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Description
BACKGROUND OF THE INVENTION

Field of the Invention.

[0001] The presentinvention relates generally to med-
ical devices. More particularly, the present invention re-
lates to devices for creating or modifying afistula between
a first vessel and a second vessel, such as for the treat-
ment of chronic obstructive pulmonary disease.

[0002] Chronic obstructive pulmonary disease affects
millions of patients in the United States alone. The
present standard of care is externally supplied oxygen
therapy, which requires a patient to remain near a sta-
tionary oxygen source or carry a bulky oxygen source
when away from home or a treatment facility. It is easy
to appreciate that such oxygen therapy has many disad-
vantages.

[0003] Lung reduction surgery has recently been pro-
posed for treating patients with chronic pulmonary dis-
ease. Such surgery, however, is not a panacea. It can
be used on only a small percentage of the total patient
population, requires long recovery times, and does not
always provide a clear patient benefit. Even when suc-
cessful, patients often continue to require supplemental
oxygen therapy.

[0004] There is therefore a need for improved ap-
proaches, including both devices and methods, for treat-
ing patients suffering from chronic obstructive pulmonary
disease. If would be desirable if such devices and meth-
ods were also useful for treating patients with other con-
ditions, such as congestive heart failure, hypertension,
lung fibrosis, adult respiratory distress syndrome, and
the like. Such devices and methods should provide for
effective therapy, preferably eliminating the need for sup-
plemental oxygen therapy in the treatment of chronic ob-
structive pulmonary disease. There is a need for simpli-
fied devices and procedural methods that reduce costs
tothe patientand healthcare system, as well as decrease
procedure times and minimize patient risks. Improved
devices and procedures must be developed to apply to
a broad base of patient populations with a wide range of
applicable arteriovenous anatomies. At least some of
these objectives will be met by the invention described
herinafter.

[0005] Document US6746464 B1 discloses a fistula
creation device which forms the basis of the preamble of
claim 1.

BRIEF SUMMARY OF THE INVENTION

[0006] Theinventionisdefinedinthe appended claims.
According to a first aspect of the invention, a device for
creating a fistula in a patient is disclosed. The device
comprises an elongate tubular structure comprising a
proximal end and a distal end. The distal end is config-
ured to penetrate or otherwise pass first through the skin
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of the patient, then through a first vessel, and then into
a second vessel. The device includes an integral assem-
bly configured to create afistula between two neighboring
vessels. In a preferred embodiment, the first vessel is an
artery and the second vessel is a vein. In an alternative,
also preferred embodiment, the first vessel is a vein and
the second vessel is an artery. The fistula is typically
created at a location wherein the artery and vein vessel
walls are within 20 mm of each other. The fistula is cre-
ated to provide therapeutic benefit, such as for an acute
period less than twenty-four hours, a sub-chronic period
between twenty-four hours and thirty days, or for a chron-
ic period greater than thirty days. The fistula creation as-
sembly is preferably mounted on a core that is slidable
within an outer sheath of the device. The fistula creation
assembly can be uncovered from the sheath by an op-
erator through advancement of the core, retraction of the
sheath, or a combination of the two movements. In a
preferred embodiment, a second slidable core, such as
a slidable needle assembly with a sharpened, beveled
tip, is slidingly received by the first core. When fully ad-
vanced, the needle assembly exits the distal end of both
the sheath and the first core, and assists in penetrating
first through the skin of the patient and then through the
tissue that exists along the trajectory to the proposed
fistula. Both the first core and the sheath preferably have
tapered ends to assist in penetration and/or advance-
ment through the skin and tissue up to the fistula site. In
another preferred embodiment, the needle assembly in-
cludes aguidewire lumen forinsertion of a guidewire from
outside the patient’s body, through the first vessel and
into the lumen of the second vessel. In another embod-
iment, the needle assembly is removable. In a preferred
embodiment, the device is rigid along a majority of its
length. In an alternative embodiment, the device is flex-
ible along a majority of its length, such as aflexible section
that can be advanced down a segment of the first vessel
prior to entering the second vessel. In another alternative
embodiment, the device includes both flexible segments
and rigid segments along its length.

[0007] The fistula creation assembly of the present in-
vention can be configured in numerous forms to produce
the desired fistula. In a preferred embodiment, a cone
shaped dilator is expanded and/or delivers energy to cre-
ate the fistula. In another embodiment, an expandable
balloon is used to create the fistula. An anastomotic im-
plant is preferably deployed to initially create the fistula
and/or to improve the long-term patency of the fistula.
The implant can perform numerous functions, and may
include self-expanding materials, plastically deformable
materials, or a combination of self-expanding or plasti-
cally deformable materials. In a preferred embodiment,
the anastomotic implant forms the fistula into an oval
cross section. In an alternative embodiment, the anasto-
motic implant forms the fistula into a circular cross sec-
tion. Numerous forms of energy can be used to create
and/or improve the fistula, including energies selected
from the group consisting of: electrical energy such as
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radiofrequency or microwave energy; cryogenic energy;
heat; radiation; chemical energy; light such as light de-
livered to photoreactive agents; and combinations there-
of. The fistula creation assembly may deliver an agent
to the fistula and its surrounding tissue, such agents se-
lected from the group consisting of: anti-proliferative; an-
ti-biotic; anti-thrombogenic; and combinations thereof.
[0008] In a preferred embodiment, the device is con-
figured to create a fistula to treat a patient suffering from
COPD, such as via the fistula decreasing systemic vas-
cular resistance of the patient. In these and other patient
populations, the fistula may provide therapy by increas-
ing the oxygen content of venous blood, such as blood
supplied to a lung of the patient. The fistula may addi-
tionally cause oxygen content in arterial blood to also
increase. The fistulas of the present invention are con-
figured to have blood flow through the fistula of at least
5 ml/min, and preferably greater than 50 ml/min.

[0009] In yet another preferred embodiment, the de-
vice includes a handle at its proximal end. The handle
includes one or more controls, such as controls to ad-
vance and/or retract a slidable core. In a preferred em-
bodiment, one or more controls are included to perform
a function selected from the group consisting of: initiate
or modify the delivery of energy to an intended or existing
fistula location; expand a distal portion of the device such
as an expandable dilator or inflatable balloon; deploy an
implant such as an anastomotic device which applies ten-
sion between the two vessels at the fistula location and/or
scaffolds the lumen of the fistula; and combinations
thereof.

[0010] In yet another preferred embodiment, the de-
vice is configured to create a fistula in a limb of a patient,
such as between an artery and vein selected from the
group consisting of: axillary artery; brachial artery; ulnar
artery; radial artery; profundal artery; femoral artery; iliac
artery; popliteal artery; carotid artery; saphenous vein;
femoral vein; iliac vein; popliteal vein; brachial vein; ba-
silic vein; cephalic vein; medial forearm vein; medial cu-
bital vein; axillary vein; and jugular vein. In an alternative
embodiment, the fistula is located in the abdomen or tho-
rax of the patient.

[0011] Inyetanother preferred embodiment, the fistula
creation device further comprises a flow measurement
element, such as an ultrasound or Doppler ultrasound
element, or alumen that allows a flow measurement cath-
eter to be inserted into the proximal end of the device
and advanced to a location near or beyond the device’s
distal end. Flow measurement can be made directly using
Doppler technologies and techniques, or indirectly by
measuring flow channel geometries.

[0012] Inyetanother preferred embodiment, the fistula
creation device further comprises flow adjustment means
mounted to one or more of the outer sheath or an inner
core. The flow adjustment means can be activated on
demand by an operator and preferably includes: an en-
ergy delivery element; an agent delivery element; an in-
flatable balloon; an expandable dilator; a deployable im-
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plant such as a second implant of the fistula creation
device; and combinations thereof.

[0013] According to a second aspect of the invention,
a system for creating a fistula is disclosed. The system
includes one or more of the embodiments of the fistula
creation device of the first aspect of the invention, and
an ultrasound visualization monitor. The visualization
monitor may be configured to display information re-
ceived from one or more ultrasound crystals integral to
the fistula creation device, or may work with separate
device such as an external or internal ultrasound probe.
[0014] According to a third aspect of the invention, a
system for creating a fistula is disclosed. The system
includes one or more of the embodiments of the fistula
creation device of the first aspect of the invention, and
an apparatus selected from the group consisting of: a
balloon catheter; an anastomotic implant deployment
catheter; a flow measurement device such as a flow cath-
eter or an external Doppler probe; an angiography cath-
eter; a venography catheter; a guidewire; an introducer;
a needle; a biopsy needle; and combinations thereof. In
a preferred embodiment, the system further comprises
an ultrasound visualization monitor configured to provide
an image received from one or more of: an ultrasound
elementintegral to the fistula creation device; an external
ultrasound probe; and an internal ultrasound apparatus
such as an intravascular ultrasound catheter; and an in-
serted probe such as a transesophageal probe.

[0015] Anexemplary method of creating afistulais dis-
closed. The distalend of afistula creation device s placed
through the skin of the patient. The distal end, which is
preferably the distal end of a sharpened, beveled tip nee-
dle assembly, such as a removable needle assembly, is
advanced through a first vessel, such as a vein or an
artery. The distal end is then advanced into a second
vessel at an existing-fistula or an intended-fistula loca-
tion. Afistulais then created, or an existing fistula is main-
tained, such that a long-term flow of blood is provided
between the first vessel and the second vessel. The fis-
tula creation device includes an elongate tubular struc-
ture that may be rigid along a majority of its length, may
be flexible along a majority of its length, or may include
rigid and flexible portions such as two rigid portions at-
tached with a flexible hinge. In a preferred embodiment,
blood flows from the first vessel to the second vessel. In
an alternative, also preferred embodiment, blood flows
from the second vessel to the first vessel. Atthe intended
fistula location of the patient, the vessels may lie in var-
ious geometric configurations, such as wherein the first
vessel is "on top" of the second vessel such that the lu-
men of the first vessel lies relatively proximate the short-
est line between the lumen of the second vessel at the
fistula location and the surface of the patient’s skin. In
alternative fistula locations, the vessels may lie in a more
"side-to-side" configuration. When inserted, the elongate
body of the fistula creation device is positioned to lie rel-
atively in the plane defined by the lumens of the two ves-
sels near the intended fistula location. While maintaining
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position within this plane, the fistula creation device can
be inserted at an angle relatively perpendicular to the
surface of the patient’s skin, or at a smaller angle, such
as an angle between 20 and 80 degrees. This insertion
angle may be chosen by the clinician to affect the fistula
angular geometry between the two vessels, such as at
a small insertion angle to correspond to a similarly small
angle between the lumen of the first vessel and the lumen
of the fistula. Such a small angle between the first vessel
lumen and the fistula lumen may be desirous to reduce
turbulent flow through the fistula. In alternative embodi-
ments, an insertion angle approximating ninety degrees
may be chosen in order to minimize the length of the
fistula.

