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Description

FIELD OF THE INVENTION

[0001] The present description relates to apparatus,
systems, and methods for use in a lumen; and more par-
ticularly to a valve apparatus, systems, and methods for
use in the vasculature system.

BACKGROUND OF THE INVENTION

[0002] The venous system of the legs uses valves and
muscles as part of the body’s pumping mechanism to
return blood to the heart. Venous valves create one way
flow to prevent blood from flowing away from the heart.
When valves fail, blood can pool in the lower legs result-
ing in swelling and ulcers of the leg. The absence of func-
tioning venous valves can lead to chronic venous insuf-
ficiency.
[0003] Techniques for both repairing and replacing the
valves exist, but are tedious and require invasive surgical
procedures. Direct and indirect valvuoplasty procedures
are used to repair damaged valves. Transposition and
transplantation are used to replace an incompetent valve.
Transposition involves moving a vein with an incompe-
tent valve to a site with a competent valve. Transplanta-
tion replaces an incompetent valve with a harvested
valve from another venous site. Prosthetic valves can be
transplanted into the venous system, but current devices
are not successful enough to see widespread usage. WO
01/49213 relates to implantable prosthetic cardiac and
venous valves and WO 01/28459 relates to a prosthetic
valve including an elongate generally cylindrical radially
collapsible valve body scaffold defining a fluid passage-
way therethrough for retentive positioning within the lu-
men.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

FIGS. 1A and 1B illustrate an example of a valve not
claimed by the present invention.
FIG. 1C illustrates a cross-sectional view of the valve
illustrated in FIG. 1A.
FIG. ID illustrates a cross-sectional view of the valve
illustrated in FIG. 1B.
FIGS. IE and IF illustrates an additional perspective
view of the valve illustrated in FIG. 1A.
FIGS. 2A and 2B illustrate an example of a valve in
an expanded and collapsed state not claimed by the
present invention.
FIGS. 3A and 3B illustrate an embodiment of a valve
according to the present invention.
FIG. 4A illustrates an embodiment of a valve accord-
ing to the present invention.
FIG. 4B illustrates an embodiment of a valve not
claimed by the present invention.

FIG. 5A illustrates an example of a valve not claimed
by the present invention.
FIG. 5B illustrates an example of a frame for the valve
illustrated in FIG. 5A not claimed by the present in-
vention.
FIG. 6 illustrates an embodiment of a system that
includes a valve according to the present invention.
FIG. 7 illustrates an embodiment of a system that
includes a valve according to the present invention.
FIG. 8 illustrates an embodiment of a system that
includes a valve according to the present invention.
FIGS. 9A, 9B and 9C illustrate an embodiment of a
system that includes a valve according to the present
invention.
FIGS. 10A, 10B and 10C illustrate an example of a
system that includes a valve and a catheter having
radiopaque markers.

DETAILED DESCRIPTION

[0005] Embodiments of the present invention are di-
rected to an apparatus, system, and method for forming
a valve as set forth in the appended claims. For example,
the apparatus can include a valve that can be used to
replace or augment an incompetent valve in a body lu-
men. Embodiments of the valve can include a frame and
cover that can be implanted through minimally-invasive
techniques into the body lumen. In one example, embod-
iments of the apparatus, system, and method for valve
replacement or augmentation may help to maintain an-
tegrade blood flow, while decreasing retrograde blood
flow in a venous system of individuals having venous
insufficiency, such as venous insufficiency in the legs.
[0006] The figures herein follow a numbering conven-
tion in which the first digit or digits correspond to the draw-
ing figure number and the remaining digits identify an
element or component in the drawing. Similar elements
or components between different figures may be identi-
fied by the use of similar digits. For example, 110 may
reference element "10" in FIG. 1, and a similar element
may be referenced as 210 in FIG. 2. As will be appreci-
ated, elements shown in the various embodiments herein
can be added, exchanged, and/or eliminated so as to
provide a number of additional embodiments of valve. In
addition, discussion of features and/or attributes for an
element with respect to one FIG. can also apply to the
element shown in one or more additional FIGS. Embod-
iments illustrated in the figures are not necessarily to
scale.
[0007] FIGS. 1A through 2B and 5A, 5B provide illus-
trations of various examples of a valve not claimed by
the present invention. The valve can be implanted within
the fluid passageway of a body lumen, such as for re-
placement or augmentation of a valve structure within
the body lumen (e.g., a venous valve). In one embodi-
ment, the valve of the present invention may be beneficial
to regulate the flow of a bodily fluid through the body
lumen in a single direction.
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[0008] FIGS. 1A-1F illustrate one example of a venous
valve 100 not claimed by the present invention. Venous
valve 100 includes a frame 102 and a cover 104 for the
venous valve 100, where both the frame 102 and the
cover 104 can resiliently radially collapse and expand,
as will be described herein. Among other things, the
frame 102 and the cover 104 define a lumen 106 of the
valve 100. The lumen 106 allows for, amongst other
things, fluid (e.g., blood) to move through the valve 100.
[0009] The frame 102 also includes a first end 108 and
a second end 110. The first end 108 and the second end
110 define a length of the frame 102 and of the valve
100. In one example, the length of valve 100 can have a
number of values. As will be appreciated, the length of
valve 100 can be determined based upon the location
into which the valve 100 is to be implanted. In other words,
the length of the valve 100 can be patient specific. Ex-
amples of values for the length include, but are not limited
to, 12 millimeters to 32 millimeters. Other values are also
possible.
[0010] The frame 102 further includes an outer surface
112 and an inner surface 114 opposite the outer surface
112. In one example, the cover 104 can be located over
at least the outer surface 112 of the frame 102. For ex-
ample, the cover 104 can extend around a perimeter of
the frame 102 so as to completely cover the outer surface
112 of the frame 102. In other words, the cover 104 ex-
tends over the outer surface 112 of the frame 102 so that
there are no exposed portions of the outer surface 112
of the frame 102. In an additional example, the cover 104
can also be located over at least the inner surface 114
of the frame 102, as illustrated in FIGS. 1A-1F. A further
example includes the cover 104 located over at least a
portion of the outer surface 112 and at least a portion of
the inner surface 114.
[0011] The cover 104 can further include surfaces de-
fining a reversibly sealable opening 116 for unidirectional
flow of a liquid through the lumen 106. For example, the
surfaces of the cover 104 can be deflectable between a
closed configuration in which fluid flow through the lumen
106 can be restricted and an open configuration in which
fluid flow through the lumen 106 can be permitted.
[0012] The frame 102 can be formed from a wide va-
riety of materials and in a wide variety of configurations.
Frame 102 can have a unitary structure with an open
frame configuration. For example, the open frame con-
figuration can include frame members 118 that define
openings 120 across the frame 102 through which valve
leaflets 122 formed by the cover 104 can radially-collapse
and radially-expand, as will be described herein.
[0013] In addition, the first end 108 and the second end
110 each include a plurality of end portions 124 that lay
on a common plane. The plurality of end portions 124,
however, need not all lay on the common plane. In other
words, it is possible that one or more of the end portions
124 of the frame 102 lay above and/or below the common
plane.
[0014] While the frames illustrated herein, for example

