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SINGLE DISC OCCLUSIONARY PATENT 
FORAMEN OVALE CLOSURE DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application, Ser. No. 60/804,376, ?led Jun. 9, 2006, 
Which is incorporated by reference herein. 

FIELD OF THE INVENTION 

[0002] This invention relates to devices for closing a 
passageway in a body, for example a patent foramen ovale 
(PFO) in a heart, and related methods of using such closure 
devices for closing the passageway. 

BACKGROUND OF THE INVENTION 

[0003] Patent foramen ovale (PFO) is an anatomical 
interatrial communication With potential for right-to-left 
shunting of blood. Foramen ovale has been knoWn since the 
time of Galen. In 1564, Leonardi Botali, an Italian surgeon, 
Was the ?rst to describe the presence of foramen ovale at 
birth. HoWever, the function of foramen ovale in utero Was 
not knoWn at that time. In 1877, Cohnheim described 
paradoxical embolism in relation to patent foramen ovale. 

[0004] Patent foramen ovale is a ?ap-like opening 
betWeen the atrial septa primum and secundum at the 
location of the fossa ovalis that persists after age one year. 
In utero, the foramen ovale serves as a physiologic conduit 
for right-to-left shunting of blood in the fetal heart. After 
birth, With the establishment of pulmonary circulation, the 
increased left atrial blood How and pressure presses the 
septum primum (SP) against the Walls of the septum secun 
dum (SS), covering the foramen ovale and resulting in 
functional closure of the foramen ovale. This closure is 
usually folloWed by anatomical closure of the foramen ovale 
due to fusion of the septum primum (SP) to the septum 
secundum (SS). 

[0005] Where anatomical closure of the foramen ovale 
does not occur, a patent foramen ovale (PFO) is created. A 
patent foramen ovale is a persistent, usually ?ap-like open 
ing betWeen the atrial septum primum (SP) and septum 
secundum (SS) of a heart. A patent foramen ovale results 
When either partial or no fusion of the septum primum (SP) 
to the septum secundum (SS) occurs. In the case of partial 
fusion or no fusion, a persistent passageWay (PFO track) 
exists betWeen the septum primum (SP) and septum secun 
dum (SS). This opening or passageWay is typically parallel 
to the plane of the septum primum, and has a mouth that is 
generally oval in shape. Normally the opening is relatively 
long, but quite narroW. The opening may be held closed due 
to the mean pressure in the left atrium (LA) being typically 
higher than in the right atrium (RA). In this manner, the 
septum primum acts like a one-Way valve, preventing ?uid 
communication betWeen the right and left atria through the 
PFO track. HoWever, at times, the pressure may temporarily 
be higher in the right atrium, causing the PFO track to open 
up and alloW some ?uid to pass from the right atrium to the 
left atrium. Although the PFO track is often held closed, the 
endothelialiZed surfaces of the tissues forming the PFO track 
prevent the tissues from healing together and permanently 
closing the PFO track. 
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[0006] Studies have shoWn that a relatively large percent 
age of adults have a patent foramen ovale (PFO). It is 
believed that embolism via a PFO may be a cause of a 
signi?cant number of ischemic strokes, particularly in rela 
tively young patients. It has been estimated that in 50% of 
cryptogenic strokes, a PFO is present. Blood clots that form 
in the venous circulation (e.g., the legs) can emboliZe, and 
may enter the arterial circulation via the PFO, subsequently 
entering the cerebral circulation, resulting in an embolic 
stroke. Blood clots may also form in the vicinity of the PFO, 
and emboliZe into the arterial circulation and into the 
cerebral circulation. Patients suffering a cryptogenic stroke 
or a transient ischemic attack (TIA) in the presence of a PFO 
often are considered for medical therapy to reduce the risk 
of a recurrent embolic event. 

