientation 34 is uti-
lized during the initial device insertion steps, as well as the
device withdrawal steps, while the open orientation 36 is the
operative orientation for creating the fistula. The toggle bar 28
is biased, by suitable means, to the closed orientation 34.
[0076] Referringonce againto FIG. 1, it canbe seen that the
piercing toggle member 24 is inserted into the secondary
lumen 16 of the main body 12, with the toggle bar 28 dis-
posed, in its closed orientation 34, at a distal end of the
secondary lumen.

[0077] Now, with reference to FIG. 3, it can be seen that the
piercing toggle member 24 has been advanced distally so that
it has exited a distal end of the secondary lumen 16 and
through an aperture (not shown) provided in the wall of the
main body. Additionally, using the sharp point 30 of the
toggle bar 28, in its closed orientation 34, the toggle bar 28
and shaft 26 has been advanced through the first vessel 18,
piercing the wall of the first vessel, tissue 38 between the first
vessel and the second vessel 20, and the wall of the second
vessel 20, so that the toggle bar 28 and distal end of the shaft
26 is now disposed within the second vessel 20.

[0078] Once the distal end of the piercing toggle member
24, and the toggle bar 28, is positioned within the second
vessel 20, the toggle bar 28 may be pivoted or deployed to its
open orientation 36, as shown in FIG. 4. Tensile force is then
applied proximally on the shaft 26 of the piercing toggle
member 24, along arrow 40, to move the toggle bar 28 into
contact with the second vessel wall, at the selected location
for the creation of an elongated aperture which will form the
desired fistula. This action initially functions to pull the sec-
ondvessel 20 into closer proximity to the first vessel 18. Then,
in one embodiment, radio-frequency (RF) energy is applied
to the toggle bar 28. The RF energy functions to burn an
elongate aperture 42 through the opposing walls of each of the
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first vessel 18 and second vessel 20, as well as any intervening
tissue 38. This elongate aperture 42 is shown in FIGS. 5 and
6. Alternative cutting approaches, such as resistive heat (hot
wire), ultrasonic, laser, or mechanical approaches, may be
used instead of RF energy, if desired.

[0079] As formed, the elongate aperture 42 will typically
resemble a slit. However, as pressurized blood flow 44 begins
to occur through the slit 42, which creates a communicating
passage between the first vessel 18 and the second vessel 20,
the slit widens responsive to the pressure to form the desired
fistula. The edges 46 of the aperture are cauterized, following
which the device 10 is removed from the procedural site.

[0080] Now, referring particularly to FIGS. 7-12, an alter-
native embodiment of a device 110 and methods of the
present invention is described, wherein like reference numer-
als identify like elements, preceded by the numeral 1. This
embodiment functions similarly to the embodiment of FIGS.
1-6 in many ways, but is significantly different as well. These
differences will be emphasized in the following description.

[0081] As in the previous embodiment, the device 110
comprises a main body 112 having a primary lumen 114 and
asecondary lumen 116. As shown in FIG. 7, the device 110 is
inserted, preferably percutaneously, into a first blood vessel
118 at a desired procedural site. A secondary piercing mem-
ber 48 is inserted into the secondary lumen 116. This second-
ary piercing member 48 has a sharp distal end 50.

[0082] InFIG. 8, the secondary piercing member has been
advanced distally, along the direction of arrow 52, so that the
sharp distal end 50 exits the distal end of the secondary lumen
116 and an aperture (not shown) in the wall of the main body
112, extends through the first vessel 118 and its wall, tissue
138, and the wall of a second blood vessel 120, Thus, when
fully extended, after piercing through the noted tissue, the
sharp distal end 50 of the secondary piercing member 48 is
disposed within the second vessel 120, as shown.

[0083] Asshown now in FIG. 9, once the sharp distal end 50
of the secondary piercing member 48 is located within the
second vessel 120, a preformed piercing needle 54, having a
barb 56 on its distal end, is actuated to extend distally from the
sharp distal end 50 of the secondary piercing member 48,
back through the second vessel wall and into the distal end
122, and thus the primary lumen 114, of the main body 112 of
the device 110. The distal end 122 of the main body 112 is
illustrated in greater detail in FIGS. 11 and 12. The practitio-
ner, in directing the needle 54, aims for a target area 57, as
shown in FIG. 12. A pull wire 58, having a snare loop 60 on
its distal end, is extended distally through the primary lumen
114, until the snare loop 60 engages and captures the barb 56.
Then, as illustrated in FIG. 10, the pull wire 58 is retracted
proximally, to firmly catch the piercing needle 54 with the
barb 56, and to tighten the loop 62 formed by the piercing
needle. Continuing to proximally withdraw the pull wire 58
will pull the wire loop 62 through the tissue forming the walls
of both the first vessel 118 and the second vessel 120, as well
as any intervening tissue 138, to form a desired elongated slit
or aperture 142. If desired, the loop 62 may be energized to
enhance the cutting action.

