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(7) ABSTRACT

Devices and methods are disclosed for providing chronic
tissue support and/or remodeling that does not require the use
of sutures or staples. A magnetic device having one to three
components and at least one pin to maintain a prescribed
distance between the magnetic components when the same
are magnetically engaged is described. Such devices and
methods may be used on any tissue of a body and may be
delivered through laparoscopic and/or endoscopic proce-
dures.
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DEVICES AND METHODS FOR ACHIEVING
MAGNETIC STAND-OFF OF A TISSUE

RELATED APPLICATIONS

[0001] This U.S. Utility Patent Application (1) is a continu-
ation-in-part of U.S. patent application Ser. No. 12/307,113,
filed Dec. 30, 2008, which s a nationalization of International
Application No. PCT/US07/15267, filed Jun. 29, 2007,
which claims priority to U.S. Provisional Patent Application
Ser. No. 60/817.423, filed Jun. 30, 2006; (2) is a continuation-
in-part of U.S. patent application Ser. No. 11/997,147, filed
Jun. 30, 2008, which is a nationalization of International
Application No. PCT/US06/029424, filed Jul. 28, 2006,
which claims priority to U.S. Provisional Patent Application
Ser. No. 60/703,421, filed Jul. 29, 2005; and (3) claims pri-
ority to International Application No. PCT/US08/55303,
filed Feb. 28, 2008. The content of each of the foregoing
applications is hereby incorporated by reference in its entirety
into this disclosure.

BACKGROUND

[0002] Organ and tissue remodeling are clinical techniques
that may be applied to numerous different body tissues, rang-
ing from blood vessels to whole organs. Conventionally, such
remodeling techniques require incisions and/or sutures in the
tissue to be remodeled in order to alter the tissue’s anatomy.
For example, gastric remodeling is often employed to treat
obesity and typically involves the reorganization of the diges-
tive tract. Conventional examples of such procedures involve
attempts to either 1) restricting food intake into the body via
a restrictive bariatric procedure (a “Restrictive Procedure”),
or 2) altering the anatomy of the small intestine or divert the
peristalsis of a person’s normal food intake past the small
intestine to decrease caloric absorption via a malabsorptive
bariatric procedure, which is commonly known as a gastric
bypass (a “Malabsorptive Procedure™). It is also known to
combine the two procedures such that both of the aforemen-
tioned techniques are employed jointly.

[0003] Malabsorptive Procedures entail an intestinal
bypass that results in the exclusion of almost all of the small
intestine from the digestive tract. In most Malabsorptive Pro-
cedures, a portion of the stomach or small intestine is
removed from the digestive tract through a surgical procedure
that requires cutting the digestive tissue and thereafter closing
any holes or securing the newly formed anatomy with staples
and/or sutures. Conversely, Restrictive Procedures generally
involve the creation of a passageway extending from the
upper portion of the stomach to the lower portion of the
stomach in order to decrease the size of the organ and thus
prevent the stomach from storing large amounts of food.
Conventional Restrictive Procedures rely on the banding and/
or stapling of the stomach to create a small pouch on the
superior portion of the stomach near the gastroesophageal
Jjunction.

[0004] Combined operations consisting of Malabsorptive
and Restrictive Procedures are the most common bariatric
procedures performed today. An example of a combined pro-
cedure is the Extended (Distal) Roux-en-Y Gastric Bypass in
which a stapling creates a small (approximately 15 to 20 cc)
stomach pouch completely separated from the remainder of
the stomach. In addition, the small intestine is divided just
beyond the duodenum (the hollow tube connecting the stom-
ach to the jejunum), re-arranged into a Y-configuration, and
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sutured to the small upper stomach pouch to enable the out-
flow of food therefrom through the newly formed “Roux
limb.”

[0005] Accordingly, most digestive tract remodeling pro-
cedures require that the stomach and/or tissue of the intestine
is cut and thereafter sutured or stapled back together. As the
digestive tact contains numerous enzymes, strong acids and
multiple species of bacteria that assist with digestion, any
perforation of a digestive organ is particularly problematic
due to the likelihood of leakage therefrom and/or serious
infection. As such, these procedures are typically difficult to
perform correctly, have high rates of catastrophic post-opera-
tivecomplications that may require prolonged hospitalization
and even additional operations, and are often irreversible
and/or permanently affect the remodeled tissue and/or organ.
Accordingly, a need exists for safe and effective devices and
methods for remodeling organs and tissue that are reversible
and do not require cutting the underlying tissue and/or the use
of sutures or staples.

[0006] In addition to remodeling the digestive tract for the
treatment of obesity, it is conventionally known to treat vari-
ous other indications through providing support to the organ
or tissue and/or organ or tissue remodeling. For example and
without limitation, patients suffering from a symptomatic
hiatal hernia may be treated by a Nissen fundoplication where
the gastric fundus (the upper portion) of the stomach is
wrapped, or plicated, around the inferior part of the esopha-
gus and secured to itself through the use of sutures or staples.
In this manner, the gastric fundus of the stomach blocks the
enlarged hiatus in the diaphragm and prevents herniation of
the stomach therethrough as well as the reflux of gastric acid.
As with bariatric surgeries, a Nissen fundoplacation requires
that the stomach wall is sutured in order to secure it in position
around the esophagus, thereby increasing the risk of compli-
cations and preventing the procedure from being easily
reversed.

[0007] Two laparoscopic surgical techniques exist as alter-
natives to a Nissen fundoplacation: Tension-Free Techniques
and Non-Tension-Free Techniques (referring to the resulting
tension—or lack thereof—of the lateral portions of the dia-
phragm after the procedure). In one example of a Tension-
Free Technique, a triangular or semilunar polytef patch is
positioned to occlude the anterior segment of the hiatus,
which is fixed to the diaphragm with staples or stitches. In
conjunction, the stomach is fixed to the abdomen and a fun-
doplication is performed. The same technique is used for the
posterior segment of the hiatus. Conversely, in Non-Tension-
Free Techniques, the most common method for hiatal closure
is the use of simple stitches or a continuous suture to approach
the crural of the diaphragm. Teflon® or Dacron® pledgets or
a polypropylene strip are conventionally used to avoid the
cutting stitches effect. The pillar closure is covered by a long
strip of mesh, which is positioned below the diaphragm in
order to reduce the risk of dysphagia or erosion by avoiding
the encircling of the oesophagus.

[0008] Even when hiatal hernia surgical procedures are a
success, the hiatal repair often subsequently fails due to tissue
tension. The hiatal crus is a fleshy structure lacking tendinous
reinforcement and the use of ordinary sutures to close the
hiatal hernia runs a relatively high risk of cutting the muscle.
If the hiatus is predominantly wide and the diaphragmatic
pillars are necessarily approached with suturing as indicated
in many of the above-described techniques, the lateral por-
tions of the diaphragm close to the crura become tense, with
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probable risk of disruption. Furthermore, in addition to the
specific indications discussed herein, there are numerous
other conditions for the treatment of which organ and/or
tissue remodeling procedures are conventionally employed.

[0009] Additionally, it is known to treat various other indi-
cations through providing support to an organ or tissue.
Abdominal aortic aneurysm is one example of an indication
for which conventional techniques of treatment are rather
invasive and often require open surgery. An abdominal aortic
aneurysm occurs when the large blood vessel that supplies
blood to the abdomen, pelvis, and legs becomes abnormally
large or balloons outward, thereby forming an aneurysm sac.
If left untreated, this weakened area of the aortic wall can
progress to aortic dissection or even rupture.

[0010] Conventionally, treatment for an abdominal aortic
aneurysm involves either open aneurysm repair or endovas-
cular stent grafting. Specifically, traditional open repair
involves open abdominal surgery where the abnormal vessel
is replaced with a graft made of synthetic material, such as
Dacron®. Accordingly. the synthetic graft replaces the weak-
ened area of the aorta and is sutured at its proximal and distal
end to the remaining healthy aortic wall. In this manner, the
graft allows blood to pass easily therethrough.

[0011] Endovascular abdominal aortic aneurysm repair
(“EVAR”) is considered an accepted alternative to standard
open surgery and avoids major intraabdominal (or retroperi-
toneal) surgery and the related morbidity and mortality that
are associated with standard surgical repair. EVAR is an alter-
native procedure used in an effort to reinforce or strengthen
the weakened aneurysmic area of the aorta that is performed
laparoscopically. EVAR typically involves the advancement
of a stent graft comprising fabric and metal mesh through the
femoral artery and to the afflicted area. Placement of the graft
is then achieved such that the graft is positioned within the
weakened aortic location of the aneurysm. In this procedure,
the proximal and distal ends of the endovascular graft are
sutured to healthy portions of the aorta, both proximal and
distal to the aortic aneurysm region. Accordingly, the bulge of
the aneurysm sac remains; however, the endovascular graft
ideally allows blood to flow through the graft and thus bypass-
ing the aneurysm sac.

[0012] While EVAR is less invasive than open aneurysm
repair, the EVAR procedure typically requires lifelong sur-
veillance by imaging after endograft placement to ensure that
the graft continues to function properly. The most common
complication associated with EVAR is endoleak. Endoleaks
are defined as areas of persistent blood flow outside the lumen
of the endograft, either within the aneurysm sac or within
connected vascular segments bypassed by the graft. An
endoleak following EVAR is considered a failure of the pro-
cedure as it is associated with aneurysm enlargement or even
rupture. Presence of an endoleak may require additional
endovascular interventions or conversion to open repair.
Other complications commonly associated with conventional
aneurysmic repair procedures include graft migration, throm-
bosis and/or kinking of the graft. Accordingly, a need exists
for safe and effective devices and methods for providing
support to weakened or damaged tissue that are noninvasive
and reduce or altogether prevent the complications com-
monly associated with conventionally known support proce-
dures.

[0013] It will be appreciated that the foregoing examples
were only provided as examples and that there are numerous

Jun. 25, 2009

other indications where intervention is necessary either to
remodel the underlying organ or tissue and/or to provide
support thereto.

SUMMARY

[0014] Disclosed herein are devices and methods for mag-
netically engaging a tissue including, but not limited to,
reversibly remodeling and/or providing support to a tissue. At
least some of the disclosed embodiments provide devices that
are capable of being chronically implanted within a body for
the purpose of remodeling and/or providing support to a
tissue.

[0015] In at least one embodiment of an implantable
device, the device comprises a first component and a second
component. The first component comprises at least two pins
extending therefrom and at least one magnet. The second
component comprises at least one magnet having a portion
that is magnetically biased to attract a portion of the first
component. Further, the first and second components are
configured to magnetically engage one another through a
targeted tissue and the creation of an attractive magnetic force
between the first and second components causes the releas-
able coupling of the at least two pins of the first component
with the second component, thereby defining an interior
space between the first component and the second component
and mechanically engaging the targeted tissue therebetween.
The implantable device described herein may be capable of
laparoscopic delivery to the targeted tissue.

[0016] The at least two pins of the first component may be
positioned in various configurations. For example, in at least
one embodiment, the first component further comprises a
proximal end having at least one pin extending therefrom and
a distal end having at least one pin extending therefrom.
Additionally, the second component of the implantable
device disclosed herein may further comprise at least one
receptacle configured to receive at least one of the at least two
pins of the first component. In the at least one embodiment of
the first component previously described as having at least
one pin extending from the proximal end and at least one pin
extending from the distal end, the second component of the
implantable device may further comprise a proximal end and
a distal end, wherein the proximal end of the second compo-
nent further comprises at least one receptacle configured to
receive the atleast one pin extending from the proximal end of
the first component and the distal end of the second compo-
nent further comprises at least one receptacle configured to
receive the at least one pin extending from the distal end of the
first component. In any of the embodiments of the implant-
able device where the second component comprises at least
one receptacle, each of the receptacles may simply be elon-
gated and/or comprise various configurations. For example,
each of the at least one receptacles may be configured as an
indentation, an elongated indentation, a close-ended hole, or
a through-hole. Furthermore, at least one receptacle of the
implantable device may comprise a mechanism capable of
facilitating the lateral movement of the at least one pin of the
first component received therein.

[0017] The configurations of the first and second compo-
nents may be selected depending on the particular patient
and/or application of the implantable device. For example and
without limitation, the first and second components may each
comprise a straight bar configuration, a curved configuration
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and/or a circular configuration. Furthermore, the first and
second components of the implantable device may be flexible
or semi-flexible.

[0018] In at least one embodiment of the implantable
device, the first and second components may each further
comprises a first side and a second side. In this at least one
embodiment, the magnets of the first and second components
are disposed such that the first side of the first component
exhibits a magnetic polarity that is opposite of the magnetic
polarity of the first side of the second component.