[0016] In a preferred example the method further com-
prises the step of determining the anatomical location for
the fistula. Prior to creating the fistula, the fistula location
is determined using one or more of: angiography; venog-
raphy; extra-vascular ultrasound; intravascular ultra-
sound; Doppler ultrasound; and MRI. The fistula location
is determined based on an analysis of a parameter se-
lected from the group consisting of: first vessel diameter;
second vessel diameter; artery diameter; vein diameter;
ratio of artery to vein diameter; distance between the ar-
tery and vein lumens; geometric relationship between
the artery and vein lumens; distance from an arterial side
branch; distance from an venous side branch; arterial
flow; venous flow; oxygen content in artery; oxygen con-
tent in vein; wall thickness of artery; wall thickness of
vein; degree of calcification of artery; degree of calcifica-
tion of vein; geometric relationship between the artery
and vein lumens at the fistula site; hemodynamic factors;
other parameters; and combinations thereof.

[0017] Inanotherexample the method further compris-
es the step of performing a blood flow measurement pro-
cedure, such as a procedure performed prior to fistula
creation, during fistula creation, after fistula creation, and
combinations thereof. The information determined during
the flow measurement procedure can be used to select
the fistula site, modify the fistula such as a balloon dilation
fistula modification procedure and/or otherwise treat the
fistula.

[0018] In yet another example an anastomotic implant
is placed in the fistula. The anastomotic implant is placed
to provide a function selected from the group consisting
of: scaffolding an opening between the first vessel and
the second vessel; reducing neointimal proliferation into
the fistula flow path; preventing tissue from protruding
into the fistula flow path; placing a portion of the first ves-
sel wall in tension with the tissue of the second vessel
wall; reducing bleeding of the tissue neighboring the fis-
tula; enhancing healing of the tissue neighboring the fis-
tula; and combinations thereof. The anastomotic implant
may include one or more coatings, such as anti-bacterial;
anti-thrombogenic and anti-prolific coatings. The anas-
tomotic implant may additionally or alternatively include
a covered portion, such as a partial covering, such cov-
ering materials selected from the group consisting of: pol-
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ytetrafluoroethylene; Dacron; Nitinol; stainless steel; and
combinations thereof. The fistula creation device of the
present invention preferably places the anastomotic im-
plant.

[0019] In yet another example a guidewire is placed
between the first and second vessel through the fistula,
prior to, during, or after the fistula is created. The
guidewire preferably remains in place after the fistula cre-
ation device is removed, or partially removed, such that
a second catheter device can be placed over that
guidewire. The second catheter device can be used to
perform a diagnostic event such as a radiographic dye
injection catheter inserted to perform angiography or
venography, or an ultrasound catheter used to visualize
the fistula structure. The second catheter device can be
used to modify the fistula such as a balloon catheter in-
serted to enlarge the fistula or an anastomotic implant
deployment catheter inserted to increase or decrease
flow through the fistula.

[0020] The fistula may be created to provide therapeu-
tic benefit that results from: a decrease is systemic vas-
cular resistance; an increase in the oxygen content in at
least a portion of the venous system such as the venous
supply to a lung of the patient; and combinations thereof.
Blood flow through the fistula is at least 5 ml/min and
preferably greater than 50 ml/min. The fistula is prefera-
bly created between an artery and a vein at a location in
alimb of the patient. The artery is selected from the group
consisting of: axillary artery; brachial artery; ulnar artery;
radial artery; profundal artery; femoral artery; iliac artery
popliteal artery; and carotid artery. The vein is selected
from the group consisting of: saphenous; femoral; iliac;
popliteal; brachial; basilic; cephalic; medial forearm; me-
dial cubital; axillary; and jugular. The artery is preferably
between 5 mm and25 mm in diameter at the intended
fistula location. The vein is preferably less than 35 mm
in diameter at the intended fistula location. The fistula
preferably has a non-circular or oval cross section, such
that the major axis of the oval is greater than either the
vein diameter or the artery diameter. In an alternative
example, the fistula has a circular cross section. The ge-
ometry of the cross section of the fistula is preferably
matched with a similar geometry of an anastomotic im-
plant placed during the disclosed method.

[0021] According to another aspect of the invention, a
kit for creating a long-term fistula in a patient for the treat-
ment of COPD is disclosed. The kit includes a first fistula
creation device for forming a fistula with a first geometry.
The kit further includes a second fistula creation device
for forming a fistula with a second geometry. Either the
first or the second fistula creation device is used to create
the long-term fistula based on an analysis of information
gathered during a visualization procedure performed on
the patient. The visualization procedure is preferably se-
lected from the group consisting of: ultrasound visualiza-
tion including intravascular ultrasound and extravascular
ultrasound; angiography; venography; MRI; and combi-
nations thereof. The first fistula creation device and the



7 EP 1 898 811 B1 8

second fistula creation device can be configured to create
a first fistula and a second fistula respectively. The first
fistula and the second fistula may have two different cross
sectional geometries, such as a circular and an oval cross
sections, two different circular cross sections or two dif-
ferent oval cross sections. Varied oval cross sections
may include ovals with different major axes and different
minor axes, and ovals with different major axes with sim-
ilar minor axes.

[0022] Both the foregoing general description and the
following detailed description are exemplary and are in-
tendedto provide further explanation of the embodiments
of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate various embodiments of the present invention,
and, together with the description, serve to explain the
principles of the invention. In the drawings:

Fig. 1 illustrates a partial cross sectional side view
of a fistula creation apparatus consisting with the
present invention;

Fig. 2a illustrates a cross sectional side view of a
fistula creation apparatus consistent with the present
invention shown with a slidable needle assembly in
the advanced position;

Fig. 2b illustrates the fistula creation apparatus of
Fig. 2a with the needle assembly removed;

Fig. 2c illustrates the fistula creation apparatus of
Fig. 2b with an outer sheath retracted such that an
integral anastomotic implant is partially expanded;

Fig. 2d illustrates the fistula creation apparatus of
Fig. 2c with the outer sheath further retracted such
that the integral anastomotic implant is fully expand-
ed;

Fig. 3a is a cross sectional side view of a device and
exemplary method for creating a fistula consistent
with the present invention shown prior to advance-
ment of the device through the patient’s skin;

Fig. 3b illustrates the device and exemplary method
of Fig. 3a shown with the distal end of a slidable
needle assembly of the device having penetrated
the skin and the first wall of an artery;

Fig. 3c illustrates the device and exemplary method
of Fig. 3b shown with the needle assembly having
further penetrated a second wall of the artery and a
first wall of a vein, and a guidewire having been ad-
vanced down the vein through a lumen of the needle
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assembly;

Fig. 3d illustrates the device and exemplary method
of Fig. 3c shown with the needle assembly having
been retracted while leaving the guidewire seated in
the vein;

Fig. 3e illustrates the device and exemplary method
of Fig. 3d shown with an anastomotic implant of the
device partially deployed in the vein;

Fig. 3f illustrates the device and exemplary method
of Fig. 3e shown with the anastomotic implant of the
device fully deployed in the fistula between the artery
and the vein, and the device outer sheath partially
retracted from the patient;

Fig. 4ais a cross sectional side view of a device and
exemplary method for creating a fistula consistent
with the present invention shown with advancement
of the distal end of the device through the patient’s
skin and into an artery and an ultrasound probe lo-
cated proximate the entry site;

Fig. 4b illustrates the ultrasound image produced by
the ultrasound probe of Fig. 4a.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Reference will now be made in detail to the
present embodiments of the invention, examples of
which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like
parts.

[0025] Fig. 1 depicts a preferred embodiment of the
fistula creation device of the present invention. Device
10 is configured to be inserted by an operator through
the skin of a patient to create and/or maintain a fistula
that provides a flow of blood between a first vessel and
a second vessel, such as a long-term flow of blood to
achieve a therapeutic benefit. Device 10 includes an
elongate tubular structure with a proximal end and a distal
end, the tubular structure comprising multiple tubes that
surround or are slidingly received within a separate tube.
Each tube may have a rigid, semi-rigid, and/or flexible
construction and each tube comprises one or more ma-
terials such as: nylon; polyvinyl chloride; polyethylene;
polypropylene; polyimide; Pebax™: Hytrel™; poly-
urethane; silicone; steel; Nitinol™; blends, alloys and co-
polymers of the preceding, or other biocompatible mate-
rials, and may include a structural braid such as a nylon
or metal braid commonly used in interventional guide
catheters. Each tube may include a tapered, sharpened,
beveled, expandable such as balloon expandable,
and/or energy emitting distal end, and each tube may
include one or more lumens, such as a Teflon-lined or
Teflon-coated lumen. The elongate tubular structure may
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be rigid or flexible along a majority of its length, or may
include both rigid and flexible portions such as two rigid
portions separated by a flexible hinge portion. Device 10
further includes, on its proximal end, handle 40, which is
grasped by an operator to advance, retract, rotate, con-
trol, activate, and/or otherwise manipulate device 10 or
a component or subassembly of device 10. Each ad-
vanceable and/or retractable tube of device 10 may be
attached at its proximal end to one or more advancement
and/or retraction controls, such as a tube thatis operably
attached to a control integral to or proximate to handle
40. Handle 40 may include additional controls, such as
a control to enlarge a dilator, inflate a balloon, deploy an
implant, initiate energy or agent delivery, activate a di-
agnostic device and/or perform another function.

