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CLOSURE MEDICAL DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims priority from four utility applications filed on August 3 1 ,

2007 having US serial numbers 11/849,237, 11/849,241 , 11/849,244, and 11/849,252

respectively. Each of these four applications is herein incorporated specifically by

reference into this application in its entirety.

FIELD OF THE INVENTION

[0001] The invention is a closure device for closing a wound caused by a minimally

invasive medical procedure that accesses the body through a vessel or cavity. The

device and method of the invention provide for wound closure upon completion of such

a minimally invasive procedure. The device is made of bunchable material that

bunches in the tissue tract and provides a structural environment that stops bleeding

and promotes healing of the tissue.

BACKGROUND OF THE INVENTION

[0002] Many vascular procedures can be accomplished by minimal invasion, typically

by accessing the femoral artery or another major blood vessel, and through that vessel

accessing the heart, brain, or other site that requires surgical attention. When the

procedure is completed a hole remains in the accessed vessel that needs to be closed.

The goal of repair of the puncture wound is to create hemostasis in the tissue tract, and

to allow the puncture hole in the vascular lumen to seal, allowing blood to eventually re-

flow through the lumen without thrombosis or embolism, and also allowing the tissue in

the tissue tract leading to the vessel to heal.



[0003] The earliest methodology of closing puncture wounds in vascular lumens was

direct physical pressure which is first applied by a person (usually a physician or nurse

or aid) for up to an hour. After the initial application of manual pressure, a "C" clamp is

fixed at the puncture site to finish the closure. Usually during application of the "C"

clamp the patient is immobilized for 6 to 8 hours. The "C" clamp method can be painful

and as with manual direct pressure requires immobilization. The drawbacks of direct

pressure at the site include that a trained professional is monopolized with the task for a

relatively long period of time, there is a risk of thrombosis or embolization during the

process of applying pressure, the circulation is cut off in the lumen when the pressure is

being applied, the patient is immobilized during application of the pressure, and it is

painful. The pressure methods generally require also that the patient be catheterized

for urinary output during the 8 or so hours while the wound is closing under pressure

from the "C" clamp so that the patient can remain completely immobilized until the

wound has closed sufficiently to stop any bleeding from the artery. Even today, despite

the discomfort and extended care required while applying direct pressure and waiting

for the wound to heal, direct pressure, either by manual application or a "C" clamp, or a

combination of both, is the standard of care. About 70% or all closure requirements are

met with this crude and seemingly archaic method of closure by application of direct

pressure.

[0004] As an alternative to direct pressure, inventors and companies have developed

various devices for wound closure at a vascular puncture site. Accordingly, on the

market today are various items including: biodegradable plugs, suture, staples,

ultrasound, collagen, collagen with thrombin, collagen with an anchor, and hemostatic

patches and pads. These commercial alternatives to direct pressure include Kensey

Nash's AngioSeal that places a member in the artery from which a second operation

can be facilitated to add a plug on the outside of the artery. Abbott's Perclose system

sutures the site using a remote access introducer. Also available are Datascope's

VasoSeal, Vascular Solutions' Duett, Sutura's vascular suturing system, and Marine

Polymer Technologies' Syvek. Of the 30% of the market that uses these devices



instead of direct pressure, the devices used most often are AngioSeal (46%), PerClose

(32%), VasoSeal (14%), and Duett (3%). Obese patients are among the best

candidates for these alternatives because direct pressure on an obese person can be

less effective than necessary for complete closure of the puncture site. Some of these

methods or devices have proved unreliable, generating thrombosis, or requiring

placement several times before they are effective. Although these devices are

expensive, successful use of them, can reduce the overall cost of the procedure if use

of the device causes the patient to be ambulatory sooner and require less attendant

care and less hospital time as a result.

[0005] It would be advantageous to the field of percutaneous and otherwise minimally

invasive surgery (including particularly cardiac and cardiac-related surgery) to offer a

system of vascular closure that is simple and capable of providing reliable hemostasis

in the accessed vessel at a cost that can justify incorporation of the device into routine

practice. In addition, present practice sometimes indicates using two or more devices to

accomplish the closure, and it would be optimal to provide a single effective device that

reliably closes the puncture site every time. In addition, it would be desirable to

accomplish closure without suture, and without the need to apply direct pressure, even

as an adjunctive therapy. The present invention accomplishes these and other goals.

SUMMARY OF THE INVENTION

[0006] The invention is a device for closing a puncture wound in a mammalian body,

particularly a human body. The typical situation where this device is used is after a

minimally invasive procedure where the heart or related vessels are accessed through

the femoral artery. After the procedure, a hole remains in the femoral artery that can

bleed unless closed. The invention is a device that can be placed into the femoral

artery and through the hole and within the exiting tissue tract.

[0007] A delivery sheath holding the device is placed through the introducer sheath

that is already in the tissue tract and femoral artery from the minimally invasive



procedure. When deployed the device closes the tissue tract and seals the puncture

within the femoral artery shut so that the patient does not bleed into the tissue tract and

blood can resume normal flow through the artery.

[0008] The wound to be closed can be any puncture wound, particularly wounds

caused in percutaneous minimally invasive surgery where an artery such as a femoral

artery is accessed using a catheter. Removal of the catheter and its introducer sheath

after the procedure results in a hole leading from the vessel. Bleeding will ensue if the

hole is not plugged either by thrombosis created by direct pressure or some device to

close the hole. The device of the invention closes the puncture hole, and can also

close a similar hole left after access to a cavity or other body vessel. The device is

deliverable in a delivery sheath, and the delivery sheath is optimally passed through the

introducer sheath already in place from the surgery that was the purpose of creating the

puncture wound in the first place. The puncture wound typically has a length along a

tissue tract that leads from the puncture in the vessel or cavity to the skin, the tissue

tract resolving in an interior opening of the vessel or cavity.

[0009] The closure device will have minimally a distal section for placing inside the

interior opening of the vessel or cavity. The distal section is lodged in a delivery sheath

to effect delivery to the vessel along the tissue tract that was already created with the

introducer sheath for the percutaneous procedure. The delivery sheath has a proximal

end at the skin surface and a distal end close to the interior of the vessel or cavity

where the distal section is to be delivered. The delivery sheath is capable of

penetrating the wound along the length of the wound to pass through the interior

opening of the vessel and release the distal section. The distal section is released

using a plunger that slides over a tension member. The tension member is affixed to

the distal section and tension placed on the tension member. The tension member is

typically a suture or string or other type of strand or linear member able to withstand

tension and it controls the placement and directionality and seating of the distal section

at the vessel or cavity wall, in coordination with the action of the plunger in the delivery



sheath that pushes the distal section out from the sheath while tension is placed on the

distal section by pulling the tension member proximally toward the skin surface. In this

manner a distal section having a stiff front end is released from the delivery sheath and

rotated 90 degrees so that the stiff front end is now turned perpendicular to the opening

of the delivery sheath, and is no longer parallel to it. The distal section of the device

when seated in the vessel or cavity wall provides resistance against the interior

opening, allowing for the placement and adjustment of the rest of the device.

[00010] The device also minimally comprises a proximal section connected to the distal

section. The proximal section comprises a bunchable material capable of bunching in

the tissue tract upon deployment. As the proximal section releases from the delivery

sheath it is unbunched, but tension placed on the tension member, which is a string or

strand running through the bunchable material, causes the material to bunch and fold in

the tissue tract. The device also minimally has at least one tension member that is a

string or strand connected to the distal section and either the same or a different

tension member connected to the proximal section for pulling each section. Pulling on

the tension member adjusts the position of the distal section, and bunches the proximal

section. Positioning of the device in the body is with the distal section seated against

the interior of the vessel wall, and the proximal section bunched in the tissue tract. The

tension member or tension members are left to reside in the device and can be clipped

at the skin level. The end or ends of a tension member at the skin surface can be used

to retrieve the closure device if it was not positioned properly, or if for any reason the

closure device needs to be removed or readjusted.

[00011] The configuration and placement of the tension member in the device can be

important. The tension member can be a single string knotted at the distal section and

threaded through the proximal section. Alternatively, the tension member can be

looped through the distal section and proximal sections, effectively providing for two

ends at the proximal section of the device near the skin surface. In order to pull the

looped tension member effectively, the tension member can be slip knotted to itself in



the proximal section so that pulling on the string resulting from the slip knot bunches the

material as the slip knot travels down the device toward the proximal section. This

activity can be facilitated better using a plunger that pushes the device away from the

skin surface and towards the vessel opening, while the tension member with its slip

knot is pulled back towards the skin surface to provide the tension necessary for

positioning the distal section and bunching the proximal section.

[00012] Several configurations of the tension member can be used including that the

tension member is looped through the distal section and proximal section using a single

tension member having first and second proximal ends (ends residing at or near the

skin surface). The tension member can also pass through the distal section and the

proximal section once and be knotted at the distal section, so that there is only a single

end at the proximal section. A slip knot configuration of the tension member provides

greater tension and control on the bunching material, and is achieved by having two

ends of the same tension member (created when the tension member is threaded or

looped through the material) then forming a slip knot with one of the ends around the

other end so that pulling the single remaining thread of the slip knot causes the material

to compress. The pulling of the tension member is usually done in coordination with the

pushing of a plunger away from the skin and towards the vessel or cavity opening.

[00013] Another variation of the device includes a middle section positioned between

the distal section and the proximal section. Although the middle section can be the

same width as the proximal section, the middle section is optimally a narrow short

section for passing from the vessel to the tissue tract. The middle section is connected

to the distal section so that upon rotation of the distal section, the middle section

remains exterior to the vessel or cavity, remaining in connection with the distal section.

The middle section is optimally significantly narrower than the distal section (the rotated

distal section) so as to provide minimal disturbance between the interior opening of the

vessel or cavity and the tissue tract.



