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(57) ABSTRACT 

A device and method for deploying a mechanical closure 
device for closing a passageway in a body, for example a 
patent foramen ovale (PFO) in a heart. The single disc 
mechanical closure device is comprise of a distal and proxi 
malanchor constrained by a closure line to facilitate mechani 
cal closure by bringing the distal and proximal anchors into 
close proximity along the closure line. 
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SINGLE DISCINTRALUMINAL FXATION 
PATENT FORAMEN OVALE CLOSURE 

DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Application Ser. No. 60/827,589 filed Sep. 29, 2006, 
which is incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 This invention relates to devices for closing a pas 
sageway 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 intera 
trial 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 
first to describe the presence of foramen ovale at birth. How 
ever, the function of foramen ovale in utero was not known at 
that time. In 1877, Cohnheim described paradoxical embo 
lism in relation to patent foramen ovale. 
0004 Patent foramen ovale is a flap-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 flow and pressure presses the septum primum 
(SP) against the walls of the septum secundum (SS), covering 
the foramen ovale and resulting in functional closure of the 
foramen ovale. This closure is usually followed by anatomi 
cal 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 flap-like opening 
between the atrial septum primum (SP) and septum Secun 
dum (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 secundum (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 fluid communication 
between the right and left atria through the PFO track. How 
ever, at times, the pressure may temporarily be higher in the 
right atrium, causing the PFO track to open up and allow some 
fluid to pass from the right atrium to the left atrium. Although 
the PFO track is often held closed, the endothelialized sur 
faces of the tissues forming the PFO track prevent the tissues 
from healing together and permanently closing the PFOtrack. 
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 significant 
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number of ischemic strokes, particularly in relatively 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 transientischemic 
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 antico 
agulants or antiplatelet agents. These therapies may lead to 
certain side effects, including hemorrhage. If pharmacologic 
therapy is unsuitable, openheart Surgery may be employed to 
close a PFO with stitches, for example. Like other open 
Surgical treatments, this Surgery is highly invasive, risky, 
requires general anesthesia, and may result in lengthy recu 
peration. 
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 conven 
tional devices used for ASD, however, are technically com 
plex, bulky, and difficult to deploy in a precise location. In 
addition, such devices may be difficult 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) overlaps 
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 first and a second end. A first 
expandable tissue anchor is connected to the first end of the 
closure line, the tissue anchor being adapted to anchor within 
the PFO track. An second expandable anchor is located along 
the second end of the closure line, the second expandable 
anchor having a locking mechanism integrated therein. The 
locking mechanism is adapted to allow the closure line to 
uni-axially slide through the second expandable anchor in 
one direction, and prevent sliding movement in the opposite 
direction. 
0010. Another embodiment of the invention includes a 
medical device for closing a luminal tissue passageway 
between a first and a second chamber in a body. The medical 
devices includes a closure line having a first end and a second 
end. A first expandable anchor is connected to the first end of 
the closure line, and has a plurality of tissue anchoring mem 
bers adapted to pierce into tissue within the luminal passage 
way and Subsequently expand to embed into the tissue. A 
second expandable anchor is located along the second end of 
the closure line, and is configured to Substantially close open 
end of the passageway and inhibit fluid communication from 
the first chamber to the second chamber when the closure line 
is tensioned between the first expandable anchor and the 
second expandable anchor. 
0011. Another embodiment of the invention includes a 
method of closing aluminal tissue passageway between a first 
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and a second chamber in a body. The method includes the 
steps of locating a distal end of a closure device in the luminal 
passageway, the closure device having a closure line with 
proximal and distal ends, a first expandable anchor located 
along the distal end of the closure line, and a second expand 
able anchor located along the proximal end of the closure line. 
The first expandable anchor is deployed and anchored in the 
luminal passageway and the closure device is retracted 
through the luminal tissue passageway into the second cham 
ber. The second expandable anchor is deployed in the second 
chamber adjacent to the end of the aluminal tissue passage 
way, and the closure line is tensioned between the first 
expandable anchor and the second expandable anchor. 

