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ABSTRACT

Systems and methods treat a heart valve using a magnetically
adjustable annuloplasty ring attached to or near a cardiac
valve annulus. A changing magnetic field may be used to
selectively increase or decrease a circumference of, or other
wise modify the shape of the implanted annuloplasty ring.
The adjustable annuloplasty ring includes a tubular body
member, one or more adjustable members, and an internal
magnet within the tubular body member. The tubular body
member and the one or more adjustable members form a ring
shape. The internal magnetis configured to rotate in response
to a rotating external magnetic field. The internal magnet is
coupled to the one or more adjustable members to change a
dimension of the ring shape as the internal magnet rotates. A
system for treating a heart Valve may include an external
adjustment device having one or more external magnets to
generate the rotating external magnetic field.
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SYSTEMS AND METHODS FOR ADUSTING
AN ANNULOPLASTY RING WITH AN
INTEGRATED MAGNETIC DRIVE
RELATED APPLICATIONS

0001. This application claims the benefit under 35 U.S.C.
S 119(e) of U.S. Provisional Patent Application No. 61/039,
349, filed Mar. 25, 2008, and U.S. Provisional Patent Appli
cation No. 61/093,788, filed Sep. 3, 2008, both of which are
hereby incorporated by reference herein in their entirety.
TECHNICAL FIELD

0002 This application is related to annuloplasty rings.
More specifically, this application is related to reversibly
adjustable annuloplasty rings.
BACKGROUND

0003 Heart disease and its associated health issues are a
large concern today. Mitral valve defects such as regurgita
tion are often caused by a dilation of the tissue Surrounding
the valve. This causes the mitral opening to enlarge, which
prevents the valve leaflets from sealing properly. This heart
condition is commonly treated by sewing a ridged ring around
the valve. Cinching the tissue around the ring restores the
valve opening to its approximate original size and operating
efficiency.
0004. The proper degree of cinching, however, is difficult
to determine during open heart Surgery. This is because the
patient is under general anesthesia, in a prone position, with
the chest wide open, and a large incision in the heart. These
factors and others affect the ability to test the modified annu
lus for its therapeutic affect upon mitral valve leaflet coapta
tion. Even if the cinching is done well, the tissue may con
tinue to change over the patient’s lifetime such that the heart
condition returns.
SUMMARY

0005. In one embodiment, a system for treating a heart
valve includes an adjustable annuloplasty ring configured to
be attached to or near a cardiac valve annulus. The adjustable
annuloplasty ring includes a tubular body member and one or
more adjustable members. The tubular body member and the
one or more adjustable members form a ring shape. The
adjustable annuloplasty ring also includes an internal magnet
within the tubular body member. The internal magnet is con
figured to rotate in response to a rotating external magnetic
field. The internal magnet is coupled to the one or more
adjustable members to change a dimension of the ring shape
as the internal magnet rotates.
0006. In certain embodiments, the internal magnet
includes a cylindrical magnet having magnetic poles divided
along a plane running the length of the cylinder. Similar
external magnets may be used in an external adjustment
device that generates the external magnetic field. The internal
and external magnets may be permanent magnets. In addi
tion, or in other embodiments, one or more electromagnets
may be used. Numerous example embodiments are provided
for the adjustable annuloplasty ring and the external adjust
ment device.

0007. In certain embodiments, a magnetic brake is
implanted near a patient's heart. In the absence of the external
magnetic field, the magnetic brake prevents the internal mag
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net from rotating. In the presence the external magnetic field,
the magnetic brake allows the internal magnet to rotate.
0008. Additional aspects and advantages will be apparent
from the following detailed description of preferred embodi
ments, which proceeds with reference to the accompanying
drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

0009 FIG. 1A is a block diagram of a system for adjusting
the size of a heart Valve according to one embodiment that
includes an annuloplasty ring and an external magnetic driver
or adjustment device.
0010 FIG. 1B is an enlarged, cross-sectional view of the
annuloplasty ring and the external magnetic adjustment
device shown in FIG. 1A according to one embodiment.
0011 FIGS. 2A and 2B schematically illustrate a magnet
that is usable in the annuloplasty ring shown in FIG. 1A
according to one embodiment.
(0012 FIGS. 3A and 3B schematically illustrate an end
view of the magnet of the external magnetic adjustment
device placed in parallel with the magnet of the annuloplasty
ring according to certain embodiments.
0013 FIG. 4 is a schematic diagram of an external mag
netic adjustment device including two magnets arranged out
side of a patient's body according to one embodiment.
(0014 FIGS.5A and 5B schematically illustrate a catheter
system used to insert an adjustment device into a patient's
heart according to certain embodiments.
0015 FIG. 6 is a simplified block diagram of a system for
adjusting the size of a heart Valve according to one embodi
ment.

0016 FIG. 7 is a schematic diagram of an adjustable annu
loplasty ring according to one embodiment.
(0017 FIGS. 8A, 8B, 8C, 8D, and 8E schematically illus
trate an annuloplasty ring according to one embodiment.
0018 FIG. 9 is a schematic diagram illustrating a partially
transparent top view of an annuloplasty ring according to
another embodiment.

0019 FIG. 10 is a schematic diagram illustrating a cross
sectional top view illustrating an annuloplasty ring according
to another embodiment.

0020 FIGS. 11A, 11B, and 11C are schematic diagrams of
an adjustable annuloplasty ring according to another embodi
ment.

(0021 FIGS. 12A and 12B partially illustrate the annulo
plasty ring shown in FIG. 11A in a retracted position (FIG.
12A) and in an expanded position (FIG. 12B) according to
certain embodiments.

(0022 FIGS. 13A, 13B, and 13C are schematic diagrams of
an adjustable annuloplasty ring according to another embodi
ment.

(0023 FIGS. 14A and 14B schematically illustrate one
embodiment in which the superelasticity of a wire may be
compressed so as to allow an annuloplasty ring to be inserted
through a trocar.
(0024 FIGS. 15A and 15B schematically illustrate an
annuloplasty ring having a hinged arm according to one
embodiment.

(0025 FIGS. 16A, 16B, 16C, 16D, and 16E schematically
illustrate alternative latch embodiments that may be used with
the annuloplasty ring shown in FIGS. 15A and 15B according
to certain embodiments.

US 2009/0248148A1

0026 FIGS. 17A, 17B. 17C, 17D, 17E, and 17F are sche
matic diagrams of an adjustable annuloplasty ring according
to another embodiment.

0027 FIG. 18 is a schematic diagram of an adjustable
annuloplasty ring according to another embodiment.
0028 FIG. 19 is a simplified schematic illustrating an end
view of a gear attached to a magnetic motor shown in FIG. 18
according to one embodiment.
0029 FIGS. 20A and 20B schematically illustrate an
annuloplasty ring according to another embodiment.
0030 FIG. 21 schematically illustrates an annuloplasty
ring according to another embodiment.
0031 FIG. 22 schematically illustrates an annuloplasty
ring according to another embodiment.
0032 FIGS. 23A, 23B, and 23C schematically illustrate a
multi-segment annuloplasty ring according to one embodi
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the annuloplasty ring incorporates the ability to both open and
close with fine position control.
0046. The embodiments disclosed herein are generally
directed to adjustable annuloplasty rings for mitral valve
repair. However, this disclosure is not limited to the mitral
valve and an artisan will recognize from the disclosure herein
that the adjustable rings may be adapted for other heart valves
(e.g., tricuspid valve, aortic valve, and/or pulmonary valve)
and other vascular structures.

0033 FIG. 24 is a schematic diagram of an annuloplasty
ring that includes abidirectional torsion drive cable according

0047. Overview
0048 FIG. 1A is a block diagram of a system for adjusting
the size of a heart Valve according to one embodiment that
includes an annuloplasty ring 100 and an external magnetic
driver or adjustment device 102. For illustrative purposes,
FIG. 1B is an enlarged, cross-sectional view of the annulo
plasty ring 100 and the external magnetic adjustment device
102 shown in FIG. 1A. The adjustable annuloplasty ring 100
may be implanted in a heart 104 of a patient 106 in the same
manner as current rigid annuloplasty rings. Although the

to one embodiment.

heart 104 discussed herein is described in terms of a human

ment.

0034 FIG. 25 is a schematic diagram of an annuloplasty
ring that includes an elastic tube according to one embodi
ment.

0035 FIG. 26 is a schematic diagram of an annuloplasty
ring that includes a rotatable magnet within a pivot arm
according to one embodiment.
0036 FIG. 27 is a schematic diagram of an annuloplasty
ring according to another embodiment.
0037 FIG. 28 is a perspective view of an external mag
netic adjustment device according to one embodiment.
0038 FIGS. 29A, 29B, 29C, and 29D schematically illus
trate end views of the magnets of the external magnetic
adjustment device shown in FIG. 28 according to certain
embodiments.

0039 FIGS. 30A and 30B graphically represent example
magnetic field measurements as the magnets of the external
magnetic adjustment device are rotated according to certain
embodiments.

0040 FIG.31 is a schematic diagram of an external mag
netic adjustment device that includes two electromagnets
according to one embodiment.
0041 FIG.32 graphically illustrates various parameters of
the magnetic fields generated by the external magnetic adjust
ment device shown in FIG.31 according to one embodiment.
0042 FIG. 33A is a schematic diagram of a superior sec
tion view of a heart illustrating an annuloplasty ring
implanted in the heart and a magnetic brake assembly
implanted outside of the heart according to one embodiment.
0043 FIG.33B is a schematic diagram illustrating an end
view of a brake magnet and an internal magnet in the annu
loplasty ring shown in FIG. 33A according to one embodi
ment.

