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FIG. 1

(57) Abstract: Apparatus for use in conjunction with 
implanting a collapsible and re-expandable prosthetic 
heart valve in a patient by means that are less invasive 
than traditional open-chest, open-heart surgery. The 
apparatus may include a one-way valve for preventing 
blood from escaping from the patient’s circulatory 
system when that system is entered in order to get the 
prosthetic heart valve into that system. The apparatus 
may include various forms of cutters for gaining access 
to the patient’s circulatory system. The apparatus may 
include various forms of devices for quickly closing 
the access to the patient’s circulatory system after the 
prosthetic heart valve has been implanted.
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DEVICES FOR TRANSCATHETER PROSTHETIC HEART
VALVE IMPLANTATION AND ACCESS CLOSURE

[0001] This application claims the benefit of U.S. 
provisional patent application 60/933,804, filed June 8, 
2007, which is hereby incorporated by reference herein in 
its entirety.

Background
[0002] Thousands of high-risk patients with severe aortic 
stenosis go untreated each year because they are deemed 
inoperable for conventional, open-chest/openheart , 
surgical heart valve replacement. In an attempt to treat 
these patients, collapsible prosthetic heart valves have 
been developed to be inserted within the stenotic leaflets 
of these patients via transapical (i.e., through the apex 
of the heart) or other means that are less invasive than 
full open-chest, open-heart surgery. (See, for example, P. 
Tozzi et al., "Endoscopic off-pump aortic valve 
replacement: does the pericardial cuff improve the
sutureless closure of left ventricular access?", European 
Journal of Cardiothoracic Surgery 31 (2007) 22-25,
available online 6 September 2006.) For convenience 
herein, all such approaches that involve passing a 
collapsed prosthetic heart valve through a relatively 
small tubular instrument in order to get the valve into 
the patient to the desired implant site (where the valve 
is reexpanded to its operable size) may be referred to as 
transcatheter approaches. It will be appreciated that the 
tubular valve-delivery instrument employed can be 
catheter-like, trocar-like, endoscope-like, laparoscopic, 
or of any other generally similar construction.
[0003] In prior methods and apparatus, a purse string 
suture is tightened to close off the apex of the heart (or 
other tissue structure being used for access) after that 
tissue has been punctured. However, existing methods and
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devices may not sufficiently address several issues, such 
as: (1) blood loss and optimal field of view, (2) friable 
tissue, (3) time and quality of sealing, (4) air 
embolization, etc.
[0003a] It is desired to address or ameliorate one or more 
shortcomings or disadvantages associated with prior 
methods or apparatus, or at least to provide a useful 
alternative thereto.
[0003b] Any discussion of documents, acts, materials, 
devices, articles or the like which has been included in 
the present specification is not to be taken as an 
admission that any or all of these matters form part of 
the prior art base or were common general knowledge in the 
field relevant to the present disclosure as it existed 
before the priority date of each claim of this 
application.
[0003c] Throughout this specification the word "comprise", 
or variations such as "comprises" or "comprising", will be 
understood to imply the inclusion of a stated element, 
integer or step, or a group of elements, integers or 
steps, but not the exclusion of any other elements, 
integer or step, or group of elements, integers or steps.

Summary
[0003d] Some embodiments relate to an apparatus for 
closing an aperture through a wall of a structure within a 
patient's circulatory system comprising:

a solid central structure having an outer perimeter 
and a longitudinal axis;

a first portion operatively coupled to the central 
structure within the outer perimeter and transitionable 
between a collapsed condition and an expanded condition, 
the first portion being formed from a first web of 
interwoven wire strands, the first web extending radially 
outward from the longitudinal axis by a greater amount in 
the expanded condition than in the collapsed condition,
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and being configured to conform to an inner surface of 
tissue around the aperture when in the expanded condition; 
and

a second portion operatively coupled to the central
5 structure within the outer perimeter and transitionable 

between a collapsed condition and an expanded condition, 
the second portion being formed from a second web of 
interwoven wire strands, the second web extending radially 
outward from the longitudinal axis by a greater amount in 

10 the expanded condition than in the collapsed condition, 
and being configured to conform to an outer surface of 
tissue around the aperture when in the expanded condition;

wherein the first portion is operatively coupled to 
the second portion within the outer perimeter of the 

15 central structure and the apparatus has a longer length 
when the first portion and the second portion are in the 
collapsed condition than when the first portion and the 
second portion are in the expanded condition.
[0003e] The first portion and the second portion may be 

20 resiliently biased toward the expanded condition.
[0003f] The central structure may be configured to 
substantially fill the aperture. The central structure may 
be configured to hold the first portion against the inner 
surface of tissue around the aperture and to hold the 

25 second, portion against outer surface of tissue around the 
aperture.
[0003g] The first portion may have a convex shape in the 
expanded condition as viewed from the second portion. The 
second portion may have a concave shape in the expanded 

30 condition as viewed from the first portion. The first 
portion may have a cup-like shape in the expanded 
condition.
[0003h] The apparatus may further comprise a web of 
material assembled between the first portion and the 

35 second portion. The web of material may comprise a fabric. 
The web of material may comprise biological tissue.
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[0004] In accordance with certain possible aspects of the 
invention, apparatus for delivering instrumentation into a 
patient may include a tubular member for passing through a 

5 wall of the patient's circulatory system. The apparatus 
may further include a valve disposed inside the tubular 
member for substantially preventing blood from leaving the 
circulatory system via the tubular member. The valve may 
be configured to allow instrumentation to pass through the 

10 tubular member and the valve to enter the circulatory 
system.
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[0005] The above-mentioned valve may include a plurality 
of flexible leaflets. Alternatively, the valve may include 
a toroidal structure.
[0006] The above-mentioned tubular member may include a 
circular tissue cutter. In that event, the above-mentioned 
instrumentation may include a tissue retaining structure 
for holding tissue within a circle bounded by the circular 
tissue cutter.
[0007] In accordance with certain other possible aspects, 
apparatus for closing an aperture through a wall of a 
patient's circulatory system may include a structure that 
is collapsible for delivery into the patient and part way 
through the aperture via a tube. The structure may be at 
least partly resiliently biased to expand radially 
outwardly relative to the aperture when released from 
confinement by the tube. The structure may include a first 
portion that is resiliently biased to expand radially 
outwardly relative to the aperture inside the circulatory 
system. The structure may further include a second portion 
that is resiliently biased to expand radially outwardly 
relative to the aperture outside the circulatory system. 
And the structure may still further include a third 
portion that connects the first and second portions and 
that is configured for disposition in the aperture.
[0008] One or both of the above-mentioned first and 
second portions may be configured to conform to the 
adjacent surface of the tissue around the aperture.
[0009] One or both of the above-mentioned first and
second portions may include a plurality of members in
various arrangements .
[0010] One or both of the above-mentioned first and
second portions may include a web or sheet of material.
[0010a] Some embodiments relate to transcatheter designs 
that deliver high-risk patients with a prosthetic heart 
valve and subsequently seal the apex or other access 
without many of the associated possible difficulties.
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[0011] Further features of the invention, its nature and 
various advantages, will be more apparent from the 
accompanying drawings and the following detailed 
description of the invention.

