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MAGNETIC DEVICES AND METHODS
FOR RESHAPING HEART ANATOMY

BACKGROUND OF THE INVENTION
[0001] Heart failure is a common course for the progression of many forms of heart
disease. Heart failure may be considered to be the condition in which an abnormality of
cardiac function is responsible for the inability of the heart to pump blood at a rate
commensurate with the requirements of the metabolizing tissues, or can do so only at an
abnormally elevated filling pressure. There are many specific disease processes that can lead
to heart failure, many of which are not fully known. In certain instances, heart disease may
result from viral infections. In such cases, the heart may enlarge to such an extent that the
adverse consequences of heart enlargement continue after the viral infection has passed and
the disease continues its progressively debilitating course. In other cases, the initial cause is
due to chronic hypertension, myocardial infarction, mitral valve incompetency, or other
dilated cardiomyopathies. With each of these conditions, the heart is forced to overexert
itself in order to provide the cardiac output demanded by the body during its various demand

states. The result is dilation of the left ventricle and remodeling of the heart tissues.

[0002] Remodeling involves physical changes to the size, shape and thickness of the
heart wall along with a neurohormonal milieu of the entire cardiovascular system. A
damaged left ventricle may have some localized thinning and stretching of a portion of the
myocardium. The thinned portion of the myocardium often is functionally impaired, and
other portions of the myocardium attempt to compensate. As a result, the other portions of
the myocardium may expand so that the stroke volume of the ventricle is maintained
notwithstanding the impaired zone of the myocardium. Such expansion may cause the left

ventricle to assume a somewhat spherical shape.

[0003] Cardiac remodeling often subjects the heart wall to increased wall tension or
stress, which further impairs the heart's functional performance. Often, the heart wall will
dilate further in order to compensate for the impairment caused by such increased stress. If
dilation exceeds a critical value, the result will be progressive heart dilation which can be
explained by Laplace's law. As the volume subtended by the left hear chamber increases, the

stresses in the walls of this cavity will increase. Consequently, the muscle fibrils are
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overloaded and their ideal range of elongation is exceeded. When this excessive elongation
takes place, there is a residual volume in the heart. Then the muscle fibrils must operate
against a primarily high wall strain, and are further extended. A vicious cycle arises, leading

to increasing distension of the heart and consequent heart insufficiency.

[0004] Heart transplantation is one surgical procedure used for treatment of heart
failure. Unfortunately, not enough hearts are available for transplant to meet the needs of
heart failure patients. In the United States, in excess of 35,000 transplant candidates compete
for only about 2,000 transplants per year. A transplant waiting list is about 8-12 months long
on average and frequently a patient may have to wait about 1-2 years for a donor heart.
‘While the availability of donor hearts has historically increased, the rate of increase is
slowing dramatically. Even if the risks and expense of heart transplant could be tolerated,
this treatment option is becoming increasingly unavailable. Further, many patients do not

qualify for heart transplant for failure to meet any one of a number of qualifying criteria.

[0005] Consequently, substantial effort has been made to find alternative treatments
for heart failure. One such surgical treatment is referred to as the Batista procedure; the
surgical technique includes dissecting and removing portions of the heart in order to reduce
heart volume. This is a radical and experimental procedure subject to substantial
controversy. Furthermore, the procedure is highly invasive, risky and expensive and
commonly includes other expensive procedures (such as a concurrent heart valve
replacement). And if the procedure fails, emergency heart transplant is the only available

option.

[0006] Another surgical treatment is dynamic cardiomyoplasty. In this procedure, the
latissimus dorsi muscle (taken from the patient's shoulder) is wrapped around the heart and
chronically paced synchronously with ventricular systole. Pacing of the muscle results in
muscle contraction to assist the contraction of the heart during systole. Even though
cardiomyoplasty has demonstrated symptomatic improvement, studies suggest the procedure
only minimally improves cardiac performance. In addition, the procedure is highly invasive
requiring harvesting a patient's muscle and an open chest approach (i.e., sternotomy) to
access the heart. Furthermore, the procedure is expensive, especially for those using a paced
muscle which require costly pacemakers. The cardiomyoplasty procedure is also
complicated. For example, it is difficult to adequately wrap the muscle around the heart with

a satisfactory fit. Also, if adequate blood flow is not maintained to the wrapped muscle, the
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muscle may necrose. The muscle may stretch after wrapping reducing its constraining
benefits and is generally not susceptible to post-operative adjustment. Finally, the muscle
may fibrose and adhere to the heart causing undesirable constraint on the contraction of the

heart during systole.

[0007] A variety of devices have also been developed to treat heart failure by
improving cardiac output. For example, left ventricular assist pumps have been developed to
help the heart to pump blood. These mechanical pumps reduce the load on the heart by
performing all or part of the pumping function normally done by the heart. Currently,
mechanical pumps are used to sustain the patient while a donor heart for transplantation
becomes available for the patient. Researchers and cardiac surgeons have also experimented
with prosthetic "girdles" disposed around the heart. One such design is a prosthetic "sock" or
"jacket" that is wrapped around the heart. However, these designs require invasive open

chest surgery, significant handling of the heart, and have not seen widespread success.

[0008] Consequently, there is a need for alternative treatments applicable to both
early and later stages of heart failure to correct pumping insufficiency due to distension of the
heart thereby stopping the progressive nature of the disease or more drastically slowing the
progressive nature of congestive heart disease. It is also desired that such therapies require
minimal manipulation of the heart, be available to a broad spectrum of patients with various
degrees of heart failure, be cost effective, safe and efficient. At least some of these objectives

will be met with the present invention.

BRIEF SUMMARY OF THE INVENTION
[0009] Systems, methods and devices are provided for treating heart failure patients
suffering from various levels of heart dilation. Heart dilation treated by reshaping the heart
anatomy with the use of magnetic forces. Such reshaping changes the geometry of portions
of the heart, particularly the right or left ventricles, to increase contractibility of the ventricles
thereby increasing the stroke volume which in turn increases the cardiac output of the heart.
The magnetic forces are applied with the use of one or more magnetic elements which are
implanted within the heart tissue or attached externally and/or internally to a surface of the
heart. The various charges of the magnetic forces interact causing the associated heart tissue
areas to readjust position, such as to decrease the width of the ventricles. Such repositioning
is maintained over time by the force of the magnetic elements, allowing the damaging effects

of heart dilation to slow in progression or reverse.
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[0010] In a first aspect of the present invention, methods are provided for reshaping
the heart anatomy. In one embodiment, the method includes implanting a first magnetic
element having a first charge at least partially within a first tissue area of the heart anatomy,
and implanting a second magnetic element having a second charge at least partially within a
second tissue area of the heart anatomy. The first and second magnetic elements are arranged
so as to magnetically interact with each other causing at least one of the first and second
tissues areas to move in a manner which reshapes the heart anatomy. For example, when the
first and second magnetic elements have opposite charges, the magnetic elements may be
arranged so as to magnetically attract each other. This causes at least one of the first and
second tissue areas to move toward the other. When the magnetic elements are implanted on
opposite sides of a ventricle, movement of the tissues toward each other may draw the tissues
inward and reduce the width of the ventricle. When the first and second magnetic elements
have similar charges, the magnetic elements may be arranged so as to magnetically repel each
other. This causes at least one of the first and second tissue areas to move away from the
other. Depending on the initial geometry of the heart anatomy, movement of specific tissue
areas away from each other may cause other areas to move toward each other. The overall

result may thus be reduced dilation.