0044 FIGS. 34A and 34B schematically illustrate end
views of the brake magnet and the internal magnet of the
annuloplasty device according to one embodiment.
DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

0045 An adjustable annuloplasty ring allows for the
proper degree of cinching both during openheart Surgery and
over the patient's lifetime. In one embodiment, an annulo
plasty ring may be adjusted less-invasively or non-invasively
with the patient alert and postoperatively healed. In addition,

heart, an artisan will understand from the disclosure herein

that the patient 106 may include any type of mammal or other
animal. The annuloplasty ring 100 in this example is “D’
shaped and may be attached, for example, to the mitral valve
107. However, an artisan will recognize from the disclosure
herein that other shapes (e.g., circular or “C” shaped rings)
may also be used for other openings (e.g., for the tricuspid
valve).
0049. The annuloplasty ring 100 includes a permanent
magnet 108 that may be rotated remotely by one or more
magnets 110 in the external magnetic adjustment device 102.
Rotating the one or more magnets 110 in the external mag
netic adjustment device 102 in one direction causes the annu
loplasty ring 100 to close while turning the one or more
magnets 110 in the opposite direction causes the annuloplasty
ring 100 to open. The external magnetic adjustment device
102 shown in FIGS. 1A and 1B may include an external
handpiece that controls the annuloplasty ring 100 from out
side of the patient's body at a distanced from the annuloplasty
ring 100. However, other adjustment devices (including per
cutaneous adjustment devices) will also be described in detail
below.

0050. In one embodiment, the annuloplasty ring 100 and
adjustment device includes one or more of the magnetic
adjustment elements disclosed in U.S. Patent Application
Publication No. 2008/0097487, titled “Method and Appara
tus for Adjusting a Gastrointestinal Restriction Device.” filed
Jun. 8, 2007, which is assigned to the Assignee of the present
application, and which is hereby incorporated by reference
herein for all purposes. U.S. Patent Application Publication
No. 2008/0097487 discloses a gastrointestinal implant sys
tem that includes a magnetically adjustable restriction device
having a contact Surface configured for at least partially
engaging a surface of a gastrointestinal tract of a mammal.
The gastrointestinal implant system includes an implantable
interface including a driving element, the driving element
being moveable and operatively coupled to the adjustable
restriction device by an actuator configured to change the
dimension or configuration of the contact Surface in response
to movement of the driving element. Movement of the driving
element is effected by application of a moving magnetic field
originating external to the patient.
0051 FIGS. 2A and 2B schematically illustrate a magnet
108 that is usable in the annuloplasty ring 100 shown in FIG.
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1A according to one embodiment. A similarly configured
magnet may also be used for the magnet 110 in the external
magnetic adjustment device 102. The magnet 108 in this
example embodiment is cylindrical and has magnetic poles
(e.g., north “N” and south “S”) divided along a plane 200 that
runs the length of the cylinder. A rotating magnetic field
causes the magnet 108 to rotate around an axis 202 of the
cylinder that passes through the respective centers of the
cylinder's bases (the “cylindrical axis).
0052 For example, FIGS. 3A and 3B schematically illus
trate an end view of the magnet 110 of the external magnetic
adjustment device 102 placed in parallel with the magnet 108
of the annuloplasty ring 100 according to certain embodi
ments. For illustrative purposes, FIG. 3A illustrates the mag
nets 108, 110 aligned for maximum (peak) torque transmis
sion and FIG. 3B illustrates the south pole of the magnet 110
of the external magnetic adjustment device 102 aligned with
the north pole of the magnet 108 of the annuloplasty ring 100.
Regardless of a current or initial alignment of the magnets
108, 110, the magnetic fields of the respective magnets 108,
110 interact with each other such that mechanically rotating
the magnet 110 (e.g., using a stepper motor) in the external
magnetic adjustment device 102 causes the magnet 108 in the
annuloplasty ring 100 to rotate. For example, rotating the
magnet 110 in a clockwise direction around its cylindrical
axis causes the magnet 108 to rotate in a counterclockwise
direction around its cylindrical axis. Similarly, rotating the
magnet 110 in a counterclockwise direction around its cylin
drical axis causes the magnet 108 to rotate in a clockwise
direction around its cylindrical axis.
0053. The magnet 110 in the external magnetic adjustment
device 102 provides accurate one-to-one control of the mag
net 108 in the annuloplasty ring 100, assuming sufficient
magnetic interaction between the magnets 108, 110. In other
words, one complete rotation of the magnet 110 in the exter
nal magnetic adjustment device 102 will cause one complete
rotation of the magnet 108 in the annuloplasty ring 100. If the
relationship between the number of rotations of the magnet
108 and the size of the ring is linear, the size of the annulo
plasty ring 108 may be determined directly from the number
of revolutions since the ring was at its last known size. If,
however, the relationship between the number of revolutions
and ring size is not linear, a look-up table based on tested
values for a particular ring or type of ring may be used to
relate the number of revolutions to the size of the annuloplasty
ring 100. Imaging techniques may also be used to determine
the ring size after it is implanted in the patient. In addition, or
in other embodiments, the annuloplasty ring 100 may include
circuitry for counting the number of revolutions or determin
ing its own size, and for communicating this data to a user. For
example, the annuloplasty ring 100 may include a radio fre
quency identification (RFID) tag technology to power and
receive data from the annuloplasty ring 100.
0054 While placing the magnets 108, 110 in parallel
increases rotational torque on the magnet 108 in the annulo
plasty ring 100, the disclosure herein is not so limited. For
example, FIG. 1B illustrates that the cylindrical axis of the
magnet 110 in the external magnetic adjustment device 102
may be located at an angle 0 with respect to the cylindrical
axis of the magnet 108 in the annuloplasty ring 100. The
rotational torque on the magnet 108 provided by rotating the
magnet 110 increases as the angle 0 approaches Zero degrees,
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and decreases as the angle 0 approaches 90 degrees (assum
ing both magnets 108, 110 are in the same geometric plane or
in parallel planes).
0055. The rotational torque on the magnet 108 in the annu
loplasty ring 100 also increases by using magnets 108, 110
with stronger magnetic fields and/or by increasing the num
ber of magnets used in the external magnetic adjustment
device 102. For example, FIG. 4 is a schematic diagram of an
external magnetic adjustment device 102 including two mag
nets 110(a), 110(b) arranged outside of a patient’s body 106
according to one embodiment. An artisan will recognize from
the disclosure herein that the external magnetic adjustment
device 102 is not limited to one or two magnets, but may
include any number of magnets. For example, an example
embodiment that includes four magnets is described below
with respect to FIG. 28. The magnets 110(a), 110(b) are
oriented and rotated relative to each other such that their

magnetic fields add together at the ring magnet 108 to
increase rotational torque. A computer controlled motor 402
synchronously rotates the external magnets 110(a), 110(b)
through a mechanical linkage 404 to magnetically rotate the
internal magnet 108 and adjust the size of the annuloplasty
ring 100. One revolution of the motor 402 causes one revo
lution of the external magnets 110(a), 110(b), which in turn
causes one revolution of the ring magnet 108. As discussed
above, by counting motor revolutions, the size of the annulo
plasty ring 100 may be calculated. In one embodiment, the
motor 402 includes a gearbox with a known gear ratio Such
that multiple motor revolutions may be counted for one mag
net revolution.

0056. In another embodiment, a strong electromagnetic
field like that used in Magnetic Resonance Imaging (MRI) is
used to adjust the annuloplasty ring 100. The magnetic field
may be rotated either mechanically or electronically to cause
the magnet 108 in the annuloplasty ring 100 to rotate. The
patient's body may also be rotated about the axis 202 of the
magnet 108 in the presence of a strong magnetic field, like
that of an MRI. In Such an embodiment, the strong magnetic
field will hold the magnet 108 stationary while the ring 100
and patient 106 are rotated around the fixed magnet 108 to
cause adjustment. The ring size may be determined by count
ing the number of revolutions of the magnetic field, or the
patient's body, similar to counting revolutions of the perma
nent magnets 110 discussed above.
0057. In another embodiment, the annuloplasty ring 100
may be adjusted during openheart Surgery. For example, after
implanting the annuloplasty ring 100 in the heart 104, the
heart 104 and pericardium may be closed, and the regurgita
tion monitored (e.g., using ultrasound color Doppler). Then,
a user (e.g., Surgeon) may use a handheld adjustment device
102 to resize the annuloplasty ring based on the detected
regurgitation. Additional regurgitation monitoring and ring
adjustment may be performed before completing the Surgery.
0058. In another embodiment, a percutaneously delivered
adjustment device is used to resize the annuloplasty ring 100.
For example, FIGS. 5A and 5B schematically illustrate a
catheter system 502 used to insert an adjustment device 501
into a patient's heart 104 according to certain embodiments.
As shown, the annuloplasty ring 100 may be implanted in the
left atrium 504 of the heart 104 on the upper side 506 of the
leaflets 508 of the mitral valve 510. However, it is contem

plated that the annuloplasty ring 100 may be positioned on the
lower side of the leaflets 508. For example, the annuloplasty
ring 100 may be positioned in the left ventricle 512. In some
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non-limiting embodiments, the annuloplasty ring 100 is
Snaked through the chordae tendineae and then placed against
the lower surfaces of the leaflets 508. Alternatively, the
chordae tendineae may be cut to provide a delivery path for
implantation of the annuloplasty ring 100. In certain embodi
ments, the annuloplasty ring 100 may be implanted at other
locations in the vasculature system, or at any other position
within a patient's body 106. For example, the annuloplasty
ring 100 may be implanted at a location proximate to the
tricuspid valve 514. The annuloplasty ring 100 may be posi
tioned on the upper side (e.g., in the right atrium 516) or lower
side (e.g., in the right ventricle 518) of the tricuspid valve 514
to improve the efficacy of the tricuspid valve 514.
0059. As shown in FIG.5A, the catheter system 502 enters
the heart 104 through the inferior vena cava 520 into the right
atrium 516 so as to position the adjustment device 501 proxi
mate the interatrial septum 522. The catheter system 502 may
alternatively enter from the Superior Vena cava. As discussed
above, the adjustment device 501 includes one or more mag
nets configured to interact with a magnetic field of a magnet
in the annuloplasty ring 100. The catheter system 502 is
configured to adjust the size of the annuloplasty ring 100
through the interatrial septum 522 by rotating the one or more
magnets in the adjustment device 501 using a flexible drive
shaft connected to an external hand crank operated by a user
(e.g., physician) or a processor-controlled motor.
0060. As shown in FIG. 5B, the catheter system 502 in
another embodiment may enter the heart 104 through the
inferior vena cava 520 into the right atrium 516, and through
a hole (e.g., through the fossa ovalis) in the interatrial septum
522 into the left atrium 504. The catheter system 502 may
alternatively enter from the Superior Vena cava. Although not
shown in FIG. 5B, the catheter system 502 may locate the
adjustment device 501 proximate the magnet in the annulo
plasty ring 100. As discussed above, the adjustment device
501 includes one or more magnets configured to interact with
a magnetic field of the magnet in the annuloplasty ring 100.
The catheter system 502 is configured to adjust the size of the
annuloplasty ring 100 by rotating the one or more magnets in
the adjustment device 501 using a flexible drive shaft con
nected to an external hand crank operated by a user (e.g.,
physician) or a processor controlled motor.
0061 FIG. 6 is a simplified block diagram of a system 600
for adjusting the size of a heart Valve according to one
embodiment. The simplified embodiment shown in FIG. 6 is
provided to illustrate the basic operation of the annuloplasty
ring 100. However, more detailed embodiments are provided
below.