[0019] Further, the first component of the implantable
device may additionally comprise a channel extending there-
through and a shaft having a proximal end and a distal end.
The distal end of the shaft may be configured to be slidably
inserted into the channel. Here, in at least one embodiment of
the implantable device, all or some of the pins of the first
component may be moveable between a retracted position
and an extended position. When one of the pins is in the
retracted position, the pin is disposed substantially within the
channel of the first component and when the pin is in the
extended position, the pin extends from the first component.
In certain embodiments of the implantable device comprising
a channel within the first component, the distal end of the
shaft may be configured to apply a force to the pin(s) of the
first component and when the distal end of the shaft may be
operated to apply the force to at least one ofthe pins of the first
component, the distal end of the shaft causes the at least one
pin to move from the substantially retracted position to the
extended position.

[0020] In addition, the first component may further com-
prise at least two openings that are in communication with the
channel. Here, each of the at least one openings is associated
with at least one of the pin(s) of the first component. Further-
more, each of the at least one openings is configured to
receive at least one of the pin(s) of the first component there-
through. Fach of the pins of the implantable device may
comprise a resistance mechanism disposed thereon to bias the
pin to the substantially retracted position.

[0021] In at least one embodiment of an implantable
device, the implantable device may comprise a first compo-
nent having at least one pin extending therefrom and at least
one magnet and a second component comprising at least one
pin extending therefrom and at least one magnet having a
portion that is magnetically biased to attract a portion of the
first component. In this at least one embodiment, the first and
second components are configured to magnetically engage
one another through a targeted tissue and the creation of an
attractive magnetic force between the first component and the
second component causes the releasable coupling of the at
least one pin of the first component with the second compo-
nent and the releasable coupling of the at least one pin of the
second component with the first component, thereby defining
an interior space between the first and second components
and mechanically engaging the targeted tissue therebetween.
In the at least one embodiment of the implantable device
where both the first and second components comprise at least
one pin extending therefrom, the first component may further
comprise at least one receptacle configured to receive at least
one of the at least one pins of the second component and vice
versa.

[0022] In at least one embodiment of the implantable
device, the device comprises a component comprising a first
end comprising at least one pin extending therefrom and at
least one magnet, a second end comprising at least one mag-
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net having a portion that is magnetically biased to attract a
portion of the first end, and a flexible portion disposed in
between the first end and the second end and capable of
allowing the component to move between a substantially
straight configuration and a folded configuration. In this at
least one embodiment, the first and second ends are config-
ured to magnetically engage one another through a targeted
tissue when the first component is in the folded configuration
and the creation of an attractive magnetic force between the
first and second ends causes the releasable coupling of the at
least one pin of the first end with the second end. In this
manner, the implantable device defines an interior space
between the first end and the second end and mechanically
engages the targeted tissue disposed therebetween. In this at
least one embodiment, the second end of the component may
further comprise at least one receptacle configured to receive
at least one of the at least one pins of the first end of the
component. The at least one receptacle may comprise any
configuration. For example, each of the at least one recep-
tacles may be elongated in shape and/or comprise an inden-
tation, an elongated indentation, a close-ended hole, or a
through-hole. Furthermore, each of the at least one recep-
tacles may further comprise a mechanism capable of facili-
tating the lateral movement of the at least one pin of the first
component received therein. In addition, embodiments of the
implantable device may be configured such that it is capable
of being laparoscopically delivered to the targeted tissue.

[0023] In atleast one embodiment of a method for remod-
eling or providing support to a tissue of interest as described
herein, the method comprises the steps of providing an
implantable device comprising a first component comprising
at least two pins extending therefrom and at least one magnet,
and a second component comprising at least one magnet
having a portion that is magnetically biased to attract a por-
tion of the first component; the first and second components
are configured to magnetically engage one another through a
targeted tissue and the creation of an attractive magnetic force
between the first component and the second component
causes the releasable coupling of the at least two pins of the
first component with the second component, thereby defining
an interior space between the first component and the second
component and mechanically engaging the targeted tissue
therebetween; positioning the first component adjacent to a
first surface of a tissue of interest; and positioning the portion
of the second component that is magnetically biased to attract
a portion of the first component adjacent to a second surface
of the tissue of interest such that the first component magneti-
cally engages the second component through the tissue of
interest, the at least one pin of the first component couple with
the second component, and the tissue of interest is disposed
therebetween.

[0024] Additionally, the method for remodeling or provid-
ing support to a tissue of interest may further comprise the
step of delivering the implantable device to the tissue of
interest laparoscopically. Further, each of the at least two pins
of the first component may be capable of moving from a
substantially retracted position to an extended position, and at
least one embodiment of the methods disclosed herein may
further comprise the step of moving the at least two pins of the
first component to the extended position.

At least one embodiment of a method for delivering an
implantable device to a tissue of interest may comprise the
steps of providing an implantable device comprising a first
component comprising at least two pins extending therefrom
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and at least one magnet, and a second component comprising
at least one magnet having a portion that is magnetically
biased to attract a portion of the first component where the
first and second components are configured to magnetically
engage one another and the creation of an attractive magnetic
force between the first component and the second component
causes the releasable coupling of the at least two pins of the
first component with the second component, thereby defining
an interior space between the first component and the second
component and mechanically engaging a targeted tissue thet-
ebetween; providing a delivery device for facilitating the
laparoscopic delivery of the implantable device, the delivery
device comprising a first arm having a proximal end and a
distal end, the distal end of the first arm configured to remov-
ably couple with the first component, a second arm having a
proximal end and a distal end, the second arm capable of
rotational movement and the distal end of the second arm
configured to removably couple with the second component,
alift system having a proximal end and a distal end, the distal
end of the lift system comprising a first branch coupled with
the distal end of the first arm and a second branch coupled
with the distal end of the second arm, and a hollow casing
comprising an elongated tube capable of laparoscopic intro-
duction into a body, the hollow casing having a hollow inte-
rior configured to be capable of slidably receiving the
implantable device therein, wherein the first arm, the second
arm and the lift system are slidably disposed within the hol-
low interior of the hollow casing such that the first arm is
capable of moving independently of the second arm and
operation of the second arm causes the first component to
become engaged with the second component; inserting the
hollow casing laparoscopically into an abdomen; positioning
the first component adjacent to a first surface of a tissue of
interest through operation of the first arm of the delivery
device; and positioning the portion of the second component
that is magnetically biased to attract a portion of the first
component adjacent to a second surface of the tissue of inter-
est through operation of the second arm of the delivery device
such that the first component magnetically engages the sec-
ond component through the tissue of interest, the at least two
pins of the first component couple with the second compo-
nent, and the tissue of interest is disposed therebetween.

[0025] Further, the first arm of the delivery device may
further be capable of rotational movement. In method for
remodeling or providing support to a tissue of interest may
34. Additionally or alternatively, the distal end of the second
arm of the delivery device further comprises a screw-like tip,
the second component of the implantable device further com-
prises a hollow interior configured to receive the screw-like
tip of the second arm. Furthermore, the method may further
comprise the step of uncoupling the second arm of the deliv-
ery device from the second component of the implantable
device further comprises the step of unscrewing the screw-
like tip of the second arm from the hollow interior of the
second component.

[0026] Inatleastoneembodiment of the method for remod-
eling or providing support to a tissue of interest, the method
may further comprise the steps of uncoupling the first arm of
the delivery device from the first component of the implant-
able device; uncoupling the second arm of the delivery device
from the second component of the implantable device; and
withdrawing the delivery device from the body.

[0027] Inyetanother embodiment of the method described
herein, at least one of the at least two pins of the first compo-
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nent is moveable between a substantially retracted position
and a substantially extended position and the method further
comprises the step of moving the at least one moveable pin of
the first component to the substantially extended position. In
addition, in at least one embodiment, the step of positioning
the portion of the second component that is magnetically
biased to attract a portion of the first component adjacent to a
second surface of the tissue of interest through operation of
the second arm of the delivery device further comprises the
steps of advancing the second component through the hollow
casing; and operating the second arm of the delivery device to
rotate the second component such that the portion of the
second component that is magnetically biased to attract a
portion of the first component magnetically engages the por-
tion of the first component through the tissue of interest.

[0028] Kits for performing a medical procedure are further
described herein. In at least one embodiment, a kit comprises
an implantable device comprising a first component compris-
ing at least two pins extending therefrom and at least one
magnet, a second component comprising at least one magnet
having a portion that is magnetically biased to attract a por-
tion of the first component, and the first and second compo-
nents are configured to magnetically engage one another
through a targeted tissue and the creation of an attractive
magnetic force between the first component and the second
component causes the releasable coupling of the at least two
pins of the first component with the second component,
thereby defining an interior space between the first compo-
nent and the second component and mechanically engaging
the targeted tissue therebetween. In addition, the kit may
comprise a fluoroscope or an endoscopic camera.

[0029] In at least one alternative embodiment of the
implantable device, the implantable device may comprise a
first component comprising at least one magnet; a second
component comprising at least one magnet; a magnetic graft
configured for placement within a vessel lumen, the magnetic
graft comprising a proximal end, and a distal end, a body and
a hollow interior, wherein both the body and the hollow
interior extending between the proximal end and the distal
end; and the proximal end of the magnetic graft comprises at
least one magnet having a portion that is magnetically biased
to attract a portion of the first component through a first
targeted tissue and a plurality of pins extending radially there-
from, the distal end of the magnetic graft comprises at least
one magnet having a portion that is magnetically biased to
attract a portion of the second component through a second
targeted tissue and a plurality of pins extending radially there-
from and the creation of an attractive magnetic force between
the first component and the proximal end of the magnetic
graft causes the releasable coupling of the plurality of pins of
the proximal end with the first component and mechanically
engages the first targeted tissue therebetween, and the cre-
ation of an attractive magnetic force between the second
component and the distal end of the magnetic graft causes the
releasable coupling of the plurality of pins of the distal end
with the second component and mechanically engages the
second targeted tissue therebetween.

[0030] Further, the vessel lumen of the at least one embodi-
ment of the implantable device described above may com-
prise an abdominal aorta, the first targeted tissue may com-
prise a portion of the aorta proximal to an aortic aneurysm,
and the second targeted tissue may comprise a portion of the
aorta distal to an aortic aneurysm. Here, the first and second
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components may optionally be capable of laparoscopic or
endoscopic delivery to the first and second targeted tissues,
respectively.

[0031] The first and second components of the implantable
device may be configured as previously described herein or in
a C-shaped configuration or a ring-shaped configuration. In
addition, the first and second components may be flexible or
semi-flexible material. Still further, the first and second com-
ponents each further comprise a joint.

[0032] In at least one embodiment of an implantable
device, the implantable device comprises a first component
comprising at least one magnet and a plurality of pins extend-
ing therefrom; a second component comprising at least one
magnet and a plurality of pins extending therefrom; and a
magnetic graft configured for placement within a vessel
lumen, the magnetic graft comprising a proximal end, a distal
end, a body and a hollow interior, both the body and the
hollow interior extending between the proximal end and the
distal end. In addition, the proximal end of the magnetic graft
comprises at least one magnet having a portion that is mag-
netically biased to attract a portion of the first component
through a first targeted tissue, the distal end of the magnetic
graft comprises at least one magnet having a portion that is
magnetically biased to attract a portion of the second compo-
nent through a second targeted tissue, and the creation of an
attractive magnetic force between the first component and the
proximal end of the magnetic graft causes the releasable
coupling of the plurality of pins of the first component with
the proximal end of the magnetic graft and mechanically
engages the first targeted tissue therebetween, and the cre-
ation of an attractive magnetic force between the second
component and the distal end of the magnetic graft causes the
releasable coupling of the plurality of pins of the second
component with the distal end of the magnetic graft and
mechanically engages the second targeted tissue therebe-
tween.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1A shows a side view of one embodiment of
the remodeling device for remodeling and/or supporting a
tissue or organ.

[0034] FIG. 1B shows a top view of the first and second
components of at least one embodiment of the remodeling
device shown in FIG. 1A.

[0035] FIG. 1C shows the remodeling device of FIG. 1A
magnetically engaged with a layer of targeted tissue disposed
therebetween.

[0036] FIG. 2A shows a side view of'the remodeling device
of FIG. 1A positioned on a stomach in such a manner so as to
create two gastric pouches.

[0037] FIG. 2B shows a cross-sectional view taken along
line A-A of FIG. 2A.

[0038] FIG. 3 shows at least one embodiment of the remod-
eling device of FIG. 1A.

