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ABSTRACT

Vasculature closure devices, and systems and methods for
their use, are provided. In one embodiment, the vasculature
closure device includes an expandable support frame deploy-
able into a vessel through a puncture site and a sealing mem-
brane at least partially supported by the expandable support
frame. The support frame is positioned along a periphery of
the sealing membrane. Upon expanding the support frame
within the vessel, the support frame is configured to intralu-
minally push the sealing membrane against the puncture site.
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VASCULATURE CLOSURE DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/852,893, filed on Aug. 9, 2010, which claims
the benefit of U.S. Provisional Application No. 61/251,054,
filed on Oct. 13, 2009, and U.S. Provisional Application No.
61/285,503, filed on Dec. 10, 2009. The priority and benefit of
these applications are hereby claimed, and the disclosures of
these applications are incorporated herein by reference in
their entirety.

BACKGROUND OF THE INVENTION

[0002] This disclosure relates generally to the field of
implantable medical devices and associated methods, and
more particularly to vascular devices and methods for closing
openings in vessel walls.

[0003] During certain endovascular surgery procedures,
intravascular catheters are inserted through an incision in the
patient’s skin and underlying tissue to access an artery or
vein. After the surgical procedure is completed and the cath-
eter is removed from the vessel, the puncture providing the
access through the patient’s vessel wall must be closed. This
is quite difficult, not only because of the high blood pressure
within an artery, but also because of the many layers of tissue
that must be penetrated to reach the vessel to achieve closure.
[0004] Physicians currently use a number of methods to
close a vessel puncture, which include applying localized
compression, sutures, collagen plugs, adhesives, gels, and/or
foams. To provide localized compression, the physician
applies pressure against the vessel to facilitate natural clotting
of'the vessel puncture. However, this method can takeup to a
half hour or more and requires the patient to remain immo-
bilized while providing the compression and to remain in the
hospital for a period thereafter for observation. The amount of
time necessary to apply compression can, in some circum-
stances, be even greater, depending upon the levels of anti-
clotting agents (e.g., heparin, glycoprotein IIb/IIA antago-
nists, etc.) administered during the endovascular procedure.
In addition, applying localized compression can increase the
potential for blood clots at the puncture site to become dis-
lodged. Closing procedures in which sutures, collagen plugs,
adhesives, gels, and/or foams are applied suffer from vari-
ability and unpredictability associated with implantation pro-
cedures, many of which are complicated and require highly
technical implantation techniques. Some of these closure
methods occasionally cause undesirable deformation of the
vessels. Moreover, for newer endovascular procedures, such
as abdominal or thoracic aortic aneurysm repair, percutane-
ous valve replacement and repair, or cardiac ablation, which
use large diameter delivery systems typically in the range of
8-25 Fr, these conventional closure methods are suboptimal.
[0005] Thus, there is a desire for improved vasculature
closure devices and methods for deploying and performing
treatment using the same. It would, therefore, be advanta-
geous to provide a vasculature closure device that would more
quickly and effectively close vessel wall punctures.

BRIEF SUMMARY

[0006] Vasculature closure devices and systems and meth-
ods for their use are provided. According to one aspect, a
vasculature closure device is provided. In one embodiment,
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the vasculature closure device includes an expandable sup-
port frame deployable within a vessel and a sealing mem-
brane at least partially supported by the expandable support
frame. Upon expanding the support frame, the vasculature
closure device is configured to intraluminally secure the seal-
ing membrane against a puncture site existing in a vessel wall.

[0007] According to another aspect, a method is provided
for closing a vessel puncture. In one embodiment, the method
includes deploying, via a sheath, a vasculature closure device
including a support frame and a sealing membrane into a
vessel through the puncture site, wherein the support frame is
in a compressed configuration during deployment; and then
positioning and expanding the support frame within the ves-
sel to cause the sealing membrane to at least partially seal the
puncture site.

[0008] According to yet another aspect, a system is pro-
vided for closing a vessel puncture. In one embodiment, the
system includes a vasculature closure device that includes an
expandable support frame and a sealing membrane at least
partially supported by the expandable support frame. The
vasculature closure device is configured to expand from a
collapsed configuration to intraluminally secure the sealing
membrane against a puncture site existing in a vessel. The
system can further include a sheath operable to receive the
vasculature closure device in the collapsed configuration and
to facilitate deploying the vasculature closure device through
the puncture site and into the vessel and a push rod operable
to advance the vasculature closure device through the sheath.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is an illustration of an implanted vasculature
closure device (VCD) according to one embodiment.

[0010] FIG. 2 is an illustration of a VCD according to one
embodiment.
[0011] FIGS. 3A-3D are illustrations of a VCD and corre-

sponding containment mechanism according to some repre-
sentative embodiments.

[0012] FIGS. 4A-4] are illustrations of VCDs according to
some representative embodiments.

[0013] FIGS. 5A-5G are illustrations of additional VCDs
according to some representative embodiments.

[0014] FIG. 6 is a flow diagram illustrating a method for
delivering and securing a VCD according to an example
embodiment.

[0015] FIGS. 7A-7D are cross-sectional views illustrating
a delivery system and stages of delivering and securing a
VCD within a vessel according to one embodiment.

[0016] FIG. 8isacross-section view illustrating temporary
positioning of a VCD within a vessel during delivery accord-
ing to one embodiment.

[0017] FIGS.9A-1to 9] are cross-sectional views illustrat-
ing a delivery system and stages of advancing a VCD there-
through according to another embodiment.

[0018] FIGS. 10A-10P are cross-sectional views illustrat-
ing additional delivery systems and corresponding contain-
ment mechanisms according to other representative embodi-
ments.

[0019] FIGS. 11A-11C are cross-sectional views illustrat-
ing securing a VCD within a vessel, according to one embodi-
ment.
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DETAILED DESCRIPTION

[0020] Improved vasculature closure devices and systems
to facilitate hemostasis and closure of vessel punctures are
provided, along with methods for delivering the vascular
closure device (VCD) into a patient in need thereof. A VCD,
according to various embodiments, includes at least one seal-
ing membrane and at least one support frame attached, inte-
grated, or otherwise supporting the sealing membrane. The
support frame is utilized to expand the sealing membrane
from a collapsed configuration to an expanded configuration
when deployed within a vessel. The support frame can be
configured such that it expands enough to force the sealing
membrane against a vessel puncture. The pressure exerted by
the support frame can vary, but is effective to at least partially
maintain the VCD at the desired position within the vessel—
which at least partially presses the sealing membrane against
the vessel puncture. Upon positioning and exerting pressure
by the sealing membrane against the vessel puncture, blood
leakage is prevented and/or reduced, and hemostasis and
healing are promoted. In some instances, the sealing mem-
brane of the VCD may significantly reduce blood leakage
from the vessel puncture, while complete hemostasis is
achieved by a thrombus formed on or around the sealing
membrane against the puncture. Thrombus forming capabili-
ties may be enhanced by providing thrombus promoting
materials on the sealing membrane and/or the anchoring tab
or pull wire. The VCD may be left in the secured position
within the vessel for essentially any period of time, which
may be indefinitely in certain embodiments.

[0021] According to various embodiments, portions of the
VCD are biodegradable, bioabsorbable, and/or bioerodable
(collectively referred to herein as “biodegradable” unless
expressly stated otherwise), such that after a period of time
portions degrade, absorb, or erode. For example, at least the
sealing membrane, and in some embodiments the support
frame or portions thereof and/or an anchoring tab or pull wire,
absorb after time, minimizing the components remaining
within the vessel over time, which simplifies subsequent
access at or near the vessel puncture site and reduces potential
long-term complications. The shape, configuration, and com-
position of the various components of the VCD, and the
systems and methods for delivering the same, can be embod-
ied in a number of manners, representative examples of which
are described below.

[0022] The VCD described herein may be used to close
punctures or penetrations in vessels in human or other ani-
mals (e.g., mammalian). Such an animal may be referred to
herein as a patient. As used herein, the term “vessel” refers to
arteries, veins, other vascular lumens for carrying blood or
lymph, or other body lumens, such as, but not limited to, body
lumens of the gastrointestinal system (e.g., the esophagus, the
stomach, the small intestine, or the large intestine), the airway
system (e.g., the trachea, the bronchus, or the bronchioles),
the urinary system (e.g., the bladder, the ureters, or the ure-
thra), or the cerebrospinal system (e.g., subarachnoid space or
the ventricular system around and/or inside the brain and/or
the spinal cord). The VCD can be dimensioned for effective
use with a variety of vessel anatomies and sizes in adult and
pediatric patients, as well as with punctures at a variety of
vessel sites within the patient. It is envisioned that the VCD
can be adapted for use in closing punctures in other body
lumens in conjunction with various surgical procedures. For
example, in one other embodiment, the VCD can be adapted
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for use to close lumen punctures during natural orifice trans-
luminal endoscopic surgery or to close a lumbar puncture.
[0023] Vasculature Closure Devices

[0024] Referring to the figures, FIG. 1 depicts a VCD 100
implanted within a vessel 10 according to one embodiment.
The VCD 100, according to this embodiment, includes a
sealing membrane 105 and a peripheral support frame 110
providing shape and support to the sealing membrane 105
along at least a portion of the sealing membrane’s 105 periph-
ery. As shown in FIG. 1, the VCD 100 is implanted intralu-
minally within a patient’s vessel 10 and positioned and
secured therein to at least temporarily seal a target area at or
near a vessel puncture site 15 (which is interchangeably
referred to herein as the “access hole,” “access site,” “vessel
puncture,” “puncture hole,” “puncture site,” or other similar
variations thereof) existing through the vessel 10 wall. In one
embodiment, the VCD 100 is held in place due to the prede-
termined shape of the peripheral support frame 110 and/or its
tendencies toward a natural stable shape (e.g., by shape
memory materials, etc.) until hemostasis at the puncture site
15 occurs. In other embodiments, as described in more detail
herein, all or a portion of the VCD 100 is biodegradable,
which allows those components to degrade, absorb, or erode
after a period of time such that, if any, only a portion of the
VCD 100 remains within the vessel.

[0025] The sealing membrane 105, and thus generally the
VCD 100 of this embodiment, may be formed in any shape
that may be rolled and unrolled along a longitudinal axis
generally aligned with and extending along the length of the
vessel 10 when implanted. For example, a simple form is
similar in configuration to a sheet that can roll or unroll, or a
tube that is slit entirely along its longitudinal axis (referred to
as a “gull wing” shape in U.S. Provisional Application No.
61/251,054). As described below, however, any other shape
that can be collapsed and then expanded within a vessel to
promote securement of the VCD 100 can be provided.
[0026] According to the embodiment shown in FIG. 1, the
VCD 100 further includes a cross-member support 115
extending at least partially between opposite sides of the
peripheral support frame 110. The cross-member support
115, due to its rigidity or at least partial rigidity, and/or the
tension between the peripheral support frame 110, provides
structural and shape support to the sealing membrane 105 at
or near its center, as described in more detail with reference to
FIG. 2. Such additional support is beneficial when positioned
against a puncture site 15 to avoid membrane sagging at the
puncture site 15. The additional support is also beneficial
during delivery, providing longitudinal strength around
which the sides of the sealing membrane 105 can be rolled,
helping to maintain the VCD 100 in its rolled or collapsed
configuration to fit within a delivery sheath or other delivery
system.

[0027] An anchoring tab 120 is also secured to the VCD
100, according to one embodiment. The anchoring tab 120
may be attached to and/or extend from the sealing membrane
105, the cross-member support 115, and/or the support frame
110. During placement of the VCD 100, the anchoring tab 120
may be pulled in the proximal direction (away from and out of
the puncture site 15), thereby pulling the VCD 100 against the
inner vessel wall so that it can be oriented at or near the target
area at the puncture site 15. The orientation of the anchoring
tab 120 and/or the cross-member support 115 relative to the
sealing membrane 105 surface further facilitates centering
the VCD 100 within the vessel 10 during implantation, as the
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VCD 100 will migrate within the vessel 10 (typically down-
stream) until the anchoring tab 120 abuts an edge of the vessel
puncture 15. Thus, the position of the cross-member support
115 may be adjusted along the width of the sealing membrane
105 and/or the position of the anchoring tab 120 may be
adjusted along the length of the cross-member support 115 to
accommodate for anticipated VCD 100 migration within the
vessel 10.

[0028] According to one embodiment, the anchoring tab
120 may be affixed (e.g., sutured, glued, hooked, held by an
elastic retaining means, etc.) to the patient’s epidermis, der-
mis, sub-dermal layer, adipose layer, or muscle tissue at or
near the vessel access site (e.g., at or near the initial incision
created for access to the vessel). According to various
embodiments, the VCD 100 may additionally, or instead,
include a pull string, which similarly facilitates positioning
the VCD 100 at or near the target area by pulling distally. The
pull string can be attached to the VCD 100, such as to the
sealing membrane 105, the cross-member support 115, and/
or the support frame 110, or it may be attached to and extend
from the anchoring tab 120.

[0029] According to one embodiment, the anchoring tab
120 is flexible and may vary in size. In one embodiment, the
anchoring tab 120 has a relatively thin cross section, such as
being thread-like, or a thick cross section, such as a diameter
similar to or slightly smaller than the puncture site 15 (e.g.,
from approximately 1 mm to approximately 9.0 mm in diam-
eter). The anchoring tab 120 beneficially may further assist in
promoting hemostasis by at least partially filling the puncture
site 15 and the access channel through the patient’s tissue. In
one embodiment, the anchoring tab 120 and a pull string are
integrated and together are sufficiently long enough to exit the
proximal end of a delivery sheath or other delivery system
(e.g., approximately 10 cm to approximately 100 cm). Excess
length may be removed after securing the anchoring tab 120
to the patient’s epidermis, dermis, sub-dermal layer, adipose
layer, or muscle tissue at or near the puncture site. In other
embodiments, the anchoring tab 120 and pull string are dif-
ferent members separately attached or otherwise included
with the VCD 100; have different diameters, widths, and
lengths; and/or are constructed from different materials. For
example, the anchoring tab 120 may be fabricated shorter
(e.g., approximately 10 mm to approximately 100 mm) than
a pull string and/or may be thicker than a pull string. In one
embodiment, an anchoring tab 120 may also include a con-
necting means at its proximal end, such as an eye, a hook, a
toggle, and the like, to which a separate pull string can be
permanently or removably attached.

[0030] Itis appreciated that FIG. 1 is provided to depict an
one orientation of a VCD 100 within a vessel 10, and that any
VCD accordingto the various embodiments described herein,
such as VCDs including radially expandable support frames
as described with reference to FIGS. 5A-5G, may be similarly
positioned intraluminally to secure or otherwise retain a
membrane against a vessel at or near a puncture site. These
embodiments are described in more detail with reference to
the following figures.

[0031] FIG. 2 illustrates one embodiment of a VCD 100,
similar to the VCD illustrated in FIG. 1, implanted within a
vessel. According to this embodiment, the VCD 100 includes
a sealing membrane 105 and a peripheral support frame 110
at least partially supporting, and integrated or otherwise
affixed at or near the peripheral edge of, the sealing mem-
brane 105. In this embodiment, VCD 100 further includes a
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cross-member support 115 extending between opposite sides
of'the peripheral support frame 110. Here, the VCD 100 has a
circular or oval shaped sealing membrane 105 and a circular
or oval shaped peripheral support frame 110 that approxi-
mately follows the shape of the sealing membrane 105. How-
ever, as stated herein, the shape of the sealing membrane and
the peripheral support frame may vary, according to other
embodiments, as desired.

[0032] With reference to the embodiment of FIG. 2, the
peripheral support frame 110 is formed in a pre-shaped con-
figuration such that in its natural stable state the peripheral
support frame 110 has a radius of curvature larger than (i.e.,
flatter and having a greater radius) than the radius of curvature
of the vessel interior within which it will be implanted. For
example, if the vessel within which the VCD 100 will be
implanted has a diameter ranging between approximately 4.5
mm and approximately 9 mm (e.g., like that of a common
femoral artery), then the peripheral support frame 110 may be
pre-shaped with a larger radius of curvature that results in a
diameter between approximately 7 mm and 20 mm. It is
appreciated that the radius of curvature may vary, depending
upon the anatomy of the vessel within which the VCD 100 is
to be implanted and the desired amount of force exerted by the
peripheral support frame 110. Generally, the larger the radius
of curvature of the VCD 100 relative to the radius of curvature
of the vessel, the greater the force exerted by the support
frame 110. At least a portion of the peripheral support frame
110 is formed from a material having elastic properties that
will permit rolling or otherwise collapsing the peripheral
support frame 110 during delivery and then expanding to its
natural stable state upon implantation.

[0033] Thus, by having a natural stable state with a larger
radius of curvature than the interior vessel wall, the peripheral
support frame 110 will expand during implantation to exert a
force against the vessel inner wall. This force, coupled with
the pressure created by the blood pressure exerted against the
membrane 105 and peripheral support frame 110, retains the
VCD 100 in place at or near the puncture site. However, the
amount of force exerted against the vessel wall is to be limited
to avoid injury to the vessel wall. For example, when in an
expanded configuration, the VCD 100 (and any other VCD
embodiments described herein) may exert a pressure on the
vessel inner wall ranging between approximately 0.3 mm Hg
to approximately 400 mm Hg, in various embodiments, and in
one embodiment, a pressure between approximately 2 mm
Hg and approximately 50 mm Hg can be exerted on the vessel
inner wall. To achieve a pre-shaped peripheral support frame
110 having the desired shape and curvature described herein,
a shape memory metal or alloy, such as nickel-titanium alloy
(e.g., Nitinol), a shape memory polymer, or any combination
thereof, and/or temperature treatments thereof, may be used
to fabricate all or a portion of the peripheral support frame
110.