5
Brief Description of the Drawings
[0012] FIG. 1 is a simplified isometric or perspective 
view of an illustrative embodiment of possible apparatus 
in accordance with the invention.

10 [0013] FIG. 2A is a simplified isometric or perspective
view of an illustrative embodiment of other possible 
apparatus in accordance with the invention.
[0014] FIG. 2B is similar to FIG. 2A, but shows the FIG. 
2A apparatus in another operating condition in accordance 

15 with the invention.
[0015] FIG. 3A is a simplified isometric or perspective 
view of an illustrative embodiment of still other possible 
apparatus in accordance with the invention.
[0016] FIG. 3B is similar to FIG. 3A, but shows the FIG.

20 3A apparatus in another operating condition in accordance 
with the invention.
[0017] FIG. 4A is a simplified isometric or perspective 
view of an illustrative embodiment of other possible 
apparatus in accordance with the invention.

25 [0018] FIG. 4B is a simplified view, from another
angle, of what is shown in FIG. 4A.
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[0019] FIG. 4C is similar to FIG. 4B for an 

alternative embodiment of what is shown in FIGS. 4A and 

4B in accordance with the invention.

[0020] FIG. 4D is a simplified isometric or 

perspective view of apparatus like that shown in 

FIGS. 4A-4C in another operating condition in 

accordance with the invention.

[0021] FIG. 5A is a simplified isometric or 

perspective view of an illustrative embodiment of still 

other possible apparatus in accordance with the 

invention .

[0022] FIG. 5B is a simplified isometric or 

perspective view of the FIG. 5A apparatus in another 

operating condition in accordance with the invention.

[0023] FIG. 6 is a simplified isometric or 

perspective view of an illustrative embodiment of other 

possible apparatus in accordance with the invention.

[0024] FIG. 7 is a simplified isometric or 

perspective view of an illustrative embodiment of still 

other possible apparatus in accordance with the 

invention .

[0025] FIG. 8 is a simplified isometric or 

perspective view of an illustrative embodiment of other 

possible apparatus in accordance with the invention.

[0026] FIG. 9 is a simplified isometric or 

perspective view of an illustrative embodiment of still 

other possible apparatus in accordance with the 

invention .

[0027] FIG. 10 is a simplified isometric or 

perspective view of another possible form of apparatus 

of the type shown in FIG. 9 in accordance with the 

invention .
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[0028] FIG. 11 is a simplified isometric or 

perspective view of an illustrative embodiment of 

possible apparatus in accordance with the invention.

[0029] FIG. 12 is similar to FIG. 11 for a different 

operating condition of the FIG. 11 apparatus.

[0030] FIG. 13 is again similar to FIG. 11 for 

another different operating condition of the FIG. 11 

apparatus .

[0031] FIG. 14 is a simplified isometric or 

perspective view of an illustrative embodiment of other 

possible apparatus in accordance with the invention.

[0032] FIG. 15 is a simplified isometric or 

perspective view of an illustrative embodiment of still 

more possible apparatus in accordance with the 

invention .

[0033] FIG. 16 is a simplified isometric or 

perspective view of another illustrative embodiment of 

possible apparatus in accordance with the invention.

Detailed Description

[0034] The following discussion will (at least 

initially) make frequent references to access through 

the apex of the heart (e.g., through the apex of the 

left ventricle). It will be understood, however, that 

the invention is equally applicable to access via other 

routes (e.g., through the apex of the right ventricle, 

through a major vessel such as the aorta or the vena 

cava, through either of the atria, through the left 

atrial appendage, etc.). Thus the prosthetic heart 

valve may be delivered from the outflow side (e.g., the 

aorta) or the inflow side (e.g., the apex). Similarly, 

the access closure devices of this invention can be 

shaped to close an access through the side wall of a 
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vessel like the aorta (access closure device shaped 

like arcuate parts of the walls of concentric 

cylindrical tubes (e.g., FIG. 10)), or they can be 

shaped to close an apical access (access closure device 

shaped like nesting cups or cones (e.g., FIGS. 4 and 

9)). Also, although left ventricular ("LV") access for 

aortic valve replacement may be mentioned most 

frequently in the following, the invention is also 

applicable to LV access for mitral valve replacement 

and to right ventricular ("RV") access for pulmonic 

valve replacement, etc.

[0035] The designs of this invention may be for use 

within patients who may need an aortic or other valve 

replacement, but are not otherwise treated adequately. 

The designs of this invention utilize a transcatheter, 

collapsible and subsequently re-expandable, prosthetic 

heart valve delivery and implant system and an apical 

or other access closure device (see the accompanying 

drawings and the following further description).

[0036] A coring device 10 (e.g., FIGS. 2A, 2B, 3A,

3B), a collapsible and re-expandable prosthetic heart 

valve (not shown), and a closure device (e.g., as shown 

in any of FIG. 4-10) can be used with or without 

passing through a temporary sealing apparatus 20 (e.g.,

as shown in FIG. 1). A sealing apparatus can include a 

one-way polymer valve located distal to the apex or 

other access (FIG. 1). This can allow for the cutting 

(coring) device to be retracted through this valve, 

while still maintaining a sealed environment.

[0037] To amplify what is shown in FIG. 1, this FIG. 

shows the distal end portion of an elongated delivery 

sheath 30 that, in use, is passed through an aperture 

that is created in a patient's circulatory system 
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tissue in the vicinity of the patient's native heart 

valve that is to be replaced by a collapsible and re

expandable prosthetic heart valve. This distal end 

portion of delivery sheath 30 may be introduced into 

the patient using techniques that are less invasive 

than traditional full open-chest, open-heart surgery. 