[0084] There is shown in FIGS. 13-20 yet another embodi-
ment of an AV fistula device or system 210 constructed in
accordance with the principles of the present invention. The
device 210 comprises a vessel access sheath 264 (FIGS. 13
and 13A) and a side access needle catheter 266 (FIGS. 14,
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14A, 16A). The side access needle catheter 266 comprises a
primary lumen 268 and a secondary lumen 270 (FIGS. 14 and
14A).

[0085] InFIG. 15, the side access needle catheter 266 has
been inserted into the vessel access sheath 264, over a first
guidewire 272. The first guidewire 272 extends through the
secondary lumen 270, as shown.

[0086] FIGS. 16 and 16A further illustrate the system 210,
particularly a side access needle catheter assembly of the
system. As shown, a side access needle 274 has been inserted
through a proximal end of the sheath 264 (the sheath is not
shown in FIG. 16A, for clarity), extending distally through
the primary lumen 268 and out of a side port 276 in the sheath
264. A second guidewire 278 is inserted through a proximal
end of the side access needle 274, and out of a distal end
thereof, as shown. The side access needle catheter assembly
comprises each of the side access needle 274, side access
catheter 266, and the second guidewire 278.

[0087] Now referring to FIGS. 17 and 18, a toggle delivery
catheter 280 constructed in accordance with the principles of
the present invention is shown. In FIG. 18, the toggle delivery
catheter 280 has been inserted into the vessel access sheath
264 over the second guidewire 278. The toggle delivery cath-
eter includes a side port 282, which is substantially coincident
with the side port 276 of the vessel access sheath when the
vessel access sheath 264 and toggle delivery catheter 280 are
assembled as shown.

[0088] InFIGS. 19 and 20, a toggle apparatus 284, having
a pivotable toggle member 285 attached to its distal end, has
been inserted over the second guidewire 278 through the
toggle delivery catheter 280, as shown.

[0089] The apparatus shown and described above in con-
nection with FIGS. 13-20 will now be further described in
conjunction with an explanation of a particular method by
which the system 210 may be used to create an AV fistula.
This method is illustrated more particularly in FIGS. 21-35.
[0090] To begin the inventive method of creating an AV
fistula, the practitioner selects an appropriate procedural site
having each of a first vessel 287 and a second vessel 288 in
close proximity to one another. In currently preferred
approaches, the first vessel 287 comprises a vein, and the
second vessel 288 comprises an artery, but the invention is not
necessarily limited to this arrangement. As illustrated in FIG.
21, one presently preferred location is the hand 290 of a
patient. Then, generally employing principles of the
Seldinger technique, as shown in F1G. 22, the first vessel 287
is punctured by a needle 292, which is inserted therein. The
first guidewire 272 is then inserted through the lumen of the
hollow needle 292 into the vessel 287, and advanced in the
direction of the arrow 293 (FI1G. 23). Following this, as shown
in FIG. 24, the needle 292 is removed, by withdrawing it in the
direction of arrow 294.

[0091] The next step in the inventive method, as illustrated
in FIG. 25, is to install the vessel access sheath 264 over the
first guidewire 272 and into the first vessel 287, advancing the
sheath 264 in the direction of arrow 295. Once the sheath 264
is fully inserted into the first vessel 287, so that the side port
276 is fully within the vessel, as shown in FIG. 26, the side
access needle catheter 266 is installed into the sheath 264 in
the direction of arrow 296 over the first guidewire 20, as
illustrated in FIG. 27 (see also FIG. 15).

[0092] Now, referring particularly to FIGS. 28, 16, and
16A, the side access needle 274 is advanced out of the side
access needle catheter 266 and through side port 276, in the
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direction of arrow 297. The side access needle 274 has a sharp
distal tip 299, which punctures, respectively, the side walls of
each of the first and second vessels 287, 288, as shown in FIG.
28, so that the distal end of the side access needle 274 is
disposed in the interior of the second vessel 288. Then, as
shown in FIGS. 29 and 16A, the second guidewire 278 is
advanced through the lumen of the side access needle 274 and
into the interior of the second vessel 288, in the direction of
arrow 300.