[0026] The outermost tube, outer sheath 30, which
preferably has a tapered distal end and is constructed of
a biocompatible plastic, surrounds and slidingly receives
a first slidable core, inner core 20, which includes coni-
cally tapered tip 21 and is preferably constructed of bio-
compatible metal and/or plastic. Fistula creation assem-
bly 25 is mounted near the distal end of inner core 20
and is configured to create a fistula on demand by an
operator. Fistula creation assembly 25 may include one
or more of various means to create the fistula such as a
cone shaped dilator, not shown, such as a dilator that is
expandable and/or configured to deliver energy. Fistula
creation assembly 25 may include a force-exerting bal-
loon, such as a compliant or non-compliant balloon
and/or a balloon to dilate an implant. Alternatively or ad-
ditionally, fistula creation assembly 25 may include a de-
livery assembly and an anastomotic implant, such as a
vessel-to-vessel tensioning anastomotic clip and/or a fis-
tula scaffolding assembly. Alternatively or additionally,
fistula creation assembly 25 may include an energy de-
livery element such as an element configured to deliver
electrical energy such as radiofrequency or microwave
energy; cryogenic energy; heat; radiation; chemical en-
ergy; light; and/or other forms of energy. Energy may be
delivered to ablate tissue, cut tissue and/or coagulate
blood and tissue. Alternatively or additionally, fistula cre-
ation assembly 25 may include an agent delivery assem-
bly, such as an agent delivery mechanism configured to
deliver one or more of anti-proliferatives; anti-biotics; and
anti-thrombogenics. In a preferred embodiment, fistula
creation assembly 25 further is configured to modify an
existing fistula, such as a fistula created by device 10
previously used to create the fistula, or by a separate
device 10 or an alternative fistula creation device, such
as during the same medical procedure or a previously
performed procedure. In order to modify an existing fis-
tula, fistula creation assembly 25 may include an anas-
tomotic implant, such as a second anastomotic implant
nested within a first implant, an expandable balloon, an
energy or agent delivery element, a tissue removing el-
ement such as a forward or pull back atherectomy cath-
eter, or other means. Other fistula modifying events can
be performed such as the placement of an implant, which
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partially covers the fistula from either the venous or ar-
terial side.

[0027] Referring back to Fig. 1, fistula creation assem-
bly 25 is operably attached to conduit 26, a flexible or
rigid conduit which travels proximally to handle 40. Con-
duit 26 may include one or more of: a power or data trans-
fer conduit such as one or more electrical wires and/or
optical fibers, a tube such as an inflation lumen or cryo-
genic flow tube; and a slidable cable such as a pull wire.
Conduit 26 is electrically attached through an electrical
switch control, button 42, to another control on handle
40, port 41. Port 41 is an electrical jack that can be at-
tached to an energy delivery unit such as an RF gener-
ator, not shown. An operator depresses button 42 to de-
liver energy to fistula creation assembly 25. In an alter-
native or additional embodiment, port 41 is attached to
a balloon endoflator that is used to inflate a balloon inte-
graltofistula creation assembly 25. In another alternative
or additional embodiment, port 41 is attached to a drug
delivery pump or supply to deliver drugs to fistula creation
assembly 25. Outer sheath 30 is operably attached to a
control on handle 40, sheath retraction knob 32, which
can be slid proximally by an operator to retract outer
sheath 30 and subsequently slid distally to advance outer
sheath 30. Outer sheath 30 is retracted to expose fistula
creation assembly 25, such as when fistula creation as-
sembly 25 is an expandable balloon and/or an anasto-
motic implant delivery assembly such as an assembly
including a self-expanding anastomotic implant. In an al-
ternative embodiment, inner core 20 is advanced to ex-
pose fistula creation assembly 25, or a combination of
advancing inner core 20 and retracting outer sheath 30
is performed. Inner core 20 is operably attached to core
advancement knob 22 of handle 40 such thatinner core
20 can be advanced and retracted by sliding core ad-
vancement knob 22 forward or back.

[0028] Locatedin the distal portion ofinner core 20 and
in proximity to fistula creation element 25 is visualization
element 70, preferably an ultrasound element such as a
phased array of ultrasound crystals, signal and power
wires not shown, or a rotating ultrasound crystal, rotating
shaft and signal and power wires not shown. Visualiza-
tion element 70 can be electrically connected to an ultra-
sound monitor, not shown, such that a cross sectional
view of the tissue and other structures surrounding the
distal portion of device 10 and fistula creation assembly
25 can be visualized. In alternative embodiments, visu-
alization element 70 consists of a visualization marker,
such as an ultrasonically reflective surface that can be
visualized with an external ultrasound probe, a radio-
paque marker that can be visualized under fluoroscopy,
a magnetic marker, and other markers compatible with
visualization equipment found in hospitals, doctor’s of-
fices and other health care settings. An operator utilizes
visualization element 70 during various procedural steps
involving device 10, such as penetration of its distal end
through the skin and vessels of the patient and rotational
orientation of the device. Visualization element 70 also
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provides valuable information prior to, during, and after
the activation of fistula creation element 25 such as in-
formation relating to the inflation of a balloon and/or
placement of an anastomotic implant. In an alternative
embodiment, device 10 further includes a flow measure-
ment element, not shown, preferably embedded in visu-
alization element 70, such as a Doppler ultrasound func-
tion. In another alternative embodiment, a visualization
catheter or flow measurement catheter is inserted in a
lumen of device 10, such as within the lumen of inner
core 20 in which needle assembly 50 is inserted, a sep-
arate lumen of inner core 20 not shown, or a lumen of
outer sheath 30. In a preferred embodiment, device 10
further includes a visualization and/or flow measurement
monitor, such as a Doppler ultrasound monitor.

[0029] A second slidable core, needle assembly 50, is
slidingly received within a lumen of inner core 20. Needle
assembly 50, which may be rigid or flexible along its
length, is preferably constructed of one or more metals
such as stainless steel and Nitinol. Needle assembly 50
can be retracted, and completely removed from the lu-
men of inner core 20 by retraction of yet another control
of handle 40, needle retraction knob 52. In an alternative
embodiment, full removal of needle assembly 50 is pre-
vented by the inclusion of one or more mechanical stops.
Needle assembly 50 has a sharpened distal tip 51, which
is preferably sharp and beveled. Needle assembly 50
includes a lumen from its proximal end to its distal end,
guidewire lumen 53, which is configured to allow a stand-
ard interventional guidewire to be advanced there-
through, and further configured to allow needle assembly
50 to be removed leaving the previously inserted
guidewire to reside within the lumen of inner core 20 pre-
viously inhabited by needle assembly 50. In an alterna-
tive embodiment, needle tip 51 may be configured to de-
liver energy, such as RF energy used to assist in ad-
vancement, and/or to cauterize, cut and ablate tissue.
[0030] In a preferred embodiment, a kit is provided for
the creation of multiple fistulas, in a single patient or mul-
tiple patients, includes multiple fistula creation devices
of Fig. 1 with varied fistula creation elements in each
device. An operator selects a specific fistula creation de-
vice based on the configuration of the fistula creation
element included in that device. In one alternative, a first
fistula creation device creates a fistula with a different
geometry than a second fistula creation device, such as
might be chosen to differentiate a fistula between vessels
with a first set of luminal diameters and a second set of
fistulas with differentluminal diameters. Numerous fistula
creation parameters can be varied between a first fistula
creation device and a second fistula creation device such
as use of energy, fistula diameter, fistula cross section
geometry such as circular cross section versus elliptical
cross section wherein the major diameter of the ellipse
is at least 20 percent larger than the minor diameter of
the ellipse. In a preferred embodiment, the major diam-
eter of the fistula is at least twice the minor diameter. In
another preferred embodiment, akitincludes afirstfistula
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creation device with a target fistula cross section dimen-
sions having unequal major and minor axes, and a sec-
ond fistula creation device with a target fistula cross sec-
tion dimensions have similar minor axis length and great-
ermajor axis length. Inan exemplary method, an operator
selects either thefirstfistula creation device or the second
fistula creation device based on a visualization procedure
performed on the anatomy of the patient proximate the
intended fistula creation site.

[0031] Referring now to Figs. 2a through 2d, a pre-
ferred embodiment of a fistula creation device of the
present invention is shown in various stages of an exem-
plary method of activation. Referring specifically to Fig.
2a, device 10 is configured to be inserted by an operator
through the skin of a patient to create and/or maintain a
fistula that provides a flow of blood between a first vessel
and a second vessel, such as a long-term flow of blood
to achieve a therapeutic benefit. Device 10 includes an
elongate tubular structure with a proximal end and a distal
end, the tubular structure comprising multiple tubes that
surround or are slidingly received within a separate tube.
Each tube may have a rigid, semi-rigid, and/or flexible
construction and each tube comprises one or more ma-
terials such as: nylon; polyvinyl chloride; polyethylene;
polypropylene; polyimide; Pebax™: Hytrel™; poly-
urethane; silicone; steel; Nitinol™; blends, alloys and co-
polymers of the preceding, or other biocompatible mate-
rials, and may include a structural braid such as a nylon
or metal braid commonly used in interventional guide
catheters.

[0032] The outermost tube, outer sheath 30, which
preferably has a tapered distal end, surrounds and slid-
ingly receives a first slidable core, inner core 20, which
includes conically tapered tip 21. Outer sheath 30 in-
cludes on its proximal end sheath advancement knob 32,
which is manipulated by an operator to advance and re-
tract outer sheath 30. Inner core 20 includes on its prox-
imal end, core advancement knob 22, which is manipu-
lated by an operator to advance and retract inner core
20. Balloon 25 is mounted near the distal end of inner
core 20 and is expandable on demand by an operator,
inflation lumen and endoflator attachment port not
shown, such as to create the fistula and/or expand an
implant placed to maintain the fistula. Balloon 25 may
comprise a compliant or non-compliant balloon. Sur-
rounding balloon 25 is an anastomotic implant, clip 60,
which is deployed in the fistula to perform one or more
functions including but not limited to: scaffolding an open-
ing between the first vessel and the second vessel; re-
ducing neointimal proliferation into the fistula flow path;
preventing tissue from protruding into the fistula flow
path; placing a portion of the first vessel wall in tension
with the tissue of the second vessel wall; and reducing
bleeding of the tissue neighboring the fistula; enhancing
healing of the tissue neighboring the fistula. In a preferred
embodiment, the anastomotic implant includes an active
agent, such as an anti-thrombogenic or anti-proliferative
agent, and may also include a covering or partial cover-
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ing.