[0034] The cross-sectional thickness of the members com-
prising the peripheral support frame 110 may contribute to the
amount of force exerted by the VCD 100 when in the natural
stable (expanded) configuration. For example, according to
various embodiments, the thickness may range between
approximately 0.01 mm and approximately 2.0 mm, and in
some embodiments between approximately 0.04 mm and
approximately 0.2 mm, while in other embodiments the
thickness may range between 0.2 mm and approximately 0.7
mm. For example, in one embodiment, the members of the
peripheral support frame 110 are formed to have a greater
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width (the dimension lying along the surface of the sealing
membrane 105) than the thickness (the dimension perpen-
dicularto the top and the bottom of' the sealing membrane 105
surface), such as a width ranging between approximately 0.05
mm and approximately 1.5 mm, or between approximately
0.2 mm and approximately 0.7 mm in one embodiment, and a
thickness ranging between approximately 0.01 mm and
approximately 0.3 mm, or between approximately 0.04 mm
and approximately 0.1 mm in another embodiment. It is
appreciated that these dimensions are illustrative and are not
intended to be limiting. The width and thickness of the
peripheral support frame 110 members may vary as desired
and may depend upon the intended implantation.

[0035] A VCD 100 having a peripheral support frame 110
also minimizes interference during subsequent vessel access
if the VCD 100 (or at least the peripheral support frame 110)
remains within the vessel. The peripheral support frame 110
is distanced from the current puncture site because it is ori-
ented only around the periphery of the sealing membrane 105.
Inaddition, by having a support frame only around the periph-
ery of the sealing membrane 105 (and optionally a cross-
member support 115), the space occupied by the peripheral
support frame 110 can be minimized. In many circumstances,
there are a limited number of vessels that provide suitable
access for vasculature intervention procedures. Access is
especially limited for patients having vessels suffering from
stenosis or calcification. Accordingly, in some instances, it
may be desirable to reduce the amount of additional vessel
obstruction by minimizing the components of the VCD 100
that may remain within the vessel or otherwise inhibit subse-
quent access, which may include the peripheral support frame
110.

[0036] According to some embodiments, the sealing mem-
brane 105 is biodegradable. Thus, after time, at least the
sealing membrane 105 will degrade and will not itself
obstruct vessel access. According another embodiment, the
sealing membrane 105, whether biodegradable or not, is suf-
ficiently thin or composed of material weak enough to not
substantially interfere with vessel re-accessing. For example,
in some embodiments, the sealing membrane 105 can be
partially, or completely, fabricated from a biodegradable
material, such as, but not limited to, modified cellulose, col-
lagen, fibrin, fibrinogen, elastin, tissue, biological membrane
(e.g., pericardium, etc.), or other connective proteins or natu-
ral materials; polymers or copolymers, such as, but not lim-
ited to, aliphatic polyester (e.g., poly-L-lactide (PLLA), poly-
D-lactide (PDLA)), polyglycolide (PGA), poly(glycolic-co-
lactic acid) (PLGA), polydioxanone (PDS),
polycaprolactone (PCL), poly(glycolide-co-trimethylene
carbonate) (PGA-TMC), polygluconate, polylactic acid-
polyethylene oxide copolymers, poly(hydroxybutyrate),
polyanhydride, polyphosphoester, poly(amino acids), poly
(alpha-hydroxy acid), or any other similar copolymers; mag-
nesium or magnesium alloys; or aluminum or aluminum
alloys; as well as any composites and combinations thereof,
and combinations of other biodegradable materials, which,
after a period of time resorb into the body. In other embodi-
ments, the sealing membrane is partially, or completely, fab-
ricated from any other biocompatible material, which may
not be completely bioabsorbable, such as, but not limited to,
expanded polytetrafiuoroethylene (ePTFE), polyethylene,
polypropylene, polyester, polyurethane, silicone, Dacron,
urethane, polyaryletheretherketone (PEEK), stainless steel,
titanium, nickel-titanium, cobalt, nickel-chromium, gold,
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platinum, and/or any composite, alloy, or combination of
these or other suitable materials. It is appreciated that in some
embodiments, the sealing membrane may be fabricated from
a combination of one or more biodegradable materials and
non-absorbable materials.

[0037] Moreover, according to some embodiments, the
sealing membrane 105 may be formed as a continuous mate-
rial, while, in other embodiments, the sealing membrane 105
may be formed in a woven or mesh configuration. A woven or
mesh configuration facilitates forming a barrier to blood leak-
age by sealing as thrombus or other body material or cells
attached to the woven or mesh sealing membrane 105. Simi-
larly, the sealing membrane 105 may include holes, perfora-
tion, or partial perforation, at least at or near the area designed
to be positioned at or near the puncture site. In some embodi-
ments, holes may be provided only at a portion of the sealing
membrane 105; though, in other embodiments, as much as
60% or more of the sealing membrane 105 may include holes
or perforation. The holes or perforations may be formed in
any suitable size, such as having a diameter ranging from
approximately 0.05 mm to approximately 2 mm in one
embodiment; though, holes or perforations may have other
dimensions in other embodiments. Holes or perforations
serve to promote cell growth over the sealing membrane 105
and the sealing membrane’s 105 integration to the vessel.
Moreover, a perforated sealing membrane 105 also reduces
the total amount of foreign matter (e.g., the sealing membrane
105) implanted within the patient, and thus promotes mem-
brane degradation. According to some embodiments, sealing
membrane 105 materials are chosen to exhibit one or more of
the following traits: to avoid inflammation or toxic response
when implanted, to have acceptable shelf life, to control deg-
radation rate if biodegradable, to metabolize if biodegrad-
able, and/or to be easily sterilized.

[0038] Insomeembodiments, the peripheral support frame
110 can also be fabricated at least partially from biodegrad-
able materials, such as, but not limited to, those described
above. According to one embodiment, the peripheral support
frame 110 may be fabricated from materials such as, but not
limited to, aliphatic polyester (e.g., poly-L-lactide (PLLA),
poly-D-lactide (PDLA), polyglycolide (PGA), poly(gly-
colic-co-lactic acid) (PLGA)), polydioxanone (PDS), poly-
caprolactone (PCL), poly(glycolide-co-trimethylene carbon-
ate) (PGA-TMC), polygluconate, polylactic acid-
polyethylene oxide copolymers, poly(hydroxybutyrate),
polyanhydride, polyphosphoester, poly(amino acids), poly
(alpha-hydroxy acid), or any other similar copolymers; mag-
nesium or magnesium alloys; or aluminum or aluminum
alloys; as well as any composites or combinations thereof, or
combinations of other biodegradable materials, which, after a
period of time resorb into the body. However, in other
embodiments, the peripheral support frame 110 is at least
partially fabricated from non-absorbable materials, includ-
ing, but not limited to, nickel-titanium alloy (Nitinol), stain-
less steel, titanium, cobalt-based alloy, chromium alloys,
gold, platinum, tantalum, a biocompatible polymer, such as a
shape memory polymer, or any combination thereof. Thus,
for embodiments in which the peripheral support frame 110 is
fabricated from non-absorbable materials, it may be desirable
to minimize the size and space occupied by the frame, such as
is accomplished by its orientation around the periphery of the
sealing membrane 105. Moreover, as described above, many
of the aforementioned materials or combinations thereof
exhibit elastic, super-elastic, and/or shape memory character-
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istics that can beneficially be formed into a desired shape to
permit self-expansion of the VCD 100 to a stable natural state
from a flexed or otherwise altered state during implantation
and to improve securement of the VCD 100 within a vessel.

[0039] The cross-member support 115 extending between
opposite sides of the peripheral support frame 110 serves at
least two functions. First, the cross-member support 115 sup-
ports the sealing membrane 105 at or near its center to avoid
sagging where it will be in contact with a vessel puncture site,
thus improving the seal created therebetween. Second, the
cross-member support 115 may include an attachment means
205 for attaching an anchoring tab and/or pull string to the
VCD 100, such as is described with reference to FIG. 1. The
attachment means 205 may include, but is not limited to, an
aperture, a hook, an eye, a post, a tab, adhesive, heat welding,
laser welding, mechanical attachment, and the like. For
example, in one embodiment, an anchoring tab and/or pull
string is releasably affixed to the attachment means 205 prior
to implantation (e.g., during manufacturing or prior to deliv-
ery). In other embodiments, the anchoring tab and/or pull
string may be more permanently affixed to the sealing mem-
brane 105 and/or the cross-member support 115, such as if the
anchoring tab is formed from excess sealing membrane mate-
rial, for example. Additional details regarding anchoring tab
and/or pull string configurations are described below. For
example, FIG. 3A illustrates a VCD 100 in a collapsed con-
figuration for delivery.

[0040] Inone embodiment, the cross-member support 115
is fabricated from a material having additional strength and/or
rigidity relative to the rest of the peripheral support frame
110, such as is described with reference to straight edge
portion of FIG. 4A. Providing additional rigidity to the cross-
member support 115 increases the stiftness of the VCD 100
along the longitudinal axis and its center, which will further
facilitate maintaining the desired shape when in collapsed
configuration, as is described with reference to FIG. 3A.
Rigidity of the cross-member support 115 may be enhanced
in any number of ways, including, but not limited to, increas-
ing the cross-sectional profiles of the cross-member support
115 relative to the rest of the peripheral support frame 110,
forming the cross-member support 115 from a more rigid
frame material, reinforcing the cross-member support 115
with a more rigid frame material, or any combination thereof.

[0041] According to one embodiment, the cross-member
support 115 is fabricated from a biodegradable polymer, a
biodegradable metal or metal alloy, any other biodegradable
material, or any combination thereof A biodegradable cross-
member support 115 will improve subsequent access to the
vessel at or near the implantation site at any time after its
degradation. Because the cross-member support 115, in this
embodiment, will span across or be located proximate the
puncture site, being formed from a biodegradable material
will avoid impeding access to the puncture site. In one
example embodiment, the cross-member support 115 may be
configured as a wire, extending between, but separate from,
the peripheral support frame 110 at or near the same position
as shown in FIG. 2, which may be biodegradable or non-
biodegradable. In other embodiments, a VCD 100 may
include a cross-member support 115 fabricated at least par-
tially from a non-absorbable material. In yet other embodi-
ments, a VCD 100 may not include the cross-member support
115, and/or may not include an anchoring tab 120 or pull
string, as described above.
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[0042] According to one embodiment, a VCD 100 having
some or all components fabricated from biodegradable mate-
rials, is manufactured in a manner to result in a predictable
degradation rate. For example, in one embodiment, biode-
gradable components are fabricated from a material having at
least 1 day degradation time, and can be up to at least 720
days. For example, in one embodiment, the degradation time
may be between approximately 20 days and approximately
120 days. These degradation rates are illustrative purposes
only and are not intended to be limiting. In other embodi-
ments, the degradation time may be greater than or less than
these ranges as desired, which may depend upon the implan-
tation site and/or procedure being performed. Moreover, in
some embodiments, different components ofa VCD 100 can
degrade at different rates, such as aVCD 100 having a sealing
membrane 105 that degrades at a quicker rate than the periph-
eral support frame 110 and/or the cross-member support 115.

[0043] In addition, the material from which the VCD 100
components are fabricated should be stable over a wide range
of'temperatures to avoid degradation or defects during manu-
facturing, sterilization, and storing. Example temperature
ranges over which VCD 100 components should be stable
may range from approximately —20° C. to approximately 65°
C., or, in some embodiments, from approximately —10° C. to
approximately 45° C. It is appreciated that, according to some
embodiments, VCD 100 components may be stable at tem-
peratures above and below this range. Example materials
which exhibit desirable qualities for manufacturing biode-
gradable VCD 100 components include, but are not limited to,
the Resomer® products manufactured by Boheringer Ingel-
heim GmbH, of Ingelheim am Rhein, Germany, which are
based on lactic acid and glycolic acids.

[0044] In other embodiments, the VCD 100, including the
sealing membrane 105 and the peripheral support frame 110,
may be configured in a different shape, such as, but not
limited to, oval, asymmetrical, elliptical, rectangular, rhom-
bus, triangular, pentagonal, hexagonal, or any other polygo-
nal shape. In embodiments having a sealing membrane 105
configured in a different shape than that illustrated in FIG. 2,
one or more portions of the peripheral support frame 110 may
be formed from a material having additional strength and/or
rigidity relative to the rest of the peripheral support frame
110, which is illustrated by a portion 220 along one end of the
peripheral support frame, which may serve to contain the
VCD 100 in the desired collapsed shape during delivery and/
orto avoid flaring of the edges or at least a portion of the edges
of the sealing membrane 105 during delivery and/or upon
implantation. Other representative VCD shapes are described
with reference to FIGS. 4A-5G.

[0045] In the embodiment shown in FIG. 2, the sealing
membrane 105 completely covers the peripheral support
frame 110. However, in other embodiments, the sealing mem-
brane 105 may only partially cover the peripheral support
frame 110, such as if the sealing membrane 105 extends from
the peripheral support frame 110 at or near the center of the
VCD 100 and, thus, to allow covering a puncture site within
a vessel upon implantation, while the peripheral support
frame 110 may extend beyond the sealing membrane 105
along one or more of the edges of the VCD 100. The sealing
membrane 105 may be coupled to the peripheral support
frame 110 at one or more points along the frame and/or the
cross-member support 115 by any suitable manufacturing
method, such as described in more detail herein.
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[0046] To provide the desired hemostasis, the dimensions
of the sealing membrane 105 are at least as large as or larger
than the puncture site according to one embodiment, such as
is illustrated by FIG. 1. The sealing membrane may be larger
than the puncture site. However, in other embodiments, the
dimensions of the sealing membrane 105 are smaller than that
of the puncture site. For example, the sealing membrane 105
may be approximately 10% smaller, or even as much as 50%
smaller, than the puncture site, which can still be effective
because the hole at the puncture site tends to reduce in size
after a delivery sheath or other delivery system is removed
from the puncture site. According to various embodiments,
the thickness of the sealing membrane 105 is between
approximately 5 microns and approximately 500 microns,
between approximately 10 microns and approximately 200
microns, or between approximately 30 microns and approxi-
mately 150 microns. The thickness of the sealing membrane
105 may be determined at least in part by the method of
manufacture, as described herein. Moreover, the thickness of
the sealing membrane 105 (and optionally the porosity of the
sealing membrane 105) may impact, and thus be adjusted to
control, the degradation rate.

[0047] The sealing membrane 105 may be formed in any
number of configurations, including, but not limited to, a
woven membrane, a non-woven membrane, a mesh, a film, a
gel, a single membrane, a multilayer membrane, or any com-
bination thereof. The sealing membrane 105 may be con-
structed according to any number of techniques, including,
but not limited to, extrusion, solution deposition, coating,
molding, electrospinning, weaving, or any other suitable
method for manufacturing polymeric sheets, textiles, or
membranes.

[0048] According to one embodiment, the sealing mem-
brane 105 is produced either by weaving, air spinning, or
electrospinning, which uses an electrical charge to draw
fibers from a liquid form. Weaving, air spinning, and electro-
spinning allow controlling the density, the surface area topog-
raphy, and the flexibility of the sealing membrane 105. As a
result, increased control is provided over the sealing mem-
brane’s 105 degradation rate, whereby a larger effective sur-
face area results in faster degradation. Controlling membrane
flexibility allows controlling the ability of the sealing mem-
brane 105 to roll or fold into the collapsed configuration
during delivery, while also avoiding significant wrinkles or
creases, which may otherwise occur with extruded mem-
branes. Moreover, a sealing membrane 105 with reduced
density, such as may be accomplished by weaving or electro-
spinning, increases the compressibility of the sealing mem-
brane 105, which improves the ability of the sealing mem-
brane 105 to adjust to vascular inner wall topography (e.g.,
surface roughness that may occur from calcification, etc.) and
improves its sealing capabilities.

[0049] The sealing membrane 105 may be a single material
or it may be a composite material. The single or composite
material may be porous, non-porous, or a combination
thereof.

[0050] According to various embodiments, the sealing
membrane 105 may have substantially uniform properties
throughout, or the sealing membrane 105 may exhibit varied
properties, such as including multiple layers of different
materials and/or including layers having different densities or
porosities. For example, according to one embodiment in
which the sealing membrane 105 is formed from multiple
layers, the sealing membrane 105 is constructed from at least
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a first porous material forming a first layer and a second layer
formed from a less porous and, thus, smoother material. The
first layer may be the same material as the second layer but
fabricated in a different manner to generate different porosi-
ties, or the first and second layers may be formed from dif-
ferent materials. In one example, a VCD 100 with a sealing
membrane 105 having a more porous surface facing inward
toward the vessel lumen relative to the surface facing outward
toward the vessel’s inner wall allows faster degradation ofthe
sealing membrane 105 on its inner surface facing the vessel
interior. In another embodiment, however, a less porous layer
may face outward toward the vessel wall, providing the
smoother surface in contact with blood flowing through the
vessel. Weaving and electrospinning, for example, may be
used to create various combinations of densities, porosities,
and surface area properties, which may differ from the rep-
resentative examples described herein.

