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FLEXIBLE TAMPING DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

This patent application is a continuation of U.S. Patent Application Serial No.

11/532,819, entitled "Flexible Tamping Device," filed on 18 September 2006, which is

incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

This invention relates generally to medical devices and more particularly to devices for

sealing punctures or incisions in an internal tissue wall.

BACKGROUND

Various surgical procedures are routinely carried out intravascularly or intraluminally.

For example, in the treatment of vascular disease, such as arteriosclerosis, it is a common

practice to invade the artery and insert an instrument (e.g. , a balloon or other type of catheter) to

carry out a procedure within the artery. Such procedures usually involve the percutaneous

puncture of the artery so that an insertion sheath can be placed in the artery. The insertion sheath

enables the introduction of other instruments (e.g. , a catheter) to an operative position within the

vascular system. Intravascular and intraluminal procedures unavoidably present the problem of

stopping the bleeding at the percutaneous puncture after the procedure has been completed and

after the instrument (and any insertion sheaths used therewith) has been removed. Bleeding from

puncture sites, particularly in the case of femoral arterial punctures, is typically stopped by

utilizing vascular closure devices, such as those described in U.S. Patent Nos. 6,179,863;

6,090,130; and 6,045,569, which are hereby incorporated by this reference.

Typical closure devices such as the ones described in the above-mentioned patents place

a sealing plug at the tissue puncture site. Successful deployment of the sealing plug, however,

requires that it be manually ejected from within a device sheath and tamped down to an outer

surface of the tissue puncture using a tamping tube. The tamping procedure cannot commence

until the device sheath (within which the tamping tube is located) has been removed so as to

expose the tamping tube for manual grasping. Under certain conditions, removal of the sheath

prior to tamping the sealing plug may cause the sealing plug itself to be retracted from the tissue

puncture, hindering subsequent placement of the sealing plug, and resulting in only a partial seal



and associated bleeding from the tissue puncture. Accordingly, there is a need to improve the

mechanism for deployment of the sealing plug at the site of a tissue puncture.

SUMMARY

In one of many possible embodiments, the present invention provides a tissue puncture closure

device for partial insertion into and sealing of an internal tissue wall puncture. The closure

device includes a filament extending from a first end of the closure device to a second end of the

closure device, an anchor for insertion through the tissue wall puncture attached to the filament

at the second end of the closure device, a sealing plug slidingly attached to the filament adjacent

to the anchor, and an at least partially coiled tamping device adjacent to the sealing plug for

advancing the sealing plug toward the anchor. The tissue puncture closure device may include a

spool at the first end, such that a portion of the tamping device coiled on the spool is flexible and

folded flat in cross-section, and a portion of the tamping device adjacent to the sealing plug is

stiff and comprises a trough. A shaper disposed at the first end may fold the portion of the

tamping device coiled on the spool into the stiff trough configuration as it is advanced distally

therethrough. According to other embodiments, the shaper longitudinally folds the portion of the

tamping device coiled on the spool into a closed polygonal shape as it advances distally

therethrough.

According to some aspects of the invention the tamping device comprises a first longitudinal

section at least partially coiled on a first spool and a second longitudinal section at least partially

coiled on a second spool. The shaper then integrates the first longitudinal section of the tamping

device coiled on the first spool and the second longitudinal section of the tamping device coiled

on the second spool into a stiff, generally straight member. Accordingly, each of the first and

second longitudinal sections may comprise semi-circles in cross-section.

According to some aspects of the invention the tamping device includes a chain that is flexible in

a first coiling direction but rigid in a direction opposite of the first coiling direction. For

example, the chain may be flexible if coiled in a clockwise direction, but rigid against coiling in

a counter-clockwise direction. The chain may include a plurality of blocks, each block flexibly

linked at one corner to a neighboring block.

According to some aspects of the invention there is an automatic uncoiling device for uncoiling

the tamping device in response to retraction of the tissue puncture closure device from a tissue



puncture. The automatic uncoiling device may include a spool with a portion of the filament

wound thereon, and a gear engaged with the spool.

Another embodiment of the invention provides a medical apparatus including a carrier

tube, a handle attached to a first end of the carrier tube, a filament extending between the first

end of the carrier tube and a second end of the carrier tube, an anchor attached to the filament at

the second end of the carrier tube, a sealing plug slidingly attached to the filament proximal of

the anchor, and a tamping device disposed about the filament for driving the sealing plug along

the filament distally towards the anchor. According to this embodiment, at least a portion of the

tamping device may be coiled within the handle. Moreover, the tamping device may extend

through a shaper such that a portion of the tamping device proximal of the shaper comprises a

curved, flexible configuration and a portion of the tamping device distal of the shaper comprises

a straight, stiff configuration. The apparatus, including the filament and a filament storage spool

may comprise a driving mechanism for advancing the tamping device toward the second end in

response to a separation force between the anchor and the handle.

According to another embodiment there is a tissue puncture closure device for partial

insertion into and sealing of an internal tissue wall puncture accessible through a percutaneous

incision, where the closure device comprises a filament connected at a distal end to an anchor

and to a sealing plug located proximal of the anchor for disposition and anchoring about the

tissue wall puncture, where the improvement comprises means for automatically driving the

sealing plug along the filament in a distal direction towards the anchor simultaneously upon

withdrawal of the closure device from the tissue wall puncture and means for folding the means

for automatically driving from a flexible coiled configuration to a straight, stiff configuration.

Another aspect of the invention provides a method of making an internal tissue puncture

sealing device by providing a carrier tube, attaching a handle at a first end of the carrier tube,

extending a filament between the first end of the carrier tube and a second end of the carrier tube,

attaching an anchor to the filament at the second end of the carrier tube, slidingly attaching a

sealing plug to the filament proximal of the anchor, disposing a tamping device about the

filament, and coiling at least a portion of the tamping device in the handle. According to some

embodiments the coiling comprises wrapping two components of the tamping device around two

separate spools.