0062. The system 600 includes an adjustable annuloplasty
ring 100 and an external magnetic adjustment device 102. The
annuloplasty ring 100 includes a magnet 108 in a magnet
housing 610. The magnet 108 is cylindrical and is configured
to rotate around its cylindrical axis when exposed to a rotating
magnetic field. The magnet 108 is coupled to a proximal end
of a lead screw 612. A spindle nut 614 is threaded onto the
lead screw 612. A wire 616 is coupled to the magnet housing
610 and the spindle nut 614 to form a loop. The wire 616 may
include, for example, stainless steel or Superelastic nitinol.
0063. The external magnetic adjustment device 102
includes a magnet 110 in a magnet housing 618 coupled to a
drive shaft 620. The drive shaft 620 may be connected to a
stepper motor 622 coupled to a motor controller/drive 624.
The controller/drive 624 may include, for example, a micro
processor or personal computer. The controller/drive 624 is
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configured to control the position, rotation direction, rotation
speed, speed ramp up/down, and other parameters of the
stepper motor 622. The stepper motor 622 rotates the shaft
620, which in turn rotates the magnet 110. As discussed
above, in certain embodiments the shaft 620 and the magnet
110 may be covered with a protective material (e.g., plating)
and inserted into the heart 104 through a catheter.
0064. In operation, the rotating magnet 110 in the external
magnetic adjustment device 102 causes the magnet 108 in the
annuloplasty ring 100 to rotate. The rotating magnet 108
causes the lead screw 612 to rotate, which in turn causes the

spindle nut 614 to move along the threads of the lead screw
612 to either increase or decrease the size of the loop formed
by the wire 616.
0065. In certain embodiments, it is desirable to symmetri
cally adjust the size of the annuloplasty ring 100 in an ante
rior/posterior (AP) direction. For example, FIG. 7 is a sche
matic diagram of an adjustable annuloplasty ring according to
one embodiment. The annuloplasty ring 100 is "D' shaped
having an AP dimension along the curved portion of the “D’
and a commissure to commissure or 'CC' dimension along
the straight portion of the “D.” Adjusting the annuloplasty
ring 100 from an open to a closed position, or vice-versa,
changes the AP dimension without Substantially changing the
CC dimension. Further, the AP dimension changes symmetri
cally in that both the left and right sides of the annuloplasty
ring 100 change by substantially the same amount. Certain of
the following embodiments include these features.
0.066 Example Annuloplasty Ring Embodiments
0067. In certain embodiments discussed herein, including
those discussed above as well as those discussed below, the

materials of the annuloplasty ring 100 are selected for com
patibility with long-term contact with human tissue. For
example, these materials may include nitinol, stainless steel,
titanium alloys, cobalt alloys, bio-compatible plastics, and
other bio-compatible materials. In certain embodiments, the
annuloplasty ring 100 may be covered with a polyester or
Dacron(R) fabric or other suturable material. In addition or in

other embodiments, the annuloplasty ring 100 may also
include eyelets used for suturing. The magnet 108 discussed
in certain embodiments herein may include a rare-earth mag
net and may be plated (e.g., with nickel or gold) or encapsu
lated in a suitable bio-compatible material. Such as the mate
rials discussed above, to reduce or prevent harm to the patient
and damage to the magnet. Bearings are included in certain
embodiments. These bearings may be of any suitable type
including, for example, ball bearings or jewel bearings.
0068 FIGS. 8A, 8B, 8C, 8D, and 8E schematically illus
trate an annuloplasty ring 100 according to one embodiment.
FIG. 8A is a partially transparent top view of the annuloplasty
ring 100 in an AP extended or plus position. FIG. 8B is a
partially transparent top view of the annuloplasty ring 100 in
an AP retracted or minus position. FIG. 8C schematically
illustrates a side view of the annuloplasty ring 100. FIG.8D is
a partially transparent perspective view of the annuloplasty
ring 100. FIG. 8E is another partially transparent top view of
the annuloplasty ring 100.
0069. The annuloplasty ring 100 includes a body tube 810
for enclosing a magnet housing 812 (including a first end
812(a) and a second end 812(b)) that encases a magnet 108
(FIG.8E). A first end of the body tube 810 is connected to a
first fixed arm 816 and a first end of the magnet housing
812(a) crimps to a first end of a drive cable 818. The first fixed
arm 816 is connected to a first swivel arm 820 at a first pin

US 2009/0248148A1

joint 822 (e.g., pivot point). A second end of the body tube 810
is connected to a second fixed arm 824 that is connected to a

second swivel arm 826 at a second pin joint 828. The annu
loplasty ring 100 also includes a lead screw 830 having a first
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magnet 108 includes a hollow passage 1014 and a threaded
nut section 1015 or bearings through which the flexible lead
screw 1010 passes (e.g., either to the right or to the left) as the
magnet 108 turns. Turning the magnet 108 in one direction

end threaded into a drive nut 832 that is connected to the

exerts force on the flexible lead screw 1010, which is trans

second swivel arm 826 at a third pin joint 834. A second end
of the lead screw is connected to a drive spindle 836 that is
connected to a second end of the drive cable 818. A spindle
nut 838 is threaded onto the lead screw 830. The spindle nut
838 retains the drive spindle 836 into the first swivel arm 820.
0070 The magnet housing 812 is engaged with the first
fixed arm 816 and the second fixed arm 824 such that rotating
the magnet 108 (e.g., using the external magnetic adjustment
device 102) causes the magnet housing 812 to rotate. The
rotating magnet housing 812 turns the drive cable 818, which
turns the drive spindle 836. The drive spindle 836 rotates the

mitted to the wire, which in turn causes the elastic covering
1012 to contract inwardly at predetermined locations 1016.
The contraction symmetrically reduces the ring opening.
Rotating the magnet 108 in the opposite direction reverses the

lead screw 830 such that it screws into or out of the drive nut
832. As the lead screw 830 screws into or out of the drive nut

832, the swivel arms 820, 826 pivot at their respective pin
joints 822, 828, 834 to reduce or enlarge the size of the ring
opening in the AP dimension.
0071 FIG.9 is a schematic diagram illustrating a partially
transparent top view of an annuloplasty ring 100 according to
another embodiment. The annuloplasty ring 100 shown in
FIG. 9 includes a body tube 910 for enclosing a magnet
housing 912 that encases a magnet 108. A first end of the body
tube 910 is connected to a first fixed arm914 and a first end of

the magnet housing 912 crimps to a first end of a first drive
cable (not shown). The first fixed arm 914 is connected to a
first swivel arm 916 at a first pinjoint 918. A second end of the
body tube 910 is connected to a second fixed arm 920 and a
second end of the magnet housing 912 crimps to a first end of
a second drive cable (not shown). The second fixed arm 920 is
connected to a second Swivel arm 922 at a second pin joint
924.

0072 The annuloplasty ring 100 also includes an exten
sion 926 that symmetrically moves in and out in the AP
dimension as the magnet 108 turns. A first end of a first lead
screw 928 is connected to the first swivel arm 916 through a
first drive spindle 930 that is connected to the second end of
the first drive cable. A second end of the first lead screw 928
is threaded into a first end of the extension 926. A first end of
a second lead screw 932 is connected to the second swivelarm

922 through a second drive spindle 934 that is connected to
the second end of the second drive cable. A second end of the
second lead screw 932 is threaded into a second end of the
extension 926. The extension 926 acts as a drive nut for a first
lead screw 928 and the second lead screw 932. The first lead
screw 928 and the second lead screw 932 both screw into or

out of the extension 926 at the same time, causing the swivel
arms 916, 922 to pivot about their respective pin joints 918,
924. In such an embodiment, one of the lead screws928,932

has “right-handed threads and the other has “left-handed
threads such that both lead screws928,932 tighten or loosen
together.
0073 FIG. 10 is a schematic diagram illustrating a cross
sectional top view illustrating an annuloplasty ring 100
according to another embodiment. The annuloplasty ring 100
shown in FIG. 10 includes a magnet 108, a flexible lead screw
1010, an elastic covering 1012, and a wire (not shown)
extending from a first end of the flexible lead screw 1010 to a
fixed point. The elastic covering 1012 may include, for
example, a biocompatible polymer Such as, for instance,
polyurethane silicone or a silicone-urethane copolymer. The

contraction.

