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A Closure Device

Introduction

This invention relates to an interventional medical closure device and to a method of

performing an interventional procedure to effect closure of openings in membranes,

septums. vessel or cavity walls etc. In particular the invention relates to a device which

will allow closure of openings within vessel walls without the aid of direct vision. A

vessel meaning any fluid (being liquid or gas) carrying cavity, conduit or space contained

by a wall or membrane.

Summary of the Invention

According to an embodiment of the invention there is provided an interventional medical

closure device comprising a closure element configured to extend through a vessel wall

to assist in closure of an opening through the vessel wall.

In one embodiment of the invention, the closure element is configured to extend through

a first part of a vessel wall on a first side of an opening through the vessel wall into an

internal lumen of the vessel, and to extend through a second part of the vessel wall on a

second side of the opening out of the internal lumen. The closure element may comprise

a suture member.

In one case the device comprises at least one engagement element for engagement with

an external surface of a vessel. The engagement element may be configured to engage an

external surface of an arterial wall. The device may comprise a first engagement element

for engagement with an external surface of a vessel on a first side of an opening through



the vessel wall and a second engagement element for engagement with an external

surface of the vessel on a second side of the opening.

According to one aspect the invention provides an interventional medical closure device

comprising:-

a first engagement element for engagement with an external surface of a vessel on

a first side of an opening through a vessel wall;

a second engagement element for engagement with an external surface on a

second side of the opening; and

a closure element for extending from the first engagement element, into the

vessel, and to the second engagement element to assist in closure of the opening.

The closure element may be extendable through one or both of the engagement elements.

The closure element may be coupleable to one or both of the engagement elements.

In one embodiment at least one of the engagement elements has an anterior side and a

posterior side, the anterior side having an anterior opening therein, and the posterior side

having a posterior opening therein. The openings may be of different dimensions. In one

case one of the openings is generally circular and the other opening comprises a slot. The

first engagement element may have a generally circular anterior opening and the posterior

opening comprises a slot. The second engagement element may have a generally circular

posterior opening and the anterior opening comprises a slot.

The engagement element may be movable between a delivery configuration and an

engagement configuration. In the engagement configuration, the engagement element

may define a substantially flat engagement surface for engagement with an external

surface of a vessel. The flat engagement surface acts to distribute the engagement force



over a larger surface area to minimise the possibility of trauma to the tissue. The

engagement element may comprise a bolster.

In one embodiment the device comprises a foot element. The foot element may be

engagable with an internal surface of a vessel to assist in closure of an opening through

the vessel wall.

In another embodiment the foot element provides a guide element for guiding passage of

the closure element. The guide element may comprise a passageway extending there

through or open channel, through which the closure element is extendable. The

guide/foot element may comprise a substantially curved engagement surface for

engagement with an internal surface of a vessel. The engagement surface may be curved

in a convex shape. The guide/foot element may have a substantially porous contact

surface to minimise the contact surface area with engagement tissue. At least part of the

guide/foot element may be biocompatible or biodegradable. Because the guide/foot

element is biocompatible, the guide/foot element may remain within the internal lumen

after completion of the interventional procedure.

In another case the device comprises a delivery element to deliver the guide element into

an internal lumen of a vessel. The guide element may be movable relative to the delivery

element between a delivery configuration and an engagement configuration. In the

delivery confi guration the guide element may present a low-profile for ease of delivery

via a tubular element. The delivery element may be sufficiently stiff to hold the guide

element in the deployed configuration, once free of the tubular element. The delivery

element may be stiffened by a concentric holding element. The holder element may hold

the guide element in a desired location and/or orientation relative to the vessel. The

guide element may be detachable from the delivery element to deploy the guide element

in an internal lumen of a vessel. The device may comprise a tubular element through

which the delivery element and the guide element may be delivered through a vessel wall

into a lumen. The tubular element may comprise a procedural sheath or cannula.



In another aspect the invention provides an engagement element for engaging with an

external surface of a vessel on one side of an opening through a vessel wall, the

engagement element having an anterior side and a posterior side, the anterior side having

an anterior opening and the posterior side having a posterior opening. In one case the

openings are of different dimensions. One of the openings may be generally circular and

the other opening comprises a slot. In one case the engagement element has a generally

circular anterior opening and the posterior opening comprises a slot. In another case the

engagement element has a generally circular posterior opening and the anterior opening

comprises a slot.

In a further aspect the invention provides an interventional medical closure device

comprising a foot element which is adapted to engage the internal surface of a vessel on

both sides of an opening in the vessel wall. The foot element may provide a tamponade.

In one case the foot element is movable between a delivery configuration and an

engagement configuration. The foot element may be engageable with an internal surface

of a vessel to assist in closure of an opening through the vessel wall. In one case the foot

element comprises a profiled engagement surface for engagement with an internal surface

of a vessel. The engagement surface may be curved in a convex shape. The foot element

may have a substantially porous contact surface. In one case the foot element comprises

a guide for guiding a closure element. The guide element may comprise a pathway for a

closure element. n one case the pathway comprises a passageway through the guide

element. The pathway may comprise an open channel.

In a further aspect the invention provides a method of perfoπning an interventional

procedure, the method comprising:-

providing a first engagement element, a second engagement element, and a

closure element;

placing the first engagement element at external surface at a first side of an

opening in a vessel wall;



placing the second engagement element at the external surface at a second side of

the opening in the vessel wall; and

extending the closure element from the first engagement element into the vessel

and to the second engagement element to assist in closure of the opening.