[0033] A second slidable core, needle assembly 50, is
slidingly received within a lumen of inner core 20. Needle
assembly 50, which may be rigid or flexible along its
length, is preferably constructed of one or more metals
such as stainless steel and Nitinol. Needle assembly 50
can be retracted, and completely removed from the lu-
men of inner core 20 by retraction of needle retraction
knob 52. In a preferred embodiment, Inner core 20 can
also be retracted, and completely removed from the lu-
men of outer sheath 30, by retraction of knob 20. Needle
assembly 50 has a sharpened distal tip 51, which is pref-
erably sharp and beveled. Needle assembly 50 includes
a lumen from its proximal end to its distal end, guidewire
lumen 53, which is configured to allow a standard inter-
ventional guidewire to be advanced therethrough, and
further configured to allow needle assembly 50 to be re-
moved leaving the previously inserted guidewire toreside
within the lumen of inner core 20 previously inhabited by
needle assembly 50. In an alternative embodiment, nee-
dle assembly 50 is partially retracted but remains within
lumen of inner core 20. In another alternative embodi-
ment, needle tip 51 may be configured to deliver energy,
such as RF energy used to assistin advancement, and/or
to cauterize, cut and ablate tissue. In an exemplary meth-
od, device 10 is advanced through the skin, through a
first vessel and into the lumen of a second vessel with
needle assembly 50 in the fully advanced position. Alock-
ing mechanism, not shown, may be engaged to prevent
relative motion between needle assembly 50 and outer
sheath 30 during insertion and subsequent advance-
ment. A guidewire is then advanced through guidewire
lumen 53 and further advanced down the lumen of the
second vessel.

[0034] Referring now to Fig. 2b, needle assembly 50
has been completely removed from the lumen of inner
core 20, such as when a guidewire has been successfully
placed from a location outside the patient’s skin to and
into the second vessel. Referring now to fig. 2c, the distal
end of clip 60 has been released from being constrained
by outer sheath 30, either by retraction of outer sheath
30, advancement of inner core 20, or a combination of
both movements. Clip 60 of Figs. 2a through 2d is self-
expanding, such as a resiliently biased tabular structure
made of Nitinol. In Fig. 2d, clip 60 has been fully released
from being constrained and is in a fully expanded condi-
tion. Balloon 25 has been inflated, inflation lumen and
endoflator attachment not shown, to provide additional
expansion force to clip 60. In an alternative embodiment,
clip 60 is plastically deformable, or includes plastically
deformable portions, such that balloon 25 is required to
expand clip 60. In a preferred embodiment, device 10 of
figs. 2a through 2d is used as a system in conjunction
with one or more additional devices to create and/or
maintain the fistula. Such additional devices include but
are not limited to guidewires and various over-the-wire
devices that are placed over the guidewire placed
through needle assembly 50, after needle assembly 50
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is removed. These additional over-the-wire devices may
be placed within a lumen of inner core 20, within a lumen
of outer sheath 30 with inner core 20 removed, or over
the guidewire after device 10 has been completely re-
moved. These over-the-wire devices include but are not
limited to: balloon catheters; anastomotic implant deliv-
ery devices and implants; flow measurement catheters;
angiography catheters; venography catheters; and other
over-the wire devices applicable to modifying the fistula,
such as modifying the flow of the fistula, or to perform a
procedure to otherwise enhance and/or maintain the long
term benefit of the fistula.

[0035] Referring now to Figs. 3a through 3f, an exem-
plary method of using the fistula creation device of the
present invention is shown. A cross sectional view of a
patient’s anatomy at a proposed fistula location 111 is
depicted wherein artery 130 is directly above vein 120 in
relation to skin surface 105. Intended fistula location 111
may be determined using one or more visualization tech-
niques including but not limited to: angiography; venog-
raphy; extra-vascular ultrasound; intravascular ultra-
sound; and MRI. Intended fistula location 111 may be
determined using one or more flow measurement tech-
niques such as Doppler ultrasound. The intended fistula
location 111 may be selected based on parameters se-
lected from the group consisting of: first vessel diameter;
second vessel diameter; artery diameter; vein diameter;
ratio of artery to vein diameter; distance between the ar-
tery and vein lumens; geometric relationship between
the artery and vein lumens; distance from an arterial side
branch; distance from an venous side branch; arterial
flow; venous flow; oxygen content in artery; oxygen con-
tent in vein; wall thickness of artery; wall thickness of
vein; degree of calcification of artery; degree of calcifica-
tion of vein; geometric relationship between the artery
and vein lumens at the fistula site; hemodynamic factors;
other parameters; and combinations thereof.

[0036] Artery 130 includes, in closest proximity to skin
105, arterial wall 131. Vein 120 includes, in closest prox-
imity to artery 130, venous wall 121. At the intended fis-
tula location 111 of the patient, the vessels may lie in
various geometric configurations, such as the geometry
of Figs. 3a through 3f wherein the first vessel is relatively
"on top" of the second vessel such that the lumen of the
first vessel lies relatively proximate the shortest line be-
tween the lumen of the second vessel at the fistula loca-
tion and the surface of the patient’s skin. In alternative
fistula locations, the vessels may lie in a more "side-to-
side" configuration. When inserted, the elongate body of
outer sheath 30 is positioned to lie relatively in the plane
defined by the lumens of the two vessels near the intend-
ed fistula location. While maintaining position within this
plane, the fistula creation device can be inserted at an
angle relatively perpendicular to the surface of the pa-
tient’s skin, or at a smaller angle as is shown in Fig 3a,
such as an angle between 20 and 80 degrees. This in-
sertion angle may be chosen by the clinician to form the
resultant fistula angular geometry between the two ves-
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sels, such as at a small insertion angle to correspond to
a similarly small angle between the lumen of the first ves-
sel and the lumen of the fistula. Such a small angle be-
tween the first vessel lumen and the fistula lumen may
be desirous to reduce turbulent flow through the fistula.
In alternative embodiments, an insertion angle approxi-
mating ninety degrees may be chosen, such as to mini-
mize the length of the resultant fistula. Vein 120 is pref-
erably a vein located in a limb of the patient, such as a
vein selected from the group consisting of: saphenous
vein; femoral vein; iliac vein; popliteal vein; brachial vein;
basilic vein; cephalic vein; medial forearm vein; medial
cubital vein; axillary vein; and jugular vein. Artery 130 is
preferably an artery in a limb of the patient, such as an
artery selected from the group consisting of: axillary ar-
tery; brachial artery; ulnar artery; radial artery; profundal
artery; femoral artery; iliac artery; popliteal artery; carotid
artery.

[0037] Referring now specifically to Fig. 3a, a fistula
creation device is positioned with its distal end near an
intended skin puncture site and includes outer sheath 30
with distal end 31. Outer sheath 30 is preferably con-
structed of a biocompatible catheter material, such ma-
terials and construction methods described in detail here-
above. Extending beyond distal end 31 is the distal end
of a slidable needle assembly including needle tip 51 and
guidewire lumen 53. The needle assembly is preferably
constructed of a metal or metal alloy such as stainless
steel or Nitinol, and needle tip 51 is a sharpened, beveled
tip.

[0038] Referring now to Fig. 3b, needle tip 51 has been
advanced through skin 105, through artery wall 31, and
into the lumen of artery 130. Distal end 31 of outer sheath
30 has also passed through skin 105 without any signif-
icant displacement between needle tip 51 and distal end
31, either by a releasable fixation device, not shown but
integral to the fistula creation device, or by stabilization
of both the outer sheath 30 and the needle assembly by
the operator. Referring now to Fig. 3c, needle tip 51 has
been advanced out of artery 130, through venous wall
121 and into the lumen of vein 120. Similar to the ad-
vancement shown in Fig. 3b, there has been no relative
displacement between needle tip 51 and distal end 31 of
outer sheath 30, such that distal end 31 has also ad-
vanced into the lumen of vein 120. Guidewire 80 has
been advanced from the proximal end of the fistula cre-
ation device, through guidewire lumen 53 and down the
lumen of vein 120. Referring now to Fig. 3d, the needle
assembly has been retracted such needle tip 51 has
moved proximal to outer sheath 30 distal end 31, while
leaving guidewire 80 deep seated into vein 120.

[0039] Referring now to Fig. 3e, a self-expanding anas-
tomotic implant, clip 60, is partially deployed out of distal
end 31 of outer sheath 30, such that two tensioning arms
61 and two stabilizing arms 62 have been released from
being constrained within outer sheath 30. Clip 60 has
been partially deployed through one or more actions in-
cluding: pushing clip 60 out of outer sheath 30 via ad-
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vancement of a core contained within outer sheath 30;
retracting sheath 30 such as while maintaining the lon-
gitudinal position of clip 60; or by a combination of these
two actions. While clip 60 is partially deployed, the fistula
creation device is retracted to a position wherein one or
more of tensioning arms 61 are in firm contact with ve-
nous wall 121, position not shown. Clip 60 is then fully
deployed such as by retraction of sheath 30, advance-
ment of clip 60, or a combination of the two actions. Re-
ferring now to Fig. 3f, clip 60 has been fully deployed
such that fistula 110 is scaffolded by clip 60, the four
tensioning arms 61 placing vein 120 and artery 130 in
tension at a location neighboring fistula 110, and stabili-
zation arms 62 stabilizing clip 60 in the vessels to prevent
twisting or other clip 60 migrations. Clip 60 is preferably
configured such that fistula 110 has an oval cross-sec-
tion, with a major axis at least twenty percent greater
than the minor axis of the oval. In a preferred embodi-
ment, the major axis has a diameter larger than either
vein 120 or artery 130’s luminal diameter. In an alterna-
tive embodiment, clip 60’s construction geometry causes
fistula 110 to have a circular cross section.