[0051] The sealing membrane 105 may be integrated with
or otherwise coupled to the peripheral support frame 110 at
one or more points along the peripheral support frame 110
and/or the cross-member support 115 using any number of
suitable techniques, including, but not limited to, adhesive,
solvent adhesion, heat welding, laser welding, ultrasonic
welding, mechanical attachment, layered integration, or any
combination thereof The technique chosen to couple the seal-
ing membrane 105 to the peripheral support frame 110 may
depend in part on the manufacturing technique utilized to
fabricate the sealing membrane 105 and/or the peripheral
support frame 110.

[0052] According to one embodiment, the peripheral sup-
port frame 110 may be sandwiched between two membrane
layers forming the sealing membrane 105 and securing the
peripheral support frame 110 in position therebetween. For
example, in one technique, a first membrane layer is formed
over a mandrel, which provides the same, or slightly larger,
radius of curvature (and, thus, relatively flatter) as the vessel
into which the VCD 100 is intended to be implanted. After
forming the first membrane layer of the mandrel, the periph-
eral support frame 110 is placed over the first membrane
layer. In one embodiment, at this step the peripheral support
frame 110 is treated into its natural stable state around the
mandrel, such as if the peripheral support frame 110 is fabri-
cated from a shape memory metal, metal alloy, or polymer.
Though, in other embodiments utilizing shape memory met-
als, metal alloys, or polymers, the peripheral support frame
110 can be treated to its natural stable state at another stage of
manufacturing (e.g., before or after), or the peripheral support
frame 110 may not be fabricated from shape memory metals,
metal alloys, or polymers at all.

[0053] According to one embodiment, the support frame
110 is manufactured from a shape memory alloy, such as
nickel-titanium alloy, either by cutting the frame from a sheet
of desired dimensions, by cutting from a tube of desired
dimensions, or formed from a wire (flat or round cross-sec-
tion) by crimping, brazing, welding, and the like. Nickel-
titanium alloy may be cut by a laser, chemical etching, elec-
tro-erosion, or any combination thereof. After cutting and/or
otherwise forming the support frame 110 into its desired
dimension, the support frame 110 is pre-shaped to its desired
natural stable shape (e.g., its super-clastic state, etc.), such as
by thermal treatment, as is known in the art for shape memory
materials. Pre-shaping may be performed on the mandrel, or
separately. According to some embodiments, the support
frame 110 surface is further treated, such as, but not limited
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to, removing oxides, smoothing, electropolishing, passivat-
ing to improve corrosion resistance, and/or increasing surface
roughness to improve adhesion to a sealing membrane 105.
The aforementioned example of forming a support frame 110
is illustrative and is not intended to be limiting.

[0054] After applying the peripheral support frame 110 to
the mandrel over the first membrane layer, a second mem-
brane layer may be formed over the peripheral support frame
110 and the sealing membrane 105. Accordingly, by fusing or
otherwise affixing the two membrane layers with the periph-
eral support frame 110 sandwiched therebetween, the sealing
membrane 105 and the peripheral support frame 110 become
an integrated component. Similar techniques may be used in
embodiments including a cross-member support 115 or any
other support frame structure. Other suitable techniques for
coupling a sealing membrane to a support frame can be per-
formed, such as techniques similar to those used for the
design and manufacturing of covered stents or stent grafts.

[0055] Inoneembodiment, the sealing membrane 105 and/
or the peripheral support frame 110 may be coated, impreg-
nated, covered, and/or include means for releasing chemical
components into the surrounding environment, such as within
the vessel at or near the puncture site after implantation.
Examples of such chemical components include, but are not
limited to, hemostatic agents, drugs, biological agents,
viruses, cells, or any other material that may influence or
control biological processes. For example, one or more
chemical components can be utilized to promote the healing
of'the blood vessel and/or the puncture site; to control, reduce,
or mitigate cell proliferation, such as is similar to that utilized
by a drug eluting stent; to control, reduce, or mitigate blood
coagulation (e.g., by releasing heparin, etc.); to enhance
blood coagulation (e.g., by releasing thrombin, etc.); and/or
to reduce the risk of infection by releasing antibiotics or other
medicinal substances. Chemical components may be applied
to the peripheral support frame 110, to the sealing membrane
105, and/or to the anchor tab 120 or pull string by at least
partially coating its surface. In other embodiments, the
chemical components may be coupled, either mechanically
or chemically, to at least one of the materials forming the
peripheral support frame 110 and/or the sealing membrane
105, or may be mixed into the sealing membrane 105 during
its manufacturing. According to one embodiment, one or
more chemical components are released upon the absorption,
degradation, or erosion of one or more components of the
VCD 100.

[0056] According to various embodiments, the total length
of'the VCD 100, from one edge of the sealing membrane 105
to an opposite edge along the longitudinal axis, may range
between approximately 4 mm to approximately 50 mm, and
in one embodiment, between approximately 5 mm and
approximately 25 mm. According to various embodiments,
the diameter of the VCD 100 in a collapsed state, such as is
illustrated by and described with reference to FIG. 3A, is at
least less than approximately 9 mm, which would be compat-
ible with a 27 Fr introducer sheath, less than approximately 7
mm, which would be compatible with a 21 Fr introducer
sheath, or even less than approximately 6 mm, which would
be compatible with a 18 Fr introducer sheath. In yet other
embodiments, the diameter is less than approximately 4 mm,
which would be compatible with a 12 Fr introducer sheath, or
even less than approximately 3 mm, which would be compat-
ible with a 9 Fr introducer sheath. In yet another embodiment,
the VCD 100, when in a collapsed state, is compatible with,
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and can be deployed by, anywhere between a 4 Fr to a 8 Fr
introducer sheath. The aforementioned dimensions are illus-
trative and are not intended to be limiting. In other embodi-
ments, the VCD 100 in collapsed or in expanded configura-
tions may be larger than or smaller than the representative
examples described herein.

[0057] The aforementioned materials, manufacturing tech-
niques, and characteristics of the VCD 100 and individual
components may likewise apply to any other VCD embodi-
ment described herein.

[0058] FIG. 3A illustrates one embodiment of VCD 100,
similar to that illustrated in and described with reference to
FIG. 2, in a collapsed configuration for delivery. The VCD
100 can be delivered utilizing a delivery system, such as those
described with reference to FIGS. 6-10P, initially inserted and
delivered in a collapsed configuration as illustrated in FIG.
3A. Here, VCD 100 is rolled into a collapsed or rolled con-
figuration by rolling the device along the longitudinal axis.
The cross-member support 115 may further serve to increase
the longitudinal rigidity and stability of the VCD 100 when in
a rolled configuration. Without the rigidity provided by the
peripheral support frame 110 and/or the cross-member sup-
port 115, a containment mechanism, such as is described
below, positioned at or near the center of the VCD 100 may
cause the edges to flare and/or the sealing membrane 105 to
wrinkle. Though, as described herein, in other embodiments,
the VCD 100 does not include a rigid cross-member support
115, and may optionally include a non-rigid member cross-
member support 115 instead, such as a biodegradable or
non-degradable wire. Flaring or wrinkling may thus be
reduced by rolling the VCD 100 into a collapsed state.
[0059] Also shown with the VCD 100 is a containment
mechanism 305 embodied as one or more strings, wires,
ribbons, bands, or cords encircling the VCD 100 to releasably
retain the VCD 100 in a collapsed configuration. Uponreleas-
ing the containment mechanism 305 after suitable positioning
within a vessel, the VCD 100 expands to its expanded con-
figuration. As shown in the embodiment of FIG. 3A, the
containment mechanism 305 is configured as a thread or other
looped member encircling and compressing the VCD 100,
such as by using a slip knot, lanyard, or other releasable
securing means to selectively release the containment mecha-
nism 305 from around the VCD 100. The containment mecha-
nism 305 further includes at least one end extending from the
VCD 100 (and optionally into a delivery system, as described
herein) to allow operation and release of the containment
mechanism 305 by an operator. In another embodiment, a
containment mechanism includes one or more removable
pins, one or more releasable wire loops, one or more releas-
able straps, releasable mesh, or another similar releasable
mechanism for restraining the VCD 100 that can be released
by an operator. In still another embodiment, a thin restraining
tube with a rip cord is assembled over the compressed VCD
100, whereby the rip cord causes the restraining tube to tear or
otherwise separate when pulled, releasing the compressed
VCD 100. The containment mechanism 305 can also be used
for positioning the VCD 100 into its final position across the
vessel puncture.

[0060] FIG. 3B illustrates another embodiment of a con-
tainment mechanism for a VCD 100. In this embodiment, the
containment mechanism includes a looped wire 315 formed
into alternating series of loops 317, 319. The series of alter-
nating loops 317, 319 are oriented such that a first loop 317 is
positioned on one side of the VCD 100 when rolled and the
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second loop 319, adjacent to the first loop 317, passes under
and is positioned on the opposite side of the VCD 100. Any
number of adjacent loops may be formed, which create a
cradle surrounding the VCD 100 and retaining it in a col-
lapsed configuration. FIG. 3C illustrates the looped wire 315
and its alternating series of loops 317, 319 without the VCD
100 for additional clarity. The looped wire 315 is illustrated
with arrows showing the path of the loops 317, 319 as they
would traverse along the length of a VCD positioned therebe-
tween. In one embodiment, each end of the looped wire 315
passes from a delivery system over a collapsed VCD 100 on
the same side of the VCD 100, such that when released, the
looped wire 315 does not restrain expansion of the VCD 100
and is retrievable by the delivery system or other means.

[0061] With reference to FIG. 3B, the containment mecha-
nism further includes a pull means 320 attached at some point
along a release wire 325 between a first side 325q and a
second side 3255 of the release wire 325. The pull means 320
can be a wire, a string, a thread, a rod, or any other member
securable to the release wire 325. The release wire 325 is
threaded between the apex of each of the alternating series of
loops 317, 319, securing the looped wire 315 around a col-
lapsed VCD 100. Accordingly, when tension is placed on both
sides 3254, 3255 ofthe release wire 325, the alternating series
of'loops 317, 319 are pulled taut against the collapsed VCD
100, maintaining it in a tight, collapsed configuration during
delivery. When either or both sides 3254, 3255 of the release
wire 325 are released, tension on the alternating series of
loops 317, 319 is relieved, and the VCD 100 begins to expand.
The pull means 320 when pulled retrieves the release wire
325 and completely releases the alternating series of loops
317, 319 of the looped wire 315. In one embodiment, the
looped wire 315 is retrievable after releasing the VCD 100.

[0062] FIG. 3D illustrates another embodiment of a con-
tainment mechanism for a VCD 100. According to this
embodiment, the containment mechanism includes a loop
retainer support 330 adapted to extend from the distal end of
a delivery device and a loop 335 having a secured end 337
secured to the loop retainer support 330 and a looped end 339,
optionally passing through a hole 341 in the loop retainer
support 330, having a loop or other retaining means formed
thereby. The containment mechanism further includes a
retainer pin 340 adapted for selective actuation during deliv-
ery of the VCD 100, which operates to release the looped end
339 from the retainer pen and, thus, freeing the loop 335 from
around the VCD 100. As shown, when in secured configura-
tion, the loop 335 is positioned around and maintains the
VCD 100 in collapsed (e.g., rolled) configuration. The
secured end 337 of the loop 335 is secured by any suitable
means to the loop retainer support 330, while the looped end
339 ofthe loop 335 is releasably threaded over the retainer pin
340. The retainer pin 340 may be moveably secured to the
loop retainer support 330 by any suitable means, such as, but
not limited to, extending through one or more passages
(shown in FIG. 3D), strapped thereto, passing through a chan-
nel, and the like, and extend proximally through a channel of
the selected delivery device.

[0063] In operation, the containment means releases the
VCD 100 from its collapsed position by pulling the loop
retainer pin 340 in the proximal direction. Any suitable actu-
ating mechanism may be included with the chosen delivery
device to allow pulling the loop retainer pin 340. By pulling
the loop retainer pin 340 in the proximal direction, the looped
end 339 of the loop 335 is released and the VCD 100 is freed
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and allowed to expand to its stable expanded configuration.
Because the loop 335 remains secured to the loop retainer
support 330 at its secured end 337, the loop 335 can be
removed from the vessel by removing the loop retainer sup-
port 330 and/or the delivery device utilized.

[0064] According to one embodiment, the loop retainer
support 330 is formed from a flexible film having a thickness
between approximately 0.05 mm and approximately S mm, or
between approximately 0.1 mm and approximately 0.5 mm in
other embodiments, for example. The width of the loop
retainer support 330 may be between approximately 1 mm
and approximately 5 mm in one embodiment, or between
approximately 2 mm and approximately 4 mm in other
embodiments, for example. The loop retainer support 330
may be made from any flexible materials, such as, but not
limited to, a polymer (e.g., polytetrafluoroethylene or other
fluoropolymer, polyethylene, polyurethane, polyamide, poly-
imide, PEEK, or any other suitable polymer), or a metal (e.g.,
Nitinol, stainless steel, cobalt alloys, or any other suitable
metal), or any combination thereof. However, other suitable
loop retainer support 330 configurations and dimensions can
be provided, such as a more rigid member and/or one formed
from different suitable materials, such as any other biocom-
patible material described herein.

[0065] According to various embodiments, the loop
retainer pin 340 may have a cross-sectional diameter ranging
between approximately 0.02 mm and approximately 3 mm, or
between approximately 0.05 mm and approximately 0.5 mm
in other embodiments. As described, in one embodiment, the
loop retainer pin 340 extends through the delivery device and
is connected to an actuation mechanism for actuation by an
operator, such as, but not limited to, a slider, a push button, a
wheel, opposing handles, or any other suitable means for
pulling the loop retainer pin 340 in the proximal direction. In
other embodiments, the loop retainer pin 340 may have a
shorter length, such as between approximately 2 mm and
approximately 50 mm, or between approximately 4 mm and
approximately 15 mm in other embodiments, and is con-
nected to an actuating mechanism by an intermediary mem-
ber, such as a string or wire. According to various embodi-
ments, the loop retainer pin 340 is formed from a polymer
(e.g., polytetrafiuoroethylene or other fluoropolymer, poly-
ethylene, polyurethane, polyamide, polyimide, PEEK, or any
other suitable polymer), or a metal (e.g., Nitinol, stainless
steel, cobalt alloys, or any other suitable metal), or any com-
bination thereof Although not shown, the VCD 100 may
further include an anchoring tab 120 and/or pull string, such
as is illustrated in FIG. 3 A, to allow positioning the VCD 100
after released from the loop 335. The containment mecha-
nisms described with reference to FIGS. 3A-3D are provided
for illustrative purposes only. Any other suitable means to
releasably retain a VCD in a collapsed configuration may be
provided. For example, with reference to FIG. 3B, instead of
alternating loops, the looped wire 315 may be formed as a
spiral around a collapsed VCD along its length and be com-
pletely released by pulling one end. As another example,
instead of a looped wire 315, a releasable mesh or tubular
member may surround at least a portion of the VCD, such that
the mesh or tubular member may be opened or otherwise split
to free the VCD therefrom. Additional containment mecha-
nisms are also illustrated by and described with reference to
the various embodiments of delivery devices described with
reference to FIGS. 6-10P.



US 2015/0119928 Al

[0066] FIGS.4A-4]illustrate additional configurations of a
VCD each having different shaped sealing membranes and/or
support frames. Although the shape and/or configuration of
the VCDs of these embodiments differ at least in part from
that described with reference to FIGS. 1-2, each may be
formed in the same or similar manner and may be collapsed in
a rolled configuration for delivery in the same or similar
manner.

[0067] FIG. 4A illustrates a VCD 402, according to one
embodiment, that includes a sealing membrane 405 that is
asymmetrical with respect to at least one axis—the longitu-
dinal axis. In the embodiment illustrated in FIG. 4A, the
sealing membrane 405 is shaped with one side having an
arcuate edge 414 and the opposite side having a substantially
straight edge 412. The peripheral support frame 410 generally
follows the same or similar shape of the sealing membrane
405 outer edges, formed in an arcuate shape on one side and
a substantially straight shape on the opposite side.

[0068] One purpose served by the arcuate edge 414 and
opposing straight edge 412 is to prevent flaring of the edges of
the sealing membrane 405, such as may occur during delivery
when in a collapsed configuration or after implantation. The
arcuate edge 414 reduces the surface area of the sealing
membrane 405 on at least one side, minimizing the additional
drag created by fluid flowing thereover during implantation.
In addition, the peripheral support frame 410 along the
straight edge 412 may be stiffer and thus more rigid than the
support frame along the arcuate edge 414. In the embodiment
shown in FIG. 4A, the peripheral support frame 410 has a
larger profile 416 (e.g., thicker, wider, or both) along the
straight edge 412, which enhances its strength and rigidity.
[0069] Strength and rigidity of the peripheral support frame
410 may be enhanced along the straight edge 412 in any
number of ways, including, but not limited to, increasing the
cross-sectional profile of the frame along the straight edge
412 relative to the rest of the peripheral support frame 410,
forming the peripheral support frame 410 along the straight
edge 412 from a more rigid frame material, reinforcing the
peripheral support frame 410 along the straight edge 412 with
a more rigid frame material, or any combination thereof.
[0070] In addition, providing a stiffer peripheral support
frame 410 along the straight edge 412 also serves to reduce
flaring when in a collapsed configuration, as shown above in
FIG. 3A, because the arcuate edge 414 is rolled underneath
and contained by the straight edge 412. Thus, the more rigid
peripheral support frame 410 along the straight edge 412
prevents flaring of the other sealing membrane 405 edges
when rolled underneath. The portion of the peripheral support
frame 410 along the straight edge 412 is chosen as having
increased rigidity and strength because the straight shape still
allows rolling the relatively less rigid, more flexible portions
of'the peripheral support frame 410. Otherwise, if the arcuate
portion of the peripheral support frame 410 is formed with
increased rigidity, then the ability to effectively roll at least
the arcuate halfof'the VCD 402 into a collapsed configuration
is inhibited due to the more rigid arcuate portion. Moreover,
strengthening the peripheral support frame 410 along the
straight edge 412 provides a larger area having increased
rigidity and support covering the remaining portion of the
VCD 402 rolled thereunder.

