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VASCULATURE CLOSURE DEVICES AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of ULS. Provisional Application No.
61/251,054, filed on October 13, 2009, and U.S. Provistonal Application No.
61/285,503, filed on December 10, 2009, both of which ave incorporated herein by

reference i thetr entively.

BACKGROUND OF THE INVENTION

This disclosure refates generally to the field of implantable medical devices and
associated methods, and more pacticularly to vascudar devices and methods for closing
openings in vessel walls.

During certain endovascular surgery procedures, intravascular catheters are
inserted throngh an mncision m the patients skin and niderlving fssue to access an artery
of vein. After the surgical procedurs 1s completed and the catheter s removed from the
vessel, the puncture providing the access through the patient's vessel wall must be
closed. This is quite difficult, not ondy because of the hugh blood pressure within an
arlery, bul also because of the many layers of tissue that must be penetrated to reach the

essel to achieve closure.

Phyvaicians currently use a nwaber of methods 1o close a vessel puncture, which

clude applying localized compre sutures, collagen plugs. adhesives, gels, andior
foams. To provide localized compression, the ph\ sician applies pressure against the
vessel 1o lacilitate nataral clotting of the vessel puncture. However, this method can take
up 1o a half hour or more and requires the patient to remain immobilized while providing
the compression and to remain in the hospital for a period thereafier for observation.
The amount of time necessary to apply comprassion can, i some circumslances, bg even
greater, depending upon the levels of anti-clotting agents {e.g.. heparin, glycoprotein
1IbALA antagonists, ete.) administered during the endovascular procedure. In addition,
applying localized compression can increase the potential for bood clots at the punciure
site fo become dislodged. Closing procedures in which sutures, collagen plugs,
adhesives, gels, andfor foams are applied sulTer from vanablity and wapredictability
associated with implantation procedures, many of which are complicated and require

highly technical fmplantation techniques. Some of these closure methods occasionatly
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cause undesirable deformation of the vessels. Moreover, for newer endovascular
procedures, such as abdominal or thoracic aortic aneurysm repair, perculaneous valve
replacement and repair, or cardiae ablation, which use large diameter delivery svstems
typically 1n the range of 8-23 Fr. these conventional closure methods are suboptimal.
Thus, there is a desire for improved vasculature closure devices and methods for
deploving and performing treatment using the same.  {t would, therefore, be
advantlageous to provide a vascudature closure device that woald more quickly and

effectively close vessel wall punclures.

BRIEF SUMMARY
Vasculature closure devices and svstems and methods for their use are provided.
According to one aspect, a vasculature closure device is provided. In one embodiment,
the vasculature closure device includes an expandable support frame deployable within a
vessel and a sealing mambrane at lsast partially supported by the expandable suppont

frame. Upon expanding the support frame, the vasculatare closure device 13 configurad

)

to intralwninally secure the seating membrane against a punciure site existing in a vessel

foe}

30

1

wall.

According 1o 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 mto a vessel through the
puncture site, wheremn the support frame 1s in a compressed configuration during
deplovment; and then positioning and expanding the support frame within the vesgel 1o
cause the sealing membrane to at least partially seal the puncture site.

According 1o vet another aspect, a svstem is provided for closing a vessel
putictureg. In one embodiment. the system includes a vasculature closure device that
mcludes an expandable support [rame and a sealing membrane al least pastially
supported by the expandable support frame. The vasculature closure device is
configured to expand from a collapsed configuration to mtralununally secure the sealing
membrane against a puncture sife existing i a vessel. The system can further include a
sheath operable to receive the vascolature closure device in the collapsed configuration

and to facilitate deploving the vasculature closure device through the puncture site and
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into the vessel and a push rod operable to advance the vasculature closure device through

the sheath.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an lustration of an implanted vasculature closure device (VCD)
according {0 one embodiment.

FIG. 2 1s an illustration of a VCD according to ong embodiment.

FIGS. 3A-3D are iHlustratrons of a VOD and comesponding containment
mechanism according 1o some representative embodiments.

FIGS. 4A-4) are tllustrattons of VU Ds according to some representative
embodiments.

FIGS. 3A-3G are iHlustrations of additional VUDs aceording to some
representative embodiments.

FIG. 6 15 a fow diagram illustrating a method for delivering and securing a VOB
according to an example embodiment.

FIGS. 7A-7D are cross-sectional views iHlustrating a debvery system and stages
of delivering and securing a VCI within a vessel according to one embodiment.

FIG. 8. 15 a cross-section view illusirating temporary positoning of a VD within
a vessel during delivery according to one embodiment.

FIGS. 9A-91 are cross-sectional views iHlustrating a delivery svstem and stages of
advancing a VCD therethrough according to another embodinent.

FIGS. 10A-1OP are cross-sectional views illustrating additional delivery systems
and corresponding containment wechanisms according to other representative
embodiments.

FIGS. 11A-11C are cross-sectional views tllustrating securing a VD within a
vessel, according to one eambodimeant.

DETAILED DESCRIPTION

Intproved 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 thereot. A VOB, according to various

embodiments, includes at least one sealing membrane and at least one support frame
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attached, integrated, or otherwise supporting the sealing membrane. The support rame
i utilized to expand the sealing membrane from g collapsed conliguration o an
expanded configuration when deploved withun a vessel. The support [rame can be
configured such that it expands enough o force the sealing membrane against a vessel
puncture, The pressure exerted by the support frame can vary, bul is effective to at least
partially maintain the VCD at the desired position within the vessel — which at least
partially presses the sealing membrang against the vessal puncture. Upon positioning
and exerbing 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 membrane of the VOCD may significantly reduce biood leakage
fronm the vessel puncture, while complete hemostasis is achieved by a thrombus formed
on or ground the sealing membrane against the puncture. Thrombus forming capabilities
may be enhanced by providing thronbus promoting materials on the segling membrane
andfor 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 cerlain
embodiments.

According 1o vanous embodiments, portions of the VCI are biodegradable,
bioabsorbable, and/or bioerodable (collectively referred 1o herain as “blodegradable™
uniess expressly stated otherwise), such that after a period of time portions degrade,
absorb. or erode. For example, al least the sealing membrane, and in some embodiments
the support frame or portions thereof and/or an anchoring tab or pull wire, absorb after
lime, nunimizing the componants remaning within the vessel over time, which
simplifies subsequent access at or near the vessel punctare site and redaces potential
long-term complications. The shape, configuration, and composition of the various
components of the VCD, and the svstems and methods for delivering the same, can be
embodied in a number of manners, representative examples of which are described
below,

The VCD descnibed herein may be used to close punctures or penetrations in
vessels in human or other aminiads (e g, mammalian). Such an animal may be referred to
herein as a patienl. As used berein, the term “vessel” refers to artenies, veins, other
vascular lursens for carrving blood or bvraph, or other body lumens, such as. but not

limited {o, body tumens of the gastrointestinal system {e.g., the esophagus, the stomach,

i
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the small mtestine, or the large mtesiine), the airway systemn (e.g., the tracheq, the
bronchus, or the bronchioles), the urinary systern (e ¢.. the bladder, the ureters, or the
urethra), or the cerebrospingl svstem {e.g., subarachnoid space or the ventricular system
around and/or inside the brawny and/or the spinal cord). The VCD can be dimensionad for
effective use with a variety of vessel analomies and sizes i adull and pediatric patients,
as well as with punctures at a variety of vessel sites within the patient. It is envisioned
that the VD can be adapted for use in closing punetures in other body fumens in
conjunction with varous surgical procedures. For example, 1w one other embodiment,
the VCD can be adapted for use to close lumen punctures during natural orifice
transiumunal endoscopic surgery or to close a fumbar punctura,

Vasculature Closwre Devices

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 penipheral support frame 110 providing shape and support
1o the sealing membrane 103 along at least a portion of the sealing membrane’s 103
periphery. Ag shownan FIG. |, the VCD 1001s implanted intraluminally within a
patient’s vesset 10 and positioned and secured therem 1o at least temporarily seal a target
area at or near 3 vessel puncture site 13 (which 1s interchangeably referred to herem as
the “access hole,” “access sife,” “vessel puncture,” “puncture hole,” “puncture site,” or
other sinular variations thereof) existing through the vessel 10 wall. In one emsbodiment,
the VCD 100 15 held in place due to the predeternuned shape of the peripheral support
frame 110 andfor #s tendencies toward a natural stable shape {e.g.. by shape memaory
materials, ete.) untif hemostasis at the puncture stle 15 occurs. In other embodiments, ag
described in more detail heremn, all or a portion of the VCD 104 15 biodegradable, which
allows those components (o degrade, absorh, or erode after a pertod of time such that, if
any, onlyv a portion of the VCI 100 remans within the vessel.

The sealing membrane 103, 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 i configuration {o a sheet that can roll or unroll, or
a lube that is slit entirely along its longitudingl axis (referred to as a “goll wing™ shape in

U.S. Provisional Application No. 61/251,054). As described below, however, any other
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shape thal can be collapsed and then expanded within a vessel to promote securenent of
the VCD 100 can be provided.

According to the embodiment shown in FIG. 1, the VCD 100 further includes a
cross-member support 113 extending af least partially between opposile sides of the
peripheral support frame 110, The cross~-member support 113, due 1o 1ts ngidity or at
least partial nigidity, and/or the tension between the peripheral support trame 110,
provides structural and shape support (o the sealing membrane 103 at or near s center,
as described in more detait with reference to FIG. 2. Such additional support 1s
benelicigl when positionad against g puncture sitie 15 to avord membrane sagging at the
puncture site 135, The addittonal support 1s also beneficial during dehivery, providing
longtiudinal strength around which the sides of the sealing membrane 105 can ba rolled,
helping to maintain the VOD 100 i 1ts rolled or collapsed configuration to it within a
delivery sheath or other delivery svstem.

An anchioring tab 120 15 also secured to the VCD 108, according 10 one
embodiment. The anchoning tab 120 may be attached {0 andfor 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 i can be ortented at or near the target area at the
puncture site 15 The orentation of the anchoring tab 120 and/or the cross-member
support 115 relative to the sealing membrane 103 surface further facilitates centenng the
VD 100 within the vessel 10 duning umplantation, as the VOD 100 will mugrate within
the vessel 10 (typically downstream) 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 103 andfor the position of the anchoring tab
120 may be adjustad along the length of the cross-member support 115 {0 accommodate
for anticipated VCD 100 migration within the vesset 10,

According to one embodiment, the anchoring tab 120 may be affixed (e 2.,
sutured, glued. hooked, held by an elastic retaiing means, ete.) (o the patienUs
epidernmis, dernus, sub-dermal layer, adipose laver, or muscle tissue at or near the vessel
access sife {e.g.. at or near the inthal incision created for access 1o the vessel),

According to vartous embodiments, the VD 100 may additionally, or instead. include a
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pull siring, which stmilarly facibitates posstioning the VCD 100 at or near the target area
bv pulhing distallv. The pull string can be attached 1o the VCD 100, such as to the
sealing membrane 105, the cross-member support 115, and/or the support frame 110, or
1 may be atlached {0 and extend from the anchoring tab 120,

According to one embodiment, the anchoring tab 120 15 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 simulay to or slightly
smatler than the puncture site 15 (e.g., from approxymately I num to approximately 9.0
nun m diameter). The anchoring tab 120 benelicially may further assist in promoting
hamostasis by at least partiafly filling the puncture site 13 and the access channel through
the patient’s fissue. In one embodiment, the anchoring {ab 128 and a pull string are
inlegrated and together are safficiently long enough to exit the proxamal end of &
delivery sheath or other delivery svstem {e.g., approximately 10 ¢m to gpproximately
100 cm). Excess length may be removed after secuning the anchoring tab 120 1o the
patient’s epidermis, dermis, sub-dermal layver, adipose layver, or muscle tissue at or near
the puaclure site. In other embodiments, the anchoring tab 120 and pull string are
different members separately attached or otherwise included with the VCD 100 have
different diameters, widths, and lengths; and/or are constructed from different matenals.
For example, the anchoring tab 120 may be fabricated shorter {e.g . approximately 10
mm {o approximately 100 nun} than a pall stnng andfor may be thicker than a poll stning,
In one embodiment. an auchoring tab 120 may also include a connecting means at its
proximal end, such as an eve, ahook, a toggle, and the like, to which a separate pull
string can be permanently or removably attached.

it is appreciated that FIG. | s provided to depict an one onentation of a VCD 100
within a vessel 10, and that any VD according to the vanous embodiments described
herein, such as VODs including radiallv expandable support frames as described with
reference 1o FIGS. SA-3G, may be similarly positioned mtralununally to secure or
otherwise retain a membrane against a vessel at or near a puncture site. These
embodiments are described i more detatl with reference o the following figures.

FIG. 2 itlustrates one embodiment of a VOB 100, similar to the VOD illustrated
in FIG. 1, inplanted within a vessel. According 1o this embodiment, the VCD 100

includes a sealing membrane 105 and a peripheral support frame 110 at least partiadly
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supporling. and integrated or otherwise affixed at ov near the penpheral edge of, the
segling membrane 105, In this embodiment, VCD 100 further includes a cross-member
support {13 extending between opposite sides of the peripheral support frame 110, Here,
the VCD 100 has a circudar or oval shaped sealing membrane 103 and a circular of oval
shaped peripheral sapport frame 110 that approximately follows the shape of the sealing
mermbrane 15, However, as stated herein, the shape of the sealing membrane and the
peripheral support frame may vary, according to other embodiments, as desired.

With reference to the embodiment of FIG. 2, the peripheral support frame 11} is
formed in a pre-shaped configuration such that in its natural stable state the peripheral
support frame 110 has a radins of curvature larger than {1.e., flatter and having a greater
radius} than the radius of crvature of the vessel mterior withun which i will be
implanted.  For example, if the vessel within which the VCD 100 will be tmplanted 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 118 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 radios of curvature may vary, depending upon the
anatorny of the vessel within which the VCD 10015 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 106 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 15 formed from a material having elastic properties that will permst
rotling or otherwise collapsing the peripheral support frame 118 duening delivery and then
expanding to its natural stable state upon implantation.

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
axert a force against the vessel inner wall. This force, coupled with the prassure created
by the blood pressure exerted against the membrane 103 and peripheral support frame
110, retains the VCD 100 m place at or near the puncture site. However, the amount of
force exerted against the vessel wall is to be limited 10 avoid injury to the vessel wall
For example, when in an expanded configuration, the VOD 100 {and any other VCD
embodiments descnibed hergin) may exert a pressure on the vessel inner wall ranging

between approximately 0.3 mm Hg to approsimately 400 mm Ha, in various
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embodiments, and in oue embodiment, a pressure between approximately 2 nun Hg and
approximately 50 mm Hg can be exerted on the vessel inner wall. To achieve a pre-
shaped penpheral support frame 110 having the desired shape and curvature described
herein, a shape memory metal or alloy, such as mckel-ttanium allov {e.g., Nitinol}, a
shape memory polymer, or any combination thereof, andfor temperature treatments
thereof. may be used to {abricate all or a portion of the peripheral support frame 110

The cross-sectional thickness of the members comprising the periphearal support
frame 110 may contribute to the amount of force exerted by the VUD 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 .04 mm and
approximately 0.2 nun, 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 116 are formed 0 have a greater width (the dimension lving
along the surface of the sealing membrane 103) than the thickness {the dunension
perpendicular to the top and the bottom of the sealing membrane 105 surface), such as a
width ranging between approximately .03 mm and approximatety 15 nwm, or between
approximately 0.2 nun and approximately 0.7 mm in one embodiment, and a thickness
ranging between approxumately .01 mm and approximately 0.3 mm, or between
approximately 0.04 yvam and approximately 0.1 mm in another embodiment. 1 is
appreciated that these dimensions are itlustrative and are not intended to be hmiting. The
width and thicknegs of the penpheral support frame {10 members may vary as destred
and may depend apon the intended implantation.