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 of the PFO track of 
FIG. 1 in a closed configuration. 
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 configuration. 
0016 FIG. 4B is a close-up section view illustrating the 
PFO track in an open configuration. 
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. 6 illustrates the closure device deployed 
intraluminally within the PFO track illustrating the relation 
ship between the components comprising the closure device 
and deployment device according to one aspect of the present 
invention. 
0022 FIG. 7A is a perspective view illustrating a linear 
locking mechanism according to one embodiment of the 
present invention. 
0023 FIG.7B shows one embodiment of a locking device 
integrated into the proximalanchor according to one embodi 
ment of the present invention. 
0024 FIG.7C shows one embodiment of a locking device 
operatively associated with a separate anchor member 
according to one embodiment of the present invention 
0025 FIG. 8A is a perspective view illustrating an asym 
metric proximal anchor member according to one embodi 
ment of the present invention. 
0026 FIG. 8B is a close-up perspective view illustrating 
an asymmetric proximal anchor member according to one 
embodiment of the present invention. 
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. 
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0030 FIG. 11 is a section view illustrating the cannular 
delivery device deployed into the left atrium according to one 
embodiment of the present invention. 
0031 FIG. 12 is a section view illustrating the deployment 
of the distal anchor into the left atrium according to one 
embodiment of the present invention. 
0032 FIG. 13 is a section view illustrating the proper 
deployment of the distal anchor into the left atrium and PFO 
track according to one embodiment of the present invention. 
0033 FIG. 14 is a section view illustrating the initial 
deployment of the proximal anchor into the left atrium 
according to one embodiment of the present invention. 
0034 FIG. 15 is a section view illustrating the closure 
device properly cinched in place according to one embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0035. The various figures 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 mechanically closing a 
PFO. These devices, however, also are suitable for closing 
other openings or passageways, including other Such open 
ings in the heart, for example atrial septal defects, Ventricular 
septal defects, and patent ducts arterioses, as well as openings 
or passageways in other portions of a body Such as an arte 
riovenous fistula. The invention therefore is not limited to use 
of the inventive closure devices to close PFO's. 
0036. A human heart has four chambers. The upper cham 
bers 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. 
0037 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 theatrio-ventricular groove, and 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 
flap-like structure, which normally covers the foramen 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 pulmonary circulation, 
the increased left atrial blood flow 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 fora 
men ovale 115 due to fusion of the septum primum (SP) 105 
to the septum secundum (SS) 110. 
0038. 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 
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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 fluid communication 
between the right and left atria through the PFO track 120. 
Occasionally, the pressure in the right atrium may tempo 
rarily be higher than the left atrium. When this condition 
occurs, the PFO track 120 opens and allow some fluid 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 configuration. 
Similarly, FIG. 4B is a close-up section view illustrating the 
PFO track in an open configuration. 
0039. 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 
firmly attached to the septum secundum 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 magnified 
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. 
0040. 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 depart 
ing from the general intent or teachings of the present inven 
tion. 

0041 FIG. 6 illustrates a device used to close the PFO 
according to one embodiment of the present invention. The 
device 600 comprises a flexible closure line 625 coupled to 
two expandable anchors 620, 621. Anchor 620 is a tissue 
anchor coupled to the distal end of the closure line 625 and is 
intended to provide distal fixation to adjacent connective 
tissue surfaces of either or both the septum secundum 110 and 
septum primum 105 at a point within the luminal pathway of 
the PFO track 120. In one embodiment, the distal anchor 
member 620 comprises a main body having a needle like 
projections or barbs 622 that project outward from the main 
body and are capable of penetrating the septum (septum 
secundum 110 and/or the septum primum 105) from within 
the PFO track 120. 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 distalanchor member 620 from being withdrawn from the 
tissue very similar to the barb integrated into a fish hook. 
0042 Anchor 621 is an expandable structure coupled to 
the proximal end of the flexible closure line 625. Anchor 621 
is further sized and adapted to exerta compressive force along 
the septum secundum 110 and/or the septum primum 105, 
inducing natural occlusion of the PFO track, when operated in 
conjunction with anchor 620 and closure line 625. Anchor 
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 and distal anchors 621, 620 
respectively, closer together and effectively bringing the sep 
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tum secundum 110 and the septum primum 105 in close 
proximity. Anchor 621 may also be sized and shaped to Sub 
stantially occlude the entrance to the PFO tunnel 120 when 
cinched in place. 
0043. In a preferred embodiment, the distal and proximal 
anchors 621, 620 respectively, are geometrically configured 
to suitably conform to the intended spatial features of the 
septal wall, wherein the septal wall is comprised of the sep 
tum secundum 110 and septum primum 105. 
0044 FIG. 7A illustrates, in one preferred embodiment, 
the uni-axial cinching and positional retention mechanism 
627 that works with the closure line 625 to bring and lock the 
distalanchor 620 and proximalanchor 621 in close proximity. 
The locking is achieved by a mechanical appendage or tang 
628 that is configured to mechanically impinge upon the 
closure line 625, imparting a retention force directionally 
upon the closure line 625 to maintain the desired degree of 
cinching between both the distalanchor 620 and the proximal 
anchor 621. 
0045. The locking mechanism 627 is operatively incorpo 
rated into the anchor member 621 to secure the anchor mem 
ber 621 to the closure line 625. In one embodiment, the 
locking member may be an integral part of the anchor mem 
ber 621, formed into the hub of the anchor member 621. In 
another embodiment of the invention, the locking mechanism 
627 may be a functionally separate component or member 
that although is physically a separate member, is functionally 
integrated with the anchor 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 anchor member 621 when the hub of the anchor member 
621 comes in contact with the locking mechanism 627. 
0046 FIG. 7B is an isometric view of an anchor member 
621 with a locking mechanism 627 integrated into the anchor 
member's 621 proximal end. Similarly, FIG.7C is an isomet 
ric view of an anchor member 621 operatively associated with 
a separate and distinct locking mechanism 627 along a clo 
sure line 625. In this embodiment, the locking mechanism 
625 secures to the closure line 625, and effectively secures the 
anchor member 621 relative the closure line 625 when the hub 
621a of the anchor member 621 comes in contact with the 
locking mechanism 627. 
0047. In one embodiment, the locking mechanism 627 
allows the closure line 625 to slide through anchor member 
621 in one direction, and prevent sliding movement in the 
opposite direction. Examples of functionally similar com 
mercial locking mechanisms include the DePuy Mitek RAP 
IDLOCTM 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 finger-like 
protrusions that impinge on and push between the individual 
woven strands of the closure line 625. 