Another aspect provides a method of sealing a tissue puncture in an internal tissue wall

accessible through a percutaneous incision. The method may include withdrawing a closure



device from the tissue puncture, and automatically uncoiling a tamping device to tamp a sealing

plug at the tissue puncture by transducing a motive force generated by withdrawal of the closure

device in a first direction to a tamping force in a second direction. The automatic uncoiling

further may include passing the tamping device through a shaper and altering a cross-sectional

shape of the tamping device, for example, to stiffen the tamping device. The transducing may

include automatically unwinding a filament from a filament spool by deploying an anchor

attached to the filament inside the tissue puncture prior to withdrawing the closure device from

the tissue puncture.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate various embodiments of the present invention and

are a part of the specification. The illustrated embodiments are merely examples of the present

invention and do not limit the scope of the invention.

Fig. 1 is a side view, partly in section, of an internal tissue puncture closure device

according to the prior art.

Fig. 2 is a side view of the tissue puncture closure device of Fig. 1 inserted through an

insertion sheath and engaged with an artery, the artery shown in section, according to the prior

art.

Fig. 3 is a side view of the tissue puncture closure device, insertion sheath, and artery of

Fig. 2, wherein the tissue closure device and insertion sheath are being withdrawn from the artery

to deploy a collagen pad according to the prior art.

Fig. 4 is a side view of the tissue puncture closure device, insertion sheath, and artery

shown in Fig. 3 with a tamping tube fully exposed and being used to tamp the collagen pad

according to the prior art.

Fig. 5 is a side view of a tissue puncture closure device with an automatic tamping device

uncoiling mechanism shown with hidden lines according to one embodiment of the present

invention; the tissue closure device is shown engaged with an artery.

Fig. 6A is an enlarged cross-sectional view taken along the line A-A of the tamping

device shown in Fig. 5 according to one embodiment of the present invention.

Fig. 6B is an enlarged cross-sectional view taken along the line B-B of the tamping

device shown in Fig. 5 according to one embodiment of the present invention.



Fig. 7A is an enlarged cross-sectional view of an alternative tamping device taken along

the line A-A of the tamping device shown in Fig. 5 according to one embodiment of the present

invention.

Fig. 7B is an enlarged cross-sectional view of the alternative tamping device shown in

Fig. 7A, taken along line B-B of the tamping device shown in Fig. 5 according to one

embodiment of the present invention.

Fig. 8A is a top view of another alternative tamping device shown in Fig. 5 according to

one embodiment of the present invention.

Fig. 8B is an enlarged cross-section view of the alternative tamping device shown in Fig.

8A taken along the line B-B of the tamping device shown in Fig. 5 according to one embodiment

of the present invention.

Fig. 9A is an enlarged side-view of a coiled portion of a tamping device for use with the

tissue puncture closure device of Fig. 5 according to another embodiment of the present

invention.

Fig. 9B is an enlarged side-view of an uncoiled portion of the tamping device shown in

Fig. 9A according to one embodiment of the present invention.

Fig. 1OA is a side-view, partly in section, of a tissue puncture closure device with a multi

part tamping device according to another embodiment of the present invention.

Fig. 1OB is an enlarged cross-sectional view taken along the line 1OB- 1OB of the tamping

device shown in Fig. 1OA according to one embodiment of the present invention.

Fig. 11 is a side view of the tissue puncture closure device of Fig. 5 being withdrawn

from the artery according to one embodiment of the present invention.

Fig. 12 is an partial assembly view of the tissue puncture closure device of Fig. 5

according to one embodiment of the present invention.

Fig. 13 is an enlarged cross-sectional side view a tissue puncture closure device with an

electrical transducer according to one embodiment of the present invention.

Throughout the drawings, identical reference numbers designate similar, but not

necessarily identical, elements.

DETAILED DESCRIPTION

As mentioned above, vascular procedures are conducted throughout the world and require

access to an artery through a puncture. Most often, the artery is a femoral artery. To close the



puncture following completion of the procedure, many times a closure device is used to

sandwich the puncture between an anchor and a sealing plug. However, sometimes the sealing

plug is not properly seated against an exterior situs of the arteriotomy. If the plug does not seat

against the arteriotomy, there is a potential for elongated bleeding. The present invention

describes methods and apparatus to reduce or eliminate movement or misplacement of the

sealing plug with a compact device. While the vascular instruments shown and described below

include insertion sheaths and puncture sealing devices, the application of principles described

herein are not limited to the specific devices shown. The principles described herein may be

used with any vascular closure device. Therefore, while the description below is directed

primarily to arterial procedures and certain embodiments of a vascular closure device, the

methods and apparatus are only limited by the appended claims.

As used throughout the claims and specification the term "tamp" or "tamping" is used

broadly to mean pushing or packing by one or a succession of pushes, blows, or taps, but not by

excessive force. The term "effecting" means producing an outcome, achieving a result, or

bringing about. "Coiled" means rings formed by winding, and includes partial windings and

arcs. An "arc" is something shaped like a curve or arch, including a segment of a circle or

ellipse. A "spool" is a cylinder or other device on which something else is at least partially

wound. A "lumen" refers to any open space or cavity in a bodily organ, especially in a blood

vessel. A "shaper" is any device that changes the cross-sectional shape, bending moment, or

linearity of another device. The words "including" and "having," as used in the specification,

including the claims, have the same meaning as the word "comprising."

Referring now to the drawings, and in particular to FIGS. 1-4, a vascular puncture closure

device 100 is shown according to the prior art. The vascular puncture closure device 100

includes a carrier tube 102 with a filament or suture 104 extending at least partially therethrough.

The closure device also includes a first or proximal end 106 and a second or distal end 107.

External to a second or distal end 107 of the carrier tube 102 is an anchor 108. The anchor is an

elongated, stiff, low profile member including an eye 109 formed at the middle. The anchor 108

is typically made of a biologically resorbable polymer.