[0040] Shown in Fig. 3f, the fistula creation device is
being withdrawn, such that distal end 31 of outer sheath
30 is almost removed from entering skin 105. Guidewire
80 remains in place, such that one or more additional
devices can be placed over-the-wire and easily access
either the artery 130 or venous 120 side of fistula 110.
These subsequent over-the-wire devices, described in
detail in reference to Fig. 2d, can be used to assess the
fistula such as an ultrasound catheter to visualize the
fistula, or a Doppler ultrasound catheter to measure fis-
tula flow. The over-the-wire devices can be used to mod-
ify the fistula such as to modify the flow rate through the
fistula, or to otherwise improve the therapeutic benefit of
the fistula such as to increase the long-term patency of
the fistula or to minimize adverse side effects of the fis-
tula. In an exemplary method, an over-the-wire or other
procedure is performed to measure flow through the fis-
tula. If inadequate flow is determined, a flow modification
procedure may be performed, such as an over-the-wire
flow modification procedure utilizing an inflatable balloon
or a tissue removing device to increase fistula flow. In a
preferred embodiment, the inflatable balloon has a non-
circular geometry which corresponds to a fistula created
with a non-circular geometry. The balloon may be integral
to the fistula creation device, or a separate over-the-wire
catheter, and may be inflated to apply force to clip 60, or
a second implant, all not shown. Other flow modification
procedure may also be performed, such as procedures
which place implants, within or external to the flow path,
to increase or decrease fistula flow to maximize thera-
peutic benefit and/or reduce adverse side effects. Other
flow modification procedures that may be performed in-
clude application of an agent such as an anti-biotic, anti-
thrombogenic or anti-proliferative agent, or delivery of
energy such as radiation delivery to prevent neointimal
growth.
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[0041] The method and device of Figs. 3a through 3f
are used to create a fistula for therapeutic benefit such
astotreatapatientwith COPD. The fistula can be created
for various purposes such as: increasing the oxygen con-
tent of venous blood supplying a lung of the patient, in-
crease the oxygen content of arterial blood; and/or de-
creasing systemic vascular resistance. The fistula can
be created for an acute period less than twenty-four
hours, a sub-chronic period between twenty-four hours
and thirty days, as well as for a chronic period longer
than thirty days. The fistula preferably provides a flow of
blood from the arterial system to the venous system of
greater than 5 ml/min, typically greater than 50 ml/min.
Clip 60 provides one or more functions including but not
limited to: scaffolding an opening between the first vessel
and the second vessel; reducing neointimal proliferation
into the fistula flow path; preventing tissue from protrud-
ing into the fistula flow path; placing a portion of the first
vessel wall in tension with the tissue of the second vessel
wall; reducing bleeding of the tissue neighboring the fis-
tula; enhancing healing of the tissue neighboring the fis-
tula; and combinations thereof. While clip 60 has been
described as a self-expanding device such as aresiliently
biased Nitinol component, anastomotic implants that are
plastically deformable or include both self-expanding
sections and balloon expandable portions are also pre-
ferred. In an alternative embodiment, clip 60 includes a
covering, such as a covering that surrounds the interior
of the tissue within the fistula between the artery and vein
lumens. The covering is a biocompatible material such
as polytetrafluoroethylene; Dacron; Nitinol; stainless
steel; or combinations thereof. In another alternative em-
bodiment, clip 60 includes an agent, such as an agent
that is eluded over time including anti-bacterial, anti-
thrombogenic and/or anti-prolific agents. While, the
method of Figs. 3a through 3f illustrate an artery to vein
connection method, a vein to artery approach is also pos-
sible.

[0042] The device and exemplary method of Figs. 3a
through 3f create an initial puncture through the skin of
the patient, subsequently penetrating into and through
the first vessel, and into the lumen of the second vessel.
In an alternative, also preferred embodiment, not shown,
a standard vessel introducer and sheath is utilized, mak-
ing the initial puncture through the skin of the patient and
into the first vessel. The fistula creation device distal end
is then inserted into the sheath, passing through the skin
and into the first vessel. The fistula creation device distal
end exits the end of the sheath and further exits the lumen
of the first vessel at the intended fistula location site by
penetrating through the first vessel wall, and enters the
lumen of the second vessel by penetrating through the
second vessel wall. The intended fistula location may be
proximate the site that the vessel introducer entered the
first vessel, or at a location remote from this site, such
as at a location greater than 20 mm from the first vessel
entry site. Fistulas may be created remote from the first
vessel entry site by intraluminally advancing the intro-

10

15

20

25

30

35

45

50

55

10

ducer sheath and/or the fistula creation device down the
lumen of the first vessel prior to the distal end of the fistula
creation device exiting the first vessel lumen and pene-
trating into the second vessel.

[0043] Referring now to Figs. 4a and 4b, an exemplary
method and system for creating afistula is shown in which
an operator utilizes a fistula creation device and ultra-
sound visualization system in combination. A cross sec-
tional view of a patient's anatomy at a proposed fistula
location 111 is depicted wherein artery 130 is directly
above vein 120 in relation to skin surface 105. Intended
fistula location 111 may be determined using one or more
visualization techniques including but not limited to: an-
giography; venography; extra-vascular ultrasound; intra-
vascular ultrasound; and MRI. Intended fistula location
111 may be determined using one or more flow meas-
urement techniques such as Doppler ultrasound. The in-
tended fistula location 111 may be selected based on
parameters selected from the group consisting of: first
vessel diameter; second vessel diameter; artery diame-
ter; vein diameter; ratio of artery to vein diameter; dis-
tance between the artery and vein lumens; geometric
relationship between the artery and vein lumens; dis-
tance from an arterial side branch; distance from an ve-
nous side branch; arterial flow; venous flow; oxygen con-
tent in artery; oxygen content in vein; wall thickness of
artery; wall thickness of vein; degree of calcification of
artery; degree of calcification of vein; geometric relation-
ship between the artery and vein lumens at the fistula
site; hemodynamic factors; other parameters; and com-
binations thereof.

[0044] Artery 130 includes, in closest proximity to skin
105, arterial wall 131. Vein 120 includes, in closest prox-
imity to artery 130, venous wall 121. While vein 120 and
artery 130 are shown in a line relatively perpendicular to
skin 105, adjusting the orientation of outer sheath 30 can
not only vary insertion angles, but also accommodate
anatomies with vessels in a relatively side-by-side con-
figuration (relatively equidistant from skin surface 105)
as has been described hereabove in reference to Figs.
3a through 3f. In an exemplary method, the fistula crea-
tion device enters the skin at an angle relatively perpen-
dicular to skin 105. In another preferred embodiment, the
fistula creation device penetrated the skin at an angle
between 20 and 80 degrees relative to the surface of the
skin 105. Vein 120 is preferably a vein located in a limb
of the patient, such as a vein selected from the group
consisting of: saphenous vein; femoral vein; iliac vein;
popliteal vein; brachial vein; basilic vein; cephalic vein;
medial forearm vein; medial cubital vein; axillary vein;
and jugular vein. Artery 130 is preferably an artery in a
limb of the patient, such as an artery selected from the
group consisting of: axillary artery; brachial artery; ulnar
artery; radial artery; profundal artery; femoral artery; iliac
artery; popliteal artery; carotid artery.

[0045] Referring now to specifically to Fig. 4a, a fistula
creation device is positioned with its distal end at an in-
tended fistula site 111. The fistula creation device in-
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cludes outer sheath 30, which is preferably constructed
of a biocompatible catheter material, such materials and
construction methods described in detail hereabove. Ex-
tending beyond distal end 31 of outer sheath 30 is the
distal end of a slidable needle assembly including needle
tip 51 and guidewire lumen 53. The needle assembly is
preferably constructed of a metal or metal alloy such as
stainless steel or Nitinol, and needle tip 51 is a sharp-
ened, beveled tip. Needle tip 51 has been advanced
through skin 105, through artery wall 31, and into the
lumen of artery 130 residing near intended fistula site
111. Distal end 31 of outer sheath 30 has also passed
through skin 105 without any significant displacement
between needle tip 51 and distal end 31, either by a re-
leasable fixation device, not shown but integral to the
fistula creation device, or by stabilization of both the outer
sheath 30 and the needle assembly by the operator.
[0046] Also shown in Fig. 4a is ultrasound probe 71,
which is positioned relatively orthogonal to the surface
of skin 105, and preferably held by an operator, operator
not shown, to provide a visual cross sectional image of
intended fistula site 111, as well as artery 130, vein 120,
and any devices crossing through the imaging plane of
ultrasound probe 71. Ultrasonic coupling gel 74, common
to external ultrasound probe use, is first placed on the
skin, in the area to be visualized, to enhance the image
produced by ultrasound probe 71 via improved acoustic
coupling between ultrasound probe 71 and skin 105. Re-
ferring additionally to Fig. 4b, ultrasound probe 71 is at-
tached to an ultrasound generator, not shown, as well as
ultrasound monitor 72 which displays on imaging area
73 the cross sectional image associated with the imaging
plane of Fig. 4a . Manipulation of probe 71, either in the
position of contact with skin 105 and/or the relative angle
made with the surface of skin 105, modifies the location
of the imaging plane and the associated image displayed
on monitor 72. Ultrasound probe 71 and monitor 72 are
used and manipulated by an operator as a system in-
cluding the fistula creation device of the present inven-
tion. This system is used to assess and pre-determine
the location of intended fistula location 111. The visual-
ization equipment is also used to view and confirm ad-
vancements of the percutaneous devices such as cath-
eter, sheath, inner tube and guidewire advancements;
confirm device locations such as device distal end (tip)
locations; and assist in other preferred fistula creation
steps in which real-time visualization of the procedure
can be made available to an operator. In an alternative,
also preferred embodiment, as an alternative to orin con-
junction with ultrasound probe 71, an internal ultrasound
probe may provide an image to monitor 72. The internal
probe, not shown, is selected from the group consisting
of: an ultrasound catheter such as a rotational or phased
array intravascular ultrasound catheter; an inserted
probe such as a transesophageal probe; and combina-
tions thereof.