[0011] Typically, the method further comprises implanting a third magnetic element
having a third charge at least partially within a third tissue area of the heart anatomy. The
third magnetic element is positioned so as to magnetically interact with the first and/or
second magnetic element causing at least one of the first, second and third tissues areas to

move in a manner which reshapes the heart anatomy.

[0012] In preferred embodiments, least one of the first tissue area and the second
tissue area comprise a wall of a ventricle and reshaping the heart anatomy comprises
reshaping the ventricle. Typically, reshaping the ventricle comprises drawing at least one
wall of the ventricle inward reducing a width of the ventricle. However, it may be
appreciated that the tissue areas may be at any location, including the right atrium, left
atrium, the valves, and/or any of the associated anatomy, such as the aorta, pulmonary artery,

pulmonary vein, chordae, etc.

[0013] In some embodiments, the first magnetic element includes at least one
protrusion and implanting the first magnetic element comprises advancing at least a portion

of the at least one protrusion at least partially within the first tissue area of the heart anatomy.
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When the at least one has a screw shape, advancing at least a portion of the protrusion may
include rotating the screw shape. In other embodiments, the at least one protrusion is capable
of bending, typically to help anchor the magnetic element in the tissue. Such bending may be
achieved by applying energy to the protrusion which causes the bending. Such energy may

include an electrical current, external energy or a combination of these.

[0014] In another embodiment, the method of reshaping the heart anatomy comprises
attaching a first magnetic element having a first charge to a first target location on a surface
of the heart anatomy, and attaching a second magnetic element having a second charge to a
second target location on a surface of the heart anatomy. The first and second magnetic
elements are arranged so as to magnetically interact with each other causing the first and
second target locations to move in a manner which reshapes the heart anatomy. When the
first and second charges are opposite charges, the magnetic elements may be arranged so as
to magnetically attract causing the at least one of the first and second target locations move
toward the other. And, when the first and second charges are similar charges and the
magnetic elements may be arranged so as to magnetically repel causing the at least one of the

first and second target locations to move away from the other.

[0015] Typically, the method further comprises attaching a third magnetic element
having a third charge to a third target location on a surface of the heart anatomy, wherein the
third magnetic element is positioned so as to magnetically interact with the first and/or
second magnetic element causing at least one of the first, second and third target locations to

move in a manner which reshapes the heart anatomy.

[0016] In preferred embodiments, least one of the first target location and the second
location are on a wall of a ventricle and reshaping the heart anatomy comprises reshaping the
ventricle. Typically, reshaping the ventricle comprises drawing at least one wall of the
ventricle inward reducing a width of the ventricle. However, it may be appreciated that the
target locations may be at any location, including the right atrium, left atrium, the valves,
and/or any of the associated anatomy, such as the aorta, pulmonary artery, pulmonary vein,
chordae, etc. In addition, at least one of the first target location and the second location may
be on an external surface of the heart anatomy. Likewise, at least one of the first target
location and the second location may be on an internal surface of the heart anatomy.
Attaching the first magnetic element may include adhering the first magnetic element to the

first target location on a surface of the heart anatomy with adhesive.
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[0017] In some embodiments, the first magnetic element includes a patch and
attaching the first magnetic element comprises attaching the patch to the first target location
on a surface of the heart anatomy. Attaching the patch may include, for example, suturing or

adhering the patch to the first target location on a surface of the heart anatomy.

[0015] In another aspect of the present invention, a magnetic element is provided for
reshaping heart anatomy. In some embodiments, the magnetic element comprises a magnetic
core, and at least one protrusion adapted to be at least partially implantable within a tissue
area of the heart anatomy. The magnetic core is comprised of any suitable magnetic material,
such as Neudynium Iron Boron, Samarium Cobalt, Aluminum Nickel Cobalt or a
combination of these. Likewise, the at least one protrusion may be comprised of any suitable
material including a shape memory material. In the instance of a shape memory material, the
protrusion may form a bend upon receiving energy which anchors the at least one protrusion
within the tissue area of the heart anatomy. In other embodiments, the at least one protrusion
has the shape of a screw. In addition, the magnetic core may include a biocompatible

polymer coating.

[0019] In afurther aspect of the invention, a composite magnetic element is provided
for reshaping heart anatomy. In some embodiments, the composite magnetic element
comprises a core inner layer comprising magnetic material and at least one outer layer
comprising a non-magnetic material attached to the core inner layer. In preferred
embodiments, the at least one outer layer comprises two outer layers, wherein the core inner
layer is sandwiched between the outer layers. The magnetic material of the core inner layer
may be comprised of any suitable magnetic material, including Neudynium Iron Boron,
Samarium Cobalt, Aluminum Nickel Cobalt or a combination of these. The non-magnetic
material of the at least one outer layer may be metallic or non-metallic and may be comprised
of stainless steel, platinum, iridium, titanium, or tantalum, to name a few. In addition, the

composite magnetic element may further include a biocompatible polymer coating.

[0020] In another aspect of the invention, a system of magnetic elements is provided
for reshaping heart anatomy. In one embodiment, the system includes a first magnetic
element having a first charge and a second magnetic element having a second charge. The
first magnetic element is adapted to be at least partially implantable within or positionable on
a first tissue area of the heart anatomy and the second magnetic element is adapted to be at

least partially implantable within or positionable on a second tissue area of the heart anatomy.
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The first and second magnetic elements are arrangeable so as to magnetically interact with
each other causing at least one of the first and second tissues areas to move in a manner
which reshapes the heart anatomy. In some embodiments, at least one of the magnetic
elements has the shape of discs, cones, rods, blocks, spheres, rings or a combination of these.
And, in some embodiments, at least one of the magnetic elements comprises a composite
magnetic element including a core inner layer of magnetic material and at least one outer
layer comprised of a non-magnetic material attached to the core inner layer. Further, in some
embodiments, at least one of the magnetic elements includes a protrusion that is at least

partially implantable within the associated tissue area of the heart anatomy.

[0021] In another aspect of the present invention, a delivery system is provided for
delivering a magnetic element. In some embodiments, the delivery system includes a
catheter having a proximal end and a distal end, a needle having a passageway extending
therethough, the needle being advanceable through the catheter and having a needle tip which
is extendable beyond the distal end of the catheter, and a least one magnetic element
configured for passage through the passageway and delivery from the needle tip. The system
may further comprise a stylet advanceable through the passageway to pass the at least one
magnetic element therethrough. The system may also comprise a needle advancement
mechanism which advances and retracts the needle tip in relation to the distal end of the
catheter. As stated previously, the at least one magnetic element may have the shape of a

disc, cone, rod, block, sphere, ring or a combination of these, to name a few.