[0071] FIG. 4B illustrates another embodiment of a VCD
422 having an asymmetrical shape, which is slightly different
than the asymmetrical shape of the VCD 100 shown in FI1G. 2.
According to this embodiment, the VCD 422 includes a seal-
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ing membrane 425 and a peripheral support frame 430 that are
both formed to have a substantially straight edge 424 and an
opposite arcuate edge 426. Like the VCD 100 described with
reference to FIG. 1, the asymmetrical shape and straight edge
424 facilitate maintaining the VCD 422 in its rolled collapsed
configuration, especially with a peripheral support frame 430
having increased rigidity along at least a portion of the
straight edge 424. In addition, at least one other portion of the
peripheral support frame 430 may include a more rigid area
for increasing the rigidity and support of the peripheral sup-
port frame 430. In this embodiment, a strengthened area 428
is oriented at or near the apex of the arcuate edge 426 and
opposite the straight edge 424. Only a portion of the periph-
eral support frame 430 along the arcuate edge 426 includes a
strengthened area 428 to still permit rolling the peripheral
support frame 430 along the longitudinal axis.

[0072] FIG. 4C illustrates a VCD 442 having an elliptical
shaped sealing membrane 445. According to this embodi-
ment, the VCD 442 also includes a peripheral support frame
450 that generally follows the elliptical shape of the sealing
membrane 445 at or near its outer edge, but also includes at
least two apertures or eyes 444 extending therefrom that
facilitate containing the VCD 442 in its collapsed configura-
tion. For example, the VCD 442 illustrated in FIG. 4C
includes four eyes 444a, 4445, 444c, 444d that extend from
opposite portions of the sealing membrane 445 and/or the
peripheral support frame 450. When in a collapsed configu-
ration and rolled along the longitudinal axis, opposing pairs
of eyes 444a, 444b and 444c, 444d align for receiving a
containment mechanism through the eyes to releasably hold
the VCD 442 in its rolled collapsed configuration. For
example, according to one embodiment, a first release pin can
be releasably inserted through the eyes 444a, 4445 and a
second release pin can be releasably inserted through the eyes
444c¢, 444d when the VCD 442 is rolled, which will serve to
retain the VCD 442 in its rolled configuration. During deliv-
ery, each release pin is removed to allow the VCD 442 to
expand to its expanded configuration under the force of the
peripheral support frame 450 expanding to its natural stable
shape.

[0073] Inother embodiments, instead of a release pin, one
or more wires, cords, or string members are provided, such as
the containment mechanism 305 described with reference to
FIG. 3A, or any other member which may be releasably
inserted through opposing pairs of eyes 444. Moreover, a
VCD 442 containing one or more pairs of apertures or eyes
444 can be formed in any other shape, such as any of the
VCDs described herein or any other suitable shape as desired.
Similarly, the one or more pairs of eyes 444 can be incorpo-
rated into any other VCD described herein as desired. In
another embodiment, the eyes 444 are formed through a por-
tion of the sealing membrane 445 instead of, or in addition to,
being formed by a portion of the peripheral support frame
450.

[0074] In addition, the VCD 442 in this embodiment
includes two cross-member supports 455, 457, similar to the
cross-member support 115 shown in FIG. 2, spaced apart and
positioned between opposite sides of the peripheral support
frame 450. Having two more rigid cross-member supports
455, 457 provides additional longitudinal support across the
sealing membrane 445 when in a rolled and expanded con-
figuration.

[0075] Moreover, according to this embodiment, a first
cross-member support 455 is oriented at or near the latitudi-
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nal center of the sealing membrane 445, while a second
cross-member support 457 is oriented off-center from the
latitudinal center. Having the second cross-member support
457 oriented oft-center provides additional support and rigid-
ity to the sealing membrane 445 and further prevents the
support frame 450 and/or sealing membrane 445 edges from
flaring or otherwise undesirably deforming when in a rolled
or collapsed configuration. Any of the VCD embodiments
described herein may optionally include more than one cross-
member support, any of which may be centered or off-center.
Similarly, the attachment means 205 may be oriented off-
center along the longitudinal axis to allow for more effective
centering of the VCD 100 along the longitudinal axis.

[0076] FIG. 4D illustrates a VCD 462 incorporating a dif-
ferent stiffening and support means. Here, the VCD 462
includes a peripheral support frame 470 and at least one
support wire 475 threaded through multiple eyes 467 formed
along the periphery of the VCD 462 on opposite sides. The
eyes 467 may be formed through the peripheral support frame
470 and/or through the sealing membrane 465, both of which
are formed and configured in the same or similar manner as
described with reference to other embodiments herein. The
support wire 475 provides additional support across the seal-
ing membrane 465 between the peripheral support frame 470.
In the illustrated embodiment, the support wire 475 is
threaded through the eyes 467 in a back-and-forth configura-
tion, much like lacing the two opposite sides of the VCD 462.
The support wire 475 may be formed from any suitable bio-
compatible, metal, metal alloy, polymer, or any other suitable
material, such as described above with reference to FIG. 2.
The support wire 475 may be completely biodegradable, par-
tially biodegradable, or not degradable, absorbable, or erod-
able, according to various embodiments. The support wire
475 may be loose and separate from the sealing membrane
465, or may be taut and/or affixed to the sealing membrane
465, either on the underneath side of the sealing membrane
465 facing inward toward the vessel interior or on the upper
side of the sealing membrane 465 facing toward the vessel
wall. Otherwise, similar to the fabrication techniques
described with reference to FIG. 2, the support wire 475 may
be more integrated with the sealing membrane 465 and the
peripheral support frame 470, such as being sandwiched
between two membrane layers. The support wire 475 and
eyes 467 may be adapted for use with any VCD embodiment
described herein.

[0077] FIG. 4E illustrates a similar VCD 482, which
includes multiple support wires 492. According to this
embodiment, each support wire 492 is separately threaded
through a pair of opposite eyes 467 or otherwise secured to
the peripheral support frame 490 laterally. Having multiple
support wires 492 spaced apart and positioned in a substan-
tially lateral orientation improves the ability to roll the VCD
482 into a collapsed configuration along the longitudinal axis,
while still providing additional support for the sealing mem-
brane 485 stretched between the peripheral support frame
490.

[0078] FIGS. 4F-4H illustrate another embodiment of a
VCD 494 that includes a circular or elliptical sealing mem-
brane 498 coupled to a circular or elliptical peripheral support
frame 496. FIG. 4F illustrates an assembled VCD 494 having
the sealing membrane 498 attached to the peripheral support
frame 496. FIGS. 4G and 4H separately illustrate the sealing
membrane 498 and the peripheral support frame 496, respec-
tively. According to this embodiment, the sealing membrane
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498 is coupled to the peripheral support frame 496 at one or
more locations along its periphery.

[0079] As described herein, it is advantageous for the seal-
ing membrane to conform to the inner vessel shape and to
cover the vessel puncture site to facilitate hemostasis.
According to various methods, conforming the sealing mem-
brane to the vessel shape may be aided by the natural elastic-
ity and/or deformability of the sealing membrane material, by
any excess sealing membrane material relative to the periph-
eral support frame that allows variability in the membrane
surface shape, and/or by multiple attachment points intermit-
tently attaching the sealing membrane to the support frame to
allow movement of the membrane relative thereto, such as
provided according to this embodiment.

[0080] As shown by FIG. 4G, the sealing membrane 498
may be cut or formed with at least two tabs 495 extending
from the membrane its periphery. In the embodiment shown,
six tabs 495 are provided; however, any number of tabs may
be provided in other embodiments. The tabs 495 are config-
ured to encircle or otherwise attach to a respective portion of
the support frame 496. For example, each tab 495 is config-
ured to loop around (or at least partially around) the support
frame 496, such as by a loop member or a hook member.
According to one embodiment, each tab 495 is integral with
the sealing membrane 498, and not separately attached to the
sealing membrane 498. However, in other embodiments, the
sealing membrane 498 may first be formed and then each tab
495 separately attached thereto.

[0081] In one embodiment, the sealing membrane 498 is
coupled to the support frame 496, such that the membrane
498 is positioned over the vessel facing surface of the support
frame 496, positioning the sealing membrane 498 between
the inner vessel wall and the support frame 496 upon implan-
tation. In one embodiment, the tabs 495 are folded around the
top of the support frame 496 and affixed to the sealing mem-
brane 498 bottom surface (e.g., the surface facing away from
the vessel wall upon implantation). Fixation of the tabs 495 to
the sealing membrane 498 surface may be accomplished
using, but not limited to, glue, solvent, heat, ultrasonic weld-
ing, or any other means to affix polymer surfaces. In various
embodiments, the sealing membrane 498 can be coupled to
the support frame 496 by tabs 495 at any number of locations,
such as any number greater than two locations. For example,
in various embodiments, two to twelve tabs 495 are used, or
two to six tabs 495 are used.

[0082] According to one embodiment, all or some of the
tabs 495 and the coupling means allow a small amount of
relative movement between the sealing membrane 498 and
the support frame 496. Movement may serve to reduce the
strain on the sealing membrane 498, while also allowing the
membrane 498 to conform to the vessel wall shape at or near
a vessel puncture site to promote hemostasis. Moreover, in
circumstances when vessel re-access is desired at the same
puncture site, sliding attachment tabs 495 will allow contin-
ued support of the sealing membrane 498 by the support
frame 496 while the membrane 498 is punctured, minimizing
the portion of the sealing membrane 498 entering the vessel
and possibly blocking the blood flow during the subsequent
procedure. According to various embodiments, the range of
relative movement between the sealing membrane 498 and
the support frame 496 may vary between approximately 0.1
mm to approximately 5 mm, for example.

[0083] According to one embodiment, the sealing mem-
brane 498 is also coupled to the support frame 496 near the
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longitudinal axis (e.g., in proximity to the support member
493 connecting means 497, described below). In one embodi-
ment, the sealing membrane 498 is attached to the support
frame 496 only at or near the longitudinal axis, which allows
the sealing membrane 498 to otherwise move independently
of'the support frame 496, subject to the radial force applied by
the support frame 496 against the vessel wall. In embodi-
ments in which the sealing membrane 498 is only connected
to the support frame 496 at or near the longitudinal axis, the
sealing membrane 498 may be shaped and sized to have the
same or larger dimension than the support frame 496. For
example, the sealing member may be up to approximately 6
mm greater, or even larger, in some embodiments. In another
embodiment, the sealing membrane 498 is attached to the
support frame 496 at or near the longitudinal axis and at one
or more other locations along the support frame 496.

[0084] According to one embodiment, as illustrated, the
peripheral support frame 496 does not include an integrated
cross-member support, such as a cross-member support 115
described herein with respect to other embodiments. How-
ever, in one embodiment, such as is illustrated by FIGS.
4F-4H, the peripheral support frame 496 includes connecting
means 497 for connecting a support member 493 across a
portion of the peripheral support frame 496. The support
member 493 may therefore be permanently or removably
attached to the support frame 496 by the connecting means
497. According to various embodiments, the connecting
means 497 may include, but are not limited to, eyes, hooks,
tabs, pressure- or friction-fit slots, and the like. According to
various embodiments, the support member 493 may be a wire
or string formed from pliable or rigid materials, such as, but
not limited to, any polymers (biodegradable or non-biode-
gradable), metals, alloys, or combinations thereof, as are
described herein. In other embodiments, however, a cross-
member support, such as a cross-member support 115
described with reference to FIGS. 1-2, may be included with
the support frame 496, as desired.

[0085] Also, as shown in FIG. 4F, the VCD 494 may further
include an anchoring tab 120 and/or pull string, which may be
connected to the support frame 496, the support member 493,
and/or a cross-member support, depending upon the VCD
494 configuration. As described herein, the anchoring tab 120
and/or pull string may be constructed from biodegradable
materials or non-biodegradable materials.

[0086] It is appreciated that the features of a sealing mem-
brane coupled to a support frame described with reference to
the embodiment of FIGS. 4F-4H may be applied to any other
VCD embodiment described herein.

[0087] FIGS. 41-4] illustrate another embodiment of a
VCD 481 that includes a sealing membrane 483, a support
frame 489, and a cross-member support 487. In this embodi-
ment, the support frame 489 consists of a single member
oriented approximately perpendicular to the longitudinal
axis, such that when expanding, the support frame will
expand radially or along the circumference of the vessel in
which it is positioned. The support frame 489 may be formed
from any biodegradable or non-absorbable materials, such as
those described with reference to FIG. 2. In one embodiment,
the support frame 489 is pre-shaped to a desired shape and
curvature utilizing a shape memory metal or metal alloy, such
as nickel-titanium alloy (e.g., Nitinol), a shape memory poly-
mer, or any combination thereof. For example, according to
one embodiment, support frames 489 is pre-shaped to expand
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to a have a slightly larger radius of curvature than the radius of
curvature of the vessel into which the VCD 481 is to be
implanted.

[0088] The sealing membrane 483 of this embodiment is
formed in a quadrilateral geometry (e.g., square, rectangle,
diamond, etc.) with two opposing corners being oriented at
respective ends of the support frame 489 and the other two
opposing corners being oriented at respective ends of the
cross-member support 487. The quadrilateral geometry
reduces flaring or deformation of the sealing membrane 483
along its edges. The sealing membrane 483 may be con-
structed of any biodegradable or non-absorbable materials, or
a combination thereof, such as those described with reference
to FIG. 2.

[0089] According to one embodiment, the cross-member
support 487 differs from other cross-member supports
described herein by including a guide channel 484 passing
therethrough. The guide channel 484 is sized and configured
to allow one or more guide wires to pass therethrough, which
are used to facilitate delivery and placement of the VCD 481
using conventional guide wire techniques and/or to preserve
access for the guide wire after VCD deployment. As illus-
trated in FIGS. 41-4], according to one embodiment, the guide
channel 484 is formed with a curve, having a point of entry
491 through one end and exiting the cross-member support
487 at some intermediate location 488. FI1G. 4] illustrates the
cross-member support 487 without the sealing membrane
483 or the support frame 489 integrated therewith. When
integrated or otherwise affixed to the sealing membrane 483,
the cross-member support 487 may be oriented such that the
intermediate exit faces away from the sealing membrane 483.
In another embodiment, however, a hole is formed through
the sealing membrane to allow a guide wire to exit the guide
channel 484 and pass through the sealing membrane 483. In
some embodiments, an anchoring tab or pull string may also
pass through the this same exit point through the sealing
membrane 483, to allow further sealing the exit point 488
formed in the sealing membrane 483. In embodiments includ-
ing a curved guide channel 484, the curve may be formed
gradually, so as to facilitate passage of a guide wire there-
through. Moreover, in one embodiment, at least the entry 491,
and optionally the exit 488, of the guide channel 484 is
formed in a conical shape or a wider shape to facilitate insert-
ing a guide wire therethrough.

[0090] A guidewire may be utilized to facilitate advancing
and positioning the VCD within a vessel or other lumen.
According to some embodiments, a guidewire may be
removed after delivering and prior to releasing the contain-
ment means. In other embodiments, a guidewire may be
removed after

[0091] The VCD 481 of this embodiment therefore pro-
vides an advantageous configuration by including a limited
number of non-biodegradable or non-absorbable components
having a minimized size relative to other embodiments
described herein, such as only the cross-member support 487
and/or the single member forming the support frame 489. The
reduced number and size of support components also allows
the VCD 495 to be rolled or otherwise compressed into a
collapsed configuration that may ultimately be smaller than
other embodiments described herein, and thus capable for
delivery through smaller punctures and/or utilizing smaller
delivery systems.

[0092] It is appreciated that any of the features described
with reference to the additional example VCD embodiments
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of FIGS. 4A-4] may be incorporated with any other VCD
embodiment described and/or illustrated herein. Moreover,
according to various embodiments, any or all of the compo-
nents of the peripheral support frame may be fabricated from
at least partially biodegradable materials, such as those
described by example with reference to FIG. 2, allowing
most, if not all of the VCD to degrade over time after implan-
tation. However, in other embodiments, the peripheral sup-
port frame and/or other components of the VCD may be
constructed from materials that are not biodegradable, such as
those described with reference to FIG. 2, resulting in at least
aportion of the VCD components remaining within the vessel
after implantation. Furthermore, the general shape, orienta-
tion, and/or composition of the VCDs and components
described herein are illustrative and are not intended to be
limiting.