frame 102, are shown as having a circular configuration,
other configurations are also possible. For example, the
frame 102 could have an elliptical configuration. As such,
the present invention should not be limited to the illustra-
tion of the frames, such as frame 102, provided herein.
[0015] As illustrated in FIGS. 1A-1F, the frame 102 can
further include a first leaflet connection region 126 and
a second leaflet connection region 128 adjacent the sec-
ond end 110 of the frame 102. The first and second leaflet
connection regions 126 and 128 further include an open-
ing 130 through the frame 102. In the present example,
the cover 104 can be coupled, as described more fully
herein, to at least the first leaflet connection region 126
and the second leaflet connection region 128 using the
openings 130 through the frame 102. The cover 104 so
coupled can then move (e.g., pivot) relative the first leaflet
connection region 126 and the second leaflet connection
region 128 between an open valve configuration (illus-
trated in FIGS. 1A, 1C, and IE) and a closed valve con-
figuration (illustrated in FIGS. 1B, ID, and IF). As illus-
trated in the closed valve configuration, the open frame
configuration of frame 102 allows cover 104 to move
through the openings 120 in creating the reversible seal-
able opening 116 of the valve 100.
[0016] As illustrated in FIGS. 1A-1B and IE-IF, the first
leaflet connection region 126 and the second leaflet con-
nection region 128 can be positioned opposite each other
along a common axis. In addition, the first leaflet connec-
tion region 126 and the second leaflet connection region
128 can be radially symmetric around the longitudinal
central axis 132 of the frame 102.
[0017] As illustrated, the first leaflet connection region
126 and the second leaflet connection region 128 can be
positioned approximately one hundred eighty (180) de-
grees relative each other around the longitudinal central
axis 132 of the frame 102. As will be appreciated, the
first and second leaflet connection regions 126, 128 need
not necessarily display an equally spaced symmetrical
relationship as described above in order to practice the
examples. For example, the radial relationship can have
the first and second leaflet connection region 126, 128
positioned at values greater than one hundred eighty
(180) degrees and less than one hundred eighty (180)
degrees relative each other around the longitudinal cen-
tral axis 132 of the frame 102.
[0018] The frame member 118 of frame 102 can have
similar and/or different cross-sectional geometries
and/or cross-sectional dimensions along its length. The
similarity and/or the differences in the cross-sectional ge-
ometries and/or cross-sectional dimensions can be
based on one or more desired functions to be elicited
from each portion of the frame 102. For example, the
frame member 118 can have a similar cross-sectional
geometry along its length. Examples of cross-sectional
geometries include, but are not limited to, round (e.g.,
circular, oval, and/or elliptical), rectangular geometries
having perpendicular sides, one or more convex sides,
or one or more concave sides; semi-circular; triangular;
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tubular; I-shaped; T-shaped; and trapezoidal.
[0019] Alternatively, the cross-sectional dimensions of
one or more geometries of the frame member 118 can
change from one portion of the frame 102 to another por-
tion of the frame 102. For example, portions of the frame
member 118 can taper (i.e., transition) from a first geo-
metric dimension to a second geometric dimension dif-
ferent than the first geometric dimension. These exam-
ples, however, are not limited as other cross-sectional
geometries and dimension are also possible. As such,
the present example should not be limited to the frames
provided in the illustration herein.
[0020] The valve 100 can further include a radial sup-
port member 134. The radial support member 134 can
include a number of different configurations, as will be
described herein. For example, as illustrated the radial
support member 134 couples the first leaflet connection
region 126 and the second leaflet connection region 128.
In addition to coupling the connection regions 126 and
128, the radial support member 134 can also serve to
stabilize the relative positions of the connection regions
126 and 128 (e.g., limit relative fluctuations of the con-
nection regions 126 and 128).
[0021] In the present example, the radial support mem-
ber 134 can be in the form of a tubular ring 136. The
tubular ring 136 joins to the first leaflet connection region
126 and the second leaflet connection region 128. The
tubular ring 136 can also move radially with the first and
second leaflet connection region 124, 126 as the valve
100 radially collapses and expands.
[0022] In the various examples described herein, the
tubular ring 136 can be configured to provide a spring
force (e.g., elastic potential energy) to counter radial
compression of the frame 102 towards its uncompressed
state. For example, the tubular ring 136 can have a zig-
zag configuration that includes corners 138 in from which
a spring force (e.g., elastic potential energy) can be de-
rived when the frame 102 is compressed. As will be ap-
preciated, the corners 138 can have a number of config-
urations, including turns defining angles and/or arcs (e.g.,
having a radius of curvature). Additional spring force can
be imparted to the frame 102 from the compression of
the corners adjacent the first and second leaflet connec-
tion regions 126, 128 as well.
[0023] The valve 100 can further include a second tu-
bular ring 140 located at the first end 108 of the frame
102. The second tubular ring 140 can have a similar, or
different, configuration as tubular ring 136 so as to impart
the spring force to counter radial compression of the
frame 102 towards its uncompressed state. In one ex-
ample, both the tubular ring 136 and the second tubular
ring 140 help to stabilize the relative positions of the con-
nection regions 126 and 128, as described herein, and
to help maintain the position of the connection regions
126 and 128 relative the walls of a lumen in which the
valve 100 has been implanted. As will be appreciated,
the valve 100 could further include additional tubular
rings located at one or more positions along the frame

102.
[0024] The compressible nature of the valve 100 can
accommodate changes in body lumen size (e.g., diam-
eter of the body lumen) by flexing to expand and/or con-
tract to change the diameter of the frame 102. In one
example, the corner portions of the tubular rings 136 and
140, and the first leaflet connection region 126 and the
second leaflet connection region 128 can act as springs
to allow the valve 100 to resiliently radially collapse and
expand. The frame 102 can also provide sufficient con-
tact and expansion force with the surface of a body lumen
wall to encourage fixation of the valve 100 and to prevent
retrograde flow within the body lumen around the edges
of the frame 102 and the surface of a lumen when com-
bined with a closed state of the valve leaflets attached
thereto. Anchoring elements (e.g., barbs) can also be
included with valve 100.
[0025] FIGS. 2A and 2B provide an example of the
valve 200 in a collapsed state (FIG. 2A) and in an ex-
panded state (FIG. 2B) not claimed by the present inven-
tion. As shown in FIGS. 2A and 2B, the valve 200 can
travel between the collapsed and the expanded state
along a radial travel path 240 (as shown in FIG. 2B),
where there can be a change in a cross sectional area
of lumen 206. For example, the frame 202 can travel
along the radial travel path 242 so as to change a width
of lumen 206. This can allow the valve 200 to react ap-
propriately to the distension and contraction of a body
lumen in which the valve 200 is placed.
[0026] Referring again to FIGS. 1A-1F, the corner por-
tions of the tubular rings 136 and 140, and the first and
second leaflet connection region 126 and 128 can also
include, but are not limited to, other shapes that allow for
repeatable travel between the collapsed state and the
expanded state. For example, the elastic regions can in-
clude integrated springs having a circular or an elliptical
loop configuration. The embodiments are not, however,
limited to these configurations as other shapes are also
possible.
[0027] The frame member 118 forming the tubular
rings 136 and 140 can also include a radial flare 144. As
illustrated, the radial flare 144 provides for an increase
in the peripheral frame dimension at the first end 108
and/or the second end 110 of the frame 102. In one ex-
ample the frame members 118 can be pre- and/or post-
treated to impart the radial flare 144. For example, frame
members 118 forming the tubular rings 136 and 140 of
the frame 102 could be bent to impart the radial flare 144.
The frame 102 could then be heat treated so as to fix the
radial flare 144 into the frame member 118. Other mate-
rial treatments (e.g., plastic deformation, forging, elastic
deformation with heat setting) are also possible to impart
the radial flare as described herein, many of which are
material specific.
[0028] The examples of the frame described herein
can also be constructed of one or more of a number of
materials and in a variety of configurations. The frame
examples can have a unitary structure with an open frame
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configuration. The frame can also be self-expanding. Ex-
amples of self-expanding frames include those formed
from temperature-sensitive memory alloy which changes
shape at a designated temperature or temperature
range, such as Nitinol. Alternatively, the self-expanding
frames can include those having a spring-bias. In addi-
tion, the frame 102 can have a configuration that allows
the frame examples be radially expandable through the
use of a balloon catheter.
[0029] The examples of the frame, such as frame 102
in FIGS. 1A-1F, can also be formed from one or more
contiguous frame members. For example, the frame
member 118 of frame examples can be a single contig-
uous member. The single contiguous member can be
bent around an elongate tubular mandrel to form the
frame. The free ends of the single contiguous member
can then be welded, fused, crimped, or otherwise joined
together to form the frame. In an additional embodiment,
the frame member 118 of frame 102 can be derived (e.g.,
laser cut, water cut) from a single tubular segment. In an
alternative example, methods of joining the frame mem-
ber 118 to create the elastic region include, but are not
limited to, welding, gluing, and fusing the frame member.
The frame 102 can be heat set by a method as is typically
known for the material which forms the frame 102.
[0030] The frame examples can be formed from a
number of materials. For example, the frame can be
formed from a biocompatible metal, metal alloy, polymer-
ic material, or combination thereof. As described herein,
the frame can be self-expanding or balloon expandable.
In addition, the frame can be configured so as to have
the ability to move radially between the collapsed state
and the expanded state. Examples of suitable materials
include, but are not limited to, medical grade stainless
steel (e.g., 316L), titanium, tantalum, platinum alloys, nio-
bium alloys, cobalt alloys, alginate, or combinations
thereof. Additional frame examples may be formed from
a shape-memory material, such as shape memory plas-
tics, polymers, and thermoplastic materials. Shaped
memory alloys having superelastic properties generally
made from ratios of nickel and titanium, commonly known
as Nitinol, are also possible materials. Other materials
are also possible.
[0031] The lumen 106 can include a number of sizes.
For example, the size of the lumen can be determined
based upon the type of body lumen and the body lumen
size in which the valve is to be placed. In an additional
example, there can also be a minimum value for the width
for the frame that ensures that the frame will have an
appropriate expansion force against the inner wall of the
body lumen in which the valve is being placed.
[0032] In one example, the frame can further include
one or more active anchoring elements. For example,
the one or more active anchoring elements can include,
but are not limited to, one or more barbs projecting from
the frame 102.
[0033] The valve can further include one or more radi-
opaque markers (e.g., tabs, sleeves, welds). For exam-