In one case the closure element is extended through a first part of the vessel wall on the

first side of the opening into an internal lumen of the vessel and extended through a

second part of the vessel wall on the second side of the opening out of the internal lumen.

The method may comprise engaging the external surface of the vessel with at least one of

the engagement elements. In one case the external surface of the vessel on the first side

of the opening is engaged with the first engagement element, and the external surface of

the vessel on the second side of the opening is engaged with the second engagement

element. The closure element may be extended through at least one of the engagement

elements. In one case the method comprises the step of coupling the closure element to

at least one of the engagement elements. In one embodiment the method comprises

moving at least one of the engagement elements between a delivery configuration and an

engagement configuration. In one embodiment the method comprises providing a foot

element and the method comprises engaging the foot element with the internal surface of

the vessel on both sides of the opening. The method may comprise delivering the foot

element into the internal lumen. In one case the method comprises moving the foot

element between a delivery configuration and an engagement configuration. The method

may comprise holding the foot element in the engagement configuration. In one

embodiment the foot element comprises a guide for the closure member and the method

comprises leading the closure member through a pathway in the guide. In one case the

foot element is delivered to the vessel through a tubular element.

In another aspect of the invention there is provided a method of performing an

interventional procedure, the method comprising the:

creating an opening through a vessel wall; and



extending a closure element through the vessel wall to assist in closure of the

opening.

In one embodiment of the invention the closure element is extended through a first part of

the vessel wall on a first side of the opening into an internal lumen of the vessel and

extended through a second part of the vessel wall on a second side of the opening out of

the internal lumen, by operation of attachment to a closure element delivery component.

The closure element delivery component may comprise a flexible needle. The closure

element delivery component may be rendered flexible by way of the intrinsic hyper-

elastic properties of the material, such as nitinol, or by operation of circumferential cuts

in a hypotube. The circumferential cuts may be configured such that the closure element

delivery component is flexible in a single axis only. In one case, the method comprises

engaging the external surface of the vessel with an engagement element. The vessel may

comprise an arterial wall. The external surface of the vessel on the first side of the

opening may be engaged with a first engagement element, and the external surface of the

vessel on the second side of the opening may be engaged with a second engagement

element. The closure element may be extended through the engagement elements. The

method may comprise coupling the closure element to the engagement element. The

method may comprise moving the engagement element between a delivery configuration

and an engagement configuration. In the engagement configuration the first and second

engagement elements effect a closing of the opening in the vessel.

In another embodiment the method comprises using a guide element to guide passage of

the closure element delivery component and closure element. The method may comprise

engaging the guide element with an internal surface of the vessel to assist in closure of

the opening. The method may comprise delivering the guide element into the internal

lumen. The method may comprise moving the guide element between a delivery

configuration and a deployed configuration. The method may comprise holding the

guide element in the deployed configuration.



In another embodiment the guide element is delivered to the vessel lumen through a

tubular element.

Brief Description of the Drawings

The invention will be more clearly understood from the following description of an

embodiment thereof given by way of example only, with reference to the accompanying

drawings, in which:-

Fig. 1 is an isometric view of a foot or guide element of an interventional medical

closure device according to the invention;

Fig. 2 is an end view of the guide element of Fig. 1 within a tubular element;

Fig. 3 is a side view of the guide element of Fig. 1;

Figs. 4 to 7 are isometric views of engagement elements of the interventional

medical closure device according to the invention;

Fig. 8 is a cross-sectional, end view of an engagement element of the

interventional medical closure device according to the invention;

Fig. 9 is an isometric view of a closure element delivery element;

Fig. 10 is an isometric view of the guide element of Fig. 1, a delivery element and

a tubular element of the interventional medical closure device according to the

invention:



Fig. 1IA is a side view of the interventional device showing a clamping element

and guide element:

Fig. 1IB is a side view of the interventional device showing the clamping element

deployed and guide element;

Fig. 12 is an isometric view of the guide element of Fig. 1 and the delivery

element of Fig. 9:

Fig. 13 is an isometric view of the delivery element of Fig. 9;

Figs. 14 and 15 are cross-sectional, side views of the guide element and delivery

element;

Figs. 16 to 2 1 are cross-sectional, side views of the interventional closure device,

in various states of use;

Fig. 22 is an isometric view of a proximal end of a closure element delivery

component engaged with a driving mechanism of the interventional medical

closure device according to the invention;

Fig. 23 is a side view of the interventional medical closure device, in use;

Fig. 24 is an isometric view of the closure element delivery component extraction

mechanism of the interventional medical closure device according to the

invention;

Fig. 25 is an isometric view of a distal end of the closure element delivery

component of Fig. 22 engaged with the delivery component extraction mechanism

of Fig. 24;



Fig. 26 is a cross-sectional, side view of the interventional medical closure device

in use;

Fig. 27 is an isometric view of a proximal end of the closure element and closure

element anchor of Fig. 2 1;

Fig. 28 is a cut-away, isometric view of part of the interventional medical closure

device, in situ;

Fig. 29 is a cross-sectional, side view of the interventional medical closure device,

in use;

Fig. 30 is a cut-away, isometric views of the delivery element and guide element;

and

Fig. 3 1 is a cut-away, isometric view of the closure system in situ.

Detailed Description

Referring to the drawings, there is illustrated an interventional medical closure device

according to various embodiments of the present invention. The device comprises a

closure element 1, a first engagement element 2, a second engagement element 3, a foot

guide element 4. a delivery element 5, and a tubular element 6.