[0093] FIGS. 5A-5G illustrate other embodiments of a
VCD, each having a different means for retaining the VCD
within a vessel. FIG. 5A illustrates a VCD 502 having a
radially expandable support frame 510 with a back-and-forth
configuration (e.g., accordion-like) integrated or otherwise
affixed to a sealing membrane 505. In one embodiment, the
support frame 510 is formed having a tubular shape, and the
sealing membrane 505 is also formed in a similarly dimen-
sioned tubular shape, such that when expanded, the support
frame 510 expands the sealing membrane 505 radially in all
directions within a vessel 10. When in a collapsed configura-
tion, the support frame 510 has a first circumference that is
smaller than the inner circumference of the vessel wall 12 to
allow delivery through a delivery system having a small chan-
nel diameter. The support frame 510 then expands to the
expanded configuration, having a second circumference
greater than the first circumference, which is either the same
or slightly larger than the inner circumference of the vessel
wall 12. Accordingly, when the VCD 502 is expanded within
the vessel 10, the support frame 510 applies a low radial
pressure to the interior of the vessel wall 12 as a result of its
similar or larger circumference.

[0094] The sealing membrane 505 may be constructed at
least partially from biodegradable materials, or may be con-
structed from non-absorbable materials, such as any of those
materials described by example with reference to FIG. 2. In
addition, at least a portion of the support frame 510 may be
pre-shaped to a desired shape and curvature utilizing a shape
memory metal or metal alloy, such as nickel-titanium alloy
(e.g., Nitinol), a shape memory polymer, or any combination
thereof.

[0095] In one embodiment, the sealing membrane 505 is
connected to the support frame 510 at one or multiple attach-
ment points 512, either on the underneath side of the sealing
membrane 505 facing inward toward the vessel 10 interior or
on the upper side of the sealing membrane 505 facing toward
the vessel wall 12. In the embodiment shown in FIG. 5A, the
attachment points 512 are spaced apart and dispersed along
the entire sealing membrane 505 and/or the support frame
510. However, in other embodiments, there may be fewer
attachment points 512, which may be focused in a specific
area of the VCD 502, such as at or near the center of the
sealing membrane 505, along the edges of the sealing mem-
brane 505, or a combination thereof. The attachment points
512 between the sealing membrane 505 and support frame
510 may be accomplished by any suitable means, including,
but not limited to, sutures, adhesives, heat sealing, interweav-
ing the support frame 510 and the sealing membrane 505,
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mechanically affixing, or any other similar methods. In other
embodiments, the support frame 510 may be more integrated
with the sealing membrane 505, fabricated in a mariner simi-
lar to the fabrication techniques described with reference to
FIG. 2, such as being sandwiched between two membrane
layers.

[0096] According to this embodiment, the VCD 502 also
optionally includes an anchoring tab 120 for passing through
the puncture site 15 and securing to the patient’s tissue to
facilitate securing the VCD 502 in place, such as is described
with reference to FIG. 2.

[0097] FIG. 5B illustrates yet another embodiment of a
VCD 522 having a support frame 530 formed in a substan-
tially coiled or helical shape, whereby successive coils run
longitudinally through the vessel 10. As with other embodi-
ments described herein, the support frame 530 can be con-
structed at least partially from biodegradable materials, or
may be constructed from non-absorbable materials, such as
any of those materials described by example with reference to
FIG. 2. In addition, at least a portion of the support frame 530
may be pre-shaped to a desired shape and curvature utilizing
a shape memory metal or metal alloy, such as nickel-titanium
alloy (e.g., Nitinol), a shape memory polymer, or any combi-
nation thereof.

[0098] FIG. 5C illustrates another embodiment of a VCD
542 having a radially expanding back-and-forth support
frame 510, as described with reference to FIG. 5A. In this
embodiment, the sealing membrane 545 only partially covers
the support frame 510. The sealing membrane 545 is sized
and affixed to, or otherwise integrated with, the support frame
510 to permit positioning the sealing membrane 545 at or near
a puncture site within a vessel and to at least partially cover
the puncture site to facilitate hemostasis. While the support
frame 510 shows a single element formed in a back-and-forth
configuration, the support frame 510 in other embodiments
may be configured with multiple woven elements in a back-
and-forth configuration, such as in a “Chinese handcuft” con-
figuration, as utilized in many woven, self-expanding stent
devices. FIG. 5F illustrates an example embodiment in which
the support frame is configured in a woven manner.

[0099] FIG. 5D illustrates another embodiment of a VCD
552 configured in a manner similar to that described with
reference to FIG. 5A or 5C, but including a protrusion 555
extending from the support frame 510, the sealing membrane
545, and/or the anchoring tab 120. The protrusion 555 may
extend from the approximate center or from any other posi-
tion along the VCD 552. By positioning the protrusion 555
proximate to the puncture site, the protrusion 555 facilitates
anchoring the VCD 552 in place and at least partially sealing
a puncture site by extending into the puncture. According to
one embodiment, the protrusion 555 also locally elutes or
otherwise releases one or more chemical components for
controlling biological processes, such as is described with
reference to FIG. 2. According to various embodiments, a
protrusion 555 may be formed in a conical, frustoconical,
pyramidal, frustopyramidal, or other cross-sectional geom-
etry. In one embodiment, the protrusion 555 is integrated
with, or otherwise adapted to, the support frame 510.

[0100] According to one embodiment, the protrusion 555 is
formed from multiple wire elements, such as braided or
twisted wires, which provide structural support and at least
partial rigidity to the protrusion 555. The wire elements may
be formed from any biocompatible material, such as those
described with reference to FIG. 2. In one embodiment, the
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wire elements of the protrusion 555 are spaced close enough
together to promote hemostasis without requiring an addi-
tional sealing membrane, whereby the wire elements serve to
seal the puncture site. In one embodiment, the spacing and/or
the configuration of the wire elements forming the protrusion
555 creates a different density or shape than that of other
portions of the support frame 510, permitting the protrusion
555 to serve additional or different functions than the support
frame 510. For example, in one embodiment, the wire ele-
ments forming the protrusion 555, and optionally portions of
the support frame 510, are spaced in a more dense configu-
ration proximate to the vessel’s puncture site to improve the
ability to promote hemostasis without a sealing membrane
placed thereover.

[0101] In another embodiment, however, the protrusion
555 is at least partially covered by a sealing membrane 545.
The sealing membrane 545 may cover some or all of the
support frame 510 in addition to the protrusion 555, or only
cover the protrusion 555. In another embodiment, instead of,
or in addition to, the protrusion 555 being formed from an
underlying structure, the protrusion 555 may be formed from
excess membrane material, which may be the same or differ-
ent material forming the sealing membrane 545.

[0102] FIG. 5E illustrates another embodiment of a VCD.
The VCD according to this embodiment is an articulated
VCD 562 having an articulated support frame including a first
radial support frame 570 portion and a second radial support
frame 575 portion. Each radial support frame 570, 575 is
configured in a manner similar to the support frame 510
described with reference to FIGS. 5A, 5C, and 5D. However,
in this embodiment, each radial support frame 570, 575 is
narrower in width (e.g., shorter along the longitudinal access)
and spaced apart along the longitudinal axis to permit posi-
tioning on opposite sides of a punctures site upon implanta-
tion. In one embodiment, the two radial support frames 570,
575 are connected by at least one joint 580 and/or a sealing
membrane 565 extending therebetween. As further described
below with reference to FIGS. 10J-10M, an articulated VCD
562 having two support frames 570, 575 allows for additional
loading and delivery techniques.

[0103] According to one embodiment, a sealing membrane
565 covers at least part of the support frames 570, 575 and/or
at least part of the joint 580. The sealing membrane 565, the
two radial support frames 570, 575, and/or the joint 580 may
be fabricated from any biodegradable or non-absorbable
material, or any combinations thereof, such as those
described with reference to FIG. 2. In addition, the two radial
support frames 570, 575 and/or the joint 580 may be pre-
shaped to a desired shape and curvature utilizing a shape
memory metal or metal alloy, such as nickel-titanium alloy
(e.g., Nitinol), a shape memory polymer, or any combination
thereof. For example, according to one embodiment, each of
the radial support frames 570, 575 are pre-shaped to expand
radially to a slightly larger diameter and circumference than
the inner diameter and circumference of the vessel into which
the articulated VCD 562 is to be implanted, while the joint
580 is pre-shaped to expand longitudinally from a crimped or
folded position during delivery to space apart and position
each of the radial support frames 570, 575.

[0104] According to various embodiments, the overall
dimensions of an articulated VCD 562 may be the same or
similar to that described with reference to FIG. 2. The width
(in the longitudinal direction) of each radial support frame
570, 575 may range between approximately 2 mm to approxi-
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mately 12 mm. The radial support frames 570, 575 may have
substantially the same or similar width, or they may have
different widths. Similar to that described with reference to
FIG. 2, the articulated VCD 562 may collapse to a collapsed
configuration capable of delivering via a delivery device hav-
ing a sheath size ranging from a 4 Fr sheath size to a 27 Fr
sheath size, for example.

[0105] FIG. 5F illustrates another embodiment of a VCD.
According to this embodiment, the VCD 582 is formed from
a support frame 585 that is substantially tube-shaped and
composed of braided or interwoven wire elements. Braided or
interwoven wire elements allow easy expansion and collapse
of the VCD 582 within a vessel 10 in the same or similar
manner as can be provided by various known stent devices,
such as self-expanding metallic stents or other expandable or
woven stents. The support frame 585 thus expands from a first
circumference when in a collapsed configuration to a second
circumference larger than the first circumference when in an
expanded configuration; the second circumference being
similar to or greater than the inner circumference of the vessel
10 within which the VCD 582 is intended to be implanted.
The individual wire elements of the support frame 585 may be
fabricated from any biodegradable or non-absorbable mate-
rial, or any combinations thereof, such as those described
with reference to FIG. 2. In addition, some or all of the
support frame 585 may be pre-shaped to a desired shape and
curvature utilizing a shape memory metal or metal alloy, such
as nickel-titanium alloy (e.g., Nitinol), a shape memory poly-
mer, or any combination thereof.

[0106] In one embodiment of the VCD 582, the spacing
between the braided or interwoven wire elements of the sup-
port frame 585 is sufficiently small enough that hemostasis
can be achieved without a sealing membrane. In other words,
the wire elements perform the sealing function. According to
some embodiments, the spacing between the braided or inter-
woven wire elements of the support frame 585 may differ
and/or the wire elements may have different density or shape
in different areas of the frame. For example, in one embodi-
ment, the support frame 585 elements are denser at or near the
area of the VCD 582 which is intended to be positioned
proximate to the vessel’s 10 puncture site 15, so as to achieve
homeostasis without a sealing membrane.

[0107] According to various embodiments, the braided or
interwoven wire elements described with reference to FIG.
5F may be included with other VCD embodiments to provide
an easily expandable and collapsible support frame. In addi-
tion, other features described with reference to other embodi-
ments, such as a sealing membrane, may be incorporated with
the VCD 582 of FIG. 5F.

[0108] FIG. 5G illustrates another embodiment of a VCD.
Here, the VCD 592 includes a sealing membrane 505 and
expandable support frame 595 that are positioned over an
expandable balloon 597, which is utilized to expand the sup-
port frame 595 and secure the VCD 592 within the vessel 10.
In one embodiment, the support frame 595 includes straps or
other members securing the sealing membrane 505 to the
balloon. Similar to other embodiments, the sealing membrane
505 of this embodiment may cover all or a portion of the
support frame 595 and the balloon 597. During delivery, the
balloon 597 is maintained in a deflated state. Upon inserting
the VCD 592 into the vessel 10 and upon positioning the
sealing membrane 505 at or near the puncture site 15, the
balloon 597 is inflated. Inflating the balloon 597 expands the
support frame 595 and the sealing membrane 505 within the
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vessel 10 and at least partially covers the puncture site 15,
thereby assisting hemostasis. The balloon 597 can be subse-
quently deflated for extraction through a small hole (e.g., less
than approximately 2 mm, and even less than approximately
1 mm) in the sealing membrane 505 and then through the
puncture site 15. The balloon may be expanded by any con-
ventional means for intravascularly expanding compliant
bodies, such as by delivering a liquid into the balloon.

[0109] A VCD 592 embodiment that includes an expand-
able balloon 597 to expand the support frame 595 permits the
use of a non self-expanding material for forming the support
frame 595. For example, the support frame 595 of this
embodiment may be formed from, but is not limited to, bio-
absorbable polymers or copolymers, including, but not lim-
ited to, polylactide (e.g., PLLA, PDLA), PGA, PLGA, PDS,
PCL, PGA-TMC, polygluconate, PLA, polylactic acid-poly-
ethylene oxide copolymers, poly(hydroxybutyrate), polyan-
hydride, polyphosphoester, poly(amino acids), poly(alpha-
hydroxy acid), or any other similar copolymers; magnesium
or magnesium alloys; or aluminum or aluminum alloys; as
well as any composites and combinations thereof. Other com-
binations that may include biodegradable materials may also
be utilized to form part or all of the support frame 595.

[0110] The foregoing VCD embodiments described with
reference to FIGS. 1-5G are illustrative and are not intended
to be limiting. Moreover, any of the materials, manufacturing
techniques, and characteristics of the various VCD embodi-
ments and individual components described herein may like-
wise apply to any other VCD embodiment described, unless
explicitly stated to the contrary.

[0111] Methods of Delivery and Corresponding Delivery
System
[0112] In various embodiments, the VCD and delivery sys-

tems are used by a physician, surgeon, interventional cardi-
ologist, emergency medical technician, other medical spe-
cialist, or the like. In describing the methods of use of the
VCD and deployment systems, such persons may be referred
to herein as an “operator”.

[0113] FIG. 6 is a process flow diagram of illustrating one
embodiment of a method 600 for performing an endovascular
procedure and delivering and implanting a VCD to close a
vessel puncture. The method is described with additional
reference to FIGS. 7A-7D illustrating stages of the method
600. The method 600 begins atblock 605 by inserting a sheath
700 through a puncture site 15 formed in a vessel wall 12 into
the lumen of'the vessel 10. In one embodiment, the sheath 700
is optionally inserted with the assistance of a micropuncture
needle, Seldinger needle, dilator, introducer, and/or another
similar device. In one embodiment, the sheath 700 utilized to
perform the endovascular procedure is the same as the sheath
utilized to deliver and position a VCD. In another embodi-
ment, a different sheath is used to deliver the VCD. Certain
embodiments of delivery systems are described with refer-
ence to FIGS. 9A-1 to 10P.

[0114] Following block 605 is block 610, in which an endo-
vascular procedure is performed via the access to the vessel
10 provided by the sheath 700. In one embodiment, the pro-
cedure is performed prior to delivery of the VCD 100. Rep-
resentative examples of suitable endovascular procedures in
this step include percutaneous valve replacement or repair,
cardiac ablation, endovascular graft implantation, coronary
or peripheral stent implantation, diagnostic catheterization,
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or carotid stent implantation. Essentially any procedure
requiring access to a body lumen through a puncture site may
be performed.

[0115] After the endovascular procedure is performed, the
same sheath may be utilized to deliver the VCD or a different
sheath may be utilized.

[0116] If a different sheath is utilized, blocks 615 and 620
are performed. At block 615, the first sheath is removed,
leaving a guidewire within the puncture. At block 620, the
VCD delivery sheath is inserted into the puncture site in the
same or similar manner as described with reference to block
605 or otherwise according to suitable techniques. To posi-
tion the sheath 700 (e.g., a different sheath than that posi-
tioned at block 605) within the vessel at block 620, the sheath
700 is retrieved in the proximal direction until its distal end is
proximate the puncture site 15. In one embodiment, the
sheath 700 is pulled proximally into the desired position with
the visual aid of marks or gradations on the sheath 700 and/or
by utilizing one or more sides hole 715 formed through the
wall of the sheath 700. If included, blood will stop flowing
through the side hole 715 when the side hole 715 is removed
from the blood stream of the vessel 10, which indicates that
the sheath 700 is in the desired position relative to the vessel
10, as shown by FIG. 7C. Accordingly, the side hole 715 is
formed at a predetermined distance from the distal end of the
sheath 700 to allow proper positioning of the sheath 700 and
the VCD 100 within the vessel 10. In various embodiments,
the position of the side hole 715 relative to the distal end of the
sheath will vary according to the intended use and implant
location for the VCD 100.

[0117] According to some embodiments, a guidewire may
optionally be utilized to facilitate delivering and positioning
the VCD 100 within the vessel 10. A guidewire may be
delivered through the sheath 700 after the sheath is properly
positioned, as described with reference to block 620. A
guidewire can further be utilized to ease subsequent access
within the vessel 10, such as may be performed in the case of
a VCD 100 malfunction, failure, or other reason calling for
the removal of a delivered VCD 100. Upon removal of the
initial VCD, a replacement VCD 100 may be delivered over
the guidewire. Moreover, a guidewire further facilitates intro-
ducing additional means to prevent and/or reduce bleeding
from an un-sealed puncture 15, such as may be useful during
replacement or repositioning of a VCD 100 prior to sealing
the puncture 15. Ifused, a guidewire may be removed after the
VCD 100 is positioned (e.g., after block 640 below).