[0047] In subsequent steps, not shown but similar to
steps 3c through 3f hereabove, needle tip 51 will be ad-
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vanced out of artery 130, through venous wall 121 and
into the lumen of vein 120. A guidewire, not shown, will
be advanced from the proximal end of the fistula creation
device, through guidewire lumen 53 and down the lumen
of vein 120. The needle assembly will then be retracted
such that needle tip 51 will be retracted proximal to distal
end 31 of outer sheath 30, while leaving the guidewire
deep seated into vein 120. An anastomotic implant, not
shown, is deployed such as by retraction of sheath 30
while maintaining the position of the anastomotic implant.
The anastomotic implant is configured such that the re-
sultant fistula has an oval cross-section, with a major axis
at least twenty percent greater than the minor axis of the
oval. The fistula creation device is then withdrawn, such
that distal end 31 of outer sheath 30 is almost removed
from entering skin 105. The guidewire preferably remains
in place, such as through a standard vessel introducer,
not shown. In a preferred embodiment, outer sheath 30
performs as the vessel introducer. Leaving the guidewire
in place allows one or more additional devices to be
placed over-the-wire and easily access either the venous
or arterial side of the fistula. These subsequent over-the-
wire devices, described in detail in reference to Fig. 2d,
can be used to assess the fistula such as an ultrasound
catheter to visualize the fistula, or a Doppler ultrasound
catheter to measure fistula flow. The over-the-wire de-
vices can be used to modify the fistula such as to modify
the flow rate through the fistula, or to otherwise improve
the therapeutic benefit of the fistula such as to increase
the long-term patency ofthe fistula or to minimize adverse
side effects of the fistula. In an exemplary method, an
over-the-wire or other procedure is performed to meas-
ure flow through the fistula. If inadequate flow is deter-
mined, a flow modification procedure may be performed,
such as an over-the-wire flow modification procedure uti-
lizing an inflatable balloon or a tissue-removing device
to increase fistula flow. In a preferred embodiment, the
inflatable balloon has a non-circular geometry that cor-
responds to a fistula created with a non-circular geome-
try. The balloon may be integral to the fistula creation
device, or a separate over-the-wire catheter, and may be
inflated to apply force to clip 60, or a second implant, all
not shown. Other flow modification procedure may also
be performed, such as procedures that place implants,
within or external to the flow path, to increase or decrease
fistula flow to maximize therapeutic benefit and/or reduce
adverse side effects.

[0048] Other embodiments of the invention will be ap-
parent to those skilled in the art from consideration of the
specification and practice of the invention disclosed here-
in. It is intended that the specification and examples be
considered as exemplary only, with a true scope of the
invention being indicated by the following claims.

Claims

1. A device (10) for creating a fistula in a patient com-
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prising:

an elongate tubular structure comprising a prox-
imal end and a distal end, wherein the distal end
is configured to pass first through the skin (105)
of the patient, then through a first vessel (130),
and then into a second vessel (120), wherein
the elongate tubular structure comprises an out-
er tube (30) and a slidable core (20) slidingly
received by said outer tube, wherein the slidable
core has a proximal end, a distal end, and a lu-
men therethrough;

a fistula creation assembly (25) disposed near
the distal end of the elongate tubular structure,
said fistula creation assembly being adapted to
create and maintain afistula that provides a flow
of blood between the first vessel and the second
vessel; characterised by

a second slidable core comprising a needle (50)
removably received in a lumen of the first slida-
ble core, wherein the needle has a needle tip
(51) that extends beyond the distal end (31) of
the elongate tubular structure to penetrate the
skin and the firstand second vessels as the elon-
gate tubular structure is advanced.

The device of claim 1, wherein the fistula creation
assembly is mounted to the slidable core.

The device of claim 1 or 2, wherein advancement of
the slidable core and/or retraction of the outer tube
causes the fistula creation assembly to exit the distal
end of the outer tube.

The device of any one of claims 1 to 3, wherein the
slidable core has a tapered, beveled and/or sharp-
ened distal end.

The device of any one of claims 1 to 4, wherein the
second slidable core has alumen (53) therethrough.

The device of any preceding claim, wherein the sec-
ond slidable core has a tapered, beveled and/or
sharpened distal end.

The device of claim 5 or 6, wherein the device is
configured to be advanced and/or retracted over a
guidewire (80) contained within a lumen of the sec-
ond slidable core.

The device of any one of the preceding claims,
wherein the fistula creation assembly comprises one
or more of a cone shaped dilator, an expandable
assembly such as a balloon, an energy delivery el-
ement, an agent delivery element, and an anasto-
motic implant.

The device of any one of claims 1 to 7, wherein the
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fistula creation assembly comprises an anastomotic
implant constructed of materials selected from the
group consisting of self-expanding materials such
as self-expanding stainless steel or Nitinol, plastical-
ly deformable materials and combinations thereof.

The device of claim 9, wherein the fistula creation
assembly further comprises an expandable balloon
configured to apply radial force to at least a portion
of the anastomotic implant, said radial force applied
to said anastomotic implant during deployment of
the anastomotic implant in the fistula and/or after the
deployment of the anastomotic implant in the fistula.

The device of claim 9 or 10, wherein the anastomotic
implant is configured to perform one or more of the
following functions: apply a radial force to the fistula,
apply a compressive force to the first and second
vessels, and cause the flow in the fistula to tend to-
ward laminar flow.

The device of any one of claims 1 to 7, wherein the
fistula creation assembly comprises an energy de-
livery element, said element delivering energy se-
lected from the group consisting of electrical energy
such as radiofrequency or microwave energy, cryo-
genic energy, heat, radiation, chemical energy, light
such as light delivered to photoreactive agents, and
combinations thereof, wherein said delivered energy
is configured to ablate tissue, cut tissue, coagulate
blood and/or tissue, and combinations thereof.

The device of any one of claims 1 to 7, wherein the
fistula creation assembly comprises an agent deliv-
ery element, said delivery element configured to de-
liver agents selected from the group consisting of
anti-proliferative, anti-biotic, anti-thrombogenic, and
combinations thereof.

The device of any one of claims 1 to 7, wherein the
fistula is configured to: provide a therapy for chronic
obstructive pulmonary disease, increase venous ox-
ygen level, increase arterial oxygen level, decrease
systemic vascular resistance, and combinations
thereof.

The device of any one of the preceding claims, fur-
ther comprising a handle (40) on the proximal end
and at least one slidable core; wherein the handle
includes one or more controls (42) configured to per-
form one or more of the following functions:
activate or otherwise control at least a portion of the
fistula creation assembly such as by controlling one
or more of:

expansion of a balloon deployment of an anas-
tomotic implant;
apply force to an anastomotic implant;
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delivery of energy;

delivery of an agent such as a drug; and
advance or retract the slidable core; and com-
binations thereof.

The device of any one of claims 1 to 7, wherein the
first vessel is selected from the group consisting of
axillary artery, brachial artery, ulnar artery, radial ar-
tery, profundal artery, femoral artery, iliac artery,
popliteal artery, carotid artery, saphenous vein, fem-
oral vein, iliac vein, popliteal vein, brachial veine, ba-
silic vein, cephalic vein, medial forearm vein, medial
cubital vein, axillary vein, and jugular vein.

The device of any one of the preceding claims,
wherein the second vessel wall is within 20 mm of
the first vessel wall.

The device of any one of the preceding claims,
wherein the elongate tubular structure includes a lu-
men from its proximal end to its distal end, wherein
the device is configured to reside in the patient with
a guidewire in said lumen, said device further con-
figured to be withdrawn from the patient leaving the
guidewire to remain passing through the skin and
into the patient, through the first vessel, through the
fistula, and into the second vessel.

The device of any one of the preceding claims,
wherein the tubular structure includes a flow meas-
urement element configured to measure flow of the
patient’s blood.

The device of any one of the preceding claims, fur-
ther comprising flow adjustment means, said flow
adjustment means comprising one or more of:

an inflatable balloon; and

a deployable implant such as an implant de-
ployed within the fistula, an implant configured
to be deployed within a pre-existing implant, an
implant which impedes flow in the fistula, and/or
an implant which enlarges the fistula.

A system for creating a fistula comprising the device
of any of the preceding claims, and an ultrasound
visualization monitor.

A system for creating a fistula comprising:

the device of any one of the preceding claims, and
an apparatus selected from the group consisting of:
a balloon catheter, an anastomotic implant deploy-
ment catheter, a flow measurement device such as
a flow catheter or an external Doppler probe, an an-
giography catheter, a venography catheter, a
guidewire, an introducer, a needle, a biopsy needle,
and combinations thereof.
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23. A kit for creating a long-term fistula in a patient to

treat chronic obstructive pulmonary disease, said kit
including:

a first fistula creation device of any one of the pre-
ceding claims, said first fistula creation device for
forming a fistula with a first geometry:

a second fistula creation device of any one of the
preceding claims, said second fistula creation device
for forming a fistula with a second geometry, wherein
either the first fistula creation device or the second
fistula creation device is used to create the long-term
fistula based on a visualization procedure performed
on the patient.