A proximal portion of delivery sheath 30 may remain 

outside the patient's body at all times so that the 

user of the apparatus can at least to some extent 

control the distal portion by manipulating the 

accessible (external to the patient) proximal portion. 

Various types of instrumentation (including the 

prosthetic heart valve in its collapsed condition) may 

be introduced into the patient via the lumen that 

extends longitudinally through delivery sheath 30.

Sheath 30 may be made with any desired degree of 

lateral flexibility or stiffness, depending, for 

example, of how it is intended that the apparatus will 

be used to enter the patient and approach the heart 

valve to be replaced.

[0038] As shown in FIG. 1, the distal portion of 

delivery sheath 30 includes a valve 40 that acts as a 

one-way check valve for substantially preventing fluid 

(primarily blood) from flowing through the lumen of 

sheath 30 from the upper right as viewed in FIG. 1 to 

the lower left as viewed in that FIG. Valve 40 is 

preferably made of flexible polymer material. For 

example, valve 40 may include three, approximately 

half-moon shaped, leaflets 42a-c. The curved edge of 

each leaflet 42 (toward the lower left in FIG. 1) is 

secured in a fluid-tight (or sealing) manner to the 

inner surface of sheath 30. The straighter edge of 

each leaflet (toward the upper right in FIG. 1) is the 
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"free" edge of the leaflet. The leaflets are sized, 

shaped, and mounted in sheath 30 so that there is 

sufficient slack in the free edges to enable those free 

to come together in a Y-like pattern (as shown in 

FIG. 1) to close the valve (i.e., in response to fluid 

pressure on the leaflets from the upper right). 

However, objects such as other instrumentation can be 

pushed through the valve from the lower left (and also 

subsequently pulled back through the valve). The valve 

leaflets are preferably sufficiently flexible so that 

they provide a good fluid seal around any 

instrumentation pushed through them. Of course, the 

leaflets also resiliently re-close after such 

instrumentation is pulled back through them.

[0039] The coring devices 10 shown in FIGS. 2A-3B 

are examples of instrumentation that can be introduced 

into the patient via the lumen in delivery sheath 30. 

For example, delivery sheath 30 can be advanced into 

the patient until its distal end is against the 

patient's circulatory system tissue that is to be cut 

to gain access to the interior of that system. Then 

coring device 10 can be extended from the distal end of 

sheath 30 to cut an aperture through the tissue. 

Delivery sheath 30 may then be pushed through the 

tissue aperture (formed by coring device 10) into the 

circulatory system closer to the native heart valve 

that is to be replaced. Coring device 10 can then be 

withdrawn from sheath 30 (which can include pulling the 

coring device back (i.e., proximally) through

valve 40). Other instrumentation (ultimately including 

the prosthetic heart valve) can thereafter be 

introduced into the patient through the lumen of 

delivery sheath 30. Again, this can include passing 
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this other instrumentation through valve 40. When the 

heart valve replacement procedure is complete, an 

access closure device in accordance with this invention 

(e.g., as shown in any of FIGS. 4A-10, and as described 

later in this specification) can be introduced into the 

patient via the lumen of sheath 30 and deployed to 

close the aperture in the patient's circulatory system 

as sheath 30 is withdrawn from that aperture and 

ultimately from the patient.

[0040] We turn now to more details regarding 

possible coring devices, e.g., as shown in FIGS. 2A-3B. 

[0041] Although the apex of the heart or other 

access could be punctured by traditional means, coring 

devices (e.g., as shown in FIGS. 2A-3B) can be 

integrated into the delivery system and can have any of 

several configurations.

[0042] As shown in FIGS. 2A and 2B, a first 

illustrative embodiment of a coring device 10 includes 

an elongated tube 50, only a distal portion of which is 

visible in these FIGS. The extreme distal end of 

tube 50 is provided with a sharp edge portion 52.

Edge 52 is sharp enough to cut through tissue of the 

patient's circulatory system. Tube 50 may be rotated 

about its central longitudinal axis (e.g., as indicated 

by arrow 54) to help edge 52 cut through tissue.

Edge 52 makes a circular aperture through the tissue 

that it cuts. As mentioned earlier, coring device 10 

(including tube 50) is suitable for delivery into the 

patient via the lumen of delivery sheath 30. A 

proximal portion (not shown) of coring device 10 

typically remains outside the patient at all times so 

that the operator of the apparatus can access it and 
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use such access to control operation of the distal 

portion.

[0043] Additional structure of coring device 10 is 

tissue engaging, stabilizing, and capture structure 60. 

(Again only the distal portion of structure 60 is 

visible in FIGS. 2A and 2B.) Elongated structure 60 

(principally a shaft) is disposed substantially 

concentrically and coaxially inside tube 50, and is 

axially reciprocable relative to tube 50 along the 

length of those elements (50 and 60). FIG. 2A shows 

structure 60 extended distally relative to tube 50, 

while FIG. 2B shows structure 60 retracted proximally 

relative to tube 50. Structure 60 is also rotatable 

about its longitudinal axis relative to tube 50.

[0044] The distal end of structure 60 includes a 

corkscrew-1 ike member 62. Corkscrew 62 has a sharp 

distal tip which can easily penetrate tissue of the 

patient's circulatory system. When corkscrew 62 is 

adjacent to tissue of the patient's circulatory system, 

shaft 60 can be used to rotate the corkscrew in the 

direction indicated by arrow 64, and to (at the same 

time) push the corkscrew in the distal direction.

These operations cause corkscrew 62 to penetrate and 

thread itself into the patient's tissue like a 

corkscrew going into a cork. When the patient's tissue 

is sufficiently securely engaged by corkscrew 62 in 

this manner, threading of the corkscrew into the tissue 

can be stopped. With the patient's tissue thus now 

engaged, held, and stabilized by the corkscrew, sharped 

edge 52 can be pushed into the tissue around 

corkscrew 62 and at the same time rotated as indicated 

by arrow 54 to cut a circular aperture through the 

tissue around the corkscrew. Rotation of edge 52 in 
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the opposite direction from the earlier rotation of 

corkscrew 62 is preferred for not dislodging the disc 

of tissue cut away by edge 52 from secure retention by 

corkscrew 62. In other words, corkscrew 62 helps to 

hold the tissue so that it is stable for cutting by 

edge 52. In addition, after edge 52 has completely cut 

through the tissue, corkscrew 62 holds the disc of 

tissue that edge 52 has cut around and away from the 

patient's other tissue so that this tissue disc cannot 

escape from the apparatus. FIG. 2B shows a typical 

condition of the apparatus after edge 52 has been 

advanced (distally) sufficiently far to cut through the 

patient's tissue. The disc of tissue thus cut out by 

edge 52 will be inside tube 50 around and securely 

retained by corkscrew 62.