ple, one or more portions of the frame can be formed
from a radiopaque material. Radiopaque markers can be
attached to, electroplated, dipped and/or coated onto one
or more locations along the frame. Examples of radio-
paque material include, but are not limited to, gold, tan-
talum, and platinum.
[0034] The position of the one or more radiopaque
markers can be selected so as to provide information on
the position, location and orientation (e.g., axial, direc-
tional, and/or clocking position) of the valve during its
implantation. For example, radiopaque markers can be
configured radially (e.g., around the radial support mem-
bers 132 and 134) and longitudinally (e.g., on predeter-
mined portions of longitudinally extending frame mem-
bers 118) on predetermined portions of the frame 102 to
allow the radial and axial position of the frame 102 to be
determined. So in one example a radiograph image of
the frame 102 taken perpendicular to the valve leaflets
122 in a first clock position can produce a first predeter-
mined radiograph image (e.g., an imaging having the ap-
pearance of an inverted "Y") and a radiographic image
taken perpendicular to the first and second leaflet con-
nection regions 126, 128 in a second clock position can
produce a second predetermined radiograph image
(e.g., an imaging having the appearance of an upright
"Y") distinguishable from the first predetermined radio-
graph image.
[0035] In one example, the first and second predeter-
mined radiograph images allow the radial position of the
leaflets 122 to be better identified within the vessel. This
then allows a clocking position for the valve 100 to be
determined so that the valve can be positioned in a more
natural orientation relative the compressive forces the
valve will experience in situ. In other words, determining
the clocking of the valve as described herein allows the
valve to be radially positioned in same orientation as na-
tive valve that it’s replacing and/or augmenting.
[0036] As described herein, valve 100 further includes
cover 104 having surfaces defining the reversibly seala-
ble opening 116 for unidirectional flow of a liquid through
the lumen 106. In one embodiment, the cover 104 ex-
tends over at least a portion of the frame 102 to the first
and second leaflet connection regions 126, 128. The cov-
er 104 extends between the first and second leaflet con-
nection regions 126, 128 to provide a first valve leaflet
146 and a second valve leaflet 148 of the valve leaflets
122. The first and second valve leaflets 146, 148 include
surfaces defining the reversibly sealable opening 116 ex-
tending between the first and second leaflet connection
regions 126, 128 for unidirectional flow of a liquid through
the valve 100.
[0037] In one example, the material of the cover 104
can be sufficiently thin and pliable so as to permit radially-
collapsing of the valve leaflets 122 for delivery by catheter
to a location within a body lumen. The valve leaflets 122
can be constructed of a fluid-impermeable biocompatible
material that can be either synthetic or biologic. Possible
synthetic materials include, but are not limited to, expand-
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ed polytetrafluoroethylene (ePTFE), polytetrafluoroeth-
ylene (PTFE), polystyrene-polyisobutylene-polystyrene
(SIBS), polyurethane, segmented poly(carbonate-ure-
thane), Dacron, polyethlylene (PE), polyethylene tereph-
thalate (PET), silk, Rayon, Silicone, or the like. Possible
biologic materials include, but are not limited to, autolo-
gous, allogeneic or xenograft material. These include ex-
planted veins and decellularized basement membrane
materials (such as non-crosslinked bladder membrane
or amnionic membrane), such as small intestine submu-
cosa (SIS) or umbilical vein. As will be appreciated,
blends or mixtures of two or more of the materials pro-
vided herein are possible. For example, SIBS can be
blended with one or more basement membrane materi-
als.
[0038] As described herein, a number of methods exist
for attaching the cover 104 to the frame 102 so as to form
the valve leaflets 122. For example, when positioned over
the inter surface 114 of the frame 102, the cover 104 can
be secured to the frame members 118 through the use
of biocompatible staples, glues, sutures or combinations
thereof. In an additional example, the cover 104 can be
coupled to the frame members 118 through the use of
heat sealing, solvent bonding, adhesive bonding, or
welding the cover 104 to either a portion of the cover 104
(i.e., itself) and/or the frame 102.
[0039] With respect to coupling the cover 104 to the
first and second leaflet connection regions 126, 128, the
cover 104 can be passed from the inner surface 114 and
wrapped around at least a portion of the outer surface
112 adjacent the connection regions. For example, se-
curing the cover 104 at the first and second leaflet con-
nection regions 126, 128 can be accomplished by making
longitudinal cuts of a predetermined length into the cover
104 adjacent the first and second leaflet connection re-
gions 126, 128. In one example, each cut creates two
flaps adjacent each of the first and second leaflet con-
nection regions 126, 128. The flaps can then pass
through the frame adjacent the first and second leaflet
connection regions 126, 128 and each of the two resulting
flaps can be wrapped from the inner surface 114 around
the frame 102 to the outer surface 112. The cover 104
can then be coupled to itself and/or the frame 102, as
described herein. In addition, sutures can be passed
through the opening 130 and the cover 104 so as to se-
cure the cover 104 to the frame 102. In one example,
providing the flaps as described allows for the cover 104
to create a more fluid tight opening 116 in the area ad-
jacent the first and second connection regions 126, 128.
[0040] As illustrated, the valve leaflets 122 include a
region 150 of the cover 104 that can move relative the
frame 102. The region 150 of the cover 104 can be un-
bound (i.e., unsupported) by the frame 102 and extends
between the first and second leaflet connection regions
126, 128. This configuration permits the reversibly seal-
able opening 116 to open and close in response to the
fluid pressure differential across the valve leaflets 122.
[0041] In an additional embodiment, the valve leaflets

122 in their open configuration have a circumference that
is less than the circumference of the frame 102. For ex-
ample, as illustrated, the valve leaflets 122 in their open
configuration (FIG. 1A) include a transition region 152
where the circumference of the cover 104 changes from
a first circumference to a second circumference that is
smaller than the first circumference. In one example, this
better ensures that the valve leaflets 122 do not come
into contact with the inner wall of the vessel in which the
valve 100 is implanted.
[0042] In addition, the transition region 152 allows for
a gap 154 between the outer surface of the valve leaflets
122 and the inner wall of the vessel in which the valve
100 is implanted. In one example, the gap 154 can help
prevent adhesion between the valve leaflets 122 and the
vessel wall due to the presence of a volume of blood
there between. The gap 154 can also allow for retrograde
blood flow to be collected as the process of closing the
valve leaflets 122 starts.
[0043] In one example, the reversible sealable opening
116 also includes a lip 156. The lip 156 can have either
a non-planar or a planar configuration. In one example,
whether the lip 156 has a planar or non-planar configu-
ration can depend on what material is selected for forming
the valve leaflets 122. For example, when a stiffer mate-
rial (e.g., PTFE) is used for the valve leaflets 122 the lip
156 can have more of a concave shape than a planar or
straight shape. In other words, as illustrated in FIGS. 1A
and IE, the lip 156 transitions from a first position adjacent
the first and second leaflet connection regions 126, 128
to a second position lower than the first position as illus-
trated approximately midway between the first and sec-
ond leaflet connection regions 126, 128. So, the lip 156
dips down to a low point approximately midway between
the first and second leaflet connection regions 126, 128.
In one example, this shape allows the lip 156 to form a
catenary when the valve leaflets 122 are in their closed
position, as illustrated in FIG. IF. In an alternative exam-
ple when an elastic material is used for the valve leaflets
122 the lip 156 has more of a straight or planar shape.
In other words, the lip 156 maintains essentially the same
relative position around the circumference of the valve
leaflets 122.
[0044] As will be appreciated, the lip 156 when the
valve leaflets 122 are in their open configuration can have
a non-round shape. For example, the lip 156 can have
an eye shape or an oval shape with the major axis ex-
tending between the first and second leaflet connection
regions 126, 128.
[0045] In one example, under antegrade fluid flow (i.e.,
positive fluid pressure) from the first end 108 towards the
second end 110 of the valve 100, the valve leaflets 122
can expand toward the inner surface 114 of the frame
102 to create an opening through which fluid is permitted
to move. In one example, the valve leaflets 122each ex-
pand to define a semi-tubular structure having an oval
cross-section when fluid opens the reversibly sealable
opening 116. An example of the open configuration for
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the valve is shown in FIGS. 1A, 1C and IE.
[0046] Under a retrograde fluid flow (i.e., negative fluid
pressure) from the second end 110 towards the first end
108, the valve leaflets 122 can move away from the inner
surface 114 as the valve leaflets 122 begin to close. In
one example, the gap 154 allows fluid from the retrograde
flow to develop pressure on a first major face 158 of the
valve leaflets 122. As fluid pressure develops, the valve
leaflets 122 collapse, closing the reversibly sealable
opening 116, thereby restricting retrograde fluid flow
through the valve 100. An example of the closed config-
uration for the valve is shown in FIGS. 1B, ID, and IF.
[0047] In an additional example, the first major surface
158 of the valve leaflet 121 further include a concave
pocket 160. For example, as illustrated in FIGS. IE and
IF, the concave pocket 160 can be defined by a prede-
fined portion of the cover 104 that moves relative the
frame 102 as the valve opens and closes. In one exam-
ple, the concave pocket 160 includes specific dimensions
relative a diameter of a vessel into which the valve 100
is to be implanted. For example, the concave pocket 160
can have a predetermined length-to-width ratio relative
the diameter of the vessel in which the valve 100 is to be
implanted. In one embodiment, the predetermined
length-to-width ratio can be defined as: H=(0.75).(D)
where H is the maximum height 162 of concave pocket
160, and D is a diameter 164 of the valve 100 taken be-
tween the first and second leaflet connection regions 126,
128.
[0048] Valve 100 provides an example in which the
surfaces defining the reversibly sealable opening 116
provide a bi-leaflet configuration (i.e., a bicuspid valve)
for valve 100. Although the embodiments in FIGS. 1A-
1F illustrate and describe a bi-leaflet configuration for the
valve, designs employing a different number of valve leaf-
lets (e.g., tri-leaflet valve) may be possible. For example,
additional connection points (e.g., three or more) could
be used to provide additional valve leaflets (e.g., a tri-
leaflet valve).
[0049] The valve leaflets 122 can have a variety of siz-
es and shapes. For example, each of the valve leaflets
122 can have a similar size and shape. Alternatively,
each of the valve leaflets 122 need not have a similar
size and shape (i.e., the valve leaflets can have a different
size and shape with respect to each other).
[0050] In an additional example, the valve leaflets 122
can include one or more support structures, where the
support structures can be integrated into and/or onto the
valve leaflets 122. For example, the valve leaflets 122
can include one or more support ribs having a predeter-
mined shape. In one example, the predetermined shape
of the support ribs can include a curved bias so as to
provide the valve leaflets 122 with a curved configuration.
Support ribs can be constructed of a flexible material and
have dimensions (e.g., thickness, width and length) and
cross-sectional shape that allows the support ribs to be
flexible when the valve leaflets 122 are urged into an
open position, and stiff when the valve leaflets 122 are