[0022] Other objects and advantages of the present invention will become apparent

from the detailed description to follow, together with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Fig. 1 provides a cross-sectional illustration of a heart of a normal patient.

[0024] Fig. 2 provides a cross-sectional illustration of a heart of a patient wherein the

geometry of the ventricles have dilated.

[0025] Fig. 3 illustrates changing of the geometry of the ventricles of Fig. 2 by

placing magnetic elements within the walls of the ventricles.

[0026] Figs. 4A-4C illustrate an embodiment of a magnetic disc of the present

invention.
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[0027] Figs. 5A-5C illustrate another embodiment of a magnetic disc of the present
invention.
[0028] Fig. 6 illustrate an embodiment of a magnetic element having a protrusion in

the shape of a screw.

[0029] Fig. 7 illustrates magnetic elements having protrusions anchored to the walls
of the left ventricle.

[0030] Figs. 8A-8B illustrate magnetic elements having protrusions for anchoring.
[6031] Figs. 9A-9B illustrate magnetic elements joined by a tether.

[0032] Fig. 10 illustrates the magnetic elements of Figs. 9A-9B implanted within the
wall of the left ventricle.

[0033] Figs. 11A-11] illustrates an embodiment of a delivery system.

[0034] Fig. 12 illustrates an approach for endovascular delivery of magnetic elements

to the walls of the left ventricle.

[0035] Fig. 13 illustrates magnetic elements implanted on an external surface of the
left ventricle.
[0036] Figs. 14A-14B, 15A-15B, 16A-16B illustrate embodiments of magnetic

elements including patches.

[0037] Figs. 17A-17C illustrate an embodiment of a magnetic element which includes

a plurality of magnetic cores disposed on a larger patch.

[0038] Figs. 18A-18B illustrate an embodiment of a magnetic element wherein each

of the patches are comprised of a net.

DETAILED DESCRIPTION OF THE INVENTION
[0039] Fig. 1 provides a cross-sectional illustration of a heart H of a normal patient.
The cross-sectional view shows the right atrium RA, right ventricle RV, left atrium LA and
left ventricle LV. The right ventricle RV and left ventricle LV have a width of x; and y;
respectively. Fig. 2 provides a cross-sectional illustration of a heart H of a patient with heart
disease wherein the geometry of the ventricles RV, LV have dilated. As shown, the right
ventricle RV and left ventricle LV have increased widths of x, and y, respectively. The
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increased widths x,,y, result in poor cardiac output from the left ventricle LV and/or the right

ventricle RY. Cardiac output (CO) is defined as:
CO=HRx SV
whereas

HR = heart rate (beats per minute)
SV= stroke volume (liters per beat)

Ejection Fraction (EF) is the fraction of blood ejected by a ventricle relative to its end-

diastolic volume. Therefore, EF is calculated from:
EF =(SV/EDV) *100

whereas

EDV = end-diastolic volume

Ejection fraction is most commonly measured using echocardiography. This non-invasive
technique provides good estimates of end-diastolic (EDV) and end-systolic volumes (ESV),
and stroke volume (SV = EDV-ESV). Normally, EF is >60%. For example, if the SV is 75
ml and the EDV is 120 ml, then the EF is 63%. Factors effecting EDV are heart rate,
ventricular compliance and filling pressure. Factors effecting ESV are the force of
contracting the left ventricle and after-load which is the measure of the force resulting from

the ejection of blood.

[0040] In heart failure, particularly in dilated cardiomyopathy, EF can become very
small as SV decreases and EDV increases. In severe heart failure, EF may be only 20%. EF
is often used as a clinical index to evaluate the status of the heart. By changing the geometry
or reshaping the left or right ventricle with the methods and devices of the present invention,
the contractibility of the ventricles may be increased thereby increasing the stroke volume

(SV). This in turn increases the cardiac output (CO).

[0041] The geometry of the ventricles are changed by placing magnetic elements 10
on or within tissue areas or walls W of the ventricles, such as illustrated in Fig. 3. In the
embodiment of Fig. 3, magnetic elements 10 are implanted within the walls W of the right
ventricle RV and left ventricle LV near the apex AX of the heart H. The magnetic elements
10 have opposing poles so that the magnetic elements 10 attract each other, as indicated by

arrows 12. Such attraction draws the walls W of the ventricles RV, LV inward, toward each
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other, thereby reshaping the ventricles RV, LV. The width of the right ventricle RV is thus
reduced toward normal width x; and the left ventricle LV is reduced toward the normal width
y1. The magnetic forces are able to assist the ventricles RV, LV throughout the cardiac cycle,
increasing the contractibility of the ventricles RV, L'V. This increases the stroke volume
(SV) which increases the cardiac output (CO). It may be appreciated that any number of
elements 10 may be used and the elements 10 may be positioned at any location on
(externally or internally) or within the walls W of the heart H, including the right atrium RA,
right ventricle RV, left atrium LA and left ventricle LV. It may further be appreciated the
elements 10 may be positioned on or within the valves, including the mitral valve MV, aortic
valve AV, tricuspid valve TV, and pulmonary valve (not shown), and/or any of the associated

anatomy, such as the aorta A, pulmonary artery, pulmonary vein, chordae etc.

[0042] The magnetic elements 10 are comprised of any suitable magnetic material,
such as Neudynium Iron Boron (Nd Fe B), Samarium Cobalt (Sm Co) or Aluminum Nickel
Cobalt (Al Ni Co). The magnetic elements 10 may have any suitable size and shape,
including discs, cones, rods, blocks, spheres, and rings to name a few. In one embodiment,
illustrated in Figs. 4A-4C, the magnetic element 10 has the shape of disc 14. Fig. 4A
provides a perspective view of the magnetic disc 14. Fig. 4B illustrates a top view having a
circular shape with a diameter in the range of approximately 0.1-3mm. Fig. 4C illustrates a
side view wherein the disc 14 has a thickness in the range of approximately 0.1-3mm. These
magnetic discs 14 can provide forces in the range of approximately 0.2-0.51bf with a
magnetic field in the range of 300-7000 Gauss. In addition, the discs 14 may be coated with
a biocompatible polymer, such as polyurethane, polytetrafluoroethylene (PTFE), fluorinated
ethylene propylene (FEP) or polyether ether ketone (PEEK). Typically, such a coating has a

thickness in the range of approximately 0.1-0.3 mm.