A VCD 100 having g peripheral support frame 110 glso minimizes interference
during subsequent vessel access if the VOD 100 {or at least the peripheral support frame
1) remains within the vessel. The peripheral support frame 110 iy distanced from the
current puncture site becaose il is oriented only around the periphery of the sealing
membrane 105, In addition, by having a support frame only around the periphery of the
sealing membrane 105 {and optionally a cross-member support 113}, the space cceupied
by the peripheral support frame 11( can be minimized. In many circamstances, there are
a himited number of vessels that provide suitable access for vasenlature intervention

procedures. Access is especially linuted for patients having vessels suffering from
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stenosis or caletfication. Accordingly, in some instances, 1t may be desirable to reduce
the amount of additional vessel obstruction by nuninuzing the conmponents of the VCD
1406 that may remain within the vessel or otherwise inhibit subsequent access. which may
inchude the peripheral support frame 11

According to some embodiments, the sealing membrane 103 is biodegradable.
Thus, after time, af least the sealing membrane 105 will degrade and will not usaif
obstruct vessel access. According another embodisment, the sealing membrane 103,
whether biodegradable or not, is sufficiently thin or composed of matenal weak enough
te not substantially iterfere with vessel re-accessing. For example. in some
embodiments, the sealing membrane 103 can be partiaily, or completely, fabricated from
a biodegradable matenial, such as, but not linuted to, modified cellulose, collagen, fibrin,
fibrinogen, elastin, tssue, biological membrane {e.g.. pencardium, elc.), or other
connective proteins or natural materials; polymers or copolymers, such as, but not
limited to, aliphatic polyester (2.i., polv-L-lactide (PLLA}, poly-D-lactide (PDLAY,
pobvetvenlide (PGAY, poly(glveohie-co-lactic acid) (PLGA), polvdioxanone (PDS),
polveaprolactone {PCL), poly{glvcolide~-co-trimethylene carbonate) (PGA-TMC),
polygiuconate, polviactic actd-polyethylene oxide copolymers, poly(hvdroxybutyrate),
polvanhvdride, polyphosphoester, polv(amino acids), poly(alpha-bvdroxy acid), or any
other sumilar copolymers: magnesium of magnesium atlovs; or aluminum or aluminum
allovs; as well as any composites and combinations thereof, and combinations of other
biodegradable materials, which, afler a period of time resorb inio the body. I other
enbodiments, the sealing mentbrang 1s partially, or completely, fabricated from anv
other brocompatible material, which yoay not be completely bioabsorbable, such as, but
not limited to, expanded polvtetrafinoroethvlene (ePTFE), polvethviene, polypropylene,
polvester, polvurethane, silicone, Dacron, urethane, polvarvietherstherbetone (PEEK),
stainfess steel, titantum, nickel-titanium, cobalt, nickel-chromuum, gold, platinmuem, andior
any compostte, alloy, or combination of these or other switable materials. Itis
appreciated that in some embodiments, the sealing membrane may be fabricated from a
combination of one or more hodegradable matertals and non-absorbable materials,

Moreover, according to some embodiments, the sealing membrane 103 mav be
formed as a continuous matenial, while, in other embodiments, the sealing membrane 1035

may be formed i & woven or mesh configuration. A woven or mesh configuration
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facilitates forming a barrier {o blood leakage by sealing as thrombus or other body
material or cells attached to the woven or mesh sealing membrane 105, Sinularly, the
sealing membrane 103 may melude holes, perforation, or partial perforation, at feast at or
near the area designed to be posttioned at or near the punclure site. In some
embodiments. holes may be provided only at a portion of the sealing membrane 105,
though, in other embodiments, as much gs 60% or more of the sealing mermbrane 103
may include holes or perforation.  The holes or perlorations may be formed i any
suitable size, such as baving a diameter ranging from approximately €.03 mm lo
approximately 2 mm in one embodiment; though, holes or perforations may have other
dimensions in other embodunents, Holes or perforations serve to promote cell growth
over the sealing membrane 103 and the sealing membrane’s 103 mtagration {o the vessel.
Moregover, a perforated sealing membrane 105 also reduces the total amoant of foreign
matter {e.g., the sealing membrane 105) implanted within the patient, and thus promotes
membrane degradation. According to some embodiments, sealing membrane 1035
materials are chosen to exhibit one or more of the following rasts: 1o avond
inflammation or toxic response when implanted, 1o have acceptable shelf life, 1o control
degradation rate il brodegradable, to metabolize if biodegradable, andfor to be easily
sterilized.

In some emboduments, the peripheral support frame 110 can also be fabricated at
least partially from biodegradable materials, such as, bot not himited Lo, those desceribed
above. According to one embodiment, the penpheral support frame 110 may be
fabricated from materials such ag, but not imited (o, aliphatic polvester (e g.. poly-L-
lactide (PLLA), poly-D-lactide (PDLA), polyglveolide (PGA), polv(glycolic-co-lactic
acid) (PLGA)), polvdioxanone (PDS). polveaprolacione (PCL), poby(glveolide-co-
trimethviene carbonate) (PGA-TMC), polvgluconate, polvlactic acid-polvethviene oxide
copolvimers, polvihydroxybutvrate), polvanhydride, polvphosphoester, poly{aming
acids), polv{alpha-hivdroxy acid), or any other sinular copolymers; magnesium or
magnesiem allovs: or aluminum or aluminum alloys; as well as any composiies or
combinations thereof, or combinations of other lodegradable materials, which, afler a
period of time resorb mto the body. However, in other embodiments, the peripheral
support frame 110715 at least partially fabricated from non-absorbable materials,

including, but not limited to, mickel-ttanium alloy (Nitinol), stainfess steel, tianiuny,
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cobalt-based altoy, chromiwm alloys, gold, platinum, tantalum. a biocompatible polymer,
such as a shape memory polymer. or any combination thereol. Thus, for embodiments in
which the peripheral support frame 118 is fabricated from non-absorbable materials, it
may be desirable to mnimiee the size and space occupied by the frame, such as i3
accomplished by 13 orentation around the peniphery of the sealing membrane 103,
Moreover, as described above, nwany of the aforementioned materials or combinations
thereof exhibit elastic, super-glastic, and/or shape memory characteristics that can
beneficially be formed inte a desired shape o peromt self~expansion of the VCD 100 to a
stable natural state from a Qexed or otherwise altered state durning inplantation and to
improve securement of the VUD 100 within a vessel.

The cross-member support 113 extending between opposite sides of the
peripheral support frame 110 serves at least two functions. First, the crogs-member
support 115 supports the sealing membrane 103 at or near is center to avord sagging
where it will be in contact with a vessel puncture site, thus improving the seal created
therebetween. Second, the cross-member support 113 may include an attachment means
203 for attaching an anchoring tab andéor pull string to the VCD 100, such as is
described with reference to FIG. 1. The attachment means 203 may include, but is not
limitad to. an aperture, a hook, an eve. a post. a tab. adhesive, heat welding, laser
welding, mechanical atiachment, and the like. For example, 1 one embodiment, an
anchoring tab and/or pull string is releasably affixed to the attachusent means 205 prior
to implantation {e.¢.. dunng manelactunng or prior to delivery). In other embodiments.
the anchoring tab and/or pull string may be more permanently affixad to the sealing
membrane 105 and/or the cross-member support 115, such as i the anchonng tab is
formed from excess sealing mambrane material, for example. Additional details
regarding anchoring tab andfor pull stting configurations are described below. For
example, FIG. 3A llustrates a VD 100 in a collapsed configuration for delivery.

In one embodiment; the cross-mernber support 11515 fabricated from a material
having additional strength and/or nigidity relative to the rest of the pernipheral support
frame 110, such as is described with reference 1o straight edge portion of FIG. 4A.
Providing addittonal rigidity to the cross-member suppost 113 increases the stiffess of
the VCD 100 along the longitudingl axis and its center, which will further lacililate

maintaimng the desired shape when in collapsed configuration, as is described with
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reference to FIG. 3A. Rigidily of the cross~-member support 113 may be enbanced in any
aumber of ways, including, but not hinnted 1o, increasing the cross-sectional profiles of
the cross-member support 113 relative to the rest of the peripheral support frame 118,
forming the cross-member support 113 from a more nigid frame matenal, reinforcing the
cross-merber support 115 with a more rigid frame matenial, or any combination thereol.

According to one embodiment, the cross-member support 113 18 fabricated from
a biodegradable polvmer, a biodegradable metal or metal allov, any other biodegradable
matertal, 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 afler
its degradation. Because the cross-member support 1135, in this enabodiment, will span
across or be located proxumale the punciure site, bamg 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 frante 110 at or near the same position as shown in
FIG. 2, which may be biodegradable or non-biodegradable. In other emboduments, a
VD 100 may include a cross-member support 113 fabricated at feast partally from a
non-absorbable material. In vet other embodiments, a VOD 100 may not include the
crogs-member support 115, and/or may not include an anchoring tab 126 or pull string,
as descnibed above.

According to one embodiment, a VCD 100 having some or all components
fabricated from biodegradable matenials, 18 manufactured in a manner to resultin a
predictable degradation rate. For example, in one embodimeant, biodegradable
components are fabricated from a material having at feast 1 day degradation time, and
can be up to at least 720 davs. For example, i one embodiment, the degradation time
may be between approximately 26 davs and approximately 128 davs. These degradation
rates are Hlustralive purposes only and are nol intended 10 be hmiting. In other
embodiments, the degradation ime may be greater than or less than these ranges ag
desired, which may depend upon the implantation site and/or procedure being performed.
Moreover, in some embodintents, different components of a VCD 1N can degrade at
different rates, such as a VCD 100 having a sealing membrane 103 that degrades al a

quicker rate than the peripheral support frame 110 andfor the cross-member support 1A
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I addition. the maleriat from which the VCD 100 components are fabricated
should be stable over a wide range of temperatures to gvoid degradation or defects
during manufacturing, sterthization, and storing. Example temperature ranges over which
YVOD 100 components should be stable may range from approximately -20°C to
approximately 63°C, or, in some embodiments, from approximately -10°C to
approximately 453°C. Tt 1s gppreciated that, according 1o some embodiments, VCD 100
components may be stable at temperatuses above and below this range. Example
matertals which exhibit desirable qualities for manufacturing biodegradable VOD 100
components mclude. but are not hinuted to, the Resomer® products manufactured by
Boheringer Ingetheim GmbH, of Ingetheim am Rhetn, Gemzany, which are based on
lactic acid and ghveolic acids.

In other embodiments, the VOD 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, asvnunetrical. elliptical, rectangular, thombus, triangular, pentagonal.
hexagonal, or any other polveonal shape. In embodiments having a sealing membrane
103 configured in a dilferent shape than that iflustrated in FIG. 2, one or more portions
of the peripheral support frame 110 may be formed from a matenial having additsonal
strength and/or rigidity relative to the rest of the peripheral support frame 110, which s
tHustrated by a portion 220 along one end of the peripheral support frame, which may
serve to contain the VOD 100 in the desired collapsed shape during delivery and/or to
avoid flaring of the edges or at least a portion of the edges of the sealing membrane 103
durtng delivery andfor upon implantation.  Other representative VD shapes are
described with reference to FIGS. 4A-3G,

in the embodiment shown in FIG. 2, the sealing membrane 105 completely
covers the peripheral support frame 118 However, in other embodiments, the sealing
membrang 103 may only partially cover the peripheral support frame 116, such ag if the
sealing membrane 103 extends from the peripheral support frame 110 at or near the
center of the VUD 100 and, thus, to allow covering a puncture site within a vessel upon
implantation, white the peripheral support frame 110 may extend bevond the sealing
membrane 103 along one or more of the edges of the VUD 100, The sealing membrane

103 may be coupled to the peripheral support frame 110 al one or more points along the
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frame and/or the cross-imember support 113 by any suitable manufacturing method, such
as described in more detail herein,

To provide the desired hemostasis, the dimensions of the sealing membrane {03
are at least as farge as or farger than the puncture site according Lo one embodiment, such
as is iHustrated by FIG. 1. The sealing membrane may be larger than the puncture site.
However, in other embodinents, the dimensions of the sealing membrane 105 are
smatler than that of the punclure site. For example, the sealing membrane 193 may be
approxtmately 10% smaller, or even as much as 50% smaller, than the puncture site,
which can still be effective because the hole at the punciure site tends to reduce i size
after a delivery sheath or other delivery system is removed from the puneture site.
According 1o various embodiments, the thickness of the sealing membrane 103 is
between approximately 3 microns and approximately 300 microns, between
approximately 10 microns and approximately 200 microns. or between approximately 30
microns and approximately 130 microns. The thickness of the sealing membrane {03
may be determined at least in parl by the method of manufacture, as describved heran,
Moreover, the thickuess of the sealing membrane 105 (and optionally the povosity of the
sealing membrane 105} may umpact. and thus be adjusted to control. the degradation rate.

The sealing membrane 105 may be formed in any number of configurations,
including, but not linuwtled to, a woven membrane, a non-woven membrane, a mesh, a
film a gel, a single membrane, a multdaver membrane, or any combination thereof. The
sealing membrane 105 may be constructed according o any number of techniques,
including, bul not imited to, extrusion, solution deposition, coating, molding,
electrospinning, weaving, or any other suitable method for manufacturing polymeric
sheets, textiles, or membranes.

According to one embodiment, the sealing membwane 103 18 produced either by
weaving, air spinning, or slectrospinning, which uses an electrical charge to draw fibers
from a liquid form. Weaving, air spinning, and electrogpinning allow controlling the
density, the surface area topography, and the flexibility of the sealing membrane 103, As
a result, increased control is provided over the sealing membrane’s 103 degradation rate,
whereby a larger effective surface area resulls in faster degradation. Controlling
membrane flexibility allows controlling the ability of the sealing membrane 105 to roll ox

fold into the collapsed configuration during delivery, while also avoiding significant
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wrinkles or creases, which may otherwise oceur with extruded membranes. Moreover, a
segling membrane 105 with reduced densuty, such as may be accomplished by weaving
or electrospinning, increases the compressibility of the sealing mentbrane 163, which
improves the ability of the sealing membrane 103 to adjust to vascular inner wall
topography {e.g.. surface roughness thal may occur from calaification. ete.) and improves
1ts sealing capabilities,

The sealing membrang 1935 may be a single material or it may be a composite
matertal. The single or composile material may be porous, non-porous, ov a combination
thereof.

According to various embodiments, the sealing membrane 103 may have
substantially uniform propertigs throughout, or the sealing membrane 103 may extubit
varied properties, such as including maltiple tavers of different materials andfor
including layers having different densities or porosities. For example, according to one
embodiment i which the sealing mentbrane 103 18 formed from multiple lavers, the
sealing membrane 103 1s constructed from at least a {irst porous matenial forming a first
layver and a second layer formed from a less porous and, thus, smoother material. The
first fayer may be the same matenial as the second laver but fabricated in a different
manner to generate different porosities, or the first and second lavers may be formed
from dufferent matertals. In one example, a VCD 100 with a sealing membrane 103
having a more porous surface facing wnward toward the vessel lumen relative to the
surface facing ountward toward the vessel’s iner wall allows faster degradation of the
sealing membrane 105 on its mner surface facing the vessel interior. in another
ermmbodiment, however, a less porous laver may face outward toward the vessel wall,
providing the smoother surface in contact with bloed {(lowing through the vessel.
Weaving and electrogpinning, for example, may be used to create various combinations
of densities, porosilies, and swrface area properties, which may differ from the
representative examples described herein.

The sealing membrane 103 may be integrated with or otherwise coupled to the
peripheral support frame 110 at one or more points along the peripheral support {rame
110 andfor the cross-merber support 113 using any number of suitable techniques,
including, but not limited to, adhesive, solvent adhesion, heat welding, laser welding,

witrasonic welding, mechanical attachment, lavered integration, or any combination
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thereof. The techmque chosen to couple the sealing membrane 105 (o the peripheral
support frame 110 may depend 1n part on the manufacturing technique utitized to
{abricate the sealing membrane 103 and/or the peripheral support frame 1

According to one embodimeant, the peripheral support frame 110 mav be
sandwiched between two membrane lavers forming the sealing membrane 103 and
securing the peripheral support frame 110 in position therebetween. For example, in one
lechnigue, a first membrane laver 1s formed over a mandrel, which provides the same, or
slightly larger, radios of curvature (and, thus, relatively flatter) as the vessel into which
the VCD 100 15 intended 1o be implanted.  After forming the fivst membrane layer of the
mandrel, the peripheral support frame 110 1s placed over the first membrane laver. In
one embodument, at this step the peripheral suppost frame 114 is treated into s natural
stable slate around the mandrel, such as if the peripheral support frame 110 1s fabnicated
from a shape memory metal, metal allov, or polymer. Though, in other embodiments
utilizing shape memory matals, metal allovs, or polvmers, the peripheral support frame
110 can be treated to s natural stable state at another stage of manufacturing (e.g.,
before or after), or the peripheral support frame 110 may not be labricated from shape
memory metals, metal allovs, or polvimers at alt.