urged into a closed position upon experiencing sufficient
back flow pressure from the direction downstream from
the valve. In an additional example, support ribs can also
be attached to frame 102 so as to impart a spring bias
to the valve leaflets in either the open or the closed con-
figuration.
[0051] As described herein, the cover 104 can be lo-
cated over at least the inner surface 114 of the frame
102. FIGS. 1A and 1B illustrate an example of this con-
figuration, where the cover extending over the inner sur-
face 114 also forms the valve leaflets 122 as described
herein. Numerous techniques may be employed to lam-
inate or bond cover 104 on the outer surface 112 and/or
the inner surface 1114 of the frame 102, including heat
setting, adhesive welding, application of uniform force
and other bonding techniques. Additionally, the cover
104 may be folded over the first end 108 of the frame
102 to provide the cover 104 on both the outer surface
112 and the inner surface 114. Cover 104 can also be
joined to itself and/or the members 118 according to the
methods described in U.S. Patent Application Publication
US 2002/0178570 to Sogard et al..
[0052] The cover 104 can also be coupled to the con-
nection regions so as to form the valve leaflets, as de-
scribed herein. In one example, the cover 104 can be in
the form of a sheet or a sleeve of material, as described
herein, which can be connected to the frame 102. Alter-
natively, the cover 104 can initially be in the form of a
liquid that can be used to cast and/or form the cover over
the frame 102. Other forms, including intermediate forms,
of the cover 104 are also possible.
[0053] The cover 104 can be coupled to the frame 102,
including the connection regions 126 and 128, in a variety
of ways so as to provide the various example of the valve.
For example, a variety of fasteners can be used to couple
the cover 104 to the frame 102 so as to form the valve
100. Suitable fasteners can include, but are not limited
to, biocompatible staples, glues, sutures or combinations
thereof. In an additional example, the cover 104 can be
coupled to the frame 102 through the use of heat sealing,
solvent bonding, adhesive bonding, or welding cover 104
to either a portion of the cover 104 (i.e., itself) and/or the
frame 102.
[0054] The cover 104, including the valve leaflets 122,
may also be treated and/or coated with any number of
surface or material treatments. For example, the cover
104 can be treated with one or more biologically active
compounds and/or materials that may promote and/or
inhibit endothelization and/or smooth muscle cell growth
of the cover 104, including the valve leaflets 122. Simi-
larly, the cover 104 may be seeded and covered with
cultured tissue cells (e.g., endothelial cells) derived from
a either a donor or the host patient which are attached
to the valve leaflets 122. The cultured tissue cells may
be initially positioned to extend either partially or fully
over the valve leaflets 122.
[0055] Cover 104, in addition to forming valve leaflets
122, can also be capable of inhibiting thrombus forma-
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tion. Additionally, cover 104 may either prevent or facil-
itate tissue ingrowth there through, as the particular ap-
plication for the valve 100 may dictate. For example, cov-
er 104 on the outer surface 112 may be formed from a
porous material to facilitate tissue ingrowth there through,
while cover 104 on the inner surface 114 may be formed
from a material or a treated material which inhibits tissue
ingrowth.
[0056] FIGS. 3A and 3B illustrate an embodiment of
the valve 300 of the present invention. Valve 300 includes
frame 302 having an open frame configuration and the
first and second leaflet connection regions 326, 328, as
described herein. The leaflet connection regions 326 and
328 also provide a first vertex 361 and a second vertex
364, respectively, relative the first end 308 of the frame
302.
[0057] As illustrated, the outer surface 312 of the frame
302 provides a number of frame dimensions. For exam-
ple, the outer surface 312 of the frame 302 can be viewed
as defining a first frame dimension 366 at the first end
308 of the frame 302 and a second frame dimension 368
between the first vertex 361 and the second vertex 364
of the frame 302. The second frame dimension 368 has
a larger value as compared to the first frame dimension
366. Other dimensional relationships between the first
and second frame dimensions 366 and 368 are also pos-
sible.
[0058] In the present embodiment, the differences in
the frame dimensions for frame 302 allow portions of the
frame members 318 to provide the radial support mem-
ber for the valve 300. In other words, the radial support
member of the frame 302 can result from the relative
shape and size of the different portions of the frame mem-
bers 318. For example, as described herein the first and
second frame dimensions 366, 368 can have different
sizes, where the outer surface 312 of the frame 302 ra-
dially arcs from the first frame dimension 366 to the sec-
ond frame dimension 368 so as to provide the radial sup-
port member of the frame 302.
[0059] So, in the present example the flaring of the of
the frame member 318 from the first frame dimension
366 to the second frame dimension 368 allows the frame
member 318 in the region of the first and second vertex
361 and 364 to provide the radial support member. In
one embodiment, the frame members 318 can be pre-
and/or post treated to impart the frame dimension differ-
ences described herein. For example, frame members
318 forming the first vertex 361 and the second vertex
364 of the frame 302 could be bent to impart the radial
flare. In one embodiment, a mandrel having a tapering
surface could be used to impart the radial flare to the
frame member 318.
[0060] The flared first and second vertex 361, 364 of
the frame 302 could then be heat treated so as to fix the
radial flare into the frame member 318. For example, a
suitable heat treatment for a nitinol material can include
heating the frame member 318 to approximately 500 de-
grees Celsius for approximately two (2) minutes. The