[0043] In another embodiment, illustrated in Figs. 5A-5C, the magnetic element 10
has the form of a composite magnetic disc 16. Here, the composite magnetic disc 16 is
comprised of a core inner layer 18 and two outer layers 20. The core inner layer 18 is
comprised of any suitable magnetic material, such as Neudynium Iron Boron (Nd Fe B),
Samarium Cobalt (Sm Co) or Aluminum Nickel Cobalt (Al Ni Co), and has a thickness in the
range of approximately 0.1-3mm. The outer layers 20 are comprised of any suitable non-
magnetic material, such as 316L stainless steel, and have a thickness of approximately
0.lmm. The outer layers 20 are joined with the core inner layer 18 with a suitable adhesive

22, such as cyanoacrylate or epoxy.

10
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[0044] Fig. 5A provides a perspective view of the composite magnetic disc 16. Fig.
5B illustrates a top view having a circular shape with a diameter in the range of
approximately 0.1-3mm. Fig. 5C illustrates a side view wherein the disc 16 has a thickness
in the range of approximately 0.1-3mm. The composite magnetic discs 16 provide a less
brittle magnet and an increased force of attraction. In addition, the discs 16 may also be
coated with a biocompatible polymer, such as polyurethane, polytetrafluoroethylene (PTFE),
fluorinated ethylene propylene (FEP) or polyether ether ketone (PEEK). Typically, such a

coating has a thickness in the range of approximately 0.1-0.3 mm.

[0045] It may be appreciated that the magnetic elements of the present invention may
have the form of arod. In some embodiments, the rod has a diameter in the range of
approximately 0.1-3 mm and a length in the range of 3-8 mm. Similar to the magnetic discs
described above, the rod may be comprised of any suitable magnetic material, such as
Neudynium Iron Boron (Nd Fe B), Samarium Cobalt (Sm Co) or Aluminum Nickel Cobalt
(A1 Ni Co), to name a few. Likewise, the rod may include a biocompatible polymer coating
34, such as polyurethane, polytetrafluoroethylene (PTFE), fluorinated ethylene propylene
(FEP) or polyether ether ketone (PEEK), having a thickness in the range of 0.1-0.3 mm.

[0046] As previously mentioned, the magnetic elements 10 may be positioned at any
location on (externally or internally) or within the walls W of the heart H. When the

elements 10 are positioned within the walls W, the elements 10 are advanced through at least
a portion of the wall W with the use of a delivery instrument, as will be described in later
sections, so that the elements 10 are substantially surrounded by the tissue of the walls W and
therefore held in place by the tissue of the walls W. When the elements 10 are positioned on
the walls W, the elements 10 are held in place by adhesion to the surface of the walls W or by
anchoring into the walls W, such as by suturing or advancing one or more protrusions into the
walls W. For example, Figs. 6, 8A-8B illustrate embodiments of magnetic elements 10
having protrusions 30 suitable for advancement into the walls W. In Fig. 6, the magnetic
element 10 comprises a magnetic disc 14, such as the magnetic disc 14 of Figs. 4A-4C having
a core 32 of suitable magnetic material, and a protrusion 30 having the shape of a screw. The
screw shape includes threads 36 so that the protrusion 30 may be advanced through the tissue
of the ventricle wall W and held in place. The disc 14 and protrusion 30 may be joined by
any suitable means, such as by an adhesive or a mechanical attachment mechanism. It may
also be appreciated that the disc 14 and protrusion 30 may be formed as a continuous unit.

The disc 14 is also typically covered by a biocompatible polymer coating 34, such as

11
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polyurethane, polytetrafluoroethylene (PTFE), fluorinated ethylene propylene (FEP) or
polyether ether ketone (PEEK). The protrusion 30 may be comprised of any suitable
material, such as stainless steel. Further, the protrusion 30 may be plated or coated with a
material to provide desired physical characteristics. For example, if the disc 14 and
protrusion 30 are formed as one unit of magnetic material, the protrusion 30 may be coated
with stainless steel to reduce brittleness. It may also be appreciated that magnetic discs 10 of
any shape and composition may have protrusions 30, including the magnetic disc 16 of Figs.

SA-5C.

[0047] Referring to Fig. 7, magnetic elements 10 having protrusions 30 are illustrated
anchored to the walls W of the left ventricle LV. Here, five magnetic elements 10 are shown
near the apex AX of the heart H. The protrusions 30 are advanced into the ventricular tissue
of the walls W so that the discs 14 are disposed on the interior surface of the left ventricle
LV. The magnetic elements 10 have opposing poles so that the magnetic elements 10 attract
each other. Such attraction draws the walls W of the left ventricle LV inward, toward each
other, thereby reshaping the left ventricle LV. The width of the left ventricle LV is thus
reduced toward the normal width y;. The magnetic forces are able to assist the left ventricle
LV throughout the cardiac cycle, increasing the contractibility of the L'V ventricle. This

increases the stroke volume (SV) which increases the cardiac output (CO).

[0048] Additional embodiments of magnetic elements 10 having protrusions 30 for
anchoring are shown in Figs. 8A-8B. In Fig. 8A, the magnetic element 10 comprises a
magnetic disc 14, such as the magnetic disc 14 of Figs. 4A-4C having a core 30 of suitable
magnetic material, and at least one protrusion 30. The protrusions 30 are directly
advanceable into the ventricular tissue of the wall W. To hold the magnetic elements 10 in
place, the protrusions 30 are then curved, bowed or bent, as illustrated in Fig. 8B. Such
bending may be achieved by a variety of mechanisms. For example, the protrusions 30 may
be comprised of a shape memory material, such as Nickel Titanium (also known as
Nitinol®), wherein the change in shape is achieved by applying an electrical current, such as
a DC voltage or radiofrequency, or by applying external energy, such as a magnetic field
using a clinically available magnetic resonance imaging machine or high intensity focused
ultrasound. Such application raises the temperature of the shape memory material from 37°C
to a transition temperature of 45-50°C wherein bending occurs. The bent protrusion 30 thus
anchors the element 10 to the wall W. Again, the disc 14 and protrusions 30 may be joined

by any suitable means, such as by an adhesive or a mechanical attachment mechanism. It
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may also be appreciated that the disc 14 and protrusions 30 may be formed as a continuous
unit. The disc 14 is also typically covered by a biocompatible polymer coating 34, such as
polyurethane, polytetrafluoroethylene (PTFE), fluorinated ethylene propylene (FEP) or
polyether ether ketone (PEEK). It may further be appreciated that the magnetic element 10
may have the form of a composite disc 16 such as illustrated in Figs. 5A-5C. Or the magnetic
element 10 may have any other form including cones, rods, blocks, spheres and rings, to

name a few.