[0007] Pharmacological therapy often includes oral anti 
coagulants or antiplatelet agents. These therapies may lead 
to certain side effects, including hemorrhage. If pharmaco 
logic therapy is unsuitable, open heart surgery may be 
employed to close a PFO With stitches, for example. Like 
other open surgical treatments, this surgery is highly inva 
sive, risky, requires general anesthesia, and may result in 
lengthy recuperation. 
[0008] Nonsurgical closure of a PFO is possible With 
umbrella-like devices developed for percutaneous closure of 
atrial septal defects (ASD) (a condition Where there is not a 
Well-developed septum primum (SP)). Many of these con 
ventional devices used for ASD, hoWever, are technically 
complex, bulky, and dif?cult to deploy in a precise location. 
In addition, such devices may be dif?cult or impossible to 
retrieve and/or reposition should initial positioning not be 
satisfactory. Moreover, these devices are specially designed 
for ASD and therefore may not be suitable to close and seal 
a PFO, particularly because the septum primum (SP) over 
laps the septum secundum (SS). 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to devices for closing 
a passageWay in a body, for example a patent foramen ovale 
(PFO) in a heart, and related methods of using such closure 
devices for closing the passageWay. The closure device 
includes a closure line having a ?rst and a second end. A ?rst 
expandable member is connected to the ?rst end of the 
closure line. A second expandable member is located along 
the second end of the closure line, and is capable of sliding 
along the closure line in one direction While preventing 
sliding movement in the opposite direction. Alternatively the 
second expandable member is ?xed along the second end of 
the closure line. 

[0010] Another embodiment of the invention includes a 
closure line having a ?rst and a second end. An expandable 
tissue anchor is connected to the ?rst end of the closure line, 
the tissue anchor being adapted to pierce into tissue Within 
close approximation to the passageWay and subsequently 
expand to embed into the tissue. An expandable ?oW 
occluder is located along the second end of the closure line, 
the expandable ?oW occluder having a locking mechanism 
integrated therein. The locking mechanism alloWs the clo 
sure line to uni-axially slide through the expandable ?oW 
occluder in one direction, and prevent sliding movement in 
the opposite direction. 

[0011] Another embodiment of the invention includes a 
method for closing a passageWay in a body, the passageWay 



US 2008/0015635 A1 

having a ?rst and a second open end. The method includes 
locating a distal end of a closure device adjacent to the 
passageway, the closure device having a closure line With 
proximal and distal ends, an expandable tissue anchor 
located along the distal end of the closure line, and an 
expandable occluder member located along the proximal 
end of the closure line. The expandable tissue anchor is 
deployed into tissue adjacent to the passageWay. The 
expandable occluder member is deployed adjacent to the 
passageWay such that the expandable occluder member 
substantially covers the second opening to the passageWay. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a short axis vieW of the heart at the level 
of the right atrium (RA) and the left atrium (LA), in a plane 
generally parallel to the atrio-ventricular groove, and at the 
level of the aortic valve, shoWing a PFO track. 

[0013] FIG. 2 is a cross-sectional vieW ofthe PFO track of 
FIG. 1 in a closed con?guration. 

[0014] FIG. 3 is a close-up section vieW illustrating the 
PFO track held in the closed position by left atrial pressure. 

[0015] FIG. 4A is a cross-sectional vieW of the PFO track 
of FIG. 2 in an open con?guration. 

[0016] FIG. 4B is a close-up section vieW illustrating the 
PFO track in an open con?guration. 

[0017] FIG. 5A is a cross-sectional vieW illustrating the 
PFO tract of FIG. 1. 

[0018] FIG. 5B is a section vieW taken along line A-A in 
FIG. 4B. 

[0019] FIG. 5C is a section vieW taken along line A-A in 
FIG. 3. 

[0020] FIG. 5D is a close-up section vieW of the PFO 
track, shoWing the tunnel formed by the tissue extension. 

[0021] FIG. 6A illustrates the closure device deployed 
With the distal anchor member in the septum secundum, and 
the proximal occluder member against the septum primum 
and septum secundum substantially occluding he PFO track, 
according to one embodiment of the present invention. 

[0022] FIG. 6B is a close-up perspective vieW illustrating 
the relationship betWeen the distal anchor member, the 
closure line and the proximal occluder member according to 
one embodiment of the present invention. 