frame members 318 can then be air cooled or quenched.
Other material treatments (plastic deformation, forging,
elastic deformation-heat setting) are also possible to im-
part the radial flare as described herein, many of which
are material specific.
[0061] In one embodiment, the radial support member
illustrated in FIG. 3 can serve to stabilize the valve 300
once positioned at a predetermined location as described
herein. In addition, the configuration of the radial support
member can allow the first frame dimension 366 and the
second frame dimension 368 to more closely correspond
to each other once the valve 300 has been positioned at
the predetermined location.
[0062] The valve 300 further includes the cover 304,
where both the frame 302 and the cover 304 can resil-
iently radially collapse and expand, as described herein.
In the present example, the cover 304 is located over at
least the outer surface 312 of the frame 302 and coupled
to the first and second leaflet connection regions 326 and
328 to form the valve leaflets 322 (e.g., the first and sec-
ond valve leaflets 346 and 348) and the reversibly seal-
able opening 316, as described herein. In an additional
embodiment, the cover 304 can also be located over at
least the inner surface 314 of the frame 302. A further
embodiment includes the cover 304 located over at least
the outer surface 312 and the inner surface 314. Anchor-
ing elements (e.g., barbs) and radiopaque markers can
also be included with valve 300, as described herein.
[0063] As described herein, the valve leaflets 322 can
include the transition region 352 where the circumference
of the cover 304 changes from a first circumference to a
second circumference that is smaller than the first cir-
cumference. The transition region 352 also allows for the
gap 354, as described herein, to be formed between the
outer surface of the valve leaflets 322 and the inner wall
of the vessel in which the valve 300 is implanted. The
valve leaflets 322 can also include the concave pocket
360, as described herein. Cover 304 also includes the
lip 356 that can have either a non-planar or a planar con-
figuration, as described herein.
[0064] Frame member 318 of the valve frame 302 can
also include a variety of cross-sectional shapes and di-
mensions. For example, cross-sectional shapes for the
frame member 318 can be as described herein. In addi-
tion, the frame member 318 can have two or more cross-
sectional shapes, two or more different dimensions (e.g.,
a greater width and depth of the frame member 318 for
the first and second vertices 361 and 364 as compared
to the remainder of the frame member 318).
[0065] FIGS. 4A and 4B illustrate additional embodi-
ments of the valve 400. As illustrated, the frame 402 in-
cludes an open frame configuration and the first leaflet
connection region 426 and the second leaflet connection
region 428, as described herein. FIGS. 4A and 4B illus-
trate embodiments in which the cover 404 can be posi-
tioned at different locations along the frame 402 so as to
form the valve leaflets 422. For example, in the embod-
iment of the present invention shown in FIG. 4A, the leaf-
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let connection regions 426 and 428 are located at the
first vertex 461 and the second vertex 464, respectively,
relative the first end 408 of the frame 402. In an additional
example not claimed by the present invention, FIG. 4B
provides an illustration in which the leaflet connection
regions 426 and 428 are positioned between the end of
the frame 402 having the first vertex 461 and the second
vertex 464 and the first end 408 of the frame 402.
[0066] The frame 402 can include multiple structural
configurations. For example, the frame 402 can include
a support frame region 470 that helps to stabilize and
position the valve 400 inside a vessel. In one embodi-
ment, FIGS. 4A and 4B provide an illustration in which
the support frame region 470 extends from an axis 472
through a mid-point of the frame 402 away from the leaflet
connection regions 426 and 428.
[0067] As illustrated, the outer surface 412 of the frame
402 also provides a number of frame dimensions. For
example, the outer surface 412 of the frame 402 can be
viewed as defining the first frame dimension 466 at the
axis 472 of the frame 402 and a second frame dimension
468 measure at either the first or second end 408, 410
of the frame 402. The second frame dimension 468 has
a larger value as compared to the first frame dimension
466. Other dimensional relationships between the first
and second frame dimensions 466 and 468 are also pos-
sible.
[0068] In the present embodiment, the differences in
the frame 402 dimensions provide radial support mem-
bers for the valve 400. In other words, radial support
members of the frame 402 result from the relative shape
and size of the different portions of the frame members
418. For example, as described herein the first and sec-
ond frame dimensions 466, 468 can have different sizes,
where the outer surface 412 of the frame 402 radially
arcs from the first frame dimension 466 to the second
frame dimension 468 so as to provide the radial support
member of the frame 402. So, in the present example
the flaring of the of the frame member 418 from the first
frame dimension 466 to the second frame dimension 468
allows the frame member 418 in the region of the first
and second vertex 461 and 464 to provide the radial sup-
port member.
[0069] In one embodiment, the radial support mem-
bers illustrated in FIGS. 4A and 4B can serve to stabilize
the valve 400 once positioned at a predetermined loca-
tion as described herein. In addition, the configuration of
the radial support member can allow the first frame di-
mension 466 and the second frame dimension 468 to
more closely correspond to each other once the valve
400 has been positioned at the predetermined location.
[0070] The valve 400 further includes the cover 404,
where both the frame 402 and the cover 404 can resil-
iently radially collapse and expand, as described herein.
In the present example, the cover 404 is located over at
least the inner surface 414 of the frame 402 and coupled
to the first and second leaflet connection regions 426 and
428 to form the valve leaflets 422 (e.g., the first and sec-

ond valve leaflets 446 and 448) and the reversibly seal-
able opening 416, as described herein. In an additional
embodiment, the cover 404 can also be located over at
least the outer surface 412 of the frame 402. A further
embodiment includes the cover 404 located over at least
the outer surface 412 and the inner surface 414. Anchor-
ing elements (e.g., barbs) and radiopaque markers can
also be included with valve 400, as described herein.
[0071] Frame member 418 of the valve frame 402 can
also include a variety of cross-sectional shapes and di-
mensions. For example, cross-sectional shapes for the
frame member 418 can be as described herein. In addi-
tion, the frame member 418 can have two or more cross-
sectional shapes, two or more different dimensions (e.g.,
a greater width and depth of the frame member 418 for
one or more of the first and second vertices 461, 464 as
compared to the remainder of the frame member 418).
[0072] FIGS. 5A and 5B illustrate an additional exam-
ple of the valve 500 not claimed by the present invention.
Valve 500 includes the cover 504 as described herein.
The frame 502 of the valve 500 further includes a triple
wishbone configuration 574. In one example, the triple
wishbone configuration 574 of the frame 502 includes a
series of interconnected bifurcated members having con-
nection points that act as spring members, as will be de-
scribed herein. In one embodiment, the interconnection
of these members allows for the spring force of aligned
springs integrated into the frame 502 to be added in se-
ries so as to increase the spring force potential of the
frame 502.
[0073] FIG. 5B provides an illustration of the triple wish-
bone configuration 574 for the frame 502 that has been
cut to provide it in a planar view. In one example, the
frame member 518 in the triple wishbone configuration
574 includes a radial support member 534. As illustrated,
the radial support member 534 can be in the form of a
tubular ring 536 that can move radially as the valve 500
radially collapses and expands.
[0074] In one example, the tubular ring 536 can provide
a spring force (e.g., elastic potential energy) to counter
radial compression of the frame 502 towards its uncom-
pressed state. For example, the tubular ring 536 has a
zig-zag configuration that includes corners 538 that can
develop the spring force when the frame 502 is under
compressed. As will be appreciated, the corners 538 can
have a number of configurations, including turns defining
angles and/or arcs (e.g., having a radius of curvature).
[0075] The frame 502 further includes spring members
576 interconnected with the radial support member 534.
As illustrated, the spring members 576 are associated
with the radial support member 534 adjacent the corners
538. For example, the spring members 576 can include
extensions 578 that join the radial support member 534
adjacent the corners 538 along a common plane 580. In
the present embodiment, extensions 578 join the radial
support member 534 adjacent each corner 538 along the
plane 580.
[0076] The spring members 576 also include corners
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538 that can develop the spring force when the frame
502 is under compressed. As will be appreciated, the
corners 538 can have a number of configurations, includ-
ing turns defining angles and/or arcs (e.g., having a ra-
dius of curvature). In one example, the corners 538 of
the spring members 576 also provide the first and second
leaflet connection regions 526, 528. In one embodiment,
the spring members 576 interconnected with the radial
support member 534 helps to stabilize the relative posi-
tions of the connection regions 526 and 528 (e.g., limit
relative fluctuations of the connection regions 526 and
528).
[0077] The frame 502 can further include dimensional
relationships, as described herein, which allow the frame
502 to flare radially outward relative the first end 508 of
the frame. The valve 500 can further include the cover
504, where both the frame 502 and the cover 504 can
resiliently radially collapse and expand, as described
herein. In the present example, the cover 504 can be
located over at least the inner surface 514 of the frame
502 and coupled to the first and second leaflet connection
regions 526 and 528 to form the valve leaflets 522 (e.g.,
the first and second valve leaflets 546 and 548) and the
reversibly sealable opening 516, as described herein.
[0078] The valve leaflets 522 can further include the
transition region 552 where the circumference of the cov-
er 504 changes from a first circumference to a second
circumference that is smaller than the first circumference.
The transition region 552 also allows for the gap, as de-
scribed herein, to be formed between the outer surface
of the valve leaflets 522 and the inner wall of the vessel
in which the valve 500 is implanted. The valve leaflets
522 can also include the concave pocket 560, as de-
scribed herein. Cover 504 also includes the lip 556 that
can have either a non-planar or a planar configuration,
as described herein.
[0079] Frame member 518 of the valve frame 502 can
also include a variety of cross-sectional shapes and di-
mensions. For example, cross-sectional shapes for the
frame member 518 can be as described herein. In addi-
tion, the frame member 518 can have two or more cross-
sectional shapes, two or more different dimensions (e.g.,
a greater width and depth of the frame member 518 for
the corners 538 as compared to the remainder of the
frame member 518).
[0080] FIG. 6 illustrates one embodiment of a system
680 according to the present invention. System 680 in-
cludes valve 600, as described herein, reversibly joined
to catheter 682. The catheter 682 includes an elongate
body 684 having a proximal end 686 and a distal end
688, where valve 600 can be located between the prox-
imal end 686 and distal end 688. The catheter 682 can
further include a lumen 690 longitudinally extending to
the distal end 688. In one embodiment, lumen 690 ex-
tends between proximal end 686 and distal end 688 of
catheter 682. The catheter 682 can further include a
guidewire lumen 692 that extends within the elongate
body 684, where the guidewire lumen 692 can receive a