According to one embodiment, the support frame {10 is manufactured from a
shape memory allov, such as nuckel-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~section} by crimping, brazing, welding, and the hike.
Nickel-titantum allov may be cut by a laser, chemical etching, eleciro-erosion, or any
combination thereot. Alfler cutting and/or otherwise forming the support frame 110 into
its desired dimension, the support frame 110 s pre-shaped to its desired natural stable
shape (e.g., its super-glastic state, etc.}, such as by thermal tregiment, as is known in the
art for shape memory materials. Pre-shaping may be parformed on the mandrel, or
separately. According Lo some embodiments, the support frame 110 surface is further
treated, such as, but not limited to. removing oxides, simoothing, electropolishing,
passivating 10 mprove corrosion resistance, and/or increasing surface roughness to
improve adheston to a sealing membrane 103, The aforementioned example of forming

a support frame 110 1s Hustrative and 1$ not intended to be linnting,
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Alter applving the penipheral support frame 110 (o the mandrel over the first
membrane laver, a second membrane layer may be formed over the peripheral support
frame 110 and the sealing membrane 103, Accordingly, by fusing or otherwise affixing
the two membrane lavers with the penpheral support frame 110 sandwiched
therebetween, the seahing membrane 105 and the peripheral support frame 110 become
an integrated component. Sinular techungques may be used in embodiments including a
cross-member support 113 or any other support frame structure. Other suitable
techniques for coupling a sealing membrane to a support frame can be performed, such
as techniques sinwlar to those used for the design and manufacturing of coverad stents or
stent gratis.

In one ambodiment, the sealing membrane 103 and/or the peripheral support
frame 110 may be coated, tmpregnated. covered, andfor 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 chemucal conmponents
include, but are not limited Lo, hamostatic agents, drugs, ological agents, viruses, calls,
or any other material that may miluence or control biclogical processes. For example,
one or more chenucal components can be utilized to promote the healing of the blood
vessel andfor the puncture site; 1o control, reduce, or nutigate cell proliferation, such as is
similar to that utilized by a drug eluting stent; to control, reduce, or mutigate blood
coagulation {e.g., by releasing heparin, ele. ); to enhance blood coagudation (e.g., by
releasing thrombin, ete.); and/or 1o reduce the nsk of mfection by releasing antibictics or
other medicinal substances. Chemical components may be applied 1o the peripheral
support frame 110, to the sealing membrane 103, andfor to the anchor tab 120 or pull
string by at feast partially coating its surface. In other embodiments, the chemical
componenis may be coupled, either mechanically or chemucally, to at least one of the
materials forming the pecipheral support frame 110 and/or the sealing membrane 103, or
may be nuxed into the sealing membrane 103 during its manufacturing. According to
one embodiment, one or more chemical components are released upon the absorption,
degradation, or erosion of one or more componenis of the VLD 100,

According o vantous embodiments, the lotal length of the VOB 100, from one
edge of the sealing membrane 103 to an opposile edge along the tongitudinal axis, may

range between approximately 4 mm to approximately 50 mm, and in one embodiment,



WO 2011/046932 PCT/US2010/052322

10

o
L

19

between approximately § nun and approsinately 25 mun. According o various
gmbodiments, the digmeter of the VCD 100 in a collapsed state, such as s illustrated by
and described with reference to FIG. 3A, 1s at least less than approximately 9 mm, which
would be compatible with a 27 Fr miroducer sheath, less than approximately 7 mm,
which would be compatible with a 21 Fr imtroducer sheath, or even less than
approximately 6 mm, which would be compatible with g 18 Fr introducer sheath. In vet
other smbodiments, the diamater 1s less than approximately 4 mm, which would be
compatible with a 12 Frintroducer sheath, or even less than approximately 3 nun, which
would be compatible with a 9 Fr mntroducer sheath. In vet another embodnment, the VCD
1K), when in a collapsed state, 13 compatible with, and can be deploved by, anvwhere
between a 4 Fr to a 8 Fr introducer sheath. The aforementioned dimensions are
lustrative and are not intended fo be limiung. o other embodiments, the VOD 1001
collapsed or in expanded configurations may be larger than or smaller than the
representative examples described herein,

The aforementionad materials, manufacturing techaigues, and charactenstics of
the VCD 100 and individual components nuay likewise apply (o any other VCD
ambodiment described hevein.

FIG. 3A illustrates one embodiment of VD 184, similar 1o that illustrated in and
described with reference to FIG. 2, in a collapsed configuration for deliverv. The VCD
166 can be delivered ntilizing a delivery svstem, such as those deseribed with reference
to FIGS. 6~10P. mitially inserted and delivered in a collapsed configuration as iHustrated
in FiG. 3A. Here, VCD 160 is rolled into a collapsed or rolied configuration tw rofling
the device along the longitudinal axis. The cross-member support 115 may further serve
te ncrease the longitudinal ngidity and stabiity of the VD 100 when in a rolled
configuration. Withowt the rigidity provided by the peripheral support frame 110 and/or
the cross-member support 113, a containment mechanism, such as is described below,
positioned al or near the center of the VUD 100 mayv cause the edges to flare and/or the
sealing membrane 103 to wninkle. Though, as described heremn, in other embodiments,
the VCD 1060 does not include a rigid cross-mentber support 115, and may optionally
inctade a non-ngid member cross~-member sapport 115 instead, such as a biodegradable
or non~degradable wire. Flaring or wrinkling may thus be reduced by rolling the VCD

108 into a collapsed state.
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Also shown with the VOD 100 15 8 containment mechanism 303 embodied as one
or more strings, wires, ribbons, bands, or cords encircling the VCD 100 to releasably
retain the VOD 100 in g coliapsed configuration. Upon releasing the containment
mechanism 305 after suitable positioning within 8 vessel, the VCD 100 expands to us
expanded configuration.  As shown in the embeodiment of FIG. 3A, the containment
mechanisin 305 15 configured as a thread or other looped member encircling and
compressing the VD 100, such as by using a ship knot, lanvard, or other releasable
securing means to selectively release the contmnment mechanism 3035 from around the
VD 100, The containment machanism 303 further includes at least one end extending
from the VCD 100 {and optionally into a delivery svsteny, as described herein) to allow
operation and release of the containment mechanism 303 by an operator. In another
embodiment, a contmnment mechanism includes one or more removable pins, one or
more relegsable wire loops, one or more releasable straps, relegsable mesh, or another
similar releasable mechamsm for restraining the VCD 100 that can be released by an
operator. In stil another embodiment, a thin restraining tube with a fip cord is
asserbled over the compressed VOD 100, wherebv the nip cord causes the restraining
tube to tear or otherwise separate when pulled, releasing the compressed VOD 100, The
conlainment mecharisin 363 can also be used for positioning the VCD 100 into s final
posttion across the vessel puncture.

FIG. 3B illusirates another embodiment of a containment mechanism for a VCD
100, 1n this embodiment, the containment mechanism includes a looped wire 315
formed into alternating series of loops 317, 319, The series of alternating foops 317, 319
are oniented such that a lirst loop 317 is positioned on one side of the VCD 100 when
rolled and the second loop 319, adjacent to the fivst foop 317, passes under and s
positionad on the opposite side of the VD 100, Any muwmber of adjacent loops may be
formed, which create a cradle surrounding the VCD 100 and retaining it in a collapsed
configuration. FI1G. 3C illustrates the looped wire 315 and its alternating series of loops
317, 319 without the VO 100 for additional clarity. The looped wire 315 15 ilinstrated
with arrows showing the path of the loops 317, 319 as they would traverse along the
length of a VCD positioned therebetween. In one embodiment, each end of the looped

wire 315 passes from a delivery svstem over a collapsed VOD 100 on the same side of
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the VOD 14, such that when released. the looped wire 313 does not restrain expansion
of the VCD 100 and 15 retrievable by the delivery system or other means.

With reference to FIG. 3B, the conlainment mechanism further includes a pull
means 320 aitached at some point along a release wire 323 between a first side 323a and
a second stde 323 of the release wire 323, The pull means 320 can be a wire, a stning, a
thread. a rod, or anv other member securable {0 the release wire 325, The release wire
323 15 threaded between the apex of each of the alternating series of loops 317, 319,
securing the looped wire 315 around a collapsed VD 100, Accordingly, when tension
is placed on both sides 328a, 325h of the release wire 325, the altemating series of loops
317. 319 are pulled tant against the collapsed VOB 100, nwaintaining it in a tight,
collapsed configuration during delivery, When either or both sides 323a, 323b of the
release wire 323 are released, tension on the alternating series of loops 317, 319145
relieved, and the VCD 100 begins 1o expand. The pull means 320 when pulled retrieves
the release wire 323 and completely releases the allernating series of loops 317, 319 of
the looped wire 313, In one embodiment, the looped wire 313 13 retrisvable aftar
releasing the VOD 100,

FIG. 30 sflustrates another embodiment of a contatment mechanism for a VCD
1) According o this embodiment, the contaiument mechanism includes a loop retainer
support 330 adaptled 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 duning delivery of the VOD 100, which
operates to relegse the looped end 339 from the retainer pen and, thus, fresing the loop
335 from around the VOD 100, As shown, when in secured configuration, the foop 333
15 positioned around and maintains the VOD 100 1 collapsed (e.g., rolled} configuration.
The secured end 337 of the loop 335 is secured by any suitable means to the loop retaner
support 330, while the looped end 339 of the loop 333 is releasably threaded over the
retaier pin 340, The retainer pin 340 may be moveably secured 1o the loop retainer
support 330 by anv suitable means, such as, but not Himited to, extending through one or
more passages {shown in FIG. 3D), strapped thereto, passing through a channel, and the

like, and extend proximally through a channel of the selected delivery device.
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It operation. the containment means refeases the VCD 100 from its collapsed
position by pulling the loop retainer pin 340 in the proximal direction. Anv suitable
actuating mechanism may be included with the chosen delivery device o allow pulling
the loop retainer pin 3440 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 and allowed 1o
expand to its stable expanded configuration. Because the loop 335 remains secured 1o
the loop retaner support 330 al its secured end 337, the loop 333 can be removed from
the vessel by removing the loop retainer support 330 and/or the delivery device utilized.

According o one embodiment, the loop retainer support 330 1s formed from a
flexible film having a thickness between approximately 8.05mm and approximately 3
mm, or between approximately & Tmm and approxamately 4.5 mm in other embodiments,
for example. The width of the loop retamner support 330 may be between approxinualely
1 nun and approximately 5 mm i one embodiment. or between approximately 2num and
approximately dmm in other embodiments, for example. The loop retainer support 330
may be made from any lexible materials, such as, but not listed to, a polvimer (e g..
polvtetraliuoroethy tene or other fluoropolyimer, polyethylene, polyurethane, polyamide.
polvinude, PEEK, or any other suitable polvmer), or a metal {e.g., Nitinol, stamnless steel,
cobalt allevs, 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 nigid member andfor one formed from different suitable matenials, such as any
other biccompatible material described heremn.

According 1o various embodiments, the loop retainer pin 340 may have a cross-
sectional diameter ranging between approximately 0.02 nun and approximately 3 mn, or
between approximately 0.05 pum and approximately 0.5 mm in other embodiments. As
described, in one entbodiment, the 1oop retainer pin 340 extends through the delivery
device and 15 connected {0 an actuation mechamsm for actuation by an operator, such as,
but not limited to. a slider. 8 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 36 mm, or betwean approximately 4 mm and
approximately 13 mum in other embodiments, and s connected to an actuating

mechanism by an intermediary member, such as a string or wire. According to various
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embodiments, the loop retainer pin 340 s formed from a polymer (g.g..
polvtetrafivoroethyliene or other fluoropolymer, polvethyiene, polyurethane, polvamide,
polvinude, PEEK, or any other suitable polymer), or a metal {e.g., Nitinol, stainless steel,
cobalt allovs, or any other sitlable metal), or any combination thereof. Although not
shown, the VOD 100 may further include an anchoring tab 120 andior pull string, such as
is Hiustrated m FIG. 3A, 1o allow postiioning the VCD 100 after released from the loop
333 The containment mechanisms described with reference o FIGS. 3A-3D are
provided for sliustrative purposes only. Any other sutlable means 1o releasably vetain a
VD m g collapsed conliguration mav be provided. For example. with reference to FIG.
3B, mstead of alternating toops. the looped wire 315 mav be formed as a spiral around a
collapsed VCD along 1ts length and be complelely released by pulling one end. As
another example, instead of a looped wive 315, a releasable mesh or tubular member may
surrcund at least a portion of the VD, such that the mesh or tubular member may be
opened or otherwise split to free the VOD therefrom. Additional containmeryt
mechanisms are also tHustrated by and describad with reference to the various
embodiments of delivery devices desceribed with reference to FIGS. 6-10P,

FIGS. 4A-4J thustrate additional configurations of a VCI each having different
shaped sealing membranes and/or support frames.  Although the shape andfor
configuration of the VCDs of these embodiments differ al least in part from that
deseribed with reference to FIGS. 1-2, cach may be formed in the same or sinular
manner and mayv be collapsed in a rolled configuration for delivery in the same or similar
manner,

FIG. 4A illustrates a VCD 402, according 1o one embodiment, that includes a
segling membrane 403 that is asymmetrical with respect to at least one axis ~ the
longitudinal axis. In the embodiment tlustrated in FIG. 4A, the sealing mermbrane 403 s
shaped with one side having an arcuate edge 414 and the opposite side having a
substantially straight edge 412, The penpheral support frame 410 generally follows the
same or sinilar shape of the sealing membrane 403 ocuter edges, formed in an arcuate
shape on one side and a substantially straight shape on the opposite side.

One purpose served by the arcuate edge 414 and opposing straight edge 412 18 to
prevent flaring of the edges of the sealing membrane 405, such as may ocour during

delivery when in a collapsed configuration or afler implantation. The arcuate edge 414
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reduces the surface area of the sealsig membrane 403 on at least one side. nunimizng
the additional drag created by fluid Howing thereover during tmplantation. In addition,
the peripheral support frame 410 along the straight edge 412 may be stiffer and thus
more rigid than the suppost frame along the arcuale 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 ngidity.
Strength and nigidity of the peripheral support frame 410 may be enhanced along the
straight edge 412 in any namber of wayvs, including, but not hinvted 1o, increasing the
cross-sectional profile of the frame along the straight edge 412 relative 1o the rest of the
peripheral support frame 410, formung the peripheral support frame 410 along the
straight edge 412 from a more rigid frame matarial, remforcing the pevipheral support
frame 410 along the strasght edge 412 with a more nigid frame matenal, or any
combination thereof

In addition, providing a stiffer peripheral support frame 410 along the straight
edee 412 also serves o reduce flaning when i a collapsed configuration, as shown above
in FIG. 34, because the arcuale edge 414 1< rolied undemeath and contained by the
straight edge 412, Thus, the more rnigid peripberal support frame 410 along the straight
adge 412 prevents flaring of the other sealing membrane 403 edges when rollad
underneath. The portion of the peripheral support frame 410 along the straight edge 412
15 chosen as having increased rigadity and strength because the straight shape stifl alfows
roiling the relatively less rigid, more flexible portions of the penpheral support frame
410, Otherwise, 1 the arcuate portion of the peripheral support frame 416 is formed with
inereased ngidity, then the ability to effectively roll at least the arcuate half of the VCD
402 into a collapsed conliguration 1s inlubited due to the more nigid arcuate portion.
Moreover, strengthening the peripheral support frame 410 along the straight edge 412
provides a larger area having increased sigidity and support covering the remaining
portion of the VCD 402 rolled thereunder.

FIG. 4B sllustrates another embodiment of a VUD 422 having an asvnumetrical
shape, which is slightly different than the asvmmetrical shape of the VCD 100 shown in
FIG. 2. According to this embodiment, the VOB 422 includes a sealing membrane 423
and a peripheral support frame 430 that are both formed o have a substantially strarght

edge 424 and an opposite arcuate edge 426, Like the VO 100 described with reference
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to FIG. 1, the asynumetrical shape and straight edge 424 faciliate maintaining the VCD
422 i 15 volled 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 penpheral support frame 430 mav welude a more rigid
area for increasing the vigidity and support of the penipheral support frame 430, In this
embodiment, a strengthened area 428 15 oriented at or near the apex of the arcuate edge
426 and opposiie the straight edge 424, Only a portion of the peripheral support frame
430 along the arcuate edge 426 inchudes a strengthened area 428 1o still permit rolling the
peripheral support frame 430 glong the longitudinal axis,

FIG. 4C illustrates a VCD 442 having an elliptical shaped sealing membrane 445,
According to this embodiment, the VOD 442 also includes a peripheral support frame
450 that generally follows the eltiptical shape of the sealing membrane 445 at ov near s
outer edge. bui also includes at least two apertures or eves 444 extending therefrom that
facilitate containing the VD 442 in tts collapsed configuration. For example, the VCD
442 Hustrated i FIG. 4C inclades four eves 444a, 444b, 444c¢, 4444 thal extend from
opposite portions of the sealing membraue 445 and/or the peripheral support frame 450,
When in a collapsed configuration and rolled along the longtiudinal axis, opposing pairs
of eves dd4a, 444b and ddde, 444d align for receiving a containment mechanism through
the eves o releasably hold the VOB 442 in its rolled collapsed configuration. For
example, according Lo one embodiment, a first release pin can be releasably inserted
through the eves d4d4da. 444b and a second release pin can be releasably mserted through
the eves ddde, 444d when the VOD 442 15 rofled, which will serve to retain the VCD 442
in its rolled configuration. During dehivery, each refease pin 18 removed (o allow the
VD 442 to expand to its expanded conliguration under the force of the peripheral
support frame 430 expanding 1o 1s natural stable shape.