[00014] Following from the middle section in this variation is the proximal section that

bunches as before. A single tension member can control all three sections, or two

tension members can be used, one controlling the distal section, and another

controlling the middle and proximal sections together. Also, the middle section does not

necessarily need to have a tension member controlling it at all, so that two tension

members can be used, one for the distal section and one for the proximal section. The

second tension member can start in the middle section or can miss the middle section

altogether and start in the proximal section because the middle section is so short and

narrow it does not bunch much if at all, nor is it important for it to bunch, but rather the

middle section acts as a placeholder or a distancer to separate the distal from the

proximal sections and provide the least possible trauma at the vessel or cavity opening.

The knotting of the tension members can have the same variations as described

previously, ie. a single thread knotted at the distal section, a single thread knotted at the

proximal section, a single thread looped through all sections with two ends at the skin

surface, the two ends at the skin surface forming a slip knot, or both a single thread

looped at the vessel end of the proximal section with two ends at the skin surface,

preferably controlled by a slip knot there.

[00015] Yet another variation of the device includes a distal section, a middle section,

a proximal section and two tension members in essentially the same configurations as

described previously. The only difference in this variation is that after the proximal

section has been bunched using the second tension member, the first tension member

is used to pull the distal section from its seat in the interior of the vessel or cavity wall

into the beginning of the tissue tract to reside adjacent to or just in front of the middle

section. This variation is depicted in FIG. 6A, 6B, and 6C.

[00016] Methods of closing a puncture wound include using each of the described

variations as depicted in a procedure to close a puncture wound. Accordingly, the

wound can be closed with a device having a distal and proximal section and a single

tension member; a distal and proximal section and two tension members; a distal,

proximal, and middle section having two tension members; and a distal, proximal and



middle section having two tension members where the first tension member is capable

of pulling the distal section out of the interior of the vessel or cavity for final

configuration of the device entirely outside the vessel or cavity.

[00017] The tension member can also be fixed by one knot in the tension member at

the distal section. The rest of the tension member is threaded through the material and

pulling on the tension member while the plunger pushes against the material

accomplishes the necessary activity for deploying the device. An alternative

configuration for any of the tension members is a slip knot formed at or near the skin

surface for better pulling on the tension member and control or bunching of the distal or

proximal sections.

[00018] The distal, middle and proximal sections can comprise any suitable

biocompatible material. Preferred material is material that will bioabsorb or biodegrade

at about the rate that the wound will heal. Accordingly, materials that may be used to

make the device include but are not limited to polyglycolytic acid (PGA), PGLA, PLA,

polydioxanone, polycaprolactone, polyhydroxybutyrate, collagen, a polymer matrix,

extracellular matrix, silk, Dacron, polytetrafluoroethylene (PTFE), expanded

polytetrafluoroethylene (EPTFE), a metal, a metal alloy, a plastic, an elastic material, a

polymer, an inert material, a fused segment of material, a melted segment of material, a

fabric, a braid, a weave, and a foldable material.

[00019] Similarly, the tension members can comprise materials that have sufficient

tensile strength to withstand the pulling activity, and that also, sometime when the

wound has healed will itself biodegrade. Thus, the tension member can comprise a

material selected from the group consisting of polyglycolytic acid (PGA), polyglycolytic

lactic acide (PGLA), polylactide (PLA), polydioxanone, polycaprolactone,

polyhydroxybutyrate, collagen, a polymer matrix, extracellular matrix, silk, Dacron,

suture, a bioabsorbable material, a biodegradable material, a biocompatible material, a

metal, a metal alloy, a plastic, an elastic material, a polymer, an inert material, a thread,

and a strand.



[00020] Other variations of the device include the elements just described above, with

some notable additions or differences. One variation includes a device where the distal

section and the proximal section each have their own separate tension members. As

with all the tension members of the variations, these tension members can be looped

with a slip knot, or singly threaded through with an end knot.

[00021] The first tension member controls and seats the distal section and the second

tension member bunches and positions the proximal section. The process of placing

the device includes the activities of pushing the plunger distally in the delivery sheath so

that the distal section is deployed, rotating the distal section about 90 degrees once

inside the vessel or cavity by pulling on a tension member that controls the distal

section (i.e. is attached to it), seating the distal section in its rotated state against the

wall of the vessel or cavity, withdrawing the introducer sheath and delivery sheath

gradually along the tissue tract while pushing with the plunger to expel the proximal

section in the tissue tract, and bunching the proximal section by pulling on the tension

member somewhat simultaneously as the plunger is being pushed toward the vessel or

cavity opening. The methods can further include locking the delivery sheath (which

resides within the introducer sheath during much of the delivery process) within the

introducer sheath.

[00022] The invention also includes a mechanism for delivering the closure devices that

includes a delivery sheath having distal and proximal ends, a tension member control

arm at the proximal end for allowing pull on the tension member to place the distal

section and bunch the proximal section. The mechanism also comprises a plunger that

resides within the delivery sheath with one or more tension members running through it

so that the tension members can be pulled while the plunger is pushed to effect delivery

of the device.

[00023] Another variation of the device is a closure device for closing a puncture

wound, the device deliverable in a delivery sheath, the puncture wound having a length

along a tissue tract that resolves in an interior opening of a vessel having fluid flow, the



closure device comprising a short stiff front section capable of rotation 90 degrees upon

placement inside the vessel for seating the device in the vessel, the short front section

having a first tension member for seating it, and the short front section connected to a

long bunchable back section that bunches upon deployment from the delivery sheath

using a plunger to push it out from the delivery sheath and a second tension member

running through a bunchable section to pull against the seated front section in

opposition to the plunging action to release the long back section from the delivery

sheath and to bunch it in the tissue tract.

[00024] Yet another variation of the device provides that the device is as just described

and additionally the short stiff front section bends at a midline after the long bunchable

back section is bunched using the first tension member to withdraw the short stiff front

section from the interior opening and bend it into the tissue tract in front of the long

bunched back section, thereby clearing the vessel of the device and providing

unobstructed fluid flow in the vessel.

BRIEF DESCRIPTION OF THE DRAWINGS

[00025] FIG.1 A depicts a side view of one embodiment of the device having a distal

section, a proximal section, and a tension member looped through both sections with a

slip knot at the proximal end.

[00026] FIG. 1B depicts a flat view of the device of FIG. 1A with the distal section,

proximal section and tension member looped through both of them with a proximal slip

knots.

[00027] FIG. 1C depicts another embodiment of the device with a distal section,

proximal section, and tension member looped through both, the tension member

ending with an end knot at one of the two proximal ends.



[00028] FIG. 1D depicts the proximal most end of the embodiment of FIG. 1C having

an end loop knot instead of an end knot.

[00029] FIG. 1E depicts another embodiment of the device having a distal section, a

proximal section, and a tension member through both of them, with an anchoring end

knot in the distal section.

[00030] FIG. 1F depicts the distal end of the device of FIG. 1E having a looped knot for

anchoring the tension member in the distal section.

[00031] FIG. 2A depicts a side view of a partially folded device having a distal section,

a proximal section and two tension members, one in the distal section and passing

through the proximal section also and one through just the proximal section. The

embodiment of FIG. 2A depicts a slip knot at an end of the tension member in the distal

section, and a slip knot at one end of the tension member that runs through the

proximal section.

[00032] FIG. 2B depicts a flat view of the device of FIG. 2A showing the looped tension

member through the distal section, ending in a slip knot, and the looped tension

member through the proximal section, ending in a slip knot proximal to the proximal

end.

[00033] FIG. 2C depicts a flat view of another embodiment having two tension

members, where the proximal end of the proximal tension member is finished in an end

knot.

[00034] FIG. 2D depicts a variation of the embodiment of FIG. 2C showing a looped

end knot to finish the tension member that runs through the proximal section.



[00035] FIG. 2E depicts an embodiment of the device having a distal end with a tension

member having an end knot at the top, the tension member extending through the

proximal section also, and a second tension member in the proximal section that is

looped around and has a slip knot at the end of the proximal section closest to the skin

surface (the proximal end of the proximal section).

[00036] FIG. 2F is a version of the embodiment of FIG. 2E that has a looped knot at the

distal section to hold the single tension member in the distal section, and is otherwise

the same with respect to the second tension member.

[00037] FIG. 3A is a side view of an embodiment of the device having a distal section,

a middle section, and a proximal section. This particular embodiment has two tension

members, one in the distal section, and running also through the middle and proximal

sections, and a second tension member through the proximal section.

[00038] FIG. 3B is a flat view of the same embodiment as in FIG. 3A, having a slip knot

in the second tension member at the proximal end, and an end knot in the first tension

member at the distal section.

[00039] FIG. 4A, 4B, and 4C depicts the embodiment of FIG. 1A and 1B in the context

of a vessel and tissue tract. FIG. 4A depicts the distal section placed in the interior of

the vessel and the proximal section beginning to bunch in the tissue tract. FIG. 4B

depicts the proximal section folding more extensively using the plunger of the delivery

device to effect the bunching along with the tension member. FIG. 4C depicts the

device fully placed in the vessel and tissue tract, and the delivery device removed.

[00040] FIG. 5A depicts the embodiment of FIG. 2A and 2B in the context of a vessel

and tissue tract. FIG. 5A depicts the distal section placed in the interior of the vessel

having the tension member with a slip knot, and the proximal section beginning to

bunch in the tissue tract. FIG. 5B depicts the proximal section almost completely



bunched having the plunger of the delivery device pushed distally to bunch the proximal

section along with pulling on the second tension member having a slip knot. FIG. 5C

depicts the device completely placed in the vessel and tissue tract and the delivery

device removed.

[00041] FIG. 6A, 6B, 6C, and 6D depicts the embodiment of FIG. 3A and 3B in the

context of a vessel and tissue tract. FIG. 6A depicts the distal section placed in the

interior of the vessel and the proximal section beginning to bunch in the tissue tract.

FIG. 6B depicts the middle section bunching slightly, and the proximal section bunching

completely in the tissue tract using the plunger of the delivery device and the second

tension member having a slip knot. FIG. 6C depicts the middle section bunching and

the proximal section completely bunched in the tissue tract, and the distal section

beginning to bend in half. FIG. 6D depicts the device with the distal section completely

withdrawn from the interior of the vessel to reside bunched with the middle section in

the early part of the tissue tract, and following that the proximal section completely

bunched in the tissue tract, with the delivery device completely withdrawn.