The suture 104 is threaded through the anchor 108 and back to a collagen pad 110. The

collagen pad 110 may be comprised of randomly oriented fibrous material bound together by

chemical means. The collagen pad 110 is slidingly attached to the suture 104 as the suture

passes distally through the carrier tube 102, but as the suture traverses the anchor 108 and



reenters the carrier tube 102, it is securely slip knotted proximal to the collagen pad 110 to

facilitate cinching of the collagen pad 110 when the closure device 100 is properly placed and

the anchor 108 deployed (see Fig. 4).

The carrier tube 102 typically includes a tamping tube 112 disposed therein. The tamping

tube 112 is slidingly mounted on the suture 104 and may be used by an operator to tamp the

collagen pad 110 toward the anchor 108 at an appropriate time to seal a percutaneous tissue

puncture.

Prior to deployment of the anchor 108 within an artery, the eye 109 of the anchor 108

rests outside the distal end 107 of the carrier tube 102. The anchor 108 may be temporarily held

in place flush with the carrier tube 102 by a bypass tube 114 disposed over the distal end 107 of

the carrier tube 102.

The flush arrangement of the anchor 108 and carrier tube 102 allows the anchor 108 to be

inserted into an insertion sheath 116 as shown in Figs. 2-4, and eventually through an arterial

puncture 118. The insertion sheath 116 is shown in Figs. 2-4 inserted through a percutaneous

incision 119 and into an artery 128. However, the bypass tube 114 (Fig. 1) includes an oversized

head 120 that prevents the bypass tube 114 from passing through an internal passage of the

insertion sheath 116. Therefore, as the puncture closure device 100 is inserted into the insertion

sheath 116, the oversized head 120 bears against a surface 122 of insertion sheath 116. Further

insertion of the puncture closure device 100 results in sliding movement between the carrier tube

102 (Fig. 1) and the bypass tube 114, releasing the anchor 108 from the bypass tube 114 (Fig. 1).

However, the anchor 108 remains in the flush arrangement shown in Fig. 1 following release

from the bypass tube 114, limited in movement by the insertion sheath 116.

The insertion sheath 116 includes a monofold 124 at a second or distal end 126 thereof.

The monofold 124 acts as a one-way valve to the anchor 108. The monofold 124 is a plastic

deformation in a portion of the insertion sheath 116 that elastically flexes as the anchor 108 is

pushed out through the distal end 126 of the insertion sheath 116. Typically, after the anchor 108

passes through the distal end 126 of the insertion sheath 116 and enters the artery 128, the anchor

108 is no longer constrained to the flush arrangement with respect to the carrier tube 102 and it

deploys and rotates to the position shown in Fig. 2 .

Referring next to Figs. 3-4, with the anchor 108 deployed, the puncture closure device

100 and the insertion sheath 116 are withdrawn together, depositing the collagen pad 110 in the

incision tract 119 and exposing the tamping tube 112. With the tamping tube 112 fully exposed



as shown in Fig. 4, the collagen pad 110 is manually tamped, and the anchor 108 and collagen

pad 110 are cinched together and held in place with a self-tightening slip-knot on the suture 102.

Thus, the tissue puncture is sandwiched between the anchor 108 and the collagen pad 110,

thereby sealing the tissue puncture 118. The suture 104 is then cut and the puncture 119 may be

closed. The suture 104, anchor 108, and collagen pad 110 are generally made of resorbable

materials and therefore remain in place while the puncture 118 heals.

Using the typical tissue puncture closure device 100 described above, however, the

tamping of the collagen pad 110 cannot commence until the sheath 116 has been removed so as

to expose the tamping tube 112 for manual grasping. Under certain conditions, removal of the

sheath 116 prior to tamping the collagen pad 110 causes the collagen pad 110 to retract from the

tissue puncture 118, creating a gap 120 between the collagen pad 110 and the puncture 118. The

gap 120 may remain even after tamping as shown in Fig. 4, and sometimes results in only a

partial seal and bleeding from the tissue puncture 118.

Therefore, the present specification describes a tissue puncture closure device with a

tamping tube that is at least partially coiled, which may automatically drive a sealing plug (such

as collagen pad 110) toward a tissue puncture upon withdrawal of the tissue puncture closure

device from the tissue puncture site. While the preferred embodiments of the tissue puncture

closure device are shown and described below, the principles of the present specification may be

incorporated into any of a number of tissue closure devices. The specific embodiments described

below are for illustrative purposes only, and are not limiting.

As described above, the general structure and function of tissue closure devices used for

sealing a tissue puncture in an internal tissue wall accessible through an incision in the skin are

well known in the art. Applications of closure devices including those implementing principles

described herein include closure of a percutaneous puncture or incision in tissue separating two

internal portions of a living body, such as punctures or incisions in blood vessels, ducts or

lumens, gall bladders, livers, hearts, etc.

Referring now to Fig. 5, a medical apparatus, for example a tissue puncture closure

device 200 is shown according to one embodiment of the present invention. The closure device

200 has particular utility when used in connection with intravascular procedures, such as

angiographic dye injection, cardiac catheterization, balloon angioplasty and other types of

recanalizing of atherosclerotic arteries, etc. as the closure device 200 is designed to cause

immediate hemostasis of the blood vessel (e.g., arterial) puncture. However, it will be



understood that while the description of the preferred embodiments below are directed to the

sealing off of percutaneous punctures in arteries, such devices have much more wide-spread

applications and can be used for sealing punctures or incisions in other types of tissue walls as

well. Thus, the sealing of a percutaneous puncture in an artery, shown herein, is merely

illustrative of one particular use of the tissue closure device 200 of the present invention.

The tissue closure device 200 includes a first or proximal end 206 and a second or distal

end 207. A carrier tube 202 extends from the proximal end 206 to the distal end 207 and

includes an outlet 213 at the distal end 207. The carrier tube 202 may be made of plastic or other

material and is designed for insertion through a sheath 216, which is designed for insertion

through a percutaneous incision 219 in a tissue layer 230 and into a lumen 232. According to

Fig. 5, the lumen 232 comprises an interior portion of a femoral artery 228.