The closure element 1 is provided in this case in the form of a suture. The suture may be

braided and may be made from a bioabsorbable material. The closure element, or suture

in this case, is attached to a closure element delivery component 16. The closure element

delivery component may be a flexible needle, made from a hyper-elastic nitinol material.

The closure element delivery component in another embodiment may be a flexible



hypotube 21. made flexible by the configuration of a series of circumferential cuts 22.

The circumferential cuts 22. may be configured in such a way as to render the needle

flexible in one Cartesian-coordinate plane only and more flexible in one direction only.

Fig. 9 illustrates the interventional medical closure element which comprises the tubular

main body part 2 1 and the needle at the end of the main body part 2 1. The main body

part 2 1 is provided in the form of a hypotube in this case. The hypotube 2 1 has a series

of circumferential discontinuities, for example slots 22, in the wall of the hypotube 2 1.

The slots 22 facilitate lateral flexing of the hypotube 21.

The closure element 1 may be extended through a first part of a vessel wall 7 on a first

side of an opening 8 through the vessel wall into an internal lumen 9 of the vessel, and

extended through a second part of the vessel wall 10 on a second side of the opening 8

out of the internal lumen 9. In this manner the closure element 1 may be employed to

assist closure of the opening 8.

In one implementation of the present invention, the vessel wall is an arterial wall.

Each of the engagement elements 2, 3 is provided in this case in the form of a

cylindrically shaped bolster. The closure element 1 is extendable through each of the

engagement elements 2, 3, and the closure element 1 may be coupled to each engagement

element 2, 3. When the closure element 1 has been extended through the engagement

elements 2, 3 and is coupled to the engagement elements 2, 3, the first engagement

element 2 engages with the external surface of the vessel on the first side of the opening

8, and the second engagement element 3 engages with the external surface of the vessel

on the second side of the opening 8 (Fig. 31).

Each engagement element 2, 3 is movable between a delivery configuration and an

engagement configuration. In the engagement configuration, each engagement element

2, 3 defines an engagement surface which is profiled to engage against the external

surface of the vessel (Fig. 31). The engagement surface may be flat or curved to suit the

profile of the vessel surface.



The foot or guide element 4 has a pathway for the closure element 1. In one case the

pathway comprises a passageway 11 extending through the element 4. In an alternative

embodiment the pathway 11 may comprise of an open channel. The closure element 1

may be extended through the passageway 11. In this manner the guide element 4 guides

passage of the closure element 1 from when it enters the internal lumen 9 on the first side

of the opening 8 to when it exits the internal lumen 9 on the second side of the opening 8.

The guide element 4 also engages the internal surface of the vessel on both sides of the

opening 8 (Fig. 31). In this manner the guide element 4 assists in closure of the opening

8.

The upper engagement surface 12 of the guide element 4, which engages with the internal

surface of the vessel, is curved in a convex shape (Fig. 2) to mate with the curvature of

the internal surface of the vessel.

The delivery element 5 may be employed to deliver the guide element 4 into the internal

lumen 9. The guide element 4 is movable relative to the delivery element 5 between a

delivery configuration (Fig. 10) and a deployed configuration (Fig. 12). The delivery

element 5 comprises a holder element 13 supported by a collapsible support element 15

to releasably hold the guide element 4 in the delivery and deployed configurations (Figs.

14 and 15).

The guide element 4 may be detached from the delivery element 5 to deploy the guide

element 4 in the internal lumen 9, by collapsing the support element by application of a

tension to the release element 23. The guide element 4 may then remain in the internal

lumen 9 after completion of the interventional procedure, as a functional part of the

closure system. The guide element 4 may be manufactured from a biodegradable

material.



The tubular element 6 is provided in the form of a procedural sheath. The guide element

4 and the delivery element 5 may be delivered through the tubular element 6 to the vessel

lumen.

The interventional medical closure device may also comprise a stabiliser element 20

which is engagable with the external surface of the vessel to stabilise the guide element 4

relative to the vessel. The stabiliser element 20 is movable between a tubular delivery

configuration inclined at an angle relative to the vessel wall (Fig. UA). and a flattened

deployed configuration parallel to the vessel wall (Fig. 1IB).

To temporarily secure the guide element 4 in juxtaposition to the opening 8, the clamping

element 20 may be employed on the external wall of the vessel (Fig. H A and HB).

Deployment of the clamping element 20 is achieved by an axial compressive motion of

the clamping element 20, Fig. 11A, to cause the clamp element 24 to balloon outwardly,

Fig. HB. To maintain a clamping action of the guide element 4 to the vessel wall, the

clamping element 20 is held fixed to the delivery element 5 at an appropriate off-set

4 1proximal to the guide element 4, Fig. 13B.

Jn use, the opening 8 is created through the vessel wall, in one application the anterior

wall of an artery. The guide element 4 in the delivery configuration and the delivery

element 5 are delivered to the vessel through the tubular element 6 (Fig. 10). The guide

element 4, the delivery element 5 and the clamping element 20 are advanced out of the

tubular element 6. which is already through the opening 8, into the internal lumen 9. The

guide element 4 is moved relative to the delivery element 5 from the delivery

configuration to the deployed configuration (Figs. 12 and 1IA). The guide element is

temporarily held in position by the clamping element 20, Fig. 1IB.

The engagement elements 2, 3 are delivered to the external surface of the vessel (Figs. 16

to 21). The closure element delivery component 16 is extended through the first

engagement element 2, through the first part of the vessel wall 7 (Figs. 20 and 21),



through the passageway 11 of the guide element 4, through the second part of the vessel

wall 10. and through the second engagement element 3 (Fig. 23).