[00042] FIG. 7A through 7F depicts the mechanism that controls the delivery sheath to

deliver the device in the vessel and tissue tract. The device embodied in FIG. 1 is used

as an example of how the mechanism would operate for any of the embodiments of the

invention. FIG. 7A shows the delivery sheath locking into the introducer sheath with the

distal end of the delivery sheath. FIG. 7B depicts the mechanism which provides both

tension on the tension members and motion with the plunger using the movement of the

block to push the plunger into the delivery sheath that is locked into the introducer

sheath with a control arm at the proximal end of the delivery sheath for simultaneously

applying tension on the tension member or members. FIG. 7C depicts the delivery

sheath sliding into the introducer sheath. FIG. 7D depicts the delivery sheath locked

into the introducer sheath and extending into the introducer sheath and beyond the

distal end of it into the interior of the vessel. The distal section of the closure device

extends beyond the distal end of the delivery sheath in a "T" formation in preparation for



placing the distal section of the closure device at the interior of the vessel wall. The

device also depicts a control arm for controlling the tension member or members and

plunger. FIG. 7E depicts the delivery sheath extending through the introducer sheath

with the delivery sheath and introducer sheath extended into the interior of the vessel,

with the distal end of the delivery sheath extending beyond the introducer sheath, and

the distal section of the closure device protruding from the distal end of the delivery

sheath in a "T" formation in preparation for placing the distal section of the closure

device at the interior wall of the vessel. FIG. 7F depicts a cross-sectional view of the

delivery mechanism for deliverying the device.

[00043] FIG. 8A - 8C depicts the mechanism for placing and the deploying the closure

device.

DETAILED DESCRIPTION OF THE INVENTION

[00044] The closure device is made of a bunchable material that bunches within the

tissue tract. The device is delivered in a delivery sheath through the introducer sheath

through the tissue tract to a vessel having a puncture hole. The distal end of the device

is seated against the vessel wall and material comprising the proximal section of the

device is bunched within the tissue tract to provide an environment for blood

coagulation, closure of the puncture hole and sealing the space within the tissue tract.

The material of the device is a biocompatible material and can be partly or fully

bioabsorbable or biodegradable.

[00045] Turning now to the figures, FIG. 1A-1 F depict the general embodiment of a

device 17 having a distal section, a proximal section and a single tension member

running through both the distal section and proximal sections and controlled by proximal

ends that are proximal to the proximal section. That being the, FIG. 1A depicts a side

view of an embodiment of device 17 having a distal section 2 and a proximal section 4 .

The distal section 2 has a tension member 8 that loops through both the distal section 2



and the proximal section 4, weaving in and out of the bunchable material 6, and having

a first proximal end 10 and a second proximal end 12 and a slip knot 14 that is tied by

first proximal end 10 around second proximal end 12 . FIG. 1B is a flatter view of the

same device 17 as depicted in FIG. 1A, having the tension member 8 that loops around

in the distal section 2 and through the proximal section 4, with a first proximal end 10

and a second proximal end 12 resulting in ends 10 and 12 at the proximal section 4 .

Slip knot 14 is made using first proximal end 10 around second proximal end 12 .

[00046] FIG. 1C is a slightly different embodiment of 17 from FIG. 1A and 1B in that

end knot 15 is used in the proximal section 4 with first proximal end 10 instead of a slip

knot. Tension member 8 is looped through both the distal section 2 and the proximal

section 4, and also results in second proximal end 12 . Pulling on second proximal end

12 bunches the bunchable material 6 . FIG. 1D presents yet another embodiment of

device 17 providing a looped knot 16 using proximal end 10, and leaving free and

dangling second proximal end 12 . In any of these embodiments the knots may be

looped knots or end knots, provided they hold the tension member at the position of the

knot in the material where the tension member is attached by a knot.

[00047] FIG. 1E depicts an embodiment of the device 17 where a single tension

member 22 is run through both the distal section 2 and the proximal section 4, having

an anchor knot 20 in the distal section, and a proximal end 18 at the proximal section.

FIG. 1F depicts a slight variation on this embodiment depicting a looped knot anchor 24

in the distal section 2, with tension member 22 running also through proximal section 4 .

[00048] FIG. 2A through 2F depict another several embodiments in a device 3 1 that

have some elements in common, that is having a distal section and proximal section,

and a first and second tension member. Accordingly, turning to FIG. 2A and 2B there is

depicted a side view of device 3 1 in FIG. 2A and a flat view in FIG. 2B of a device 3 1

having a distal section 2 and a proximal section 4, and a bunchable material 6

comprising the proximal section 4 . First tension member 26 in distal section 2 ends in



slip knot 40. First tension member 26 extends also through proximal section. Proximal

end 30 of second tension member 28 extends from proximal section 4 through

bunchable material 6, forming slip knot 34 around other proximal end 32.

[00049] FIG. 2C and 2D depict an embodiment of device 3 1 having an anchor knot 36

in second tension member 28 having proximal ends 30 and 32 resulting from proximal

section 4 . Distal section 2 has first tension member 26 and slip knot 40. FIG. 2D

illustrates a looped anchor knot 16 with end 30 instead of the straight anchor knot 36 of

FIG. 2C. Ends 32 and 26 emerge at the proximal end in FIG. 2D as with FIG. 2C.

Having first and second tension members allows the practitioner to first position the

distal section 2 and then to bunch the proximal section 4 in the tissue tract.

[00050] FIG. 2E and 2F depict an embodiment of device 3 1 also having the two tension

members, a first tension member 26 in distal section 2 and a second tension member

28 in proximal section 4 . FIG. 2E depicts an anchor knot 20 in first tension member 26

in distal section 2, and FIG. 2F depicts a looped anchor knot 24 in first tension member

26 in distal section 2 . Both FIG. 2E and 2F depict first tension member resolving in the

proximal section 4, and both FIG. 2E and 2F also depicts second tension member 28

resolving in first and second proximal ends 30 and 32 in proximal section 4 . Slip knot

34 secures and controls second tension member 30 around second proximal end 32.

[00051] FIG. 3A and 3B depict side view and flat view respectively of an embodiment

of device 43 having a distal section 50, a middle section 52 and a proximal section 54.

Distal section 50 has first tension member 56 having slip knot 60. First tension member

56 also weaves through middle section 52 and proximal section 54 to resolve at the

proximal most part of proximal section 54. Second tension member 58 begins at

proximal section 54 and loops around to finish proximally in ends 68 and 66, end 68

forming a slip knot 62 around end 66. Proximal section 54 and middle section 52 are

made of bunchable material 64 as depicted in the side view of device 43 in FIG. 3A.



[00052] FIG. 4A, 4B and 4C depict an embodiment of the device 17 having a distal

section 84, proximal section 86 and tension member 96 in a vessel 82, through a vessel

opening 70, and within a tissue tract 80. The delivery sheath 72 fits within the

introducer sheath 78 within the tissue tract 80. The distal section 84 is placed up

against the interior wall of the vessel 82. Tension member 90 is looped through distal

section 84 and proximal section 86, and resolves in ends 94 and 96, with slip knot 92

actuated by plunger 88 moving toward the distal section against delivery sheath wall 76.

FIG. 4B depicts device 17 having the distal section 84 placed in the vessel 82 and

having the proximal section 86 bunched by pushing on the plunger 88 along plunger

wall 76 within delivery sheath 72 which is within introducer sheath 78 to move the slip

knot 92 towards the distal section 84 and bunching the material of the proximal section

86 through the contraction of tension member loop 90 having proximal ends 94 and 96.

While the plunger 88 is moving distally, tension is being placed on end 96 of tension

member loop 90 which causes the slip knot 92 to slide and the loop of tension member

90 to tighten. FIG. 4C depicts device 17 fully deployed in the tissue tract 80 having

distal section 84 placed in vessel 82, and proximal section 86 completely bunched in

tissue tract 80, having slip knot 92 pushed tightly against proximal section 86 and

having short end 94 and longer end 96 resting in tissue tract 80. The delivery sheath

72 and introducer sheath 78 of device 17 of FIG. 4B are removed and blood is allowed

to flow through vessel 82 without leaking from opening 70 (opening 70 depicted in FIG.

4A).

[00053] FIG. 5A, 5B and 5C depicts the embodiment of the device 3 1 having a distal

section, a proximal section and first and second tension members. FIG. 5A depicts

distal section 2 placed within the opening 70 and seated in vessel 82. First tension

member 26 holds distal section 2 in place using slip knot 40. Proximal section 4 made

of bunchable material begins to bunch in device 3 1 in FIG. 5A using ends 30 and 32,

the end 30 forming slip knot 34. Plunger 88 of delivery sheath 72 is placed within the

introducer sheath 78, all placed within tissue tract 80. As the device 3 1 gets deployed

in FIG. 5B slip knot 34 tightens over end 32 using end 30, pushed by pusher 88 against



delivery sheath wall 76 through delivery sheath 72, within introducer sheath 78 in tissue

tract 80. As a result of the bunching of proximal section 4, first tension member 26 and

second tension member 28 are pulled tightly through proximal section 4 as pusher 88

moves up through delivery sheath 72 against delivery sheath wall 76. FIG. 5C depicts

the fully deployed device 3 1 having distal section 2 placed flatly in vessel 82 and

proximal section 4 bunched tightly up against slip knot 40, having slip knot 34 pushed

tightly against proximal section 4, with ends 30, 32 and 26 remaining in the tissue tract

after removal of the delivery sheath and introducer sheath.