0074 FIG. 11A is a schematic diagram of an adjustable
annuloplasty ring 100 according to another embodiment. The
annuloplasty ring 100 includes a permanent magnet 1102
configured to rotate within a magnet housing 1104. The mag
net 1102 is cylindrical and is configured to rotate around its
cylindrical axis when exposed to a rotating magnetic field.
FIG. 11B is a schematic diagram of a front view of the magnet
1102 shown in FIG. 11A according to one embodiment. FIG.
11C is a schematic diagram of a side view of the magnet 1102
shown in FIG. 11A according to one embodiment. Like the
magnet 108 shown in FIGS. 2A, 2B, 4, and 6, the magnet
1102 has magnetic poles (e.g., north “N” and south “S”)
divided along the plane 200 that runs the length of the cylin
der. The magnet 1102 may include a rare earth magnet and
may be plated (e.g., with nickel or gold) and/or Suitably
encapsulated to prevent harm to the patient and damage to the
magnet 1102. Unlike the magnet 108 shown in FIGS. 2A, 2B,
4, and 6, however, the magnet 1102 includes a hollow region
1106 running along the length of the cylinder between the N
and Spoles. The hollow region 1106 may be threaded or may
contain a threaded insert 1108 through which a lead screw
1110 is pulled into and out of the magnet 1102.
0075. A wire 1112 is coupled between the magnet housing
1104 (e.g., by a weld 1114) and an end of the leadscrew 1110.
In another embodiment, a separate lead screw 1110 is not
used. Rather, threads are formed or cut into the end of the wire

1112 such that the wire 1112 interfaces directly with the
threads in the magnet 1102 (e.g., the threaded insert 1108).
The wire 1112 may include, for example, superelastic nitinol.
0076. In one embodiment, the annuloplasty ring 100
includes bearings 1116 to anchor the spinning magnet 1102.
When the magnet 1102 is exposed to a rotating magnetic field
in one direction, the magnet 1102 pulls the lead screw 1110
and/or threaded wire 1112 into the magnet 1102, which in
turn reduces the size of the loop formed by the wire 1112.
When the magnet 1102 is exposed to the magnetic field rotat
ing in the opposite direction, the magnet 1102 pushes the lead
screw 1110 and/or the threaded wire 1112 out of the magnet
1102, which in turn increases the size of the loop formed by
the wire 1112.

(0077 FIGS. 12A and 12B partially illustrate the annulo
plasty ring 100 shown in FIG. 11A in a retracted position
(FIG. 12A) and in an expanded position (FIG.12B) according
to certain embodiments. In FIG. 12A, the rotation of the

magnet 1102 (e.g., clockwise) pulls the lead screw 1110
and/or threaded wire 1112 further into the magnet 1102 and
the magnet housing 1104. In FIG. 12B, the rotation of the
magnet 1102 (e.g., counter-clockwise) pushes the lead screw
1110 and/or threaded wire 1112 further out of the magnet
1102 and the magnet housing 1104. In one embodiment, a
portion of the lead screw 1110 and/or the threads in the wire
1112 may extend beyond the magnet housing 1104 when the
annuloplasty ring 100 is in the extended position. In another
embodiment, the lead screw 1110 and/or the threads in the
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wire 1112 remain within the magnet housing 1104 in both the
extended and retracted positions. Moving the leadscrew 1110
and or the threaded portion of the threads in the wire 1112 into
and out of the magnet 1110 allows improved control for
symmetrically adjusting the annuloplasty ring 100 in the AP
direction, as discussed above in relation to FIG. 7.

0078 FIGS. 13A, 13B, and 13C are schematic diagrams of
an adjustable annuloplasty ring 100 according to another
embodiment. In this embodiment, the annuloplasty ring 100
includes arm extensions or "horns' 1310, 1312 attached to

each end of the magnet housing 1104. The horns 1310, 1312
may include a Suitable rigid or semi-rigid material Such as
metal or plastic. The horns 1310, 1312 redirectorangle a wire
1314 forming the loop of the annuloplasty ring 100. For
example, the horns 1310, 1312 may redirect the wire 1314
approximately 90° from the cylindrical axis of the magnet
1102 within the housing 1104. Thus, the horns 1310, 1312
further maintain the "D' shape of the annuloplasty ring 100
such that it is substantially only adjusted in the AP direction
(e.g., expansion/contraction of the loop is perpendicular to
the rotation of the magnet 1102). In one embodiment, the
annuloplasty ring 100 includes silicone tubing 1317 sealed to
each horn 1310, 1312. The wire 1314 extends through the
silicone tubing 1317. The silicone tubing 1317 stretches and
contracts to accommodate circumferential changes to the
loop in the annuloplasty ring 100.
0079 FIG. 13B is a cross-sectional view of the housing
1104 shown in FIG. 13A according to one embodiment. In
this embodiment, the magnet 1102 includes a first threaded
insert 1318 and a second threaded insert 1320. The two inserts

1318, 1320 have opposite threaded orientations. For example,
the first threaded insert 1318 may have a right-hand thread
orientation and the second threaded insert 1320 may have a
left-hand thread orientation. Both ends of the magnet 1102
may be coupled to bearings 1116 to Support the spinning
magnet 1102. Each end of the wire 1314 is threaded to inter
face with its respective threaded insert 1318, 1320 such that
rotating the magnet 1102 in one direction pulls the ends of the
wire 1314 toward each other and the center of the magnet, and
rotating the magnet in the opposite direction pushes the ends
of the wire 1314 away from each other and the center of the
magnet 1102.
0080. As also shown in FIG. 13B, the housing 1104 and
horns 1310, 1312 are sealed from the outside environment.

The housing 1104 may include two portions that are welded
together along a weld line 1321. Further, the horns 1310, 1312
are bonded to the housing 1104 to create ahermetic seal 1322.
Lubricant 1324 may also be sealed within portions of the
housing 1104 to provide for proper operation of the bearings
1116.

0081 FIG. 13C is a cross-sectional view of the interface
between the horn 1310 and the silicone tubing 1317 accord
ing to one embodiment. As shown, in certain embodiments,
the annuloplasty ring 100 may include a Dacron(R) covering
1326 (or other polyester covering) or a covering of other
suitable material. The inner pathway of the horn 1310 may
include a lubricant such as polytetrafluoroethylene (as known
as PTFE or Teflon(R), silicone oil, grease, etc. to reduce fric
tion between the wire 1314 and the horn 1310 during adjust
ment of the annuloplasty ring 100. The silicone tubing 1317
attaches to the horn 1310 and may provide an area into which
Sutures may be placed to secure the annuloplasty ring 100 to
heart tissue. As discussed above, the silicone tubing 1317 also
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provides elasticity to accommodate expansion and contrac
tion of the annuloplasty ring 100.
I0082 In certain embodiments, the annuloplasty ring 100
is configured for implantation into a heart through a narrow
trocar or similar device. For example, FIGS. 14A and 14B
schematically illustrate one embodiment in which the super
elasticity of the wire 1314 (e.g., including a material Such as
nitinol), may be compressed so as to allow the annuloplasty
ring 100 to be inserted through a trocar. In FIG. 14A, the size
of the annuloplasty ring 100 in the AP dimension is approxi
mately 20 mm or more according to Some embodiments. This
size may correspond to the dimensions of the annuloplasty
ring 100 both before and after being inserted through the
trocar. In FIG. 14B, the annuloplasty ring 100 is compressed
So as to pass through the trocar. In this configuration, the size
of the annuloplasty ring 100 in the AP dimension is approxi
mately 10 mm or less according to Some embodiments. The
superelasticity of the wire 1314 allows for extreme flexibility,
yet still provides the necessary strength after implantation for
annuloplasty.
I0083. Other embodiments also allow for the annuloplasty
ring 100 to be inserted through a trocar. For example, FIGS.
15A and 15B schematically illustrate an annuloplasty ring
100 having a hinged arm 1510 according to one embodiment.
The hinged arm 1510 is connected to the housing 1104
through a pin joint 1513. The other end of the hinged arm
1510 includes a latch 1514 for engaging the superelastic wire
1314 after implantation through the trocar. For example, the
latch 1514 may include a socket configured to receive a
“snap-in” lock pin 1516 attached to the free end of the wire
1314 during implantation. Thus, the annuloplasty ring 100
may be inserted into a very small orifice without worry of
damaging the wire 1314.
I0084. Alternative latch embodiments that may be used
with the annuloplasty ring 100 shown in FIGS. 15A and 15B
are schematically illustrated in FIGS. 16A, 16B, 16C, 16D,
and 16E. FIG. 16A, for example, illustrates an embodiment
wherein the socket latch 1514 and the lock pin 1516 are
located anywhere along the wire 1314. In other words, the
socket latch 1514 is not directly connected to the hinged arm
1510, as shown in FIGS. 15A and 15B. In FIG. 16B, the

latching mechanism includes a "ramp and pawl device in
which a pin 1610 having a ramped surface 1612 and a vertical
surface 1614 is inserted into a receptacle 1616 having a slant
ing protrusion 1618. The slanting protrusion 1618 is angled
and sufficiently flexible so as to allow the slanted surface
1612 to proceed into the receptacle 1616. However, once
inserted, the slanting protrusion 1618 interfaces with the ver
tical surface 1614 of the pin 1610 so as to prevent the pin 1610
from exiting the receptacle 1616, at least under normal oper
ating conditions. In FIG. 16C, a “knuckle” style latch 1621
provides coupling similar to that used in trains. In FIG. 16D,
the latch includes a threaded end 1620 configured to be
screwed into a threaded nut 1622. In FIG. 16E, the latch

includes a “T-bar 1624 configured to be received by an
appropriately shaped receptacle 1626. An artisan will recog
nize, of course, that the embodiments shown in FIGS. 16A,

16B, 16C, 16D, and 16E are provided by way of example
only, and that many other different types of latches may also
be used.

0085 FIGS. 17A, 17B. 17C, 17D, 17E, and 17F are sche
matic diagrams of an adjustable annuloplasty ring 100
according to another embodiment. In this embodiment, the
annuloplasty ring 100 includes a first arm 1710 attached to the
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housing 1104, a second arm 1712 attached to the housing
1104, and a third arm 1714 extending between the first arm
1710 and the second arm 1712. As shown by the curved
arrows in FIG. 17A, at least one of the first arm 1710 and the

second arm 1712 may be pushed into or out of the housing
1104 in response to the rotation of the internal magnet 108
discussed above. The third arm 1714 is connected to at least
one of the first arm 1710 and the second arm 1712 with a

folding hinge 1716 that allows the loop portion of the annu
loplasty ring 100 to be folded for insertion through a trocar.
FIG. 17A illustrates a front view of the “open' or unfolded
annuloplasty ring 100. FIG. 17B illustrates a front view of the
“folded annuloplasty ring 100 for insertion through the tro
car. FIGS. 17C and 17D provide respective close-up views of
the hinge 1716. After inserting the annuloplasty ring 100
through the trocar, the hinges are opened and may be locked
in the open position for implantation around a heart valve
(e.g., the mitral valve). For example, FIGS. 17E and 17F
illustrate a locking mechanism that includes a locking sleeve
1720, a bias element 1722 (e.g., spring), and a mechanical
stop 1724. In FIG. 17E, the locking sleeve 1720 is located
above the hinge 1716. As the hinge 1716 is opened, the bias
element 1722 pushes the locking sleeve 1720 over the hinge
1716 until it makes contact with the stop 1724, as shown in
FIG. 17F. Thus, once the hinge 1716 is open, the bias element
1722 and the stop 1724 hold the locking sleeve 1720 in place
such that the hinge 1716 cannot be opened, at least not with
out user intervention.