[0093] In FIG. 30, the first guidewire 272, side access
needle 274, and side access needle catheter 266 have all been
withdrawn from the procedural site, leaving the sheath 264
and second guidewire 278, which still extends from the first
vessel 287 into the second vessel 288, as shown.

[0094] Withreference now particularly to FIGS. 31,17, and
18, the toggle delivery catheter 280 is inserted through the
vessel access sheath 264 over the second guidewire 278. The
toggle apparatus 284 is advanced out of the side port 276 of
the sheath, as shown in FIG. 31, as well as in FIGS. 19 and 20.
The toggle apparatus 284 comprises the toggle member 285,
which is pivotably disposed on a toggle shaft 302 by means of
a pivot joint 304.

[0095] In FIG. 32, the toggle apparatus 284 has been
advanced over the second guidewire 278 (not shown in this
figure) into the interior of the second vessel (artery) 288. To
enter the vessel 288, the toggle member 285 is pivoted so that
it is substantially parallel to the shaft 302, in a first, closed
orientation, presenting essentially as the shaft 302 having a
somewhat bulkier configuration at its distal end, and, option-
ally, asharpened distal tip 305. Since the walls of both the first
and second vessels have already been breached by the side
access needle 274 earlier in the procedure, the toggle appa-
ratus may be easily advanced into the second blood vessel
288, even without the assistance of the optional sharpened
distal tip 305 or other cutting means. Once entry of the toggle
member 285 into the second vessel 288 is achieved, the toggle
member 285 is pivoted as illustrated in FIG. 32, to a second,
open orientation, so that its lengthwise orientation is gener-
ally parallel to the direction of blood flow through the vessel.
[0096] At this point, as illustrated in FIG. 33, the toggle
apparatus 284 is withdrawn proximally along the second
guidewire 278, until the toggle member 285, in its open
orientation, is pulled against the inner wall of the second
vessel 288, at a location selected for the creation of an elon-
gated aperture which will form the desired fistula. This action
initially functions to pull the second vessel 288 into closer
proximity to the first vessel 287. Then, in one embodiment,
radio-frequency (RF) energy is applied to the length of the
toggle member 285. The RF energy functions to burn and fuse
or weld the vessels together, creating an elongate aperture 307
through the opposing walls of each of the first vessel 287 and
second vessel 288, as well as any intervening tissue. This
elongate aperture 307 is shown in FIGS. 34 and 35. Alterna-
tive cutting approaches, such as resistive heat (hot wire),
ultrasonic, laser, or mechanical approaches, may be used
instead of RF energy, if desired. Energy may also be applied
to opposing surfaces of the toggle delivery catheter.

[0097] As formed, the elongate aperture 307 will typically
resemble a slit, as shown in F1G. 34. However, as pressurized
flow 309 begins to occur through the slit or aperture 307 (FIG.
35), which creates a communicating passage between the first
vessel 287 and the second vessel 288, the aperture widens
responsive to the pressure, taking the shape of an ellipse as it
opens to form the desired fistula. The edges of the aperture are
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cauterized and welded, following which the device 210 is
removed from the procedural site, as shown in FIG. 35. Tissue
welding of the type intended to occur in the practice of these
inventive methods is discussed in U.S. Pat. No. 6,908,463, to
Treat et al., which is herein expressly incorporated by refer-
ence, in its entirety.