[00054] FIG. 6A, 6B, 6C and 6D depict device 43 having a distal section 110, a middle

section 112, and a proximal section 114 with a first tension member 124, and a second

tension member 126. FIG. 6A depicts delivery sheath 118 within introducer sheath 116

within tissue tract 120 with plunger 132 in delivery sheath 118, all positioned for

actuation and release of device 43. In FIG. 6A distal section 110 of device 43 is already

placed in vessel 122. Slip knot 128 is tied over first tension member 124. Middle

section 112 acts as a spacer to keep the proximal section a measured distance from

the outside of the vessel wall while the proximal section 114 is being bunched. The

measured distance is maintained for the purpose of later withdrawing the distal section

110 from the vessel into the tissue tract adjacent to the middle section. The proximal

section 114 bunches over second tension member 126 with some tightening coming

from slip knot 130 around second tension member 126. FIG. 6B depicts device 43

having a middle section 112 in tissue tract 120 with slip knot 128 pushed tightly against

distal section 110 . Proximal section 114 is beginning to bunch in tissue tract 120, as

introducer sheath 116 and delivery sheath 118 are being withdrawn from tissue tract

120 to release the bunchable material of proximal section 114 over first tension member

124 and second tension member 126. FIG. 6C depicts full activation of plunger 132

through delivery sheath 118 within introducer sheath 116 in tissue tract 120 with slip

knot 130 pushed tightly up against fully released and bunched proximal section 114 in

tissue tract 120 with first tension member 124 fully pulled against slip knot 128, and

second tension member 126 is fully pulled against slip knot 130. Also in FIG. 6C, distal



section 110 is beginning to fold in on itself in vessel 122, as tension is applied to first

tension member 124 for a second time. FIG. 6D depicts device 43 fully released and

positioned in tissue tract 120 (with delivery sheath 118 and introducer sheath 116

removed), having distal section 110 fully folded in on itself and withdrawn from vessel

122 so that distal section 110 is no longer in vessel 122, but rather outside it in the early

portion of tissue tract 120, adjacent to the now bunched middle section 112 . Middle

section 112 is compressed around distal section 110 in FIG. 6D, and proximal section

114 is fully bunched against slip knot 130 which is pulled along second tension member

126. First tension member 124 is pulled tightly against slip knot 128.

[00055] FIG. 7A depicts the mechanism of delivery device 55, having delivery sheath

160, introducer sheath 168 locking member 162, plunger guide block 170, and side port

172. The delivery sheath 160 fits inside introducer sheath 168, and inside the delivery

sheath resides the slidable plunger 132. The side port 172 provides access for flushing

and other coordinate procedures to facilitate the process. Locking members 162 allow

the introducer sheath 168 to lock into place while plunger 132 is still available to slide

forward and back as needed for deployment of the device. The distal portion of the

introducer sheath 164 defines the interface where the delivery sheath slides through the

introducer sheath to deliver the device.

[00056] FIG. 7B shows the distal portion 164 of introducer sheath 168, and the delivery

sheath 160 locked within introducer sheath 168. FIG. 7B also depicts the tension

member anchor 166 around which one or more tension members 96 can be strung and

pulled, or otherwise controlled through the center of plunger 132 .

[00057] FIG. 7C depicts the particular sliding and locking mechanism between delivery

sheath 160 and introducer sheath 168 at plunger guide block 170. Side port 172 is

unaffected by the locking mechanism.

[00058] FIG. 7D shows further locking member 162 having introducer sheath 168

locked around delivery sheath 160. Proximal end of plunger 132 is also shown, as is the



tension member anchor 166 and proximal end of the tension member 96. Delivery

sheath 160 is shown in vessel 174 having distal section 175 of the device released from

the delivery sheath 160 and rotated 90 degrees for eventual positioning at the wall of

vessel 174.

[00059] FIG. 7E depicts a closer view of the action depicted in FIG. 7D inside the

vessel 174, where the delivery sheath 160 is within introducer sheath 168 within vessel

174, delivery sheath 160 having distal section 175 released into vessel 174 and rotated

90 degrees for eventual placement at the opening in vessel wall 174.

[00060] FIG. 7F depicts a side cross-sectional view of the delivery device and

mechanism. Working back from the tip of the partially delivered device 175, there is the

tension member 96 that slips inside plunger 132, which slides within delivery sheath

160, which is within introducer sheath 168, from which side port 172 can be located for

peripheral delivery of fluids and such, resolving in a substantial proximal end of

introducer sheath 168, within which slides a middle portion of delivery sheath 160, and

the introducer sheath 168 can lock into locking member 162 at certain points in the

delivery process. Plunger 132 continues to extend beyond plunger guide block 170

which serves to slide plunger forward and back stably as needed. Tension member 96

extends beyond the plunger and is wrapped around fulcrum 17 1 , and further controlled

and placed into tension by wrapping around tension member anchor 166. Thus, it can

be seen how several slidable members (notably the plunger 132, delivery sheath 160,

and introducer sheath 168) control the placement of the distal end 175 of the device

and using tension on the tension member 96 with the fulcrum 17 1 and tension anchor

member 166, deploy the device inside the vessel wall and tissue tract.

[00061] FIG. 8A -8C depict the same mechanism as detailed in FIG. 7A - 7F, but with

the addition of an actual movable handle 204 and some of its coordinate parts to

facilitate the activities necessary to deliver the device. In the embodiment of FIG. 8A,

the mechanism is open and the plunger drive block 198 feeds forward and backward

the plunger 132. Plunger guide block 170 serves to guide the plunger 132 into the



delivery (160) and introducer ( 168) sheaths when the introducer sheath 168 is locked at

locking members 162. Introducer sheath 168 still contains delivery sheath 160 and

plunger 132, and external to the skin puncture, side port 172. Guide plate 200 holds

and stabilizes fulcrum 17 1 , plunger drive block 198 and plunger guide block 170. The

plunger 132 passes through the plunger guide block 170 and plunger drive block 198.

Handle 204 and scissor arm 202 rotate over pivot 206 which moves the plunger drive

block 198 either closer or further away from the fulcrum 17 1 (depending on whether the

handle 204 is opening or closing), making the tension member 96 taught upon "closing"

the handle 204; FIG. 8B depicts partial closure of the mechanism to thus create

pressure on tension member 96 and move plunger 132 distally by closing handles 204.

FIG. 8C depicts a further closure from the intermediate closure depicted in FIG. 8B.

Handle 204 is squeezed together and pivot 206 further pulls in scissor arm 202 which

places the maximal pressure on tension member 96, which tension in coordination with

pushing of the plunger 132, allows the device to leave the delivery sheath and become

deployed.

[00062] The bunchable material for the device is biocompatible and can also be a

biodegradable material, and will preferably biodegrade within some reasonable period

of time after placement at the puncture hole, roughly equal to the healing time for the

wound at the puncture hole and in the tissue tract. The material is in a form amendable

to bunching and also amenable to intercalating with the tissue, cells and proteins of the

environment at the puncture wound and in the tissue tract. The form of the material can

include, for example, a weave or braid, or natural or synthetic polymer matrix, or any

material that can bunch. The braid may be such that when placed in tension, stretches

and thins and when placed under compression, shortens and expands. One form of the

device is one which folds upon itself thus increasing its surface area per unit length.

[00063] The bunchable material of the device including any of any the sections of the

device can be made of any bunchable materials or malleable materials, some

biodegradable and some not, for example polyglycolitic acid (PGA), polyglycolitic lactic



acid (PGLA), polylactic acid (PLA), Polydioxanone, Polycaprolactone,

Polyhydroxybutyrate, silk, nylon, collagen, extracellular matrix, polytetrafluoroethylene

(PTFE), expanded polytetrafluoroethylene (EPTFE), Dacron, a metal, a metal alloy, a

plastic, an elastic material, a polymer, an inert material, a fused segment of material, a

melted segment of material, a fabric, a braid, a weave, and a generally bunchable

material. Similar materials to these may be used having the ability to provide

bunchable layers that cause interference to a blood flow and promote coagulation by

blocking any blood flow out of the puncture wound into the tissue tract. Also the

bunching of material promotes healing and wound closure in the tissue tract. The

material can be a single material or combination of one or more materials. A natural

polymer matrix can include an extracellular matrix, such as derived from mammalian

tissue including liver basement membrane, urinary bladder submucosa, small intestine

submucosa and stomach submucosa, which are known in the art. The matrix can also

be a synthetic collagen-type or other matrix, of which many are known in the art. Sheet

form of extracellular matrix can be cut to the proper shape and formed in folding sheets

with perforations for folding, and can also be threaded with a tension member as

described in other embodiments. The extracellular matrix should be made malleable

and bunchable rather than rigid and stiff, which may be possible if the material is

soaked in a softening solution that encourages the material to bunch without cracking

and breaking.

[00064] The distal sections of these devices have a stiffened rod or stick of material at

the distal most end, with maybe one bunched section after that before the device

retreats into the tissue tract. The rod or stick can be made by fusing the material of the

device at the distal most end. The distal section will be turned in the delivery sheath to

penetrate the vessel opening. After penetrating the vessel opening, the distal section is

rotated 90 degrees to seat against the vessel wall. Turning now to the illustrations of

FIG. 4, distal section 84 of the device 17 in FIG. 4A, 4B and 4C enters the puncture

hole 70 as a point or tip and the plunger 88 pushes the distal section 84 out into the

vessel lumen 82 while simultaneously tension is applied to the tension member end 96



causing the tip of the distal section 84 to rotate 90 degrees. Delivery sheath 72 and

introducer sheath 78 are withdrawn from the vessel until distal section 84 seats firmly

against vessel wall. Plunger 88 pushes up on proximal section 86 to encourage

bunching of the material in tissue tract 80 using also tension that can be created on

tension member 96 having slip knot 92. As plunger 88 pushes distally, proximal section

86 becomes completely folded and delivery sheath 72 and introducer sheath 78 can be

removed leaving fully deployed device 17 to block puncture hole 70 and tissue tract 88

[00065] Embodiment 3 1 in FIG. 5A, 5B and 5C has a tension member in distal section

2 and a tension member in proximal section 4 . Separate tension members provide for

control of the distal section 2 first while placing it against the vessel wall of vessel 82.