I0086 FIG. 18 is a schematic diagram of an adjustable
annuloplasty ring 100 according to another embodiment. In
this embodiment, the annuloplasty ring 100 includes a hous
ing 1810, a magnetic motor 108, and a wire 616, such as the
magnetic motor 108 and wire 616 discussed above in relation
to FIGS. 1B, 2A, 2B, 3, 4, and 6. The wire 616 includes a fixed

end 1812 attached to the housing 1810 and a moving end 1814
attached to a rack 1816 located within the housing 1810. In
one embodiment, the rack 1816 is cut or formed within the

wire 616 itself. The magnetic motor 108 rotates in the pres
ence of a rotating magnetic field so as to turnagear 1818. The
gear 1818 is in mechanical communication with the rack
1816 such that turning the gear 1818 slides the rack 1816 back
and forth to change the size of the loop of the annuloplasty
ring 100. For illustrative purposes, FIG. 19 is a simplified
schematic illustrating an end view of the gear 1818 attached
to the magnetic motor 108 according to one embodiment.
I0087 FIGS. 20A and 20B schematically illustrate an
annuloplasty ring 100 according to another embodiment.
FIG. 20A is a perspective view of the annuloplasty ring 100.
FIG. 20B is a partially transparent top view of the annulo
plasty ring 100. The annuloplasty ring 100 includes a body
tube 2010 for enclosing a magnet 108. The magnet 108 is
cylindrical and both ends thereof are coupled to bearings
2014 to allow the magnet 108 to rotate when exposed to a
rotating magnetic field. The magnet 108 has magnetic poles
divided along a plane that runs along the length of the cylin
der. The magnet 108 includes a hollow region 2015 running
along the length of the cylinder between the magnetic poles.
The hollow region 2015 may be threaded or may include a
threaded insert through which a lead screw 2030 is pulled
(e.g., right and left as shown in FIG.20B) through the magnet
108.

I0088 A first end of the body tube 2010 is connected to a
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2018. The first fixed arm 2016 is connected to a first swivel

arm 2020 at a first pin joint 2022. A second end of the body
tube 2010 is connected to a second fixed arm 2024 that is

connected to a second Swivel arm 2026 at a second pin joint
2028. A second end of the drive cable 2018 crimps or other
wise attaches to a pushrod 2032. A second end of the pushrod
2032 is connected to the second swivel arm 2026 at a third pin
joint 2034.
I0089. When the magnet 108 is exposed to a rotating mag
netic field (e.g., using the external magnetic adjustment
device 102), the magnet 108 rotates. The connection of the
drive cable 2018 between the lead screw 2030 and the push
rod 2032 prevents the lead screw 2030 from rotating along
with the magnet 108. Rather, the rotating magnet 108 causes
the lead screw 2030 to push and pull the drive cable 2018 into
and out of the magnet 108, which causes the swivel arms
2020, 2026 to pivot at their respective pin joints 2022, 2028,
2034 to reduce or enlarge the size of the ring opening in the
AP dimension. For example, the first pin joint 2022 may
rotate around a first axis 2036 and the second pin joint 2028
may rotate around a second axis 2038 (which is parallel to the
first axis 2036) such that the swivel arms 2020, 2026 move in
a first plane.
0090. In addition, or in other embodiments, the annulo
plasty ring 100 is configured to change shape in a second
plane. For example, one or more of the pin joints 2022, 2028,
2034 shown in FIG.20B may be replaced by ball joints (or pin
joints that rotate in a different direction). In such an embodi
ment, the ball joints may be configured to rotate out of the first
plane when the rotating magnet 108 pushes or pulls the drive
cable 2018. For example, first joint 2022 and/or the second
joint 2028 may rotate at an angle C. with respect to the second
axis 2038. In one such embodiment, the annuloplasty ring
100 is configured to form a saddle shape when the rotating
magnet 108 pushes or pulls the drive cable 2018.
0091 FIG. 21 schematically illustrates an annuloplasty
ring 100 according to another embodiment. The embodiment
illustrated in FIG. 21 is similar to the embodiment shown in

FIGS. 20A and 20B, except that the push rod 2032 is hollow
to allow the drive cable 2018 to be inserted and secured

therein. The annuloplasty ring 100 in FIG. 21 also includes a
coupler 2110 to attach the push rod 2032 and/or the drive
cable 2018 to the second swivel arm 2026 at the third pinjoint
2034. As the rotating magnet 108 pushes and pulls the drive
cable 2018, the drive cable 2018 pushes and pulls the pushrod
2032 through the first swivel arm 2020, which causes the
swivel arms 2020, 2026 to pivot at their respective pin joints
2022, 2028, 2034 to reduce or enlarge the size of the ring
opening in the AP dimension. As a safety feature, the first
swivel arm 2020 includes one or more divots or crimps 2112
configured to engage the sliding end of the push rod 2032 to
prevent it from exiting the second swivel arm 2020.
0092 FIG. 22 schematically illustrates an annuloplasty
ring 100 according to another embodiment. The annuloplasty
ring 100 includes the body tube 2010, magnet 108, bearings
2014, first fixed arm 2016, second fixed arm 2024, drive cable

2018, first pinjoint 2022, and second pinjoint 2028 discussed
above in relation to FIGS. 20A and 20B. In this embodiment,

however, the magnet 108 need not be threaded, though it may
or may not be hollow to facilitate attachment of the drive
cable 2018. A first end of the drive cable 2018 is attached to

first fixed arm 2016 and a first end of the lead Screw 2030

either the magnet 108 such that rotating the magnet 108

crimps or otherwise attaches to a first end of a drive cable

causes the drive cable 2018 to rotate.
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0093. The annuloplasty ring 100 shown in FIG. 22
includes a first swivel arm 2210 attached to the first fixed arm

2016 at the first pin joint 2022. The first swivel arm 2210 is
coupled to a lead screw 2212 using a bearing 2213. A second
end of the drive cable 2018 is attached to a first end of the lead

screw 2213 such that rotating the drive cable 2018 causes the
lead screw 2212 to rotate about the bearing 2213. The bearing
2213 allows the lead screw to rotate freely without detaching
from the first swivel arm 2210. A second swivel arm 2214 is

attached to the second fixed arm 2024 at the second pin joint
2028. The second swivel arm 2214 includes a threaded drive

nut 2216 that engages the threads of the threads of the lead
screw 2212. As the lead screw 2212 screws into or out of the

drive nut 2216, the swivel arms 2210, 2214 pivot at their
respective pin joints 2022, 2028 to reduce or enlarge the size
of the ring opening in the AP dimension. The lead screw 2212
may include an end stop 2218 to prevent the lead screw 2212
from being removed (e.g., unscrewed) from the drive nut
2216.

0094. An artisan will recognize that many changes may be
made to the annuloplasty ring embodiments disclosed herein.
For example, FIGS. 23A, 23B, and 23C illustrate a multi
segment annuloplasty ring 100 according to one embodiment.
The annuloplasty ring 100 includes abody tube 2310 attached
to a first magnetic drive segment 2312 at a first pinjoint 2314
and a second magnetic drive segment 2316 at a second pin
joint 2318. The annuloplasty ring 100 may include one or
more additional magnetic drive segments 2320 (four shown in
the example of FIG.23A) coupled between the first magnetic
drive segment 2312 and the second magnetic drive segment
2316. The magnetic drive segments 2312, 2316, 2320 are
coupled to one another with respective lead screws 2322 (five
shown in the example of FIG. 23A). Safety wires 2324 (five
shown in the example of FIG.23A) are attached between each
lead screw 2322 and a respective magnetic drive segment
2318, 2320. Each magnetic drive segment 2312, 2316, 2320
includes a magnet 108 (FIGS. 23B and 23C) that may be
rotated using a changing magnetic field to drive the respective
lead screws 2322. Thus, the distance between adjacent mag
netic drive segments 2312, 2316, 2320 may be selectively
adjusted. In one embodiment, the position of each magnetic
drive segment 2312, 2316, 2320 may be individually
adjusted.
0095 FIG. 23B schematically illustrates an example mag
netic drive segment 2320 according to one embodiment. The
magnetic drive segment 2320 includes a link housing 2326
having a first end with a threaded drive nut 2328 for receiving
a first lead screw 2322 (not shown in FIG. 23B). A second end
of the linkhousing 2326 includes a hollow magnet 108 within
a magnet housing 2330. The magnet 108 and magnet housing
2332 are attached to bearings 2332 that allow them to rotate in
the presence of a rotating magnetic field. A second lead screw
2322 is connected to and rotates with the magnet 108, and is
attached to a first end of a safety wire 2324. A second end of
the safety wire 2324 is attached to a safety stop 2336 config
ured to attach to one of the other magnetic drive segments
2312, 2316, 2320 shown in FIG. 23A.