[0039] FIG. 4 shows a side view of at least one embodiment
of the remodeling device of FIG. 1A where the first and
second components thereof are magnetically engaged with
each other.

[0040] FIG. 5A shows a view of the first side of at least one
embodiment of the second component of the remodeling
device 10 shown in FIG. 1A.

[0041] FIG. 5B shows a side view of a receptacle of the
second component shown in FIG. 5A.
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[0042] FIGS. 6A and 6B show side views of a remodeling
device for remodeling and/or supporting a tissue or organ
having a single component and a single pin.

[0043] FIGS. 7A and 7B show side views of a remodeling
device for remodeling and/or supporting a tissue or organ
having a plurality of moveable pins.

[0044] FIGS. 8A-8F show embodiments of a remodeling
device for remodeling and/or supporting a tissue or organ as
applied to treat an abdominal aortic aneurysm.

[0045] FIG. 9 shows a flow chart of a method for delivering
the remodeling device of FIGS. 8 A-8E to a targeted tissue in
order to remodel the same or supply support thereto.

[0046] FIGS. 10A-10C show side views of a clamp device
for assisting with the laparoscopic delivery of the remodeling
device of FIG. 1A to a targeted tissue or organ.

[0047] FIG. 11 shows at least one embodiment of the clamp
device of FIGS. 10A-10C coupled with the second compo-
nent of at least one embodiment of the remodeling device of
FIG. 1A.

[0048] FIG. 12 shows a flow chart of a method for laparo-
scopically delivering the remodeling device of FIG. 1A to a
targeted tissue or organ in order to remodel the same or supply
support thereto.

[0049] FIG. 13 shows a flow chart of a method for laparo-
scopically delivering embodiments of the remodeling device
disclosed herein through the use of the clamp device of FIGS.
10A-10C.

DETAILED DESCRIPTION

[0050] Reference will now be made to the embodiments
illustrated in the drawings and specific language will be used
to describe the same. It will nevertheless be understood that
no limitation of scope is intended by the description of these
embodiments.

[0051] FIGS. 1A, 1B and 1C show schematic views of a
remodeling device 10 for remodeling a tissue or organ. In this
embodiment, the remodeling device 10 comprises an
implantable device and does not require sutures or staples that
could lead to dehiscence (e.g., the opening of the suture site),
fistula (e.g., an abnormal connection between organs or tis-
sue), or other complications. In addition, while the remodel-
ing device 10 is available for chronic placement within a
patient’s body, remodeling procedures performed through the
use of the device 10 are reversible through minimally invasive
procedures.

[0052] Now referring to FIG. 1A, the remodeling device 10
is comprised of a first component 12 and a second component
16. The first component 12 comprises a first shape and the
second component 16 comprises a second shape that matches
at least a portion of the first shape of the first component 12.
For example, and without limitation, the first and second
components 12, 16 may be configured in a straight bar con-
figuration as shown in FIG. 1A. Alternatively, the first and
second components 12, 16 may be configured in a curved,
circular, or other configuration (see FIG. 1B). Still further, the
first and second components 12, 16 may be configured such
that each of the components 12, 16 defines an interior and/or
comprise a section of mesh disposed across a portion of such
interior as described in detail in U.S. patent application Ser.
No. 12/307,113, filed Dec. 30, 2008 and International Appli-
cation Number PCT/US07/15267, filed Jun. 29, 2007, which
are both incorporated by reference herein. It will be under-
stood that the first and second components 12, 16 of the
remodeling device 10 may be configured in any shape and
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may be flexible, semi-flexible, or articulated. Further, a clini-
cian may select a particular configuration of the components
12, 16 of the remodeling device 10 to ensure that the remod-
eling device 10 appropriately conforms to the tissue or organ
of interest.

[0053] The first component 12 comprises a proximal end
13, a body having a first side 12A and a second side 12B, and
adistal end 14. The first side 12A of the first component 12 is
configured to be positioned adjacent to or in contact with a
tissue or organ of interest. Likewise, the second component
16 comprises a proximal end 17, a body having a first side
16A and a second side 16B, and a distal end 18. The first side
16A of the second component 16 is configured to be posi-
tioned adjacent to or in contact with the tissue or organ of
interest.

[0054] The first component 12 and the second component
16 each comprise a material suitable to resist corrosion, such
as and without limitation, polyurethane, polytetrafluoroeth-
ylene (“PTFE”), silastic, titanium, or any other material suit-
able for use in the medical arts that is corrosion resistant. In
this manner, the remodeling device 10 can withstand chronic
placement within a body without the risk of deterioration. In
addition, the first and second components 12, 16 each com-
prise one or more magnets. Each of the one or more magnets
may comprise any ferromagnetic material known in the art
and is capable of magnetically engaging a magnet having an
attractive polarity through a tissue.

[0055] It will be appreciated that the one or more magnets
of each component 12, 16 may comprise either alarge portion
of the respective component 12, 16 or be disposed within or
on a smaller portion of the component 12, 16. Accordingly,
each ofthe at least one magnets may be configured in or on the
first and second components 12, 16 in any fashion so long as
an attractive magnetic force can be generated between the
first side 12A of the first component 12 and the first side 16 A
of the second component 16. For example, in at least one
embodiment, the first component 12 is configured such that
the portion of its at least one magnet positioned along the first
side 12A of the first component 12 comprises a polarity that is
opposite of, and therefore attractive to, the polarity of the
portion of the at least one magnet positioned along the first
side 16A of the second component 16. Further, in at least one
embodiment, the at least one magnet of the first component 12
and/or the at least one magnet of the second component 16
may be encased within a non-corrosive material of the first
and second components 12, 16.

[0056] By way of example, in at least one embodiment, the
remodeling device 10 may be applied to a stomach for use in
dividing the stomach cavity into two pouches such that the
effective volume of the stomach is decreased. In this example,
as illustrated in FIGS. 2A and 2B, the first side 12A of the first
component 12 is applied to the anterior wall of the stomach
and the first side 16 A of the second component 16 is applied
to the posterior wall of the stomach. In this manner, when the
magnets of the first side 12A of the first component 12 and the
first side 16A of the second component 16 magnetically
engage, the stomach tissue disposed therebetween is com-
pressed together, thereby creating two stomach pouches with-
out the use of sutures or staples or perforating the digestive
tract.

[0057] Due to general magnetic principles (i.e. the two
different ends of a magnet exhibit opposite polarities), the
portion of the magnets positioned adjacent to the second sides
12B, 16B of the first and second components 12, 16 neces-
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sarily comprise a polarity opposite of the polarity of the same
magnet at a location adjacent to the first side 12A, 16A,
respectively. In this manner, the portion of the at least one
magnet positioned adjacent to or along the second side 16B of
the second component 16 comprises the same polarity as the
portion of the at least one magnet positioned adjacent to the
first side 12A of the first component 12. Because like polari-
ties create a repellant force when disposed adjacent to one
another, when the second side 16B of the second component
16 is positioned adjacent to the first side 12A of the first
component 12, the magnetic portions having like polarities
repel one another. This repellant force can be exploited during
the delivery of the remodeling device 10 to the organ or tissue
of interest, as will be described in further detail herein.
[0058] The remodeling device 10 further comprises a plu-
rality of pins 22. In at least one embodiment, the pins 22
extend from both the first component 12 and the second
component 16 such that the pins 22 mechanically engage the
opposite component when the first and second components
12, 16 are in close proximity and magnetically engaged (see
FIG. 1C). In at least one other embodiment, the pins 22 only
extend from the first component 12, as shown in FIG. 1A.
[0059] Each of the plurality of pins 22 is comprised of a
rigid material that does not substantially interfere with the
magnetic engagement between the first component 12 and the
second component 16. In at least one embodiment, the pins 22
are comprised of a material suitable to resist corrosion, such
as and without limitation, polyurethane, PTFE, silastic, tita-
nium, or any other material suitable for use in the medical arts
that is corrosion resistant. In addition, the pins 22 may or may
not be comprised of a magnetic material as, due to the low
amount of surface area in communication with the compo-
nent 12, 16 with which the pin 22 is engaged, the magnetic
properties of the pins 22 are not significant enough to effect
the underlying magnetic engagement between the first and
second components 12, 16.

[0060] As illustrated in FIGS. 1A and 1C, each of the plu-
rality of pins 22 comprises a proximal end 42 and a distal end
44. The proximal end 42 and the distal end 44 of each pin 22
may be configured similarly or differently, in either a blunt or
tapered configuration. In at least one embodiment, each of the
pins 22 is metallic and comprises a proximal end 42 that is
fixedly coupled with the first side 12A of the first component
12 and a distal end 44 having a tapered configuration. In at
least one alternative embodiment, the distal end 44 of each of
the pins 22 comprises a blunt configuration. It will be appre-
ciated that any number of pins 22 may be employed in con-
nection with the remodeling device 10. For example, and
without limitation, as shown in FIG. 3 the first component 12
of the remodeling device 10 may comprise four pins 22: two
pins 22 coupled with the first side 12A on the proximal end 13
of the first component 12 and two pins 22 coupled with the
first side 12A on the distal end 14 of the first component 12.
However, it is contemplated that the number of pins 22 of the
remodeling device 10 will be determined based on the tissue
and application for which the remodeling device 10 is to be
used.

[0061] The pins 22 may comprise any length so long as the
pins 22 are of a sufficient size to move through a laparoscopic
port and are capable of holding the first component 12 and the
second component 16 a distance apart when the first and
second components 12, 16 are magnetically engaged. In at
least one embodiment, each of the plurality of pins 22 is about
7to about 16 millimeters long. As previously noted, when the
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first side 12A of the first component 12 is magnetically
engaged with the first side 16 A of the second component 16,
the pins 22 function to maintain the first component 12 a
target distance from the second component 16.

[0062] Asshown in FIG. 4, when the first sides 12A, 16 A of
the first and second components 12, 16 are magnetically
engaged with one another, the distal ends 44 of the pins 22 are
coupled with the first side 16 A of the second component 16.
In this manner, the pins 22 oppose the magnetic force exerted
between the at least one magnet of the first component 12 and
the at least one magnet of the second component 16 and
prevent the first component 12 from mechanically engaging
the second component 16 through any tissue disposed ther-
ebetween. Accordingly, an interior space 70 is defined
between the first component 12 and the second component
16, the interior space 70 comprising a depth that correlates
with the length of the pins 22 of the remodeling device 10. It
will be understood that the size of the interior space 70 can be
manipulated by the clinician depending on the thickness of
the tissue and/or organ to be treated or other factors. For
example, to achieve a larger interior space 70, the length of
the pins 22 may be increased and/or the thickness of the first
and second components 12, 16 may be adjusted. Accordingly,
a clinician can easily modify the remodeling device 10 such
that it may be optimally configured for a particular applica-
tion on a particular tissue.

[0063] In addition to maintaining an interior space 70
between the components 12, 16 when the components 12, 16
are magnetically engaged with each other, the plurality of
pins 22 of the remodeling device 10 further function to secure
the remodeling device 10 to the underlying tissue and/or the
first component 12 to the second component 12. In other
words, the pins 22 prevent the remodeling device 10 from
shifting or becoming dislodged from its site of implantation.
For example, depending on the configuration of the pins 22
and their arrangement with respect to the first and second
components 12, 16, the distal ends 44 of the pins 22 may form
awave-like pattern in the “sandwiched” tissue by pocking the
tissue engaged between the first and second components 12,
16. This pattern in the underlying tissue necessarily increases
the amount of force required to dislodge the remodeling
device 10 from its position on the underlying tissue and/or
organ. Accordingly, the pins 22 can provide resistance to the
remodeling device 10 shifting or becoming dislodged from its
original implantation site on the tissue and/or organ to which
it is applied.

[0064] To prevent the distal ends 44 of the pins 22 from
sliding relative to the first side 16 A of the second component
16, in at least one alternative embodiment, the first side 16A
comprises a plurality of receptacles 28. Referring back to
FIG. 3, the positioning of the receptacles 28 in the first side
16A of the second component 16 correspond with the place-
ment of the plurality of pins 22 on the first component 12. In
the at least one embodiment where the first component 12
comprises two pins 22 on the proximal end 13 of the first side
12A and two pins 22 on the distal end of the first side 12A, as
shown in FIG. 3, the first side 16A of the second component
16 comprises two receptacles 28 on the proximal end 17,
corresponding with the pins 22 on the proximal end 13 of the
first component 12, and two receptacles 28 on the distal end
18, corresponding with the pins 22 on the distal end 14 of the
first component 12. It will be recognized that any number of
receptacles 28 may be disposed in the first side 16A of the
second component 16. Furthermore, the first side 12A of the
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first component 12 may comprise a plurality of receptacles 28
such that, in the at least one embodiment where the second
component 16 comprises a plurality of pins 22, the position-
ing of the receptacles 28 in the first side 12A of the first
component 12 correspond with the placement of the plurality
of pins 22 extending from the first side 16A of the second
component 16.