At the distal end 207 of the carrier tube 202 there is an anchor 208 and a sealing plug

210. The anchor 208 of the present embodiment is an elongated, stiff, low-profile member

arranged to be seated inside the artery 228 against an artery wall 234 contiguous with a puncture

218. The anchor 208 is preferably made of a biologically resorbable polymer. The sealing plug

210 is formed of a compressible sponge, foam, or fibrous mat made of a non-hemostatic

biologically resorbable material such as collagen, and may be configured in any shape so as to

facilitate sealing the tissue puncture 218.

The sealing plug 210 and anchor 208 are connected to one another by a filament or suture

204 that is also biologically resorbable. The anchor 208, the sealing plug 210, and the suture 204

are collectively referred to as the "closure elements" below. As shown in Fig. 5, the anchor 208

is arranged adjacent to and exterior of the distal end 206 of the sheath 216, while the sealing plug

210 is initially disposed within carrier tube 202. Although the anchor 208 is shown deployed

with a first surface 236 abutting the artery wall 234, it will be understood that initially the anchor

is arranged axially along the carrier tube 202 to facilitate insertion into the lumen 232 (see, for

example, the anchor 108 of Fig. 1). The suture 204 extends distally from the first end 206 of the

closure device 200 through the carrier tube 202. The suture 204 is threaded through one or more

perforations in the sealing plug 210, through a hole in the anchor 208, and proximally back

toward the carrier tube 202 to the sealing plug 210. The suture 204 is preferably threaded again

through a perforation or series of perforations in the sealing plug 210. The suture 204 may also

be threaded around itself to form a self-tightening slip-knot. The suture 204 thus connects the

anchor 208 and the sealing plug 210 in a pulley-like arrangement to cinch the anchor 208 and the



sealing plug 210 together when the carrier tube 202 is pulled away from the anchor 208 and the

sealing plug 210, sandwiching and locking the anchor and plug together and thereby sealing the

tissue puncture 218.

The carrier tube 202 also houses a tamping device, for example the at least partially

coiled tamping device 212 shown in Fig. 5, for advancing the sealing plug 210 along the suture

204 and toward the anchor 208. The tamping device 212 is shown with a first portion 242

partially coiled within a handle 252 and a second portion 244 extending distally toward the

sealing plug 210. The first portion 242 may be coiled around a spool or arranged in between

guides 240, 241 (Fig. 12). The first portion 242 includes a variable length ofthe tamping device

212 proximal of a shaper 246 and the second portion 244 includes a variable length of the

tamping device 212 distal ofthe shaper 246. The shaper 246 is shown in more detail below with

reference to Fig. 12 and may alter a cross-section and/or increase a moment of inertia along

certain axes of some embodiments of the tamping device 212 as it passes therethrough.

Accordingly, the first portion 242 ofthe tamping device 212 is generally flexible and therefore

coilable in at least one direction, but the second portion 244 is generally stiff and straight.

The tamping device 212 may comprise any number of configurations that enable the first

portion 242 to coil and the second portion 244 to straighten and stiffen. The first portion 242

facilitates compaction ofthe closure device 200 by storing a length ofthe tamping device 212 in

a non-linear coil. The second portion 244 facilitates advancing or tamping the sealing plug 210

toward the anchor 208 . Several examples of different configurations ofthe tamping device 212

are shown and described below with reference to Figs. 6A- 1OB.

Referring to Figs. 6A-6B, one embodiment ofthe tamping device 212 is shown according

to principles ofthe present invention. According to Fig. 6A, which is a cross sectional view of

the tamping device 212 taken along line A-A of Fig. 5, the first portion 242 ofthe tamping

device comprises a generally open, flat cross-section. The generally flat cross section ofthe first

portion 242 ofthe tamping device 212 has a generally low moment of inertia about an X-axis and

therefore provides for flexibility about the X-axis ofthe tamping device 212. The tamping

device 212 as shown in Fig. 6A may include a pair of notches 25 1 which weaken the structure

and that facilitate folding or bending the tamping device into a different cross-sectional

configuration.

According to the embodiment of Figs. 6A-6B, as the first portion 242 ofthe tamping

device 212 passes through the stationary shaper 246 (Fig. 5), it is folded to form a different



cross-sectional as shape shown in Fig. 6B. Fig. 6B represents a cross sectional view of the

tamping device 212 taken along line B-B of Fig. 5 . Accordingly, Fig. 6B represents the cross

section of the second portion 244 of the tamping device 212. As shown in Fig. 6B, the tamping

device 212 is folded to form a trough, or a general U or V-shape. Accordingly, the shaper 246

(Fig. 5) may comprise wedge surfaces forming a trough. The trough-shape formed in the second

portion 244 of the tamping device 212 has a much higher moment of inertia about the X-axis and

is therefore much more stiff, rigid, and straight as compared to the flat configuration of the first

portion 242 (Fig. 6A). Therefore, the second portion 244 of the tamping device is well suited for

bearing against and tamping the sealing plug 210 (Fig. 5) toward the anchor 208 (Fig. 5). The

folding of the tamping device between flexible and stiff configurations as shown in Figs. 6A-6B

facilitates a compact closure device 200 by allowing a sufficient length of the tamping device

212 to be coiled within the handle 252 of the closure device 200, and also provides adequate

stiffness to the tamping device 212 at the sealing plug 210 (Fig. 5).

Another embodiment of the tamping device 212 is shown in cross-section in Figs. 7A-7B.