0048. It should be noted that the septum secundum 110 
and the septum primum 105 do not have to be tightly touching 
to effect proper closure of the PFO. Instead, the septum 
secundum 110 and the septum primum 105 must just be 
brought close enough to minimize flow from atria to atria 
(typically flow from left atria to right atria). 
0049. Alternatively, the anchor 621 may be fixed to the 
closure line 625 at a predetermined distance from anchor 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 anchors 620, 621 together 
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and effectively compressing the septum primum 105 to the 
septum secundum 110. In still a further embodiment of the 
invention, a closure device 600 may include an elastic closure 
line 625 and a slideable anchor 621. In this embodiment, the 
anchor 621 is capable of allowing the flexible closure line 625 
to slide through the anchor 621 in one direction, and prevent 
sliding movement in the opposite direction, while the closure 
line 625 exerts tension between the two anchors 620, 621. 
These configurations should not necessarily be considered 
limiting, and other combinations of components are contem 
plated, such as, for example, both anchors 620 and 621 being 
slideable along a Substantially elastic or inelastic closure line 
625. 
0050. The closure line 625 may be any biocompatible 
filament known in the art that is capable of securing the 
septum primum 105 to the septum secundum 110. In a pre 
ferred embodiment the closure line 625 is a surgical suture, 
Such as a multifilament non-biodegradable suture, or a forced 
entangled fiber filament. Alternatively, the closure line 625 
may be made from an elastic material capable of exerting 
tension when stretched. In yet another alternative embodi 
ment, the closure line 625 may be geometrically configured to 
exhibit structurally elastic behavior. In another alternative 
embodiment, the closure line 625 may be made from an 
anelastic material Such as elastomeric polymers that are 
capable of exerting tension when stretched. In yet another 
alternative embodiment, the closure line 625 may be made 
from a Super elastic material Such as a nickel titanium alloy. 
0051. The anchors 620, 621 are expandable from a first, 
predeployed unexpanded configuration to a second expanded 
configuration. The anchors 620, 621 are preferably con 
structed 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 anchors 620, 
621, made from a deformable material are capable of chang 
ing shape whenacted upon by an external force, or removal or 
an external force. 
0053 Geometric structures made from structurally 
deformable materials are typically self expanding or 
mechanically expandable. In a preferred embodiment, the 
anchors 620, 621 are made from a self-expanding material, 
such as Nitinol or a resilient polymer. However, the self 
expanding anchors 620, 621 may also be made from an elas 
tically compressed spring temper biocompatible metals. 
These self-expanding structures are held in a constrained 
configuration by an external force, typically a capture sheath, 
and elastically deform when the constraining force is 
released. 
0054 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. 
0.055 Once an external mechanical force is introduced to 
the geometric structure, the structure plastically deforms to its 
desired final configuration. 
0056. The proximal and distal anchors 620, 621 in their 
constrained State are capable of being held in a restrained low 
profile geometry for delivery, and assume an expanded shape 
capable of preventing the anchor 620, 621 from retracting 
through the PFO Track 120, as the case may be, once 
deployed. 
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0057. In a preferred embodiment, the anchors 620, 621 are 
cut from a Nitinol hypotube 700 by methods known in the art. 
0.058 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 plas 
tic deformation, its magnetic resonance imaging compatibil 
ity, 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. 
0059 Nitinol, as described above, exhibits shape memory 
and/or Super-elastic characteristics. Shape memory charac 
teristics may be simplistically described as follows. A metal 
lic structure, for example, a Nitinol tube that is in an Auste 
nitic 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 configuration 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 sufficient 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. 
0060 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 configuration 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 energy causes 
a temperature drop in the Nitinol tube. Once the mechanical 
energy or stress is released, the Nitinol tube undergoes 
another mechanical phase transformation back to the Auste 
nitic phase and thus its original or programmed shape. As 
described above, the original shape is programmed by well 
know techniques. The Martensitic and Austenitic phases are 
common phases in many metals. 
0061 Medical devices constructed from Nitinol are typi 
cally utilized in both the Martensitic phase and/or the Auste 
nitic phase. The Martensitic phase is the low temperature 
phase. A material is in the Martensitic phase is typically very 
Soft and malleable. These properties make it easier to shape or 
configure the Nitinol into complicated or complex structures. 
The Austenitic phase is the high temperature phase. A mate 
rial in the Austenitic phase is generally much stronger than the 
material in the Martensitic phase. Typically, many medical 
devices are cooled to the Martensitic phase for manipulation 
and loading into delivery systems. When the device is 
deployed at body temperature, they return to the Austenitic 
phase. 
0062 Other materials that have shape memory character 
istics may also be used, for example, Some polymers and 
metallic composition materials. It should be understood that 
these materials are not meant to limit the scope of the inven 
tion. 
0063. Once the proximal and distal members 621, 620 are 
cut from the Nitinol hypotube, they are formed into a desired 
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expanded configuration and annealed to assume a stress-free 
(relaxed) state. In one embodiment of the invention, the distal 
anchor member 620 is formed into an anchor shaped configu 
ration, having a plurality of pointed legs with barbs 622 that 
can puncture and anchor in tissue. Correspondingly, in this 
embodiment, the proximal member 621 is formed into a 
slightly concaved woven-looking basket that could flatten 
into a woven-looking disc when pulled against the septal wall. 
A perspective view of the expanded tissue anchor 620 
anchored into the adjacent connective tissue Surfaces of either 
or both the septum secundum 110 and septum primum 105 at 
a point within the luminal pathway of the PFO track 120 is 
illustrated in FIG. 6. 