[0065] The receptacles 28 may be configured in any man-
ner so long as each receptacle 28 is capable of receiving the
distal end 44 of a pin 22 therein. For example, and without
limitation, each of the receptacles 28 may be configured to be
an indentation, a closed-ended hole, a through hole, or any
configuration suitable for receiving a particular embodiment
of the distal end 44 of a pin 22.

[0066] By receiving the distal ends 44 of the pins 22 when
the first component 12 is magnetically engaged with the sec-
ond component 16, the receptacles 28 facilitate the secure
attachment of the pins 22 with the second component 16 and
prevent the pins 22 from sliding or shearing off of the first side
16A. In this manner, the receptacles 28 enhance the overall
stability of the remodeling device 10 when the first and sec-
ond components 12, 16 are magnetically engaged and thus are
asafeguard against the migration ofthe remodeling device 10
when it is applied to a tissue or organ. This is especially
advantageous when the remodeling device 10 is applied to a
tissue or organ that is susceptible to movement, either through
its normal functions or in its remodeled form.

[0067] At least one alternative embodiment of the recep-
tacle 28 is shown in FIGS. 5A and 5B. In this embodiment, the
receptacles 28 of the second component 16 further comprise
a mechanism 150 to allow for lateral movement of the distal
end 44 of the pin 22 received within the receptacle 28. The
mechanism 150 may comprise any mechanism capable of
facilitating the lateral movement of the distal end 44 of a pin
22 within the receptacle 28. In the at least one embodiment
shown in FIGS. 5A and 5B, the mechanism 150 comprises a
rotating metallic ball disposed within the bottom portion of
the receptacle 28. Further, in this at least one embodiment, the
receptacle 28 is configured in an elongated shape to allow for
movement of the distal end 44 of a pin 22 when the distal end
44 is engaged with the receptacle 28. When this embodiment
of the remodeling device 10 is applied to a functioning organ
or tissue, the mechanism 150 allows the first component 12
and the second component 16 to shift relative to each other
and accommodate the inherent movement of the underlying
organ or tissue, thereby preventing the pins 22 from sliding or
shearing off of the first side 16A of the second component 16
and potentially breaking the magnetic engagement between
the first and second components 12, 16. Accordingly, the
shape of the receptacles 28 and the mechanism 150 prevent
the remodeling device 10 from migrating relative to its
implantation site and substantially decrease the risk that the
first and second components 12, 16 will shift or become
dislodged from one another and damage the underlying tissue
or organ engaged therebetween.

[0068] Inatleast one alternative embodiment of the remod-
eling device 10 shown in FIGS. 6A and 6B, the remodeling
device 10 comprises a single component 80 comprising at
least one magnet 81. Furthermore, the remodeling device 10
comprises a first end 82 and a second end 84. The magnet(s)
81 are disposed within or on the single component 80 such
that at least a portion of the first end 82 of the single compo-
nent 80 is magnetically attracted to at least a portion of the
second end 84 of the single component 80. For example, and
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without limitation, in the at least one embodiment shown in
FIG. 6A, the single component 80 comprises two magnets 81
disposed thereon. Alternatively, the single component 80 may
comprise one magnet 81 that extends substantially the length
of the single component 80, or comprise a plurality of mag-
nets 81 disposed in any manner thereon or therein so long as
atleasta portion of the first end 82 is magnetically attracted to
at least a portion of the second end 84 of the magnetic com-
ponent 80.

[0069] In addition, in this at least one embodiment of the
remodeling device 10, at least a portion of the single compo-
nent 80 comprises a flexible or semi-flexible portion 86, such
that at least a section of the single component 80 is capable of
folding. While the flexible or semi-flexible portion 86 is
shown as only a segment of the single component 80 in FIG.
6A, this configuration is offered only by way of offering at
least one example. Accordingly, it will be understood that the
entire single component 80 may be flexible and/or semi-
flexible or any part of the single component 80 may comprise
the flexible or semi-flexible portion 86 so long as the single
component 80 is capable of folding back on itself such that at
least a portion of the first end 82 is capable of magnetically
engaging with at least a portion of the second end 84.
[0070] Inoperation, the portion 86 of the single component
80 that is flexible or semi-flexible folds, such that at least a
portion of the first end 82 and at least a portion of the second
end 84 can magnetically engage each other when the single
component 80 is in a folded configuration (see FIG. 6B). In
this manner, the at least one embodiment of the remodeling
device 10 comprising a single component 80 can function as
aclamp. In at least one example, the remodeling device 10 of
this at least one embodiment is operable to clamp a portion of
the edge of a tissue of interest, thereby providing support
thereto and/or a remodeling function as desired.

[0071] Similar to the other embodiments of the remodeling
device 10 described herein, the atleast one embodiment of the
remodeling device 10 that comprises a single component 80
also comprises on or more pins 92 and one or more corre-
sponding receptacles 98. In this embodiment, the one or more
pin 92 and the one or more corresponding receptacle 98 are
both positioned on the single component 80 such that the
pin(s) 92 and the receptacle(s) 98 correspond with one
another when the single component 80 is in its folded con-
figuration. In this manner, the single component 80 can be
used to support or hold underlying tissue without puncturing
or overly-compressing the same.

[0072] Now referring to FIGS. 7A-7C, at least one addi-
tional embodiment of the remodeling device 10 is shown. As
shown in FIG. 7A, remodeling device 100 is configured simi-
larly to remodeling device 10; however, remodeling device
100 further comprises a channel 124, a shaft 121, and move-
able pins 122. Specifically, remodeling device 100 comprises
a first component 112 and a second component 116. Similar
to the first component 12 of the remodeling device 10, the first
component 112 comprises a proximal end 113, a body having
afirst side 112A and a second side 112B, and a distal end 114.
Furthermore, the first component 112 comprises at least one
magnet disposed therein or thereon. Similar to the first side
12A of the first component 12 of the remodeling device 10,
the first side 112 A of the first component 112 is configured to
be positioned adjacent to or in contact with a tissue or organ.
[0073] Likewise, the second component 116 of the remod-
eling device 100 comprises a proximal end 117, a body hav-
ing a first side 116A and a second side 116B, and a distal end
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118. Additionally, the second component 116 also comprises
at least one magnet disposed therein or thereon. The first side
116 A of the second component 116 is configured to be posi-
tioned adjacent to or in contact with a tissue or organ. Each
magnet of the first and second components 112, 116 com-
prises any ferromagnetic material known in the art so long the
magnet is capable of magnetically engaging a magnet having
an opposite polarity through a tissue. It will be appreciated
that the magnets of the remodeling device 100 may comprise
either a large portion of the components 112, 116, or is dis-
posed within or on a smaller portion of the components 112,
116. Accordingly, the magnets of the first and second com-
ponents 112, 116 may be configured in any fashion in or on
the first and second components 112, 116 so long as an
attractive magnetic force can be generated between the first
side 112A of the first component 112 and the first side 116 A
of the second component 116.

[0074] Now referring to FIGS. 7B and 7C, the first compo-
nent 112 further comprises a channel 124 extending the
length thereof, a shaft 121 that is slidably moveable within the
channel 124, at least two moveable pins 122 positioned within
the channel 124, and at least two openings 146 disposed
through the first side 112A. The channel 124 communicates
with the proximal end 113 of the first component 112 such
that the shaft 121 may be advanced and retracted through the
channel 124 through the proximal end 113. In this at least one
embodiment, the channel 124 has a depth substantially equal
to or greater than the length of the moveable pins 122 and is
configured such that the shaft 121 or another similar device
may be slidably moved therethrough.

[0075] Unlike the pins 22 of the remodeling device 10
which are fixed and thus permanently extend from the first
side 12A of the first component 12, the first side 16A of the
second component 16, or both, the pins 122 of the remodeling
device 100 are movable and disposed within the channel 124
of the first component 112 perpendicular to the longitudinal
axis of the channel 124. In each of the locations where a pin
122 is positioned within the channel 124, an opening 146 is
disposed through the first side 112A of the first component
112 such that the pin 122 can be extended therethrough (see
FIG. 7B). While the second component 116 may alternatively
or also comprise a plurality of pins 122 and thus be configured
similarly to the first component 112 as described herein, for
the sake of simplicity, the majority of the detail for this at least
one embodiment is described with respect to the first compo-
nent 112. Notwithstanding the same, it will be understood
that it is within the scope of this disclosure for the second
component 116 to comprise the moveable pins 122 rather
than the first component 112, or, alternatively, for both the
first and second components 112, 116 to comprise the move-
able pins 122 and be configured in a similar fashion. The
overall configuration of the remodeling device 100 can be
determined by the end user based on the patient’s specifica-
tions, the application for which the remodeling device 100 is
to be used, and the particular tissue and/or organ to which the
remodeling device 100 will be applied.

[0076] Itwill be appreciated that the pins 122 of the remod-
eling device 100 are comprised identically to the pins 22
described in connection the remodeling device 10 (excepting
that the pins 22 of the remodeling device 10 are fixed and the
pins 122 of remodeling device 100 are moveable with respect
to the first and/or second components 112, 116). Accordingly,
each of the pins 122 of the remodeling device 100 comprises
arigid material such as a metal, a plastic, orany other material
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suitable for use in the medical arts. Further, as previously
stated, each of the pins 122 comprises a proximal end 142 and
a distal end 144, and may be of any length so long as the pin
122 is of a sufficient size to move through a laparoscopic port
and maintain the first and second components 112, 116 a
prescribed distance apart when the same are magnetically
engaged through an underlying tissue.

[0077] Each of the pins 122 of the remodeling device 100 is
capable of moving between a retracted position and an
extended position. Further, each of the pins 122 can move
independently of the other pins 122 such that one or more of
the pins 122 may be in the retracted position while one or
more of the pins 122 are in the extended position. When a pin
122 is in the retracted position, the pin 122 is disposed within
the channel 124 of the first component 112 such that the pin
122 extends across the width of the channel 124. Depending
on the length of the pin 122, the distal end 144 of the pin 122
may or may not protrude through the corresponding opening
146 in the first side 112A of the first component 112 when the
pin 122 is in the retracted position. In at least one embodi-
ment, the pins 122 are shorter in length and do not extend past
the first side 112A until the pins 122 are moved into the
extended position.

[0078] As shown in FIG. 7C, when the shaft 121 is
advanced through the channel 124 such that a force is applied
to the proximal ends 142 of'a pin 122, the pin 122 moves from
the retracted position to the extended position. Accordingly,
the proximal end of the shaft 121 may comprise a pointed
configuration to facilitate the application of downward pres-
sure to the proximal ends 142 of the pins 122 when the shaft
121 is advanced there over. As a pin 122 moves into the
extended position, the distal end 144 of the pin 126 advances
through the respective opening 146 and past the first side
112A of the first component 112.

[0079] When the pressure is removed from the distal end
142 of the pin 122 (i.e. the shaft 121 is withdrawn from the
channel 124), the pin 122 slidably moves back into the
retracted position. Thus, the pin 122 is biased to be positioned
in the retracted position. In at least one embodiment of the
remodeling device 100, a resistance mechanism 148 is
coupled with each of the pins 122 to provide this bias. As
shown in FIGS. 7B and 7C, the resistance mechanism 148
comprises a spring system, wherein a spring 148 is coiled
around each of the pins 122. In this embodiment, when a pin
122 is positioned in the retracted position, the respective
spring 148 is expanded and stores little, if any, potential
energy (see FIG. 7B). However, when the pin 122 is moved to
the extended position, the spring 148 is compressed and thus
stores potential energy (see FIG. 7C). In this manner, the
spring 148 provides enough resistance that the pin 122
remains in the retracted position when no pressure is applied.
It will be appreciated that any type of resistance mechanism
canbe employed in connection with the moveable pins 122 of
the remodeling device 100 so long as the resistance mecha-
nism is capable of providing resistance to the pins 122 when
they are moved to the extended position.