In other embodiments, instead of a release pin, one or more wires, cords, or string
mernbers are provided, such ag the containment mechanisni 303 desenibed with reference
to FIG. 3A. or anv other member which may be releasably inserted through opposing
pairs of eves 444, Morzover, a VCD 442 containing one or more pairs of apertures or
eves 444 can be formed in any other shape, such as any of the VCDs described herein or
any other suitable shape as desired. Similaddy, the one or more pars of eyves 444 can be

incorporated into any other VO described herein as desired. In another embodiment,
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the eves 444 are formed through a portion of the sealing membrane 4435 mstead of, or in
addition to, being formed by a portion of the penipheral support frame 450,

In addution, the VCD 442 in this embodiment includes two cross-member
supports 433, 457, similar to the cross-member support 118 shown in FIG. 2, spaced
apart and positioned between opposite sides of the peripheral support frame 450, Having
two more rigid cross~-member supports 435, 457 provides additional longitudingl support
across the sealing membrane 443 when in a rolled and expanded configuration.

Moreover, according to this embodiment, a first cross-member support 455 1s
ortented at or near the latitudinal center of the sealing membrane 445, while a second
cross-member support 457 s oriented off-center from the latitudinal center. Having the
second cross-member supporl 437 onented off-center provides additional support and
rigidity to the sealing membrane 445 and further prevents the supporl frame 430 and/or
sealing membrane 445 edges from flaring or otherwise undesirably deforming when ina
rotled or collapsed configuration. Anv of the VUD embodiments described herein may
optionally include more than one cross-member support, any of which may be centered
or off-center. Simularly, the attachment means 203 may be ortented off-center along the
longitudimal axis o allow for more effective centering of the VCD 100 along the
longitudinal axis.

FIG. 4D dlustrates a VCD 462 incorporating a different stiffenung and sapport
means. Here, the VOD 462 includes 8 penpheral support frame 470 and at feast one
support wire 475 threaded through multiple eves 467 formed along the periphery of the
VD 462 on opposite sides. The eves 467 may be formed through the peripheral support
frame 470 and/or through the sealing mersbrane 465, both of which are formed and
configured m the same or similar manner as described with relerence 1o other
embodiments herein. The support wire 475 provides additional support across the
sealing membrane 463 between the peripheral support frame 470, In the ilustrated
embodiment, the support wire 475 s threaded through the eves 467 i a back-and-forth
configuration, nwuch like facing the two opposite sides of the VUD 462, The suppont
wire 473 mayv be formed from any suitable biocompatible, metal. metal alloy, polviner,
or any other suitable material, such as described above with reference to FIG. 20 The
supportl wire 473 mav be complately biodegradable, partially biodegradable, or not

degradable, absorbable. or erodable, according to various embodiments. The support
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wire 473 may be loose and separate from the sealing membrane 465, or may be law
and‘or alfixed to the sealing membrane 4635, either on the underneath side of the sealing
mentbrane 463 facing inward loward the vessel intertor or on the upper side of the
sealing membrane 463 facing toward the vessel wall. Otherwise, similar lo the
fabrication technigues 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 ag being sandwiched between two membrane favers. The support wire 473 and
eves 467 may be adapted for use with any VOD embodiment described herem.

FIG. 4E illustrates a stmilar VOD 482, which mcludes multiple support wires
492, According to this embodinient, each support wire 492 is separatelv threaded
through a pair of opposile eves 467 or othenwise secured 1o the peripheral support frame
49¢ Taterally. Having multiple support wires 492 spaced apart and positioned in a
substantially lateral orientation improves the ability to roll the VUD 482 into a collapsed
configuration along the longiiudinal axis, while sull providing additional sapport for the
sealing membrane 485 stratched between the peripheral support framea 490,

FIGS. 4F-4H ilustrate another embodiment of a VOD 494 that includes a cirealar
or elliptical sealing membrane 498 coupled to a crcular or elliptical peripheral support
frame 496, FIG. 4F Hlustrates an assembled VCD 494 having the sealing membrane 498
attached to the peripheral support frame 496, FIGS. 4G and 4H separately iHustrate the
sealing membrane 498 and the peripheral support frame 496, respectively. According to
this embodiment, the sealing membrane 498 is coupled to the peripheral support frame
496 at one or more locations along 1ts periphery,

As described herein, 1t is advantageous for the sealing membrane to conform to
the inner vessel shape and to cover the vessel puncture stie to facilitate hemostasis,
According 1o various methods, conforming the sealing membrane to the vessel shape
mav be aided by the natural elasticity and/or delormabiiity of the sealing membrane
material, by anv excess sealing membrane matenal refative to the peripheral support
frame that allows vanability in the membrane surface shape. and/or by nuidtiple
attachment points mtermittently attaching the sealing membrane to the support frame to
allow movement of the membrane relative thereto, such as provided according lo this

embodiment.
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As shown by FIG, 4G, the sealing membrane 498 may be cut or formed with at
least two tabs 495 extending from the membrane ifs periphery. In the embodiment
shown, six tabs 493 are provided; however, any number of tabs may be provided i other
embodiments. The tabs 493 are configured {0 encircle or otherwise atiach to a respective
portion of the support frame 496, For example, each tab 495 is conligured to foop
around (or at least partially around} the support frame 496, such as by a loop member or
a hook member. According to one embodiment, sach tab 493 s integral with the sealing
membrane 498, and not separately attached to the sealing membrane 498, However, in
other embodiments. the sealing membrane 498 mav first be formed and then each tab
493 separately attached thereto.

In one ambodiment, 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, posttioning the sealing membrane 498 between the inner vessel wall
and the sapport frame 496 upon implantation. In one embodiment, the tabs 493 are
folded around the top of the support frame 496 and affixed to the sealing membrane 493
bottom surface {e.g., the surface facing away from the vessel wall apon implantation).
Fixation of the tabs 495 to the sealing membrane 498 surface may be accomplished
using, but not imited to, glue, solvent, heat, wlirasonic welding, or any other means to
affix polvmer surfaces. In varous embodiments, the sealing membrane 498 can be
coupled to the support frame 496 by tabs 493 at any number of locations, such as any
number greater than two locations. For example, in various embodiments. two to twelve
labs 495 are used, or two 10 six tabs 495 are used.

According 1o one embodiment. alf 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 (o reduce the strain on the sealing
membrane 498, while also allowing the membrane 498 1o conform to the vessal 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 493 will allow continued support of the sealing mentbrane 498 by the
support frame 496 while the membrane 498 15 punctured, mininizing 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
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movement between the sealing membrane 498 and the support frame 496 may vary
between approximately 0.1 mm to approximately § mm, for example.

According to one embodiment, the sealing mermbrane 498 18 also coupled 1o the
support frame 496 near the longitudinal axis {e.g., 10 proxumuly {o the support member
493 connecting means 497, deseribed below). In one embodiment, the sealing
membrane 498 is attached to the support frame 496 only at or near the fongitudinal axis,
which allows the sealing membrane 498 10 otherwise move independently of the sapport
frame 496, subject to the radial force applied by the support frame 496 agmnst the vessel
wall. In embodiments 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 yom greater, ov even larger,
in some embodiments. In another embodiment. the sealing membrane 498 15 gttached to
the support {rame 496 at or near the longitudinal axis and at one or more other {ocations
along the support frame 496,

According 1o one embodiment. as iHustrated, the peripheral support frame 496
does not include an integrated cross-member support, such as a cross-menber support
115 described herein with respect to other embodiments. However, in one embaodiment,
such as 15 Hustrated 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 1o the support frame 496 by the connecting means 497,
According to various embodiments, the connecting means 497 may include, but are not
limited to, eves, hooks, tabs, pressure- or friction-{it slots, and the like. According to
various embodiments, the support niember 493 miay be a wire or siring formed from
pliable or nigid materials, such as, but not Hnutad to, anv polvimers (biodegradable or
not-bicdegradable), metals, allovs, or combinations thereol, as are described herein. In
other embodiments, however, a cross-member support, such as a cross~-member support
1135 deseribed with reference to FIGS 1-2, may be included with the support frame 496,
as desired.

Also, as shown i FIG. 4F, the VCD 494 may further include an anchoring tab

128 and/or pull string, which may be connected to the support frame 496, the support
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member 493, and/or a cross-member support, depending upon the VD 494
configuration. As described herein, the anchoring tab 120 and/or pull string may be
constructed from biodegradable matenals or non-biodegradable materials.

1 is appreciated that the features of a sealing membrane 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.

FIGS, 41-4) illustrate another embodiment of a VOD 481 that includes a sealing
membrane 483, a support frame 489, and a cross~-member support 487, In this
ambodiment, the support {rame 489 consists of a single member ortented approximately
perpendicular to the longttudinal axis, such that when expanding, the support frame will
expand radially or along the circumference of the vessel in which 1t is positioned. The
support frame 489 may be formed from any bodegradable or non-absorbable materials,
such as those described with reference to FIG. 2. In one embodiment, the support frame
487 15 pre-shaped 10 a desired shape and curvature utilizing a shape memory metal or
metal alloyv, such as nickel-titarmum altoy (e.g., Nitinol), a shape memosy polymer, or
any combination thereof. For example, according 1o one embodiment, support frames
489 1s pre-shaped 1o expand to a have a slightly larger radius of curvature than the radius
of curvature of the vessel into which the VCD 481 is 1o be miplanted.

The sealing membrane 483 of this embodiment 1s formed 1 a quadsilateral
geometry {e.g., square, rectangle, diamond, etc.) with two opposing comers being
oriented at respective ends of the support frame 489 and the other two opposing comers
being ortented at respective ends of the cross-mentber support 487, The quadrilateral
geometry reduces flaring or deformation of the sealing membrane 383 along s edges.
The sealing membrane 483 may be constructed of any brodegradable or non-absorbable
materials, or g combination thereof, such as those describad with reference 1o FIG. 2.

According to one embodimeant, the cross-member support 487 differs from other
cross-member supports described heremn by incloding a guide channel 484 passing
therethrough. The guide channel 484 15 sized and configured 1o allow one or more guide
wires to pass therethrough, which are used to facifitate delivery and placement of the
VD 481 using conventional guide wire techniques andfor fo preserve access tor the
guide wire after VOD deplovment. As illustrated in FIGS. 41-4J, according Lo one

embodiment, the puide channel 484 15 formed with a curve, having a point of entrv 491
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through one end and exiting the cross-member support 487 at some intermediate location
488, FIG. 41 iHustrates the cross-mamber support 487 withowt 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 ortented such that
the intermediate exit faces away from the sealing membrane 483, In another
embodiment, however, a hole 1s formed through the sealing membrane to allow a guide
wire {0 exit the guide channel 484 and pass through the sealing membrane 483, Insome
embodiments, an anchonng tab or pull string may also pass through the this same exit
point through the sealing membrane 483, 1o altow further sealing the exit point 488
formed in the sealing membrane 483, In embodiments including a curved guide channel
484, the curve may be formed graduatly, so as to facilitale passage of a mude wire
therethrongh. Moreover, in one embodiment, at least the entry 491, and optronally the
exit 488, of the guide channel 484 s formed m g conical shape or a wider shape to
facilitate inserting a guide wirg therethrough.

A gudewire mav be alilized to facithiate 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 containment means. In other
ambodiments. a gudewire may be removed after the VOD is 1n position and 118
performance 1s observed. A guidewire, thus, cases subsequent access within the vessel,
such as may be performed n the case of a VCD malfanction, failure, or other reason
calling for the removal of a delivered VUD. Upon removal of an mitial VD, a
replacement VCD mav be delivered over the gutdewire. Moreover, a guidewire further
facilitates introducing additional means to prevent andfor reduce bleeding from an un-
segled puncture, such as may be useful during replacement or repositioning of ¢ VCD
prior to sealing the puncture.

H ix appreciated that any of the VCD embodiments deseribed or ilustrated herein
may be delivered utilizing one or more guidewires 1o a same or sivmtlar manner as
described with reference to FIGS. 41-4J. In embodiments in which a support struciure
does not include a guide channel, such as the guide channel desceribed with reference to
FIGS. 41-4J, then a gudewire may be passed through an interior space defined by a VCD
in its collapsed conliguration, such that the VCD s effectively rolled over the guidewire

and the guidewire oriented along or paraliel to its fongitedinal axis. In other
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grpbodiments, a VOD may include an addibonal channel or aperture through whach a
guidewire may be passed. oventing the guidewire along or paraliel to the VCDs
longitudinal axis when in a collapsed or rolled configuration. In vet other embodiments,
a gwdewire may be positioned with and/or coupled to one or more other components of
the VCD delivery means, such as a {oop retainer suppont described and iHlustrated with
reference to FIG. 3D, for example.

According {o various embodiments, the cross-member support 487 has a length
between approximately 3 nun to approsimately 50 mm, and between approximately 4
num to approximately 20 mm in one embodiment. The thickness or width of the cross-
menber support 487 may range between approxamately 0.3 mm and approximately 3
mm, and batwesn approximately 1 mm to approxamately 2 mum i one embodiment. In
other emsbodiments, instead of 8 square or rectangular cross section as iHlustrated in FIG,
4F, the cross-member support 487 may have an approximately circular cross section, or
any other cross section profile, as desired. In addition. the guide channel 484 of a cross-
member support 487 may have an mner diameter large enough 1o accommodate guide
wires ranging from approximately 0.1 mm to approximately 1.1 mm in diameter, The
sude channel 484 may be formed larger or smaller o accommodate guide wives having
other dinensions, as desired, which may depend upon the procedure being performed
andfor the patient’s anatomy. According to various embodiments, the cross-member
support 487 may be constructed of any biodegradable or non-absorbable matenals, or a
combination thereof, such as those described wath reference to FIG. 2.

The VCD 481 of this embodiment therefore provides an advantageous
configuration by including a mited number of non-biodegradable or non-absorbable
components having a mininuzed 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
VOD 493 10 be rolled or otherwise compressed into a collapsed configuration that may
uttimately be smalier than other embodiments described heresn, and thus capable Tor
delivery through smaller punctures andfor utilizing smaller delivery systems.

It 15 appreciated that any of the features described with reference to the additional
example VCD embodiments of FIGS. 4A-4 may be incorporated with any other VCD

embodiment described and/or iHlustrated herein. Moreover, according to vanous
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grbodiments, any or all of the components of the penipheral support frame may be
fabricated {rom at least partially hiodegradable materials. such as those described by
example with reference to FIG. 2. allowing most, if not all of the VCD (o degrade over
time after implanistion. However, n other embodiments, the perigheral support frame
and/or other components of the VCD may be constructed from matentals that are not
biodegradable, such as those described with reference to FIG. 2, resulting in at least a
portion of the VD components remaining within the vessel afler implantation.
Furthermore, the general shape. orientation, andfor composition of the VODs and
components described hervein are iliustrative and are not intended to be limiting.

FIGS. 3A-3( illustrate other embodiments of a VOD, each having a different
means [or refaiming the VOCD within a vessel. FIG. 3A Hlustrates a VD 302 having a
radially expandable support frame 510 with a back-and-forth configuration {e.g.,
accordion-like) mtegrated or otherwise alfixed to a sealing membrane 305, In one
embodiment, the support frame 310 13 formed having a tubular shape, and the sealing
membrane 5035 18 also formed 1n a similarly dimensioned tubular shape, such that when
expanded, the support frame 510 expands the sealing membrane 505 radially in alt
directions within a vessel 10, When in a collapsed configuration, the support frame 510
has a first circuniference that 1s smaller than the inner circumference of the vessel wall
12 1o allow delivery through a delivery system having a small channel diameter. The
support frame 310 then expands to the expanded configuration, having a second
circumierence greater than the first circumference. which is either the same or shightly
larger than the mner circumference of the vessel wall 12, Accordingly, when the VOD
302 is expanded within the vessel 10, the support frame 510 applies a low radial pressure
te the intertor of the vessel wall 12 as a result of its similar or larger circumlerence,

The sealing membrane 303 may be constructed at least partdally from
biodegradable materials, or mayv be constructed from non-absorbable materials, such as
any of those materials described by example with reference to FIG. 2. i addinion, at
least a portion of the support frame 510 may be pre-shaped to a desired shape and
curvature utifizing a shape memory metal or metal alloy, such as nickel-titantont alloy
{e.g.. Nitinol), a shape memory polvmer, or any combination thereof.