0064. The proximal anchor 621 is a basket-like device 
capable of laterally expanding to anchor the closure device 
against the septum (i.e. septum secundum 110 and/or septum 
primum 105). In a preferred embodiment, the proximal 
anchor 621 has a diametric expansion ratio of approximately 
five (5) to approximately twenty-five (25) to one (1). The 
proximal anchor 621 may additionally act as an occluder to 
substantially occlude or shunt blood flow through the PFO 
track 120. To assist the occlusionally characteristics the proxi 
malanchor member 621 may or may not be coated or covered 
with a biocompatible polymeric fabric that could assist in 
occluding blood flow into the tunnel. In the case that the 
proximal anchor member 621 is not covered, blood flow 
shunting through the PFO track 120 might not decrease as 
rapidly as it would in the covered case, however eventually 
the incorporation of the proximal anchor 621 would block a 
sufficient amount offlow such that the PFO track (tunnel) 120 
would be substantially closed or considered closed. 
0065. Once the closure device 600 is deployed, the basket 
shaped anchor 621 collapses under tensioning of the closure 
line 625, into a flattened “flower petal' or basket shape as 
illustrated in FIG. 6. In this state, the anchors 620, 621 are 
under strain. The super elastic properties of the anchors 620, 
621 under Strain exert an axially outward force against the 
adjacent tissue, putting the closure line 625 in tension. 
0066. This anchor design should not be considered a lim 
iting feature of the invention, as other shapes and configura 
tions of anchors are also contemplated by the present design. 
This may include, for example, expandable disc design, star 
design, j-hook design, or any expandable geometric shape. In 
addition other materials exhibiting similar characteristics, 
Such as non-biodegradable Swellable polymers, are similarly 
contemplated by the present invention. 
0067 FIGS. 8A and 8B illustrate an closure device 600 
having an asymmetric proximal anchor member 621 accord 
ing to another embodiment of the present invention. In the 
illustrated embodiment, the proximal anchor member 621 is 
asymmetric about the hub incorporating locking mechanism 
627. This asymmetry may allow the member 621 to more 
closely conform the shape of the Surrounding tissue, taking 
advantage of the atrial anatomy. 
0068. The PFO closure device 600 can be used to facilitate 
closing the PFO track 120 when other defects in the septal 
wall are present. For example, the PFO closure device 600 
may be used when an atrial septal aneurysm (ASA) is present. 
An ASA is characterized as a saccular deformity, generally at 
the level of the fossa ovale, which protrudes to the right or left 
atrium, or both. FIG. 9 illustrates the PFO closure device 600 
deployed to close a PFO track 120 in the presence of an atrial 
septal defect. 
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0069. The present invention utilizes a removable deploy 
ment device to introduce the mechanical closure device 600 
into the atrium of the heart, preferably through a minimally 
invasive, transluminal procedure. 
(0070 FIGS. 10A and 10B are section views illustrating 
the closure device 600 loaded into a delivery device 630 
according to two embodiments of the present invention. In 
each embodiment the delivery device 630 includes an outer 
tubular structure or catheter 635 and an inner tubular structure 
636. The delivery device 630 may also include a guidewire 
lumen (not shown) to allow the delivery device 630 to track 
over a guidewire (not shown). The inner tubular structure 636 
is slideably engaged within the outer tubular structure 635 
and acts as a “pusher to deploy the closure device 600 from 
the distal end of the outer tubular structure 635. In the 
embodiment illustrated in FIG. 10A, the inner tubular struc 
ture 636 is sized to push against the proximal end of the 
occluder 621, causing the occluder 621 to be displaced dis 
tally, and Subsequently displacing the distal anchor member 
620 from the distal end of the outer tubular structure 635. 
Similarly, in the embodiment illustrated in FIG. 10B, the 
inner tubular structure 636 is sized be slideably engaged with 
the proximal occluder 621, and to push against the proximal 
end of the distal anchor 620, causing the distal anchor mem 
ber 620 be displaced distally. As the distal anchor 620 is 
distally displaced, the proximal occluder member 621 is simi 
larly displaced by virtue of its relative position within the 
inner tubular structure 636, or alternatively, because it is 
operatively connected to the distal anchor ember 620 via the 
closure line 625. 