The leading end of the closure element delivery component 16 is drawn proximally away

from the second engagement element 3 (Fig. 26) until the proximal end 14 of the closure

element 1 engages the first engagement element 2 (Fig. 28). In this manner the closure

element 1 is coupled to the first engagement element 2, and the engagement elements 2. 3

are moved from the delivery configuration to the engagement configuration. The guide

element 4 is detached from the delivery element 5 and the delivery element 5 is

withdrawn from the opening 8.

The guide element 4 remains in the internal lumen 9 engaging the internal surface of the

vessel on both sides of the opening 8 with the engagement elements 2 and 3 engaging the

external surface of the vessel (Fig. 31). The guide element 4, closure element L closure

element anchor 14 and engagement elements 2 and 3 may remain as permanent implants

or alternatively may bioabsorb/biodegrade. depending on material selection.

The engagement surface of the guide/foot element 4 may be curved in a convex shape.

The element 4 may be configured for minimal contact. For example, the element may

have a substantially porous contact surface to minimise the contact surface area with

engagement tissue and allow nutrient exchange.

The invention relates to a percutaneous arterial closure device. The device of the

invention may be employed for percutaneous closure of arteriotomies following

endovascular/intraarterial procedures. The target artery may be the common femoral

artery.

The procedural sheath 6. which is used to gain intraarterial access, is shown in Fig. 10.



Introduction of the intraarterial-foot 4 is delivered via the procedural sheath 6, as shown

in Fig. 10. The intraarterial-foot 4 is attached or anchored to the flexible cylindrical

member intraarterial-foot-anchor 5. used to deploy the intraarterial-foot 4 into the artery.

The intraarterial-foot 4 is designed to be marginally wider than the internal diameter of

the procedural sheath 6 to encourage an elliptical distortion of the sheath, Fig 2. This is

to prevent the leading edge or tip of the foot 4 contacting the procedure sheath 6 during

its insertion through the sheath 6 and causing excessive drag or wedging of the

intraarterial-foot 4 within the sheath 6. The trailing edge or bottom and sides of the

intraarterial-foot 4 and bent intraarterial-foot-anchor 5 contact the procedural sheath 6.

Fig. 2 illustrates an end-view of the procedural sheath 6 with the intraarterial-foot 4 in

situ, showing the elliptical distortion and contact points during insertion of the

intraarterial-foot 4 through the procedural sheath 6.

The intraarterial-foot 4 is advanced through the procedural sheath 6 until it is fully

deployed within the artery as shown in Fig. 1IA. Once the intraarterial-foot 4 is free of

the procedural sheath 6, the intraarterial-foot-anchor 5 actively, by nature of its stiffness,

rotates the intraarterial-foot 4 into its final orientation, relative to the intraarterial-foot-

anchor 5, for example at 40°, Fig. 12.

The procedural sheath 6 can now be withdrawn from the artery and subcuticular tissue

tract, whilst repositioning the intraarterial-foot 4 against the luminal surface of the

anterior arterial wall juxtaposition to the arteriotomy, as shown in Fig. 1IA. The foot 4

held in this position will form an effective tamponade to control any arterial bleeding.

To ensure the intraarterial-foot 4 is held securely in juxtaposition to the arteriotomy.

against the lumen, the extraarterial-clamp 20 is compressed to cause the extraarterial-

clamp struts 24 to balloon outwardly to clamp the intraarterial-foot 4 to the luminal

surface of the arterial wall, Fig. 1IB. Both the extraarterial-clamp 20 and the

intraarterial-foot 4 in this configuration, Fig. UB, act as a tamponade to control any

arterial bleeding. The extraarterial-clamp struts 24 are configured to encourage them to



fold out at an angle parallel to the intraarterial-foot 4. for example 40°. Fig. 1IB. The

intraarterial-foot 4 is profiled and streamlined to minimise haemodynamic effects. Figs. 1

to 3.

The intraarterial-foot 4 once located in its intended position in juxtaposition to the

arteriotomy is required to be oriented, relative to the arteriotomy and arterial axis. To

ensure the correct orientation of the intraarterial-foot 4, the intraarterial-foot-anchor 5

engages with the intraarterial-foot 4, in such a way as to infer rotational stability. This

inter-lock between the intraarterial-foot 4 and the intraarterial-foot-anchor 5 is achieved

by a collapsible wedge 13. Fig. 13 illustrates the collapsible wedge 13 of the

intraarterial-foot-anchor 5 and Figs. 14 and 15 illustrates the intraarterial-foot-anchor 5

engaged with the intraarterial-foot 4.

The wedge 13 is collapsible in order to release the intraarterial-foot 4 when appropriate.

Collapsing of the wedge 13 is achieved by applying tension to the release wire 23,

causing the collapsible support 15 to collapse as shown in Fig. 30. The hyper-elastic

nature of the material used for the intraarterial-foot-anchor 5 (nitinol) causes the wedge

13 to return to its original cylindrical configuration, when unsupported, as shown in Fig.

30. The intraarterial-foot-anchor 5 is then free to be withdrawn from the intraarterial-foot

4. The wedge/cylindrical shape of the interlock also ensure the intraarterial-foot-anchor 5

is atraumatic to the arterial wall and surrounding tissues during withdrawal.