[0118] In yet other embodiments, a guidewire may be
inserted after a collapsed VCD 100 is advanced into the vessel
(e.g., after block 635 below). The guidewire may be delivered
through the same delivery sheath 700 (e.g., parallel to the
VCD 100), or, in some embodiments, the delivery system
may include an additional passage or lumen through which
the guidewire may be passed, positioning the guidewire par-
allel to the collapsed VCD 100.

[0119] Operations continue to block 625, in which a load-
ing tube 705 housing a compressed VCD 100 is inserted into
the sheath 700, as illustrated in FIG. 7A, according to one
embodiment. Although the VCD is referenced as the VCD
100, it is understood that any of the VCD embodiments
described herein may be delivered by similar techniques. The
loading tube 705 provides easier insertion of the VCD 100
into the sheath 700 by already containing the VCD 100 in a
collapsed configuration and having a diameter sized to fit
within the sheath 700. In embodiments in which the sheath
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700 includes a hemostasis valve to control bleeding and pre-
vent air embolisms, the loading tube 705 is inserted past the
hemostasis valve. The loading tube 705 may be pre-loaded
prior to the procedure, or it may be loaded by the operator
during the procedure. In another embodiment, a loading tube
705 is not used, and the VCD is loaded directly into the sheath
700.

[0120] Followingblock 625is block 630, in which the VCD
100 is pushed through the loading tube 705 and the sheath 700
until it exits into the lumen of the vessel 10. In one embodi-
ment, a push rod 710 (also interchangeably referred to herein
as a “pusher” or “pusher device”) is utilized to push the VCD
100 into the sheath 700 until it exits the sheath 700 into the
vessel 10, such as is shown by FIG. 7B. In one embodiment,
apush rod 710 includes marks, gradations, or other means for
indicating the depth of the push rod 710 penetration within
and relative to the sheath 700. In one embodiment, a push rod
710 includes a stopping mechanism to prevent further inser-
tion of the push rod 710 and thus the VCD 100 through the
sheath 700. Upon exiting the sheath 700, an anchoring tab 120
and/or a pull string attached to the VCD 100, such as is
described with reference to FIGS. 1-2, extends from the VCD
100 and exits proximally from the sheath 700 to facilitate
positioning and release of the VCD 100. In another embodi-
ment, instead of a push rod, an actuator handle in operation
with a loading tube 705 is utilized to advance the VCD 100
through the sheath 700, such as is described with reference to
FIGS. 9C-9F.

[0121] Block 635 follows block 630, in which the sheath
700, the push rod 710, and the VCD 100 are retrieved in the
proximal direction until its distal end is proximate the punc-
ture site 15, such as is shown by FIG. 4C. In addition, the
anchoring tab 120 and/or pull string is used to pull the VCD
100 into position proximate the puncture site 15. In another
embodiment, the push rod 710 is used to facilitate positioning
the VCD 100. In yet other embodiments, additional features
may facilitate positioning of the VCD 100 in a desired intralu-
minal location. Examples of these features, some of which are
further described herein, include curved tips, springs or bias-
ing members, and the like. In addition, the sheath 700 may be
further positioned according to the techniques described with
reference to blocks 615 and 620. In other embodiments, how-
ever, the sheath 700 is fully removed from the vessel 10, and,
optionally, from the patient’s body, at block 635.

[0122] Following block 635 is block 640, in which, accord-
ing to one embodiment, a containment mechanism releasably
retaining the VCD 100 in a collapsed configuration is released
to permit the support frame to fully expand and position the
sealing membrane against the vessel puncture site 15, such as
is shown by FIG. 7D. Example containment mechanisms and
their operation are described in more detail with reference to
FIGS. 3A-3C and 10A-10P. As part of releasing a contain-
ment mechanism, the anchoring tab 120 and/or pull string can
be further manipulated to facilitate positioning the VCD 100
at or near the puncture site 15. For example, depending upon
the attachment point location of the anchoring tab 120 and/or
pull string to the VCD 100, pulling the anchoring tab 120
and/or pull string proximally will approximately center or
otherwise align the VCD 100 at or near the puncture site 15 as
desired. In some embodiments, a safety tab (not shown), as
further described with reference to FIG. 9F, for example, is
optionally included with the containment mechanism to pre-
vent unintentional release of the VCD 100.
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[0123] Block 645 follows block 640, in which the anchor-
ing tab 120 is secured to the patient’s tissue to further secure
the VCD 100 within the vessel and to prevent intraluminal
migration of the VCD. In certain embodiments, the anchoring
tab 120 is secured to the patient’s tissue at or near the vessel
access site using suture, biocompatible adhesive, bandage,
tape, or an integral hook. In another embodiment, the anchor-
ing tab 120 is secured by suturing or taping closed the vessel
access site, trapping the anchoring tab 120 therein.

[0124] Inanother embodiment, as illustrated in FIGS. 11A-
11C, instead of, or in addition to, securing the anchoring tab
120 to the patient’s tissue, a rebounding member 1150 that
applies a tensile force on the anchoring tab 120 is included to
bias or otherwise secure the VCD 100 within the vessel
against the puncture site 15. The rebounding member 1150
can be configured in any number of ways to provide an elastic
member that rebounds from a compressed to an expanded
configuration, including, but not limited to, a spring, an elas-
tic tube, an elastic ring, an arm, a foam or other elastic mem-
ber, and the like. For example, the rebounding member 1150
can be formed from an elastic polymer, such as, but not
limited to silicone or latex, or from an elastic metal, or any
combination thereof.

[0125] The anchoring tab 120 is threaded through or other-
wise adjustably coupled to the rebounding member 1150.
When positioning the VCD 100 within the vessel 10, the
rebounding member 1150 is positioned against the patient’s
skin surface 1152. The anchoring tab 120, which extends
through from the VCD 100 through the patient’s skin tissue
1154, is then secured in a relatively taut position against the
rebounding member 1150. In one embodiment, the anchoring
tab 120 is secured in tension by a locking means 1156, which
selectively locks the rebounding member 1150 against the
anchoring tab 120 (or pull string extending therefrom). The
locking means 1156 may be configured as, but is not limited
to, a slip-knot, a clamp, a tab and teeth assembly, and or any
other means operable to selectively secure the rebounding
member 1150 at one or more positions along the anchoring
tab 120.

[0126] FIG. 11B illustrates a partial view of the anchoring
tab 120 and the rebounding member 1150 against the
patient’s skin 1152, butin a loose state. FIG. 11C illustrates a
partial view of the anchoring tab 120 pulling the rebounding
member 1150 against the patient’s skin, compressing the
rebounding member 1150 at least partially. Compression of
the rebounding member 1150 maintains the anchoring tab
120 in tension and pulls the VCD 100 proximally against the
inner vessel wall, as shown in FIG. 11A. The rebounding
member 1150 described with reference to FIGS. 11A-11C
may be utilized with any of the various embodiments
described herein. Other means to secure the VCD 100 in
place, such as securing the anchoring tab 120 to the patient’s
skin, are envisioned.

[0127] The method 600 may end after block 645, having
delivered and secured a VCD 100 within a vessel 10 at or near
apuncture site 15 to facilitate hemostasis at the puncture site.
As discussed, after implantation of the VCD 100, some or all
of'the VCD 100 may degrade and/or absorb over time, reduc-
ing the contents remaining within the vessel. This character-
istic of the VCD may be beneficial, for example, to simplify
subsequent access at or near the same vessel site, for example
if the patient needs another endovascular procedure.

[0128] In some instances, it may be desirable to remove a
VCD from a vessel during or after implantation, such as inthe
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case of device failure, surgical complications, or for any other
reason. In one embodiment, a VCD having a peripheral sup-
port frame, such as those described with reference to FIGS.
2-4], can be retrieved, even after expansion, by pulling an
anchoring tab and/or pull string proximally while holding a
delivery sheath in place. This proximal force will pull the
VCD back against the distal end of the sheath. An expanded
support frame, because it may optionally be formed from an
at least slightly flexible material, will bend along any direc-
tion, allowing the VCD to collapse and be retrieved through
the sheath or other delivery system. A VCD that is still in a
collapsed configuration will be even easier to retrieve, by
simply pulling proximally through the distal end of the sheath
or the puncture directly. It is appreciated that additional guide
wires or other guiding instruments may be passed through the
delivery system to facilitate retrieval of a VCD.

[0129] The VCD may be retrieved using other methods and
devices. For example, a snaring loop may be used to capture
and grasp the VCD, and optionally collapse the VCD prior to
retrieval. In another example, an elongated member, such as a
wire orrod, having ahook at its distal end may be inserted into
to the vessel, for example, through a sheath via the same
puncture site through which the VCD was delivered. The
elongated member and its hook enable capturing at least a
portion of the VCD (e.g., a portion of the support frame, a
cross-member support, the anchoring tab, etc.) to pull the
VCD proximally, causing it to bend and allowing retrieval
through a sheath.

[0130] After retrieving a VCD, the same sheath may be
utilized for the re-delivery of the same or different VCD, or a
new sheath may be inserted. The new sheath may be inserted
over a guide wire inserted prior to removal of the prior sheath,
or may be inserted over the anchoring tab and/or pull string
extending through the puncture from a VCD prior to its
removal. In one embodiment in which an anchoring tab and/
or pull string is utilized to deliver a subsequent sheath, addi-
tional support is provided by passing a needle or other low
profile sleeve over the anchoring tab and/or pull string, over
which the new sheath is delivered. Other means for removing
an expanded or collapsed VCD may be utilized. The afore-
mentioned procedures are illustrative and are not intended to
be limiting.

[0131] FIG. 8 illustrates an embodiment in which a differ-
ent technique is performed during the placement of a VCD
100. After inserting the sheath 700, and prior to performing
the intended endovascular procedure, or during a preliminary
stage of an endovascular procedure, a compressed VCD 100
is deployed into the vessel 10 and preliminarily positioned in
an alternate vessel 11 located proximal or distal to the punc-
ture site 15, such as in a vessel passing a segment exposed to
injury during a procedure. For example, the compressed VCD
100 can be positioned in the contra-lateral iliac artery,
because the vessel most susceptible to damage is the segment
between the access point in the femoral or iliac artery and the
aorta. However, in other embodiments, the VCD 100 may be
preliminarily positioned in any other vessel location. In
another example, the VCD 100 can be positioned directly in
the contra-lateral iliac artery (or other vessel) through a sepa-
rate, smaller-bore sheath inserted in the contra-lateral iliac
artery (or other vessel), with an anchoring tab 120 and/or pull
string extending proximally from the VCD 100 through the
sheath 700, using known capturing methods. The preliminary
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position of the compressed VCD 100 can be selected to avoid
interference with the endovascular procedure being per-
formed.

[0132] After preliminarily positioning in a proximal or dis-
tal vessel, the VCD 100 is ready for rapid deployment, such as
by methods similar to those described with reference to FIG.
6. Rapid deployment may be desirable in case a complication
during the endovascular procedure arises, such as a dissection
or perforation of the vessel, which may become fatal if not
sealed. The VCD 100 can be moved from its preliminary
position in the vasculature tree and positioned at or near the
puncture site 15 for immediate sealing.

[0133] According to another similar embodiment, the VCD
100 may preliminarily be delivered within the same vessel
(e.g., the vessel 10, as shown in FIG. 8) and distanced either
in the distal or proximal direction from the puncture site 15.
When delivered to a preliminary location, the VCD 100 may
expand to its expanded configuration, such as is described
herein. When needed to seal the puncture site 15, an anchor-
ing tab 120 and/or pull string may be pulled proximally (e.g.,
through a delivery sheath 700) to cause the VCD to pass
partially across the puncture site 15 and position thereover to
seal the site 15. Preliminary placement of the VCD 100 may
be achieved with or without the use of a containment mecha-
nism.

[0134] FIGS. 9A-1 to 91 illustrate one embodiment of an
example delivery system for delivering and positioning a
VCD within a patient’s vessel or other body lumen. For
example, the delivery system may be used to perform some or
all of the operations of the method 600 described with refer-
ence to FIG. 6. In addition, the delivery system may be used
to deliver any of the example VCD embodiments described
herein, and is not intended to be limited to the specific VCD
embodiment described by example. Moreover, the relative
dimensions and shape of the components illustrated in FIGS.
9A-1to 91 (as well as any other figure herein) are provided to
most completely illustrate the individual features and their
spatial relationship and orientation with respect to other fea-
tures. The relative dimensions and shapes are not limiting and
other dimensions and shapes may be provided. As an
example, the sheath 905 illustrated in FIG. 9A-1 may, in some
embodiments, be longer and/or more narrow relative to the
overall size of the sheath than what is illustrated.

[0135] Inthe embodiment illustrated in FIG. 9A-1, a deliv-
ery system includes an introducer sheath 905 for providing
access to a vessel interior. The sheath 905 forms an internal
channel 910 between the proximal end 907 and the distal end
909 ofthe sheath 905. At or near the proximal end 907 is a port
915 in fluid or gaseous communication with internal channel
910. A side hole 920 is formed at or near the distal end 909 of
the sheath 905 and in fluid (gas or liquid) communication with
the internal channel 910, and thus with the port 915. In one
embodiment, one or more hemostasis valves 903 are provided
at or near the proximal end 907 of the sheath 905, which may
be utilized to selectively access to the internal channel 910 of
the sheath 905. In one embodiment, the distal end 909 of the
sheath 905 is formed at an angle relative to the length of the
sheath 905. This may facilitates achieving the desired posi-
tion of the VCD within a vessel. It also may help prevent the
VCD from backing out by maintaining it at an angle during its
delivery. In various embodiments, the angle may range
between approximately 30° and approximately 90° relative to
the length of the sheath 905. In other embodiments, however,
the distal end 909 is not angled as previously described, but
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formed in another suitable geometry. For example, it may be
conical, curved, an opposite angle, or straight.

[0136] In one embodiment, a dilator 925 is also included
with the delivery system to facilitate insertion of the sheath
905 into the vessel. FIGS. 9A-1 and 9A-2 illustrate the dilator
925 separate from the sheath 905, while FIG. 9B illustrates
the dilator 925 inserted through the channel 910 of the sheath
905 and exiting its distal end 909. When inserted into the
sheath 905, the dilator 925 substantially seals against the
proximal end 907 of the sheath 905, which may optionally be
facilitated by a hemostasis valve 903 integrated therewith.
[0137] Inone embodiment, the distal end 926 of the dilator
925 is formed in a substantially conical shape, which reaches
its maximum outer diameter at or near location 923 along the
dilator 925. The dilator diameter at this location 923 is close
to the same, slightly smaller than, or slightly larger than, the
internal diameter of the introducer sheath channel 910, pro-
viding tight fitment of the dilator 925 within the channel 910
of the sheath 905. A tight fit accomplishes sealing the distal
end 909 of the sheath 905 when the dilator 925 is extended
therethrough, such as is illustrated in and described with
reference to FIG. 9B.

[0138] In one embodiment, the dilator 925 has a stepped-
down, reduced outer diameter proximally and beginning at
location 924, which is proximal to the location 923 along the
dilator 925. For example, in one embodiment, the reduced
diameter of the dilator decreases by at least approximately
0.05 min from the maximum outer diameter at area 923, such
as decreasing between approximately 0.05 mm and approxi-
mately 2.5 mm, or between approximately 0.1 mm and
approximately 1 mm. The position of location 924, where the
stepped-down outer diameter of the dilator 925 occurs, is
determined such that upon inserting the dilator 925 into the
sheath 905 a predetermined amount, the area 924 is oriented
between the side hole 920 and the distal end of the sheath 905.
Therefore, as described below, blood may flow through the
side hole 920 and into the channel 910 proximally toward the
outlet port 915, while still achieving a seal at the distal end
909 of the sheath 905. In some embodiments, the distance
between the areas 923 and 924 may need to accommodate
greater areas on one side of the sheath 905 than another, such
as when the sheath’s 905 distal end 909 is angled. The distal
end 926 of the dilator 925 may be formed in any other suitable
shape as desired.

[0139] Inoneembodiment, after insertion of the dilator 925
through the sheath 905, there still exists fluid communication
between the side hole 920 and the port 915. Such fluid com-
munication permits detecting when the side hole 920 is
inserted into or removed from a vessel, because blood (or
other fluid) will flow into the side hole 920, through the
channel 910, and exit the port 915 when exposed to blood
flow, as described with reference to FIG. 6. Thus, the side hole
920 and port 915 facilitate detection of the depth in which the
delivery system is inserted. In one embodiment, the fluid
communication between the side hole 920 and the port 915 is
provided by the difference in outer diameters of the dilator
925 and the inner diameter of the sheath channel 910. In other
embodiments, however, a groove or channel formed along a
dilator 925 is provided with an outer diameter that does not
significantly differ from the inner diameter of the sheath
channel 910, such that when positioned properly, the groove
or channel aligns with both the side hole 920 and the port 915.
In another embodiment, a groove or other channel is formed
in the interior surface of the inner channel 910 of the sheath
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905 instead of in the dilator 925. In yet another embodiment,
the sheath 905 and/or the dilator 925 includes an integrated
passageway formed and providing fluid communication
between the side hole 920 and the port 915.

[0140] Inone embodiment, the dilator 925 further includes
at least one lumen 930 extending along its length through
which a guide wire or other instrument can be passed. For
example, the lumen 930 may have an inner diameter that
accommodates guide wires or other instruments with an outer
diameter or profile ranging between approximately 0.1 mm
and approximately 1 mm, such as 0.9 mm in one embodiment.
One or more lumens 930 formed through the dilator may be
sized to accommodate larger or smaller instruments than
provided by example, which may depend upon the procedure
being performed and/or the patient’s anatomy. The aforemen-
tioned dimensions are illustrative and are not intended to be
limiting.