0096 FIG.23C schematically illustrates an example mag
netic drive segment 2320 according to another embodiment.
The magnetic drive segment 2320 shown in FIG. 23C
includes a link housing 2338 having a first end fixed to a
threaded stud 2340. The threaded stud 2340 is configured to
be received by one of the other magnetic drive segments 2312,
2316, 2320 shown in FIG. 23A. Thus, in this embodiment,
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some or all of the separate drive screws 2322 are not used. A
second end of the linkhousing 2338 includes a hollow magnet
108 within a magnet housing 2342. The magnet 108 and
magnet housing 2342 are attached to bearings 2344 that allow
them to rotate in the presence of a rotating magnetic field. An
inner magnet housing 2346 is threaded to receive a lead screw
2322 or a threaded stud fixed to one of the other magnetic
drive segments 2312, 2316, 2320 shown in FIG. 23A.
0097 FIG. 24 is a schematic diagram of an annuloplasty
ring 100 that includes abidirectional torsion drive cable 2410
according to one embodiment. The annuloplasty ring 100
includes a C-shaped base 2412 that passes through a hollow
magnet 108. In the presence of a rotating magnetic field, the
hollow magnet 108 rotates on bearings 2414 attached to the
base 2412. A first end of the base 2412 is attached to a first

swivel arm 2416 at a first pin joint 2418. The first swivel arm
2416 includes a threaded section 2420. A first end of the
bidirectional torsion drive cable 2410 is attached to a first end

of the magnet 108. A second end of the bidirectional torsion
cable 2410 includes a drive nut 2422 that engages the
threaded section 2420 of the first swivel arm 2416. In one

embodiment, the first swivel arm 2416 includes a curved

lead-in section 2426 to assist in controlling the shape of the
bidirectional torsion drive cable 2410. In addition, or in other

embodiments, the annuloplasty ring 100 may also include a
second swivel arm 2428 connected to a second end of the base

2412 at a second pin joint 2430. The second swivel arm 2428
also assists in controlling the shape of the bidirectional tor
sion drive cable 2410. As the magnet 108 rotates, the drive nut
2422 draws the threaded section 2420 of the first swivel arm
2416 into and out of the bidirectional torsion drive cable 2410

to adjust the size of the annuloplasty ring 100. The bidirec
tional torsion drive cable 2410 may include, for example, a
flexible shaft available from S.S. White Technologies, Inc., of
Piscataway, N.J.
0.098 FIG. 25 is a schematic diagram of an annuloplasty
ring 100 that includes an elastic tube 2510 according to one
embodiment. The elastic tube 2510 extends between the ends

of a rigid base 2512 to form a D-shaped ring. A magnet 108
with internal threads (as discussed above) is configured to
rotate within the base 2512 in the presence of a rotating
magnetic field. A first end of a drive cable 2514 may be
threaded so as to engage the internal threads of the magnet
108. In another embodiment, as shown in FIG. 25, the first
end of the drive cable 2514 is attached to a threaded drive

screw 2513 configured to engage the internal threads of the
magnet 108. A second end of the drive cable 2514 is attached
to an anchor point 2516 within the elastic tube 2510. As the
magnet 108 rotates, the drive cable 2514 is drawn into and out
of the magnet 108. The elastic tube 2510 includes bending
regions 2518 and an expandable region 2520. The drive cable
2514 acts as a draw string to control the circumference of the
expandable section 2520 of the elastic tube 2510. In one
embodiment, the elastic tube 2510 comprises superelastic
nitinol.

0099 FIG. 26 is a schematic diagram of an annuloplasty
ring 100 that includes a rotatable magnet 108 within a pivot
arm 2610 according to one embodiment. The annuloplasty
ring 100 includes a C-shaped base 2612 attached to a first end
to the pivot arm 2610 at a first pinjoint 2614. A second end of
the base 2612 is attached to a first end of a second pivot arm
2616 at a second pin joint 2618. A second end of the second
pivot arm 2616 is attached to a drive nut 2620 at a third pin
joint 2622. As discussed above, the magnet 108 (or an
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attached magnet housing) may be coupled to bearings 2624
that allow the magnet 108 to rotate within the pivot arm 2610.
The magnet 108 (or a magnet housing) is attached to a first
end of a lead screw 2626. A second end of the lead screw 2626

interfaces with the drive nut 2620. Thus, as the magnet 108
rotates in the presence of a rotating magnetic field, the lead
screw 2626 is drawn into and out of the drive nut 2620 in the

direction of the illustrated arrow 2628 to adjust the size of the
annuloplasty ring 100.
0100 FIG. 27 is a schematic diagram of an annuloplasty
ring 100 according to another embodiment. The annuloplasty
ring 100 includes a C-shaped base 2712 having a first end
attached to a first end of a first pivot arm 2714 at a first pin
joint 2716. A second end of the base 2712 is attached to a first
end of a second pivot arm 2718 at a second pin joint 2720. A
second end of the first pivot arm 2714 is attached to a first
coupler 2721 at a third pin joint 2724. A second end of the
second pivot arm 2718 is attached to a second coupler 2723 at
a fourth pin joint 2726. A magnet 108 is configured to rotate
on bearings 2728 within a drive housing 2722. The first cou
pler 2721 is attached to a first lead screw 2730 and the second
coupler 2723 is attached to a second lead screw 2732. Each
lead screw 2730, 2732 is configured to interface with respec
tive internal threads of the magnet 108. The first lead screw
2730 and the second lead screw 2732 are threaded in opposite
directions. For example, the first lead screw 2730 may have
left-hand threads and the second lead screw 2732 may have
right-hand threads. Thus, as the magnet 108 rotates in the
presence of a rotating magnetic field, both lead screws 2730,
2732 are either drawn into the magnet 108, or both lead
screws 2730, 2732 are drawn out of the magnet 108 in the
direction of the illustrated arrows 2734 to adjust the size of the
annuloplasty ring 100.
0101 Example External Magnetic Adjustment Device
0102 FIG. 28 is a perspective view of an external mag
netic adjustment device 102 according to one embodiment.
The external magnetic adjustment device 102 includes a first
cylindrical magnet 110(a), a second cylindrical magnet 110
(b), a third cylindrical magnet 110(c), and a fourth cylindrical
magnet 110(d) (referred to collectively as magnets 110). In
one embodiment, the magnets 110 are permanent magnets. In
another embodiment, the magnets 110 are electromagnets
configured to be selectively activated. The first magnet 110(a)
and the second magnet 110(b) are attached to a first arm 2810.
The third magnet 110(c) and the fourth magnet 110(d) are
attached to a second arm. The first arm 2810 and the second

arm 2812 are configured to slide relative to each other in
opposite directions along a first rail 2814 and a second rail
2816. Thus, a patient's chest may be placed between the
magnets 110 of the first arm 2810 and the second arm 2812
during adjustment of a magnetic annuloplasty ring (Such as
the annuloplasty rings 100 discussed above) implanted within
the patient's heart.
(0103) As shown in FIG. 28, the first arm 2810 may be
connected to a first screw 2818 threaded in a first direction

(e.g., right-hand threads) and the second arm 2812 may be
connected to a second screw 2820 threaded in a second direc

tion (e.g., left-hand threads). The first screw 2818 is con
nected to the second screw 2820 by a coupler 2830 such that
both screws 2818, 2820 turn at the same time. A user may turn
the screws 2818, 2820 using, for example, a hand crank 2832
to adjust the relative positions of the arms 2810, 2812. In
another embodiment, a motor (not shown) under the control
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of a controller (such as the controller 624 shown in FIG. 6)
may be used to turn the screws 2818, 2820.
0104. The first arm 2810 includes a first stepper motor
2834 configured to rotate the first magnet 110(a) and the
second magnet 110(b). For example, an axle (not shown) may
be connected to the first magnet 110(a) and a coupling such as
a drive chain (not shown) may couple the first magnet 110(a)
to the second magnet 110(b) such that the magnets 110(a),
110(b) rotate together in the same direction. Similarly, the
secondarm2812 includes a second stepper motor 2834 con
figured to rotate the third magnet 110(c) and the fourth mag
net 110(d). In other embodiments, additional stepper motors
(not shown) may be used to independently rotate each mag
net. In yet another embodiment, all of the magnets 110 are
coupled to a single stepper motor (not shown). The stepper
motors 2834, 283.6 may be controlled by a host computer or
controller (such as the controller 624 shown in FIG. 6) to
coordinate the rotation of the magnets 110 at a desired fre
quency to generate a changing magnetic field Suitable for
adjusting the annuloplasty ring 100.
0105. The strength of the magnetic field generated by the
magnets 110 in the area between the first arm 2810 and the
second arm 2812, and in Surrounding areas, is based on the
polar alignment (e.g., north and South poles) of each magnet
110. For example, FIGS. 29A, 29B, 29C, and 29D schemati
cally illustrate end views of the magnets 110 of the external
magnetic adjustment device 102 shown in FIG.28 according
to certain embodiments. In the illustrated examples, a first
magnetic pole (e.g., north) is represented by a White semi
circle and a second magnetic pole (e.g., South) is represented
by a black semicircle. The illustrated examples also graphi
cally illustrate the resulting magnetic field lines resulting
from each polar alignment configuration.
0106. In FIG. 29A, the magnets 110 are in an anti-aligned
(Halbach) arrangement with the line separating the magnetic
poles in each magnet 110 set at a 0° offset from a horizontal
direction. In this arrangement, the magnetic fields from each
magnet 110 combine so as to augment the total magnetic field
(as illustrated by the arrow 2910) in the central area of the
magnet array, while reducing (or not augmenting) the mag
netic field in areas outside of the magnet array. Thus, an
annuloplasty ring located in the central area of the magnet
array may be adjusted in a medical setting (e.g., in a hospital
or physician's office) without the magnetic field altering
nearby medical or non-medical devices. When the magnets
110 are rotated in unison, the magnetic field in the central area
of the magnet array rotates in the opposite direction. For
example, FIG. 29B illustrates the magnets 110 rotated 45° in
a clockwise direction as compared to the arrangement of FIG.
29A. Accordingly, the total magnetic field in the central area
of the magnet array (as illustrated by the arrow 2912) is also
rotated 45°, but in the counterclockwise direction.