[0080] In operation, both remodeling devices 10, 100 may
be applied to an organ or tissue of interest in order to remodel
the underlying tissue or organ into a desired configuration
and/or provide support to the same. As will be discussed in
further detail below, the remodeling devices 10, 100 may be
used for chronic implantation within a body without the risk
of the first and second components migrating through the
underlying tissue. Furthermore, because the remodeling
devices 10, 100 do not require sutures or staples to achieve
remodeling or provide support, implantation of the remodel-
ing devices 10, 100 is entirely reversible and, if desired, the
remodeling device 10, 100 may be easily removed from the
organ or tissue of interest through a laparoscopic procedure.
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[0081] As previously described, the specifications of the
remodeling devices 10, 100 may be modified to achieve a
desired result. For example, and without limitation, the
dimensions of the components 12, 16 and/or number of pins
22 may be chosen for a particular application for which the
remodeling device 10 is to be used and/or based on the
patient. It is also contemplated that the strength of the mag-
nets of the first and second components 12, 16 may also be
manipulated to ensure that the proper magnetic strength is
employed between the first and second components 12, 16.
By manipulating the strength of the at least one magnet com-
prising both the first and second components 12, 16, a clini-
cian can provide sufficient magnetic attraction such that the
remodeling device 10 is securely engaged to the underlying
tissue while, at the same time, ensuring that the underlying
tissue is not adversely affected by too much compression
from the attractive magnetic force generated by the configu-
ration of the remodeling device 10 relative to the organ and/or
tissue.

[0082] Pursuant to general magnetic principles, magnetic
field strength increases with respect to the proximity of the
magnet. As such, the closer together the at least one magnet of
the first component 12 and the at least one magnet of the
second component 16 are positioned, the stronger the attrac-
tive magnetic force is between the two components 12, 16. In
light of this principle, two magnets placed on opposing sides
of a tissue (without any other obstruction positioned therebe-
tween) will migrate through the tissue sandwiched therein,
thereby thinning the tissue over time. As the pins 22 impose a
limit as to how close the first magnetic component 12 and the
second magnetic component 16 can come in relation to one
another, the pins 22 effectively prevent the migration of the
first and second components 12, 16 when the pins 22 are
applied directly to the underlying tissue. By maintaining an
interior space 70 between the first and second components 12,
16 when they are magnetically engaged, the pins 22 can
prevent the first and second components 12, 16 from overly
compressing the tissue, which greatly diminishes, if not
eliminates, the risk of the first and second components 12, 16
migrating through the underlying tissue over an extended
period of time.

[0083] A clinician may select specific permanent magnets
to comprise the first and second components 12, 16 of the
remodeling device 10 such that the first and second compo-
nents 12, 16 exert an optimal amount of magnetostatic force
to promote the stabilization of the remodeling device 10. For
the theoretical application of the remodeling device 10 to
reduce the effective volume of a stomach, an example calcu-
lation is provided below. In light of the two parallel plates
shown in FIG. 1A, the Maxwell’s stress tensor is written as
follows:

1 1 1]
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Since only B, exists in this application, the Maxwell’s stress
tensor is written as:
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The stress tensor vector which is normal to the surface in
two-dimensional coordinates has the form:
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where, if IB,1=0.5 T, the pressure is calculated as follows:

1B 0.5?

= T e - 047 ke

If it is assumed that the angle between the magnetic field B
and normal direction of the magnetic plate is takenas 15°, and
area=[2mx(1.0x107%)]x(0.5x107?) m?, the force is calculated
as follows:

F=Pxsin 30°area=99.47x0.5xmx0.1=15.62(Newton) [5]

The force determined by Equation 5 represents the tangential
force required to oppose or resist movement or migration of
the remodeling device 10. Accordingly, the remodeling
device 10 can be designed to yield a required force. The area
of the remodeling device 10 may also be appropriately
designed to spread out the force in order to minimize the
compression of the underlying tissue. Other forces may be
similarly determined for different geometries and areas under
consideration.

[0084] In addition to the therapeutic applications of
embodiments of the remodeling devices 10, 100 described in
U.S. patent application Ser. No. 12/307,113, filed Dec. 30,
2008, and International Application No. PCT/US08/55303,
filed Feb. 28, 2008, which are both incorporated herein by
reference, additional examples will now be provided with
respect to additional applications of embodiments of the
remodeling devices 10, 100. While these specific examples
refer to particular applications that may be treated through
use of the remodeling devices 10, 100, it will nonetheless be
understood that the examples described herein are not
intended to be limiting and that the remodeling devices 10,
100 may be applied to any tissue or organ of interest. Further-
more, while the remodeling device 10 is described in connec-
tion with each of the examples, it will be appreciated that the
remodeling device 100 may also be applied to any tissue or
organ of interest in a similar manner and use of the remodel-
ing device 10 in lieu of the remodeling device 100, or vice
versa, may be determined based on the patient’s specifica-
tions, the specific application, and/or the tissue or organ in
question.

[0085] Now referring to FIGS. §A-8E, at least one addi-
tional embodiment of the remodeling device 10 is shown. As
illustrated in FIG. 8A, the remodeling device 310 is config-
ured similarly to remodeling device 10; however, the remod-
eling device 310 further comprises a magnetic graft 350 such
that the remodeling device 310 may be used to effectively
treat a damaged artery by routing the blood flow through the
damaged portion. While specific configurations and
examples are described herein, it will be understood that the
particular specifications of the remodeling device 310 can be
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modified on a case-by-case basis depending on the particular
patient and application for which the remodeling device 310
is to be used.

[0086] FIGS. 8A-8E illustrate a remodeling device 310 as
applied to an aorta 302 at the location of an abdominal aortic
aneurysm 304. In this manner, the remodeling device 310
may be used as an alternative to open surgical repair, EVAR,
or other conventional techniques. As shown in FIG. 8A, com-
ponents of the remodeling device 310 are used to securely
position and stabilize the luminal magnetic graft 350 posi-
tioned within the aorta 302. Accordingly, in this at least one
embodiment, the first and second components 312, 316 are
positioned around the exterior of the aorta 302 and the mag-
netic graft 350 is delivered endoscopically or otherwise to a
location of interest within the aorta 302. Details of this
embodiment and the related procedure are described in fur-
ther detail in U.S. patent application Ser. No. 11/997,147,
filed Jun. 30, 2008, which s incorporated by reference herein.
[0087] In addition to the magnetic graft 350, the remodel-
ing device 350 comprises a first component 312 and a second
component 316. Similar to the first and second components
12, 16 of the remodeling device 10 previously described
herein, the first and second components 312, 316 of the
remodeling device 350 each comprises a first side 312A,
316A configured to be positioned adjacent to or in contact
with a tissue or organ of interest (in this case, the aorta 302).
In addition, both the first and second components 312, 316
each comprise at least one magnet disposed therein or
thereon. Each magnet of the first and second components 312,
316 comprises any ferromagnetic material known in the art so
long as the magnet is capable of magnetically engaging a
magnet having an opposite polarity through a tissue.

[0088] As shown in FIG. 8A, in this at least one embodi-
ment, the first and second components 312, 316 of the remod-
eling device 350 comprise a ring- or C-shaped configuration.
Accordingly, when the first and second components 312, 316
are applied to the aorta 302, the first and second components
312, 316 may cover only a portion of or the entire circumfer-
ential surface of the abdominal aorta 302. In addition, the first
and second components 312, 316 may be flexible or semi-
flexible such that the components 312, 316 can be easily fitted
around the cylindrical exterior wall of the aorta 302. Alterna-
tively, the first and/or second components 312, 316 may com-
prise ajoint 320 that enables the component 312, 316 to easily
receive the aorta 302 within the interior of its ring- or
C-shaped configuration (see FIG. 8B). Despite the compo-
nents 312, 316 being depicted as ring- or C-shaped in FIGS.
8A-8E, it will be appreciated that either or both of the firstand
second components 312, 316 may comprise any other shape
(for example and without limitation, staple-shaped, etc.) as
long as they are able to produce a sufficient magnetic force
when positioned proximal to a magnet having an opposite
polarity.

[0089] The magnetic graft 350 of the remodeling device
310 comprises an elongated tube configured for placement
within a lumen such as the abdominal aorta 302 and has a
proximal end 351, a distal end 352, and abody 353 and hollow
interior 354 that both extend between the proximal and distal
ends 351, 352. The magnetic graft 350 is configured to receive
blood flow therethrough and may be comprised of any mate-
rial commonly used in the medical stenting arts (for example
and without limitation, polytetrafluoroethylene, metals, poly-
mers, or fabrics). Further, in at least on embodiment, the body
353 of the magnetic graft 350 may be mesh-like. In the at least
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one example described herein where the remodeling device
310 is used to treat an abdominal aortic aneurysm, the diam-
eter of the magnetic graft 250 may be configured to have a
width that is appropriate for placement within the aortic
lumen 302 and the body 353 may be configured to have a
length that is slightly longer than the aortic aneurysm 304. In
this manner, when the magnetic graft 350 is properly posi-
tioned within the aorta 302, the proximal end 351 and the
distal end 352 of the magnetic graft 350 are both positioned
adjacent to healthy aortic tissue and can physically engage the
healthy aortic tissue to secure the magnetic graft 350 in place.

[0090] At least a portion of the proximal end 351 of the
magnetic graft 350 is capable of magnetically interacting
with the first side 312A of the first component 312 of the
remodeling device 310 through a tissue. Likewise, at least a
portion of the distal end 352 of the magnetic graft 350 is
capable of magnetically interacting with the first side 316 A of
the second component 316 of the remodeling device 310
through a tissue. For example, 1n at least one embodiment, the
proximal and distal ends 351, 352 of the magnetic graft 350
each comprise a ferromagnetic material or powder that is
capable of producing a magnetic field when positioned proxi-
mal to the first sides 312A, 316A of the first or second com-
ponents 312, 316. Furthermore, at least the proximal end 351
of the magnetic graft 350 is sized such that it can make
physical contact with the inner surface of the aorta 302. Spe-
cifically, in at least one embodiment, the proximal end 351 of
the magnetic graft 350 is sized to be fitted tightly against the
inner surface of the abdominal aorta 302 in order to prevent
blood leakage out of the magnetic graft 350 and into the
aneurysmic sac 304 via any superfluous space left therebe-
tween. As such tight configuration may make delivery of the
magnetic graft 350 to the proper location within the aorta 302
difficult, the magnetic graft 350 may comprise an expandable
stent as is known in the art. In this manner, the magnetic graft
350 as a whole may be radially collapsed to facilitate ease of
delivery to the desired location and thereafter radially
expanded once properly positioned within the desired loca-
tion of the aorta 302.

[0091] Now referring to FIGS. 8C and 8D, in at least one
embodiment, both the proximal end 351 and the distal end
352 of the magnetic graft 350 each comprise a plurality of
pins 322 extending in a substantially radial direction there-
from. Due to the size of the proximal end 351 ofthe magnetic
graft 350 especially, the plurality of pins 322 may protrude
into the inner wall of the aorta 322 and form indentations
therein when the magnetic graft 350 is positioned as illus-
trated in FIG. 8A. This tight fit against the inner wall of the
aorta 302, at least with respect to the proximal end 351 of the
magnetic graft 350, further reduces the likelihood that any
superfluous space may exist in between the aortic wall 302
and the magnetic graft 350. Accordingly, when the remodel-
ing device 310 is properly positioned with respect to the aortic
aneurysm 304, the antegrade blood flow through the aorta 302
will be directed into and through the hollow interior 354 of the
magnetic graft 350 such that the blood flow bypasses the
damaged aneurysmic sac 304.

[0092] Similar to the pins 22 described in connection with
the remodeling device 10, each of the plurality of pins 322
comprise a rigid material that will not substantially interfere
with the magnetic engagement between the first component
312 and the proximal end 351 of the magnetic graft 350 and
the second component 316 and the distal end 352 of the
magnetic graft 350. In at least one embodiment, the pins 322
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are comprised of a material suitable to resist corrosion, such
as and without limitation, polvurethane, PTFE, silastic, tita-
nium, or any other material suitable for use in the medical arts
that is corrosion resistant. In addition, the pins 322 may or
may not comprise a magnetic material and the first and second
components 312, 316 may optionally comprise a plurality of
receptacles (not shown) positioned to receive the plurality of
pins 322 when the first and second components 312, 316 are
magnetically coupled with the proximal and distal ends 351,
352, respectively, of the magnetic graft 350.

[0093] Similar to the pins 22 of the remodeling device 10,
each of the plurality of pins 322 may be configured similarly
or differently, in either a blunt or tapered configuration. In at
least one embodiment, each of the pins 322 is metallic and
comprises a blunt configuration. Further, the pins 322 may
comprise any length so long as the pins 322 are of a sufficient
size such that, if applicable, the magnetic graft 350 can be
delivered endoscopically. In addition, the pins 322 should be
long enough to be capable of maintaining the first and second
components 312, 316 a sufficient distance away from the
proximal and distal ends 351, 352 of the magnetic graft 350,
respectively, when such components are magnetically
engaged.