[0049] In still further embodiments, the magnetic elements 10 are joined by a tether
31, as illustrated in Figs. 9A-9B. Referring to Fig. 9A, a first magnetic element 33 is
connected to one end of the tether 31 and a second magnetic element 35 is connected with the
other end of the tether 31. The tether 31 may be comprised of any flexible material, such as a
polymer, wire, filament, thread, suture, braid, coil, or mesh, to name a few. The tether 31
may be elastic or non-elastic. Further, the tether 31 may be bioabsorbable, such as comprised
of polyglycolic acid (PGA). Fig. 9A shows the tether 31 in a substantially straight
configuration. Magnetic elements 33, 35 having opposite charges are magnetically attracted
to each other causing the tether 31 to curve, as shown in Fig. 9B. Referring to Fig. 10, a
tether 31 is shown implanted in the wall W of the left ventricle L'V near the apex AX of the
heart H so that magnetic elements 33, 35 are positioned on opposite sides of the left ventricle
LV. Opposite charges on the first magnetic element 33 and second magnetic element 35
cause magnetic attraction. Such attraction draws the walls W of the left ventricle LV inward,
toward each other, thereby reshaping the left ventricle LV. The width of the left ventricle LV
is thus reduced toward the normal width y;. In addition, the tether 31 pulls the wall W
between the elements 33,35 near the apex AX upward and inward as the elements 33, 35
attract. Thus, the magnetic forces are able to assist the left ventricle LV throughout the
cardiac cycle, increasing the contractibility of the LV ventricle. This increases the stroke

volume (SV) which increases the cardiac output (CO).

[0050] In preferred embodiments, the magnetic elements 10 are delivered to the heart
wall W with the use of an endovascular delivery system. Figs. 11A-11B illustrate an
embodiment of such a delivery system 40. The system 40 includes an elongate catheter 42
having a proximal end 44 attached to a handle 45, a distal end 46, and a lumen 48 extending
therethrough. In preferred embodiments, the catheter 42 has an outer diameter in the range of
approximately 6-8 French. In addition, the lumen 48 may be sized for passage of a guidewire

or for irrigation or contrast media injection. In some embodiments, the lumen 48 is sized for
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passage of a 0.018-0.035 inch guidewire; for example, the lumen 48 may have an inner
diameter of approximately 0.040 inches or 1 mm. In other embodiments, the lumen 48 has an

ID of 1-3 mm.

[0051] Typically, the distal end 46 includes a deflectable tip to assist in advancement
of the catheter 42 through the vascular anatomy, such as from the femoral or brachial arteries.
In some embodiments, the deflectable tip has a functionality similar to the deflectable tips of
conventional electrophysiology or percutaneous myocardial revascularization (PMR)
catheters. Advancement of the catheter 42 may be visualized with any suitable method,
including fluoroscopy. Thus, in some embodiments, the catheter 42 includes a radiopaque
marker 51 at the distal tip of the distal end 46. The marker 51 may be comprised of a metal
such as gold or platinum. Further, the catheter 42 may be doped with radiopaque material,

such as barium sulfate (BaSO,).

[0052] Deflection of the catheter 42 may be achieved with the use of pullwires 43.
Fig. 11B illustrates a cross-section of the catheter 42 having pullwires 43 extending through
walls of the catheter 42 on opposite sides of the lumen 48. The pullwires 43 are manipulated
by a deflection knob 47 on the handle 45. Manipulation of the knob 47, such as retraction of
the knob 47, applies tension to one of the pullwires 43, which in turn deflects the catheter 42
toward the tensioned pullwire 43, as illustrated in Fig. 11C. Fig. 11D provides a close-up
illustration of the curved distal end 46 of the catheter 42. The pullwire 43 may be locked in
place, holding the catheter 42 in the deflected position, or the pullwire 43 may be released by
advancement of the knob 47 back to a neutral position. Further manipulation of the knob 47,
such as advancement of the knob 47, applies tension to the opposite pullwire 43, which in
turn deflects the catheter 42 in the opposite direction. Again, the pullwire 43 may be locked
in place or released. It may be appreciated that any number of pullwires 43 may be used.
Typically, the majority of the catheter 42 is comprised of material which provides sufficient
flexibility to maneuver through the vascular anatomy yet sufficient stiffness for successful
advancement, such as 70A-90A to 55D-75D durometer Pebax, polyurethane or similar
material. However, the distal end 46 of the catheter 42 is typically comprised of a more
flexible material, such as 35A-60A durometer Pebax, polyurethane, Pellethane™ (Dow
Chemical) or similar material. This difference in durometer allows deflection of the distal
end 46 of the catheter 42 while maintaining relative rigidity in the remainder of the catheter
42.
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[0053] Referring to Figs. 11E-11F, the delivery system 40 includes a needle 50
having a proximal end 51 and a needle tip 52, wherein the needle 50 which extends through
the lumen 48 and is extendable and retractable within the lumen 48 by a needle advancement
mechanism 54. The mechanism 54 is axially fixed in relation to the handle 45 and engages
the needle 52 via threads so that rotation of the mechanism 54 axially displaces the needle 50.
In preferred embodiments, the needle tip 52 is advanceable beyond the distal end 46 of the
catheter 42 by a stroke distance of approximately 4-10mm. The needle 50 may be comprised
of any suitable material, such as stainless steel or Nitinol®, and may have any diameter

suitable for passage through the lumen 48, such as approximately 1-3 mm.

[0054] The magnetic elements 10 are loadable within the needle 50 for delivery to the
heart wall W. Needle 50 has a passageway 60 extending from the proximal end 51 to the
needle tip 52 so that one or more magnetic elements 10 loaded into the proximal end 51 can
be advanced through the passageway 60 and expelled from the needle tip 52. The
passageway 60 may have any suitable size, such as in the range of approximately 0.25-
0.6mm. In some embodiments, the passageway 60 is coated with a PTFE lining to reduce
friction during advancement. Coating of the magnetic elements 10 with a biocompatible
polymer, such as PTFE, also reduces friction. Referring to Figs. 11G-11H, the elements 10
may be advanced through the passageway 60 with the use of a stylet 62. In preferred
embodiments, the stylet 62 comprises an elongate shaft having a diameter sized to fit within
passageway 60 and a length sized to extend from at least the distal end 51 of the needle 50 to
the needle tip 52. Advancement of the stylet 62 pushes a magnetic element 10 through the
passageway 60 and out of the needle tip 52, as illustrated in Figs. 111-1117.

[0055] In some embodiments, the delivery system 40 includes mechanisms for
delivering an electrical current, such as a DC voltage or radiofrequency, directly to the
magnetic elements 10. In the case of DC voltage, the electrical current may be supplied with
the use of DC batteries. Such application of current may be used to bénd protrusions of the
magnetic elements 10, as described above, to assist in anchoring the elements 50 in the heart
wall W.

[0056] Fig. 12 illustrates one approach for endovascular delivery of magnetic
elements 10 to the walls W of the left ventricle LV. Here, a femoral approach is shown
wherein the delivery catheter 42 is advanced through the aorta A and the aortic valve AV.
Typically, the catheter 42 is advanced through a sheath, such as a 9-10 French sheath,
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positioned within the femoral artery (not shown). Under fluoroscopy or other methods of
guidance, the distal end 46 of the catheter 42 is guided within the left ventricle LV and
positioned near or against the ventricular wall W at a target location. After verification of the
appropriate positioning of the catheter 42, the needle tip 52 is advanced into the wall W at the
target location, as illustrated in Fig. 12. One or more magnetic elements 10 are then
advanced through the needle and out of the needle tip 52 so that the element(s) 10 are
positioned within the wall W. The catheter 42 may then be repositioned so that the distal end
46 is disposed near or against the ventricular W at another target location, as indicated by
dashed image of the catheter. Thus, one or more magnetic elements 10 may be positioned at
other target locations around the left ventricle LV. This may be repeated any number of

times.