Secondly, control of the proximal section 4 is facilitated by pulling on the second tension

member 28 and sliding slip knot 34 over end 32 to cause bunching of proximal section 4

in tissue tract 80. Eventually the bunching is complete and the tissue tract 80 is sealed

and the delivery sheath 72 and introducer sheath 78 can be removed from tissue tract

80. Ends 26 and 32 will remain in the tissue tract also with short end 30 and slip knot

34.

[00066] Embodiment 43 in FIG. 6A, 6B, 6C and 6D is depicted being deployed in

vessel 122 and tissue tract 120. Embodiment 43 has a middle section 112. The middle

section can be the same width as the proximal section 114 or it can be narrower. The

advantage of a narrower middle section is that the middle section will disrupt the

puncture hole less. The middle section does not necessarily bunch but it can.

Generally it acts as a connector between the distal and proximal sections. Although

the first tension member 124 from the distal section 110 runs through the middle section

112, the middle section 112 is bunched (if at all) essentially from the retraction of distal

section 110 as shown in FIG. 6D. The bunching of proximal section 114 occurs with the

second tension member 126 pulling up with the pressure from slip knot 130 along the

second tension member 126. Plunger 132 pushes the proximal section 114 up through

the delivery sheath. After the proximal section 114 has bunched as tightly as possible a



second pull on the first tension member 124 receives a new pull to retreat the distal

section 110 out of the vessel 122 and into the very first part of the tissue tract 120 next

to the middle section. This way a smooth unoccluded vessel 122 remains. Eventually

the delivery sheath 118 and introducer sheath 116 are removed so that the device can

degrade in the tissue tract as the tissue tract heals.

[00067] Operation of mechanism 55 depicted in FIG. 7A, 7B, 7C, 7D, 7E, and 7F

details a tension member anchor 166 that can control the first or second tension

member as well as applying motion to the plunger 132. The delivery sheath 160 of

device 55 locks into the introducer sheath 168 at position 162. The delivery sheath 160

extends distal of the introducer sheath 168 so that the distal section 175 can be placed

in the vessel and otherwise manipulated to deploy the device.

[00068] Preferably, the bunchable material will bioabsorb or biodegrade as the wound

heals so that months after the procedure and after the healing process is completed,

there will be no evidence, or virtually no evidence of the material having been in the

body. The proximal section can have demarcations to encourage bunching of the

section as the tension member is pulled. These demarcations can be perforation, or

weakened lines, or supported lines that encourage bunching as a tension member is

pulled. The demarcations along the material of the proximal section can be equally

spaced or unequally spaced. Thus, the bunching areas of the section, depending on

the spacing of the demarcations, can be roughly equal, or may be in fact unequal. The

structural benefits provided by the folded proximal section in the tissue tract include

creating an environment in the tract for the wound to heal and any blood seeping from

the puncture hole to coagulate.

[00069] The tension member is made of a biocompatible material, and can be a

biodegradable material, provided that such material has enough initial tensile strength

to do the work required of the tension member in pulling through the proximal section

and bunching the material in the proximal section in the tissue tract. Tension members

attached to the distal section also need to control the rotation and seating of the distal



section and in the embodiments where the distal section is retracted from the vessel to

also be able to accomplish that task. Thus, the tension member material can be PGLA,

PGA, PLA, polydioxanone, polycaprolactone, polyhydroxybutyrate, suture, silk, Dacron

or propylene, or similar materials capable of holding and conveying a tensile strength

when the tension member is pulled to bunch or otherwise control the device. The

tension member may also be any of the materials listed in other sections, provided the

material can do the work that the tension member needs to do. The tension member

material needs also to be relatively smooth so that upon pulling of the material to cause

it to bunch the tension member will be able to slide through the material and draw it

together in the tissue tract.

[00070] The method of wound closure of the invention involves providing the closure

device and delivering it to the puncture wound and bunching it within the tissue tract.

Typically the tissue tract will be accessed with a delivery sheath that contains an

unbunched, fully extended version of the closure device. The distal section of the

device having a distal most rod-like fused section of material is placed through the

puncture hole and seated on the inside wall of the accessed vessel. Typically, the

distal section will be in its narrowest configuration in order to go through the puncture

hole and then by manipulation of the tension member and plunger during deployment of

the distal section in the vessel, will be turned or rotated about 90 degrees to seat

against the vessel wall inside the blood vessel. The proximal section of the device is

deployed by a combination of pushing the plunger distally while the delivery sheath

stays in the same place and pulling on the tension member to effect a bunching of the

material of the proximal section as the material leaves the delivery sheath. The

introducer sheath is always equal with or proximal of the tip of the delivery sheath as

both are being withdrawn progressively from the tissue tract. Generally, the

deployment of the proximal section includes using a plunger in the delivery sheath that

pushes the proximal section distally, and counters the pulling pressure from the tension

member. After the proximal section is bunched in the tissue tract, the tension members

are released from the control mechanism allowing the delivery sheath and introducer



sheath to be further withdrawn after which the excess length of the tension members

can be clipped at the surface of the skin. The tension members also act as safety

tethers, maintaining attachment to the closure device in the event that it is improperly

deployed and has to be withdrawn and repositioned in the tissue tract, or removed and

replaced with a new device. The bunching of the proximal section is designed to

provide structural impediment to bleeding in the tissue tract and to provide an

environment for the wound to heal.

[00071] The method of the invention that uses the embodiment depicted in FIG. 6

indicates the following steps: placing the closure device having a distal, middle and

proximal section into a delivery sheath and placing the delivery sheath into an

introducer sheath in the tissue tract. From this position, the delivery sheath is directed

to the interior opening of the vessel or cavity. The plunger in the delivery mechanism

and delivery sheath is pushed within the delivery sheath distally enough to deploy the

distal section into the vessel. The distal section is then rotated about 90 degrees inside

the vessel or cavity while pulling the first tension member at the same time that the

plunger is pushed. This dual action provides the control to place the rotated distal

section against the interior or the vessel or cavity by then pulling back on the delivery

sheath until the rotated distal section seats against the vessel wall. The introducer

sheath and delivery sheath are gradually withdrawn along the tissue tract while pushing

of the plunger lodged within the delivery sheath distally to release the middle and

proximal sections in the tissue tract. The bunching of the proximal section is

accomplished by pulling the second tension member (while pushing the plunger). Once

the proximal section is deployed from the delivery sheath and fully bunched the

puncture wound is closed. Finally, in this embodiment, the first tension member is

pulled a second time to fold and withdraw the distal section from the vessel into the

tissue tract so that it rests near the middle section, outside of the vessel. In this way the

vessel can resume full fluid flow without the distal section lodged at the vessel wall.



[00072] The invention includes methods of placing, deploying, positioning, and

adjusting the devices, for the purpose of closing puncture wounds in a patient. The

methods may be practiced using any sequence of necessary steps possible in order to

accomplish placing the device in the patient for closing the puncture wound. The steps

may be practiced in a specific order or in any order deemed practical by the practitioner

conducting the procedure.

[00073] The mechanism that controls deployment of the device from the delivery

sheath provides both tension on the tension members and motion with the plunger

using the movement of the block to push the plunger into the delivery sheath that is

locked into the introducer sheath with a control arm at the proximal end of the delivery

sheath for approximately simultaneously applying tension on the tension member or

members.

[00074] The invention is a closure device for closing a puncture wound, the device

deliverable in a delivery sheath, the puncture wound having a length along a tissue tract

that resolves in an interior opening of a vessel or cavity, the closure device comprising:

[00075] (a) a distal section for placing inside said interior opening of said vessel or

cavity, said distal section lodged in a delivery sheath having proximal and distal ends,

said delivery sheath capable of penetrating said wound along said length of said wound

to pass through said interior opening and release said distal section, said released

distal section capable of rotation of about 90 degrees to provide resistance against said

interior opening,

[00076] (b) a proximal section connected to said distal section, said proximal section

comprising a bunchable material capable of bunching in said tissue tract upon

deployment, said proximal section released from said delivery sheath in an unbunched

state, bunchable upon release,

[00077] (c) a tension member connected from said distal section through said proximal

section for rotating said distal section 90 degrees in said interior opening inside said



vessel or cavity, and for bunching said proximal section, upon release of said proximal

section in said tissue tract, thereby closing said puncture wound with said distal section

rotated 90 degrees inside said vessel or cavity and said proximal section bunched in

said tissue tract and

[00078] (d) a plunger lodged within said delivery sheath for rotating said distal section

90 degrees in coordination with said tension member by pushing said plunger towards

said distal section and pulling said tension member against the pushing of said plunger,

thereby closing said puncture wound with said distal section rotated 90 degrees inside

said vessel or cavity and said proximal section bunched in said tissue tract.

[00079] The closure device can further comprise that said plunger is also capable of

bunching said proximal section after rotation of said distal section by pushing distally

with said plunger while said tension member is pulled proximally.

[00080] The closure device can further comprise a plunger for bunching said proximal

section by pushing distally with said plunger while said tension member is pulled

proximally.

[00081] The closure device contemplates wherein said tension member is looped

through said distal section and proximal section using a single tension member having

first and second proximal ends. An embodiment also contemplates wherein said

tension member passes through said distal section and said proximal section once and

is knotted at said distal section, said tension member having a single end proximal to

said proximal section. Said looped tension member can be attached to itself by a slip

knot of a first end of the tension member around a second end of the tension member.

The looped tension member can be fixed by one knot in a first end of the tension

member.

[00082] The distal and proximal sections can comprise a material selected from the

group consisting of polyglycolytic acid (PGA), PGLA, PLA, polydioxanone,

polycaprolactone, polyhydroxybutyrate, collagen, a polymer matrix, extracellular matrix,



silk, Dacron, PTFE, EPTFE, a bioabsorbable material, a biodegradable material, a

biocompatible material, a metal, a metal alloy, a plastic, an elastic material, a polymer,

an inert material, a fused segment of material, a melted segment of material, a fabric, a

braid, a weave, and a foldable material.