[0094] It will be appreciated that any number of pins 322
may be employed in connection with the remodeling device
310. For example, as shown in FIG. 8E, the proximal end 351
of the magnetic graft 350 comprises a plurality of pins 322
extending radially therefrom and aligned in two separate
rows. In this manner, it can be assured that when the proximal
end 351 of the magnetic graft 350 is magnetically engaged
with the first component 312 of the remodeling device 310,
the two components are coupled in a balanced and stable
manner and the first component 312 is unlikely to tilt or
disengage from the underlying proximal end 351 of the mag-
netic graft 350. The distal end 352 of the magnetic graft 350
may further be comprised similarly to the aforementioned
description or in any other manner as desired.

[0095] 1t will be understood that any configuration and
alignment of pins 322 may be used in connection with the
remodeling device 310 and that the aforementioned examples
are not intended to be limiting in any manner. For example, it
is conternplated that the number of pins 322 of the remodeling
device 310 and the layout thereof with respect to the magnetic
graft 350 will be determined based on the specific tissue and
application for which the remodeling device 310 is to be used.
[0096] Inatleastonealternative embodiment, the first sides
312A, 316 A of the first and second components 312, 316 may
further comprise a plurality of pins 322 extending therefrom.
In this at least one alternative embodiment, the magnetic graft
350 may or may not comprise a plurality of pins 322 and can
optionally comprise a plurality of receptacles (not shown)
positioned sufficiently to receive each of the plurality of pins
322 of the first and second components 312, 316 when the
first and second components 312, 316 are magnetically
engaged with the proximal and distal ends 351, 352, respec-
tively, of the magnetic graft 350.

[0097] Regardless of which component(s) of the remodel-
ing device 310 comprise(s) the pins 322, the plurality of pins
322 form an interior space 370 between the magnetic graft
350 and the first and second components 312, 316 when the
same are magnetically engaged with each other as illustrated
in FIGS. 8 A and 8D. The length of each of the plurality of pins
322 may be manipulated such that the interior space 370
formed between the first and second components 312, 315
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and the magnetic graft 350 maintains a desired area. The
interior space 370 created by the plurality of pins 322 of the
remodeling device 310 prevents the remodeling device 310
from exerting undue pressure on the underlying tissue sand-
wiched in between the components of the remodeling device
310 when they are magnetically engaged and allows the
remodeling device 310 to provide support to the underlying
tissue without causing permanent remodeling or collapse.

[0098] In application, the magnetic graft 350 is positioned
within the lumen of the aorta 302 (delivered through an endo-
scopic procedure or otherwise as is known in the art) and the
first and second components 312, 316 of the remodeling
device 310 are situated adjacent to the external wall of the
abdominal aorta 302 or the aneurysmic sac 304 as shown in
FIG. 8A. Because the first and second components 312, 316
may cover part of or the entire circumferential surface of the
abdominal aorta 302, the first and second components 312,
316 may at least partially ensheathe the abdominal aorta 302
and cover sufficient surface area to interact with the magnetic
components of the proximal and distal ends 351, 352, respec-
tively, of the magnetic graft 350 positioned on the inside of
the abdominal aorta 302. In this manner, the first and second
components 312, 316 can magnetically engage the proximal
and distal ends 351, 352 of the magnetic graft 350, respec-
tively. In this non-limiting example, the pins 322 directly
engage the inner wall of the aorta 302 and the proximal and
distal ends 351, 352 of the magnetic graft 350 are held in
position by the magnetic force arising between the first and
second components 312,316 positioned adjacent to the exter-
nal wall of the aorta 302 and the proximal and distal ends 351,
352 of the magnetic graft 350, respectively.

[0099] Accordingly, the plurality of pins 322 assume the
majority of the compressional force exerted by the attractive
magnets, assist in firmly securing the remodeling device 310
in the proper position, and prevent the remodeling device 310
from overly compressing the underlying aorta 302. Further-
more, the body 353 and hollow interior 354 of the magnetic
graft 350 provide a conduit for the blood to flow through the
aneurysmic sac 304 such that the blood flow does not contact
the aneurysmic sac 304. In this manner, the remodeling
device 310 can provide a bypass through the aneurysmic area
304 of the aorta 302 that can be chronically positioned therein
without the risk of slippage, migration, or endoleak. In addi-
tion, the particular configuration and sizing of the proximal
end 351 of the magnetic graft 350 in connection with the
restrictive force applied to the external aortic wall 302 by way
of the magnetic engagement between the first component 312
with the proximal end 351 of the magnetic graft 350 function
to decrease the risk of, and ultimately prevent, endoleak and
endotension.

[0100] Now referring to FIG. 9, a flow chart of a method
700 for delivering the remodeling device 310 is shown. At
step 702, the location of the aneurysmic sac 304 of the aorta
302 is identified and the proper measurements are taken as is
known in the art. Thereafter, under fluoroscopic control,
direct camera control or otherwise, the proximal end 351 of
the magnetic graft 350 is endoscopically advanced from the
femoral-iliac artery through the aortic abdominal aneurysm
and positioned at a location proximate to the proximate-most
region of the aneurysmic sac 304 at step 704. In addition, at
this step 704, the clinician should ensure that the distal end
352 of the magnetic graft 350 is properly positioned distally
of the distal-most region of the aneurysmic sac 304. Further,
if the magnetic graft 350 comprises a collapsible stent and
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was delivered at step 704 in the collapsed configuration, the
magnetic graft 350 may be radially expanded at step 705. If
the magnetic graft 350 does not comprise a collapsible stent
and/or was delivered in the expanded configuration, the
method 700 may proceed directly from step 704 to step 706.
[0101] At step 706, under fluoroscopic control, direct cam-
eracontrol or otherwise, the first and second components 312,
316 are advanced laparoscopically into the patient’s abdomi-
nal cavity and positioned proximate to the tissue of interest.
Specifically, in the at least one embodiment where the remod-
eling device 310 is used to treat an aortic aneurysm, the first
component 312 of the remodeling device 310 is positioned at
a location proximate to the aneurysmic sac 304 that corre-
sponds with the placement of the proximal end 351 of the
magnetic graft 350 within the aorta 302. When the first com-
ponent 312 of the remodeling device 310 is in the proper
location relative to the aorta 302, an attractive magnetic force
is created between the first component 312 and the proximal
end 351 of the magnetic graft 350, thereby causing the first
component 312 and the proximal end 351 to mechanically
engage the aortic tissue 302 disposed therebetween. In this
manner, the pins 322 of the magnetic graft 350 (or, addition-
ally or alternatively, of the first component 312) bear much of
the load of the compression and maintain the interior space
370 between the first component 312 and the proximal end
351 of the magnetic graft 250, within which the aortic wall
302 resides.

[0102] Further, at step 708, the second component 316 is
positioned at a location distal to the aneurysmic sac 304 that
corresponds with the placement of the distal end 352 of the
magnetic graft 350 within the aorta 302. Similar to the first
component 312 of the remodeling device 310, when the sec-
ond component 316 is in the proper location, an attractive
magnetic force is created between the second component 316
and the distal end 352 of the magnetic graft 350, thereby
causing the second component 316 of the remodeling device
310 and the distal end 352 of the magnetic graft 350 to
mechanically engage the aortic tissue 302 disposed therebe-
tween. In this manner, the pins 322 of the magnetic graft 322
(or, additionally or alternatively, of the second component
316) bear much of the load of the compression and maintain
the interior space 370 between the component 316 and the
distal end 352 of the magnetic graft 350, within which the
aortic wall resides. It will be understood that steps 706 and
708 may occur simultaneously or in sequence, as may be
determined by the particulars of the patient or the preference
of the clinician performing the procedure.

[0103] Now referring to FIGS. 10A, 10B and 10C, at least
one embodiment of a clamp device 200 is shown. The clamp
device 200 may be used to deliver the remodeling device 10 or
100 to the tissue or organ of interest laparoscopically and
comprises a first arm 202, a second arm 206 and a lift system
212. Each of the first arm 202, the second arm 206 and the lift
system 212 are slidably disposed within a hollow casing 216
configured for laparoscopic delivery. In one embodiment, the
hollow casing 216 comprises a distal end for advancement
through the body of a patient, and the distal end is open such
that the first arm 202, the second arm 206 and the lift system
212 may be delivered therethrough after the distal end of the
hollow casing 216 is properly positioned within the body.
[0104] In at least one embodiment, the first arm 202 of the
clamp device 200 has a proximal end 203 and a distal end 204
and the second arm 206 of the clamp device 200 has a proxi-
mal end 207 and a distal end 208. Further, both the first arm
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202 and the second arm 206 may be capable of rotational
movement and may comprise any rigid material, such as a
metal. In at least one embodiment of the clamp device 200,
the distal ends 204, 208 of the first and second arms 202, 206
are both configured in a screw-like configuration. Further, as
shown in FIG. 11 at least with respect to the second compo-
nent 16, the first and second components 12, 16 may each
comprise a hollow interior space 402, 406 configured to
receive the distal end 204, 208 of either the first or second
arms 202, 206 of the clamp device 200. Accordingly. the first
arm 202 of the clamp device 200 may be rotatably mated with
the interior space 402 of the first component 12, and the
second arm 206 may be rotatably mated with the interior
space 406 of the second component 16. In this manner, the
first and second components 12, 16 may be delivered to the
targeted area through use of the clamp device 200 and there-
after easily removed from the arms 202, 206 of the clamp
device 200 through rotation of the same.

[0105] In atleast one alternative embodiment, the first arm
202 of the clamp device 200 may be configured to facilitate
the delivery of the first component 112 which comprises
moveable pins 122. Specifically, the distal end 204 of the first
arm 202 is configured to be removably coupled with the shaft
121 of the first component 112 of the remodeling device 100.
Accordingly, in this embodiment of the clamp device 200,
only the distal end 208 of the second arm 206 comprises a
screw-tip configuration that is capable of rotatably mating
with the interior space 406 of the second component 116. It
will be appreciated that where the second component 116
comprises one or more moveable pins 122, a channel 124, and
a shaft 121, the distal end 208 of the second arm 206 of the
clamp device 200 may also, or alternatively, be configured to
be removably coupled with the shaft 121 of the second com-
ponent 116. It will be appreciated that the firstarm 202 and the
second arm 206 of the clamp device 200 are independent of
each other such that a clinician can advance the distal end 204
of the first arm 202 independently of the second arm 206 (and
vice versa).

[0106] Thelift system 212 of the clamp device 200 may be
any device capable of moving the first component 12 and the
second component 16 relative to each other during the lap-
aroscopic delivery of the remodeling device 10. In at least one
embodiment, the lift system 212 comprises a proximal end
213 comprising a hand grip and a distal end. 214 comprising
aY-shaped configuration. Further, the Y-shaped configuration
of the distal end 214 comprises a first branch coupled with the
distal end 204 of the first arm 202 and a second branch
coupled with the distal end 208 of the second arm 206. The
branches of the distal end 214 of the lift system 212 are
configured such that when no pressure is applied to the hand
grip of the proximal end 213, the branches are positioned in
an open configuration such that the first and second arms 202,
206 are spaced a distance apart. Likewise, when pressure is
applied to the hand grip of the proximal end (i.e. the hand grip
is squeezed), the branches of the distal end 214 of the lift
system 212 are pulled proximally such that the branches are
moved into a closed configuration and the first and second
arms 202, 206 are pulled together within the hollow casing
216. Accordingly, moving the branches of the lift system 212
from the open configuration to the closed configuration effec-
tively moves the first and second components 12, 16 relative
to one another when the components 12, 16 are coupled with
the first and second arms 202, 206 of the clamp device 200.
Forexample, and without limitation, when the branches of the
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distal end 214 of the lift system 212 are in the open configu-
ration, the first component 12 and the second component 16
are positioned a first distance apart. However, when the
branches of the distal end 214 of the lift system 212 are moved
to the closed configuration, the first component 12 and the
second component 16 are brought together. In this manner,
the clamp device 200 can be used to position the first and
second components 12, 16 of the remodeling device 10 in the
desired location on the targeted organ or tissue.

[0107] When the clamp device 200 is employed to deliver
the remodeling device 10 to a targeted tissue, the distal ends
204, 208 of the first and second arms 202, 206 are removably
coupled with the remodeling device 10, 100. For the sake of
simplicity, the clamp device 200 is herein described in con-
nection with delivering the remodeling device 10; however, it
will be appreciated that the clamp device 200 may also be
utilized to deliver the remodeling device 100. Accordingly,
except where expressly stated, any reference herein with
respect to use of the clamp device 200 in connection with the
remodeling device 10 will be considered to also be applicable
to use of the clamp device 200 in connection with the remod-
eling device 100.