[0141] Accordingly, FIG. 9B illustrates the dilator 925
inserted within the inner channel 910 of the sheath 905,
representing one embodiment of an arrangement utilized to
deliver the sheath 905 to a patient’s vessel. In one embodi-
ment, the sheath 905 illustrated in FIGS. 9A-1 to 91 is a
different sheath than is utilized to perform an endovascular
procedure, thereby allowing the sheath 905 deliveringa VCD
to include features specific for VCD delivery. However, in
other embodiments, the sheath utilized to deliver the VCD is
the same sheath as is utilized to perform the subsequent
endovascular procedure.

[0142] After insertion of the sheath 905 and the dilator 925
into the vessel and achieving the desired positioning based on
the blood flow through the side hole 920 and the port 915, the
dilator 925 is removed. In other embodiments, one or more
markers may be included on the sheath 905 instead of, or in
addition to, the side hole 920 and the port 915 for determining
the depth of insertion of the delivery system. Upon removal of
the dilator 925, the sheath 905 is ready to be loaded with the
VCD for delivery.

[0143] In one embodiment, one or more additional outer
sleeves 927 are included with the delivery system, as illus-
trated in FIG. 91. The outer sleeves 927 are sized to have an
inner diameter that is the same or only slightly larger than the
outer diameter of the sheath 905 to provide a tight fit of the
outer sleeves 927 over the sheath 905. Each outer sleeve 927
may have a different wall thickness, resulting in a different
outer diameter for each outer sleeve 927. In one embodiment,
each outer sleeve 927 also includes a sleeve side hole 929 and
means for achieving proper alignment of the sleeve side hole
929 with the sheath 905 side hole 920, allowing continued use
of'the side hole 920 and the port 915 of the sheath 905 through
the sleeve side hole 929. In one embodiment, the distal edge
of'the each outer sleeve 927 is formed with a tapered end 928,
tapering toward the distal end 909 of the sheath 905. The
tapered end 928 minimizes trauma to the vessel during use.

[0144] Accordingly, the differently sized outer sleeves 927
permit one to use the same sheath 905 with different puncture
sizes through a vessel. Each outer sleeve 927 is sized to a
different puncture size, effectively interchangeably altering
the outer diameter of the delivery system. In one embodiment,
a VCD is sized to be compatible with punctures ranging from
approximately 12 Fr to approximately 21 Fr. However, a
sheath 905 that is 12 Fr compatible may result in undesirable
blood leakage if attempted for use after a procedure utilizing
a21 Frsheath and similarly sized puncture site. Thus, with the
inclusion of additional outer sleeves 927, the VCD delivery
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sheath 905 can be sized to have the smallest desired outer
diameter (e.g., 12 Fr, in one embodiment, though even
smaller in other embodiments), while the outer sleeves 927
allow adjusting the overall outer diameter of the delivery
system for use in procedures creating larger punctures. For
example, with reference to the above scenario, an outer sleeve
927 can be added that will increase the overall diameter of a
12 Fr sized sheath 905 to a 21 Fr sized puncture site, prevent-
ing undesirable leakage after insertion of the delivery system
including an outer sleeve 927.

[0145] In certain embodiments, an outer sleeve 927 is
formed from a pliable material and/or is relatively soft in
comparison to the sheath 905 material. In yet other embodi-
ments, different outer sleeves 927 may be formed from mate-
rials that differ in stiffness, which may vary according to
sleeve size. For example, in an illustrative embodiment, an
adapter operably working with a 21 Fr sleeve 927 may be
significantly stiffer than one working with a 14 Fr sleeve 927.
Thus, an assembly that includes an outer sleeve 927 to fit the
21 Fradapter may be stiffer, which may also be required when
inserting a larger sheath into a blood vessel. In other embodi-
ments, the stiffness or rigidity of an outer sleeve 927 varies
along its length.

[0146] In various embodiments, outer sleeves 927 are sup-
plied with a VCD, with a delivery system, with a VCD and
delivery system kit, as a separate set of outer sleeves 927, or
in individual sterile packages. In one embodiment, each dif-
ferent outer sleeve 927 and/or its packaging contains mark-
ings or other identifiers (e.g., colors, shapes, labels, etc.) to
permit easy identification between the different sleeve sizes.
[0147] According to yetanother embodiment, as illustrated
in FIGS. 9H-9I, the sheath 905 further includes one or more
holes or passages, which allow blood to flow through the
distal end of the sheath 905. In some situations, the distal end
909 of the sheath 905 may be dimensioned such that it occu-
pies a significant area within a vessel, such as if the inner
diameter of the vessel is or becomes a similar or slightly
smaller diameter than the sheath 905 upon insertion. These
size constraints may result from the original vessel diameter
being similar to the sheath outer diameter or the vessel may
experience a reduced diameter due to mechanical pressure
applied by the sheath on the vessel access point, vessel spasm,
decreased blood flow, and/or a thrombus formed due to
decreased blood flow. In these instances, insertion of the
sheath 905 may result in a reduced, partially inhibited, or
completely inhibited blood flow through the vessel at or near
the sheath 905 and/or distal the sheath 905. For example,
inhibiting blood flow from the proximal vessel side 18 of the
sheath 905 (as shown in FIG. 91) may cause a reduced vessel
diameter on the distal vessel side 17 of the sheath. Decreased
blood flow may cause any of several clinical side effects,
including, but not limited to, ischemia of distal organs or
tissue, thrombus formation, or a vessel collapse distal to the
sheath 905. In addition, decreased diameters may increase the
difficulty by which a VCD is positioned within the vessel.
[0148] To minimize or avoid these and other possible com-
plications, one or more holes or other passages are formed
through the sheath 905 at or near its distal 909. According to
the embodiment shown in FIG. 9H, the distal end 909 of the
sheath 905 includes a first series of holes 921 extending
through one side of the sheath 905 wall and a second series of
holes 922 extending through the approximate opposite side of
the sheath 905 wall. In one embodiment, the first series of
holes 921 correspond with the second series of holes 922;
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however, in other embodiments, the number of holes and/or
the alignment of holes between the first and second series of
holes 921, 922 may vary. For example, the number and ori-
entation of holes can be selected to provide the desired blood
flow rate, whereby the greater number of holes within the
vessel will allow greater rates of blood flow through the
sheath. However, in other embodiments, there may only be
one hole selected from the either the first series of holes 921
or the second series of holes 922. For example, a single hole
921 may exist (e.g., one on the distal vessel side 17 of the
sheath 905 when within the vessel), allowing blood to flow
through the sheath distal end 909 and out the single hole 921
of the sheath 905. Moreover, in another embodiment, the side
hole 920, illustrated in FIG. 9A-1, for example, may also
serve as one or more of the holes for allowing blood flow
through the sheath 905. With reference to FIG. 91, a sheath
905 including a first series of holes 921 and a second series of
holes 922 is shown inserted through an access site 15 into a
vessel 10. In this example, blood flows within the vessel 10
from the proximal vessel side 18 of the sheath 905 to the distal
vessel side 17 of the sheath 905. To prevent blockage or
reduced blood flow, blood flows through the second series of
holes 922 into the interior of the sheath 905 and exits through
the first series of holes 921.

[0149] In one embodiment, an internal member, such as a
tube, rod, or dilator, is used to selectively seal one or more of
the first series of holes 921 and/or the second series of holes
922, allowing for selectively maintaining some holes 921,
922 in an open state, while maintaining other holes 921, 922
in aclosed state. Selectively sealing the holes 921, 922 may be
desirable when positioning the sheath 905 within the vessel
10 results in some of the holes 921, 922 within the vessel and
some outside, allowing those outside the vessel to be sealed to
prevent blood loss.

[0150] Inoneembodiment,the method of deliveringaVCD
may include a stage during which a sheath 905 is positioned
within a vessel 10 to test for acceptable blood flow levels
and/or whether the vessel 10 inner diameter is an acceptable
size prior to delivering a VCD. For example, a test may be
performed by introducing a contrast medium through the
sheath 905 and visualizing (by any known means for visual-
izing flow and/or substance within a vessel) the contrast
medium’s passage to the distal vessel side 17. Moreover, to
further reduce vessel restriction and/or blockage, vasodilata-
tion drugs for treating spasm or vasodilatation of the vessel
10, such as, but not limited to, Nitroglycerin, Papaverine, etc.,
may be delivered at any stage of the delivery procedure.
[0151] FIG. 9C-1 illustrates an embodiment including a
VCD loading tube 935 containing a VCD 100 and FIG. 9C-2
illustrates an embodiment including an actuator handle 940
containing the loading tube 935 to facilitate delivery and
release of the VCD 100. The loading tube 935 forms a channel
into which a VCD 100 is loaded. In one embodiment, the
loading tube 935 further includes a proximal rim 937 (or other
member) extending radially at or near its proximal end, which
serves to restrain the loading tube 935 during insertion into a
sheath 905, as described with reference to FIG. 9D. However,
a rim may not be necessary, for example, where the loading
tube 935 forms a tight enough fit within the sheath 905 (e.g.,
at the hemostasis valve 903) such that the loading tube 935
remains in place during delivery.

[0152] TheVCD 100 may be any VCD described herein. In
this embodiment, VCD 100 includes at least an anchoring tab
120 and/or pull string and a containment mechanism having a
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release wire 945, both of which pass through and are operably
integrated with the actuator handle 940. As shown, the VCD
100 is loaded into the loading tube 935, such as in a rolled or
otherwise collapsed configuration. The VCD 100 may be
pre-loaded, such as during manufacturing and/or packaging
prior to delivery, or may be loaded into the loading tube 935
by an operator as part of the delivery procedure. When loaded,
the anchoring tab 120 and/or pull string extend proximally
from the loading tube 935. The containment mechanism may
be any suitable containment mechanism described herein.
The release wire 945 may be one or more wires or other
members operable for selectively releasing the containment
mechanism and allowing expansion of the VCD 100, which
may depend upon the design and operation of the contain-
ment mechanism.

[0153] As shown in FIG. 9C-2, the loading tube 935 is
inserted into the actuator handle 940, such that the loading
tube 935 extends at least partially from the distal end 955 of
the actuator handle 940. The loading tube 935 may be pre-
loaded into the actuator handle 940, (e.g., it may be inserted
during manufacture, assembly, or packaging ofthe VCD sys-
tem) prior to the operator beginning the delivery procedure.
Alternatively, the loading tube may be inserted into the actua-
tor handle by an operator as part of the delivery procedure.
[0154] FIG.9Dillustrates the actuator handle 940 and load-
ing tube 935 being used with the sheath 905 that is described
with reference to FIGS. 9A-1 to 9B, which is performed after
insertion and placement of the sheath 905 into a vessel and
after removal of a dilator 925 ifused. The distal end 955 of the
actuator handle 940 may optionally include a first elongated
slot 943 defined along a portion of its length from the proxi-
mal end of the actuator handle 940 to at least some interme-
diate point. The first elongated slot allows the actuating
mechanism 950, which is described in more detail with ref-
erence to FIGS. 9E-9F, to slide distally toward the vessel
during the delivery procedure to advance the push rod 947.
The elongated slot 943 serves to control the push rod 947
movement to be substantially straight, and to prevents rota-
tion of the collapsed VCD 100 during delivery. In addition,
the actuator handle 940 may optionally include a second slot
949 extending from its distal end 955. The second slot 949 is
shaped to receive an outlet port 915 of the delivery sheath 905
if included. Moreover, as shown in FIG. 9D, the aligned
orientation of the second slot 949 and outlet port 915 allow
the operator to correctly orient the transfer of VCD 100 from
the loading tube 935 into the sheath 905. In other embodi-
ments, however, other means may be used for assuring the
correct orientation between the introducer sheath 905 and the
loading tube 935 including, but not limited to, orientation
pins, slots, and/or marking.

[0155] If a hemostasis valve 903 is provided on the sheath
905, the insertion of the loading tube 935 in the distal direc-
tion into the sheath 905 will force open the hemostasis valve,
providing selective access into the channel 910 of the sheath
905. With reference to FIG. 9D, the loading tube 935 is
advanced into the proximal end 907 of the sheath 905. In one
embodiment, the loading tube 935 seats within the proximal
end 907 and remains in position due to its shape and/or tight
fit therein.

[0156] The actuator handle 940 includes a push rod 947
slideably contained within the body of the actuator handle
940 and operably attached to the actuating mechanism 950.
The push rod 947 is used to advance the VCD 100 distally out
of the loading tube 935 and into the inner channel 910 of the
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sheath 905. An operator advances the push rod 947 by grasp-
ing and sliding the safety catch 960 distally through the first
elongated slot 943.

[0157] Next, as illustrated in FIG. 9E, the push rod 947
continues to be advanced distally through the actuator handle
940 and the sheath 905, pushing the VCD 100 through the
sheath 905 until it exits its distal end 909. Until the contain-
ment mechanism and the release wire 945 are released, the
VCD 100 remains in a collapsed configuration. At this stage,
the operator may confirm the position of the implant using
any suitable imaging techniques, such as, but not limited to,
fluoroscopy or ultrasound. The anchoring tab 120 and/or pull
string extending proximally through the delivery mechanism
and attached to the VCD 100 may also be utilized to position
the VCD 100.

[0158] FIG. 9F illustrates an embodiment of the operation
of the delivery mechanism during release of the VCD 100.
First, the safety catch 960 of the actuating mechanism 950 is
removed, which, when in place, prevents unintentional actua-
tion of the containment release mechanism (e.g., the loop
retainer pin described with reference to FIG. 3D, for
example). The operator then proceeds to remove the sheath
905 and actuator handle 940 proximally away from the vessel,
which in turn pulls the anchoring tab 120 and/or pull string
causing the VCD 100 to be positioned proximate the puncture
site. As the sheath 905 is pulled in the proximal direction and
the VCD 100 is positioned against the vessel wall, resistance
against a spring within the actuating mechanism is increased
because the release wire 945 is attached to the actuating
mechanism 950. Increased compression of the spring by pull-
ing the sheath 905 and the actuator handle 940 proximally
indicates that the VCD 100 is sufficiently positioned against
the vessel wall and ready for expansion. In one embodiment,
a great enough tension is caused by pulling the sheath 905 and
the actuator handle 940 proximally combined with the resis-
tance of the VCD 100 pulled against the vessel wall, which
results in a change in position of the actuating mechanism
and, in turn, releases the containment mechanism (e.g., a loop
retaining pin, etc.). For example, with reference to the con-
tainment mechanism described with reference to FIG. 3D,
increased tension will cause proximal movement of the loop
retaining pin 340 until the looped end 339 is released from the
retainer pin 340, releasing the loop 335 from around the VCD
100. A spring may be operably included with the actuating
mechanism 950 to increase the force required for the actuat-
ing the mechanism provided, preventing pre-release of the
implant. In another embodiment, the release wire 945 (or
other containment mechanism release) is manually or selec-
tively released by the operator or by any other suitable means,
such as the various example containment mechanism
embodiments described herein.

[0159] Accordingly, release of the containment mechanism
causes the VCD 100 to expand and position against the vessel
wall at or near the puncture site in part due to the pre-shaped
configuration of its support frame expanding to its natural
stable state. After expansion, the operator may complete the
procedure by securing the anchoring tab 120 and/or pull
string to the patient’s tissue.

[0160] The delivery system described with reference to
FIGS. 9A-1 to 91 can be suitably adapted for delivery of any
VCD embodiment described herein. The combination of fea-
tures are described for illustrative purposes only and are not
intended to be limiting.
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[0161] FIGS.10A-10P illustrate additional delivery system
features which may be adapted to the delivery systems
described herein. FIG. 10A illustrates one embodiment of a
push rod 1005, such as is described with reference to FIGS. 6
and 7A-7C, that includes a curved tip 1007 at its distal end.
The curved tip 1007, according to one embodiment, is curved
or angled in the direction opposite the vessel puncture site 15,
which serves to bias a collapsed VCD 100 against the oppo-
site side of the vessel 10 and away from the vessel puncture
site 15 and to avoid back-out by the VCD 100. In other
embodiments, however, the curved tip 1007 can have difter-
ent configurations, such as a tip angled in the direction oppo-
site that shown in FIG. 10A, or a substantially straight tip. In
still other embodiments, a sheath and/or an actuator handle,
such as those described with reference to FIGS. 9A-1 to 91,
includes a similarly formed curved tip.

[0162] FIGS. 10B-10D illustrate another embodiment of a
push rod. In this embodiment, the push rod 1010 includes at
least one biasing member 1012 extending from its distal end.
The biasing member 1012 biases one end of a VCD 100 away
from the push rod 1010 and thus away from the puncture site
15. FIG. 10B illustrates an angle formed between the VCD
100 and the push rod 1010 caused by the biasing member
1012. The angle formed and distance created should be large
enough to space at least one end of the VCD 100 away from
the vessel puncture site 15 and away from the distal end of the
push rod 1010 and the sheath while the VCD 100 is positioned
within the vessel 10. Otherwise, it is possible that the VCD
100 will back out into the puncture site 15 and not be properly
positioned within the vessel 10. The biasing member 1012
shown in FIG. 10B is formed as a bent strip secured at or near
the distal end of the push rod 1010 and exerting force against,
but not attached to, the VCD 100. FIGS. 10C-10D illustrate
other possible biasing member 1012 shapes, including an “S”
shaped biasing member 1012 and a “C” shaped biasing mem-
ber 1012, respectively. Any other suitable biasing member
operable to bias the VCD 100 in a direction away from the
puncture site 15 may be provided. Representative examples
of other bias members include a spring, an elastic arm, or the
like.