Similar to the configuration shown in Fig. 6A, the embodiment of Fig. 7A illustrates a cross

section taken along line A-A of Fig. 5 of the first portion 242 of the tamping device 212. The

first portion 242 is arranged in a generally open, flexible, flat configuration that allows the first

portion 242 to be conveniently coiled. The tamping device 212 of Figs. 7A-7B, however,

includes a two or more notches 254 that facilitate folding the tamping device 212 into a closed

polygonal shape. In addition, a first edge 256 of the tamping device 212 may include a

protrusion 258 and a second edge 260 may include a mating cavity 262 that provides a snap-lock

geometry for the tamping device 212 when folded. For example, as shown in Fig. 7B, which is a

cross section of the second portion 244 of the tamping device 212 taken along line B-B of Fig. 5,

the second portion 244 of the tamping device 212 may be folded by the shaper 246 (Fig. 5) into a

triangular shape. As with the trough-shape of Fig. 6B, the triangular shape of Fig. 7B has a much

higher moment of inertia about the X-axis and is therefore much stiffer in directions transverse to

its longitudinal axis 250 than the flat configuration of Fig. 7A. Those of skill in the art having

the benefit of this disclosure will understand that other closed polygonal shapes may also be

formed from a generally flat configuration by the shaper 246 (Fig. 5) and that the triangular

shape is merely exemplary. The shaper 246 (Fig. 5) may include various wedges or surfaces to

fold the tamping device 212 into any desirable configuration as it passes therethrough.



Other embodiments may be used as well. For example, the embodiment of Figs. 8A-8B

illustrates another configuration for the tamping device 212 that may be folded between flexible

and stiff arrangements. Fig. 8A illustrates a top view of the first portion 242 of Fig. 5 and is

generally flat therefore coilable, with toothed edges that engage when folded to stiffen the

tamping device 212 and prevent edge sliding. Following folding by the shaper 246 (Fig. 5), the

toothed edges engage to form a closed polygon in cross-section, such as the triangle shown in

Fig. 8B, which illustrates the second portion 244 of the tamping device 212 taken along line B-B

of Fig. 5 .

However, instead of using the shaper 246 to alter the cross section of the tamping device

212 shown in Fig. 5, some embodiments of the tamping device 212 may be coilable in one

direction and stiff in other directions without any folding or changing of the cross section.

Accordingly, some embodiments of the closure device 200 may not include the shaper 246. For

example, the tamping device may comprise a chain 312 as shown in Figs. 9A-9B. Figs. 9A-9B

illustrate the chain 312 from a side view rather than a cross-sectional view. The chain 312 is

flexible in a first direction represented by an arced arrow 360 in Fig. 9A, but rigid in other

directions including a second direction represented by a second arced arrow 362 shown in Fig.

9B.

The chain 312 as shown in Figs. 9A-9B includes a plurality of blocks 364 flexibly linked

together. Each of the blocks 364 is connected to a neighboring block at one corner by a flexible

member 366. The flexible member 366 may comprise a plastic sheet or some other material that

is easily bent. As shown in Figs. 9A-9B, the chain 312 may be coiled in the first direction 360

within the handle 252 (Fig. 5), but the blocks 364 bear against and interfere with one another to

prevent coiling in other directions. Further, the chain 312 may be biased by the flexible member

366 in the second direction 362 so that as the chain 312 is uncoiled, it tends to form the straight,

rigid shape illustrated in Fig. 9B. The straight, rigid shape of Fig. 9B provides an effective

tamping device for advancing the sealing plug 210 (Fig. 5) toward the anchor 208 (Fig. 5) along

the suture 204 (Fig. 5).

Moreover, according to other embodiments, a tamping device 412 (Fig. 10A- 10B) may

comprise multiple components. As shown in Figs. 10A- 1OB, the tamping device 412 includes a

first longitudinal section 468 at least partially coiled, and a second longitudinal section 472 at

least partially coiled. The first longitudinal section 468 may be partially coiled onto a first spool

470, and the second longitudinal section 472 may be partially coiled onto a second spool 474.



However, the first and second longitudinal sections 468, 472 may also be guided by first and

second external surfaces 476, 478 into the coiled configuration shown. According to Figs. 10A-

1OB, the first and second longitudinal sections 468, 472 are mating halves of the tamping device

412 that integrate or mesh together to form a generally circular cross-section as shown in Fig.

1OB. Once meshed, the first and second longitudinal sections 468, 472 comprise a generally

straight, stiff tube that functions well as a tamping device. The second longitudinal section 472

is advanced or retracted by a main drive gear 480, and the first longitudinal section 468 is

simultaneously advanced or retracted by a slave drive gear 482 preferably engaged with the main

drive gear 480. The main drive gear 480 is preferably driven by the suture 204 (Fig. 5) as

described below with reference to Figs. 11-12.

Turning now to Fig. 11, the suture 204 extends through the second section 244 of the

tamping device 212 but is not directly connected thereto. Therefore, the suture 204 and tamping

device 212 are free to slide past one another. According to the embodiment shown in Figs. 11-

12, as the suture 204 extends into the handle 252 it attaches to an automatic uncoiling mechanism

530 housed within the handle 252.

In practice, the carrier tube 202 of the closure device 200 (containing the closure

elements described above) is inserted into the insertion sheath 216, which is already inserted

through the artery wall 228. As the closure device 200 and the associated closure elements are

inserted into the insertion sheath 216, the anchor 208 passes through and out of the distal end 207

of the insertion sheath 216 and is inserted into the arterial lumen 232. As mentioned above, the

anchor 208 is initially arranged substantially parallel with the carrier tube 202 to facilitate

insertion of the anchor 208 through the percutaneous incision 219 and into the lumen 232. As

the anchor 208 passes out of the insertion sheath 216 and into the lumen 232, the anchor 208

rotates to the position shown in Fig. 11.

With anchor 208 rotated transversely within the lumen 232 as shown in Fig. 11, the

closure device 200 and the insertion sheath 216 are withdrawn together, causing the surface 236

of the anchor 208 to bear against the artery wall 234. Further retraction of the closure device 200

and insertion sheath 216 causes the sealing plug 210 to withdraw from the distal end 207 of the

carrier tube 202, thereby depositing the plug within the incision or puncture tract 219.