[0098] As noted above, particularly in connection with the
discussion of FIGS. 33-35, an important feature of the present
invention is the utilization of an energized apparatus, which
may utilize RF energy, resistive heat, or other modalities as
noted, to weld the tissue defining the aperture or communi-
cating passage 307. This energy may be applied to the toggle,
as noted above, or to a heater disposed in the catheter. In the
present invention, however, Applicants have advantageously
designed the system to apply energy to both the catheter and
the toggle member. Thus, considering again FIGS. 19 and 20,
a toggle heater 311 may be disposed on the underside of the
toggle member 285. Additionally, a heater insert 313 is dis-
posed within the catheter, on a side thereof, as shown in FIGS.
19 and 20. A key feature of this arrangement is that the
catheter system has the ability to apply heat or RF energy to
both toggle heater 311 on the toggle member 285 and to the
heater insert 313 on the side of the catheter. In one resistive
embodiment, the heater insert 313 is made of a resistive
material that is connected to power wires, as will be described
in more detail below. The surface of this heater insert 313 is
designed to mate with the toggle member 285, so that when
the toggle is pulled proximally against the heater insert 313,
as shown in FIGS. 33-34, the system can be removed from the
apparatus through the sheath, as noted above. However, this
mating arrangement also allows pressure to be applied
directly over the respective heating elements to induce cut-
ting. The edges of the heater insert 313 can be designed to
disperse heat through material changes or shape to promote a
lower temperature specific to protein denaturization, around
120-175 F. This space on the side access toggle delivery
catheter can also be filled with an ALNI (Aluminum Nitride
Heater) or other high density heating elements, including
versions of thick film and polyimide flex heaters. The heater
insert 313 can also incorporate a collapsing motion or mecha-
nism to facilitate removal, allowing the heater to move
inwardly into the lumen space of the toggle delivery catheter.
This motion of the heater insert 313 may also be employed to
enhance cutting by allowing the toggle member 285 to move
from the artery through the vein, and into the catheter. Finally,
the direct mating and opposition of heater insert 313 to toggle
surface is a primary mechanism, as described above, to apply
direct pressure to the heating element.

[0099] Referring now to FIGS. 36-38, an embodiment of
the catheter toggle delivery system 210 is shown which illus-
trates a little more clearly the particular features of the heating
system, and especially of the heater insert 313. The toggle
delivery catheter 280 comprises a heat shield 315. The heater
insert 313 further comprises a weld cut zone 317 for mating
with the toggle member 285, as discussed above. An end plug
ramp insert 319 is also illustrated. The catheter tube 280 is
machined to allow the heater insert 313 to sit down inside the
shaft. Power wire inputs holes or lumens 321 (FIGS. 36 and
37) are formed in the heater insert 313 for receiving power
connections for the heater. FIG. 38 illustrates the catheter
tube 280, in isolation, and particularly shows that the catheter
tube is machined with multiple lumens 323, which function to
convey the power wires to the power wire inputs holes 321,
for supplying energy to the heater system. It should be noted
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that, while two such lumens 323 are shown in FIG. 38, for
illustrative purposes, the scope of the present invention con-
templates differing numbers, depending upon design consid-
erations for a particular application. For example, in one such
alternative embodiment, four lumens 323 would be used.

[0100] FIG. 39 illustrates one embodiment of the heater
insert 313, apart from the system, as a whole, and thus more
clearly showing its construction

[0101] In FIG. 40, a modified embodiment of the heater
insert 313a is shown. This embodiment particularly com-
prises power connection slots 321a, rather than holes, as well
as a guide wire slot 325. The open distal end of this particular
design functions to make manipulation of the heater insert
easier.

[0102] FIGS. 41-43 illustrate a somewhat modified
embodiment 210a of the catheter toggle delivery system in
accordance with the present invention. In this embodiment,
like elements are identified by like reference numerals, suc-
ceeded by the letter a, and only the differing features are
discussed. Specifically, this embodiment is designed to
accommodate the modified heater insert 313a of FIG. 40, and
includes a guide wire slot 327 in its distal end. An end plug
329 on the distal end of the catheter tube 280¢ is shown in
FIGS. 42 and 43, which also includes a guide wire slot 331.
Power wires 333, which run through the power wire lumens
323 and power wire inputs holes 321, for energizing the
heater insert 313, 3134, are shown in FIG. 42.

[0103] Accordingly, although an exemplary embodiment
and method according to the invention have been shown and
described, it is to be understood that all the terms used herein
are descriptive rather than limiting, and that many changes,
modifications, and substitutions may be made by one having
ordinary skill in the art without departing from the spirit and
scope of the invention, which is to be limited only in accor-
dance with the following claims.

1-35. (canceled)
36. An apparatus, comprising:
a first portion having a proximal end and a distal end,

a second portion movably coupled to the first portion, the
second portion configured to be delivered through a first
body lumen and into a second body lumen;

an energy delivery portion operatively coupled to at least
one of the first portion and the second portion; and

an actuator configured to move the second portion from a
first position disposed apart from a wall of the second
body lumen to a second position adjacent the wall of the
second body lumen.

37. The apparatus of claim 36, and further comprising a
shaft coupled between the actuator and the second portion,
the shaft configured to be slidably positioned within a lumen
defined by the first portion.

38. The apparatus of claim 36, wherein the first portion and
the second portion are configured to be separated by a first
distance when the apparatus is in a first configuration and the
first portion and the second portion are configured to be
separated by a second distance when the apparatus is in a
second configuration, the first distance being different than
the second distance.