The intraarterial-foot 4 once correctly positioned in juxtaposition to the arteriotomy may

serve two functions, namely: 1) to control the arterial bleeding and form an integral part

of the closure system, and 2) act as a needle guide to guide a flexible needle

intraarterial Iy from one side of the arteriotomy to the other. In this way the delivery

system of the arterial closure device becomes part of the implantable closure system

itself.



alternative embodiment the needle guide channel may be an open channel and rely

pre-curved needle or flexible shuttle to guide the needle and suture from one side of

he intraarterial-foot-anchor 5 may also serve two functions: 1) to facilitate the delivery

of the intraarterial-foot 4 into the lumen of the artery and anchoring the intraarterial-foot

4 in its correct position; and 2) the intraarterial-foot-anchor 5 also acts as a percutaneous

guide for the suture 1 and bolster 2, 3 delivery system, with or without the procedural

sheath in situ.

Once the intraarterial-foot 4 is correctly positioned and the procedural sheath 6 has been

removed from the arteriotomy, the suture 1 and bolster 2, 3 delivery system is

percutaneously guided down the intraarterial-foot-anchor 5 to its pre-deployment

position, adjacent to the arterial wall. To aid the suture 1 and bolster 2, 3 delivery

system's tracking through the skin and subcuticular tissue and minimise any further

dilation or trauma to these tissues, they may be housed in a splitable-sheath 32 which is

smoothly transitioned to the shaft diameter of the intraarterial-foot-anchor 5. The

splitable-sheath 32 housing the suture 1 and bolster 2, 3 delivery system is shown in Fig.

16. in its final subcuticular position adjacent the arteriotomy. Fig. 16 illustrates the

splitable-sheath 32 housing the suture 3 and bolster 2, 3 delivery system in position

adjacent the arteriotomy, prior to splitting. Alternatively, the suture 1 and bolster 2 3

delivery system may be delivered percutaneously via the procedural sheath, which has

been withdrawn from the arteriotomy but remaining extraarterial within the subcuticular

tissue tract.

Once properly positioned adjacent to the arteriotomy, the splitable-sheath 32 is removed

to expose the suture 1 and bolster 2, 3 delivery system. Fig. 17 illustrates the suture 1

and bolster 2, 3 delivery system with the split-sheath 32 removed. The suture 1 and

bolster 2, 3 delivery system is then activated, in one embodiment, in the following

sequence:



The needle-guide-link-actuator 27 is retracted concentrically about the ϊntraarterial-foot-

anchor 5. to cause the needle-guide-link 25 to extend the needle-guide 26. Fig. 18

illustrates actuation of the needle-guide-link-actuator 27 to extend the needle-guide 26.

Once the needle-guide 26 is fully extended the needle-guide-link-actuator 27, needle-

guide-link 25 and needle-guide 26 are all advanced forward down the intraarterial-foot-

anchor 5 until the bolster 2 rests on the arterial surface. Fig. 19 illustrates repositioning

of the extended needle-guide 26 to position the bolster 2 on the arterial surface. In this

position the geometric relationship between the needle-guide exit and intraarterial-foot's

channel opening 11 are in alignment. Fig. 20 illustrates alignment of the needle 16 with

the intraarterial-foot channel 11, when the needle-guide is fully extended and advanced

so that the bolster 2 is in contact with the arterial surface.

The flexible needle 16 is advanced by sliding the needle-driver and puller 18.

concentrically about the intraarterial-foot-anchor 5, forward, towards the intraarterial-foot

4. Fig. 2 1 illustrates the needle-driver and pusher 18 in the start position and the

direction of the needle-pusher and puller 18 and needle 16 movement. The needle-driver

and puller 18 engages the proximal end of the needle 16 via a stepped shoulder 29. Fig.

22 illustrates the needle-pusher and puller's stepped shoulder 29 engaged with the

proximal end of the needle 16. Note the opening to allow release of the suture 1. The

stepped shoulder 29 has an opening to prevent the suture being captive and allows for the

release of the suture 1 from the needle-driver and puller 18, once the needle 16 has been

pushed fully forward, Fig. 23.

The advancing needle 16 penetrates the anterior wall of the artery 7 proximal to the

arteriotomy. to locate the intraarterial-foot's channel 11. The intraarterial-foot's channel

11 guides the flexible needle 16 to the distal side of the arteriotomy, within the lumen 9.

The needle 16 penetrates the anterior arterial wall 10 on the distal side of the arteriotomy

to locate the bolster 3 and engage with the needle-gripper 19. Fig. 23 illustrates the path

of the needle 16 penetrating the anterior wall proximal to the arteriotomy 7, through the



intraarterial-foot's channel 11. through the anterior arterial wall distal to the arteriotomy

10 and engaging with the needle-gripper 19.

The needle 16 engages with the needle-gripper by penetrating a split annulus or collar 30.

Fig. 24 illustrates the needle-gripper 19 and collar 30 showing its features. The collar 30

on the needle-gripper 19 expands as the needle tip or point 33 enters from its bottom

edge, and contracts once the needle ' s recess 34 is aligned with the shoulder on the

needle-gripper s collar 30 to passively clamp onto the recess proximal to the needle's tip.

Fig. 25 illustrates the needle 16 engaged with the needle-griper's collar 30 and needle-

pusher and puller's cone 28 engaged with the needle-gripper's collar 30.

Once the needle 16 is fully engaged with the needle-gripper as shown in Fig. 25, the

needle-pusher and puller 18 moves axially away from the intraarterial-foot 4 so that the

internal cone 28 of the needle-pusher and puller 18 mates with the external conical

surface of the needle-gripper's collar 30. The mechanical interaction between the cone

28 of the needle-pusher and puller and conical surface of the needle-gripper's collar 30.

cause the needle-gripper's collar 30 to actively clamp down on the needle recess 34.