[0045] In the alternative embodiment shown in

FIGS. 3A and 3B elements 50, 52, and 54 can be the same 

as the correspondingly numbered elements in FIGS. 2A 

and 2B. These elements therefore do not need to be 

described again. The main difference between this 

embodiment and the embodiment of FIGS. 2A and 2B is in 

the tissue engaging, stabilizing, and retaining 

structure inside tube 50. In the FIGS. 3A and 3B 

embodiment this may include a length of hypotube or 

hypotube-like material 70 with a sharply pointed, 

tissue penetrating, distal tip 72, and with tissue 

retaining barbs 74 just proximal of distal tip 72. 

Unlike structure 60, which must be rotated to thread 

corkscrew 62 into tissue, the distal end 72 of tube 70 

is small enough and sharp enough to be pushed straight 

into and through the patient's circulatory system 

tissue. Barbs 74 extend radially outwardly from 

tube 70, but are also inclined back in the proximal
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direction as they extend radially outwardly.

Accordingly, barbs 74 can enter the tissue relatively 

easily as tube 70 moves in the distal direction into 

the tissue (e.g., as in FIG. 3A). But (because of 

their "backward" incline) barbs 74 strongly resist 

being pulled proximally out of the tissue after they 

have entered or passed through the tissue.

Accordingly, after structure 70/72/74 has entered the 

patient's tissue, that structure acts to hold and 

stabilize the tissue while edge 52 is pushed distally 

and rotated to cut a circle through the tissue around 

structure 70/72/74 (e.g., as shown in FIG. 3B). After

edge 52 has thus cut through the tissue, 

structure 70/72/74 acts to retain the disc of tissue 

that has thus been cut free and to keep that tissue 

disc from escaping from the apparatus.

[0046] Except for the differences thus described 

above, the embodiment shown in FIGS. 3A and 3B can be 

constructed and operated (employed) similar to the 

embodiment shown in FIGS. 2A and 2B. The following 

recapitulates and in some respects extends what is said 

above about these various embodiments.

[0047] The corkscrew coring mechanism (FIGS. 2A and 

2B) includes the following features:

1) A circular cutting device 50 with a 

handle on the proximal end (not shown) and a tapered 

sharp edge 52 on the distal end. The cutter can be 

made of several biocompatible metal materials, such as 

stainless steel 316.

2) A corkscrew configuration 62 on the end 

of a rod 60 is inserted into the tissue and rotated 

until the tissue abuts the flat section of the rod (at 

the proximal end of corkscrew 62). The cutter 50 is 
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rotated in the opposite direction of the corkscrew 62 

to ensure that the tissue does not escape.

3) During the rotation procedures, the 

corkscrew rod 60 is translated toward the proximal end 

of the device to allow the cutter 50 to dissect and 

remove the tissue.

[0048] The spire coring mechanism (FIGS. 3A and 3B) 

includes the following features:

1) A circular cutting device 50 with a 

handle on the proximal end (not shown) and a tapered 

sharp edge 52 on the distal end.

2) A large needle-like protrusion 70/72 

with spires 74 possibly laser cut from the tube. The 

spires (barbs) can be fixed at a specified angle and 

annealed into place. The small tube 70 is sharp on one

end 72 to pierce the tissue, and is only hollow on the

distal portion.

3) The cutter 50 is rotated as the spire

device translates proximally to draw in the tissue .

[0049] After the prosthetic heart valve (not shown)

has been deployed in the patient as a replacement for 

the patient's native heart valve, quick and secure 

attachment of a closure device to the apex of the heart 

(or other access (aperture)) previously cut into the 

patient's circulatory system without the use of sutures 

as the primary attachment method can take any of 

several forms. In general, all of these closure 

devices contract and expand in some manner to hold onto 

the aforementioned tissue. For example, these closure 

devices may contract for delivery into the patient 

through delivery sheath 30 or similar tube-like 

instrumentation, and they may then expand to engage the 

patient's tissue around the access aperture and to 
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close that aperture. (Sutures may be used for 

supplemental securement of the closure device to the 

patient's tissue.) Several illustrative embodiments of 

such closure devices are shown in FIGS. 4A-10 and are 

described in the following.

[0050] Some of the closure devices shown herein and 

described below can be cut from a tube or braided with 

wire made from a shape-memory alloy (e.g., nitinol) so 

that they are self-expanding. The closure device 

designs of this invention can have several features 

that other known designs do not have.

[0051] A first illustrative embodiment of a closure 

device 100 in accordance with the invention is shown, 

at least in part, in FIGS. 4A-4D. FIG. 4D shows 

closure device 100 in its collapsed condition (e.g., 

the condition in which it can be delivered 

(substantially coaxially) into the patient via the ' 

lumen of delivery sheath 30 or the like). FIGS. 4A-4C 

show several views of closure device 100 in its 

expanded (spiral) condition. In fact, FIG. 40 shows a 

slight modification relative the other FIGS, in this 

group. In this modification (which is given reference 

number 100') the two sets of fingers spiral out from 

the center in opposite directions. In all other 

respects the FIG. 40 structure can be the same as the 

other FIG. 4 structures, and so all of the FIG. 4 

structures will sometimes be referred to generically as 

structure 100 or as closure device 100.

[0052] Closure device 100 includes a central 

member 110, which as the origin of and anchor for two 

sets of fingers 120a and 120b that are resiliently 

biased to spiral out from the central member as shown 

in any of FIGS. 4A-4C. Central member 110 also acts as 
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a spacer between these two sets of fingers 120a and 

120b. Thus in FIG. 4A, for example, fingers 120a may 

be referred to as the upper set of fingers or spirals, 

and fingers 120b may be referred to as the lower set of 

fingers or spirals. In use in a patient, central 

member 110 typically resides in the access aperture 

that has been cut through tissue of the patient's 

circulatory system (and which aperture it is now 

desired to close), with one set of fingers 120a 

spiraling out from central member 110 against the inner 

surface of the circulatory system tissue that surrounds 

the access aperture, and with the other set of 

fingers 120b spiraling out from central member 110 

against the outer surface of the circulatory system 

tissue that surrounds the access aperture. The spacing 

(along the length of central member 110) between the 

two sets of fingers is preferably similar to or 

slightly less than the thickness of the tissue around 

the access aperture.