39. The apparatus of claim 36, wherein the energy delivery
portion is configured to atleast one of cut or join the first body
lumen and the second body lumen.
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40. The apparatus of claim 36, wherein the first portion
includes a distal end portion configured to engage the body
lumen wall at an angle orthogonal to an axis of the first
portion.
41. The apparatus of claim 36, wherein the second portion
includes a surface configured to engage the body lumen wall
at an angle orthogonal to an axis of the second portion.
42. The apparatus of claim 36, wherein the first portion
includes a first surface and the second portion includes a
second surface, the first surface and the second surface being
substantially coplanar.
43. The apparatus of claim 36, and further comprising a
feedback control device configured to control a temperature
of the energy delivery portion.
44. The apparatus of claim 36, wherein the second portion
is movable between a first configuration and a second con-
figuration, the second portion having a first lateral dimension
in the first configuration and a second lateral dimension in the
second configuration.
45. The apparatus of claim 37, wherein the shaft is config-
ured to bias the second portion in a single direction as the
second portion moves away from the first portion.
46. A method, comprising:
advancing a medical device into a first body lumen, the
medical device having a first portion and a second por-
tion and a first configuration and a second configuration;

moving the medical device from its first configuration to its
second configuration such that the second portion of the
medical device moves into a second body lumen; and

activating an energy source associated with at least one of
the first portion or the second portion of the medical
device such that a concentric opening is created between
the first body lumen and the second body lumen.

47. The method of claim 46, wherein the concentric open-
ing is formed using RF energy.

48. The method of claim 46, the second portion of the
medical device moving in a first direction when moving from
its first configuration to its second configuration, the method
further comprising moving the second portion of the medical
device in a second direction opposite the first direction before
the activating.

49. The method of claim 46, further comprising:

before the advancing of the medical device, inserting a

guide wire through the first body lumen and into the
second body lumen.

50. The method of claim 46, further comprising activating
the energy source associated with at least one of the first
portion or the second portion of the medical device such that
the first body lumen is coupled to the second body lumen.

51. The method of claim 50, wherein the first body lumen
is coupled to the second body lumen with at least one of
thermal resistance, RF or ultrasonic energy.

52. The method of claim 46, further comprising:

moving the second portion of the medical device towards

the first portion of the medical device before the activat-
ing; and
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maintaining the second portion in a position proximate the
first portion with a force in the range of about 100 grams
of force to about 1000 grams of force.

53. The method of claim 46, further comprising:

moving the second portion of the medical device towards
the first portion of the medical device before the activat-
ing; and

applying a pressure between the first portion and the sec-
ond portion in the range of about 100 to about 1000 g.

54. The method of claim 46, further comprising:

measuring a distance between the first portion and the
second portion; and

outputting an indication associated with the measurement
of the distance.

55. The method of claim 46, further comprising:

sensing a distance between the first portion and the second
portion; and

outputting an indication associated with the measurement
of the distance.

56. An apparatus, comprising:

a first portion having a proximal end and a distal end,

a second portion movably coupled to the first portion, the
second portion configured to be delivered through a first
body lumen and into a second body lumen;

a first portion of an energy delivery element operatively
coupled to the first portion of the apparatus;

asecond portion of the energy delivery element operatively
coupled to the second portion of the apparatus, the
energy delivery element including a protrusion extend-
ing from at least the second portion of the energy deliv-
ery element; and

an actuator configured to move the second portion of the
apparatus from a first position disposed apart from a wall
of the second body lumen to a second position adjacent
the wall of the second body lumen such that the protru-
sion contacts the first portion of the energy delivery
element.

57. The apparatus of claim 56, wherein the first portion of
the energy delivery element and the second portion of the
energy delivery element are configured to be actuated before
the protrusion contacts the first portion of the energy delivery
element.

58. The apparatus of claim 56, wherein the protrusion is
one protrusion from a plurality of protrusions, each of the
plurality of protrusions configured to contact the first portion
of the energy delivery element substantially simultaneously.

59. The apparatus of claim 56, further comprising a feed-
back control device configured to control a temperature of the
energy delivery element.

60. The apparatus of claim 56, wherein the first portion of
the energy delivery element includes a surface configured to
engage a body lumen wall at an angle orthogonal to an axis of
the first portion of the apparatus.

61. The apparatus of claim 56, wherein the second portion
of the energy delivery element includes a surface configured
to engage a body lumen wall at an angle orthogonal to an axis
of the second portion.
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