The needle-pusher and puller 18 is moved axially along the intraarterial-foot-anchor 5

away from the intraarterial-foot 4 to pull the needle 16 out of the arterial wail,

intraarterial-foot 4 and bolsters 2, 3, replacing it with the suture 1. Fig. 26 illustrates the

needle 16 pulled from the arterial wall, intraarterial-foot 4 and bolsters 2, 3 to be replaced

by the suture 1.

The suture 1 is prevented from passing all the way through the bolster 2 by operation of

an attached suture-anchor 14 on its proximal end. Fig. 27 illustrates the suture-anchor 14

attached to the proximal end of the suture 1. The bolster 2 is designed with a cylindrical

opening 35 in its anterior side and a thin slot opening 36 on its posterior side. Figs 4 and

5 illustrate the bolster 2 showing the anterior cylindrical opening 35 and the posterior thin

slot opening 36. The cylindrical opening allows the needle 16 and suture 1 to enter the

bolster 2 easily whilst the thin slot provides a clamping force on the exiting needle 16 and



suture L by way of the elastomer ϊc nature of the bolster material. The thin slot serves

two functions namely, to secure the bolster 2 in its initial pre-fire position relative to the

distal end of the needle-guide 26. by clamping onto the needle recess 34, Fig. 20; and

secondly to prevent the suture anchor 14 from passing through the bolster 2. Fig. 28

illustrates the bolster 2 secured to the arterial surface by the suture 1 and the suture-

anchor 14.

The bolster 3 is designed with a cylindrical opening 37 on it posterior surface and a thin

slot opening 38 on its anterior surface. Figs. 6 and 7. Figs. 6 and 7 illustrate the bolster 3

showing the posterior cylindrical opening 37 and the anterior thin slot opening 38.

The cylindrical opening on the posterior surface provides a large target for the needle

point 33 to enter and allow easy passage of the needle 16 and suture 1. The thin slot

opening on the anterior surface will allow passage of the needle 16 and suture 1 by

everting the edges of the slot 38, in the direction of travel of the needle 16 and suture 1

away from the bolster 3. Relaxing of the everted slot edges when the suture travel stops

will provide sufficient clamping force on the suture 1 to maintain any tension within the

suture 1 and prevent the suture 1 from reversing direction relative to the bolster 3. A

braided suture may further enhance this effect, in that under tension the braid is thinner,

due to the fibres being more aligned under tension, than when the braid is relaxed. Fig. 8

illustrates the cross-section of the bolster 3 with the suture 1 in situ. Note, the pictorial

representation of the narrow section of the suture 1 in tension compared to the thicker

relaxed section of the suture 1. The thin slot edges provide a clamping effect on the

suture 1 to maintain the tension.

The bolster 3 is maintained on the arterial surface by the bolster retainer 3 1 attached to

the needle-guide-pivot and bolster-retainer 17, whilst the needle 16 and the suture 1 are

pulled through the bolster 3. Fig. 29 illustrates the needle-guide-pivot and bolster-

retainer 17 maintaining the position of the bolster 3 on the arterial surface and providing

counter-tension for the needle 16 and suture 1 to be pulled through.



Once a pre-determined tension is achieved in the suture ] between the bolster 2 and the

bolster 3. the intraarterial-foot-anchor 5 is released from the intraarterial-foot 4. The

intraarterial-foot 4 is secured to the intraarterial-foot-anchor 5 by operation of the wedge

13 on the distal tip of the intraarterial-foot-anchor 5, Figs. 12, 14 and 15. Fig. 14 and 15

illustrates the intraarterial-foot 4 and the intraarterial-foot-anchor 5 showing the wedge

13 interlock between them and wedge support member 15 that is maintaining the wedge

13. The wedge 13 configuration on the distal tip of the intraarterial-foot-anchor 5 is

created and maintained by the wedge support member being positioned as shown in Figs.

13. 14 and 15.

The wedge support member 15 is secured into position by engaging within the notch 39

either side of the intraarterial-foot-anchor's wedge section 13, Figs. 13 and 15.

Release of the intraarterial-foot 4 from the intraarterial-foot-anchor 5 is achieved by

applying sufficient tension to the foot-release-wire 23. which will collapse the wedge

support member 15 to allow the wedge member 13 of the intraarterial-foot-anchor 5 to

return to its cylindrical profile (by nature of the hyper-elastic material properties of the

intraarterial-foot-anchor 5) to allow it to be removed from the intraarterial -foot "s anchor-

cavity 40. Fig. 30 illustrates the collapsed wedge support member 15, which in turn

allows the return of the wedge member 13 to its original cylindrical profile for release of

the intraarterial-foot-anchor 5 from the intraarterial-foot 4.

The suture tension between the bolster 2 and the bolster 3 effects an active closure of the

arteriotomy 8. The bolsters 2, 3 distribute the suture tension on the adventitial surface of

the artery parallel to the wound edges of the arteriotomy, with a resultant force bringing

the wound edges of the arteriotomy into direct apposition, supported by the intraarterial-

foot 4, to control and ensure proper alignment. Fig. 3 1 illustrates the final closure

dynamics with respect to the distribution of the suture tension to effect an active closure

of the arteriotomy. The intraarterial-foot 4 also distributes the suture tension's resultant

force on the luminal surface of the artery. The luminal contact surface of the



intraarterial-foot 4 may be porous to minimise the contact area with the luminal surface

and allow nutrient exchange.