0107. In FIG. 29C, the magnets 110 are in an aligned
arrangement such that the magnetic poles are all facing the
same direction. Further, the line separating the magnetic
poles in each magnet 110 set at a 0° offset from a horizontal
direction. In this arrangement, the magnetic fields from each
magnet 110 also combine so as to augment the total magnetic
field (as illustrated by the arrow 2914) in the central area of
the magnet array. However, in some embodiments (see FIG.
30A), the total magnetic field generated in the central region
by the aligned arrangement shown in FIG. 29C may not be as
great as that of the Halbach arrangement shown in FIG. 29A.
Further, the total magnetic field in central region of the mag
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net array may decrease as the magnets 110 are rotated. For
example, FIG. 29D illustrates the magnets 110 rotated 45° in
a clockwise direction as compared to the arrangement of FIG.
29C. Accordingly, the total magnetic field in the central area
of the magnet array (as illustrated by the arrow 2916) is also
rotated 45° in the clockwise direction. However, the magni
tude of the total magnetic field in the central region of the
magnet array is reduced due to counteracting magnetic fields
generated by the first magnet 110(a) and the fourth magnet
110(d).
0108 FIGS. 30A and 30B graphically represent example
magnetic field measurements as the magnets 110 of the exter
nal magnetic adjustment device 102 are rotated according to
certain embodiments. FIG. 30A represents data correspond
ing to aligning 3 inch magnets 110 in a square arrangement
that is approximately 8.5 inchesx8.5 inches. A first graph
3010 (with data points represented by triangles) corresponds
to a Halbach arrangement (see FIGS. 29A and 29B) with a
gauss meteraligned at 0° with respect to the horizontal direc
tion. A second graph 3012 (with data points represented by
squares) corresponds to the Halbach arrangement (see FIGS.
29A and 29B) with the gauss meter aligned at 45° with respect
to the horizontal direction. A third graph 3014 (with data
points represented by circles) corresponds to an aligned
arrangement (see FIGS. 29C and 29D) with the gauss meter
aligned at 0° with respect to the horizontal direction. A fourth
graph 3016 (with data points represented by diamonds) cor
responds to the aligned arrangement (see FIGS. 29C and
29D) with the gauss meter aligned at 45° with respect to the
horizontal direction. As shown in FIG. 30A, the Halbach

arrangement provides stronger magnetic fields in the central
region of the magnet array, as compared to that of the aligned
arrangement.

0109 FIG.30B represents data corresponding to aligning
3 inch magnets 110 in a rectangular arrangement that is
approximately 8.5 inchesx 17 inches. A first graph 3018 (with
data points represented by triangles) corresponds to a Hal
bach arrangement (see FIGS. 29A and 29B) with a gauss
meter aligned at 0° with respect to the horizontal direction. A
second graph 3020 (with data points represented by squares)
corresponds to the Halbach arrangement (see FIGS. 29A and
29B) with the gauss meter aligned at 90° with respect to the
horizontal direction. A third graph 3022 (with data points
represented by circles) corresponds to an aligned arrange
ment (see FIGS. 29C and 29D) with the gauss meter aligned
at 0° with respect to the horizontal direction. A fourth graph
3024 (with data points represented by diamonds) corresponds
to the aligned arrangement (see FIGS. 29C and 29D) with the
gauss meter aligned at 90° with respect to the horizontal
direction. As shown in FIG. 30B, the differences between the

third graph 3022 and the fourth graph 3024 illustrate that the
aligned arrangement does not produce a consistent magnetic
field in the central region of the magnet array as the magnets
110 are rotated.

0110 FIG.31 is a schematic diagram of an external mag
netic adjustment device 102 that includes two electromagnets
31.10(a), 3110(b) according to one embodiment. Using elec
tromagnets 3110(a), 3110(b) allows the magnetic field gen
erated by the external magnetic adjustment device 102 to be
turned off when not in use. Further, in certain embodiments,

the electromagnets 3110(a), 31.10(b) are driven to provide a
constant absolute value for the total magnetic field (as dis
cussed below) as the direction of the total magnetic field is
rotated at a selected frequency. In addition, or in other
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embodiments, the electromagnets 3110(a), 3110(b) may be
electronically driven so as to selectively adjust the magnitude
of the total magnetic field.
0111. As shown in FIG. 31, the electromagnets 3110(a),
3110(b) according to one embodiment are C-shaped. The
C-shape reduces or eliminates the magnitude of the magnetic
field outside an area where a patient 106 is being treated. As
illustrated by the magnetic field lines in FIG.31, the magnetic
field generated by each electromagnet 3110(a), 3110(b) is
fairly well maintained between the opposite ends (e.g., a
north "N' end and south “S” end) of the respective electro
magnet 3110(a), 3110(b). Although not shown, each electro
magnet 3110(a), 31.10(b) may include, for example, a ferro
magnetic core (such as iron) wrapped with an electrically
conductive wire. In certain embodiments, the gap between the
ends of each C-shaped electromagnet 3110(a), 31.10(b) is
adjustable. For example, the respective backbones 3112(a),
3112(b) may each include a pivot or slide point.
0112 A first electromagnet 3110(a) is positioned in a hori
Zontal plane and a second electromagnet 3110(b) is posi
tioned in a vertical plane. For example, the “backbone of the
first electromagnet 3110(a) may be in the horizontal plane
with a patient table (not shown) and the “backbone' 3112 of
the second electromagnet 3112 may pass beneath the patient
table. All four magnet ends (two for each magnet 3110(a),
3110(b)) are positioned in the horizontal plane. A patient 106
may be placed on the table in an approximately 30 right
decubitus (right side downward) Supine position on the table.
In this position, the axis of the magnet 108 in the annuloplasty
ring 100 (not shown in FIG.31) is approximately vertical, and
the combined magnetic field is approximately centered
around the patient's heart.
0113 FIG.32 graphically illustrates various parameters of
the magnetic fields generated by the external magnetic adjust
ment device 102 shown in FIG.31 according to one embodi
ment. A first graph 3210 illustrates an X-direction component
(e.g., that contributed by the magnet 3110(a)) of the com
bined magnetic field in arbitrary (normalized) units. A second
graph 3212 illustrates a Y-direction component (e.g., that
contributed by the magnet 31.10(b)) of the combined mag
netic field in arbitrary (normalized) units. As shown, the first
graph 3210 and the second graph 3212 are 90° out of phase
from one another. By driving the X and Y-directions of the
magnetic fields in this manner, the absolute value of the total
field strength of the magnetic field is constant, as illustrated
by a third graph 3214. A fourth graph 3216 (shown as a
dashed line) illustrates the direction of the total field in
degrees. As time progresses, the direction of the total field
cycles between 0° and 360° to turn the magnet 108 in the
annuloplasty ring 100 implanted within the patient 106.
0114 Example Magnetic Brake Embodiment
0.115. In certain embodiments, vibrations from a patient's
beating heart may cause undesirable rotation of the magnet
108 and inadvertent adjustment of the annuloplasty ring 100.
Thus, in one embodiment, a magnetic brake is implanted
within a patient in an area outside of the patient's heart. For
example, FIG. 33A is a schematic diagram of a Superior
section view of a heart 104 illustrating an annuloplasty ring
100 implanted in the heart 104 and a magnetic brake assembly
3310 implanted outside of the heart 104 according to one
embodiment. The annuloplasty ring 100 is attached to or near
the mitral valve 107 annulus.

0116. The magnetic brake assembly 3310 includes a hous
ing 3312 and a brake magnet 3316 coupled to bearings 3316
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in the housing such that the brake magnet 3314 may rotate
therein. As discussed above with respect to the internal mag
net 108 of the annuloplasty ring 100 and the external magnets
110 of the magnetic adjustment device 102 (shown, e.g., in
FIG. 1B, FIG. 3, FIG. 4, FIG. 6, and FIG. 28), the brake
magnet 3314 may include a cylindrical magnet having mag
netic poles divided along a plane running the length of the
cylinder. As shown in FIG.33B, which is a schematic diagram
illustrating an end view of the brake magnet 3314 and the
internal magnet 108 in the annuloplasty ring 100 shown in
FIG.33A, the magnetic field of the brake magnet 3314 inter
acts with the magnetic field of the internal magnet 108 of the
annuloplasty ring 100 to prevent rotation of either magnet
3314, 108. Thus, in the absence of the external magnetic field
generated by the external adjustment device 102, the internal
magnet 108 and the brake magnet 3314 are in “phase lock.”
The annuloplasty ring 100 may still be adjusted when desired,
however, because the external adjustment device 102 gener
ates a Sufficiently large rotating magnetic field to overcome
the coupling between the internal magnet 108 and the brake
magnet 3314.
0117 For example, FIGS. 34A and 34B schematically
illustrate end views of the brake magnet 3314 and the internal
magnet 108 of the annuloplasty device 100 according to one
embodiment. In the illustrated examples, a first magnetic pole
(e.g., north) is represented by a white semicircle and a second
magnetic pole (e.g., South) is represented by a black semi
circle. In FIG. 34A, field lines 3410 corresponding to an
external magnetic field are represented as having a lower
density than field lines 3412 shown in FIG.34B. Thus, in the
example of FIG. 34A the external magnetic field is relatively
weak such that the magnetic poles of the magnets 3314, 108
may overcome the magnetic field to align with each other. In
the example of FIG. 34A, however, the external adjustment
device 102 may be activated to produce a relatively stronger
external magnetic field that overcomes the attraction between
the magnets 3314, 108. Accordingly, both magnets 3314, 108
align their respective poles with the strong external magnetic
field. In other words, both the internal magnet 108 of the
annuloplasty ring 100 and the brake magnet 3314 are rotated
during selective adjustment of the annuloplasty ring's size.
0118. It will be understood by those having skill in the art
that many changes may be made to the details of the above
described embodiments without departing from the underly
ing principles of the invention. The scope of the present
invention should, therefore, be determined only by the fol
lowing claims.
1. A system for treating a heart Valve, the system compris
1ng:

an adjustable annuloplasty ring configured to be attached
to or near a cardiac valve annulus, the adjustable annu
loplasty ring comprising:
a tubular body member;
one or more adjustable members, the tubular body mem
ber and the one or more adjustable members forming
a ring shape; and
an internal magnet within the tubular body member, the
internal magnet configured to rotate in response to a
rotating external magnetic field;
wherein the internal magnet is coupled to the one or
more adjustable members to change a dimension of
the ring shape as the internal magnet rotates.
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2. The system of claim 1, wherein the internal magnet
comprises a cylindrical magnet having magnetic poles
divided along a plane running the length of the cylinder.
3. The system of claim 2, wherein the internal magnet is a

permanent magnet.

4. The system of claim 1, wherein the adjustable annulo
plasty ring further comprises a magnet housing attached to
the internal magnet, the magnet housing rotating with the
rotation of the internal magnet, the magnet housing coupling
the internal magnet to the one or more adjustable members.
5. The system of claim 1, wherein the adjustable annulo
plasty ring further comprises:
a first lead screw coupled to a first end of the internal
magnet, wherein the first lead screw rotates with the
rotating internal magnet; and
a drive nut coupled to the one or more adjustable members,
wherein threads of the drive nut engage threads of the
first lead screw, and wherein rotation of the first lead

screw advances the first lead screw through the drive nut
to pull or push the one or more adjustable members to
change the dimension of the ring shape.
6. The system of claim 5, wherein the one or more adjust
able members comprise a wire.
7. The system of claim 6, wherein the wire comprises
nitinol.