I one embodiment, the sealing membrane 503 18 connected to the support frame

310 at one or multiple attachment points 512, either on the underneath side of the sealing
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membrane 505 facing inward toward the vessel 10 interior or on the upper side of the
segling membrane 5035 facing toward the vessel wall 12, In the embodiment shown
FI1G. SA, the attachment points 312 are spaced apart and dispersed aleng the entire
sealing membrane 303 and/or the support frame 510, However, n other embodiments,
there may be fewer attachment points 312, which may be focused in a speaific area of the
VD 302, such as at or near the center of the sealing membrane 303, glong the edges of
lthe sealing membrane 303, or a combination thereof. The atlachment points 312
between the sealing membrane 503 and support frame 510 may be accomplished by any
suitable means, mcluding, but not linuted 1o, sutures, adhesives, heat segling,
interweaving the support frame 310 and the sealing membrane 303, mechanically
affixing, or any other simlar methods. In other embodiments, the support frame 310
may be more integrated with the sealing membrane 505, fabricated in a manner similar to
the fabrication technigues described with reference to FIG. 2. such as being sandwiched
between two membrane layers.

According io {his embodiment, the VOD 302 also optionally includes an
anchoring tab 120 lor passing through the puncture site 15 and securing Lo the patient’s
tissue 1o factlitate securing the VCD 302 m place, such as 15 described with reference to
FiG 2.

FIG. 5B illustrates vet another embodiment of a VCD 322 having a suppost frame
53¢ formed in a substantally coiled or helical shape, whereby successive corls run
longitudinally through the vessel 10, As with other embodiments described herein, the
support frame 530 can be constructed 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 1o FIG. 2. In addition, at least a portion of the
support frame 330 may be pre-shaped to a desired shape and curvature utibizing a shape
memary metal or metal alloy, such as nickel-tilanium allov (e.g., Nilinol), a shape
memory polymer, or any combination thereol,

FIG. 5C sllustrates another embodiment of a VCD 542 having a radially
expanding back-and-forth support frame 310, as described with reference to FIG. 5A. In
this embodiment, the sealing membrane 5435 only partially covers the support frame 510
The sealing membrane 343 i3 sived and affixed to, or otherwise integrated with, the

support frame 510 to pernut positioning the sealing membrane 545 at or near a puncture
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site within a vessel and (o at least partially cover the puncture site to lacilitate
hemostasis. While the support frame 310 shows a single element formed in a back-and-
forth configuration, the support {rame 310 in other embodiments may be confligured with
multipie woven elements in a back-and-forth configuration, such as m a “Chinese
handeuft™ configuration. as utilized 1n many woven, self~expanding stent devices. FIG.
SF iltustrates an example embodiment in which the support frame is configured in
WOVEN manner.

FIG. 3D llustrates another embodiment of a VCD 552 configured in a manner
simular to that described with reference to FIGS. 3A or 3C, but including a protrusion
353 extending from the support frame 516, the sealing membrane 5435, and/or the
anchoring tab 120, The protrusion 3533 may extend from the approxamate cenler or from
any other position along the VCD 552, By positioning the protrusion 335 proxinale to
the puncture site, the protrusion 3555 facilitates anchoring the VCD 552 in place and at
least partially sealing a puncture site by extending into the puncture. According fo one
embodiment, the protrusion 5335 also locally elutes or otherwise releases one or more
chenucal components for controlling biological processes, such as is deseribed with
reference to FIG. 2. According to various embodiments, a protrusion 355 may be
formed i a conical, frustocontcal, pyramidal, frustopyramudal, or other cross-sectional
geometry. In one embodiment, the protrusion 333 15 integrated with, or otherwise
adapted to, the support frame S10.

According to one embodiment, the protrusion 355 is formed from multiple wire
elements, such ag brarded 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 1o FIG. 2. Inone
ambodiment, the wire elements of the protruston 555 are spaced close enough logether to
promote hamostasis without requiring an additional sealing membrang, whereby the wire
elements serve 1o seal the puncture sile. Tn one embodiment, the spacing and/or the
configuration of the wire elements forming the protrusion 555 creates a diffTerant density
or shape than that of other portions of the support frame 510, permutting the protrusion
533 to serve additional or different functions than the support frame 510, For example,
in one embodiment, the wire elements formung the protrusion 333, and optionally

portions of the support frame 310, are spaced in a more dense configuration proximate to
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the vessel’s puncture site to improve the ability to promole hemosiasis without a sealing
menmbrane placed thereover,

in another embodiment, however, the protrusion 553 15 af least parially covered
by a sealing membrane 5343, The sealing membrang 543 may cover some or ali of the
support frame 310 in addition 1o the protrusion 353, or only cover the protrusion 333, In
another embodiment, mstead of, or in addition to, the protrusion 355 being formed from
an wnderlying structure, the profrusion 333 may be formed from excess membrane
material, which may be the same or different malterial formimg the sealing membrane

‘,‘3‘

L
s

FIG, SE illustrates another embodiment of a VCD. The VD according to this
embodiment 1§ an articulated VOB 362 having an articulated support frame mmcluding a
first radial support frame 570 portion and a second radial support frame 373 portion.
Each radigl support frame 570, §75 15 configured in a manner similar to the support
frame 310 described with reference 1o FIGS. 3A 3C, and 5D, However, in this
embodiment, each radial support frame 370, 3735 s narrower in width (e.g., shorter along
the fongitudinal access) and spaced apart along the longitudinal axis to perout
postitoning on opposite sides of a punctures site upon 1mplantation. In one embodiment,
the two radial support frames 370, 373 are connected by at 1zast one joint 380 andior a
sealing membrane 363 extending therebetween. As fuwther described below with
reference to FIGS. 10J-10M, an articulated VCD 362 having two support frames 570,
575 allows for additional loading and delivery techniques.

According 1o one embodiment, a sealing membrang 563 covers at least part of the
support frames §7¢, 375 and/or at least part of the joint 380, The sealing membrane 363,
the two radial support frames 570, 373, and/or the joint 380 may be fabricated from anv
biodegradable or non-absorbable material, or any combinations thereof! such as those
describad with reference to FIG. 2. In addibion, the two radial suppost [rames 376, 573
and/or the joint 380 may be pre-shaped (o a destred shape and curvature atilizing a shape
memory metal or metal allov, such as nickel-titantum alloy (e.¢.. Nitinol), a shape
meamory polvmer, or anv combination thereof. For example, according to one
embodiment, each of the radial support frames 370, 75 are pre-shaped to expand
radially to a shghtly larger diameter and circumference than the inner drameler and

foe

circumiference of the vessel into which the articulated VUD 362 is 1o be implanted, while
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the joint 580 is pre~-shaped to expand longitudmally from a erimped or folded postiion
during delivery to space apart and position each of the radial support frames 570, 375

According to vartous embodiments, the overall dimensions of an articulated VCD
362 may be the same or suvelar to that described with reference to FIG. 2. The width (n
the longitadinal direction} of each radial support [rame 370, 375 may range between
approximately 2 mm to approximately 12 mm. The radial support frames 570, 375 may
have substantially the same of sinufar width, or they mav have different widths, Sumilar
to that desenbed with reference to FIG. 2, the articalated VCD 562 may collapse to a
collapsed conliguration capable of delivering via a deliverv device having a sheath size
ranging from a 4 Fr sheath size to a 27 Fr sheath size, for example.

FIG. 3F idlustrates another embodiment of a VUD. According to this
embodiment, the VOD 582 3¢ formed from a support frame 385 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 382 within a vessel 10 in
the same or similar manner as can be provided by varnous known stent devices, such as
self-expanding metaltic stents or other expandable or woven stents. The support frame
385 thus expands from a fist circumference when in a collapsed configuration to a
second circumference farger than the {irst circumference when i an expanded
configuration: the second circumference being similar (o or greater than the inner
ciroumference of the vessel 10 within which the VOD 582 is intended (o be implanted.
The individual wire elements of the support frame 585 may be fabricated from any
biodegradable or non-absorbable material, or any combinations theraof, 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 desived shape and curvature utihizing a shape memory metal or
metad alloy, such as nickel-titantum allov {e.g., Nitinol), a shape memory polvmer, or
any combination thergof

In one embodiment of the VOCD 582, the spacing between the braided or
interwoven wire elements of the support frame 385 is sufficiently small encugh 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 interwoven wire elements of the support frame 585 may differ

andfor the wire elements may have different density or shape i different areas of the

PCT/US2010/052322
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frame. For example, in one embodiment, the support frame 585 elemenis are denser at
or negr the area of the VCID 582 which 1s intended 1o be positioned proximate to the
vessel's 10 puncture site 13, 50 as 1o achieve homeostasis without a sealing membrane.

According to various embodunents, the braided or interwoven wire elements
described with reference to FIG. 3F may be included with other VCD embodiments to
provide an easily expandable and collapsible support frame. In addition, other features
described wiih seference to other embodiments, such as a sealing membrang, may be
incorporated with the VCD 582 of FIG. 5F.

FIG. 3G illustrates another embodiment of a VCD. Here, the VD 392 includes
a sealing membrane 5035 and expandable support frame 393 that are positioned over an
expandable balloon 397, which s utihized {0 expand the support frame 393 and secure
the VCD 392 wathin the vessel 10, Tn one embodiment, the support frame 393 includes
straps or other members securing the sealing membrane 3035 to the balloon. Similar to
other embodiments, the sealing membrane 503 of this embodiment may cover all ora
portion of the support frame 393 and the balloon 397, During delivery, the balloon 597
is maintained in a deflated state. Upon inserting the VCD 392 imto the vessel 10 and
upon positioning the sealing membrane 503 at or near the puncture site 15, the balloon
397 15 inflated. Inflating the balloon 397 expands the support frame 393 and the sealing
merbrane 303 within the vessel 10 and at least partially covers the punclare site 15,
thereby assisting hemostasis. The balloon 397 can be subsequently deflated for
extraction through a small hole {e.g., less than approximately 2 num. and even less than
approximately 1 mmyj in the sealing membrane 305 and then through the punciure site
13, The balloon may be expanded by any conventional means for intravascularly
expanding compliant bodies. such as by delivering a liquid into the balloon.

AVCD 392 embodiment that includes an expandable balloon 397 to expand the
support frame 393 permits the use of a non self-expanding matenial for forming the
support frame 395, For example, the support frame 5935 of (lus embodiment may be
formed from, but 15 not linuted to, bicabsorbable polymers or copolymers, including, but
not limited Lo, polvlactide (e g.. PLLA, PDLA), PGA, PLGA, PDS, PCL | PGA-TMC,
polvetuconate, PLA, polvlactic acid-polvethvlens oxide copolymaers,
polvihvdroxybutvrate). polvanhydride, polvphosphoester, poly{amino acids), poly(alpha-

hvdroxy acid), or any other simitlar copolvimers; magnesium or magnesium alloys; or
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alumiman or alanunun allovs: as well as any composites and combinations thereof
Other combinations that may include biodegradable matenals may also be utihzed 10
form part or all of the support frame 303,

The foregoing VOD embodiments described with reference to FIGS. 1-3G are
lustrative and are not intended to be Hmiting. Moreover, any of the materials,
manufacturing techniques, and characternistics of the various VCD embodiments and
individual components described herein may hikewise apply to any other VCD
embodiment described. unless exphicitly stated to the contrary.

Methods of Dehivery and Comresponding Delivery Svstem

In various emboduments, the VOD and delivery svstems are used by a phvsician,
surgeon, interventional cardhiologist, emevgency madical technician, other medical
specialist, or the like, In describing the methods of use of the VOD and deplovment
svstems, such persons mav be referred to herein as an “operator™

FIG. 6 15 a process flow diagram of illustrating one embodiment of 3 method 600
for performung an endovascular procedure and delivering and implanting a VD to close
a vessel puncture. The method 1s described with additional reference to FIGS. 7A-7D
iHustrating stages of the method 600. The metbod 66 begins at block 603 by inserting a
sheath 700 through a puncture site 13 formed in a vessel wall 12 into the humen of the
vaessel 10, | one embodiment, the sheath 700 1s oplionally inserted with the assistance
of a nucropunclure needle, Seldinger needle, dilator, ntroducer, and/or another sinular
device. In one embodinent, the sheath 700 wtilized to perform the endovascular
procedure 13 the same as the sheath utilized to deliver and position a VCD. in another
embodiment, a different sheath 1¢ used to deliver the VOD. Cerlain etubodiments of
delivery systems are described with reference to FIGS. 2A-10P.

Following block 603 is block 610, in which an endovascular procedure is
pecformad via the access to the vessel 19 provided by the sheath 700, In one
embodiment, the procedure ts performed prior to delivery of the VCD 100,
Representative examples of suitable endovascular procedures in this step mclude
percutansons valve replacentent or repair, cardiac ablation, endovascular grafl
implantation, coronary or peripheral stent implantation, diagnostic catheterization, or
carotid stent implantation.  Essentially any procedure requinng access {0 8 body lumen

through a puncture site may be performed.
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Alter the endovascular procedure 18 performed, the same sheath may be utilized
te deliver the VOD or a different sheath may be utilized.

i a different sheath is utilized, blocks 615 and 626 are performed. At block 615,
the first sheath 1s removed, {eaving a guidewire within the punctire. At block 620, the
VD dehivery sheath 1s inserted into the puncture site in the same or similar manner as
described with reference to block 603 or otherwise according to suitable technigues. To
position the sheath 70¢ {e.g., a dilferent sheath than that positioned ai block 603) within
the vessel at block 629, the sheath 700 1s retrteved in the proximal divection until its
distal end is proximate the punciure site 13, In one embodiment. the sheath 700 is pulled
proxumally into the desired position with the visual aid of marks or gradations on the
sheath 700 and/or by ulilizing one or more sides hole 713 formad through the wall of the
sheath 700, Hincluded, blood will stop flowing through the side hole 715 when the side
hole 713 is removed from the blood stream of the vessel 10, which indicates that the
sheath 768} is in the desired position relative to the vegsel 10, as shown by FIG. 7C.
Accordingly, the side hole 715 15 formed at a predeternuned 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 vanous embodiments, the position of the side hole 713 relative to the
distal end of the sheath will vary according to the intended use and inplant focation for
the VCD 100

According 1o some embodiments, a guidewire may optionally be vtilized to
facilitate delivering and positiomng the VOD 100 within the vessel 10, A guidewire may
be delivered through the sheath 700 after the sheath is properly positionad, as described
with reference to block 626, 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 imiial VOB, a replacement VCD 140 may be delivered over the
guidewire. Moreover, a gurdewire further facilitates introducing addiional means o
prevent and/or reduce bleeding from an un-sealed punctare 135, such as may be useful
during replacement or repositioning of a VCD 100 prior to sealing the puncture 15, If
used, a guidewire may be removed after the VCD 100 15 positioned (e.g.. after block 640

below).
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In vet other embodiments, a gudewire may be inserted afler a collapsed VCD
100 15 advanced o the vessel {(e.g., after block 635 below). The guidewire may be
delivered through the same delivery sheath 700 (e.g., paraliel to the VCD 108}, or, in
some embodiments, the delivery syatem may include an additionat passage or lumen
through which the guidewire may be passed, positioning the guidewire parallef to the
collapsed VCD 100,

Operations continue t© block 623, in which a loading fubeg 745 housing a
compressed VOD 100 15 inserted mito the sheath 700, as llustrated wn FIG. 7TA, according
to one embodiment.  Although the VCD 15 referenced as the VCD 100, 1t 1s undersiood
that any of the VCD embodiments described herein may be delivered by similar
techimigues. The loading tube 703 provides easier inserfion of the VOB 100 into the
sheath 700 by already contaiming the VCD 100 in a collapsed configuration and having a
digmeter sized to [t within the sheath 700, In embodiments in which the sheath 700
includes a hemostasis valve to control bleeding and prevent air embolisms, the loading
lube 703 is mnserted past the hemostasis valve., The loading tube 703 mav be pre-ioaded
prior 1o the procedure, or it may be loaded by the operator dunng the procedure. In
another embodiment, a loadig tube 703 s not used, and the VD 1s toaded directly sto
the sheath 700,

Following block 625 1s block 630, in which the VUD 100 is pushed throagh the
loading tube 703 and the sheath 700 antil it exits into the humen of the vessel 10, Tn one
embodiment, a push rod 710 (also interchangeably referred to herein as a “pusher™ or
“pusher devica} 18 utilized to push the VD 100 into the sheath 700 until it exits the
sheath 700 o the vessel 10, such as is shown by FIG. 7B, I one embodiment. a push
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 7140 includes a stopping machanism to prevent further insartion of the push rod 710
and thus the VCD 100 through the sheath 700, Upon exating the sheath 700, an
anchoring tab 120 andior a pull string attached to the VD 100, such as is described with
reference 1o FIGS. 1-2, extends from the VCD 100 and exils proximally from the sheath
700 to facilitate positioning and release of the VOB 100, In another embodiment,

instead of a push rod, an actuator handle in operation with a loading tube 705 is utilized
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i advance the VOD 100 through the sheath 700, such as is descnibed with reference to
FIGS. 9(-9F.