[0057] It may be appreciated that the left ventricle LV may alternatively be
approached by advancement of the catheter 42 through the inferior vena cava IVC, into the
right atrium RA, across the interatrial septum, into the left atrium LA and through the mitral
valve MV. Similarly, the right ventricle RV may be approached through the inferior vena
cava IVC, into the right atrium RA and through the tricuspid valve TV. A variety of other
endovascular approaches may also be used. It may also be appreciated that non-endovascular
approaches may also be used wherein the magnetic elements 10 are placed on or within the
walls W by open chest surgery or through minimally invasive procedures where access is

achieved thorascopically.

[0058] Alternatively or in addition, magnetic elements 10 may be positioned on an
external surface of the heart. In preferred embodiments, the elements 10 are positioned on
the external surfaces of the walls of the ventricles. For example, as illustrated in Fig. 13,
magnetic elements 10 may be implanted on the surface of the left ventricle LV near the apex
AX of the heart. The magnetic elements 10 have opposing poles so that the magnetic
elements 10 attract each other, as indicated by arrows 12. Such attraction draws the walls W
of the ventricle LV inward, toward each other, thereby reshaping the ventricle LV. The width
of the left ventricle LV is thus reduced toward normal width y;. The magnetic forces are able
to assist the left ventricle LV throughout the cardiac cycle, increasing the contractibility of
the left ventricle LV. This increases the stroke volume (SV) which increases the cardiac
output (CO). It may be appreciated that the magnetic elements 10 may interact with elements
10 positioned within the ventricular walls and/or within the ventricles to further assist in

reshaping the ventricles.
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[0059] Externally placed magnetic elements 10 may have any of the forms described
and illustrated above and may optionally include a patch to assist in attaching the element 10
to the heart wall W. Figs. 14A-14B illustrate an embodiment of a magnetic element 10
including a magnetic core 70 attached to a patch 72. In this embodiment, the core 70 is in the
shape of a disc having a diameter in the range of approximately 0.1-3mm and a thickness of
0.1-3mm. It may be appreciated that the magnetic core 70 may have any suitable size and
shape, including discs, cones, rods, blocks, spheres, and rings to name a few. The magnetic
core 70 is comprised of any suitable magnetic material, such as Neudynium Iron Boron (Nd
Fe B), Samarium Cobalt (Sm Co) or Aluminum Nickel Cobalt (A1 Ni Co). Such a magnetic

core 70 can provide a static magnetic field of approximately 300 Gauss.

[0060] In this embodiment illustrated in Fig. 14A, the magnetic core 70 is disposed in
the center of the patch 72. The patch 72 may be comprised of any material which provides
suitable flexibility and mating with the surface of the heart, such as Dacron®. In this
embodiment, the patch 72 has a circular shape with a diameter in the range of approximately
0.120-0.500 inches and a thickness in the range of approximately 0.005-0.050 inches. The
patch 72 may also include suture holes 74 to assist in suturing the patch to the heart wall. In
preferred embodiments, the patch 72 includes 6-12 suture holes 74 located around the
peripheral edge of the patch 72. Each suture hole 74 may have a diameter of 0.010+0.005

inches. Fig. 14B provides a cross-sectional view of the magnetic element 10 of Fig. 14A.

[0061] Figs. 15A-15B illustrate a similar embodiment wherein the magnetic element
10 includes two magnetic cores 70a, 70b disposed on the patch 72. Here, the magnetic cores
70a, 70b have opposite charges. It may be appreciated that any number of magnetic cores
may be disposed on the patch 72, and the magnetic cores may have any charge and may be in

any arrangement.

[0062] Figs. 16A-16B illustrate another embodiment of a magnetic element 10
including a magnetic core 80 attached to a patch 82. In this embodiment, the core 80 is in the
shape of a disc having a diameter in the range of approximately 0.040-0.120 inches and a
thickness of 0.010-0.120 inches. It may be appreciated that the magnetic core 80 may have
any suitable size and shape, including discs, cones, rods, blocks, spheres, and rings to name a
few. The magnetic core 80 is comprised of any suitable magnetic material, such as
Neudynium Iron Boron (Nd Fe B), Samarium Cobalt (Sm Co) or Aluminum Nickel Cobalt
(A1 Ni Co).
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[0063] In this embodiment illustrated in Fig. 16A, the magnetic core 80 is disposed in
the center of the patch 82. The patch 82 may be comprised of any material which provides
suitable flexibility and mating with the surface of the heart, such as Dacron®. In this
embodiment, the patch 82 has a circular shape with a diameter in the range of approximately
0.120-0.500 inches and a thickness of approximately 0.040+0.005 inches. Fig. 16B provides

a cross-sectional view of the magnetic element 10 of Fig. 16A.

[0064] The magnetic elements 10 are attached to the external surface of the heart by
open heart surgical methods or minimally invasive thorascopic methods. The patches are
typically sewn to the heart with the use of sutures. Alternatively or in addition, the patches
may be glued to the heart with a tissue adhesive. As mentioned above, the magnetic forces
are able to assist the ventricles throughout the cardiac cycle, increasing the contractibility of
the ventricles. This increases the stroke volume (SV) which increases the cardiac output

(CO).

[0065] Figs. 17A-17C illustrate yet another similar embodiment wherein the magnetic
element 10 includes a plurality of magnetic cores 90 disposed on a larger patch 92. In this
embodiment, the cores 90 are in the shape of individual discs having diameters in the range
of approximately 0.040-0.120 inches and thicknesses of 0.010-0.120 inches. It may be
appreciated that the magnetic cores 90 may have any suitable size and shape, including discs,
cones, rods, blocks, spheres, and rings to name a few. The magnetic cores 90 are comprised
of any suitable magnetic material, such as Neudynium Iron Boron (Nd Fe B), Samarium
Cobalt (Sm Co) or Aluminum Nickel Cobalt (Al Ni Co). The larger patch 92 may be
comprised of any material which provides suitable flexibility and mating with the surface of

the heart, such as Dacron®.

[0066] The larger patch 92 is sized and shaped to cover a more extensive portion of
the surface of the heart, such as a surface covering an atrium or ventricle. Fig. 17A illustrates
two such patches 92, 92', a left ventricle patch 92 and a right ventricle patch 92'. It may be
appreciated that any number of magnetic cores 90 may be disposed on the patches 92, 92/,
and the magnetic cores 90 may have any charge and may be in any arrangement. The cores
90 may also be attached to the patches 92, 92' by any suitable means, such as by suturing,
adhering with adhesive, or confining in a pocket. Fig. 17B illustrates a cross-sectional view
of patch 92. As shown, the patch 92 is comprised of a first layer of material 94 and a second

layer of material 96, wherein the magnetic cores 90 are captured between the layers 94, 96.
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The layers 94, 96 may be sutured 98 or sewn together creating pockets 100 within which the

cores 90 reside.