[0053] In addition to spiraling radially out, 

fingers 120a and 120b may be resiliently biased to 

deploy into an overall geometric shape that conforms to 

the shape of the tissue surfaces that these sets of 

fingers are intended to engage (lie against as 

described in the preceding paragraph). Suppose, for 

example, that device 100 is intended for use in closing 

an access aperture through the apex of the heart. Then 

fingers 120a may be resiliently biased to spiral out 

into a cup-like geometric shape (similar to the shape 

of the inner surface of the heart muscle wall near the 

apex of the heart). Similarly, fingers 120b may be 

resiliently biased to spiral out into another cup-like 

geometric shape (having a nesting relationship with the 
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shape of the outer surface of the heart muscle wall 

near the apex of the heart). The shape, extent, and 

spacing between the sets of fingers 120a and 120b are 

preferably such as to enable closure device 100 to 

securely engage the tissue surrounding the access 

aperture from both sides (inside and outside) of the 

tissue in order to securely anchor the closure device 

to the patient's tissue, again with central member 110 

actually in and passing through the access aperture. 

[0054] Central member 110 may itself be large enough 

and sufficiently impervious to blood flow to occlude 

the access aperture and thereby provide the desired 

closure of that aperture. Alternatively, one or both 

sets of spiral fingers 120a/120b (and/or even central 

member 110) may support a web or sheet of blood- 

impervious material (not shown) over all or appropriate 

parts of that structure to provide complete closure of 

the access aperture. Examples of suitable materials 

and constructions for such a sheet of blood-impervious 

material include (1) a fiber-supported silicone, (2) a 

silicone sheet within a polyester fabric (like the 

sewing cuff on certain prosthetic heart valves), 

(3) collagen-impregnated polyester (as in certain 

synthetic blood vessel grafts), etc.

[0055] Recapitulating and in some respects extending 

the foregoing, the spiral closure mechanism (FIG. 4) 

can have the following features:

1) Spirals 120 collapse when in a delivery

system (e.g. 30) and expand to conform to anatomy when 

deployed.

2) The movable members 120 can be made from

a shape-memory alloy wire, tube, or flat sheet.
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3) The device may also include (a) fabric 

web or sheet (not shown) sutured or sonically welded, 

or (b) sutured tissue (also not shown), between movable 

members 120 in one or both sets of such members to 

ensure proper sealing and tissue in-growth. Examples 

of suitable tissue types for this and other generally 

similar uses throughout this disclosure include 

peritineum, sub-mucosa, and pericardial tissue.

4) Members 120 can form two concentric, 

mating, or nesting cups or cones to attach to the 

internal and external aspects of the apex of the heart 

(see , e.g., FIG . 4A) .

5) Spirals 120 can rotate in the same 

direction (FIGS. 4A and 4B) to conform to the heart 

during its spiral-like contractions during systole, or 

can be in opposite directions (FIG. 4C).

6) The device can be deployed with both 

sides attached to a center hinge section 110, or can be 

ratcheted, screwed, etc., together separately. In 

other words, each set of fingers 120 and some 

associated central structure 110 can be initially 

separate, and these two initially separate structures 

can be secured together (via their central parts) to 

provide a complete closure device 100.

7) Center hinge point 110, can be rigid, 

semi-rigid, or made of a flaccid fabric to allow 

closure of the hole and optimal sealing.

[0056] An example of how this and other closure 

devices of this invention may "conform to anatomy when 

deployed" (e.g., points 1 and 4 immediately above) has 

already been provided, but can be more fully explained 

as follows. The incision or opening to be closed may 

be through the wall of the heart at or near the apex of
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the heart. At such a location the wall of the heart is 

cup- or cone-shaped (concave as viewed from inside the 

heart; convex as viewed from outside the heart). To 

conform to the anatomy at such a location, each of the 

two spaced spiral structures 120 in FIG. 4 (e.g., the

upper spiral structure 120a as viewed in FIG. 4A, which 

is deployed inside the heart, and the lower spiral 

structure 120b as viewed in FIG. 4A, which is deployed 

outside the heart) is similarly cup- or cone-shaped 

when deployed (i.e., concave as viewed from above in 

FIG. 4A, and convex as viewed from below in FIG. 4A). 

Alternatively, if the incision or opening to be closed 

is through a tissue structure having a different shape 

than the apex of the heart, then the closure device may 

have another deployed shaped to conform to that 

anatomy. For example, FIG. 10 shows a deployed 

closure shape that may be suitable for closing an 

opening in the side wall of a tubular vessel such as 

the aorta. Thus in FIG. 10 the two main members of the 

closure device are shaped like arcuate portions of the 

walls of two concentric cylindrical tubes. The element 

with the smaller radius of curvature would be deployed 

inside the tubular vessel to be closed, and the larger 

curvature element would be deployed outside the vessel 

to be closed.

[0057] An alternative embodiment of a tissue access 

aperture closure device 200 in accordance with the 

invention is shown in FIGS. 5A and 5B. This type of 

structure may sometimes be referred to as a spider 

design. FIG. 5A shows closure device 200 in its 

collapsed condition (e.g., the condition in which it 

can be delivered into the patient via the lumen through 

delivery sheath 30 or the like). FIG. 5B shows closure 
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device 200 in its expanded condition (i.e., the 

condition in which it is deployed in the patient to 

close the access aperture through the patient's 

circulatory system tissue).

[0058] Closure device 200 includes a central 

structure 210. Attached to each end of structure 210 

is a respective set of fingers 220a or 220b that is 

resiliently biased to project radially out from 

structure 210 like the spokes of a wheel. As viewed in 

FIG. 5A, fingers 220a can be elastically deflected 

upwardly until they are substantially parallel to one 

another for the collapsed condition shown in FIG. 5A. 

Similarly, fingers 220b can be elastically deflected 

downwardly until they are substantially parallel to one 

another for the FIG. 5A collapsed condition. When 

fingers 220 are released from constraint (e.g., as a 

result of device 200 being pushed from the distal end 

of hollow, tubular delivery apparatus), the fingers 

elastically (resiliently) return to the condition shown 

in FIG. 5B (i.e., the deployed condition of closure 

device 200).