Block 633 follows block 634, in which the sheath 706, the push rod 7148, and the
YVOD 100 are reirteved in the proximal divection until 1S distal end is proximate the
puricture site 15, such as s shown by FIG. 4C. In addition, the anchoring tab 120 and/or
pull string is used to pull the VCD 10{ into position proximate the puncture site 15, In
another embodiment, the push rod 710 15 used to facilitate positioning the VCD 166, In
vet other embodiments, additional features may facilitate positioning of the VCD 100 in
a desired intralununal location. Examples of these features, some of which are further
describad herein, include curved tips, springs or biasing mambers, and the like. In
addition, the sheath 700 may be further posiioned according to the techniques described
with reference 1o blocks 615 aud 620, In other embodiments, however, the sheath 700 is
fully removed frony the vessel 10, and, optionally, from the patient’s body, at block 635,

Following block 635 1 block 640, in which, according 1o one embodiment, a
containment mechanism releasably retaining the VCD 100 in a collapsed configuration i3
released to permit the support frame to fully expand and position the sealing membrane
agamnst the vessel puncture site 13, such as is shown by FIG. 7D, Example containment
mechanisnis and their operation are described in more detail with reference to FIGS. 3A-
3C and 10A-10P. As part of releasing a containment mechanism, the anchoring tab 1240
and/or pull stning can be further mamipulated Lo facihitate positioning the VOD 100 at or
near the puncture site 15, For esample. depending upon the attachment point location of
the anchoring tab 120 and/or pull string to the VCD 100, pulling the anchoring tab 120
andfor 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 FHG. 9F, for example, is optionally
cluded with the containment mechanism to prevent wuntentional release of the VD
160

Block 645 foliows bloek 640, in which the anchoring tab 120 1s secured to the
patient’s tissue to further secure the VCD 100 within the vessel and to prevent
imtraluminal migration of the VCD. In cerfain embodiments, the anchoring tab 1201
secured fo the patient’s tissue at or near the vessel access site using suture, bocompatible

adhesive, bandage. tape, or an imtegral hook. In another embodiment, the anchoring tab
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120 is secured by suturing or taping closed the vessel access sile, trapping the anchoring
tab 120 therein,

in another embodiment, as lustrated in FIGS, 11A-11C, mmstead of, or in
addition to, securing the anchoring tab 120 to the patient’s lissue, 8 rebounding member
1150 that applies a tensile force on the anchonng tab 120 15 included to bias or otherwise
sacure the VCD 100 within the vessel agamst the punciure site 13 The rebounding
member 1130 can be configurad in any number of ways to provide an elastic member
that rebounds from a compressed to an expanded configuration. including, bul not
limited to, a spring, an elastic tube, an elastic ring, an arm, & foam or other elastic
memnber, and the like. For example, the rebounding member 1150 can be formed from
an elastic pobvmer, such as, but not linuted to silicone or lalex, or from an elastic metal,
or any combination thereof,

The anchoring tab 120 is threaded through or otherwise adjustably coupled 1o the
rebounding member 1130, When positioning the VCD 100 within the vessel 103, the
reboundmg member 1130 1 positionad against the patient’s shin surface 11532, The
anchoring tab 120, whuch extends through from the VCD 10 through the patient’s skin
tissue 1154, 15 then secured in a relatively taut postiton against the rebounding member
1150, In one entbodiment, the anchoring tab 124 15 secured m tension by g locking
means 1136, which selectively locks the rebounding member 1150 against the anchoring
tab 120 (or pull string extending therefrom).  The locking means 1136 may be
configured as, but is ot limited to, a slip-knot, a clamp, atab and teeth assenmbly, and or
any other means operable to selectively secure the rebounding member 1150 at one or
more positions along the anchoring tab 120,

FIG. 11B illustrates a partial view of the anchoring tab 120 and the rebounding
mentber 1130 against the patient’s skin 1152, butin aloose state. FIG. 11C illustrates a
pattial view of the anchoring {ab 124 pulling the rebounding member 1130 against the
palient’s skin, compressing the rebounding member 1150 at least partiallv. Compression
of the rebounding member 1150 mamtains the anchonng tab 120 in tension and pulls the
VOB 100 proxinsally against the inner vessel wall, as shown m FHG. 11AL The
rebounding member 1130 described with reference to FIGS. 11A-11C may be ulilized
with any of the various embodiments described herein. Other means to secure the VCOD

104 in place, such as secunng the anchoring tab 120 to the patient’s skin. are envisioned,
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The method 600 may end after block 6435, having delivered and secured a VCD
100 within a vessel 1 at or near a puncture site 15 1o facilitate hemostasis at the
puncture site. As discussed, after implantation of the VD 100, some or all of the VCD
16 may degrade and/or absorb over time, reducing the contents remaining within the
vessel. This charactenstic of the VCD nway be beneficial, for example, to simplify
subsequent access at or near the same vessel site, for example if the patient neads ancther
endovascular procedure.

In some mstances, it may be desirable to remove a VCD from a vessel during or
after plantation, such as in the case of device failure. surgical complications. or for any
other reason. {n one embodiment, a VCD having a peripheral support frame, such as
those describad with reference to FIGS. 2-4), can be retrieved, even afler expansion, by
putling an anchoring tab and/or pull string proximalty while holding a delivery sheath in
place. This proximal force will pull the VCD back aganst the distal end of the sheath.
An expanded support frame, hecause i may optionally be formed from an at least
slightly flexible material, will bend along any direction, allowing the VCD Lo eollapse
and be retrieved through the sheath or other delivery svstern A VOD that s stifl ina
collapsed conliguration will be even easier 1o retrteve, by stmply pulling proximally
through the distal end of the sheath or the puncture divectly. It 13 appreciated that
additional guide wires or other guiding wstruments may be passed through the delivery
svstem to facibitate retrieval of a VCD.

The VCD may be retrieved using other methods and devices. For example, a
snaring loop may be used to capture and grasp the VOD, and optionally collapse the
VCD priov to retrieval. In another example. an elongated member, such as & wire or rod,
having a hook at its distal end mav be inserted into 1o 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, ete. ) to pull the VCD
proximally. causing it to bend and allowing retrieval through a sheath,

After retrieving a VD, the same sheath may be uttlized for the re-delivery of the
same or different VCD, or a new sheath mav be inserted. The new sheath mayv be
inserted over a guide wire inserted prior to vemoval of the prior sheath. or may be

inserted over the anchoring tab andfor pull string extending through the puncture from a
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VD prior to its remoeval. Tn one embodiment in which an anchoring tab andfor pull
string 1s utitized to deliver a subsequent sheath, additional suppert is provided by passing
a needle or other low profile sleeve over the anchoring tab andfor pull string, over which
the new sheath is delivered. Othar means for removing an expanded or collapsed VCD
may be alilived. The aforementioned procedures are Hllustrative and are not intended to
be limiting.

FIG. 8 tllustrates an embodiment 1o which a differant techniquea 1s performed
darmg the placement of a VCD 100, After inserting the sheath 700, and prior to
performing the intended endovascular procedure, or during a prelinunary stage of an
endovascular procedure, a compressed VOD 18} is deploved mto the vessel 10 and
preliminaridy positioned i an aliernate vessel 11 located proximal or distal to the
puncture site 15, such as in a vessel passing a segment exposed to njury during a
procedure. For example, the compressed VCD 100 can be positioned in the contra-
lateral thiac arterv, because the vessel most susceptible to damage 1s the segment between
the access point i the femoral or thac artery and the aorta. However, i other
embodiments, the VCD 100 may be preliminanly positioned in any other vessel {ocation.
In another example, the VOB 100 can be positionad directly in the contra-lateral ihac
arlery {or other vessel) through a separate, smalter-bore sheath inserted in the contra-
lateral iliac artery (or other vessel), with an anchoring tab 120 andfor puli string
extending proximally from the VCD 100 through the sheath 700, using known capturing
methods, The preliminary position of the compressed VCID 106 can be selected {0 avod
interference with the endovascular procedure baing performed.

Alter preliminarily positiorung n a proximal or distal vessel, the VCD 100 is
ready for rapid deplovment, such as by methods similar to those deseribed with reference
to FIG. 6. Rapid deplovment may be destrable in case a complication during the
endovascudar procedure arises, such as a dissection or perforation of the vessel, which
may become fatal if not sealed. The VOD 100 can be moved from its preliminary
position in the vasculature tree and posiiioned at or near the puncture site 13 for
immediate sealing,

According o another similar embodiment, the VUD 100 may preliminarily be
delivered within the same vessel {e.g.. the vessel 10, as shown i FIG. 8) and distanced

either in the distal or proximal direction from the puncture site 15, When delivered to a
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preliminary location, the VOD 100 may expand to its expanded configuration, such as is
described herein. When needed to seal the puncture site 15, an anchoring tab 120 andior
puil string may be pulled proximally {e.g., through a delivery sheath 700} to cause the
VD to pass partially across the puncture site 15 and position thereover {0 seal the silg
15, Prelinunary placement of the VD 100 nway be achieved with or without the use of a
containment mechanism.

FIGS, A-Y1 ilusirate one embodiment of an example delivery svstem for
delivering and posttioning a8 VO within a patient’s vessel or other body lumen. For
example, the delivery system may be used 1o perform some or all of the operations of the
method 600 desceribed with reference to FIG. 6. In addition, the dehivery svstem: may be
used to deliver any of the example VD embodiments described herain, and s not
intended to be limited to the speaific VOD embodiment described by example,
Maregover, the relative dimensions and shape of the components tHustrated tn FIGS, 9A-
91 (as well as any other figure heremn) are provided to most completely tHustrate the
indhividual features and their spatial relationship and onentation with respect to other
features. The relative dimensions and shapes are not lintling and other dimensions and
shapes may be provided. As an example, the sheath 905 dlustrated in FIG. 9A may, in
some embodiments, be longer and/or more narrow relative to the overall size of the
sheath than what 1s Hlustrated.

In the embodiment illostrated i FIG. 94, a delivery svstem inclades an
introducer sheath 9035 for providing access to a vessel interior, The sheath 903 forms an
intemal channel 910 between the proximal end 907 and the distal end 909 of the sheath
903, At or near the proxival end 907 is a port 915 in ud or gaseous comnunication
with mtemal channel 910, A side hole 920 1s formed at or near the distal end 909 of the
sheath 903 and in flaid (gas or hquid) commumcation with the internal channel 918, 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 utihzed to
selectively access to the internal channel 910 of the sheath 903, In one embodiment, the
distal end 909 of the sheath 203 15 formed at an angle relative 10 the length of the sheath
903, This may facilitales achieving the desired position of the VOD within a vessel. It
also may help prevent the VOD from backing out by maintairung 1t at an angle during its

delivery, In various embodiments, the angle may range between approximately 30° and
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approximately 90° relative to the length of the sheath 905, In other embodiments,
however. the distal end 909 is not angled as previousty desenibed, but formed it another
suitable geometry. For example, 1t may be conical, curved, an opposite angle, or
straight.

In one embodiment, a ditator 925 is also included with the delivery svstem Lo
facilitate inseriion of the sheath 903 into the vessel. FIGS. 9A-1 and YA-2 illustrate the
dilator 923 separate from the sheath 903, while FIG. 98 illusirates the dilator 925
inserted through the channel 910 of the sheath 9035 and exiting its distal end 09, When
inserted into the sheath 905, the dilator 925 substantially seals against the proximal end
917 of the sheath 305, which may optionally be facilitated by a hemostasis valva Y03
integrated therewith,

In one embodiment, the distal end 926 of the dilator 925 is formed ina
substantially conical shape, which regches s maximum outer diameter at or new
location 923 along the ditator 923, The dilator diameter at this location 923 is close to
the same, shightly smaller than, or slightly larger than, the internal diameter of the
introducer sheath channel 910, providing tight fitment of the dilator 925 within the
channel 910 of the sheath 903, A tght it accomplishes sealing the distal end 909 of the
sheath 203 when the dilator 923 15 extended therathrough, such as is tliustrated in and
described with reference to FIG. 9B,

In one embodiment; the dilator 925 has a stepped-down, reduced outer diameter
proximally and beginning at focation 924, which is proxinal o the location 923 along
the dilator 925, For example, in one embodiment, the reduced diameter of the dilator
decreases by at least approxamately 9.03 mm from the masimom outer diameter at area
923, such as decreasing between approximately 0.05 nywn and approximately 2.5 num, or
between approximately 0.1 mm and approximately 1 mm. The position of location 924,
where the steppad-down outer diameter of the dilator 923 occwrs, 1s determined sach that
upon inserting the dilator 925 into the sheath 903 a predeternined amount, the area 924
1z oriented betwean the side hole 920 and the distal end of the sheath 903, Therefore, as
described below, blood mav flow through the side hole 920 and into the channel 910
proximally toward the outlet port 913, yehile still achieving a seal at the distal end 909 of
the sheath 903, T some embodiments, the distance between the areas 923 and 924 may

need to accommodalte greater areas on one side of the sheath 905 than another, such as
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when the sheath’s 905 distal end 909 15 angled. The distal end 926 of the dilator 925
may be formed in any other suitable shape as desired.

in one embodiment, after insertion of the dilator 923 through the sheath 203,
there stil exasts fhwd communication belwean the side hole 920 and the port 9135, Sach
fluid communication permits detecting when the side hole 920 s inserted into or
removed from a vessel, because blood (or other fluid) will flow mito the side hole 920,
through the channel 910, and exit the port 913 when exposed {0 blood {low, as described
with reference to FIG. 6. Thus, the side bole 920 and port 913 facilitate detection of the
depth i which the delivery system 1s inserted. In one entbodiment, the fhud
communication between the side hole 92¢ and the port 915 is provided by the difference
in outer diameters of the dilator 9235 and the inner diameter of the sheath channel 910, In
other embodiments, however, a groove or channel formed along a ditator 9251 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 913, In another embodiment, a groove or olher
channel is formed 1n the interior surface of the inner channel 910 of the sheath 905
instead of n the dilator 925, In vet another embodiment, the sheath 905 andfor the
dilator 925 mcludes an inteprated passageway formed and providing fuid
communication belween the side hole 926 and the port 915,

In one embodiment, the dilator 925 further includes at least one hurmen 930
extending along its length through which a gutde wire or other instrument can be passed.
For example, the fomen 930 may have an inmner diameter that accommodates guide wires
or other instruments with an outer diameter or profile ranging between approximately 9.1
nun and approximately 1 mm, such as 0.9 mm in one embodiment. One or more lumens
934 fornted through the dilator may be stzed to accommaodate larger or smaller
mstrumaents than provided by example, which may depend upon the procedwre being
performed and/or the patient’s anatomy. The aforementioned dimensions are itlustrative
and are not intended to be liniting,

Accordingly, FIG. 9B illustrates the dilator 925 mserted within the iner channel
910 of the sheath 903, representing one embodiment of an arrangement ulilized to
deliver the sheath 903 {0 a patient’s vessel. In one ersbodiment, the sheath 905

iHustrated in FIGS. 9A-91 is a different sheath than is utilized to perform an endovascular
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procedure, thereby allowing the sheath 903 delivering a VD to include features speaific
for VOD delivery. However, in other embodiments, the sheath utihized to deliver the
VD g5 the same sheath as 15 ytifized to perfornt the subseqguent endovascuolar procedure.

After insertion of the sheath Y05 and the dilator Y235 into the vessel and achieving
the desired positioming based on the blood Row through the side hole 920 and the port
W15, the dilator 925 15 removed. In other embodiments, one or more markers may be
included on the sheath 903 instead of, ov in addition to, the side hole 920 and the port
015 for determming the depth of insertion of the delivery system. Upon removal of the
dilator 925, the sheath 905 15 ready 1o be loaded with the VD for delivery.

In one embodiment, one or more additional outer sleeves 927 are included with
the delivery svstem, as dlustrated in FIG. 9. The outer sleeves 927 are sized to have an
inner diameter that is the same or only stightly larger than the outer diameter of the
sheath 905 to provide a tight {1t of the outer sleeves 927 over the sheath 903, Each outer
sleave 927 may have a different wall thickness, resulting it a different onter diameter for
each outer sleeve 927, In ong embodiment, each oufer sleeve 927 also includes a sleeve
side hole 929 and means for achieving proper alignment of the sleeve side hole 929 with
the sheath 903 side bole 920, allowing continued use of the side hole 920 and the port
915 of the sheath 903 through the sleeve side hole 929, In one embodiment, the distal
edge of the each outer sleave 927 15 formed with a tapered end 928, tapering toward the
distal end 909 of the sheath 903, The tapered end 928 mininuzes trawma to the vessel
during use.