guidewire for positioning the catheter 682 and the valve
600 within a body lumen (e.g., a vein of a patient).
[0081] The system 680 can further include a deploy-
ment shaft 694 positioned within lumen 690, and a sheath
696 positioned adjacent the distal end 688. In one em-
bodiment, the valve 600 can be positioned at least par-
tially within the sheath 696 and adjacent the deployment
shaft 694. The deployment shaft 694 can be moved within
the lumen 690 to deploy valve 600. For example, deploy-
ment shaft 694 can be used to push valve 600 from
sheath 696 in deploying valve 600.
[0082] FIG. 7 illustrates an additional embodiment of
the system 780 according to the present invention. The
catheter 782 includes elongate body 784, lumen 790, a
retraction system 798 and a retractable sheath 796. The
retractable sheath 796 can be positioned over at least a
portion of the elongate body 784, where the retractable
sheath 796 can move longitudinally along the elongate
body 784. The valve 700 can be positioned at least par-
tially within the retractable sheath 796, where the retract-
able sheath 796 moves along the elongate body 796 to
deploy the valve 700.
[0083] In one embodiment, retraction system 798 in-
cludes one or more wires 701 coupled to the retractable
sheath 796, where the wires are positioned at least par-
tially within and extend through lumen 790 in the elongate
body 784. Wires of the retraction system 798 can then
be used to retract the retractable sheath 796 in deploying
valve 700. In one embodiment, a portion of the elongate
body 784 that defines the guidewire lumen 792 extends
through the lumen 706 of the valve 700 to protect the
valve 700 from the movement of the guidewire 709.
[0084] FIG. 8 illustrates an additional embodiment of
the system 880 according to the present invention. The
catheter 882 includes elongate body 884, an inflatable
balloon 803 positioned adjacent the distal end 888. The
elongate body 884 further includes an inflation lumen 805
longitudinally extending in the elongate body 884 of the
catheter 882 from the inflatable balloon 803 to the prox-
imal end 886. In one embodiment, an inflation pump 807
can be releasably coupled to the inflation lumen 805 and
used to inflate and deflate the balloon 803.
[0085] In the present example, the inflatable balloon
803 can be at least partially positioned within the lumen
806 of the valve 800. The inflatable balloon 803 can be
inflated through the lumen 805 with the inflation pump
807 to deploy the valve 800. The system 880 can further
include the guidewire lumen 892 to receive a guidewire
809.
[0086] FIGS. 9A-9C illustrate an additional embodi-
ment of the system 980. The system 980 includes a tu-
bular sheath 911 having an elongate body 913 and a
lumen 915. The system 980 further includes a delivery
shaft 917 positioned within the lumen 915 of the tubular
sheath 911. In one embodiment, the tubular sheath 911
and the delivery shaft 917 can move longitudinally rela-
tive each other.
[0087] System 980 also includes a flexible cover 919
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between the tubular sheath 911 and the delivery shaft
917. In one embodiment, the flexible cover 919 is con-
nected to the tubular sheath 911 and the delivery shaft
917 at a fluid tight seal 921 so as to prevent fluid from
outside the system 980 entering the lumen 915. As illus-
trated, the valve 900 can be positioned over the delivery
shaft 915 and the flexible cover 919 adjacent a distal end
923 of the delivery shaft 917.
[0088] In one embodiment, the tubular sheath 911, the
delivery shaft 917 and the flexible cover 919 can each
be formed from a number of different materials. For the
tubular sheath examples include, but are not limited to
materials selected from one or more of ePTFE, PTFE,
PE, PET, silicone, and polyurethanes. For the delivery
shaft 917 examples include, but are not limited to, those
selected from a metal, a metal alloy, and/or a polymer.
Examples include, but are not limited one or more of eP-
TFE, PTFE, PE, nylons, PET, silicone, polyurethanes,
and stainless steel (e.g., 316L).
[0089] In addition, the delivery shaft 917 can also in-
clude a configuration that imparts sufficient column rigid-
ity to allow it to be pushed and/or pulled through the lumen
915. For example, the delivery shaft 917 can be formed
with reinforcing members bound within the body of the
delivery shaft 917 (e.g., an elongate braid of stainless
steel co-extruded with a polymer). For the flexible cover
919 examples include, but are not limited to, materials
selected from one or more of ePTFE, PTFE, PE, PET,
nylons, and polyurethanes. As will be appreciated, other
materials and configurations for forming the tubular
sheath 911, the delivery shaft 917 and the flexible cover
919 are also possible.
[0090] As illustrated in FIGS. 9A-9C, the valve 900 can
be held in the same relative location 925 as it is being
deployed. As illustrated in FIG. 9A, the valve 900, a por-
tion of the flexible cover 919 and the delivery shaft 917
can be positioned within the lumen 915 of the tubular
sheath 911. In one embodiment, the configuration illus-
trated in FIG. 9A allows the valve 900 to be delivered in
its compressed state to a predetermined location in the
lumen of the body. Once at the predetermined location,
the sheath 911 can then be moved relative the delivery
shaft 917. FIG. 9B illustrates a situation where the sheath
911 has been pulled over the valve 900 location 925 and
at least partially over the delivery shaft 917.
[0091] As illustrated, the flexible cover 919 has a tu-
bular configuration that folds back inside of itself (i.e., its
lumen) as the tubular sheath 911 is drawn over the valve
900 and the delivery shaft 917. In one embodiment, the
lumen 915 of the sheath 911 can contain a lubricating
fluid (e.g., saline) to allow the flexible cover 919 to more
easily pass over itself as illustrated. As the tubular sheath
911 continues to be pulled back relative the delivery shaft
917 until the valve 900 is released, as illustrated in FIG.
9C. In one embodiment, the valve 900 can include a self-
expanding frame that allows the valve 900 to deploy at
location 925 once released.
[0092] The embodiments of the present invention fur-

ther include methods for forming the valve of the present
invention, as described herein. For example, the method
of forming the valve includes forming the frame having
the leaflet connection regions, as described. The method
can include providing the radial support member, or
members, on the frame for the leaflet connection regions.
As described herein, the radial support member can in-
clude the tubular rings and/or the radial flares imparted
into the leaflet connection regions. The method also in-
cludes providing the cover on the frame, where connect-
ing the cover to the leaflet connection regions provides
at least the first leaflet and the second leaflet of the valve
having surfaces defining the reversibly sealable opening
for unidirectional flow of a liquid through the valve.
[0093] In an additional example, the valve can be re-
versibly joined to the catheter, which can include a proc-
ess of altering the shape of the valve from a first shape,
for example an expanded state, to the compressed state,
as described herein. For example, the valve can be re-
versibly joined with the catheter by positioning valve in
the compressed state at least partially within the sheath
of the catheter. In one embodiment, positioning the valve
at least partially within the sheath of the catheter includes
positioning the valve in the compressed state adjacent
the deployment shaft of the catheter. In an another em-
bodiment, the sheath of the catheter functions as a re-
tractable sheath, where the valve in the compressed
state can be reversibly joined with the catheter by posi-
tioning the valve at least partially within the reversible
sheath of the catheter. In a further embodiment, the cath-
eter can include an inflatable balloon, where the balloon
can be positioned at least partially within the lumen of
the valve, for example, in its compressed state.
[0094] The embodiments of the valve described herein
may be used to replace, supplement, or augment valve
structures within one or more lumens of the body. For
example, embodiments of the present invention may be
used to replace an incompetent venous valve and help
to decrease backflow of blood in the venous system of
the legs.
[0095] In one example, the method of replacing, sup-
plementing, and/or augmenting a valve structure can in-
clude positioning at least part of the catheter including
the valve at a predetermined location within the lumen
of a body. For example, the predetermined location can
include a position within a body lumen of a venous system
of a patient, such as a vein of a leg.
[0096] In one example, positioning the catheter that
includes the valve within the body lumen of a venous
system includes introducing the catheter into the venous
system of the patient using minimally invasive percuta-
neous, transluminal catheter based delivery system, as
is known in the art. For example, a guidewire can be
positioned within a body lumen of a patient that includes
the predetermined location. The catheter, including
valve, as described herein, can be positioned over the
guidewire and the catheter advanced so as to position
the valve at or adjacent the predetermined location.
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[0097] As described herein, the position of the one or
more radiopaque markers can be selected so as to pro-
vide information on the position, location and orientation
(e.g., axial, directional, and/or clocking position) of the
valve during its implantation. For example, radiopaque
markers can be configured radially and longitudinally on
predetermined portions of the valve frame and/or the
elongate body of the catheter to indicate not only a lon-
gitudinal position, but also a radial position of the valve
leaflets and the valve frame (referred to as a clock posi-
tion). In one example, the radiopaque markers are con-
figures to provide radiographic images that indicate the
relative radial position of the valve and valve leaflets on
the catheter.
[0098] FIGS. 10A-10C provide an illustration of the ra-
diopaque markers 1027 associated with the elongate
body 1084 of the catheter 1082. As illustrated, the radi-
opaque markers 1027 include a radial component 1029
and a longitudinal component 1031. Depending upon the
radial position of the catheter 1082, the radiopaque mark-
ers 1027 can provide a different and distinguishable ra-
diographic image. For example, in a first position 1033
illustrated in FIG. 10A the longitudinal component 1031
of the radiopaque markers 1027 are aligned so as to over-
lap. As the catheter 1082 is rotated, as illustrated in FIGS.
10B and 10C, the radiographic image of the radial com-
ponent 1029 and/or longitudinal component 1031 of the
radiopaque markers 1027 change.
[0099] The change in the relationship of the radial and
longitudinal components 1029, 1031 as the catheter
1082 is rotated allows for the relative position of the valve,
valve frame and valve leaflets to be determined from the
radiographic image. For example, the relative position of
the first and second leaflet connection regions 1026,
1028 could be aligned with longitudinal component 1031
of the radiopaque markers 1027. This would allow the
clock position for the valve 1000 to be determined so that
the valve can be positioned in a more natural orientation
relative the compressive forces the valve will experience
in situ. In other words, the allowing for clocking of the
valve 1000 as described herein allows the valve to be
radially positioned in same orientation as native valve
that it’s replacing and/or augmenting.
[0100] As will be appreciated, other relative relation-
ships between the radiopaque markers 1027 and the po-
sition of the valve 1000 on the catheter 1082 are possible.
So, examples of the present invention should not be lim-
ited to the present example. For example, additional ra-
diopaque markers 1027 on the valve 1000 could be used
either alone or in combination with radiopaque markers
1027 on the catheter 1082 to help in positioning the valve
1000 within a lumen.
[0101] The valve can be deployed from the catheter at
the predetermined location in a number of ways, as de-
scribed herein. In one embodiment, valve of the present
invention can be deployed and placed in a number of
vascular locations. For example, valve can be deployed
and placed within a major vein of a patient’s leg. In one