However, unlike previous closure devices that require a separate, manual tamping

procedure following the deposition of the sealing plug 210, the closure device 200 of the present

invention may automatically tamp the sealing plug 210 with the partially coiled tamping device



212. The closure device 200 uncoils and drives the tamping device 212 toward the sealing plug

212 automatically upon withdrawal of the closure device 200 from the puncture tract 219,

tamping the sealing plug 210 toward the anchor 208 as shown in Fig. 11. Therefore, the sealing

plug 210 is tamped while the carrier tube 216 is still arranged adjacent to the puncture 218 in the

femoral artery 228, reducing or eliminating any gaps that may otherwise occur between the

sealing plug 210 and the puncture 218 in the artery wall 228.

In addition, by placing tension on or pulling the suture 204 away from the puncture tract

219, the suture 204 cinches and locks (with a slip knot or the like) the anchor 208 and the sealing

plug 210 together, sandwiching the artery wall 228 between the anchor 208 and sealing plug 210.

The force exerted by the tamping device 212 and the cinching together of the anchor 208 and

sealing plug 210 by the filament 204 also causes the sealing plug 210 to deform radially outward

within the puncture tract 219 and function as an anchor on the proximal side of the tissue

puncture 218.

Automatically uncoiling (and, depending on the coiled shape of the tamping device 212,

shaping) the tamping device 212 toward the sealing plug 210 and/or cinching the seal plug 210

and the anchor 208 may be facilitated by any of a number of mechanisms. For example, the

automatic uncoiling mechanism 530 that may be disposed in the handle 252 of the closure device

200 is shown in Fig. 12. According to the embodiment of Fig. 12, retraction of the closure

device 200 automatically effects tamping of the sealing plug 210 (Fig. 11). A portion of the

force required to retract the closure device 200 from the puncture 218 (Fig. 11) is automatically

transduced to an opposite driving force by the automatic uncoiling mechanism 530.

According to the automatic uncoiling mechanism 530 of Fig. 12 (and similarly for Fig.

1OA), the suture 204 is connected to and wound about a suture spool 532 (or main drive gear 480

ofFig. 10A). Withdrawal of the closure device 200 (Fig. 11) from the tissue puncture site (if the

anchor 208 (Fig. 11) is deployed) causes the suture 204 to unwind from the suture spool 532.

The suture spool 532 rotates as the suture 204 unwinds and provides a torsional motive force that

may be transduced to a driving or uncoiling force to the tamping device 212.

According to the embodiment of Fig. 12, the torsional motive force provided by the spool

532 is transduced into the driving force for the tamping device 212 by a gear train 534. The gear

train 534 includes a first gear 536 arranged coaxially with the suture spool 532. The first gear

536 and the spool 532 may include mating fan surfaces 538, 540, respectively. The mating fan



surfaces 538, 540 define a torque-limiting clutch that prevents the transmission of exceptional

torsional forces from the spool 532 to the first gear 536 that exceed a predetermined level.

The matching fan surfaces 538, 540 of the first gear 536 and suture spool 532 may be

forced into engagement by a biasing member, such as a compressible washer 550, with sufficient

force to cause mechanical or frictional engagement of the fan gears surfaces 538, 540, while still

permitting mutual rotation about an axis of rotation 552. The fan surfaces 538, 540 are

preferably sinusoidally shaped so as to permit slippage between the fan surfaces 538, 540 only

when torsional forces reach or exceed a predetermined level. It will be understood, however,

that other fan surface shapes may also be used, including, but not limited to, V-shapes, square

shapes and flat surfaces. The predetermined torsional force level necessary to overcome the

mechanical or frictional engagement of the fan surfaces 538, 540 may be modified by adjusting

the frequency or amplitude of the sinusoidally shaped fan faces, by adjusting the biasing force

between the fan surfaces 538, 540, or by other methods.

As shown in Fig. 12, the first gear 536 may engage a second gear 542. The first and

second gears 536, 542 may engage one another with a frictional fit or with gear teeth. The

second gear 542 also engages and uncoils the tamping device 212, which is disposed between the

second gear 542 and a roller guide 546. When the spool 532 rotates, the second gear 542 drives

the first section 242 of tamping device 212, which is initially coiled, through the shaper 246.

The shaper 246, may, however, be arranged downstream of the second gear 542 as well. The

shaper 246 may fold certain embodiments of the tamping device 212/312/412 into new stiffer

configurations, straighten the tamping device 2 12/3 12/4 12, and/or help mesh multiple tamping

device components into a single piece. The second gear 542 also drives the tamping device 212

toward the sealing plug 210 (Fig. 11) and thus advances the sealing plug 210 (Fig. 11) toward the

anchor 208 (Fig. 11). It will be understood by the skilled artisan having the benefit of this

disclosure that although the shaper 246 (Fig. 5) is shown in Fig. 5 distal of the gears such as

second gear 542, the shaper 246 may also be located proximal of the gears.

It may be desirable in some cases to increase the linear velocity of the tamping device

212 relative to the linear velocity at which the closure device 200 may be withdrawn. An

increased linear velocity for the tamping device 212 may better assure that the sealing plug 210

(Fig. 11) is forced toward the anchor 208 (Fig. 11) when the closure device 200 is withdrawn

from the puncture 2 18 (Fig. 11). Therefore, according to some embodiments, the gear train 534

may have an overall gear ratio greater than 1:1, and may include additional gears. For example,



the gear ratio may range between approximately 2.5: 1 and 6.0:1 for some embodiments.

According to some embodiments the gear ratio is about 5.0:1.