Patentanspriiche

Eine Vorrichtung (10) zum Erzeugen einer Fistel bei
einem Patienten, die Folgendes beinhaltet:

eine langliche réhrenférmige Struktur, die ein
proximales Ende und ein distales Ende beinhal-
tet, wobei das distale Ende zum Durchtritt zuerst
durch die Haut (105) des Patienten, dann durch
ein erstes Gefald (130) und dann in ein zweites
Gefal (120)hinein ausgelegt ist, wobei die lang-
liche réhrenférmige Struktur ein AuRenrohr (30)
und einen gleitfahigen Kern (20) beinhaltet, der
gleitend von dem genannten AufRenrohr aufge-
nommen wird, wobei der gleitfahige Kern ein
proximales Ende, ein distales Ende und ein Lu-
men dadurch aufweist;

eine Fistelerzeugungsbaugruppe (25), die in der
Nahe des distalen Endes der langlichen réhren-
férmigen Struktur angeordnet ist, wobei die ge-
nannte Fistelerzeugungsbaugruppe zum Er-
zeugen und Aufrechterhalten einer Fistel ange-
passtist, die einen Blutstrom zwischen dem ers-
ten Gefall und dem zweiten Gefald bereitstellt;
dadurch gekennzeichnet, dass

ein zweiter gleitfahiger Kern eine Nadel (50) be-
inhaltet, die entfernbar in einem Lumen des ers-
ten gleitfahigen Kerns aufgenommen wird, wo-
bei die Nadel eine Nadelspitze (51) aufweist, die
sich Uber das distale Ende (31) der langlichen
réhrenformigen Struktur hinaus erstreckt, um
beim Vorschieben der langlichen réhrenférmi-
gen Struktur die Haut und das erste und zweite
Gefall zu durchdringen.

Vorrichtung nach Anspruch 1, wobei die Fistelerzeu-
gungsbaugruppe an dem gleitfahigen Kern befestigt
ist.

Vorrichtung nach Anspruch 1 oder 2, wobei das Vor-
schieben des gleitfahigen Kerns und/oder Zurick-
ziehen des AulRenrohrs dazu fiihrt, dass die Fistel-
erzeugungsbaugruppe aus dem distalen Ende des
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AuRenrohrs austritt.

Vorrichtung nach einem der Anspriiche 1 bis 3, wo-
bei der gleitfahige Kern ein konisch zulaufendes, ab-
geschragtes und/oder zugespitztes distales Ende
aufweist.

Vorrichtung nach einem der Anspriiche 1 bis 4, wo-
bei der zweite gleitfahige Kern ein Lumen (53) da-
durch aufweist.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei der zweite gleitfahige Kern ein ko-
nisch zulaufendes, abgeschragtes und/oder zuge-
spitztes distales Ende aufweist.

Vorrichtung nach Anspruch 5 oder 6, wobei die Vor-
richtung dazu ausgelegt ist, Uber einen Fihrungs-
draht (80), der innerhalb eines Lumens des zweiten
gleitfahigen Kerns enthalten ist, vorgeschoben
und/oder zuriickgezogen zu werden.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Fistelerzeugungsbaugruppe ei-
nes oder mehrere von einem kegelférmigen Dehnin-
strument, einer expandierbaren Baugruppe wie etwa
einem Ballon, einem Energiezufiihrungselement, ei-
nem Wirkstoffzufiihrungselement und einem Anas-
tomosenimplantat beinhaltet.

Vorrichtung nach einem der Anspriiche 1 bis 7, wo-
bei die Fistelerzeugungsbaugruppe ein Anastomo-
senimplantat beinhaltet, das aus Materialien kon-
struiert ist, die aus der Gruppe ausgewabhlt sind, die
aus selbstexpandierenden Materialien wie etwa
selbstexpandierendem rostfreiem Stahl oder Nitinol,
plastisch verformbaren Materialien und Kombinati-
onen davon besteht.

Vorrichtung nach Anspruch 9, wobei die Fistelerzeu-
gungsbaugruppe ferner einen expandierbaren Bal-
lon beinhaltet, der dazu ausgelegt ist, Radialkraft auf
mindestens einen Anteil des Anastomosenimplan-
tats anzuwenden, wobei die Radialkraft wahrend
des Einsetzens des Anastomosenimplantats in der
Fistel und/oder nach dem Einsetzen des Anastomo-
senimplantats in der Fistel auf das Anastomosenim-
plantat angewendet wird.

Vorrichtung nach Anspruch 9 oder 10, wobei das
Anastomosenimplantat dazu ausgelegtist, eine oder
mehrere der folgenden Funktionen durchzufiihren:
Anwenden einer Radialkraft auf die Fistel, Anwen-
den einer Druckkraft auf das erste und zweite Gefay
und Bewirken, dass die Strémung in der Fistel zu
laminarer Strémung neigt.

Vorrichtung nach einem der Anspriiche 1 bis 7, wo-
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bei die Fistelerzeugungsbaugruppe ein Energiezu-
fuhrungselement beinhaltet, wobei das genannte
Element Energie zufiihrt, die aus der Gruppe aus-
gewahlt ist, die aus elektrischer Energie wie etwa
Hochfrequenz- oder Mikrowellenenergie, kryogener
Energie, Warme, Stahlung, chemischer Energie,
Licht wie etwa Licht, das fotoreaktiven Substanzen
zugefihrt wird, und Kombinationen davon besteht,
wobei die genannte zugefiihrte Energie zum Abla-
dieren von Gewebe, Schneiden von Gewebe, Koa-
gulieren von Blut und/oder Gewebe und Kombinati-
onen davon ausgelegt ist.

Vorrichtung nach einem der Anspriiche 1 bis 7, wo-
bei die Fistelerzeugungsbaugruppe ein Wirkstoffzu-
fuhrungselement beinhaltet, wobei das Zuflihrungs-
elementzum Zufiihren von Wirkstoffen ausgelegtist,
die aus der Gruppe ausgewahlt sind, die aus anti-
proliferativen, antibiotischen, antithrombogenen
Wirkstoffen und Kombinationen davon besteht.

Vorrichtung nach einem der Anspriiche 1 bis 7, wo-
bei die Fistel zu Folgendem ausgelegt ist: Bereitstel-
len einer Therapie fiir chronisch-obstruktive Lungen-
krankheit, Erh6hen des vendsen Sauerstoffgehalts,
Erhéhen des arteriellen Sauerstoffgehalts, Vermin-
derndes systemischen GefaRBwiderstands und Kom-
binationen davon.

Vorrichtung nach einem der vorhergehenden An-
spriiche, die ferner einen Handgriff (40) an dem pro-
ximalen Ende und mindestens einen gleitfahigen
Kern beinhaltet; wobei der Handgriff ein oder meh-
rere Bedienelemente (42) beinhaltet, die dazu aus-
gelegt sind, eine oder mehrere der folgenden Funk-
tionen durchzufihren:

Aktivieren oder anderweitiges Steuern von mindes-
tens einem Anteil der Fistelerzeugungsbaugruppe,
wie etwa durch Steuern von einem oder mehreren
der Folgenden:

Expandieren eines Balloneinsatzes eines Ana-
stomosenimplantats;

Anwenden von Kraft auf ein Anastomosenimp-
lantat;

Zufiihren von Energie;

Zuflhren eines Wirkstoffs wie etwa eines Arz-
neistoffs; und

Vorschieben oder Zurlickziehen des gleitfahi-
gen Kerns; und Kombinationen davon.

Vorrichtung nach einem der Anspriiche 1 bis 7, wo-
bei das erste Gefal} aus der Gruppe ausgewahlt ist,
die aus Folgenden besteht: Arteria axillaris, Arteria
brachialis, Arteria ulnaris, Arteria radialis, Arteria
profunda, Arteria femoralis, Arteria iliaca, Arteria
poplitea, Arteria carotis, Vena saphena, Vena femo-
ralis, Venailiaca, Vena poplitea, Vena brachialis, Ve-
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na basilica, Vena cephalica, Vena mediana antebra-
chii, Vena mediana cubiti, Vena axillaris und Vena
jugularis.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die zweite GefalRwand innerhalb von
20 mm der ersten GefalRwand liegt.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die langliche rohrenférmige Struktur
ein Lumen von ihrem proximalen Ende bis zu ihrem
distalen Ende umfasst, wobei die Vorrichtung dazu
ausgelegt ist, mit einem Flahrungsdraht in dem Lu-
men in dem Patienten zu verbleiben, wobei die Vor-
richtung ferner dazu ausgelegt ist, aus dem Patien-
ten zuriickgezogen zu werden, wobei der Flihrungs-
draht belassen wird, durch die Haut und in den Pa-
tienten hinein durch das erste Gefal, durch die Fistel
und in das zweite Gefal hinein zu gelangen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die rohrenférmige Struktur ein Stro-
mungsmesselement umfasst, das dazu ausgelegt
ist, die Strémung des Bluts des Patienten zu mes-
sen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, die ferner ein Strémungsanpassungsmittel
beinhaltet, wobei das Stromungsanpassungsmittel
eines oder mehrere der Folgenden beinhaltet:

einen aufblasbaren Ballon; und

ein einsetzbares Implantat, wie etwa ein Imp-
lantat, das innerhalb der Fistel eingesetzt wird,
ein Implantat, das dazu ausgelegt ist, innerhalb
eines vorbestehenden Implantats eingesetzt zu
werden, ein Implantat, das die Strémung in der
Fistel behindert und/oder ein Implantat, das die
Fistel vergroRert.

Ein System zum Erzeugen einer Fistel, das die Vor-
richtung nach einem der vorhergehenden Anspri-
che und einen Ultraschallvisualisierungsmonitor be-
inhaltet.

Ein System zum Erzeugen einer Fistel, das Folgen-
des beinhaltet:

die Vorrichtung nach einem der vorhergehenden An-
spriiche und einen Apparat, der aus der Gruppe aus-
gewahlt ist, die aus Folgenden besteht:

einem Ballonkatheter, einem Katheter zum Einset-
zen eines Anastomosenimplantats, einer Stro-
mungsmessvorrichtung wie etwa einem Flusskathe-
ter oder einer externen Dopplersonde, einem Angi-
ographiekatheter, einem Venographiekatheter, ei-
nem Fihrungsdraht, einem Einfihrungselement, ei-
ner Nadel, einer Biopsienadel und Kombinationen
davon.
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23. Ein Kit zum Erzeugen einer Langzeitfistel bei einem

Patienten zur Behandlung von chronisch-obstrukti-
ver Lungenerkrankung, wobei das Kit Folgendes
umfasst:

eine erste Fistelerzeugungsvorrichtung nach ei-
nem der vorhergehenden Anspriiche, wobei die
genannte Fistelerzeugungsvorrichtung zum Bil-
den einer Fistel mit einer ersten Geometrie
dient;

eine zweite Fistelerzeugungvorrichtung nach ei-
nem der vorhergehenden Anspriiche, wobei die
zweite Fistelerzeugungsvorrichtung zum Bilden
einer Fistel mit einer zweiten Geometrie dient,
wobei entweder die erste Fistelerzeugungsvor-
richtung oder die zweite Fistelerzeugungsvor-
richtung zum Erzeugen der Langzeiffistel, ba-
sierend auf einem bei dem Patienten durchge-
fuhrten Visualisierungsverfahren, verwendet
wird.