[0059] As in the case of closure device 100, closure 

device 200 is typically deployed in the patient with 

central structure 210 passing through the tissue 

aperture to be closed, with fingers 220a extending 

radially out from structure 210 against the inner 

surface of the tissue that surrounds the aperture, and 

with fingers 220b extending radially out from 

structure 210 against the outer surface of the tissue 

that surrounds the aperture. Many of the principles 

discussed above in connection with FIGS. 4A-4D can be 

applied again to closure device 200. Thus, for 

example, one or both sets of fingers 220a/220b can 
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support a web or sheet of blood-impervious fabric or 

other material to help device 200 prevent blood flow 

through the aperture being closed. As another example, 

finger sets 220 can deploy into geometric shapes (e.g., 

cups, arcuate portions of tube walls, etc.) that 

conform to the tissue surfaces to be contacted 

(engaged) by those fingers. These shapes may be 

nesting or concentric. The spacing between finger 

sets 220 (provided by the length of central 

structure 210) can be related to (e.g., slightly less 

than) the thickness of the tissue at the aperture to be 

closed to ensure that this tissue is securely (but not 

excessively) clamped between the two sets of

fingers 220. Just as features described for device 100 

can apply again to device 200, features described here 

for device 200 can apply again to device 100 (and all 

of these features can apply to later-described 

embodiments, and features from those later embodiments 

can apply to embodiments 100 and 200).

[0060] Recapitulating and in some respects extending 

what is said above, the spider closure mechanism 200 

(FIGS. 5A and 5B) can have the following features:

1) Collapse (FIG. 5A) when in a delivery 

system and expand (FIG. 5B) to conform to anatomy when 

deployed.

2) The movable members 220 can be made from 

a shape-memory alloy wire, tube, or flat sheet.

3) Device 200 may also include (a) fabric 

(not shown) sutured or sonically welded, or (b) sutured 

pericardial tissue (also not shown), between movable 

members 220 to ensure proper sealing and tissue in

growth.
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4) Fingers 220 can form two concentric 

cones (analogous to what is shown in FIG. 4A) to attach 

to the internal and external aspects of the apex of the 

patient's heart (assuming that the aperture to be 

closed is through apex of the heart).

5) Prongs 220 can be different lengths, 

offset at different angles, etc., to best conform to 

the anatomy.

6) Device 200 can be deployed with both 

sides attached to a center hinge section 210, or can be 

ratcheted, screwed, etc., together separately. This is 

again analogous to a point made earlier in relation to 

device 100, namely, that each set of prongs 220 and an 

associated portion of central structure 210 can be 

initially separate, and these two assemblies can then 

be put together to form complete closure device 200.

7) Center hinge point 210 can be rigid, 

semi-rigid, or made of a flaccid fabric to allow 

closure of the hole and optimal sealing.

[0061] Another illustrative embodiment of a tissue 

access aperture closure device 300 in accordance with 

the invention is shown in FIG. 6. This type of 

structure may sometimes be referred to as a flower 

design. FIG. 9 shows closure device 300 in the 

deployed condition. Closure device 300 includes two 

sets of V-shaped members 320a and 320b that are 

resiliently biased to extend radially out from 

respective opposite ends of central structure 310 like 

the petals of a daisy-like flower. Thus FIG. 6 shows 

device 300 in a condition like that shown for

device 200 in FIG. 5B, and in this condition device 300 

can perform very much the FIG. 5B condition of 

device 200 to close an aperture through tissue. Thus 
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to close such a tissue aperture, central structure 310 

extends through the aperture, and members 320 engage 

both sides of the tissue surrounding the aperture. 

Structure 300 can be elastically deformed from the 

condition shown in FIG. 6 to a collapsed condition for 

delivery into the patient (e.g., through tube-like 

delivery apparatus) by bending members 320a upwardly 

approximately parallel to one another, and by bending 

members 320b downwardly approximately parallel to one 

another (to give the thus-collapsed device 300 an 

appearance somewhat like what is shown in FIG. 5A for 

device 200). It will be appreciated that various 

additional features described above for devices 100 and 

200 can be applied again to device 300.

[0062] Again recapitulating and in some respects 

extending the foregoing, the flower closure 

mechanism 300 (FIG. 6) can include the following 

features :

1) Elastically collapse when in a delivery 

system, and later resiliently expand (as shown in 

FIG. 6) to conform to anatomy when deployed.

2) The movable members 320 can be made from 

a shape-memory alloy wire, tube, or flat sheet.

3) Device 300 may also include (a) fabric 

(not shown) sutured or sonically welded, or (b) sutured 

pericardial tissue (also not shown), between movable 

members 320 to ensure proper sealing and tissue in

growth .

4) Can form two concentric or nesting cups 

or cones to attach to the internal and external aspects 

of the apex (assuming that the aperture to be closed is 

through the apex of the patient's heart).
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5) Double (U-shaped) prongs 320 have more 

torsional rigidity than the single ones 220 used in the 

above spider design, but can still be of different 

lengths, offset at different angles, etc., to best 

conform to the anatomy.

6) Device 300 can be deployed with both 

sides attached to a center hinge section 310 or can be 

ratcheted, screwed, etc., together from two initially 

separate subassemblies.

7) Center hinge point 310 can be rigid, 

semi-rigid, or made of a flaccid fabric to allow 

closure of the hole and optimal sealing.

[0063] Still another illustrative embodiment of a 

tissue access aperture closure device 400 in accordance 

with the invention is shown in FIG. 7. This type of 

structure may sometimes be referred to as a weave 

design. FIG. 7 shows device 400 in the deployed 

condition. Device 400 includes a central

structure 410, and a web of woven, knitted, felted, or 

otherwise assembled wire strands extending 

substantially radically outwardly in all directions 

from each end of the central structure. To avoid over

complicating the drawings, only a few representative 

strands of each of these webs are shown in FIG. 7. 

Representative strands in the upper web have reference 

number 420a. Representative strands in the lower web 

have reference number 402b. These two webs are also 

sometimes referred to, respectively, by these reference 

numbers .