[00083] The tension member can comprise a material selected from the group

consisting of polyglycolytic acid (PGA), PGLA, PLA, polydioxanone, polycaprolactone,

polyhydroxybutyrate, collagen, a polymer matrix, extracellular matrix, silk, Dacron,

suture, a bioabsorbable material, a biodegradable material, a biocompatible material, a

metal, a metal alloy, a plastic, an elastic material, a polymer, an inert material, a thread,

and a strand.

[00084] The invention is also a closure device for closing a puncture wound, said

device deliverable in a delivery sheath, said puncture wound having a length along a

tissue tract that resolves in an interior opening of a vessel or cavity, said closure device

comprising:

[00085] (a) a distal section for placing inside said interior opening of said vessel or

cavity, said distal section lodged in a delivery sheath having proximal and distal ends,

said delivery sheath capable of penetrating said wound along said length of said wound

to pass through said interior opening and release said distal section, said released

distal section capable of rotation of about 90 degrees to provide resistance against said

interior opening,

[00086] (b) a proximal section connected to said distal section, said proximal section

comprising a bunchable material capable of bunching in said tissue tract upon

deployment, said proximal section also released from said delivery sheath in an

unbunched state, bunchable upon release,

[00087] (c) a first tension member connected to said distal section for rotating said

distal section 90 degrees inside said vessel or cavity and placing said distal section



inside said interior opening of said vessel or cavity to provide resistance against said

interior opening,

[00088] (d) a second tension member connected to said proximal section for bunching

said bunchable material of said proximal section within said tissue tract, thereby closing

said puncture wound, and

[00089] (e) a plunger for pushing said distal section into said vessel and rotating it 90

degrees in coordination with a pulling of said first tension member, and for bunching

said proximal section by pushing distally with said plunger while said second tension

member is pulled proximally.

[00090] The first tension member can be looped through said distal section and

comprises a slip knot formed of a first and second end of the first tension member.

[00091] The second tension member can be looped through said proximal section and

comprises a slip knot formed of a first and second end of the second tension member.

[00092] The distal, and proximal sections can comprise a material selected from the

group consisting of polyglycolytic acid (PGA), PGLA, PLA, polydioxanone,

polycaprolactone, polyhydroxybutyrate, collagen, a polymer matrix, extracellular matrix,

silk, Dacron, PTFE, EPTFE, a bioabsorbable material, a biodegradable material, a

biocompatible material, a metal, a metal alloy, a plastic, an elastic material, a polymer,

an inert material, a fused segment of material, a melted segment of material, a fabric, a

braid, a weave, and a foldable material.

[00093] The first and second tension members can comprise a material selected from

the group consisting of polyglycolytic acid (PGA), PGLA, PLA, polydioxanone,

polycaprolactone, polyhydroxybutyrate, collagen, a polymer matrix, extracellular matrix,

silk, Dacron, suture, a bioabsorbable material, a biodegradable material, a

biocompatible material, a metal, a metal alloy, a plastic, an elastic material, a polymer,

an inert material, a thread, and a strand.



[00094] The invention is also a closure device for closing a puncture wound, said

device deliverable in a delivery sheath, said puncture wound having a length along a

tissue tract that resolves in an interior opening of a vessel or cavity, said closure device

comprising:

[00095] (a) a distal section for placing inside said interior opening of said vessel or

cavity, said distal section lodged in a delivery sheath having proximal and distal ends,

said delivery sheath capable of penetrating said wound along said length of said wound

to pass through said interior opening and release said distal section, said released

distal section capable of rotation of about 90 degrees to provide resistance against said

interior opening,

[00096] (b) a middle section connected to said distal section so that upon rotation of

said distal section, said middle section exterior to said vessel or cavity, remaining in

connection with said distal section,

[00097] (c) a proximal section connected to said middle section, said proximal

section comprising a bunchable material capable of bunching in said tissue tract upon

deployment, said proximal section also released from said delivery sheath in an

unbunched state, bunchable upon release,

[00098] (d) a first tension member connected to said distal section for rotating said

distal section 90 degrees inside said vessel or cavity and placing said distal section

inside said interior opening of said vessel or cavity to provide resistance against said

interior opening,

[00099] (e) a second tension member connected to said proximal section for bunching

said bunchable material of said proximal section within said tissue tract, thereby closing

said puncture wound, and

[000100] (f) a plunger for pushing said distal section into said vessel and rotating it 90

degrees in coordination with a pulling of said first tension member, and for bunching



said proximal section by pushing distally with said plunger while said second tension

member is pulled proximally.

[000101] The first tension member is looped through said distal section and comprises a

slip knot formed from a first and second end of the first tension member. The second

tension member is looped through said proximal section and comprises a slip knot

formed from a first and second end of the second tension member.

[000102] The middle section can be narrower than said distal section so as to provide

minimal disturbance between said interior opening of said vessel or cavity and said

tissue tract.

[000103] The distal, middle and proximal sections can comprise a material selected from

the group consisting of polyglycolytic acid (PGA), PGLA, PLA, polydioxanone,

polycaprolactone, polyhydroxybutyrate, collagen, a polymer matrix, extracellular matrix,

silk, Dacron, PTFE, EPTFE, a bioabsorbable material, a biodegradable material, a

biocompatible material, a metal, a metal alloy, a plastic, an elastic material, a polymer,

an inert material, a fused segment of material, a melted segment of material, a fabric, a

braid, a weave, and a foldable material.

[000104] The first and second tension members can comprise a material selected from

the group consisting of polyglycolytic acid (PGA), PGLA, PLA, polydioxanone,

polycaprolactone, polyhydroxybutyrate, collagen, a polymer matrix, extracellular matrix,

silk, Dacron, suture, a bioabsorbable material, a biodegradable material, a

biocompatible material, a metal, a metal alloy, a plastic, an elastic material, a polymer,

an inert material, a thread, and a strand.

[000105] The invention is also a closure device for closing a puncture wound, said

device deliverable in a delivery sheath, said puncture wound having a length along a

tissue tract that resolves in an interior opening of a vessel or cavity, said closure device

comprising:



[000106] (a) a distal section for placing inside said interior opening of said vessel or

cavity, said distal section lodged within a delivery sheath having proximal and distal

ends, said delivery sheath capable of penetrating said wound along said length of said

wound to pass through said interior opening and release said distal section, said

released distal section capable of rotation of about 90 degrees to provide resistance

against said interior opening,

[000107] (b) a middle section connected to said distal section so that upon rotation of

said distal section, said middle section exterior to said vessel or cavity, remaining in

connection with said distal section,

[000108] (c) a proximal section connected to said middle section, said proximal section

comprising a bunchable material capable of bunching in said tissue tract upon

deployment, said proximal section also released from said delivery sheath in an

unbunched state, bunchable upon release,

[000109] (d) a first tension member connected to said distal section for rotating said

distal section 90 degrees inside said vessel or cavity and placing said distal section

inside said interior opening of said vessel or cavity to provide resistance against said

interior opening, and

[000110] (e) a second tension member connected to said proximal section for bunching

said bunchable material of said proximal section within said tissue tract, thereby closing

said puncture wound,

[000111] (f) a plunger for pushing said distal section into said vessel and rotating it 90

degrees in coordination with a pulling of said first tension member, and for bunching

said proximal section by pushing distally with said plunger while said second tension

member is pulled proximally,



[000112] (g) said first tension member capable of withdrawing said distal section from

inside said vessel or cavity to be next to and folded into said middle section within said

tissue tract, thereby removing said distal section from said vessel or cavity.

[000113] The middle section can be narrower than said distal section so as to provide

minimal disturbance between said interior opening of said vessel or cavity and said

tissue tract.

[000114] The first tension member can be looped through said distal section, and

resolve in two ends forming a slip knot.

[000115] The second tension member can be looped through said proximal section and

resolves in a first end and a second end forming a slip knot for pulling said second

tension member to bunch said proximal section.

[000116] The devices of the invention can optionally include a plunger for bunching the

proximal section while a tension member that runs through the proximal section is

pulled tight, either with an end knot or a slip knot configuration of the tension member.

[000117] The distal, middle and proximal sections can comprise a material selected from

the group consisting of polyglycolytic acid (PGA), PGLA, PLA, polydioxanone,

polycaprolactone, polyhydroxybutyrate, collagen, a polymer matrix, extracellular matrix,

silk, Dacron, PTFE, EPTFE, a bioabsorbable material, a biodegradable material, a

biocompatible material, a metal, a metal alloy, a plastic, an elastic material, a polymer,

an inert material, a fused segment of material, a melted segment of material, a fabric, a

braid, a weave, and a foldable material.

[000118] The first and second tension members comprises a material selected from the

group consisting of polyglycolytic acid (PGA), PGLA, PLA, polydioxanone,

polycaprolactone, polyhydroxybutyrate, collagen, a polymer matrix, extracellular matrix,

silk, Dacron, suture, a bioabsorbable material, a biodegradable material, a



biocompatible material, a metal, a metal alloy, a plastic, an elastic material, a polymer,

an inert material, a thread, and a strand.

[000119] The invention is also a closure device for closing a puncture wound, said

device deliverable in a delivery sheath, said puncture wound having a length along a

tissue tract that resolves in an interior opening of a vessel having fluid flow, said closure

device comprising:

a short stiff front section capable of rotation 90 degrees upon deployment from

said delivery sheath and upon pushing of a plunger also lodged in said delivery sheath

capable of placement inside said vessel for seating said device in said vessel, said

short front section having a first tension member and said short front section connected

to

a long bunchable back section that bunches upon deployment from said

delivery sheath using said plunger to push it out from said delivery sheath in a plunging

action and a second tension member running through the bunchable section to pull

against said seated front section in opposition to said plunging action to release said

long back section from said delivery sheath and to bunch it in said tissue tract.