[0023] FIG. 7A shoWs one embodiment of a suture locking 
device integrated into the occluder member according to one 
embodiment of the present invention. 

[0024] FIG. 7B shoWs one embodiment of a suture locking 
device operatively associated With a separate occluder mem 
ber according to one embodiment of the present invention. 

[0025] FIG. 8A is a perspective vieW illustrating one an 
asymmetric proximal occluder member according to one 
embodiment of the present invention. 

[0026] FIG. 8B is a close-up perspective vieW illustrating 
an asymmetric proximal occluder member according to one 
embodiment of the present invention. 
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[0027] FIG. 9 illustrates a PFO closure device deployed to 
close a PFO track in the presence of an atrial septal defect 
according to one embodiment of the present invention. 

[0028] FIG. 10A is a section vieW illustrating the closure 
device 600 loaded into a delivery device 630 according to 
one embodiment of the present invention. 

[0029] FIG. 10B is a section vieW illustrating the closure 
device 600 loaded into a delivery device 630 according to 
another embodiment of the present invention. 

[0030] FIG. 11 is a perspective vieW illustrating the clo 
sure device, Wherein the distal anchor member is initially set 
in the septum secundum according to one embodiment of the 
present invention. 

[0031] FIG. 12 illustrates the closure device in a substan 
tially deployed con?guration according to one embodiment 
of the present invention. 

[0032] FIG. 13 is a perspective vieW of the closure device 
according to one embodiment of the present invention 
cinched in place. 

[0033] FIG. 14A is a section vieW of a heart illustrating the 
location of a delivery device having an axially asymmetric 
expansion member as backup support feature according to 
one embodiment of the present invention. 

[0034] FIG. 14B is a section vieW of a heart illustrating the 
location of a delivery device having a spine member as a 
backup support feature according to one embodiment of the 
present invention. 

[0035] FIG. 14C is a section vieW of a heart illustrating the 
location of a delivery device having a shaped member as a 
backup support feature according to one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The various ?gures shoW embodiments of the 
patent foramen ovale (PFO) closure device and methods of 
using the device to close a PFO. The device and related 
methods are described herein in connection With mechani 
cally closing a PFO. These devices, hoWever, also are 
suitable for closing other openings or passageWays, includ 
ing other such openings in the heart, for example atrial septal 
defects, ventricular septal defects, and patent ducts arteri 
oses, as Well as openings or passageWays in other portions 
of a body such as an arteriovenous ?stula. The invention 
therefore is not limited to use of the inventive closure 
devices to close PFO’s. 

[0037] A human heart has four chambers. The upper 
chambers are called the left and right atria, and the loWer 
chambers are called the left and right ventricles. A Wall of 
muscle called the septum separates the left and right atria 
and the left and right ventricles. That portion of the septum 
that separates the tWo upper chambers (the right and left 
atria) of the heart is termed the atrial (or interatrial) septum 
While the portion of the septum that lies betWeen the tWo 
loWer chambers (the right and left ventricles) of the heart is 
called the ventricular (or interventricular) septum. 

[0038] FIG. 1 illustrates a short-axis vieW of the heart 100 
at the level of the right atrium (RA) and left atrium (LA), in 
a plane generally parallel to the atrio-ventricular groove, and 
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at the level of the aortic valve. This vieW is looking from 
caudal to cranial. FIG. 1 also shoWs the septum primum (SP) 
105, a ?ap-like structure, Which normally covers the fora 
men ovale 115, an opening in the septum secundum (SS) 110 
of the heart 100. In utero, the foramen ovale 115 serves as 
a physiologic conduit for right-to-left shunting of blood in 
the fetal heart. After birth, With the establishment of pul 
monary circulation, the increased left atrial blood ?oW and 
pressure presses the septum primum (SP) 105 against the 
Walls of the septum secundum (SS) 110, covering the 
foramen ovale 115 and resulting in functional closure of the 
foramen ovale 115. This closure is usually folloWed by 
anatomical closure of the foramen ovale 115 due to fusion of 
the septum primum (SP) 105 to the septum secundum (SS) 
110. 