[0064] When deployed to close a tissue aperture, 

central structure 410 extends through the aperture, and 

each of webs 420a and 420b engages a respective surface 

of the tissue around the aperture. Each of webs 420a 
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and 420b can be elastically collapsed to a much smaller 

size (e.g., to a shape something like a cylinder) for 

delivery into the patient (e.g., through the lumen of 

tubular delivery apparatus like sheath 30 or the like). 

When released from confinement within such tubular 

delivery apparatus, webs 420 resiliently return to the 

conditions shown in FIG. 7. In other respects, closure 

device 400 can include features like those described 

elsewhere herein for other embodiments.

[0065] Once again recapitulating and in some 

respects extending the foregoing, the weave closure 

mechanism 400 (FIG. 7) can include the following 

features :

1) Elastically collapse when in a delivery 

system, and then resiliently expand (e.g., as shown in 

FIG. 7) to conform to anatomy when deployed.

2) The movable members 420 can be made from 

a shape-memory alloy wire, tube, or flat sheet.

3) Device 400 may also include (a) fabric 

(not shown) sutured or sonically welded, or (b) sutured 

pericardial tissue (also not shown), between movable 

members 420 to ensure proper sealing and tissue in

growth .

4) Can form two nesting or concentric cones 

or cups to attach to the internal and external aspects 

of the apex of the heart (again assuming that the 

aperture to be closed is through the apex of the 

heart).

5) Thin members 420a and 420b can be 

overlapping wires or cut as large single sections.

6) Device 400 can be deployed with both 

sides attached to a center hinge section 410 or can be 
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ratcheted, screwed, etc., together from initially 

separate subassemblies.

7) Center hinge point 410 can be rigid, 

semi-rigid, or made of a flaccid fabric to allow 

closure of the hole and optimal sealing.

[0066] Yet another illustrative embodiment of a 

tissue access aperture closure device 500 in accordance 

with the invention is shown in FIG. 8. This type of 

structure may sometimes be referred to as a starfish 

design. Device 500 includes a central linking or 

connecting structure 510 (conceptually similar to 

elements 110, 210, 310, and 410 in earlier-described 

embodiments). Device 500 further includes two web or 

sheet-like members 520 and 520b at respective opposite 

ends of linking structure 510. Members 520a and 520b 

are conceptually similar to elements 120, 220, 320, and 

420 in the earlier-described embodiments. Each of web 

members 520 is flexible but resiliently biased to take 

the form (shape) shown in FIG. 8. In addition, 

however, each of members 520 is elastically deformable 

to a much smaller size for delivery into the patient 

(e.g., through the lumen of tube-like delivery 

apparatus). For example, member 520a may be 

elastically foldable upwardly as viewed in FIG. 8 into 

a more cylindrical shape, and member 520b may be 

elastically foldable downwardly in FIG. 8 into another 

more cylindrical shape. When subsequently released 

from tubular constraint, structure 500 resiliently 

returns to the shape shown in FIG. 8. Because 

device 500 is so conceptually similar to other, 

previously described embodiments, this description of 

device 500 will be sufficient for those skilled in the 

art. It is expressly noted, however, that features and 
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aspects described elsewhere herein for other 

embodiments can be applied, as appropriate, to the 

FIG. 8 embodiment.

[0067] Again recapitulating and in some aspects 

extending the foregoing, the starfish closure 

mechanism 500 (FIG. 8) can include the following 

features :

1) Elastically collapse when in a delivery 

system and then resiliently expand (e.g., as shown in 

FIG. 8) to conform to anatomy when deployed.

2) The movable members 520 can be made from 

a shape-memory alloy wire, tube, or flat sheet.

3) Members 520 may also include (a) fabric 

sutured or sonically welded, or (b) sutured pericardial 

tissue, on a movable substructure to ensure proper 

sealing and tissue, in-growth. Such a substructure can 

itself be a web or sheet-like structure, or it can be a 

more open frame-like structure (e.g., a grid of 

intersecting wire-like members or the like).

4) Members 520a and 520b can form two 

nesting or concentric cones or cups to attach to the 

internal and external aspects of the apex of the heart 

(e.g., as in FIG. 9; for closing access through the 

side wall of a tubular vessel such as the aorta, other 

deployed shapes such as in FIG. 10 may be employed).

5) Winged sealing sections 520 can be 

outlined, woven, etc., in any suitable manner to 

provide any desired degree of stiffness or flexibility.

6) Device 500 can be deployed with both 

sides attached to a center hinge section 510 or can be 

ratcheted, screwed, etc., together from initially 

separate components or subassemblies.
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7) Center hinge point 510 can be rigid, 

semi-rigid, or made of a flaccid fabric to allow 

closure of the hole and optimal sealing.

[0068] FIG. 9 is provided to further illustrate the 

point that a closure device like 500 (now numbered 

500') can be constructed so that web-like members 520a' 

and 520b' are resiliently biased to form nesting cone 

or cup shapes (suitable, for example, for closing an 

aperture in the apex of the heart). This possibility 

was already mentioned earlier, and once again it is 

pointed out that this principle can be applied to any 

of the closure device embodiments shown herein. 

Similarly, FIG. 10 is provided to further illustrate 

the point that a closure device like 500 (now numbered 

500") can be constructed so that web-like members 520" 

and 520b" are resiliently biased to form arcuate 

portions of the surfaces of concentric tubes (suitable, 

for example, for closing an aperture in the side wall 

of a tubular blood vessel such as the aorta or the vena 

cava). This possibility was also mentioned earlier, 

and again it is pointed out that this principle can be 

applied to any of the closure device embodiments shown 

herein.

[0069] Note that in all embodiments of the closure 

devices (e.g., 100, 200, 300, etc.) in accordance with

the invention, deployment of the device typically 

proceeds in successive stages. For example, the 

(tubular) delivery device for the closure device 

typically initially extends through the tissue aperture 

to be closed. The closure device is then pushed 

distally part way out of the distal end of the delivery 

device so that the part of the closure device that will 

remain inside the circulatory system (e.g., 120a, 220a, 
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320a, etc.) can deploy (expand) inside that system.

The delivery device is then proximally retracted from 

the tissue aperture, while the remainder of the closure 

device is pushed or pulled out of the distal end of the 

delivery device. This ultimately allows the part of 

the closure device that will be left outside of the 

circulatory system (e.g., 120b, 220b, 320b, etc.) to

deploy outside of the circulatory system. The linking 

structure (e.g., 110, 210, 310, etc.) between the inner 

and outer parts of the closure device remains in the 

tissue aperture between the deployed (expanded) inner 

and outer parts of the closure device.