[000120] The invention includes a method of closing a puncture wound, said wound

having a length along a tissue tract that resolves in an interior opening of a vessel or

cavity comprising:

placing the closure device for closing a puncture wound into a delivery sheath

and placing said delivery sheath into an introducer sheath in said tissue tract, and

directing said delivery sheath to said interior opening of said vessel or cavity,

said device deliverable in a delivery sheath, said puncture wound having a length along

a tissue tract that resolves in an interior opening of a vessel or cavity, said closure

device comprising:

(a) a distal section for placing inside said interior opening of said vessel or

cavity, said distal section lodged in a delivery sheath having proximal and distal ends,

said delivery sheath capable of penetrating said wound along said length of said wound

to pass through said interior opening and release said distal section, said released



distal section capable of rotation of about 90 degrees to provide resistance against said

interior opening,

(b) a proximal section connected to said distal section, said proximal section

comprising a bunchable material capable of bunching in said tissue tract upon

deployment, said proximal section released from said delivery sheath in an unbunched

state, bunchable upon release, and

(c) a tension member connected from said distal section through said proximal

section for rotating said distal section 90 degrees in said interior opening inside said

vessel or cavity, and for bunching said proximal section, upon release of said proximal

section in said tissue tract, thereby closing said puncture wound with said distal section

rotated 90 degrees inside said vessel or cavity and said proximal section bunched in

said tissue tract, and

(d) a plunger lodged within said delivery sheath for rotating said distal section 90

degrees in coordination with said tension member by pushing said plunger towards said

distal section and pulling said tension member against the pushing of said plunger,

thereby closing said puncture wound with said distal section rotated 90 degrees inside

said vessel or cavity and said proximal section bunched in said tissue tract,

pushing said plunger positioned within said delivery sheath distally enough to

deploy said distal section in said vessel,

rotating said distal section about 90 degrees inside said vessel or cavity while

pulling said tension member and pushing said plunger distally towards the puncture

hole in the vessel,

placing said rotated distal section against said interior of said vessel or cavity by

pulling back on said delivery sheath, pulling on said tension member, and pushing on

said plunger until said rotated distal section seats against the vessel wall,

withdrawing said introducer sheath and delivery sheath gradually along said

tissue tract, pushing said plunger lodged within said delivery sheath distally to release

said proximal section in said tissue tract, and



bunching said proximal section by pulling said tension member and pushing said

plunger, thereby providing closure for said puncture wound in said vessel and along

said tissue tract.

[000121] The invention also includes a method of closing a puncture wound, said

wound having a length along a tissue tract that resolves in an interior opening of a

vessel or cavity comprising:

placing a closure device for closing a puncture wound into a delivery sheath and

placing said delivery sheath into an introducer sheath in said tissue tract, and directing

said delivery sheath to said interior opening of said vessel or cavity,

said device deliverable in a delivery sheath, said puncture wound having a length along

a tissue tract that resolves in an interior opening of a vessel or cavity, said closure

device comprising:

(a) a distal section for placing inside said interior opening of said vessel or

cavity, said distal section lodged in a delivery sheath having proximal and

distal ends, said delivery sheath capable of penetrating said wound along

said length of said wound to pass through said interior opening and

release said distal section, said released distal section capable of rotation

of about 90 degrees to provide resistance against said interior opening,

(b) a proximal section connected to said distal section, said proximal section

comprising a bunchable material capable of bunching in said tissue tract

upon deployment, said proximal section also released from said delivery

sheath in an unbunched state, bunchable upon release,,

(c) a first tension member connected to said distal section for rotating said

distal section 90 degrees inside said vessel or cavity and placing said

distal section inside said interior opening of said vessel or cavity to

provide resistance against said interior opening, and

(d) a second tension member connected to said proximal section for

bunching said bunchable material of said proximal section within said tissue

tract, thereby closing said puncture wound, and



(e) a plunger lodged within said delivery sheath for rotating said distal section

90 degrees in coordination with said first tension member by pushing said

plunger towards said distal section and pulling said first tension member against

the pushing of said plunger, thereby closing said puncture wound with said distal

section rotated 90 degrees inside said vessel or cavity and said proximal section

bunched in said tissue tract,

pushing said plunger positioned within said delivery sheath distally enough to

deploy said distal section in said vessel,

rotating said distal section about 90 degrees inside said vessel or cavity while

pulling said first tension member and pushing said plunger distally towards the puncture

hole in the vessel,

placing said rotated distal section against said interior of said vessel or cavity by

pulling back on said delivery sheath, pulling on said first tension member, and pushing

on said plunger until said rotated distal section seats against the vessel wall,

withdrawing said introducer sheath and delivery sheath gradually along said

tissue tract, pushing said plunger lodged within said delivery sheath distally to release

said proximal section in said tissue tract, and

bunching said proximal section by pulling said second tension member and

pushing said plunger, thereby providing closure for said puncture wound in said vessel

and along said tissue tract.

[000122] The invention is also a method of closing a puncture wound, said wound

having a length along a tissue tract that resolves in an interior opening of a vessel or

cavity comprising:

placing a closure device for closing a puncture wound, said device deliverable in

a delivery sheath, said puncture wound having a length along a tissue tract that

resolves in an interior opening of a vessel or cavity into a delivery sheath and placing

said delivery sheath into an introducer sheath in said tissue tract, and directing said

delivery sheath to said interior opening of said vessel or cavity,

said closure device comprising:



(a) a distal section for placing inside said interior opening of said vessel or

cavity, said distal section lodged in a delivery sheath having proximal and

distal ends, said delivery sheath capable of penetrating said wound along

said length of said wound to pass through said interior opening and

release said distal section, said released distal section capable of rotation

of about 90 degrees to provide resistance against said interior opening,

(b) a middle section connected to said distal section so that upon rotation of

said distal section, said middle section exterior to said vessel or cavity,

remaining in connection with said distal section,

(c) a proximal section connected to said middle section, said proximal

section comprising a bunchable material capable of bunching in said

tissue tract upon deployment, said proximal section also released from

said delivery sheath in an unbunched state, bunchable upon release,

(d) a first tension member connected to said distal section for rotating said

distal section 90 degrees inside said vessel or cavity and placing said

distal section inside said interior opening of said vessel or cavity in

coordination with pushing on a plunger towards the puncture hole in the

vessel to provide resistance against said interior opening, and

(e) a second tension member connected to said proximal section for

bunching said bunchable material of said proximal section within said

tissue tract, thereby closing said puncture wound.

(f) a plunger lodged within said delivery sheath for rotating said distal section

90 degrees in coordination with said first tension member by pushing said

plunger towards said distal section and pulling said first tension member against

the pushing of said plunger, thereby closing said puncture wound with said distal

section rotated 90 degrees inside said vessel or cavity and said proximal section

bunched in said tissue tract,

pushing a plunger positioned within said delivery sheath distally enough to

deploy said distal section in said vessel



rotating said distal section about 90 degrees inside said vessel or cavity while

pulling a first tension member and pushing said plunger distally toward the puncture

hole in the vessel,

placing said rotated distal section against said interior of said vessel or cavity by

pulling back on the delivery sheath until said rotated distal section seats against the

vessel wall,

withdrawing said introducer sheath and delivery sheath gradually along said

tissue tract pushing said plunger lodged within said delivery sheath distally to release

said middle and proximal sections in said tissue tract, and

bunching said proximal section in said tissue tract by pulling said second tension

member, thereby providing closure for said puncture wound.

[000123] The invention also includes a method of closing a puncture wound, said

wound having a length along a tissue tract that resolves in an interior opening of a

vessel or cavity comprising:

placing a closure device for closing a puncture wound, into a delivery sheath and

placing said delivery sheath into an introducer sheath in said tissue tract, and directing

said delivery sheath to said interior opening of said vessel or cavity,

said device deliverable in a delivery sheath, said puncture wound having a length along

a tissue tract that resolves in an interior opening of a vessel or cavity, said closure

device comprising:

(a) a distal section for placing inside said interior opening of said vessel or

cavity, said distal section lodged within a delivery sheath having proximal

and distal ends, said delivery sheath capable of penetrating said wound

along said length of said wound to pass through said interior opening and

release said distal section, said released distal section capable of rotation

of about 90 degrees to provide resistance against said interior opening,

(b) a middle section connected to said distal section so that upon rotation of

said distal section, said middle section exterior to said vessel or cavity,

remaining in connection with said distal section,



(c) a proximal section connected to said middle section, said proximal

section comprising a bunchable material capable of bunching in said

tissue tract upon deployment, said proximal section also released from

said delivery sheath in an unbunched state, bunchable upon release,

(d) a first tension member connected to said distal section for rotating said

distal section 90 degrees inside said vessel or cavity by pulling on said

first tension member and pushing on said plunger and placing said distal

section inside said interior opening of said vessel or cavity to provide

resistance against said interior opening, and

(e) a second tension member connected to said proximal section for

bunching said bunchable material of said proximal section within said

tissue tract, thereby closing said puncture wound,

(f) a plunger lodged within said delivery sheath for rotating said distal section

90 degrees in coordination with said first tension member by pushing said

plunger towards said distal section and pulling said first tension member against

the pushing of said plunger, thereby closing said puncture wound with said distal

section rotated 90 degrees inside said vessel or cavity and said proximal section

bunched in said tissue tract,

(g) said first tension member capable of withdrawing said distal section from

inside said vessel or cavity to be next to and folded into said middle

section within said tissue tract, thereby removing said distal section from

said vessel or cavity.

pushing a plunger positioned within said delivery sheath distally enough to

deploy said distal section in said vessel

rotating said distal section about 90 degrees inside said vessel or cavity while

pulling said first tension member, and

placing said rotated distal section against said interior of said vessel or cavity by

pulling back on the delivery sheath, pulling on said first tension member, and pushing

on said plunger towards the puncture hole in the vessel until said rotated distal section

seats against the vessel wall,



withdrawing said introducer sheath and delivery sheath gradually along said

tissue tract pushing said plunger lodged within said delivery sheath distally toward said

puncture hole in said vessel to release said middle and proximal sections in said tissue

tract,

bunching said proximal section by pulling said second tension member and

pushing on said plunger towards said vessel hole, thereby providing closure for said

puncture wound, and

pulling said first tension member a second time to withdraw said distal section

from said vessel into said tissue tract in close proximity with said middle section.

[000124] A kit can be assembled including a bunching closure device by itself or the

bunching closure device loaded in a delivery sheath. Directions for use of the folding

device and delivery sheath and for delivery and deployment of the device are included.