[0108] Inoperation, the remodeling device 101s positioned
within the interior of the hollow casing 216 of the clamp
device 200 in preparation for laparoscopic delivery. Due to
the magnetic attraction between the first and second compo-
nents 12, 16 of the remodeling device 10 and the close prox-
imity of the first and second components 12, 16 when they are
positioned within the hollow casing 216, in order to facilitate
independent delivery of the components 12, 16 to the organ or
tissue of interest, it is desirable to prevent the first and second
components 12, 16 from magpetically engaging until the
device 10 is delivered to the targeted tissue.

[0109] As previously described with respect to the configu-
ration of the remodeling device 10, the first side 12A of the
first component 12 and the second side 16B of the second
component 16 comprise like magnetic polarities and the first
side 16A ofthe second component 16 and the second side 12B
of the first component 12 comprise like magnetic polarities.
Accordingly, in at least one embodiment, when the remodel-
ing device 10 is positioned within the hollow casing 216, the
second arm 206 of the clamp device 200 may be rotated such
that the second side 16B of the second component 16 is
positioned adjacent to the first side 12A of the first component
12. Alternatively, the first arm 202 of the clamp device 200
may be rotated such that the first component 12 is positioned
with its second side 12B adjacent to the first side 16A of the
second component 16. As like-polarities generate a repellant
force, when so positioned, the two components 12, 16 repel
one another, which facilitates their independent maneuver-
ability within the hollow casing 216. After the first and second
components 12, 16 are maneuvered out of the hollow casing
216 through use of the first and second arms 202, 206, the user
can use the lift system 212 to maneuver the first and second
components 12, 16 relative to each other and the targeted
tissue and/or organ.

[0110] Now referring to FIG. 12, a flow chart of a method
500 for laparoscopically delivering the remodeling device 10
is shown. For ease of understanding, the steps of the related
methods described herein will be discussed relative to the
components of the remodeling device 10 and, at least in part,
the clamp device 200, but it will be appreciated by one skilled
in the art that any device can beused to perform these methods
so long as the device is capable of magnetically engaging a



US 2009/0163937 A1l

magnetic composition through a piece of tissue and the result-
ing magnetic engagement is secure. Furthermore, while the
methods described herein are described in connection with
embodiments of the remodeling device 10, the remodeling
device 100, and/or the clamp device 200, it will be appreci-
ated that various additional devices may be used to achieve
the laparoscopic delivery such as a camera and/or a device for
delivering a gas to a targeted area.

[0111] At step 502, the first and second components 12, 16
are advanced laparoscopically into the patient’s body. In the
aforementioned embodiment and the at least one embodiment
where the remodeling device 10 comprises a single flexible
component, the component(s) may be inserted through a cath-
eter into the appropriate cavity of the patient’s body. Under
fluoroscopic, direct camera control or otherwise, at step 504,
the first side 12A of the first component 12 (or in the embodi-
ment where the remodeling device 10 comprises a single
component, the first end of the single flexible component) is
positioned adjacent to the desired surface of a targeted tissue.
Accordingly, in an embodiment where the first side 12A of
the first component 12 comprises a plurality of pins 22, the
distal end of each of the pins 22 are positioned proximate to
the desired surface of the targeted tissue. In addition, at step
506, under fluoroscopic, direct camera control or otherwise,
the first side 16A of the second component 16 (or in the
embodiment where the remodeling device 10 comprises a
single component, the second end of the single flexible com-
ponent) is positioned on an opposite side of the targeted tissue
such that the desired affect may be achieved when the firstand
second 12, 16 (or the first end and second end of the single
flexible component) are magnetically engaged.

[0112] Thereafter, the first and second components 12, 16
(or, in the embodiment where the remodeling device 10 com-
prises a single component, the first and second ends of the
single flexible component) magnetically engage at step 508
such that the targeted tissue is sandwiched therebetween. In
the at least one embodiment where either or both of the first
sides 12A, 16A of the first and second components 12, 16
comprise a plurality of pins 22 extending therefrom, when the
first sides 12A, 16 A of the first and second components 12, 16
magnetically engage, the distal ends 44 of the pins 22 either
contact the underlying targeted tissue and are supported by
the opposite component through the tissue, or contact the
opposite component of the remodeling device 12, 16 directly.
In this manner, the pins 22 take up all of the load and prevent
the over-compression of the underlying targeted tissue.
Accordingly, depending on how the remodeling device 10 is
applied to the targeted tissue, the remodeling device 10 is
capable of effectively remodeling and/or providing support to
the underlying tissue or organ in a desired manner.

[0113] Now referring to FIG. 13, a flow chart of a method
600 for laparoscopically delivering the remodeling device 10
through the use of the clamp device 200 is shown. At step 602,
the distal end of the hollow casing 216 is advanced laparo-
scopically into a patient’s body cavity. Under fluoroscopic,
direct camera control or otherwise, the distal end of the hol-
low casing 216 is positioned proximate to the tissue of inter-
est. As previously described, while the remodeling device 10
is positioned within the hollow casing 216, the first side 12A
of the first component 12 and the second side 16B of the
second component 16 (or vice versa) are positioned adjacent
to one another such that the magnetic components of each
component 12, 16 repel each other. At step 604, after the distal
end of the hollow casing 216 is properly positioned within the
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patient’s body cavity, the first and second arms 202, 206 are
advanced through the hollow casing 216, thereby moving the
remodeling device 10 through the distal end of the hollow
casing 216 and into the body cavity. Accordingly, the first side
12A of the first component 12 is positioned adjacent to one
side of the targeted tissue and the second side 16B of the
second component 16 is positioned adjacent to the opposite
side of the targeted tissue.

[0114] After the components 12, 16 are sufficiently posi-
tioned relative to the targeted tissue, the method 600 advances
to step 608. At step 608, the second arm 206 is rotated 180°
such that the first side 16A of the second component 16 is
positioned adjacent to the targeted tissue. Accordingly, as the
first side 16 A of the second component 16 comprises at least
one magnet having the opposite polarity of the first side 12A
of the first component 12, an attractive magnetic force is
created between the two components 12, 16, thereby causing
the first component 12 and the second component 16 to move
together and mechanically engage the underlying targeted
tissue. In this manner, the pins 22 bear much of the load of the
compression and maintain an interior area 70 between the
components 12, 16, within which the targeted tissue resides.

[0115] After the remodeling device 10 is properly posi-
tioned on the targeted tissue, the clamp device 200 can be
withdrawn from the body cavity at step 610. Specifically, at
step 610, the first arm 202 and the second arm 206 of the
clamp device 200 are detached from the first and second
components 12, 16, respectively. In the at least one embodi-
ment where the first and second components 12, 16 each
comprise a hollow interior space 402, 406, respectively, the
first arm 202 is detached from the first component 12 by
rotating the first arm 202 and unscrewing the distal end 204
from the hollow interior space 402 of the first component 12.
Similarly, the second arm 206 is detached from the second
component 16 in much of the same manner by rotating the
second arm 206 and unscrewing the distal end 208 thereof
from the hollow interior space 406 of the second component
16. Thereafter, the clamp device 200 is withdrawn from the
body cavity thereby leaving the remodeling device 10 to
remain implanted on the targeted tissue.

[0116] Itwill beunderstood that the remodeling device 100
can be delivered to a targeted tissue using either method 500
or method 600. However, because the pins 122 of the remod-
eling device 100 are moveable, it is necessary to either deliver
the remodeling device 100 with the pins 122 already locked in
the extended position, or to deploy the moveable pins 122
after the components 112, 116 of the remodeling device 100
have been properly positioned relative to the targeted tissue.
Accordingly, in the event the clinician desires to deliver the
remodeling device 100 to the targeted tissue with the pins 122
in the collapsed position and thereafter move the pins 122 into
the expanded position, after step 604 of the method 600 and
the components 112, 116 are sufficiently positioned relative
to the targeted tissue, the pins 122 are moved to the extended
position at step 606. Specifically, at step 606, the pins 122 are
extended by advancing the first arm 202 of the clamp device
200 distally, which thereby slidably moves the shaft 121
through the channel 124 of the first component 112. In this
manner, the shaft 121 applies downward pressure to the
proximal ends 142 of the pins 122, which causes the pins 122
to move to the extended position. In at least one embodiment,
after the shaft 121 has deployed the pins 122, the shaft 121
may be secured within the channel 124 by a locking mecha-
nism (not shown) such that the pins 122 remain in the
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extended position. The locking mechanism may comprise a
latching mechanism, a clip, a fastener, or any other mecha-
nism that is capable of retaining the shaft 121 within the
channel 124. In at least one alternative embodiment, the
dimensions of the shaft 121 can be manipulated to affect how
far the pins 122 extend from the first side 112A of the first
component 112. For example and without limitation, the
depth of the shaft 121 can be configured to be less than the
depth of the channel 124 such that when the shaft 121 is used
to move the pins 122 into the extended position, the pins 122
do not fully extend through the openings 146 and the springs
148 are not fully compressed. Further, it will be appreciated
that step 606 may occur prior to step 604 such that the pins
122 of the first component 112 are deployed prior to advanc-
ing the first and second arms 202, 206 through the hollow
casing 216 and into the body cavity.

[0117] The remodeling devices described herein and the
clamp device 200 provide numerous benefits over the devices
and systems of the prior art. The remodeling device 10, 100,
310 may be inserted laparoscopically and/or endoscopically,
is minimally invasive, completely reversible and available for
chronic placement without the risk of complications. Further-
more, use of the remodeling device 10, 100, 310 to treat
and/or support a targeted tissue or organ produces a reduced
amount of negative side effects than the procedures of the
prior art for similar indications. In addition, the clamp device
200 allows the remodeling device 10, 100 to be easily deliv-
ered in a procedure that takes as little as ten (10) minutes.
[0118] While the remodeling devices 10, 100, 310 are pre-
sented with respect to specific anatomy and treatment
examples, as one of ordinary skill in the art would recognize,
the remodeling devices 10, 100, 310 and the methods 500,
600 and 700 may be expanded to any organ, limb or body
structure that would benefit from reshaping, remodeling, or
added support using reversible, easy to use, and easy to imple-
ment techniques for chronic placement.

[0119] The devices and methods have been presented in
detail with reference to certain embodiments thereof, how-
ever, such embodiments are offered by way of non-limiting
examples, as other versions are possible. It is anticipated that
a variety of other modifications and changes will be apparent
to those having ordinary skill in the art and that such modifi-
cations and changes are intended to be encompassed within
the spirit and scope of the devices and methods as defined by
the following claims.

1. An implantable device comprising:

a first component comprising at least two pins extending
therefrom and at least one magnet;

a second component comprising at least one magnet hav-
ing a portion that is magnetically biased to attract a
portion of the first component; and

the first and second components are configured to magneti-
cally engage one another through a targeted tissue and
the creation of an attractive magnetic force between the
first component and the second component causes the
releasable coupling of the at least two pins of the first
component with the second component, thereby defin-
ing an interior space between the first component and the
second component and mechanically engaging the tar-
geted tissue therebetween.

2. The implantable device of claim 1, wherein the second
component further comprises at least one receptacle config-
ured to receive at least one of the at least two pins of the first
component.

Jun. 25, 2009

3. The implantable device of claim 1, wherein the first and
second components are capable of laparoscopic delivery to
the targeted tissue.

4. The implantable device of claim 1, wherein the configu-
ration of the first and second components is selected from a
group consisting of a straight bar configuration, a curved
configuration and a circular configuration.

5. The implantable device of claim 1, wherein the first and
second components are flexible or semi-flexible.

6. The implantable device of claim 1, wherein the first
component further comprises a first side and a second side
and the second component further comprises a first side and a
second side, and the magnets of the first and second compo-
nents are disposed such that the first side of the first compo-
nent exhibits a magnetic polarity that is opposite of the mag-
netic polarity of the first side of the second component.

7. The implantable device of claim 1, wherein the first
component further comprises a proximal end having at least
one pin extending therefrom and a distal end having at least
one pin extending therefrom.

8. The implantable device of claim 7, wherein the second
component further comprises:

a proximal end comprising at least one receptacle config-
ured to receive the at least one pin extending from the
proximal end of the first component; and

a distal end comprising at least one receptacle configured
to receive the at least one pin extending from the distal
end of the first component.