0071 Minimally invasive heart surgery refers to several 
approaches for performing heart operations that are less dif 
ficult and risky than conventional open-heart Surgery. These 
approaches restore healthy blood flow to the heart without 
having to stop the heart and put the patient on a heart-lung 
machine during Surgery. Minimally invasive procedures are 
carried out by entering the body through the skin, a body 
cavity or anatomical opening, but with the Smallest damage 
possible to these structures. This results in less operative 
trauma for the patient. It also less expensive, reduces hospi 
talization time, causes less pain and Scarring, and reduces the 
incidence of complications related to the Surgical trauma, 
speeding the recovery. 
0072. One example of a minimally invasive procedure for 
performing heart Surgery is a trans-thoracic laparoscopic (en 
doscopic) procedure. The part of the mammalian body that is 
situated between the neck and the abdomen and supported by 
the ribs, costal cartilages, and Sternum is known as the thorax. 
This division of the body cavity lies above the diaphragm, is 
bounded peripherally by the wall of the chest, and contains 
the heart and lungs. Once into the thorax, the Surgeon can gain 
access to the atrium of the heart through an atriotomy, a 
Surgical incision of an atrium of the heart. For example, if the 
Surgeon wishes to gain access to the right atrium they will 
perform an atriotomy in the right atrial appendage. 
0073. The primary advantage of a trans-thoracic laparos 
opic procedure is that there is no need to make a large inci 
Sion. Instead, the Surgeon operates through 3 or 4 tiny open 
ings about the size of buttonholes, while viewing the patient's 
internal organs on a monitor. There is no large incision to heal, 
so patients have less pain and recover Sooner. Rather than a 6 
to 9-inch incision, the laparoscopic technique utilized only 4 
tiny openings—all less than /2 inch in diameter. 
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0074 Another minimally invasive technique for gaining 
access to the heart and deploying the closure device is a 
percutaneous transluminal procedure. Percutaneous Surgical 
techniques pertain to any medical procedure where access to 
inner organs or other tissue is done via needle-puncture of the 
skin, rather than by using an “open' approach where inner 
organs or tissue are exposed (typically with the use of Scal 
pel). The percutaneous approach is commonly used in Vascu 
lar procedures, where access to heart is gained through the 
venous or arterial systems. This involves a needle catheter 
getting access to a blood vessel, followed by the introduction 
of a wire through the lumen of the needle. It is over this wire 
that other catheters can be placed into the blood vessel. This 
technique is known as the modified Seldinger technique. The 
PFO closure device 600 may also be deployed via percutane 
ous methods by steerable catheters or guidewires. 
0075. In the Seldinger technique a peripheral vein (such as 
a femoral vein) is punctured with a needle, the puncture 
wound is dilated with a dilator to a size sufficient to accom 
modate an introducer sheath, and an introducer sheath with at 
least one hemostatic valve is seated within the dilated punc 
ture wound while maintaining relative hemostasis. 
0076. In one embodiment of the invention, a deployment 
system is configured to facilitate the approach and translumi 
nal access of the luminal pathway of the PFO track 120, 
however other configurations and shaped structures may be 
used as would be understood by one skilled in the art. 
0077. As previously described the delivery device 630 
illustrated in FIGS. 10A and 10B is a substantially rigid 
structure capable of navigating the tortuous vasculature and 
transluminally entering the PFO track 120. The delivery sys 
tem is preferably sized to be 13 French or smaller, most 
preferably 10 French or smaller, and made from a biocom 
patible material. Such as, for example biocompatible poly 
meric materials, such as, Pebax (Nylon) and Polyurethane. It 
should be understood that these materials are not meant to 
limit the scope of the invention. Any biocompatible material 
capable of having sufficient material attributes to facilitate 
navigation and transluminal access of the PFO track 120 may 
be suitable. The delivery system 630 is typically constructed 
with an axially and circumferentially reinforcing infrastruc 
ture, as is known in the art. In addition, the delivery device 
630 is tapered at the distal end, as is known in the art. In a 
preferred embodiment, the geometric configuration of the 
tapered distal end is optimized to minimize tissue trauma at 
the site of luminal entry. 
0078. As illustrated in FIGS. 10A and 10B, the closure 
device 600 is loaded in the delivery device 630 for deploy 
ment transluminally into the PFO track 120. That is to say, the 
distalanchor 620 is loaded along the distal end of the delivery 
device 630, and connected to the proximal anchor 621 via the 
closure line 625. The outer sheath 635 of the delivery device 
630 maintains the proximal and distal anchors 621, 620 is a 
Substantially constrained, collapsed condition prior to deliv 
ery. 
0079. With the introducer sheath in place, the guide cath 
eter or delivery member 630 of the closure device is intro 
duced through the hemostatic valve of the introducer sheath 
and is advanced along the peripheral vein, into the region of 
the Vena cavae, and into the right atrium. 
0080. The delivery device 630 is then advanced distally 
into the PFO track 120 that defines the luminal space between 