[0039] The PFO results When either partial or no fusion of 
the septum primum 105 to the septum secundum 110 occurs. 
When this condition exists, a passageWay (PFO track) 120 
betWeen the septum primum 105 and septum secundum 110 
may alloW communication of blood betWeen the atria. This 
PFO track 120 is typically parallel to the plane of the septum 
primum 105, and has an opening that is generally oval in 
shape. FIG. 2 illustrates the opening of the PFO track 120 as 
vieWed from an end of the track. Normally the opening is 
relatively tall, but quite narroW. The opening may be held 
closed by the mean pressure in the left atrium, Which is 
typically higher than the right atrium. FIG. 3 is a close-up 
section vieW of the PFO track 120 held in the closed position 
by left atrial pressure. In this position, the septum primum 
105 acts like a one-Way valve, preventing ?uid communi 
cation betWeen the right and left atria through the PFO track 
120. Occasionally, the pressure in the right atrium may 
temporarily be higher than the left atrium. When this con 
dition occurs, the PFO track 120 opens and alloW some ?uid 
to pass from the right atrium to the left atrium, as indicated 
in FIGS. 4A and 4B. In particular, FIG. 4A is a cross 
sectional vieW shoWing the PFO track of FIG. 2 in an open 
con?guration. Similarly, FIG. 4B is a close-up section vieW 
illustrating the PFO track in an open con?guration. 

[0040] Although the PFO track 120 is often held closed, 
the endothelialiZed surfaces of the tissues forming the PFO 
track 120 prevent the tissue from healing together and 
permanently closing the PFO track 120. As can be seen in 
FIGS. 5A - 5C, (a vieW from line “C-C” of FIG. 1), the 
septum primum 105 is ?rmly attached to the septum secun 
dum 110 around most of the perimeter of the Fossa Ovalis 
115, but has an opening along one side. The septum primum 
105 is often connected, as shoWn, by tWo or more extensions 
of tissue along the sides of the PFO track 120 forming a 
tunnel. FIG. 5D is a magni?ed section vieW of the PFO track 
120, shoWing the tunnel formed by the tissue extensions. 
Typically, the tunnel length in an adult human can range 
betWeen 2 and 13 mm. 

[0041] The present invention relates to a system and 
method for closing a passageWay in a body. In a particular 
embodiment, the device is used to close the Patent Foramen 
Ovale in a human heart. One of ordinary skill in the art 
Would understand that similar embodiments could be used to 
close other passageWays and openings in the body Without 
departing from the general intent or teachings of the present 
invention. 

[0042] FIG. 6A illustrates a device used to close the PFO 
according to one embodiment of the present invention. The 
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device 600 comprises a ?exible closure line 625 coupled to 
tWo expandable members, distal anchor member 620 and 
proximal occluder member 621 respectively. Anchor mem 
ber 620 is an anchor coupled to the distal end of the closure 
line 625, While occluder member 621 is an expandable 
geometric structure coupled to the proximal end of the 
?exible closure line 625. Occluder member 621 is capable of 
sliding along closure line 625 and locking in desired location 
to cinch or take-up slack in closure line 625 length, bringing 
the proximal occluder member 621 into contact With the 
septal Wall comprised of septum secundum 110 and the 
septum primum 105 such that blood ?oW to the PFO tunnel 
is closed off. 

[0043] It should be noted that the septum secundum 110 
and the septum primum 105 do not have to be touching to 
effect proper closure of the PFO. Instead, the proximal 
member 621 occludes ?oW to the PFO track (tunnel) 120 by 
substantially covering the tunnel entrance. It should also be 
noted that the proximal occluder member 621 may or may 
not be covered With a biocompatible polymeric fabric to 
assist in substantially occluding blood ?oW. For a design in 
Which a fabric covering is not used, blood ?oW Would 
eventually be shunted by the heart’s incorporation of the 
device. 