9. The implantable device of claim 2, wherein the configu-
ration of each of the at least one receptacles is selected from
a group consisting of an indentation, an elongated indenta-
tion, a closed-ended hole, and a through-hole.

10. The implantable device of claim 2, wherein the at least
one receptacle further comprises a configuration that is elon-
gated.

11. The implantation device of claim 2, wherein the at least
one receptacle further comprises a mechanism capable of
facilitating the lateral movement of the at least one pin of the
first component received therein.

12. An implantable device comprising:

a first component comprising at least one pin extending

therefrom and at least one magnet;

a second component comprising at least one pin extending
therefrom and at least one magnet having a portion that
is magnetically biased to attract a portion of the first
component; and

the first and second components are configured to magneti-
cally engage one another through a targeted tissue and
the creation of an attractive magnetic force between the
first component and the second component causes the
releasable coupling of the at least one pin of the first
component with the second component and the releas-
able coupling of the at least one pin of the second com-
ponent with the first component, thereby defining an
interior space between the first component and the sec-
ond component and mechanically engaging the targeted
tissue therebetween.

13. The implantation device of claim 12, wherein the first
component further comprises at least one receptacle config-
ured to receive at least one of the at least one pins of the
second component.

14. The implantation device of claim 1, wherein the first
component further comprises a channel extending there-
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through and a shaft having a proximal end and a distal end, the
distal end of the shaft configured to be slidably inserted into
the channel.

15. The implantation device of claim 1, wherein the at least
two pins of the first component are moveable.

16. The implantable device of claim 15, wherein the at least
two pins of the first component are moveable between a
retracted position and an extended position and wherein when
one of the at least two pins of the first component is in the
retracted position the pin is disposed substantially within the
channel of the first component, and when at least one of the at
least two pins of the first component is in the extended posi-
tion, the pin extends from the first component.

17. The implantable device of claim 16, wherein the distal
end of the shaft is configured to apply a force to the at least
two pins of the first component; and

wherein when the distal end of the shaft is operated to apply

the force to at least one of the at least two pins of the first
component, the distal end of the shaft causes the at least
one pin to move from the substantially retracted position
to the extended position.

18. The implantable device of claim 17, wherein the first
component further comprises at least two openings that are in
communication with the channel, each of the at least one
openings associated with at least one of the at least two pins
ofthe first component and configured to receive at least one of
the at least two pins of the first component therethrough.

19. The implantable device of claim 18, wherein each of the
at least two pins of the first component further comprises a
resistance mechanism disposed thereon to bias the pin to the
substantially retracted position.

20. An implantable device comprising:

acomponent comprising a first end comprising at least one

pin extending therefrom and at least one magnet, a sec-
ond end comprising at least one magnet having a portion
that is magnetically biased to attract a portion of the first
end, and a flexible portion disposed in between the first
end and the second end and capable of allowing the
component to move between a substantially straight
configuration and a folded configuration; and

the first and second ends are configured to magnetically

engage one another through a targeted tissue when the
first component is in the folded configuration and the
creation of an attractive magnetic force between the first
end and the second end causes the releasable coupling of
the at least one pin of the first end with the second end,
thereby defining an interior space between the first end
and the second end and mechanically engaging the tar-
geted tissue therebetween.

21. The implantable device of claim 20, wherein the second
end of the component further comprises at least one recep-
tacle configured to receive at least one of the at least one pins
of the first end of the component.

22. The implantable device of claim 20, wherein the com-
ponent is capable of laparoscopic delivery to the targeted
tissue.

23. The implantable device of claim 21, wherein the con-
figuration of the at least one receptacle is selected from a
group consisting of an indentation, an elongated indentation,
a closed-ended hole, and a through-hole.

24. The implantable device of claim 21, wherein the at least
one receptacle further comprises a configuration that is elon-
gated.
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25. The implantation device of claim 21, wherein the at
least one receptacle further comprises a mechanism capable
of facilitating the lateral movement of the at least one pin of
the first component received therein.
26. A method for remodeling or providing support to a
tissue of interest, the method comprising the steps of:
providing an implantable device comprising:
a first component comprising at least two pins extending
therefrom and at least one magnet,
a second compornent comprising at least one magnet
having a portion that is magnetically biased to attract
a portion of the first component, and
the first and second componernts are configured to mag-
netically engage one another through a targeted tissue
and the creation of an attractive magnetic force
between the first component and the second compo-
nent causes the releasable coupling of the at least two
pins of the first component with the second compo-
nent, thereby defining an interior space between the
first component and the second component and
mechanically engaging the targeted tissue therebe-
tweern,
positioning the first component adjacent to a first surface of
a tissue of interest; and

positioning the portion of the second component that is
magnetically biased to attract a portion of the first com-
ponent adjacent to a second surface of the tissue of
interest such that the first component magnetically
engages the second component through the tissue of
interest, the at least one pin of the first component couple
with the second component, and the tissue of interest is
disposed therebetween.

27. The method of claim 26, wherein each of the at least
two pins of the first component is capable of moving from a
substantially retracted position to an extended position and
further comprising the step of moving the at least two pins of
the first component to the extended position.

28. The method of claim 26, further comprising the step of
delivering the implantable device to the tissue of interest
laparoscopically.

29. A method for delivering an implantable device to a
tissue of interest comprising the steps of:

providing an implantable device comprising:

a first component comprising at least two pins extending
therefrom and at least one magnet,

a second compornent comprising at least one magnet
having a portion that is magnetically biased to attract
a portion of the first component, and

the first and second components are configured to mag-
netically engage one another and the creation of an
attractive magnetic force between the first component
and the second component causes the releasable cou-
pling of the at least two pins of the first component
with the second component, thereby defining an inte-
rior space between the first component and the second
component and mechanically engaging a targeted tis-
sue therebetween;

providing a delivery device for facilitating the laparoscopic

delivery of the implantable device, the delivery device

comprising:

a first arm having a proximal end and a distal end, the
distal end of the first arm configured to removably
couple with the first component,
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a second arm having a proximal end and a distal end, the
second arm capable of rotational movement and the
distal end of the second arm configured to removably
couple with the second component,

a lift system having a proximal end and a distal end, the
distal end of the lift system comprising a first branch
coupled with the distal end of the first arm and a
second branch coupled with the distal end of the sec-
ond arm,

ahollow casing comprising an elongated tube capable of
laparoscopic introduction into a body, the hollow cas-
ing having a hollow interior configured to be capable
of slidably receiving the implantable device therein,

wherein the first arm, the second arm and the lift system
are slidably disposed within the hollow interior of the
hollow casing such that the first arm is capable of
moving independently of the second arm and opera-
tion of the second arm causes the first component to
become engaged with the second component;

inserting the hollow casing laparoscopically into an abdo-
men;

positioning the first component adjacent to a first surface of

a tissue of interest through operation of the first arm of

the delivery device; and

positioning the portion of the second component that is

magnetically biased to attract a portion of the first com-
pouent adjacent to a second surface of the tissue of
interest through operation of the second arm of the deliv-
ery device such that the first component magnetically
engages the second component through the tissue of
interest, the at least two pins of the first component
couple with the second component, and the tissue of
interest is disposed therebetween.

30. The method of claim 29, wherein the first arm of the
delivery device is further capable of rotational movement.

31. The method of claim 29, further comprising the steps
of:

uncoupling the first arm of the delivery device from the first

component of the implantable device;

uncoupling the second arm of'the delivery device from the

second component of the implantable device; and

withdrawing the delivery device from the body.

32. The method of claim 29, wherein at least one of the at
least two pins of the first component is moveable between a
substantially retracted position and a substantially extended
position and further comprising the step of moving the at least
one moveable pin of the first component to the substantially
extended position.

33. The method of claim 32, wherein the step of positioning
the portion of the second component that is magnetically
biased to attract a portion of the first component adjacent to a
second surface of the tissue of interest through operation of
the second arm of the delivery device further comprises the
steps of:

advancing the second component through the hollow cas-

ing; and

operating the second arm of the delivery device to rotate the

second component such that the portion of the second
component that is magnetically biased to attract a por-
tion of the first component magnetically engages the
portion of the first component through the tissue of inter-
est,

34. The method of claim 31, wherein the distal end of the
second arm of the delivery device further comprises a screw-
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like tip, the second component of the implantable device
further comprises a hollow interior configured to receive the
screw-like tip of the second arm, and the step of uncoupling
the second arm of the delivery device from the second com-
ponent of the implantable device further comprises the step of
unscrewing the screw-like tip of the second arm from the
hollow interior of the second component.
35. A kit for performing a medical procedure comprising:
an implantable device comprising a first component com-
prising at least two pins extending therefrom and at least
one magnet, a second component comprising at least one
magnet having a portion that is magnetically biased to
attract a portion of the first component, and the first and
second components are configured to magnetically
engage one another through a targeted tissue and the
creation of an attractive magnetic force between the first
component and the second component causes the releas-
able coupling of the at least two pins of the first compo-
nent with the second component, thereby defining an
interior space between the first component and the sec-
ond component and mechanically engaging the targeted
tissue therebetween.
36. The kit of claim 35, further comprising a fluoroscope.
37. The kit of claim 35, further comprising an endoscopic
camera.

38. An implantable device comprising:
a first component comprising at least one magnet;
a second component comprising at least one magnet;

a magnetic graft configured for placement within a vessel
lumen, the magnetic graft comprising a proximal end, a
distal end, a body and a hollow interior, both the body
and the hollow interior extending between the proximal
end and the distal end; and

the proximal end of the magnetic graft comprises at least
one magnet having a portion that is magnetically biased
to attract a portion of the first component through a first
targeted tissue and a plurality of pins extending radially
therefrom, the distal end of the magnetic graft comprises
at least one magnet having a portion that is magnetically
biased to attract a portion of the second component
through a second targeted tissue and a plurality of pins
extending radially therefrom, and the creation of an
attractive magnetic force between the first component
and the proximal end of the magnetic graft causes the
releasable coupling of the plurality of pins of the proxi-
mal end with the first component and mechanically
engages the first targeted tissue therebetween, and the
creation of an attractive magnetic force between the
second component and the distal end of the magnetic
graft causes the releasable coupling of the plurality of
pins of the distal end with the second component and
mechanically engages the second targeted tissue ther-
ebetween.

39. The implantable device of claim 38, wherein the vessel
lumen comprises an abdominal aorta, the first targeted tissue
comprises a portion of the aorta proximal to an aortic aneu-
rysm, and the second targeted tissue comprises a portion of
the aorta distal to an aortic aneurysm.

40. The implantable device of claim 38, wherein the first
and second components are capable of laparoscopic delivery
to the first and second targeted tissues, respectively.

41. The implantable device of claim 38, wherein the mag-
netic graft is capable of endoscopic delivery.
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42. The implantable device of claim 38, wherein the first
and second components are configured in a C-shaped con-
figuration.

43. The implantable device of claim 38, wherein the first
and second components are configured in a ring-shaped con-
figuration.

44. The implantable device of claim 38, wherein the first
and second components comprise a flexible or semi-flexible
material.

45. The implantable device of claim 38, wherein the first
and second components each further comprise a joint.

46. The implantable device of claim 38, wherein the first
component further comprises a plurality of receptacles, each
of the receptacles configured to receive at least one of the
plurality of pins of the proximal end of the magnetic graft.

47.The implantable device of claim 38, wherein the second
component further comprises a plurality of receptacles, each
of the receptacles configured to receive at least one of the
plurality of pins of the distal end of the magnetic graft.

48. An implantable device comprising:

a first component comprising at least one magnet and a

plurality of pins extending therefrom;

asecond component comprising at least one magnet and a

plurality of pins extending therefrom;
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a magnetic graft configured for placement within a vessel
lumen, the magnetic graft comprising a proximal end, a
distal end, a body and a hollow interior, both the body
and the hollow interior extending between the proximal
end and the distal end; and

the proximal end of the magnetic graft comprises at least
one magnet having a portion that is magnetically biased
to attract a portion of the first component through a first
targeted tissue, the distal end of the magnetic graft com-
prises at least one magnet having a portion that is mag-
netically biased to attract a portion of the second com-
ponent through a second targeted tissue, and the creation
of an attractive magnetic force between the first compo-
nent and the proximal end of the magnetic graft causes
the releasable coupling of the plurality of pins of the first
component with the proximal end of the magnetic graft
and mechanically engages the first targeted tissue ther-
ebetween, and the creation of an attractive magnetic
force between the second component and the distal end
of the magnetic graft causes the releasable coupling of
the plurality of pins of the second component with the
distal end of the magnetic graft and mechanically
engages the second targeted tissue therebetween.
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