The kit is housed in a container, and a description of the materials that make up the

device can be included.

[000125] Also, it is contemplated that any optional feature of the inventive variations

described may be set forth and claimed independently, or in combination with any one

or more of the features described herein. Reference to a singular item, includes the

possibility that there are a plurality of the same items present. More specifically, as used

herein and in the appended claims, the singular forms "a," "an," "said," and "the" include

plural referents unless specifically stated otherwise. In other words, use of the articles

allow for "at least one" of the subject item in the description above as well as the claims

below. It is further noted that the claims may be drafted to exclude any optional element.

As such, this statement is intended to serve as antecedent basis for use of such

exclusive terminology as "solely," "only" and the like in connection with the recitation of

claim elements, or use of a "negative" limitation.

[000126] Without the use of such exclusive terminology, the term "comprising" in the

claims shall allow for the inclusion of any additional element irrespective of whether a

given number of elements are enumerated in the claim, or the addition of a feature



could be regarded as transforming the nature of an element set forth in the claims.

Except as specifically defined herein, all technical and scientific terms used herein are

to be given as broad a commonly understood meaning as possible while maintaining

claim validity.

[000127] All references cited are incorporated in their entirety. Although the foregoing

invention has been described in detail for purposes of clarity of understanding, it will be

obvious that certain modifications may be practiced within the scope of the appended

claims.



WHAT IS CLAIMED IS:

1. A closure device for closing a puncture wound, the device deliverable in a

delivery sheath, the puncture wound having a length along a tissue tract that

resolves in an interior opening of a vessel or cavity, the closure device

comprising:

(a) a distal section placeable inside the interior opening of the vessel or

cavity, the distal section lodged in a delivery sheath having proximal

and distal ends, the delivery sheath capable of penetrating the wound

along the length of the wound to pass through the interior opening and

release the distal section, the released distal section capable of

rotation of about 90 degrees to provide resistance against the interior

opening,

(b) a proximal section connected to the distal section, the proximal

section comprising a bunchable material capable of bunching in the

tissue tract upon deployment, the proximal section released from the

delivery sheath in an unbunched state, bunchable upon release, and

(c) at least one tension member connected from at least the distal section

through the proximal section, the tension member for rotating the distal

section 90 degrees in the interior opening inside the vessel or cavity,

and for bunching the proximal section, upon release of the proximal

section in the tissue tract, thereby closing the puncture wound with the

distal section rotated 90 degrees inside the vessel or cavity and the

proximal section bunched in the tissue tract.

2 . The closure device of claim 1, comprising two tension members, a first one

connected through the distal section, and a second one connected through

the proximal section.

3 . The closure device of claim 1, wherein the at least one tension member is

looped through the proximal and distal sections.



4 . The closure device of claim 2, where in at least one of the two tension

members is looped through the respective distal or proximal section.

5 . The closure device of claim 1, wherein the at least one tension member

comprises a slip knot.

6 . The closure device of claim 2, wherein at least one of the two tension

members has a slip knot.

7 . The closure device of claim 1, further comprising a plunger to push the distal

and proximal sections out from the delivery sheath.

8 . The closure device of any of claim 1, wherein after the proximal section is

bunched in the tissue tract, the distal section is adapted to be removed from

the vessel to rest in the tissue tract.

9 . The closure device of any of claims 1-8, wherein the distal and proximal

sections comprise a material selected from polyglycolytic acid (PGA), PGLA,

PLA, polydioxanone, polycaprolactone, polyhydroxybutyrate, collagen, a

polymer matrix, extracellular matrix, silk, Dacron, PTFE, EPTFE, a

bioabsorbable material, a biodegradable material, a biocompatible material, a

metal, a metal alloy, a plastic, an elastic material, a polymer, an inert material,

a fused segment of material, a melted segment of material, a fabric, a braid, a

weave, and a foldable material.

10 . A method of closing a puncture wound, comprising:

loading a device of any of claims 1 through 7 into a delivery sheath,

placing the delivery sheath into an introducer sheath,

deploying a distal section in a vessel of the wound tract, and

deploying a proximal section in the tissue tract, the proximal section

comprising bunchable fabric, and

bunching the fabric of the proximal section in the tissue tract.



11.The method of claim 10, further comprising withdrawing the distal section

from the vessel after bunching the proximal section.

12.A mechanism for delivering a device of any of claims 1-8, comprising:

a delivery sheath having distal and proximal ends, a plunger for providing pushing in

a distal direction towards a vessel opening in order to place the distal section in the

vessel opening and the proximal section in the tissue tract, and a tension member

control arm at the proximal end for allowing pull on the tension member to place the

distal section and bunch the proximal section.

13 . A closure device for closing a puncture wound, the device deliverable in a

delivery sheath, the puncture wound having a length along a tissue tract that

resolves in an interior opening of a vessel having fluid flow, the closure device

comprising:

a short stiff front section capable of rotation 90 degrees upon placement

inside the vessel for seating the device in the vessel, the short front section having a

first tension member and the short front section connected to

a long bunchable back section that bunches upon deployment from the

delivery sheath using a plunger to push it out from the delivery sheath in a plunging

action and a second tension member running through a bunchable section to pull

against the seated front section in opposition to the plunging action to release the

long back section from the delivery sheath and to bunch it in the tissue tract.

14. A closure device for closing a puncture wound, said device deliverable in a

delivery sheath, said puncture wound having a length along a tissue tract that

resolves in an interior opening of a vessel having fluid flow, said closure device

comprising:

a short stiff front section capable of rotation 90 degrees upon deployment

from said delivery sheath and upon pushing of a plunger also lodged in said delivery

sheath capable of placement inside said vessel for seating said device in said

vessel, said short front section having a first tension member and said short front

section connected to



a middle section so that upon rotation of said distal section, said middle

section resides exterior to said vessel or cavity, remaining in connection with said

distal section,

a long bunchable back section connected to said middle section that

bunches upon deployment from said delivery sheath using a plunger to push it out

from said delivery sheath in a plunging action and a second tension member running

through the bunchable section to pull against said seated front section in opposition

to said plunging action to release said long back section from said delivery sheath

and to bunch it in said tissue tract,

wherein said short stiff front section bends at a midline using tension on said

first tension member after said long bunchable back section is bunched using a

second tension member, using said tension from said first tension member to

withdraw said short stiff front section from said interior opening and bend it into said

tissue tract in front of said long bunched back section, thereby clearing said vessel

of said device and providing unobstructed fluid flow in said vessel and wound

healing in said tissue tract.

15 . Use of the closure device of any of claims 1-1 8, 13, or 14 for closing a puncture

wound.

































A. CLASSIFICATION OF SUBJECT MATTER
INV . A61B17/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. RELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category" Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

WO 2007/005394 A (MITRALIGN INC [US]; 1-9,12,
SUGIMOTO HIROATSU [US]; CALL AARON M [US]; 13

LEINSIN) 11 January 2007 (2007-01-11)
paragraph [0036] - paragraph [0039];
figures 1-2F,8A-8E

US 5 662 681 A (NASH JOHN E [US] ET AL) 1,3,5,
2 September 1997 (1997-09-02) 7-9,12,

13

the whole document

US 2005/125031 Al (PIPENHAGEN CATHERINE A 1,3,5,
[US] ET AL) 9 June 2005 (2005-06-09) 7-9,12,

13

paragraph [0024] - paragraph [0031];
figures 1-6B

-/--

Further documents are listed in the continuation of Box C See patent family annex

Special categories of cited documents
'T' later document published after the international filing date

or pnority date and not in conflict with the application but
"A1 document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
'E* earlier document but published on or after the international 'X' document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
• L" document which may throw doubts on pπoπty claιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another 'Y' document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

'P' document published prior to the international filing date but in the art

later than the priority date claimed '&' document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

20 January 2009 29/01/2009

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV Ri|Swιjk

TeI (+31-70) 340-2040,
Fax (+31-70) 340-3016 Strazdauskas , Gedas

Form PCT/ISA/210 (second sheet) (April 2005)



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 5 861 004 A (KENSEY KENNETH [US] ET AL) 1,3,5,
19 January 1999 (1999-01-19) 7-9,12,

13

the whole document

Fomn PCT/ISA/210 (continuation of second sheet) (April 2005)



International application No.

INTERNATIONAL SEARCH REPORT PCT/US2008/074951

Box No. I l Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |Y] Claims Nos.: 10 H 15
because they relate to subjecf matfer not required to be searched by this Authority, namely:

Rule 39. l(iv) PCT - Method for treatment of the human or animal body by
surgeryRule 39.1(iv) PCT - Method for treatment of the human or animal body
by therapy

2. I I Claims Nos.:
because they relate to parts o f the international application that d o not comply with the prescribed requirements to such
a n extent that no meaningful international search can be carried out, specifically:

Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple Inventions in this international application, as follows:

I A s all required additional search fees were timely paid by the applicant, this international search report covers allsearchable
1 cllaaiimmss.

2 . I I A s all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment o f
additional fees.

3 . 1 I A s only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
1— ' only those claims for which fees were paid, specifically claims Nos.:

4 . I I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark o n Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
'— ' payment o f a protest fee.

I I The additional search fees were accompanied by the applicant's protest but the applicable protest
1— ' fee was not paid within the time limit specified in the invitation.

I I No protest accompanied the payment o f additional search fees.

Form PCT/lSA/210 (continuation of first sheet (2)) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2007005394 11-01-2007 CA 2614228 Al 11-01-2007
CN 101252887 A 27-08-2008
EP 1898802 Al 19-03-2008
US 2007010857 Al 11-01-2007

US 5662681 A 02-09-1997 NONE

US 2005125031 Al 09-06-2005 AU 2004304914 Al 07-07-2005
CA 2548201 Al 07-07-2005
EP 1694217 A2 30-08-2006
JP 2007512904 T 24-05-2007
US 2007073345 Al 29-03-2007
WO 2005060514 A2 07-07-2005

US 5861004 19-01-1999 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