[0044] The distal anchor member 620 is a tissue anchor 
that is delivered into the septum secundum 110 or septum 
primum 105 via a catheter delivery system and is deployed. 
Upon deployment, the distal member 620 is anchored into 
the tissue forming the septum secundum 110 or the septum 
primum 105 such that the anchor member 620 is immobile 
and can Withstand the pull force needed to properly seat the 
proximal occluder member 621 against the septal Wall 
Without the distal anchor member 620 detaching from the 
septal tissue. 

[0045] In one embodiment, the distal anchor member 620 
comprises a main body having a needle like tip capable of 
penetrating the septum (septum secundum 110 and/ or the 
septum primum 105) and one or more barbs 622 that project 
outWard from the main body. The characteristics of the barbs 
622 are such that after delivery of the anchor into the septum 
tissue, the barbs 622 extend outWard in a radial direction and 
prevent the distal anchor member 620 from being WithdraWn 
from the tissueivery similar to the barb integrated into a 
?sh hook. 

[0046] A locking mechanism 627 is operatively incorpo 
rated into the occluder member 621 to secure the occluder 
member 621 to the closure line 625. In one embodiment, the 
locking member may be an integral part of the occluder 
member 621, formed into the hub of the occluder member 
621. In another embodiment of the invention, the locking 
mechanism 627 may be a separate component or member 
functionally that although is physically a separate member, 
is functionally integrated With the occluder member 621. 
That is to say, the locking mechanism 627 can secure to the 
closure line 625 and prevent relative movement betWeen the 
closure line 625 and the occluder member 621 When the hub 
of the occluder member 621 comes in contact With the 
locking mechanism 627. 

[0047] FIG. 7A is an isometric vieW of an occluder mem 
ber 621 With a locking mechanism 627 integrated into the 
occluder member’s 621 proximal end. Similarly, FIG. 7B is 
an isometric vieW of an occluder member 621 operatively 
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associated With a separate and distinct locking mechanism 
627 along a closure line 625. In this embodiment, the 
locking mechanism 625 secures to the closure line 625, and 
e?cectively secures the occluder member 621 relative the 
closure line 625 When the hub 621a of the occluder member 
621 comes in contact With the locking mechanism 627. 

[0048] In one embodiment, the locking mechanism 627 
alloWs the closure line 625 to slide through occluder mem 
ber 621 in one direction, and prevent sliding movement in 
the opposite direction. Examples of functionally similar 
commercial locking mechanisms include the DePuy Mitek 
RAPIDLOCTM device; Zip ties; and similar linear locking 
devices knoWn in the art. In a preferred embodiment of the 
locking mechanism 627, mechanical appendage or tang 628 
is used to lock onto the closure line 625 by having small 
?nger-like protrusions that impinge on and push betWeen the 
individual Woven strands of the closure line 625. 

[0049] Alternatively, the proximal occluder member 621 
may be ?xed to the closure line 625 at a predetermined 
distance from anchor member 620. This may particularly be 
the case When the closure line 625 has an elastic or recoil 
ability and is capable of exerting tension When deployed, 
pulling the proximal and distal members 621, 620 together 
and e?cectively compressing proximal occluder member 621 
against the septal Wall inside the right atrium of the heart. In 
still a further embodiment of the invention, a closure device 
600 may include an elastic closure line 625 and a slideable 
proximal occluder member 621. In this embodiment, the 
occluder member 621 is capable of alloWing the ?exible 
closure line 625 to slide through the occluder member 621 
in one direction, and prevent sliding movement in the 
opposite direction, While the closure line 625 exerts tension 
betWeen the proximal and distal members 621, 620 respec 
tively. These con?gurations should not necessarily be con 
sidered limiting, and other combinations of components are 
contemplated, such as, for example, both members 620 and 
621 being slideable along a substantially elastic or inelastic 
closure line 625. 

[0050] The closure line 625 may be any biocompatible 
?lament knoWn in the art that is capable of securing the 
proximal occluder member 621 against the septum secun 
dum 110 and septum primum 105. In a preferred embodi 
ment the closure line 625 is a surgical suture, such as a 
multi?lament non-biodegradable suture, or a forced 
entangled ?ber ?lament. Alternatively, the closure line 625 
may be made from an elastic material capable of exerting 
tension When stretched. 