embodiment, major veins include, but are not limited to,
those of the peripheral venous system. Examples of
veins in the peripheral venous system include, but are
not limited to, the superficial veins such as the short
saphenous vein and the greater saphenous vein, and the
veins of the deep venous system, such as the popliteal
vein and the femoral vein.
[0102] As described herein, the valve can be deployed
from the catheter in a number of ways. For example, the
catheter can include the retractable sheath in which valve
can be at least partially housed, as described herein.
Valve can be deployed by retracting the retractable
sheath of the catheter, where the valve self-expands to
be positioned at the predetermined location. In an addi-
tional example, the catheter can include a deployment
shaft and sheath in which valve can be at least partially
housed adjacent the deployment shaft, as described
herein. Valve can be deployed by moving the deployment
shaft through the catheter to deploy valve from the
sheath, where the valve self-expands to be positioned at
the predetermined location. In an additional embodiment,
the valve can be deployed through the use of an inflatable
balloon.
[0103] Once implanted, the valve can provide sufficient
contact and expansion force against the body lumen wall
to prevent retrograde flow between the valve and the
body lumen wall. For example, the valve can be selected
to have a larger expansion diameter than the diameter
of the inner wall of the body lumen. This can then allow
valve to exert a force on the body lumen wall and accom-
modate changes in the body lumen diameter, while main-
taining the proper placement of valve. As described here-
in, the valve can engage the lumen so as to reduce the
volume of retrograde flow through and around valve. It
is, however, understood that some leaking or fluid flow
may occur between the valve and the body lumen and/or
through valve leaflets.
[0104] In addition, the use of both the radial support
member and/or the support frame region of the valve can
provide a self centering aspect to valve within a body
lumen. In one embodiment, the self centering aspect re-
sulting from the radial support member and/or the support
frame region may allow valve to maintain a substantially
coaxial alignment with the body lumen (e.g., such as a
vein) as valve leaflets deflect between the open and
closed configurations so as to better seal the reversible
opening when valve is closed.

Claims

1. A venous valve (300, 400), comprising:

a frame (302, 402) including an outer surface
(312, 412) and an inner surface (314, 414) op-
posite the outer surface and defining a lumen;
and
a cover (304, 404) over at least the inner surface
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of the frame, where the cover extends to at least
a first leaflet connection region (326, 426) and
a second leaflet connection region (328, 428)
on the frame to form a first valve leaflet (346,
446) and a second valve leaflet (348, 448),
where the first leaflet connection region and the
second leaflet connection region provide a first
vertex (361, 461) and a second vertex (364,
464), respectively, relative a first end (308, 408)
of the frame, where the outer surface of the
frame also defines a first frame dimension (366,
466) at the first end of the frame and a second
frame dimension (368, 468) between the first
vertex and the second vertex of the frame, where
the second frame dimension is larger than the
first frame dimension, and where the first valve
leaflet and the second valve leaflet having sur-
faces defining a reversibly sealable opening
(316, 416) for unidirectional flow of a liquid
through the lumen.

2. The venous valve of claim 1, where the outer surface
of the frame radially arcs from the first frame dimen-
sion to the second frame dimension so as to provide
a radial support member of the frame.

3. The venous valve of claim 1, where the first leaflet
connection region and the second leaflet connection
region are positioned opposite each other along a
common axis.

4. The venous valve of claim 1, where the cover is over
the outer surface of the frame.

5. A system including the venous valve of claim 1 and
a catheter (682, 782, 882) including a proximal end
(686, 886) and a distal end (688, 888), the venous
valve located between the proximal end and distal
end of the catheter.

6. The system of claim 5, where the catheter includes
an elongate body (684) having a lumen (690) longi-
tudinally extending to the distal end, a deployment
shaft (694) positioned within the lumen, and a sheath
(696) positioned adjacent the distal end, the venous
valve positioned at least partially within the sheath
and adjacent the deployment shaft, where the de-
ployment shaft moves within the lumen.

7. The system of claim 5, where the catheter (782) in-
cludes an elongate body (784) and a retractable
sheath (796) over at least a portion of the elongate
body (784), the venous valve positioned at least par-
tially within the retractable sheath, where the retract-
able sheath moves along the elongate body.

8. The system of claim 5, where the catheter (882) in-
cludes an inflatable balloon (803) positioned adja-

cent the distal end (888) and a lumen (806) longitu-
dinally extending in an elongate body (884) of the
catheter from the inflatable balloon to the distal end,
the inflatable balloon at least partially positioned
within a lumen of the venous valve, where the inflat-
able balloon inflates.

9. A method for forming the venous valve of claim 1,
comprising:

forming a frame (302, 402) having first and sec-
ond leaflet connection regions (326, 328; 426,
428), where the first leaflet connection region
and the second leaflet connection region pro-
vide a first vertex (361, 461) and a second vertex
(364, 464), respectively, relative a first end (308,
408) of the frame;
flaring the leaflet connection regions from a first
frame dimension (366, 466) to a second frame
dimension (368, 468), where the second frame
dimension is larger than the first frame dimen-
sion;
providing a cover (304, 404) on the frame, the
cover connected to the leaflet connection re-
gions to provide at least a first leaflet (346, 446)
and a second leaflet (348, 448) of a valve having
surfaces defining a reversibly sealable opening
(316, 416) for unidirectional flow of a liquid
through the valve; and
reversibly joining the venous valve and a cath-
eter.

10. The method of claim 9, where flaring the leaflet con-
nection regions includes radially arcing the first
frame dimension to the second frame dimension so
as to provide a radial support member of the frame.

Patentansprüche

1. Venenklappe (300, 400), umfassend:

einen Rahmen (302, 402), der eine Außenober-
fläche (312, 412) und eine der Außenoberfläche
gegenüberliegende Innenoberfläche (314, 414)
aufweist und ein Lumen definiert; und
eine Abdeckung (304, 404) über wenigstens der
Innenoberfläche des Rahmens, wobei die Ab-
deckung zu wenigstens einem ersten Segelver-
bindungsbereich (326, 426) und einem zweiten
Segelverbindungsbereich (328, 428) an dem
Rahmen verläuft, um ein erstes Klappensegel
(346, 446) und ein zweites Klappensegel (348,
448) zu bilden, wobei der erste Segelverbin-
dungsbereich und der zweite Segelverbin-
dungsbereich einen ersten Scheitel (361, 461)
bzw. einen zweiten Scheitel (364, 464) bezogen
auf ein erstes Ende (308, 408) des Rahmens
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bereitstellen, wobei die Außenoberfläche des
Rahmens auch eine erste Rahmenabmessung
(366, 466) an dem ersten Ende des Rahmens
und eine zweite Rahmenabmessung (368, 468)
zwischen dem ersten Scheitel und dem zweiten
Scheitel des Rahmens definiert, wobei die zwei-
te Rahmenabmessung größer als die erste Rah-
menabmessung ist und wobei das erste Klap-
pensegel und das zweite Klappensegel Ober-
flächen aufweisen, die eine reversibel abdicht-
bare Öffnung (316, 416) für unidirektionalen
Fluss einer Flüssigkeit durch das Lumen defi-
nieren.

2. Venenklappe gemäß Anspruch 1, wobei sich die Au-
ßenoberfläche des Rahmens radial von der ersten
Rahmenabmessung zu der zweiten Rahmenabmes-
sung krümmt, um ein radiales Stützelement des
Rahmens bereitzustellen.