the septum primum 105 and or septum secundum 110. A 
separate guidewire may also be advanced with the delivery 
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device 630 through the PFO Track 120 to provide additional 
luminal guidance. The delivery device 630 is seated in the 
PFO track 120, thereby providing access for closure devices 
600 through its own inner lumen into the PFO track 120. FIG. 
11 is a section view illustrating the delivery device 630 
deployed into the PFO track 120 according to one embodi 
ment of the present invention. 
I0081. It is however further contemplated that other left 
atrial access methods may be suitable Substitutes for using the 
delivery device 630 and closure device 600 of the present 
invention. In one alternative variation not shown, a "retro 
grade' approach may be used, wherein the delivery device 
630 is advanced into the left atrium from the arterial system. 
In this variation, the Seldinger technique is employed to gain 
vascular access into the arterial system, rather than the 
venous, for example, at a femoral artery. The delivery device 
630 is advanced retrogradedly through the aorta, around the 
aortic arch, into the ventricle, and then into the left atrium 
through the mitral valve. 
0082 Once in the desired atrium of the heart the closure 
device 600 is deployed transluminally into the tissue com 
prising the PFO track 120. For the purpose of this invention, 
transluminal deployment is defined as deployment from one 
atrial chamber to the lumen or tunnel of the PFO tract 120, i.e. 
into the luminal space created by the PFO track 120 that exists 
between the septum primum (SP) 105 and/or septum secun 
dum (SS) 110, or visa versa, whichever the case may be. 
I0083. By way of example, in one embodiment of the 
present invention using right atrial access, the right atrium is 
first accessed by the delivery device 630 (and closure device 
600). The closure device 600 may then be deployed by trans 
luminally accessing the luminal pathway of the PFO track 
120 from the right atrial chamber, and deploying the distal 
anchor 620 associated with the closure device 600 into the 
septum primum 105 and/or septum secundum 110 encom 
passing the PFO track 120. FIG. 12 is a section view illus 
trating the deployment of the distal anchor 620 into the lumi 
nal pathway comprising the PFO track 120 according to one 
embodiment of the present invention. 
I0084. After successful deployment of the distal anchor 
620, the delivery device 630 may be partially withdrawn from 
the PFO track 120 to the right atrial chamber, leaving the 
distal anchor 620 in place. FIG. 13 is a section view illustrat 
ing the proper deployment of the distal anchor 620 into the 
PFO track 120 according to one embodiment of the present 
invention. 
I0085. The proximal anchor 621 associated with the clo 
sure device 600 can then be deployed into the right atrial 
chamber. This substantially linear atrial deployment method 
is shown in FIG. 14. 
I0086 Similar procedures are employed when a left atrial 
access technique is used. 
I0087. In either case, once the proximalanchoris deployed, 
the closure device may be cinched to bring the proximal and 
distal anchors 621, 620 closer together. This results in the 
septum secundum 110 and the septum primum 105 being 
brought in close proximation to facilitate closure of the Patent 
Foramen Ovale. It should be noted that the septum secundum 
110 and the septum primum 105 do not have to be tightly 
touching to effect proper closure of the PFO. Instead, the 
septum secundum 110 and the septum primum 105 must just 
be brought close enough to minimize flow from atria to atria 
(typically flow from right atria to left atria). In addition, if the 
proximal anchor 621 is being used as an occluder, Substan 
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tially occlusion or shunting of the PFO track 120 may be 
accomplished by the anchor 621 substantially covering the 
entrance to the PFO track 120. 
0088. To achieve and maintain the proximity between the 
septum secundum 110 and the septum primum 105, it may be 
necessary to adjust the proximal anchor 621 by uni-axially 
cinching or sliding the proximal anchor 621 along closure 
line 625. In one embodiment of the invention, cinching com 
prises uni-axially adjusting the proximal anchor 621 relative 
to a closure line 625 associated with the closure device 600. In 
another embodiment of the invention, cinching comprises 
incrementally adjusting the proximal anchor 621 relative to 
the closure line 625 associated with the closure device 600. 
FIG. 15 is a section view illustrating the closure device 600 
properly cinched in place according to one embodiment of the 
present invention. 
0089. Once the closure device is cinched in place the 
method may further comprise assessing the degree of proxi 
mation between the septum secundum 110 and the septum 
primum 105. 
0090. In one embodiment of the invention, the clinician 
may visually assess the proximation though an endoscopic or 
fluoroscopic procedure. In addition, other methods may be 
used to measure the proximation between the septum Secun 
dum 110 and the septum primum 105, such as through pres 
Sure observation or infrared imaging. 
0091 After proper cinching, any unwanted length of clo 
sure line 625 that remains unconstrained within the right 
atrium may be mechanically removed. Devices known in the 
art capable of removing the excess closure line 625 include 
catheter-based Snare and cut devices. In addition to indepen 
dent devices, a mechanical cut and removal mechanism may 
be integrated into the deployment device. 