[0051] The proximal and distal members 621, 620 respec 
tively, are expandable from a ?rst, predeployed unexpanded 
con?guration to a second expanded con?guration. The 
expandable members 620, 621 are preferably constructed 
from a structurally deformable material. 

[0052] Structurally deformable materials are materials that 
can elastically or plastically deform Without compromising 
their integrity. Geometric structures, such as proximal and 
distal members 621, 620, made from a deformable material 
are capable of changing shape When acted upon by an 
external force, or removal or an external force. Geometric 
structures made from structurally deformable materials are 
typically self expanding or mechanically expandable. In a 
preferred embodiment, the proximal and distal members 
621, 620 made from a self-expanding material, such as 
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Nitinol or a resilient polymer. HoWever, the self-expanding 
members 621, 620 may also be made from elastically 
compressed spring temper biocompatible metals. These self 
expanding structures are held in a constrained con?guration 
by an external force, typically a capture sheath, and elasti 
cally deform When the constraining force is released. 

[0053] Some structurally deformable materials may also 
be mechanically expandable. Geometric structures can be 
mechanically expanded by introduction of an external force, 
through, for example, a mechanical expansion means. 
Mechanical expansion means are Well knoWn in the art and 
include balloon or cage expansion devices. 

[0054] Once an external mechanical force is introduced to 
the geometric structure, the structure plastically deforms to 
its desired ?nal con?guration. 

[0055] The proximal and distal members 621, 620 in their 
constrained state are capable of being held in a restrained 
loW pro?le geometry for delivery, and assume an expanded 
shape that facilitates the distal member 620 anchoring into 
the septal Wall (septum secundum 110 or septum primum 
105) and the proximal member 621 substantially covering 
and occluding the PFO track 120 entrance. 

[0056] In a preferred embodiment, the proximal and distal 
members 621, 620 are cut from a Nitinol hypotube by 
methods knoWn in the art. 

[0057] Nitinol is utiliZed in a Wide variety of applications, 
including medical device applications as described above. 
Nitinol or NiTi alloys are Widely utiliZed in the fabrication 
or construction of medical devices for a number of reasons, 
including its biomechanical compatibility, its biocompatibil 
ity, its fatigue resistance, its kink resistance, its uniform 
plastic deformation, its magnetic resonance imaging com 
patibility, its ability to exert constant and gentle outWard 
pressure, its dynamic interference, its thermal deployment 
capability, its elastic deployment capability, its hysteresis 
characteristics, and is moderately radiopaque. 

[0058] Nitinol, as described above, exhibits shape 
memory and/or super-elastic characteristics. Shape memory 
characteristics may be simplistically described as folloWs. A 
metallic structure, for example, a Nitinol tube that is in an 
Austenitic phase may be cooled to a temperature such that 
it is in the Martensitic phase. Once in the Martensitic phase, 
the Nitinol tube may be deformed into a particular con?gu 
ration or shape by the application of stress. As long as the 
Nitinol tube is maintained in the Martensitic phase, the 
Nitinol tube Will remain in its deformed shape. If the Nitinol 
tube is heated to a temperature su?icient to cause the Nitinol 
tube to reach the Austenitic phase, the Nitinol tube Will 
return to its original or programmed shape. The original 
shape is programmed to be a particular shape by Well-known 
techniques. 

[0059] Super-elastic characteristics may be simplistically 
described as folloWs. A metallic structure for example, a 
Nitinol tube that is in an Austenitic phase may be deformed 
to a particular shape or con?guration by the application of 
mechanical energy. The application of mechanical energy 
causes a stress induced Martensitic phase transformation. In 
other Words, the mechanical energy causes the Nitinol tube 
to transform from the Austenitic phase to the Martensitic 
phase. By utiliZing the appropriate measuring instruments, 
one can determined that the stress from the mechanical 