[0067] The magnetic elements 10 are attached to the external surface of the heart, as
illustrated in Fig. 17C, by open heart surgical methods or minimally invasive thorascopic
methods. The patches 92, 92' are typically sewn to the heart with the use of sutures.
Alternatively or in addition, the patches may be glued to the heart with a tissue adhesive. In
some embodiments, the cores 90 on the left ventricle patch 92 are positively charged and the
cores on the right ventricle patch 92' are negatively charged. Thus, the oppositely charged
patches 92, 92" apply force to opposite sides of the heart, compressing the ventricles
therebetween. The magnetic forces are able to assist the ventricles throughout the cardiac
cycle, increasing the contractibility of the ventricles. This increases the stroke volume (SV)

which increases the cardiac output (CO).

[0063] Figs. 18A-18B illustrate another embodiment wherein each of the patches are
comprised of a net 102, 102' respectively. The nets 102, 102' have the form of an openwork
mesh made of strands that are woven or knotted together at regular or irregular intervals. The
strands may be comprised of suture, threads, filaments, wires or other suitable materials and
may be elastic or non-elastic. The magnetic cores 90 typically have the same features as
described above. The cores 90 may also be attached to the nets 102, 102' by any suitable
means, such as by suturing or adhering with adhesive. The cores 90 may be attached at any
locations and in any arrangement on the nets102, 102'. The nets 102, 102" are sized and
shaped to cover a desired portion of the surface of the heart, such as a surface covering an
atrium or ventricle. The magnetic elements 10 are attached to the external surface of the
heart, as illustrated in Fig. 18B, by open heart surgical methods or minimally invasive
thorascopic methods. The nets 102, 102' are typically sewn to the heart with the use of
sutures and/or glued to the heart with a tissue adhesive. Again, in some embodiments, the
cores 90 on a left ventricle net 102 are positively charged and the cores on the right ventricle
net '102 are negatively charged. Thus, the oppositely charged nets 102, 102" apply force to
opposite sides of the heart, compressing the ventricles therebetween. The magnetic forces are
able to assist the ventricles throughout the cardiac cycle, increasing the contractibility of the

ventricles. This increases the stroke volume (SV) which increases the cardiac output (CO).

[0069] Although the foregoing invention has been described in some detail by way of

illustration and example, for purposes of clarity of understanding, it will be obvious that
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various alternatives, modifications and equivalents may be used and the above description
should not be taken as limiting in scope of the invention which is defined by the appended

claims.
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WHAT IS CLAIMED IS:

1. A method of reshaping heart anatomy comprising:

implanting a first magnetic element having a first charge at least partially
within a first tissue area of the heart anatomy; and

implanting a second magnetic element having a second charge at least
partially within a second tissue area of the heart anatomy, wherein the first and second
magnetic elements are arranged so as to magnetically interact with each other causing at least
one of the first and second tissues areas to move in a manner which reshapes the heart

anatomy.

2. The method of claim 1, wherein the first and second charges are
opposite charges and the magnetic elements are arranged so as to magnetically attract causing

the at least one of the first and second tissue areas to move toward the other.

3. The method of claim 1, wherein the first and second charges are
similar charges and the magnetic elements are arranged so as to magnetically repel causing

the at least one of the first and second tissue areas move away from the other.

4, The method of claim 1, further comprising

implanting a third magnetic element having a third charge at least partially
within a third tissue area of the heart anatomy, wherein the third magnetic element is
positioned so as to magnetically interact with the first and/or second magnetic element
causing at least one of the first, second and third tissues areas to move in a manner which

reshapes the heart anatomy.

5. The method of claim 1, wherein at least one of the first tissue area and
the second tissue area comprise a wall of a ventricle and reshaping the heart anatomy

comprises reshaping the ventricle.

6. The method of claim 5, wherein reshaping the ventricle comprises

drawing at least one wall of the ventricle inward reducing a width of the ventricle.

7. The method of claim 1, wherein at least one of the first tissue area and

the second tissue area comprise a wall of a septum.
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8. The method of claim 1, wherein at least one of the first tissue area and

the second tissue area comprise a wall of an atrium.

9. The method of claim 1, wherein the first magnetic element includes at
least one protrusion and wherein implanting the first magnetic element comprises advancing
at least a portion of the at least one protrusion at least partially within the first tissue area of

the heart anatomy.

10.  The method of claim 9, wherein the at least one protrusion has a screw

shape and wherein advancing comprises rotating the screw shape.

11.  The method of claim 9, further comprising bending the at least one

protrusion.

12.  The method of claim 11, further comprising applying energy to the

protrusion to cause the bending.

13.  The method of claim 12, wherein applying energy comprises applying

an electrical current, external energy or a combination of these.

14. A method of reshaping heart anatomy comprising:

attaching a first magnetic element having a first charge to a first target location
on a surface of the heart anatomy; and

attaching a second magnetic element having a second charge to a second target
location on a surface of the heart anatomy, wherein the first and second magnetic elements
are arranged so as to magnetically interact with each other causing the first and second target

locations to move in a manner which reshapes the heart anatomy.

15.  The method of claim 14, wherein the first and second charges are
opposite charges and the magnetic elements are arranged so as to magnetically attract causing

the at least one of the first and second target locations move toward the other.

16.  The method of claim 14, wherein the first and second charges are
similar charges and the magnetic elements are arranged so as to magnetically repel causing

the at least one of the first and second target locations to move away from the other.

17.  The method of claim 14, further comprising

22



o Y T A

—

N kW N =

WO 2006/019520 PCT/US2005/022461

attaching a third magnetic element having a third charge to a third target
location on a surface of the heart anatomy, wherein the third magnetic element is positioned
so as to magnetically interact with the first and/or second magnetic element causing at least
one of the first, second and third target locations to move in a manner which reshapes the

heart anatomy.

18. The method of claim 14, wherein at least one of the first target location
and the second location are on a wall of a ventricle and reshaping the heart anatomy

comprises reshaping the ventricle.

19.  The method of claim 18, wherein reshaping the ventricle comprises

drawing at least one wall of the ventricle inward reducing a width of the ventricle.

20.  The method of claim 14, wherein at least one of the first target location

and the second location are on an external surface of the heart anatomy.

21.  The method of claim 14, wherein at least one of the first target location

and the second location are on an internal surface of the heart anatomy.

22.  The method of claim 14, wherein attaching the first magnetic element
comprises adhering the first magnetic element to the first target location on a surface of the

heart anatomy with adhesive.

23.  The method of claim 14, wherein the first magnetic element includes a
patch and wherein attaching the first magnetic element comprises attaching the patch to the

first target location on a surface of the heart anatomy.