0092. The closure device will then be in position, with the 
anchors 620, 621 in place and the closure line 625 connecting 
the anchors 620, 621. The restraining mechanism 627 with 
integrated tang 628 mechanically acts upon the closure line 
625 thus holding the septum primum 105 in place. 
0093. Another embodiment of the invention may include a 
location monitoring system to facilitate placement of the 
deployment device 630. In particular, the location monitoring 
device will assistin determining whether the clinician is in the 
correct chamber of the heart. 
0094. In a preferred embodiment, the location monitoring 
system includes the ability to measure localized pressure 
relative to the distal end of the deployment device 630 (not 
shown by illustration). The pressure measurement read by the 
location monitoring system may be achieved by electronic, 
mechanical and/or physical means, such as a solid-state pres 
Sure transducer, spring loaded diaphragm, hydraulic pressure 
port, and/or communicating manometer. These and other 
pressure measurement techniques would be known by one of 
skill in the art. 
0095. By way of example it is well known that pressures 
vary in different locations within the cardiovascular system. 
Specifically, gage pressure in the right and left atrium are 
know to range from approximately 1-6 mmHg to 10 mmHg 
respectfully. Similarly, gage pressure within the ascending 
aorta ranges from approximately 120 to 160 mmHg during 
systole. 
0096. Before deployment, the clinician will first monitor 
pressure within the right atrium. This reading should indicate 
a pressure of 1-6 mmHg. The distal end of the delivery device 
630 will be inserted transluminally into the PFO track 120 
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(luminal opening between the septum primum 105 and/or 
septum secundum 110). The monitored pressure should 
remain constant. A higher reading, in the range of approxi 
mately 6-12 mmHg indicates the delivery device 630 has 
exited the distal end of the PFO track 120 and is located in the 
left atrium. A much higher reading, Such as in the range of 
approximately 120 to 160 mmHg, indicates unintended punc 
ture or dissection of the aorta. The clinician will then have to 
retract the delivery device 630 and reposition the delivery 
device 630 for re-entry. The clinician should observe a pres 
Sure change to 1-6 mmHg. 
(0097. For delivery to the heart, the deployment device 600 
is used in conjunction with an accessory device (not shown) 
known in the art. In a preferred embodiment, the accessory 
device may be a guiding catheter that tracks over a guidewire, 
and is steered through the vasculature into the right atrium 
(not shown in illustration). 
0098. In another embodiment, the accessory device and 
deployment device 630 may beformed as an integrated com 
ponent, capable of being steered through the vasculature (not 
shown in illustration). 
(0099] To facilitate deployment of the closure device 600, 
the deployment device 630 may include features that provide 
backup support. This backup Support may include, for 
example: an axially asymmetric expansion member attached 
to the deployment device 630, such as a balloon or self 
expanding cage (not shown in illustration); a spline (not 
shown in illustration); or impartinganassymetric shape along 
the body of the deployment device 630 (not shown in illus 
tration). These and other Such backup support devices would 
be understood by one of skill in the art. These backup support 
features can also be incorporated onto accessory devices, 
Such as the guide catheter. 
0100 Still other embodiments utilizing known methods 
and apparatus to deliver the deployment device 630 and clo 
sure device 600 into theatrium of heart 100 would be obvious 
to one of skill in the art. 
0101. In yet another preferred embodiment, the proximal 
anchor 621 may be covered with a biocompatible polymeric 
fabric (not shown in the corresponding illustration) on one or 
more Surfaces that are exposed in either an orthogonal or 
oblique manner (off-axis in the axial direction of the luminal 
PFO track) to the opening of the luminal PFO track. In 
another embodiment, the biocompatible polymeric fabric 
may resorb into the body as a result of time. In yet another 
embodiment, the biocompatible polymeric fabric may resorb 
into the body as a result of applied stress. In yet another 
embodiment, the biocompatible polymeric fabric may resorb 
into the body as a result of both time and applied stress. 
0102. It should be understood that these materials are not 
meant to limit the scope of the invention. Any biocompatible 
material capable of having sufficient material attributes to 
aide in promoting reduction of hemodynamic flow from one 
atrial chamber to the other through the transluminal PFO 
track 120, through the septum secundum 110 and/or septum 
primum 105, by either simple flow perturbance or by enhanc 
ing the biological healing process, may be suitable. 
0103) These and other objects and advantages of this 
invention will become obvious to a person of ordinary skill in 
this art upon reading of the detailed description of this inven 
tion including the associated drawings. 
0104 Various other modifications, adaptations, and alter 
native designs are of course possible in light of the above 
teachings. Therefore, it should be understood at this time that 
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within the scope of the appended claims the invention might 
be practiced otherwise than as specifically described herein. 
What is claimed is: 
1. A medical device for closing a luminal tissue passage 