Accordingly, the differently sized outer sleeves 927 pernmit one o use the same
sheath 905 with difTerent puncture sizes through a vessel. Each outer sleeve 927 is sized
te a different puncture size, effectively interchangeably altering the cuter diameter of the
delivery svstem. In one embodiment, a VCD is sized to be compatible with punctures
ranging from approximalely 12 Fr to approxamately 21 Fr. However, a sheath 905 that 1s
12 Fr compatible may result in undesirable blood leakage if atterapted for use afler a
procedure utilizing a 21 Fr sheath and sinmularly sized puncture site. Thus, with the
inclusion of additional outer stegves 927, the VD delivery sheath 903 can be sized to
have the smallest desived outer diameter {e.g., 12 Fr, in one embodiment. though even
smatler in other embodiments), while the outer sleeves 927 allow adjusting the overall

outer diameter of the delivery svsten for use in procedures creating targer punctures,



WO 2011/046932 PCT/US2010/052322

10

o
L

56

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 903 to a 21 Fr sized puncture
site, preventing undesirable leakage after insertion of the delivery svstem including an
puter sfegve 927,

In certain embodiments, an outer steeve 927 15 formed from a pliable material
and/or 1s relatively soft in comparison to the sheath 903 roaterial. In vet other
embodiments, different outer sleeves Y27 may be formed from matenials 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 steave 927 to it the 21 Fr adapler may be stiffer, svhich may &so be required when
inserting a larger sheath into a blood vessel. In other embodiments, the stiffhess or
rigicdity of an cuter sleeve 927 varies along its length.

In various embodiments, outer sleaves 927 are supplied with a VCD, with a
delivery svstem, with a2 VOCD and delivery system kil as a separate set of cuter sleeves
927, or in individual sterile packages.  In one embodiment, each different outer sleeve
927 andfor its packaging contains markings or other identifiers {e.g., colors, shapes,
labels, etc.) to pernut easy wentification between the different sleeve sizes.

According to vel another embodiment, as iltustrated in FIGS. 9H-91, the sheath
905 further includes one or more holes or passages, which allow blood to Row through
the distal end of the sheath 905 In some situations, the distal end 909 of the sheath 903
may be dimensioned such that it oconpies a sigmificant area within a vessel, such as if the
inner diameter of the vessel s or becomes a sinufar or slightly smaller diameter than the
sheath 905 upon insertion. These size constraimnts may result from the original vessel
diameter being similar {0 the sheath outer diameter or the vessel may experience a
reducad diameter due to mechanical pressuse applied by the sheath on the vessel access
point, vessel spasm, decreased blood flow, andfor a thrombus formed due to decreased
blood flow. In these instances, insertion of the sheath 903 may result in a reduced,
partiatly inhibited, or completely mhubited blood flow through the vessel at or near the
sheath 903 and/or distal the sheath 905, For example, inhibiting blood flow from the
proximal vessel side 18 of the sheath 903 (as shown 1 FIG. 91) may cause a reduced

vessel diameter on the distal vessel side 17 of the sheath. Decreased blood flow may
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cause any of several clinical side effects, including, but not timited to, sschenug of distal
organs or tissue, thrombus formation, or a vessel collapse distal to the sheath 903, In
addition, decreased diameters may increase the difficulty by which a VCD 18 positioned
within the vessel.

To munimize or avord these and other possible complications, one or more holes
or other passages are formed through the sheath 903 at or near its distal 909, According
o the embodiment shown mn FIG. 9H, the distal end 909 of the sheath 903 includes a [rst
series of holes 921 extending through one side of the sheath 903 wall and a second series
of holes 922 extending through the approximate opposite side of the sheath 903 wall. In
one embodiment, the first series of holes 921 correspond with the second series of holes
922; howvever, 1o other embodiments, the number of holes andfor the alignment of holes
belween the first and second series of holes 921, 922 may vary. For example, the
number and orientation 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 onldy be one hole
selected from the either the first series of hotes 921 or the second sertes of holes 922,
For example, a single hole 921 may exist {e.8., one on the distal vessel side 17 of the
sheath 903 when within the vessel), allowing blood to {flow through the sheath distal end
969 and out the single hole Y21 of the sheath 903, Morsover, in another embodiment,
the stde hole 920, Hustrated in FIG. 9A-1, for example, may also serve ag ong or more of
the holes for allowing bloed flow through the sheath 905, With reference to FIG. 91, a
sheath 905 including a first series of holes V21 and a second series of holes 922 i shown
inserted through an access site 13 into a vessel 10, In this example. blood flows within
the vessel 10 from the proximal vessel side 18 of the sheath 905 1o 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 903 and exity through the
first series of holes 921,

In one embodiment, an internal member, such as a tube. rod, or dilator, 15 used (o
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 slate,
while mantaining other holes 921, 922 1n a closed state. Selectively sealing the holes

921, 922 may be desirable when positioning the sheath 905 within the vessel 10 results
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in some of the holeg 921, 922 within the vessel and some outside, allowing those outside
the vessal to be sealed to prevent blood loss.

In one embodiment, the method of delivering & VCD mav mclude a stage during
which a sheath 903 is posttioned within a vessel 10 to test for acceptable blood flow
levels andfor whether the vessel 10 inner diameter is an acceptable sixze prior to
delivering a VCD. For example, a test may be performed by introducing a contrast
mediun through the sheath 903 and visualizing (by any known means for visualizing
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, vasodilatation
drugs for treating spasm or vasedilatation of the vessel 10, such as. but not limited to,
Nitrogiveenin, Papaverineg, etc., may be delivered at anv stage of the delivery procedure

FIG. 9C-1 iflustrates an evobodiment including a VCD loading tube 933
containing a VCD 1 and FIG. 9C-2 llustrates an embodiment including an actuator
handie 940 contaming the {oading tube 933 to facilitate delivery and release of the VCD
100, The loading tube 933 forms a channel info which a VCD 10015 loaded. In one
ermbodiment, the loading tube 935 further includes a proximal rin 937 {or other member)
extending radiatly at or near its provimal end, which serves to restrain the loading tube
935 during mgertion into a sheath 903, as descnbed with reference to FIG. YD
However, a rim may not be necessary, for example, where the loading tube 935 forms a
tight enough it within the sheath 905 {e.g | al the hemoslasis valve 903) such that the
loading tube 935 remains in place during delivery.

The VCD 100 may be any VD described herein. In this embodiment, VCD 100
includes at least an anchoring tab 120 and/or pull string and a contamnment mecharsm
having a release wire 9435, both of which pass through and are operably integrated with
the actuator handie 940, Ag shown, the VUD 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 dunng 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
933. The containment mechanism may be any sutlable containment mechanism
described herein. The release wive 943 may be one or more wires or other members

operable for selectively releasing the containment mechanism and allowing expansion of
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the VCD 106, which may depend upon the design and operation of the conlatrment
mechanism.

As shown in FIG. 9C-2, the loading tube 933 13 inserted into the actuator handle
9443, such that the loading tube 933 extends af feast partially from the distal end 9335 of
the actuator handle 940. The loading tube 933 mav be preloaded into the actuator handle
940, (e.g., it may be mserted during manufacture, assembly, or packaging of the VCD
svstem) prics to the operator beginnung the delivery procedure. Altermnatively, the
loading tube may be inserted into the actuator handle by an operator as part of the
delivery procedure.

FIG. 9D dlustrates the actuator handle 940 and loading tube 933 being used with
the sheath 905 that is described with reference to FIGS. YA-SB, which 1s performed alter
inserbion and placement of the sheath 903 into a vessel and after removal of a difator 925
il'used. The distal end 955 of the actuator handle 940 mav optionally include a first
elongated slot 9443 defined along a portion of its length from the proximal end of the
actaator handle 944 {0 at least some intermediate point. The first elongated slot aflows
the actuating mechanism 930, which is described in more detail with reference to FIGS
OE-YF, o shde distally toward the vessel during the delivery procedure to advance the
push rod 947. The elongated slot 943 serves to conirol the push rod 947 movement 1o be
substantially straight, and to prevents rotation of the collapsed VCD 100 during delivery.
1 addition. the actuator handle 940 mav optionally include a second slot 949 extending
from its distal end 955, The second stot 949 is shaped to receive an outlet port 915 of the
delivery sheath 905 if included. Muoreover, as shown in FIG, 9D, the alipned onentation
of the second slot 949 and outlet port 913 allow the operator to correctly onent the
transfer of VCD 130 from the loading tube 933 into the sheath 903, In other
ambodiments, however, other means may be used for assuring the correct orientation
batween the introducer sheath 9035 and the loading tube 933 inclading, but not limited to,
orientation ping, slots, and/or marking. .

IT a hemosiasis valve 903 1s provided on the sheath 903, the msertion of the
loading tube 933 in the distal direction into the sheath 203 will force open the hemostasis
valve, providing selective access into the channet 910 of the sheath 9035, With reference

to FIG. 9D, the loading tube 933 is advanced into the proximal end 907 of the sheath
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903, In oue embodiment, the loading tube 933 seals within the proximal end 907 and
remains in position due to its shape andfor tight Iit therein,

The actuator handle 40 includes a push rod 947 shideably contained within the
body of the actuator handle 940 and operably attached to the actvating mechamism 93¢,
The push rod 947 is used 1o advance the VOD 100 distally out of the loading tube 935
and inte the inner channel 910 of the sheath 905, An operator advances the push rod 947
by grasping and sliding the safety catch 968 distally through the [irst elongated stol 943,

Next, as dlustrated in FIG. 9E, the push rod 947 continues (o be advanced distally
through the actuator handle 940 and the sheath 903, pushing the VCD 100 through the
sheath 905 untif 1t exits its distal end 909, Unul the contmnment mechanmism and the
release wire 943 are released, the VD 1080 remains m a collapsed configuration. At this
stage, the operator may confivm the position of the implant using any uitable imaging
technigues, such as, but not imuted to. Duoroscopy or ultrasound. The anchoring tab 120
and/or pull siring extending proximally through the delivery mechanisin and attached to
the VOD 1060 may also be wtilired o position the VCD 104

FIG. 9F 1Hlustrates an embodiment of the operation of the delivery mechamsm
during retease of the VCD 100, First, the salety catch 960 of the actuating mechanism
954 1s removed, which, when in place, prevents unintentional actuation of the
conlamment release mechanism {e.g., the loop retainer pin describad with reference to
F1G. 3D, for example). The operator then proceeds to remove the sheath 905 and
actuator handle 940 proximally away from the vessel, which in tum pulls the anchorning
lab 120 and/or pull string causing the VD 100 10 be posttioned proximate the puncture
site. As the sheath 905 1s pulled in the proxtmal divection and the VCD 100 is positioned
against the vessel wall, resistance against a spring within the actuating mechanism is
increased because the refease wire 943 1y attached to the actuating mechamism 930
Increased comprassion of the spring by pulling the sheath 9035 and the actuator handle
940 proximatly indicates that the VOD 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 %03 and the actuator handle 940 proximally combined with the
resistance of the VCD 16 pulled against the vessel wall, which results in a change in
position of the actuating mechanisiy and. in tum, releases the containment mechanisny

{e.a.. a loop retaining pin, etc)). For example, with reference to the containment
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mechanism described with reference to FIG. 3D, increased tension will cause proximal
movement of the loop retaining pin 340 untid the looped end 339 is released from the
retainer pin 340, releasing the loop 333 from around the VCD 100, A spring may be
operably included with the actuating mechanism 930 1o merease the force required for
the actuating the mechanism provided, preventing pre-refease of the implant. In another
embodiment, the release wire 943 {or other containment mechanism relegse) 1s manually
of selectivelv released by the operator or by any ather suitable means, such as the varous
example containment mechanism embodiments desceribed heren.

Accordingly, release of the containment mechamsm causes the VCD 106 to
expand and position against the vessel wall at or near the puncture site in part due to the
pre-shaped configuration of s support frame expanding to 1ts natural stable state. Alter
expansion, the operator may complete the procedure by securing the anchoring tab 120
and/or pull string to the patient’s tissue,

The delivery svstem described with reference to FIGS. 9A-91 can be suitably
adapted for deliverv of any VCD embodiment described herein. The combination of
features are described for illastrative purposes ondy and are not intended to be limiting.

FIGS, 10A-10P illustrate additional delivery system features which may be
adapted to the delivery systems described herein. FIG. 10A iflustrates one embodintent
of a push rod 1003, such as is described with reference to FIGS. 6 and TA-7C, that
inchudes a curved tip 1007 atits distal end. The corved tp 1007, according 1o one
embodiment, is curved or angled i the direction opposite the vessel puncture site 15,
which serves 1o bias a collapsed VOD 100 against the oppostte side of the vessel 10 and
away [rom the vessel puncture site 13 and to avord back-out by the VCD 100, In other
embodiments, however, the curved tip 1007 can have different conligurations, such as a
tip angled in the direction oppostle that shown i FIG. 104, or a substanially straight tp.
In stifl other embodiments. a sheath andfor an actuator handle, such as those described
with reference to FIGS. 9A-91, includes a similarly formed curved tip.

FIGS. 10B-10D thustrate another embodiment of a push rod. In this
entbodiment, the push rod 1010 includes at least one biasing member 1012 extending
from its distal end. The biasing member 1912 biases one end of a VCD 100 away from
the push rod 1010 and thus away from the puncture site 15, FIG. 108 llustrates an

antgle formed between the VOD 100 and the push rod 1010 caused by the biasing
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member 1012, The angle formed and distance created should be targe 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 i3 positionad within
the vessel 10, Otherwise, il 15 possible that the VCD 100 will back out inlo 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, bul not attached to, the VCD 100, FIGS. 10C-10D
illustrate other possible biasing member 1312 shapes, including an 8" shaped hiasing
member 1812 and g "C” shaped bigsing member 1012, respectively. Any other suitable
biasing member operable to bias the VOD 100 in a direction away from the punciure sife
13 may be provided. Representative examples of other bias maembers include a spring,
an elastic arm, or the ke,

FIGS, 10E-10G iHlustrate additional embodiments of delivery systems that
include a push rod or a delivery sheath having a protecting member extending radialiy
therefrom. The proleciing members are operable for preventing a VUD from backing owt
into the vessel puncture during delivery. The prolecting member may be in the form of
ant annudar ving. For example, FIG. 10E iHlustrates an embodiment i which a sheath
1420 mcludes a protecting member 1022 configured as a flexible anmular ring extending
radially from near the distal end of the sheath 1020, In one embodiment, the protecting
member 1022 can be selectively constramned, such as by a collar or retention tab, such
that the protecting member 1022 remains folded or otherwise not extended uniil within
the vessel 18, Since the protecting member 1022 can have § diameter that is similar 1o or
larger than the diameter of the vessel puncture site 13, resistance will be felt by the
operator when extracting the sheath 1020 and, therefore. can assist in corvectly
positioning the sheath 1028, such as to align a side hole or other sheath features, such as
15 described with reference to FIG. 7D, Posttioned against the vessel 10 wall, the
protecting member 1022 also serves to temporasily seal, at least partially, the vessel
punciure site 15, With a protecting member 1022 against the vessel puncture site 13, the
VD 100 can be pulled into the desired position since, even if its distal or proxinial end
atternpls to approach the puncture sile 13, no part of the VCD 100 will extend inlo the

puncture and prevent correct positioning. Moreover, the al least partial sealing provided
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by the protecting member 1022 mitigates or Himils significamt bleeding from the vessel
10 while positioning the VD 100,

According 1o another embodiment, a protecting member may be integrated with,
or otherwise adapted {0, a push rod device at or near 1ts distal end in the same or similar
manner as described with reference to FIG. T0E, or ag follows. FIGS. 10F-10G tHustrate
a sheath 1025 having a push rod 1330 contained therein that includes a protecting
member 1032, The protecting member 1032 of this embodiment is constructed of an
elastic material, sach as an elastic polymer, which, upon 1s release from the sheath 1025,
allows expansion of the protecting member 1032 into an expanded configuration{e.g., a
ring as iflustrated. m one embodiment) extending radially from the push rod 1030, FIG.
16F iliustrates an embodiment i which the protecting member 1032 15 collapsed within
the sheath 1025 and folded around the push rod Y030 towards its proximal end. FIG.
106 tustrates another embodiment of a protecting member 1032 loaded within a sheath
1023, in which the protecting member 1032 is folded toward the distal end of the push
rod 1030,

The prolecting members described herein may be formed from one or a
combination of Hexible or elastic polvmers, such as those described with reference 1o
F1G. 2,

In one embodiment, a protecting member 13 formed from a thin membrane with
one or more expanding or elastic members coupled therelo and operable to cause radial
expansion when the protecting member 18 released into a vessel. For example, each
elastic member mayv be configured as an elastic or super-elastic wire, ribbon, or mesh,
which may be formed rom materials, such as, but not limited to, mickel-titannam alloy,
stainless steel, super-slastic polvmers, or any other suitable elgstic or expandable
matertals, such as those described with reference to FIG. 2, or any combinations thergof

FIGS. 10H-101 tlastrate another embodiment of a protecting member. In #hug
embodiment, a delivery svstem includes a sheath 1025, a push rod 1040, and an
inflatable protecting member 1042 mtegrated with the push rod 1044, The inflatable
protacting member 1042 can be formied in 3 ring- shape, or in any other shape or shapes,
extending radially from the push rod 1040, After exiting the sheath 1023, as dhustrated
in FIG. 101, the iflatable protecting member 1042 s inflated by forcing saline or other

suitable fluid through a fill chamel 1044, which passes longitudinally through the push
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rod 1040 and whach is 1n fhud communication with and exits into an inferior space of the
inflatable protecting member 1342, Aller positioning and securing a VCD within a
vessel, the inflatable protecting merber 1042 is deflated and removed logether with the
push rod 104

FIGS. 10H-101 ifustrate an inflatable protecting member 1042 having a nng or
annular shape. In other embodiments, the inflatable protecting member 1042 15 formed
o have another shape  Examples of such other shapes include squares, reciangles,
triangles. or other polvgons. In other cases, the protecting member may be in the form of
multiple protruding arns, o the like. Moreover, in embodiments in which the sheath
14323 and/or the push rod 1040 are configured for insertion into § vessel at an angle, the
inflatable protecting mesber 1042 mav be affixed to the push rod 1640 at an angle to
compensale for the angled insertion. Similar orientation adjustments may be made to
any other protecting member embodiment described herein to accommodate differing
angles of msertton or alternate uses.