Revendications

Dispositif (10) de création d’une fistule chez un pa-
tient comprenant :

une structure tubulaire allongée comprenant
une extrémité proximale et une extrémité dista-
le, dans lequel I'extrémité distale est configurée
pour passer d’abord a travers la peau (105) du
patient, puis a travers un premier vaisseau
(130), et puis dans un deuxiéme vaisseau (120),
dans lequel la structure tubulaire allongée com-
prend un tube externe (30) et une partie centrale
coulissante (20) recue de maniére coulissante
par ledit tube externe, dans lequel la partie cen-
trale coulissante a une extrémité proximale, une
extrémité distale, et une lumiére a travers celle-
ci;

un ensemble de création de fistule (25) disposé
prés de I'extrémité distale de la structure tubu-
laire allongée, ledit ensemble de création de fis-
tule étant congu pour créer et maintenir une fis-
tule qui fournit un écoulement de sang entre le
premier vaisseau et le deuxiéme vaisseau ; ca-
ractérisé par une deuxiéme partie centrale cou-
lissante comprenant une aiguille (50) regue de
maniére amovible dans une lumiére de la pre-
miére partie centrale coulissante, dans lequel
I'aiguille a une pointe d’aiguille (51) qui s’étend
au-dela de I'extrémité distale (31) de la structure
tubulaire allongée pour pénétrer dans la peau
et les premier et deuxiéme vaisseaux lorsque la
structure tubulaire allongée est avancée.

Dispositif selon la revendication 1, dans lequel I'en-
semble de création de fistule est monté sur la partie
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centrale coulissante.

Dispositif selon la revendication 1 ou 2, dans lequel
'avancée de la partie centrale coulissante et/ou la
rétraction du tube externe améne I'ensemble de
création de fistule a sortir par I'extrémité distale du
tube externe.

Dispositif selon 'une quelconque des revendications
1 a 3, dans lequel la partie centrale coulissante a
une extrémité distale effilée, biseautée et/ou affitée.

Dispositif selon 'une quelconque des revendications
1 a 4, dans lequel la deuxiéme partie centrale cou-
lissante a une lumiére (53) a travers celle-ci.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel la deuxiéme partie centra-
le coulissante a une extrémité distale effilée, biseau-
tée et/ou affltée.

Dispositif selon la revendication 5 ou 6, dans lequel
le dispositif est configuré pour étre avanceé et/ou ré-
tracté sur un fil-guide (80) contenu au sein d’'une
lumiére de la deuxiéme partie centrale coulissante.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel I'ensemble de création de
fistule comprend un ou plusieurs éléments parmi un
dilatateur enforme de cone, un ensemble expansible
tel qu'un ballonnet, un élémentde distribution d’éner-
gie, un élément de distribution d’agent, et un implant
anastomotique.

Dispositif selon 'une quelconque des revendications
1 a7, dans lequel I'ensemble de création de fistule
comprend un implant anastomotique construit de
matériaux sélectionnés dans le groupe constitué par
des matériaux auto-expansibles tels que I'acier
inoxydable auto-expansible ou le Nitinol, des maté-
riaux a déformation plastique et des combinaisons
de ceux-ci.

Dispositif selon la revendication 9, dans lequel I'en-
semble de création de fistule comprend en outre un
ballonnet expansible configuré pour appliquer une
force radiale a au moins une partie de I'implant anas-
tomotique, ladite force radiale appliquée audit im-
plant anastomotique pendant le déploiement de I'im-
plant anastomotique dans la fistule et/ou apres le
déploiement de I'implant anastomotique dans la fis-
tule.

Dispositif selon la revendication 9 ou 10, dans lequel
implant anastomotique est configuré pour réaliser
une ou plusieurs des fonctions suivantes : appliquer
une force radiale a la fistule, appliquer une force de
compression aux premier et deuxiéme vaisseaux, et
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amener I'écoulement dans la fistule a tendre vers un
écoulement laminaire.

Dispositif selon'une quelconque des revendications
1 a7, dans lequel I'ensemble de création de fistule
comprend un élément de distribution d’énergie, ledit
élément distribuant de I’énergie sélectionnée dans
le groupe constitué par I'énergie électrique telle que
I’énergie des radiofréquences ou des micro-ondes,
I’énergie cryogénique, la chaleur, le rayonnement,
I’énergie chimique, la lumiere telle que la lumiére
distribuée a des agents photoréactifs, et des combi-
naisons de ceux-ci, dans lequel ladite énergie distri-
buée est configurée pour I'ablation de tissu, la dé-
coupe de tissu, ou la coagulation de sang et/ou de
tissu, et des combinaisons de celles-ci.

Dispositif selon'une quelconque des revendications
1 a7, dans lequel I'ensemble de création de fistule
comprend un élément de distribution d’agent, ledit
élément de distribution configuré pour distribuer des
agents sélectionnés dans le groupe constitué par
des agents antiprolifératifs, antibiotiques, antithrom-
bogénes, et des combinaisons de ceux-ci.

Dispositif selon’'une quelconque des revendications
1a7,danslequel lafistule est configurée pour : four-
nir une thérapie pour la bronchopneumopathie chro-
nique obstructive, 'augmentation de la saturation
veineuse en oxygene, 'augmentation de la satura-
tion artérielle en oxygéne, la réduction de la résis-
tance vasculaire systémique, et des combinaisons
de celles-ci.

Dispositif selon’'une quelconque des revendications
précédentes, comprenant en outre un manche (40)
sur I'extrémité proximale et au moins une partie cen-
trale coulissante ; dans lequel le manche inclut un
ou plusieurs dispositifs de commande (42) configu-
rés pour réaliser une ou plusieurs des fonctions
suivantes :

activer ou commander autrement au moins une par-
tie de 'ensemble de création de fistule de maniere
a commander une ou plusieurs actions parmi :

I’expansion d’'un déploiement de ballonnet d’un
implant anastomotique ;
'applicaton de force a un
anastomotique ;

la distribution d’énergie ;

la distribution d’un agent tel qu’'un médicament ;
et

I'avancée ou la rétraction de la partie centrale
coulissante ; et des combinaisons de celles-ci.

implant

Dispositif selon’'une quelconque des revendications
1a7,danslequel le premiervaisseau est sélectionné
dans le groupe constitué par I'artére axillaire, I'artére
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brachiale, I'artére ulnaire, 'artére radiale, I'artére
profonde, l'artere fémorale, I'artére iliaque, 'artére
poplitée, I'artére carotide, la veine saphene, la veine
fémorale, la veine iliaque, la veine poplitée, la veine
brachiale, la veine basilique, la veine céphalique, la
veine médiane de 'avant-bras, la veine médiane cu-
bitale, la veine axillaire, et la veine jugulaire.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel la paroi du deuxiéme vais-
seau est a 20 mm au plus de la paroi du premier
vaisseau.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel la structure tubulaire al-
longée inclutune lumiére de son extrémité proximale
a son extrémité distale, dans lequel le dispositif est
configuré pour résider dans le patient avec un fil-
guide dans ladite lumiére, ledit dispositif configuré
en outre pour étre retiré du patient en laissant le fil-
guide passer a travers la peau et dans le patient, a
travers le premier vaisseau, a travers la fistule, et
jusque dans le deuxieme vaisseau.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel la structure tubulaire inclut
un élément de mesure d’écoulement configuré pour
mesurer I'écoulement du sang du patient.

Dispositif selon 'une quelconque des revendications
précédentes, comprenant en outre un moyen d’ajus-
tement d’écoulement, ledit moyen d’ajustement
d’écoulement comprenant un ou plusieurs éléments
parmi :

un ballonnet gonflable ; et

un implant déployable tel qu’'un implant déployé
au sein de la fistule, un implant configuré pour
étre déployé au sein d’un implant préexistant,
un implant qui entrave I'écoulement dans la fis-
tule, et/ou un implant qui élargit la fistule.

Systeme de création d’une fistule comprenant le dis-
positif selon I'une quelconque des revendications
précédentes, et un moniteur de visualisation a ultra-
sons.

Systeme de création d’une fistule comprenant :

le dispositif selon 'une quelconque des revendica-
tions précédentes, et un appareil sélectionné dans
le groupe constitué par :

un cathéter a ballonnet, un cathéter de déploiement
d’implant anastomotique, un dispositif de mesure
d’écoulement tel qu'un cathéter d’écoulement ou
une sonde Doppler externe, un cathéter d’angiogra-
phie, un cathéter de phlébographie, un fil-guide, un
introducteur, une aiguille, une aiguille de biopsie, et
des combinaisons de ceux-ci.
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23. Trousse de création d’une fistule a long terme chez

un patient pour traiter une bronchopneumopathie
obstructive chronique, ladite trousse incluant :

un premier dispositif de création de fistule selon
I'une quelconque des revendications précéden-
tes, ledit premier dispositif de création de fistule
pour former une fistule avec une premiére
géométrie ;

un deuxieme dispositif de création de fistule se-
lon 'une quelconque des revendications précé-
dentes, ledit deuxieme dispositif de création de
fistule pour former une fistule avec une deuxie-
me géométrie, dans lequel soit le premier dis-
positif de création de fistule ou le deuxiéme dis-
positif de création de fistule est utilisé pour créer
la fistule a long terme sur la base d’une procé-
dure de visualisation réalisée sur le patient.
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Fig. 2a

Fig. 2b

Fig. 2¢

Fig. 2d
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Fig. 3a

Fig. 3b
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Fig. 3f
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Fig. 4
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