3. Venenklappe gemäß Anspruch 1, wobei der erste
Segelverbindungsbereich und der zweite Segelver-
bindungsbereich einander gegenüberliegend ent-
lang einer gemeinsamen Achse angeordnet sind.

4. Venenklappe gemäß Anspruch 1, wobei die Abde-
ckung über der Außenoberfläche des Rahmens vor-
liegt.

5. System, umfassend die Venenklappe gemäß An-
spruch 1 und einen Katheter (682, 782, 882), der ein
proximales Ende (686, 886) und ein distales Ende
(688, 888) aufweist, wobei die Venenklappe zwi-
schen dem proximalen Ende und dem distalen Ende
des Katheters angeordnet ist.

6. System gemäß Anspruch 5, wobei der Katheter ei-
nen langgestreckten Körper (684) mit einem Lumen
(690), das in Längsrichtung zu dem distalen Ende
verläuft, einen Einführschaft (694), der innerhalb des
Lumens angeordnet ist, und eine Hülle (696), die
benachbart zu dem distalen Ende angeordnet ist,
aufweist, und die Venenklappe wenigstens teilweise
innerhalb der Hülle und benachbart zu dem Einführ-
schaft angeordnet ist, wobei der Einführschaft inner-
halb des Lumens beweglich ist.

7. System gemäß Anspruch 5, wobei der Katheter
(782) einen langgestreckten Körper (784) und eine
zurückziehbare Hülle (796) über wenigstens einem
Teil des langgestreckten Körpers (784) aufweist, wo-
bei die Venenklappe wenigstens teilweise innerhalb
der zurückziehbaren Hülle angeordnet ist, wobei die
zurückziehbare Hülle entlang des langgestreckten
Körpers beweglich ist.

8. System gemäß Anspruch 5, wobei der Katheter
(882) einen aufblähbaren Ballon (803), der benach-

bart zu dem distalen Ende (888) angeordnet ist, und
ein Lumen (806), das in Längsrichtung in einem lang-
gestreckten Körper (884) des Katheters von dem
aufblähbaren Ballon zu dem distalen Ende verläuft,
aufweist, wobei der aufblähbare Ballon wenigstens
teilweise innerhalb eines Lumens der Venenklappe
angeordnet ist, worin sich der aufblähbare Ballon
aufbläht.

9. Verfahren zur Herstellung der Venenklappe gemäß
Anspruch 1, umfassend:

Herstellen eines Rahmens (302, 402), der einen
ersten und einen zweiten Segelverbindungsbe-
reich (326, 328; 426, 428) aufweist, wobei der
erste Segelverbindungsbereich und der zweite
Segelverbindungsbereich einen ersten Scheitel
(361, 461) bzw. einen zweiten Scheitel (364,
464) bezogen auf ein erstes Ende (308, 408)
des Rahmens bereitstellen;
Aufweiten der Segelverbindungsbereiche von
einer ersten Rahmenabmessung (366, 466) zu
einer zweiten Rahmenabmessung (368, 468),
wobei die zweite Rahmenabmessung größer als
die erste Rahmenabmessung ist;
Bereitstellen einer Abdeckung (304, 404) auf
dem Rahmen, wobei die Abdeckung mit den Se-
gelverbindungsbereichen verbunden ist, um
wenigstens ein erstes Segel (346, 446) und ein
zweites Segel (348, 448) einer Klappe bereitzu-
stellen, die Oberflächen aufweisen, die eine re-
versibel abdichtbare Öffnung (316, 416) für uni-
direktionalen Fluss einer Flüssigkeit durch das
Lumen definieren; und
reversibles Verbinden der Venenklappe und ei-
nes Katheters.

10. Verfahren gemäß Anspruch 9, wobei das Aufweiten
der Segelverbindungsbereiche radiales Krümmen
der ersten Rahmenabmessung zu der zweiten Rah-
menabmessung umfasst, um ein radiales Stützele-
ment des Rahmens bereitzustellen.

Revendications

1. Valvule veineuse (300, 400), comprenant:

un cadre (302, 402) présentant une surface ex-
térieure (312, 412) et une surface intérieure
(314, 414) opposée à la surface extérieure et
définissant une lumière; et
une couverture (304, 404) au-dessus d’au
moins la surface intérieure du cadre, dans la-
quelle la couverture s’étend jusqu’à au moins
une première région de connexion de feuillet
(326, 426) et une seconde région de connexion
de feuillet (328, 428) sur le cadre de manière à
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former un premier feuillet de valvule (346, 446)
et un second feuillet de valvule (348, 448), dans
laquelle la première région de connexion de
feuillet et la seconde région de connexion de
feuillet forment un premier sommet (361, 461)
et un second sommet (364, 464), respective-
ment, par rapport à une première extrémité (308,
408) du cadre, dans laquelle la surface extérieu-
re du cadre définit également une première di-
mension de cadre (366, 466) à la première ex-
trémité du cadre et une seconde dimension de
cadre (368, 468) entre le premier sommet et le
second sommet du cadre, dans laquelle la se-
conde dimension de cadre est plus grande que
la première dimension de cadre, et dans laquelle
le premier feuillet de valvule et le second feuillet
de valvule présentent des surfaces qui définis-
sent une ouverture fermable de façon réversible
(316, 416) pour un écoulement unidirectionnel
d’un liquide à travers la lumière.

2. Valvule veineuse selon la revendication 1, dans la-
quelle la surface extérieure du cadre est arquée ra-
dialement de la première dimension de cadre à la
seconde dimension de cadre de manière à former
l’élément de support radial du cadre.

3. Valvule veineuse selon la revendication 1, dans la-
quelle la première région de connexion de feuillet et
la seconde région de connexion de feuillet sont po-
sitionnées l’une en face de l’autre le long d’un axe
commun.

4. Valvule veineuse selon la revendication 1, dans la-
quelle la couverture est disposée au-dessus de la
surface extérieure du cadre.

5. Système comprenant la valvule veineuse selon la
revendication 1, et un cathéter (682, 782, 882) pré-
sentant une extrémité proximale (686, 886) et une
extrémité distale (688, 888), la valvule veineuse
étant située entre l’extrémité proximale et l’extrémité
distale du cathéter.

6. Système selon la revendication 5, dans lequel le ca-
théter comprend un corps allongé (684) comportant
une lumière (690) qui s’étend de façon longitudinale
jusqu’à l’extrémité distale, un arbre de déploiement
(694) est positionné à l’intérieur de la lumière, et une
gaine (696) est positionnée à proximité de l’extrémité
distale, la valvule veineuse étant positionnée au
moins partiellement à l’intérieur de la gaine et à proxi-
mité de l’arbre de déploiement, dans lequel l’arbre
de déploiement se déplace à l’intérieur de la lumière.

7. Système selon la revendication 5, dans lequel le ca-
théter (782) comprend un corps allongé (784) et une
gaine rétractable (796) sur au moins une partie du

corps allongé (784), la valvule veineuse étant posi-
tionnée au moins partiellement à l’intérieur de la gai-
ne rétractable, dans lequel la gaine rétractable se
déplace le long du corps allongé.

8. Système selon la revendication 5, dans lequel le ca-
théter (882) comprend un ballonnet gonflable (803)
positionné à proximité de l’extrémité distale (888) et
une lumière (806) s’étendant de façon longitudinale
dans un corps allongé (884) du cathéter à partir du
ballonnet gonflable jusqu’à l’extrémité distale, le bal-
lonnet gonflable étant au moins partiellement posi-
tionné à l’intérieur d’une lumière de la valvule vei-
neuse, dans laquelle le ballonnet gonflable se gonfle.

9. Procédé de formation de la valvule veineuse selon
la revendication 1, comprenant les étapes suivantes:

former un cadre (302, 402) présentant des pre-
mière et seconde régions de connexion de
feuillet (326, 328; 426, 428), dans lequel la pre-
mière région de connexion de feuillet et la se-
conde région de connexion de feuillet forment
un un premier sommet (361, 461) et un second
sommet (364, 464), respectivement, par rapport
à une première extrémité (308, 408) du cadre,
évaser les régions de connexion de feuillet pour
passer d’une première dimension de cadre
(366, 466) à une seconde dimension de cadre
(368, 468), dans lequel la seconde dimension
de cadre est plus grande que la première dimen-
sion de cadre;
disposer une couverture (304, 404) sur le cadre,
la couverture étant connectée aux régions de
connexion de feuillet afin de former au moins un
premier feuillet (346, 446) et un second feuillet
(348, 448) d’une valvule présentant des surfa-
ces qui définissent une ouverture fermable de
façon réversible (316, 416) pour un écoulement
unidirectionnel d’un liquide à travers la valvule;
et
joindre de façon réversible la valvule veineuse
et un cathéter.

10. Procédé selon la revendication 9, dans lequel l’éva-
sement des régions de connexion de feuillet com-
prend la formation en un arc pour passer radialement
de la première dimension de cadre à la seconde di-
mension de cadre de manière à former un élément
de support radial du cadre.
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