With reference to the arterial wall morphology the fibrous adventitial layer is very tough

and hence ideal to carry the distributed suture tension, while the intϊmal and endothelial

layers are quite friable. Furthermore, as a consequence of the arterial wall's morphology,

the arteriotomy 8 will often be of a circumferential nature perpendicular to the long axis

of the artery. Fig. 3 1. The intraarterial-foot 4 prevents trauma or damage to the friable

inner layer of the arterial wall by protecting these layers from direct contact with the

suture 1, particularly from the sawing action of the braided suture during implantation,

and distributes the suture's tension across the luminal surface. The bolsters 2, 3 distribute

the suture's tension laterally across the arterial surface and parallel to the wound edges of

the arteriotomy, ensuring an evenly distributed force along each wound edge of the

arteriotomy to effect a secure closure. The configuration of the closure with the wound

edges of the arteriotomy in direct apposition, with controlled alignment and absent of any

transluminal impediments, ensures better wound healing. Advantageously, this direct

apposition is a most expeditious form of healing.

The suture component of the closure system provides enhanced flexibility with respect to

differing arterial wall thicknesses, other variations in anatomy and an amount of

subsequent tension required to effect the closure.

All implantable components may be manufactured from an absorbable material such as

polyglycolic acid which would, with time, be absorbed, leaving the artery and

surrounding tissue to remodel to their original anatomical state, ensuring no long term

sequale and allowing for re-stick or access at the same arterial site.

The foot element of the invention can be formed from a bioabsorbable material which

allows the element to be absorbed over a period of time. Any suitable bioabsorbable

material can be used. Typical bioabsorbable polymers that may be used include

polylactide, polyglycolide, polydioxane, polycaprolactone and co-polymers thereof. The



material selection will depend on desired absorption or degradation periods which will be

a function of the time required for healing. Copolymers of polyglycolide and polylact ϊde

are available for example from Lakeshore Biomaterials. The. engagement elements may

be manufactured from the same types of materials.

The suture may be of monofilament or multifilament construction. A braided material is

preferred as it is more robust, less susceptible to stress fractures. In addition a braided

structure will swell and facilitate invasion by tissue with consequent increased security of

locking within the bolster. The suture may. for example be of braided polylactic acid

material. One such suture is available, for example from B. Braun.

The invention is not limited to the embodiments hereinbefore descri bed with reference to

the accompany drawings which may be varied in construction and detail.



Claiins

1. An interventional medical closure device cornprising:-

a first engagement element for engagement with an external surface of a

vessel on a first side of an opening through a vessel wall:

a second engagement element for engagement with an external surface on

a second side of the opening: and

a closure element for extending from the first engagement element, into

the vessel, and to the second engagement element to assist in closure of

the opening.

2. A device as claimed in claim 1 wherein the closure element is extendable through

at least one of the engagement elements.

3. A device as claimed in claim 1 or 2 wherein the closure element is coupleable to

at least one of the engagement elements.

4. A device as claimed in any of claims 1 to 3 wherein at least one of the

engagement elements is movable between a delivery configuration and an

engagement configuration.

5. A device as claimed in claim 4 wherein in the engagement confi guration at least

one of the engagement elements defines an engagement surface for engagement

with an external surface of a vessel.

6. A device as claimed in claim 5 wherein the engagement surface is contoured to

correspond to the external surface of the vessel.



7. A device as claimed in any of claims 1 to 6 wherein at least one of the

engagement elements comprises a bolster.

8. A device as claimed in any of claims 1 to 7 wherein at least one of the

engagement elements has an anterior side and a posterior side, the anterior side

having an anterior opening therein, and the posterior side having a posterior

opening therein.

9. A device as claimed in claim 8 wherein the openings are of different dimensions.

10. A device as claimed in claim 8 or 9 wherein one of the openings is generally

circular and the other opening comprises a slot.

11. A device as claimed in any of claims 8 to 10 wherein the first engagement

element has a generally circular anterior opening and the posterior opening

comprises a slot.

12. A device as claimed in any of claims 8 to 11 wherein the second engagement

element has a generally circular posterior opening and the anterior opening

comprises a slot.

13. A device as claimed in any of claims 1 to 12 wherein at least one of the

engagement elements is flexible.

14. A device as claimed in any of claims 1 to 13 wherein at least one of the

engagement elements comprises a hollow body.

15. A device as claimed in any of claims 1 to 14 wherein at least one of the

engagement elements comprises a bioabsorbable material.



16. A device as claimed in any of claims 1 to 15 wherein the engagement elements

are configured to engage an external surface of an arterial wall

17. A device as claimed in any of claims I to 16 wherein the closure element

comprises a suture member.

18. A device as claimed in claim 17 comprising a suture anchor for anchoring the

suture to one of the engagement elements.

19. A device as claimed in claim 17 or 18 wherein the suture comprises a braided

material.

20. A device as claimed in any of claims 17 to 19 wherein the suture comprises a

bioabsorbable material.

21. A device as claimed in any of claims 1 to 20 wherein the device comprises a foot

element.

22. A device as claimed in claim 2 1 wherein the foot element is adapted to engage the

internal surface of the vessel on both sides of the opening.

23. A device as claimed in claim 2 1 or 22 wherein the foot element provides a

tamponade.

24. A device as claimed in any of claims 2 1 to 23 wherein the foot element is

movable between a delivery configuration and an engagement configuration.