However, it should be noted that the linear velocity of the tamping device should not be

excessively greater than the linear withdrawal velocity of the closure device, as excessive speed

could potentially force the sealing plug 210 (Fig. 11) through the tissue puncture 218 (Fig. 11)

and into the lumen 232 (Fig. 11). Likewise, an insufficient opposing force against the anchor

208 (Fig. 11) could potentially result in the anchor 208 (Fig. 11) being pulled out of place from

within the lumen 232 (Fig. 11). Therefore, according to some uses, the withdrawal force should

not exceed approximately 3.5 pounds.

It will be understood by those of skill in the art having the benefit of this disclosure that

the drive spool/gear train configuration shown in Figs. 1OA and 12 are exemplary in nature, and

not limiting. Any gear configuration may be used to transmit a motive force generated by

retraction of the closure device 200 (Fig. 11) to provide an automatic driving force to the sealing

plug210 (Fig. 11). In addition, the torque-limiting clutch may be arranged at any point along the

gear train 534 and is not limited to the engagement between the suture spool 532 and the first

gear 536.

Operation of the closure device 200 of Figs. 11-12 is as follows. As the closure device

200 is retracted from the puncture tract 219, a separation force between the handle 252 and the

anchor 208 causes the suture 204, which is threaded through the anchor 208, to unwind from and

rotate the spool 532. The spool 532 drives the first gear 536 as it rotates via the mating

engagement between the fan surfaces 538, 540. As the first gear 536 rotates it drives the second

gear 542, and the second gear 542 drives the tamping device 212. The tamping device 212

passes through the shaper 246 where it is arranged into a stiff, straight configuration. The

tamping device 212 extends toward and tamps the sealing plug 210. Therefore, as the closing

device 200 is retracted from the puncture tract 219, the sealing plug 210 is automatically tamped

via the automatic driving mechanism 530. Accordingly, the sealing plug 210 is more likely to

create a sufficient arterial seal without gaps between the sealing plug 210 and the anchor 208, as

may otherwise occur with a separate manual tamping procedure.

Although the embodiments shown and described above illustrate mechanical transducers

that may be used to convert forces associated with retraction of the closure tool 200 to an

automatic tamping force on the sealing plug 210, other transducers may also be used according to

principles of the invention to facilitate automatic tamping of the sealing plug 210. Any means



for transducing a motive force in a first direction to a subsequent force in another direction may

be used. For example, referring to Fig. 13, electrical switches and/or optical transducers may be

used to generate an automatic tamping force upon retraction of the closure tool 200 from a

puncture tract. Accordingly, an electrical switch and/or optical sensor 660 may transmit a signal

along a communications interface 662 to a motor, servo, solenoid, or other device 664 indicating

retraction of the closure device 200. The motor, servo, solenoid, or other device 264 may then

provide a tamping force when the retraction signal is received.

Therefore, according to some embodiments the proximal end of the suture 204 may be

operatively connected to the electronic switch 660, which is operatively connected to the motor

664 (and/or a power source). Retraction of the closure device 200 may trip the electronic switch

660 and activate the motor 664 to generate a force used to uncoil the tamping device 212 and

tamp the sealing plug 210. Similarly, the electronic switch 660 may be or include an optical

sensor for detecting and/or measuring withdrawal of the closure device 200 from the tissue

puncture and generating a signal indicating withdrawal of the closure device from the tissue

puncture. The optical signal may be transduced to an electrical signal, and the electrical signal

may be transmitted to the motor 664 (and/or a power source) for generating a driving or tamping

force to the sealing plug 210. The motor, servo, solenoid, or other device 664 may be rotary for

generating torsional force (which may be transduced to a linear motive force in a manner similar

to that described above), or it may be linear for generating a force that may be directly or

indirectly applied to the tamping device 212.

The tissue closure devices 200 described above may be particularly useful following an

intravascular procedure, such as angioplasty or catheterization. Therefore, the general steps that

may be taken for such a procedure are described below, followed by a number of steps that may

be taken according to some methods prior to use of the tissue closure device 200.

According to a standard intravascular procedure, a cannula of an instrument, such as an

angiographic needle, is inserted through the skin into an artery (e.g. a femoral artery) at the situs

for the instrument's insertion. The angiographic needle is held in place and a flexible guidewire

is passed through the needle longitudinally into the artery until it reaches a desired depth. Once

the guidewire is in place, the angiographic needle is removed, leaving the guidewire in place. A

procedure sheath and an arterial dilator are passed over the guidewire, through the puncture or

incision, and into the artery. The guidewire and then the dilator are removed, leaving the

procedure sheath in place. A catheter or other intravascular instrument is then inserted through



the procedure sheath and through the artery to the desired intravascular location, e.g. , the situs of

an atherosclerotic occlusion. Upon completion of the intravascular procedure (e.g. , angioplasty),

the catheter is removed, leaving the procedure sheath in place.

The procedure sheath may then be used to facilitate introduction of the closure device

200. First, another guidewire is used to assist in locating the artery. The procedure sheath may

then be removed, leaving the guidewire in place. The insertion sheath 216 and a dilator are then

inserted along the guidewire, through the percutaneous incision and tissue puncture, and into the

artery. The guidewire and dilator are removed, and the insertion sheath 216 is left in place and

used for accessing the tissue puncture with the tissue closure device 200 as described above.

The preceding description has been presented only to illustrate and describe exemplary

embodiments of invention. It is not intended to be exhaustive or to limit the invention to any

precise form disclosed. Many modifications and variations are possible in light of the above

teaching. It is intended that the scope of the invention be defined by the following claims.



WHAT IS CLAIMED IS:

1. A tissue puncture closure device, comprising:

a sealing plug configured to be deployed in a tissue tract;

a tamping device that is at least partially coiled and is configured to moved between a

coiled configuration and an uncoiled configuration to tamp the sealing plug in the tissue tract.

2 . The tissue puncture closure device of claim 1, wherein the tamping device

includes a coiled portion and an uncoiled portion, the uncoiled portion being configured to tamp

the sealing plug in the tissue tract, the uncoiled portion having a different cross sectional shape

than the coiled portion.