[0070] FIG. 11-13 show an illustrative embodiment of 

how a one-way valve 40 (like the valve 40 in FIG. 1) 

may be included within a coring or cutting device 10 

(like the coring device 10 in FIGS. 2A and 2B). The 

bases of the three flexible leaflets 42a-c of valve 40 

are sealingly secured to the inner surface of the 

tube 50 of cutter 10. FIG. 11 shows the corkscrew 62 

with its rod 60 passing through the center of valve 40 

and in a position to engage and hold onto tissue. 

Backflow of blood (from right to left as viewed in 

FIG. 11) is stopped by valve 40, the three flexible and 

resilient leaflets 42a-c of which are closed around 

rod 60.

[0071] Moving on to FIG. 12, once the tissue (not 

shown) is secured by corkscrew 62 and the cutter 50 

(especially the sharpened, circular, distal edge 52 of 

the cutter) cores a circular section of the tissue, 

corkscrew 62, rod 60, and the tissue core (on 

corkscrew 62) are retracted. FIG. 13 shows further 

retraction of corkscrew 62, rod 60, and the tissue core 

(still not shown, but still on corkscrew 62) through 
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valve 40. Valve 40 now fully closes on itself and thus 

continues to prevent blood flow (from right to left) 

through cutter 10.

[0072] FIGS. 14 and 15 show that instead of using a 

valve with multiple flexible and resilient leaflets (as 

in FIGS. 1 and 11-13), a semi-solid or balloon-expanded 

toroid 80 can be used (as a valve) to stop blood flow. 

FIG. 14 shows toroid 80 by itself, while FIG. 15 shows 

toroid 80 mounted inside the tube 50 of cutter 10. In 

particular, a radially outermost circular periphery of 

toroid 80 is sealingly secured to the inner surface of 

tube 50. FIG. 14 shows how the corkscrew rod 60 can 

pass through the center of toroid 80 without allowing 

the backflow of blood (from right to left as viewed in 

FIG. 15).

[0073] Still other valve configurations for blocking 

blood flow are possible. For example, FIG. 16 shows a 

bi-leaflet valve 90 inside the tube 50 of cutter 10. 

Leaflet 90 has two flexible and resilient leaflets 92a 

and 92b. The material of these leaflets can be similar 

to the material of leaflets 42 in earlier-described 

valve 40, or the material of these leaflets (92) can be 

different. For example, it may be desirable to use a 

more elastic (stretchable) material for leaflets 92. 

The U-shaped edge of each leaflet 92 is sealingly 

secured to the inner surface of tube 50. The straight, 

relatively free edges of the leaflets come together 

along a diameter that extends across the inside of 

tube 50. When these free edges are thus together, 

valve 90 is "closed" and prevents blood flow from right 

to left through tube 50. However, leaflets 92 allow 

other instrumentation (like elements 60 and 62) to pass 

between them, while still maintaining a seal around 
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that other instrumentation to prevent blood flow from 

right to left through tube 50.

[0074] Finally, it is again pointed out that 

although the apex of the heart (e.g., the apex of the 

left ventricle) is frequently mentioned above for 

access, the invention is also applicable to access from 

the right ventricle (which may be thinner than the left 

ventricle near the apex), through a major vessel such 

as the aorta or vena cava, or in other ways mentioned 

earlier in this specification. Also, the valve may be 

delivered from the blood outflow side (e.g., from the 

aorta (in the example of aortic valve replacement 

through the side wall of the aorta)) or from the blood 

inflow side (e.g., from the apex (in the example of 

aortic valve replacement through the apex)). Any of 

the closure device designs shown herein can be 

contoured to fit a tubular vessel (FIG. 10 is an 

example of a suitable contour), or can be cup- or cone

shaped to fit the apex (FIG. 9 is an example). In 

addition to aortic valve replacement, the invention is 

also applicable to LV access for mitral valve 

replacement, RV access for pulmonic valve replacement, 

and the like.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An apparatus for closing an aperture through a wall of 
a structure within a patient1s circulatory system

5 comprising:
a solid central structure having an outer perimeter 

and a longitudinal axis;
a first portion operatively coupled to the central 

structure within the outer perimeter and transitionable 
10 between a collapsed condition and an expanded condition, 

the first portion being formed from a first web of 
interwoven wire strands, the first web extending radially 
outward from the longitudinal axis by a greater amount in 
the expanded condition than in the collapsed condition, 

15 and being configured to conform to an inner surface of 
tissue around the aperture when in the expanded condition; 
and

a second portion operatively coupled to the central 
structure within the outer perimeter and transitionable 

20 between a collapsed condition and an expanded condition, 
the second portion being formed from a second web of 
interwoven wire strands, the second web extending radially 
outward from the longitudinal axis by a greater amount in 
the expanded condition than in the collapsed condition, 

25 and being configured to conform to an outer surface of 
tissue around the aperture when in the expanded condition;

wherein the first portion is operatively coupled to 
the second portion within the outer perimeter of the 
central structure and the apparatus has a longer length 

30 when the first portion and the second portion are in the 
collapsed condition than when the first portion and the 
second portion are in the expanded condition.

2. The apparatus of claim 1, wherein the first portion 
35 and the second portion are resiliently biased toward the

expanded condition.
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3. The apparatus of claim 1 or claim 2, wherein the 
central structure is configured to substantially fill the 
aperture.

5
4. The apparatus of any one of claims 1 to 3, wherein the 
central structure is configured to hold the first portion 
against the inner surface of tissue around the aperture 
and to hold the second portion against outer surface of

10 tissue around the aperture.

5. The apparatus of any one of claims 1 to 4, wherein the 
first portion has a convex shape in the expanded condition 
as viewed from the second portion.

15
6. The apparatus of any one of claims 1 to 5, wherein the 
second portion has a concave shape in the expanded 
condition as viewed from the first portion.

20 7. The apparatus of any one of claims 1 to 6, wherein the
first' portion has a cup-like shape in the expanded 
condition

8. The apparatus of any one of claims 1 to 7, further 
25 comprising a web of material assembled between the first

portion and the second portion.

9. The apparatus of claim 8, wherein the web of material 
comprises a fabric.

30
10. The apparatus of claim 8, wherein the web of material 
comprises biological tissue.

35
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