25. A device as claimed in any of claims 2 1 to 24 wherein the foot element is

engageable with an internal surface of a vessel to assist in closure of an opening

through the vessel wall.



26. A device as claimed in claim 25 wherein the foot element comprises a profiled

engagement surface for engagement with an internal surface of a vessel.

27. A device as claimed in claim 26 wherein the engagement surface is curved in a

convex shape.

28. A device as claimed in any of claims 2 1 to 27 wherein the foot element has a

substantially porous contact surface.

29. A device as claimed in any of claims 2 1 to 28 wherein the foot element comprises

a guide for guiding the closure element.

30. A device as claimed in claim 29 wherein the guide element comprises a pathway

for the closure element.

3 1. A device as claimed in claim 30 wherein the pathway comprises a passageway

through the guide element.

32. A device as claimed in claim 30 wherein the pathway comprises an open channel.

33. A device as claimed in any of claims 2 1 to 32 wherein the foot comprises a

bioabsorbable material.

34. A device as claimed in any of claims 2 1 to 33 wherein the device comprises a

delivery element to deliver the foot element into an internal lumen of a vessel.

35. A device as claimed in claim 34 wherein the foot element is movable relative to

the delivery element between a delivery configuration and an engagement

configuration.



36. A device as claimed in claim 35 wherein the delivery element comprises a holder

element to hold the foot element in the deployed configuration.

37. A device as claimed in any of claims 34 to 36 wherein the guide element is

detachable from the delivery element to deploy the foot element in an internal

lumen of a vessel.

38. A device as claimed in any of claims 34 to 37 wherein the device comprises a

tubular element through which the delivery element and the foot element may be

delivered to a vessel.

39. A device as claimed in claim 38 wherein the tubular element comprises an

endovascular access sheath.

40. A device as claimed in claim 39 wherein the sheath comprises a procedural

sheath.

41. A device as claimed in any of claims 2 1 to 40 wherein the device comprises a

stabiliser element to stabilise the foot element relative to a vessel.

42. A device as claimed in claim 4 1 wherein the stabiliser element is engageable with

an external surface of a vessel.

43. A device as claimed in claim 4 1 or 42 wherein the stabiliser element is movable

between a delivery configuration and an engagement configuration.

44. An engagement element for engaging with an external surface of a vessel on one

side of an opening through a vessel wall, the engagement element having an

anterior side and a posterior side, the anterior side having an anterior opening and

the posterior side having a posterior opening.



45. An element as claimed in claim 44 wherein the openings are of different

dimensions.

46. An element as claimed in claim 45 wherein one of the openings is generally

circular and the other opening comprises a slot.

47. An element as claimed in claim 45 or 46 wherein the engagement element has a

generally circular anterior opening and the posterior opening comprises a slot.

48. An element as claimed in claim 45 or 46 wherein the engagement element has a

generally circular posterior opening and the anterior opening comprises a slot.

49. An element as claimed in any of claims 45 to 48 wherein the engagement element

is flexible.

50. An element as claimed in any of claims 45 to 49 wherein the engagement element

comprises a hollow body.

51. An element as claimed in any of claims 45 to 50 wherein the engagement element

comprises a bioabsorbable material.

52. An interventional medical closure device comprising an engagement element as

claimed in any of claims 44 to 5 1.

53. An interventional medical closure device comprising a foot element which is

adapted to engage the internal surface of a vessel on both sides of an opening in

the vessel wall.

54. A device as claimed in claim 53 wherein the foot element provides a tamponade.



55. A device as claimed in claim 53 to 54 wherein the foot element is movable

between a delivery configuration and an engagement configuration.

56. A device as claimed in any of claims 53 to 55 wherein the foot element is

engageable with an internal surface of a vessel to assist in closure of an opening

through the vessel wall.

57. A device as claimed in claim 56 wherein the foot element comprises a profiled

engagement surface for engagement with an internal surface of a vessel.

58. A device as claimed in claim 57 wherein the engagement surface is curved in a

convex shape.

59. A device as claimed in any of claims 53 to 58 wherein the foot element has a

substantially porous contact surface.

60. A device as claimed in any of claims 53 to 59 wherein the foot element comprises

a guide for guiding a closure element.

61. A device as claimed in claim 60 wherein the guide element comprises a pathway

for a closure element.

62. A device as claimed in claim 6 1 wherein the pathway comprises a passageway

through the guide element.

63. A device as claimed in claim 6 1 wherein the pathway comprises an open channel.

64. A device as claimed in any of claims 53 to 63 wherein the foot comprises a

bioabsorbable material.



- O

ό . An interventional medical closure element comprising a substantially tubular

main body part and a needle at an end of the main body part the main body part

being laterally flexible.

66. An element as claimed in claim 65 wherein the main body part comprises a

hypotube.

67. An element as claimed in claim 65 or 66 wherein the main body part comprises

one or more discontinuities in a wall of the main body part.

68. An element as claimed in claim 67 wherein the discontinuity comprises a slot.

69. An element as claimed in any of claims 65 to 68 wherein the element is suitable

for use to assist in closure of an opening through a vessel wall.

70. A method of performing an interventional procedure, the method comprising:-

providing a first engagement element, a second engagement element, and

a closure element;

placing the first engagement element at external surface at a first side of

an opening in a vessel wall;

placing the second engagement element at the external surface at a second

side of the opening in the vessel wall; and

extending the closure element from the first engagement element, into the

vessel and to the second engagement element to assist in closure of the

opening.
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