3 . The tissue puncture closure device of claim 2, wherein the uncoiled portion is

stiffer than the coiled portion.

4 . The tissue puncture closure device of any of claims 2 to 3, wherein the coiled

portion is flat and the uncoiled portion is folded.

5 . The tissue puncture closure device of any of claims 2 to 4 wherein the coiled

portion of the tamping device is flexible and the uncoiled portion of the tamping device is stiff.

6 . The tissue puncture closure device of any of claims 1 to 5, further comprising:

a shaper;

wherein a portion of the tamping device coiled proximal of the shaper is substantially flat

in cross-section, and wherein the shaper folds the portion of the tamping device into a stiff

configuration as the tamping device is advanced distally therethrough.

7 . The tissue puncture closure device of any of claims 1 to 6, further comprising:

a spool;

a shaper;

wherein a portion of the tamping device coiled on the spool is substantially flat in cross-

section, and wherein the shaper folds the portion of the tamping device coiled on the spool as it

advances distally therethrough.

8. The tissue puncture closure device of any of claims 1 to 7, further comprising:

a shaper;



wherein a portion of the tamping device proximal of the shaper is substantially flat in

cross-section, and a portion of the tamping device distal of the shaper is a substantially closed

polygon in cross-section.

9 . The tissue puncture closure device according to any of claims 1 to 8, wherein the

tamping device comprises a first longitudinal section at least partially coiled, and a second

longitudinal section at least partially coiled.

10. The tissue puncture closure device according to any of claims 1 to 9, further

comprising:

a shaper;

wherein the shaper integrates a first longitudinal section of the tamping device that is at

least partially coiled with a second longitudinal section of the tamping device that is at least

partially coiled, into a stiff, generally straight member.

11. The tissue puncture closure device according to any of claims 1to 10, wherein the

tamping device comprises a first longitudinal section that is at least partially coiled and a second

longitudinal section that is at least partially coiled, wherein each of the first and second

longitudinal sections comprise semi-circles in cross-section.

12. The tissue puncture closure device according to any of claims 1to 11wherein the

tamping device comprises a chain that is flexible in a first coiling direction but rigid in a

direction opposite of the first coiling direction.

13. The tissue puncture closure device according to any of claims 1to 12 wherein the

tamping device comprises a plurality of blocks, each of the plurality of blocks flexibly linked at

one corner to a neighboring block.

14. The tissue puncture closure device according to any of claims 1 to 13, further

comprising an automatic uncoiling device that uncoils the tamping device in response to

retraction of the tissue puncture closure device from the tissue tract.

15. The tissue puncture closure device according to any of claims 1 to 14, further

comprising a filament that is coupled to the sealing plug and an automatic uncoiling device for

uncoiling the tamping device in response to retraction of the tissue puncture closure device from

the tissue tract, the automatic uncoiling device comprising:

a filament spool with a portion of the filament wound thereon;



a gear engaged with the filament spool.

16. The tissue puncture closure device of any of claims 1to 15, further comprising an

anchor and a filament, the anchor being configured to be positioned adjacent to a hole in a tissue

wall, the filament being configured to hold the sealing plug and the anchor together.

17. The tissue puncture closure device of any of claims 1 to 16, further comprising:

an anchor which is configured to be positioned adjacent to a hole in a tissue wall;

a carrier tube;

a handle at a first end of the tissue puncture closure devices;

wherein at least a portion of the tamping device is coiled within the handle.

18. The tissue puncture closure device of any of claims 16 to 17, further comprising:

a filament spool onto which a proximal end of a filament is wound, the filament being

configured to hold the sealing plug and the anchor together.

19. A method of sealing a tissue puncture, comprising:

withdrawing a closure device from the tissue puncture;

uncoiling a tamping device to tamp a sealing plug toward the tissue puncture by

transducing a motive force generated by withdrawal of the closure device in a first direction to a

tamping force toward the sealing plug.

20. The method of sealing the tissue puncture according to claim 19, wherein the

uncoiling further comprises:

passing the tamping device through a shaper; and

altering a cross-sectional shape of the tamping device.

21. The method of sealing the tissue puncture according to claim 19, wherein

uncoiling further comprises:

passing the tamping device through a shaper;

altering a cross-sectional shape of the tamping device;

wherein the altering stiffens the tamping device.

22. The method of sealing the tissue puncture according to claim 19 wherein

transducing the motive force comprises unwinding a filament from a filament spool by deploying

an anchor attached to the filament inside the tissue puncture prior to withdrawing the closure

device from the tissue puncture.























A. CLASSIFICATION Cf SUBJECT MATTER
INV. A61B17/00

ADD. A61B17/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS 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 dunng 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

US 2005/085851 Al (FIEHLER WILLIAM [US] ET 1-5 ,9,
AL) 21 Apri l 2005 (2005-04-21 ) 11-18
paragraph [0034] - paragraph [0044] ;
figures 5-8

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 priority date and not in conflict with the application but
'A' 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
1L" document which may throw doubts on pπonty cla ιm(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

1O' 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

' P1 document published pπor 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

17 December 2007 07/01/2008

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV Ri|Swi|k

TeI (+31-70) 340-2040 Tx 3 1 651 epo nl,
Fax (+31-70) 340-3016

Moers , Roel of

FoiTTi PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Box No. Il 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

Claims Nos 19-22
because they relate to subject matter not required to be searched by this Authority, namely

Rule 39 .1(iv) PCT - Method for treatment of the human or animal body by
surgery

Claims Nos
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an 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

As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable
claims

As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees

3 I I As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
'— ' only those claims for which fees were paid, specifically claims Nos

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 on Protest lThe additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation

I INo protest accompanied the payment of additional search fees

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2005085851 Al 21-04-2005 AU 2004283681 Al 06-05-2005
CA 2542214 Al 06-05-2005
EP 1680029 A2 19-07-2006
JP 2007508114 T 05-04-2007
WO 2005039387 A2 06-05-2005

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