FIG. 1048 slustrates an embodiment of a delivery svstem for delivering an
articulated VOCD, such as the arttculated VCD 362 desentbed with reference to FIG, 3E.
In this embodiment, the articulated VCD 362, which includes two radial support frames
3740, 575 connected by at least one joint 3801, is delivered through a delivery sheath 1030
by a push rod 1033 or actuator handle in a compressed form, bending at least partiallv
along the joint 380, The VOD 562 of this embodiment further includes a containment
mechanism having members 1037, 1059 releasably retaining each radial support frame
£70, 375 in a collapsed configuration. In one embodiment, the members 1057, 1039 of
the containment mechanism are selectively releasable containment loops, each extending
from g respective member 10536, 1358 that are releasable. As the articulated VCD 562
exits the sheath 1030, the joint 380 straightens (o extend the two radial support frames
874, 375 within a vessel. After positioning, such as bv an anchoring tab 120 and/or pull
wire, the articulated VOD 562 is veleased to an expanded configuration by releasing the
members 1057, 1039 from around the radial support frameas 370, 375 expanding the
radial support frames 370, 5375 as iflustrated in FIG. 3E.

FIGS 10K-10M iHlustrate another embodiment for deploving an articulated VCD
362 (or any other VCD embodiment described herein), which includes additional means

for navigating the articulated VOD 562 into position.  In this embodiment, the



WO 2011/046932 PCT/US2010/052322

10

o
L

39

articulated VOD 562 includes one or more rings 1064 or other chamnmel-defining
members coupled (o one or both of the radial support frames 576, 575 and/or to the
sealing membrane 363 extending therebetween. In one embodiment, each ring 1064 is
positiongd approximately along the longitudingl axis of the articidated VCD 362, The
ning or rings 1060 altow the articolated VCD 101 to recerve suitable guiding means. One
embodiment of such guiding means s two guide wires 1062, 1064 capable of directing
each of the two radial support frames 370, 375 into proper posttion within the vessel, ag
shown in FIGS. 10K-10M. In an embodiment using guide wires 1062, 1064, or any
other guiding means passing through the ring or rings 1060, a joint 380 can optionally be
gliminated since the two radial suppeort frames 370, 575 can be spaced apart and
positionsd within the vessel using the guide wires 1062, 1064, Though, in another
embodiment, a joint 380 15 used in addition to guiding means to facilitate deplovment as
well a8 to support a sealing membrane 3635,

In use, according 0 one embodiment, after concluding an endovascular
procedure, the two gunde wires 1062, 1064 are inserted through a sheath 1030, one
extending from the access site in the distal direction of the vessel 10 and the other
extending 1o the proximal direction, as Hlustrated m FIG. 10K, Nexi, a compressed
articulated VOD 362 is loaded inlo the sheath 1050 with the guide wires 1062, 1064
threaded through the rings 10680, as iltustrated in FIG. 10L. FIG. 10M depicis the
aricalated VUD 562 after being released from the sheath 1030 and extended
longitudinally within the vessel on etther side of the puncture site. Finally, the guide
wires 1362, 1064 are removed and the containment mechanism (which may be any
suitable contmnment mechamsm desceribed herein) is released from the two radial
support frames 570, 875, This causes the griiculated VCD 362 to fully expand within the
vessel 11 and the sealing membrane 363 10 be pressed against the puncture site to
facilitate hemostasis.

FIGS. 10N-10P Hustrate exarmples of other erobodiments of delivery svstems for
releasing a containment mechanism and thereby allowing a VCD to radially expand
within a vegsel, These delivery systems may be utihzed with any VCD embodiment
described herein and any containment mechanism that inclades one or more releasable
members. With reference fo FIG. 10N, a2 VCD, such as the VCD 100 described with

reference to FIG. 2, 1s retained in a compressed configuration by a contaimment
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mechanism that inchudes 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 {oop 170 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 cuiting tubg 1080 A second
end 1074 of the wire foop 1070 1s threaded via a side hole 1076 formed n the sheath
1075, which may be the same as, or different from., the side hole described with
refarence to FIG. 9A. After passing through the side hole 1076, the second end 1674 of
the wire loop 107018 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 mner
dianeter of sheath 1075, has at least one edge at its distal end that is sharp and operable
for cutling the second end 1074 of the wire loop 1070 when passed by the side hole
176,

FIG. 100 illustrates another embodiment of a delivery svstem operable for
cutting the second end 1074 of the wire loop 1470, In thus embodiment, the sheath 1083
15 ¢closed at 1ty distal end with the exceplion of a single hole 1087 sized {0 allow the
collapsed VCD 100 and the ends 1072, 1074 of the wire loop 1070 to pass therethrough,
but having a dizmeter 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 180
The sheath 1085 may be manufactured with only the single hole 1987, or it may be
subsequently sealed by a separate lat plug having the hole 1087 formed therethrough
and securable ito the distal end of the sheath 1085,

In operation, the first end 1072 15 threaded through the channel of the cutting tube
1080 while the second end 1074 15 passed cutside the cutting tube 1080, between its
external surface and the inner surlace of the sheath 1085, By pushung the sharp edge of
the cutting tube 1086 againgt the cytting surface 1089 at the end of the sheath 1083, 3
shearing force severs the second end 1074, Severing the second end 1074 of the wire
loop 170 any of these embodirments releases the contanment mechamsm and allows
the VCD 100 to expand from its compressed state.

FIG. 10P iliustrates vet another embodiment of a delivery system operable to
release a contamment mechanism of a VCI 100, In this embodiment, the VCD 10015
retained n s collapsed state by a wire loop 1090 {or other stnp, string, or other member,

gic). One end of wire loop 1090 s secured to a push rod 1095 or actuator handle {e.g.,
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bed, glued, formed therem, or otherwise affixed). The opposite end of the wire loop
1090 mcludes a ring, hole, or loop 1092 and 1s threaded through a channel 1094 formed
in a side wall of the push rod 1023, The wire loop 1090 15 stretched or otherwise
relamned in a lad confizuration to maintam the VOD 100 m 1is collapsed configuration.
A release rod 1097 secured in a fixed relation (o the sheath 1099 (e g, inserted into or
otherwise affixed 1o an inner wall of the sheath 1099} 1s mitially posttioned through the
ring, hole, or loop 1092 and retains the wire loop 1090 in the taut configuration.

In use, while retracting the sheath 1499 and leaving the push rod 1095 within the
puncture, the release rod 1097 is pulled ont of the ring. hole. or loop 1092 in the second
end of the wire foop 1090, which releases the tension on the wire loop 1090, After the
wire toop 1090 15 released by extracting the release rod 1097, the push rod 1093 i3 also
refracted from the vessel puncture. Because the wire loop 1090 18 secured to the push
rod 1095 and no longer held in posttion by the release rod 1097, the wire loop 1090 15
released from the VCD 100, allowing the VCD 100 o expand. In one embodiment, an
anchoring tab 120 andfor pull siring remains connected to the VD 100, which can be
ased to facilitate positioning the VCD 100 within the vessel and 1o be secured to the
patient as described hevem.

The VUDs and associated delivery systems described herein advantageousty
provide means for at {east temporarily closing or otherwise sealing punctures ina
patient’s vasculature or other body Tumen. Quicker and more effective sealing
advantageously avoids the ttime and expense of applving manual pressure to the
puncture, which would otherwise be required by conventional methods, The various
support frames and sealing membranes disclosed effectively retai the closure device
within the vessel while requiting little additional surgical manipulation by the operator
during delivery, Muoreover, the embodiments described herein also avoid winecessary
widening of the vessel puncture due to their ability to collapse the VUD in a significantly
reduced profile duning delivery. Sinulardy, the ability Lo deploy example VODs via
various sheath configurations provides some embodiments that are more beneficial for
use with smalier sheath access than are presently available, such as with sheaths used
daring cardiac catheterization procedures.

1t 18 appreciated that these and many other advantages will be appreciated, and

modifications and variations of the devices, systems, and methods described herein, such
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as dimensional, size. and/or shape variattons, will be apparent 1o those skilled 1 the art
from the foregoing detailed description. Such modifications and variations are imtended

o comne within the scope of the appended claims,
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CLAIMS

A vasculature closure device, comprising:

an expandable support frame deplovable within a vessel; and

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

wherein, upon expanding the support frame, the device is confligurad o
tratununally position the sealing wembrane against @ puncture sile existing in a

vessal watl.

The device of claim 1, wherein the sealing mermbrane defines an ouler edge
around its periphery, and wherain the support frame comprises a penipheral
support frame, at least a portion of which 18 positioned at or near at least a portion

of the outer edge of the sealing membrane.

The device of claim 1, further comprising & cross-member support extending

across at least a portion of the sealing membrane.

The device of claim 3, wherein the cross-member support i3 attached to opposing

stdes of the support frame,

The device of claim 3, wherein the cross-member support 18 more rigid than the

sealing membrane.

The device of claim 3, wherein the cross-member support is more ngid than the

support frame.

The device of claim 3, wherein the cross-member support Turther comprises a
guide channel formed af least partially through the length of the cross-member
sapport, whaerein the guide channel is adapted for receiving at least one guide

wire therethrough Lo facihitate delivery of the device within the vessel,
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The device of claim 3, wherein the device 1s adapted for rolling into a collapsed
conliguration rolled along a longitudinal axis defined by the cross-member

support,

The device of claim 3, wherein, when expanding, the support frame is adapted at
teast partially to unroll to an expanded configuration having a radius of curvature

larger than a radius of curvature of the vessel.

The device of claim 1, further comprising at least one of an anchoring tab or a
pull string secured to the device at an intermediate location between opposite

edues of the sealing membrane.

The device of claim 10, wherein the anchoring tab or the pull string is secured to
at feast one oft {a) the sealing membrane; (b) the support frame; or {¢) a cross-

member support exlending across at Ieast a portion of the sealing membrane.

The device of claim 1, wheremn the sealing membrane completely covers the

support frame.

The device of claim 1, wherein the support frame s adapled for at least one ol
{a) partially integrating with the sealing membrang; (b) completely integrating
with the sealing membrane; (¢} adhering to the sealing membrane; ot (d)

mechanically coupling to the sealing membrane.

The device of claim 1, wherein the sealing membrane partially covers the support

frame.

The device of claim . wherein the sealing membrane defines an outer edge
aroynd s periphery and further compsises a plurality of tabs extending
therefrom, and wherein the support frame comprises a peripheral support frame,

at feast a portion of which i positioned at or near at least a portion of the outer
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edge of the sealing membrane and retained {o the sealing membrane by the

plurality of tabs.

16. The device of claim 1, huther comprising a selectively releasable containment
5 mechamsm adapted for releasably retaning the device in a collapsed

configuration.

17 The device of claim 16, wherein the containment mechamsm comprises at least
one looped member encircling the device when in the collapsed configuration.
{0
18, The device of claim 16, wherein the confainment mechanism comprises af least
one release pin passing through at teast two aligned apertures. wherein, when
passing through the at least two gligned apertures. the device 18 retained in the

collapsed configuration.

o
L

19, The device of any one of claims 1 1o 18, wherein the support frame expands
radiatly from a {irst arcumference when in a collapsed configuration to a second
crircumference when in an expanded confliguration, the second circumference

greater than the first circamference.

200 The device of any one of claims 1 to 18, wherein, upon expanding, the support
frame 1s adapted {0 exert a radial pressure against the vessel wall, the radial
pressure ranging between approximately 2 mm He and approximately 400 mun
Hg.

21 The device of anyv one of claims 1 fo 18, wherein the sealing membrang

comprises a biodegradable, bioabsorbable, or bioerodable matenal.

22, The device of any one of claims 1 0 18, wherain at 1east a portion of the support

30 frame comprises a biodegradable, broabsorbable, or bioerodable malterial.
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The device of any one of claims 1 1o 18, wherein at least a portion of the sapport

frame is non-hiodegradable, non-bicabsorbable, or non-bicerodable.

The device of any one of elaims 1 to 14, wherein the support frame comprisas a
pre~shaped material adapted lor expanding the sealing membrane when in ils

stable siate.

The device of any one of claims | {0 18, wherein the support frame comprises a
pre-shaped materigl adapted for expanding the sealing membrane when in it
stable state, the pre-shaped matenal comprising at least one of! {a) a shape

memory metal or {b) a shape memory polymer.

A method for closing a vessel, comprising:
deploving, via a sheath, a vasculatore closure device comprising a support
frame and a sealing membrane into a vessel through a punclure site, whergin the
support frame is in a compressed configuration duning deplovment; and
posttioning and expanding the support frame within the vessel {o cause

the sealing membrane (o af least partially seal the punciure site.

The method of claim 26, wherein the support frame is expanded within the vessel
from a rolled configuration o an at least partially unrolled configuration, wherein
upont expanding the sepport frame has a radius of curvature barger than the radius

of curvature in the rolled conliguration.

The method of elaim 26, wherein positioning and expanding the support frame
wilhin the vessel further comprises pulling an anchoring fab secured 1o the
vasculature closure device through the punctare site and securing the anchonng

tab 1o issus.

The method of any one of claims 26 (o 28, lusther comprising:
prior to deploying the vasaudature closure device, inserting the vasculature

closure device into a loading tube in the collapsed configuration:
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mserling the loading tube into the sheath; and
removing the loading tube from the sheath. leaving the support frame and

the sealing membrane within the sheath for deplovment to the vessel.

The method of any one of claims 26 to 28, wherein deploving the vascolature
closure device further comprises passing the vasculature closure device through

the sheath utilizing a push rod.

The method of any one of claims 26 to 28, wherein expanding the support frame
conmprises releasing a containment mechanism encircling the vasculature closure
device when in the collapsed configuration to allow the vascdature closwre

device 1o expand within the vessel.

A svstem for closing a vessel puncture, comprising.

a vaseulalure closure device comprising an expandable support frame and
asealing membrane at least partially supported by the expandable support frame,
wharein the vasculature closure device s configured to expand from a collapsed
configuration to intralununally position the sealing membrane against a puncture
sile existing in a vessel;

a sheath operable Lo receive the vasculature closure device in the
collapsed configuration and to lacilitate deploving the vasculature closure device
through the puncture stle and into the vessel; and

a push rod operable 1o advance the vascolature closure device through the

sheath.

The svstem of any one of claim 32 or 33, further comprising a loading tube
operable 1o recerve the vasculature closure device in the collapsed configuration
prior 1o insertion info the sheath, and operable for msertion at least partiglly into
the sheath for deploving the vasculature closure device into the sheath or into the

vessel
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The system of any one of claim 32 or 33, wherein the vasculature closure device
comprises g selectively releasable containment mechanism adapted for releasably

retaning the device in the collapsed configuration.

The system of any one of claim 32 or 33, further compnising at least one outer
sleeve positionable over the sheath, whereain the at least one outer sleeve

comprises a greater owter diameter than the outer diameter of the sheath.

The system of anv one of claim 32 or 33, wherein the sheath further comprises at
least one hole passing through a stdewall of the sheath focated at a distal portion

of the sheath, wherein the at least one hole allows bloed flow therethrough.
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FIG. 6 o
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Insert vascular closure device assembled in loading tube | - 625

Push vascular closure device out of the loading tube

through the sheath into vesse! |~ 630

Remove sheath and pull vascular closure device back to the

vessel puncture site with the attached tab | 635

Release vascular closure device containment feature
allowing support frame to fully expand and position sealing
membrane

640

Secure attachment tab of the vascular closure device close | ~ 645
vessel access site
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