way between a first and a second chamber in a body, the 
luminal tissue passageway having first and second open ends, 
comprising: 

a closure line having a first end and a second end; 
a first expandable anchor connected to the first end of the 

closure line, the first expandable anchor having a plural 
ity of tissue anchoring members adapted to pierce into 
tissue within the luminal passageway and Subsequently 
expanding to embed into the tissue; and 

a second expandable anchor located along the second end 
of the closure line, the second expandable anchor con 
figured to Substantially close the second open end of the 
passageway and inhibit fluid communication from the 
first chamber to the second chamber when the closure 
line is tensioned between the first expandable anchor 
and the second expandable anchor. 

2. The medical device of claim 1 wherein the second 
expandable anchor Substantially prevents fluid communica 
tion from the first chamber to the second chamber by collaps 
ing the second open end of the passageway. 

3. The medical device of claim 1 wherein the second 
expandable anchor Substantially prevents fluid communica 
tion from the first chamber to the second chamber by occlud 
ing the second open end of the passageway. 

4. The medical device of claim 1 further comprising a 
locking mechanism operatively associated with the second 
expandable anchor, the locking mechanism allowing the clo 
Sure line to uni-axially slide through the second expandable 
anchor in one direction, and prevent sliding movement in the 
opposite direction. 

5. The medical device of claim 1 wherein the closure line is 
elastic. 

6. The medical device of claim 1 wherein the closure line is 
a biocompatible filament. 

7. The medical device of claim 6 wherein the biocompat 
ible filament is a Surgical Suture. 

8. The medical device of claim 7 wherein the surgical 
Suture is a multifilament non-biodegradable Suture. 

9. The medical device of claim 7 wherein the surgical 
suture is a forced entangled fiber filament. 

10. The medical device of claim 1 wherein at least one of 
the first or the second expandable anchors are made from a 
structurally deformable material. 

11. The medical device of claim 1 wherein at least one of 
the first expandable anchorand the second expandable anchor 
are self-expanding. 
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12. The medical device of claim 1 wherein the second 
expandable anchor is covered with a biocompatible fabric. 

13. The medical device of claim 12 wherein the biocom 
patible fabric is made from a non-biodegradable polymeric 
fabric. 

14. The medical device of claim 12 wherein the biocom 
patible fabric is made from a biodegradable polymeric fabric. 

15. The medical device of claim 14 wherein the biodegrad 
able polymeric fabric resorbs into the body as a function of 
time. 

16. The medical device of claim 14 wherein the biodegrad 
able polymeric fabric resorbs into the body as a function of 
applied stress. 

17. The medical device of claim 1 wherein the at least one 
of the first expandable anchor and the second expandable 
anchor are made from a Super elastic material. 

18. The medical device of claim 1 wherein at least one of 
the first expandable anchorand the second expandable anchor 
are mechanically expandable. 

19. The medical device of claim 18 wherein the at least one 
of the mechanically expandable first expandable anchor and 
second expandable anchor are made from a plastically 
deformable material. 

20. A method of closing a luminal tissue passageway 
between a first and a second chamber in a body, the luminal 
tissue passageway having a first and a second open end, 
comprising: 

locating a distal end of a closure device in the luminal 
passageway, the closure device having a closure line 
with proximal and distal ends, a first expandable anchor 
located along the distal end of the closure line, and a 
second expandable anchor located along the proximal 
end of the closure line; 

deploying the first expandable anchor in the luminal pas 
SageWay, 

anchoring the first expandable anchor in the luminal pas 
SageWay, 

retracting the closure device through the luminal tissue 
passageway into the second chamber, 

deploying the second expandable anchor in the second 
chamber adjacent to the second end of the a luminal 
tissue passageway; and 

tensioning the closure line between the first expandable 
anchor and the second expandable anchor. 

21. The method of claim 20 whereintensioning the closure 
line comprises unilaterally distally displacing the second 
expandable anchor along the closure line. 
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