24.  The method of claim 23, wherein attaching the patch comprises

suturing or adhering the patch to the first target location on a surface of the heart anatomy.

25. A magnetic element for reshaping heart anatomy comprising:

a magnetic core; and

at least one protrusion extending from the magnetic core, the at least one
protrusion adapted to be at least partially implantable within a tissue area of the heart

anatomy.

23



wm A W N =

WO 2006/019520 PCT/US2005/022461

26.  The magnetic element of claim 25, wherein the magnetic core
comprises Neudynium Iron Boron, Samarium Cobalt, Aluminum Nickel Cobalt or a

combination of these.

27.  The magnetic element of claim 25, wherein the at least one protrusion

comprises a shape memory material.

28. The magnetic element of claim 27, wherein the at least one protrusion
forms a bend upon receiving energy which anchors the at least one protrusion within the

tissue area of the heart anatomy.

29.  The magnetic element of claim 25, wherein the at least one protrusion

has the shape of a screw.

30.  The magnetic element of claim 25, wherein the magnetic core has a

biocompatible polymer coating.

31. A composite magnetic element for reshaping heart anatomy
comprising:

a core inner layer comprising magnetic material; and

at least one outer layer comprising a non-magnetic material attached to the

core inner layer.

32.  The composite magnetic element of claim 31, wherein the at least one
outer layer comprises two outer layers, wherein the core inner layer is sandwiched between

the outer layers.

33.  The composite magnetic element of claim 31, further comprising a

biocompatible polymer coating.

34.  The composite magnetic element of claim 31, wherein the magnetic
material comprises Neudynium Iron Boron, Samarium Cobalt, Aluminum Nickel Cobalt or a

combination of these.

35. A system for reshaping heart anatomy comprising:
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a first magnetic element having a first charge, wherein the first magnetic
element is adapted to be at least partially implantable within or positionable on a first tissue
area of the heart anatomy; and

a second magnetic element having a second charge, wherein the second
magnetic element is adapted to be at least partially implantable within or positionable on a
second tissue area of the heart anatomy, wherein the first and second magnetic elements are
arrangeable so as to magnetically interact with each other causing at least one of the first and

second tissues areas to move in a manner which reshapes the heart anatomy.

36. A system as in claim 25, wherein at least one of the magnetic elements

have the shape of discs, cones, rods, blocks, spheres, rings or a combination of these.

37. A system as in claim 25, wherein at least one of the magnetic elements
comprises a composite magnetic element including a core inner layer of magnetic material
and at least one outer layer comprised of a non-magnetic material attached to the core inner

layer.

38. A system as in claim 25, wherein at least one of the magnetic elements
includes a protrusion that is at least partially implantable within the associated tissue area of

the heart anatomy.

39. A delivery system for delivering a magnetic element:

a catheter having a proximal end and a distal end;

aneedle having a passageway extending therethough, the needle being
advanceable through the catheter and having a needle tip which is extendable beyond the
distal end of the catheter; and

a least one magnetic element configured for passage through the passageway

and delivery from the needle tip.

40.  The delivery system of claim 39, further comprising a stylet

advanceable through the passageway to pass the at least one magnetic element therethrough.

41.  The delivery system of claim 39, further comprising a needle
advancement mechanism which advances and retracts the needle tip in relation to the distal

end of the catheter.
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42.  The delivery system of claim39, wherein the at least one magnetic

element has the shape of a disc, cone, rod, block, sphere, ring or a combination of these.

43.  The delivery system of claim 39, wherein the catheter includes a
handle attached to its proximal end, and wherein the distal end of the catheter is deflectable

by manipulation of the handle.

44, The delivery system of claim 43, wherein the catheter includes at least
one pullwire, and manipulation of the handle adjusts the pullwire which deflects the distal

end of the catheter.

26



WO 2006/019520 PCT/US2005/022461
1/15

FIG. 2

FIG. 1




WO 2006/019520

=

10

PCT/US2005/022461
2/15
A
R U ’
\
O
0 O LA
25 0 MV
\ u \
\\\ \ W
. \\\10/\\
RV =2« Y 10
,\\ \\\ \\ J
12 > N\ \\ \\ B
\\\\ \\\10 \\ 12 \: |
12 124 ( 10
A2 i
i~ \r~~-X WX l\_'__‘() //I
=0 1
10 —= 1
AX
%



WO 2006/019520 PCT/US2005/022461
3/15

0 "
@ FIG. 44
10 10
C : Gl
FIG. 4B FIG. 4C

10

~ i

FIG. 5B FIG. 5C



WO 2006/019

10

-

X

32—

36

520 PCT/US2005/022461
4/15
| 14 14
A i o
3 N
7\ RO LA
i
30 30~H B~—_30 303 30
FIG. 6 FIG. 8 FIG. 6B
C)O LA
N LA
. 0
RA
LV
Ry / W
\\\\ y \“14
T \‘ 30
N
= )~ 5 30
S 30 N
— 30




PCT/US2005/022461

WO 2006/019520

5/15

35

33

¢ 35

317

FIG. 9A

33

31

Fl1G. 98

FIG. 10



WO 2006/019520 PCT/US2005/022461
6/15




WO 2006/019520 PCT/US2005/022461
7/15

42
FlG. 11D

46

(o)
<t

42

46

48



WO 2006/019520

8/15

PCT/US2005/022461
L.
N <
< s
\/\ .
L
©
<
o
w
N
A
©
<t
(9]
Lo
o
«©

48



WO 2006/019520

9/15

10

42

52

52

PCT/US2005/022461
-
—
p—
\/\\\ .
L
[{e)
<
N
<
©
<t



WO 2006/019520

10/15

60

42

52

52

PCT/US2005/022461

FIG. 11d

46

42

46



WO 2006/019520 PCT/US2005/022461

11/15
...... A
AV
(@)
0 0 LA
RA 0
M
1 52
10
TV 42
RY 10 5 52
Ve S ; :




PCT/US2005/022461

WO 200

FIG. 13



WO 2006/019520 PCT/US2005/022461
13/15

ANENN NIAN

FIG. 14B

70a

B

L~ ]

72

FIG. 15A FIG. 15B

o 82
80
C

82 80
14B 14B

L_ __j X2 2. 77 /7 77
SKKEKEREK

FIG. 16A FIG. 16B



WO 2006/019520 PCT/US2005/022461
14/15

FIG. 17A

100

YOTeYd )ZO’OYOYOYOYOXOZOYOYO,{0!0’!0%“LOYOYOYOYOA,, raeYeTeY tororo:onr&'o.m, ':orororong'.'o:ﬁ SIS ;ro'oz,ﬂwo"o.

._“!Illlullllﬂlrl [ Pl ||f i

R s
<,
o
A
-~
-
-o . \
~ - -

90

_ \ | FIG.17C



WO 2006/019520 PCT/US2005/022461
15/15

102’




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