[0163] FIGS. 10E-10G illustrate additional embodiments
of delivery systems that include a push rod or a delivery
sheath having a protecting member extending radially there-
from. The protecting members are operable for preventing a
VCD from backing out into the vessel puncture during deliv-
ery. The protecting member may be in the form of an annular
ring. For example, FIG. 10E illustrates an embodiment in
which a sheath 1020 includes a protecting member 1022
configured as a flexible annular ring extending radially from
near the distal end of the sheath 1020. In one embodiment, the
protecting member 1022 can be selectively constrained, such
as by a collar or retention tab, such that the protecting member
1022 remains folded or otherwise not extended until within
the vessel 10. Since the protecting member 1022 can have a
diameter that is similar to or larger than the diameter of the
vessel puncture site 15, resistance will be felt by the operator
when extracting the sheath 1020 and, therefore, can assist in
correctly positioning the sheath 1020, such as to align a side
hole or other sheath features, such as is described with refer-
ence to FIG. 7D. Positioned against the vessel 10 wall, the
protecting member 1022 also serves to temporarily seal, at
least partially, the vessel puncture site 15. With a protecting
member 1022 against the vessel puncture site 15, the VCD
100 can be pulled into the desired position since, even if its

Apr. 30, 2015

distal or proximal end attempts to approach the puncture site
15, no part of the VCD 100 will extend into the puncture and
prevent correct positioning. Moreover, the at least partial
sealing provided by the protecting member 1022 mitigates or
limits significant bleeding from the vessel 10 while position-
ing the VCD 100.

[0164] According to another embodiment, a protecting
member may be integrated with, or otherwise adapted to, a
push rod device at or near its distal end in the same or similar
manner as described with reference to FIG. 10E, or as fol-
lows. FIGS. 10E-10G illustrate a sheath 1025 having a push
rod 1030 contained therein that includes a protecting member
1032. The protecting member 1032 of this embodiment is
constructed of an elastic material, such as an elastic polymer,
which, upon its release from the sheath 1025, allows expan-
sion of the protecting member 1032 into an expanded con-
figuration (e.g., a ring as illustrated, in one embodiment)
extending radially from the push rod 1030. FIG. 10F illus-
trates an embodiment in which the protecting member 1032 is
collapsed within the sheath 1025 and folded around the push
rod 1030 towards its proximal end. FIG. 10G illustrates
another embodiment of a protecting member 1032 loaded
within a sheath 1025, in which the protecting member 1032 is
folded toward the distal end of the push rod 1030.

[0165] The protecting members described herein may be
formed from one or a combination of flexible or elastic poly-
mers, such as those described with reference to FIG. 2.
[0166] Inoneembodiment, a protecting member is formed
from a thin membrane with one or more expanding or elastic
members coupled thereto and operable to cause radial expan-
sion when the protecting member is released into a vessel. For
example, each elastic member may be configured as an elastic
or super-elastic wire, ribbon, or mesh, which may be formed
from materials, such as, but not limited to, nickel-titanium
alloy, stainless steel, super-elastic polymers, or any other
suitable elastic or expandable materials, such as those
described with reference to FIG. 2, or any combinations
thereof.

[0167] FIGS. 10H-10I illustrate another embodiment of a
protecting member. In this embodiment, a delivery system
includes a sheath 1025, a push rod 1040, and an inflatable
protecting member 1042 integrated with the push rod 1040.
The inflatable protecting member 1042 can be formed in a
ring-shape, or in any other shape or shapes, extending radially
from the push rod 1040. After exiting the sheath 1025, as
illustrated in FIG. 101, the inflatable protecting member 1042
is inflated by forcing saline or other suitable fluid through a
fill channel 1044, which passes longitudinally through the
push rod 1040 and which is in fluid communication with and
exits into an interior space of the inflatable protecting member
1042. After positioning and securing a VCD within a vessel,
the inflatable protecting member 1042 is deflated and
removed together with the push rod 1040.

[0168] FIGS. 10H-10I illustrate an inflatable protecting
member 1042 having a ring or annular shape. In other
embodiments, the inflatable protecting member 1042 is
formed to have another shape. Examples of such other shapes
include squares, rectangles, triangles, or other polygons. In
other cases, the protecting member may be in the form of
multiple protruding arms, or the like.

[0169] Moreover, in embodiments in which the sheath 1025
and/or the push rod 1040 are configured for insertion into a
vessel at an angle, the inflatable protecting member 1042 may
be affixed to the push rod 1040 at an angle to compensate for
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the angled insertion. Similar orientation adjustments may be
made to any other protecting member embodiment described
herein to accommodate differing angles of insertion or alter-
nate uses.

[0170] FIG. 10J illustrates an embodiment of a delivery
system for delivering an articulated VCD, such as the articu-
lated VCD 562 described with reference to FIG. SE. In this
embodiment, the articulated VCD 562, which includes two
radial support frames 570, 575 connected by at least one joint
580, is delivered through a delivery sheath 1050 by a push rod
1055 or actuator handle in a compressed form, bending at
least partially along the joint 580. The VCD 562 of this
embodiment further includes a containment mechanism hav-
ing members 1057, 1059 releasably retaining each radial
support frame 570, 575 in a collapsed configuration. In one
embodiment, the members 1057, 1059 of the containment
mechanism are selectively releasable containment loops,
each extending from a respective member 1056, 1058 that are
releasable. As the articulated VCD 562 exits the sheath 1050,
the joint 580 straightens to extend the two radial support
frames 570, 575 within a vessel. After positioning, such as by
an anchoring tab 120 and/or pull wire, the articulated VCD
562 is released to an expanded configuration by releasing the
members 1057, 1059 from around the radial support frames
570, 575 expanding the radial support frames 570, 575 as
illustrated in FIG. 5E.

[0171] FIGS. 10K-10M illustrate another embodiment for
deploying an articulated VCD 562 (or any other VCD
embodiment described herein), which includes additional
means for navigating the articulated VCD 562 into position.
In this embodiment, the articulated VCD 562 includes one or
more rings 1060 or other channel-defining members coupled
to one or both of the radial support frames 570, 575 and/or to
the sealing membrane 565 extending therebetween. In one
embodiment, each ring 1060 is positioned approximately
along the longitudinal axis of the articulated VCD 562. The
ring or rings 1060 allow the articulated VCD 101 to receive
suitable guiding means. One embodiment of such guiding
means is two guide wires 1062, 1064 capable of directing
each of the two radial support frames 570, 575 into proper
position within the vessel, as shown in FIGS. 10K-10M. In an
embodiment using guide wires 1062, 1064, or any other guid-
ing means passing through the ring or rings 1060, a joint 580
can optionally be eliminated since the two radial support
frames 570, 575 can be spaced apart and positioned within the
vessel using the guide wires 1062, 1064. Though, in another
embodiment, a joint 580 is used in addition to guiding means
to facilitate deployment as well as to support a sealing mem-
brane 565.

[0172] Inuse,accordingto one embodiment, after conclud-
ing an endovascular procedure, the two guide wires 1062,
1064 are inserted through a sheath 1050, one extending from
the access site in the distal direction of the vessel 10 and the
other extending in the proximal direction, as illustrated in
FIG. 10K. Next, a compressed articulated VCD 562 is loaded
into the sheath 1050 with the guide wires 1062, 1064 threaded
through the rings 1060, as illustrated in FIG. 10L. FIG. 10M
depicts the articulated VCD 562 after being released from the
sheath 1050 and extended longitudinally within the vessel on
either side of the puncture site. Finally, the guide wires 1062,
1064 are removed and the containment mechanism (which
may be any suitable containment mechanism described
herein) is released from the two radial support frames 570,
575. This causes the articulated VCD 562 to fully expand
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within the vessel 10 and the sealing membrane 565 to be
pressed against the puncture site to facilitate hemostasis.

[0173] FIGS. 10N-10P illustrate examples of other
embodiments of delivery systems for releasing a containment
mechanism and thereby allowing a VCD to radially expand
within a vessel. These delivery systems may be utilized with
any VCD embodiment described herein and any containment
mechanism that includes one or more releasable members.
With reference to FIG. 10N, a VCD, such as the VCD 100
described with reference to FIG. 2, is retained in a com-
pressed configuration by a containment mechanism that
includes a wire loop 1070 (or any other looped member),
which, when severed, releases the loop 1070 and allows the
VCD 100 to expand within a vessel. The wire loop 1070 has
a first end 1072, which is threaded through the distal end of a
delivery sheath 1075 and into the distal end of a needle-like
cutting tube 1080. A second end 1074 ofthe wire loop 1070 is
threaded via a side hole 1076 formed in the sheath 1075,
which may be the same as, or different from, the side hole
described with reference to FIGS. 9A-1 and 9A-2. After pass-
ing through the side hole 1076, the second end 1074 of the
wire loop 1070 is passed into the distal end of the cutting tube
1080. The cutting tube 1080, which has an external diameter
at least slightly smaller than the inner diameter of sheath
1075, has at least one edge at its distal end that is sharp and
operable for cutting the second end 1074 of the wire loop
1070 when passed by the side hole 1076.

[0174] FIG. 100 illustrates another embodiment of a deliv-
ery system operable for cutting the second end 1074 of the
wire loop 1070. In this embodiment, the sheath 1085 is closed
atits distal end with the exception of a single hole 1087 sized
to allow the collapsed VCD 100 and the ends 1072, 1074 of
the wire loop 1070 to pass therethrough, but having a diam-
eter smaller than the outer diameter of the cutting tube 1080,
which provides a cutting surface 1089 for receiving the sharp
edge of'the cutting tube 1080. The sheath 1085 may be manu-
factured with only the single hole 1087, or it may be subse-
quently sealed by a separate flat plug having the hole 1087
formed therethrough and securable into the distal end of the
sheath 1085.

[0175] In operation, the first end 1072 is threaded through
the channel of the cutting tube 1080 while the second end
1074 is passed outside the cutting tube 1080, between its
external surface and the inner surface of the sheath 1085. By
pushing the sharp edge of the cutting tube 1080 against the
cutting surface 1089 at the end of the sheath 1085, a shearing
force severs the second end 1074. Severing the second end
1074 of the wire loop 1070 in any of these embodiments
releases the containment mechanism and allows the VCD 100
to expand from its compressed state.

[0176] FIG. 10P illustrates yet another embodiment of a
delivery system operable to release a containment mechanism
of a VCD 100. In this embodiment, the VCD 100 is retained
in its collapsed state by a wire loop 1090 (or other strip, string,
or other member, etc.). One end of wire loop 1090 is secured
to apushrod 1095 or actuator handle (e.g., tied, glued, formed
therein, or otherwise affixed). The opposite end of the wire
loop 1090 includes a ring, hole, or loop 1092 and is threaded
through a channel 1094 fowled in a side wall of the push rod
1095. The wire loop 1090 is stretched or otherwise retained in
a taut configuration to maintain the VCD 100 in its collapsed
configuration. A releaserod 1097 secured in a fixed relation to
the sheath 1099 (e.g., inserted into or otherwise affixed to an
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inner wall of the sheath 1099) is initially positioned through
the ring, hole, or loop 1092 and retains the wire loop 1090 in
the taut configuration.

[0177] Inuse, while retracting the sheath 1099 and leaving
the push rod 1095 within the puncture, the release rod 1097 is
pulled out of the ring, hole, or loop 1092 in the second end of
the wire loop 1090, which releases the tension on the wire
loop 1090. After the wire loop 1090 is released by extracting
the release rod 1097, the push rod 1095 is also retracted from
the vessel puncture. Because the wire loop 1090 is secured to
the push rod 1095 and no longer held in position by the release
rod 1097, the wire loop 1090 is released from the VCD 100,
allowing the VCD 100 to expand. In one embodiment, an
anchoring tab 120 and/or pull string remains connected to the
VCD 100, which can be used to facilitate positioning the
VCD 100 within the vessel and to be secured to the patient as
described herein.

[0178] The VCDs and associated delivery systems
described herein advantageously provide means for at least
temporarily closing or otherwise sealing punctures in a
patient’s vasculature or other body lumen. Quicker and more
effective sealing advantageously avoids the time and expense
of applying manual pressure to the puncture, which would
otherwise be required by conventional methods. The various
support frames and sealing membranes disclosed eftectively
retain the closure device within the vessel while requiring
little additional surgical manipulation by the operator during
delivery. Moreover, the embodiments described herein also
avoid unnecessary widening of the vessel puncture due to
their ability to collapse the VCD in a significantly reduced
profile during delivery. Similarly, the ability to deploy
example VCDs via various sheath configurations provides
some embodiments that are more beneficial for use with
smaller sheath access than are presently available, such as
with sheaths used during cardiac catheterization procedures.
[0179] It is appreciated that these and many other advan-
tages will be appreciated, and modifications and variations of
the devices, systems, and methods described herein, such as
dimensional, size, and/or shape variations, will be apparent to
those skilled in the art from the foregoing detailed descrip-
tion. Such modifications and variations are intended to come
within the scope of the appended claims.

We claim:

1. A vasculature closure device for sealing a puncture site
existing in a wall of a vessel, the device comprising:

an expandable support frame deployable into the vessel
through the puncture site;

a sealing membrane at least partially supported by the
support frame;

wherein the support frame is positioned along a periphery
of the sealing membrane; and

wherein, upon expanding the support frame within the
vessel, the support frame is configured to intraluminally
push the sealing membrane against the puncture site.

2. The device of claim 1, wherein, upon expanding the
support frame within the vessel, the support frame is config-
ured to extend along a majority of an inner circumference of
the vessel such that the sealing membrane is pushed against
the puncture site.

3. The device of claim 1, wherein, upon expanding the
support frame within the vessel, the support frame is config-
ured to hold the device in place within the vessel.
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4. The device of claim 1, wherein, upon deploying the
support frame within the vessel, the support frame and the
sealing membrane are positioned entirely within the vessel.

5. The device of claim 1, wherein the device is adapted for
rolling and unrolling along a longitudinal axis generally
aligned with and extending along a length of the vessel.

6. The device of claim 5, wherein the device is adapted for
rolling into a collapsed configuration having a first radius of
curvature less than a radius of curvature of the vessel, and
wherein the device is adapted for unrolling into an expanded
configuration having a second radius of curvature greater than
the radius of curvature of the vessel.

7. The device of claim 5, wherein the device is adapted for
rolling into a collapsed configuration in which opposing sides
of the support frame overlap one another.

8. The device of claim 7, wherein the device is adapted for
unrolling into an expanded configuration in which the oppos-
ing sides of the support frame are spaced apart from one
another.

9. The device of claim 1, wherein the support frame is
formed of a non-biodegradable material, and wherein the
sealing membrane is formed of a biodegradable material.

10. The device of claim 1, wherein the support frame is
formed of a pre-shaped material adapted for expanding
toward a stable state.

11. The device of claim 1, further comprising an anchoring
tab or a pull string extending away from the sealing mem-
brane.

12. The device of claim 11, wherein, upon expanding the
support frame within the vessel, the anchoring tab or the pull
string is configured to extend out of the vessel through the
puncture site.

13. The device of claim 1, further comprising a support
member extending across at least a portion of the sealing
membrane and attached to opposing sides of the support
frame.

14. The device of claim 13, wherein the support member
comprises a wire extending along a longitudinal axis of the
device.

15. The device of claim 1, wherein at least a portion of the
sealing membrane is configured to move relative to the sup-
port frame such that the sealing membrane conforms to a
shape of the wall of the vessel near the puncture site.

16. The device of claim 1, wherein the sealing membrane is
coupled to the support frame via a plurality of tabs encircling
respective portions of the support frame.

17. The device of claim 16, wherein the tabs are configured
to slide along the respective portions of the support frame
such that at least a portion of the sealing membrane moves
relative to the support frame.

18. The device of claim 1, wherein the sealing membrane
comprises excess material relative to the support frame such
that the sealing membrane conforms to a shape of the wall of
the vessel near the puncture site.

19. A vasculature closure device for sealing a puncture site
existing in a wall of a vessel, the device comprising:

an expandable support frame deployable into the vessel

through the puncture site;

a sealing membrane at least partially supported by the

support frame;

wherein the support frame is formed of a non-biodegrad-

able material;

wherein the sealing membrane is formed of a biodegrad-

able material; and
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wherein, upon expanding the support frame within the
vessel, the support frame is configured to intraluminally
push the sealing membrane against the puncture site.

20. A vasculature closure device for sealing a puncture site

existing in a wall of a vessel, the device comprising:

an expandable support frame deployable into the vessel
through the puncture site;

a sealing membrane at least partially supported by the
support frame;

wherein the device is adapted for rolling and unrolling
along a longitudinal axis generally aligned with and
extending along a length of the vessel;

wherein the device is adapted for rolling into a collapsed
configuration in which opposing sides of the support
frame overlap one another; and

wherein, upon expanding the support frame within the
vessel, the support frame is configured to intraluminally
push the sealing membrane against the puncture site.
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