8. The system of claim 5, wherein the adjustable annulo
plasty ring further comprises a first drive cable to couple a first
end of the internal magnet to the first lead screw.
9. The system of claim 8, wherein the adjustable annulo
plasty ring further comprises:
a first fixed arm coupled to a first end of the tubular body
member, and

a second fixed arm coupled to a second end of the tubular
body member;
wherein the one or more adjustable members comprise a
first swivel arm hinged to the first fixed arm at a first
pivot point, and wherein rotation of the first lead screw
results in the first swivel arm rotating around the first
pivot point.
10. The system of claim 9, wherein the one or more adjust
able members further comprise a second Swivel arm having a
first end hinged to the second fixed arm at a second pivot
point, and the second Swivel arm having a second end hinged
to the first drive nut at a third pivot point, wherein rotation of
the first lead screw results in the second swivel arm rotating
around the second pivot point and the drive nut rotating
around the third pivot point.
11. The system of claim 9, wherein the one or more adjust
able members further comprise:
a second Swivel arm having a first end hinged to the second
fixed arm at a second pivot point;
a second lead screw; and

a second drive cable to couple a second end of the internal
magnet to the second lead Screw;
wherein rotation of the internal magnet results in rotation
of the second lead screw;
wherein the drive nut includes a first set of threads to

engage the threads of the first lead screw and a second set
of threads to engage the threads of the second lead
Screw;

and wherein rotation of the second lead screw results in the

second Swivel arm rotating around the second pivot
point.
12. The system of claim 1, wherein the internal magnet
includes a hollow opening therein for coupling the internal
magnet to the one or more adjustable members.
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13. The system of claim 12, wherein at least a portion of the
hollow opening is threaded, and wherein the adjustable annu
loplasty ring further comprises a lead screw interfacing with
the threads of the hollow opening to draw the lead screw into
or out of the hollow opening as the internal magnet rotates.
14. The system of claim 13, wherein the lead screw com
prises a flexible wire comprising threads cut or formed in a
first end of the flexible wire, wherein the first end of the

flexible wire is coupled to a first end of the internal magnet.
15. The system of claim 14, wherein the flexible wire
further comprises threads cutor formed in a second end of the
flexible wire, wherein the second end of the flexible wire is

coupled to a second end of the internal magnet.
16. The system of claim 13, wherein the adjustable annu
loplasty ring further comprises:
a drive cable having a first end coupled to the lead screw;
wherein the adjustable annuloplasty ring further com
prises:
a first fixed arm coupled to a first end of the tubular body
member, and

a second fixed arm coupled to a second end of the tubular
body member;
wherein the one or more adjustable members comprise:
a first swivel arm hinged to the first fixed arm at a first
pivot point;
a second Swivel arm having a first end hinged to the
second fixed arm at a second pivot point; and
a push rod having a first end coupled to a second end of
the drive cable within a passage way in the second
Swivel arm, the push rod having a second end hinged
to a second end of the first fixed arm at a third pivot
point.
17. The system of claim 12, wherein the adjustable annu
loplasty ring further comprises:
a drive cable having a first end coupled within the hollow
opening in the internal magnet, wherein rotation of the
internal magnet results in rotation of the drive cable; and
a lead screw coupled to a second end of the drive cable,
wherein rotation of the drive cable results in rotation of

the lead screw;

wherein the adjustable annuloplasty ring further com
prises:
a first fixed arm coupled to a first end of the tubular body
member, and

a second fixed arm coupled to a second end of the tubular
body member;
wherein the one or more adjustable members comprise:
a first swivel arm hinged to the first fixed arm at a first
pivot point;
a second Swivel arm having a first end hinged to the
second fixed arm at a second pivot point, wherein a
second end of the second fixed arm comprises a drive
nut that interfaces the lead screw.

18. The system of claim 17, wherein the first swivel arm
comprises a jewel bearing coupled to the lead screw.
19. The system of claim 1, wherein the adjustable annulo
plasty ring is sized and configured to be placed into a heart
through a catheter or trocar.
20. The system of claim 19, wherein the size of the adjust
able annuloplasty ring in any direction is less than approxi
mately 10 mm when inserted into the catheter or trocar and
greater than approximately 20 mm when attached to or near
the cardiac valve annulus.

21. The system of claim 19, wherein the one or more
adjustable members comprise a Superelastic wire extending
from a first end of the tubular body to a second end of the
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tubular body to form the ring shape, wherein the superelastic
wire is configured to be compressed to allow the adjustable
annuloplasty ring to be inserted through the catheter or trocar,
and wherein the Superelastic wire is configured to be pushed
into or out of the tubular body in response to the rotation of the
internal magnet.
22. The system of claim 19, wherein the one or more
adjustable members comprise:
a wire comprising a first end coupled to a first end of the
tubular body member, wherein the wire is configured to
be pushed into or out of tubular body in response to the
rotation of the internal magnet; and
a latch to selectively connect and disconnect a second end
of the wire to a second end of the tubular body member,
wherein the latch includes a disconnected state to allow the

adjustable annuloplasty ring to be inserted into the cath
eter or trocar, and
wherein the latch includes a connected state to form the

ring shape when the adjustable annuloplasty ring is
attached to or near the cardiac valve annulus.

23. The system of claim 22, wherein the latch is selected
from a group comprising a socket and a lock pin latch, a ramp
and pawl latch, a knuckle style latch, a screw and nut latch,
and a T-bar style latch.
24. The system of claim 22, wherein the adjustable annu
loplasty ring further comprises a Swivel arm comprising a first
end hinged to a second end of the tubular body at a pivot point,
and wherein the latch connects and disconnects the second
end of the wire to a second end of the swivel arm.

25. The system of claim 19, wherein the one or more
adjustable members comprise:
a first arm comprising a first end coupled to a first end of the
tubular member, the first arm configured to be pulled
into or out of the tubular member in response to the
rotation of the internal magnet;
a secondarm comprising a first end coupled to a second end
of the first arm and a second end coupled to a second end
of the tubular member;

a folding hinge to connect the second arm to the first arm,
the folding hinge allowing the ring shape to be folded
during insertion of the adjustable annuloplasty device
through the catheter or trocar,
a locking sleeve configured to slide along the first arm and
the second arm to lock the folding hinge in an extended
position for attachment of the adjustable annuloplasty
ring to or near the cardiac valve annulus.
26. The system of claim 1, wherein the adjustable annulo
plasty ring further comprises:
a gear coupled to the internal magnet; and
a rack in mechanical communication with the gear and the
one or more adjustable members,
wherein, in response to the rotating internal magnet, the
gear rotates to slide the rack so as to push the one or more
adjustable members into or out of the tubular body mem
ber.

27. The system of claim 26, wherein the one or more
adjustable members comprise a wire having a first end
coupled to a first end of the tubular member and a second end
configured to slide into and out of the second end of the
tubular member.

28. The system of claim 27, wherein the rack is cut or
29. The system of claim 1, further comprising:
an external adjustment device comprising one or more
external magnets configured to generate the rotating
external magnetic field.

formed in the second end of the wire.
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30. The system of claim 29, wherein the one or more
external magnets comprise a permanent magnet.
31. The system of claim 29, wherein the one or more
external magnets comprise an electromagnet.
32. The system of claim 29, wherein the one or more
external magnets comprise at least one cylindrical magnet
having magnetic poles divided along a plane running the
length of the cylinder.
33. The system of claim 32, wherein the internal magnet
comprises a cylindrical magnet having magnetic poles
divided along a plane running the length of the cylinder, and
wherein rotating the one or more external magnets in a first
direction results in a rotation of the internal magnet in a
second direction.

34. The system of claim 29, wherein the external adjust
ment device further comprises:
a controller; and

a first stepper motor in communication with the controller,
the first stepper motor coupled to at least a first subset of
the one or more external magnets;
wherein the controller is configured to control the rotation
of the first stepper motor.
35. The system of claim 34, wherein the external adjust
ment device further comprises:
a second stepper motor in communication with the control
ler, the second stepper motor coupled to at least a second
Subset of the one or more external magnets;
wherein the controller is configured to control the rotation
of the second stepper motor.
36. The system of claim 34, wherein the one or more
external magnets comprise four cylindrical magnets in a non
aligned, Halbach configuration.
37. The system of claim 29, wherein the one or more
external magnets comprise two C-shaped electromagnets
arranged to generate respective magnetic fields that are per
pendicular to one another.
38. The system of claim 1, further comprising a magnetic
adjustment device comprising:
a catheter system configured to be inserted into a heart
chamber; and

an activation magnet configured to be inserted through the
catheter system into the heart chamber,
wherein the catheter system is configured to rotate the
magnet within the heart chamber to generate the rotating
external magnetic field.
39. The system of claim 1, further comprising a magnetic
brake configured for implantation within a patient in an area
outside of the patient's heart,
wherein, in the absence of the rotating external magnetic
field, the magnetic brake is configured to prevent the
internal magnet from rotating, and
wherein, in the presence of the rotating external magnetic
field, the magnetic brake is configured to allow the inter
nal magnet to rotate.
40. A method for treating a heart valve, the method com
prising:
providing an adjustable annuloplasty ring comprising:
a tubular body member;
one or more adjustable members, the tubular body mem
ber and the one or more adjustable members forming
a ring shape; and
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an internal magnet within the tubular body member, the
internal magnet configured to rotate in response to a
rotating external magnetic field;
wherein the internal magnet is coupled to the one or
more adjustable members to change a dimension of
the ring shape as the internal magnet rotates; and
implanting the annuloplasty ring on or near a patient's
cardiac valve annulus.

41. The method of claim 40, further comprising:
after implantation, applying the rotating external magnetic
field to reshape the annuloplasty ring.
42. The method of claim 41, wherein applying the rotating
external magnetic field after implantation comprises:
allow the patient to substantially recover from the implan
tation before applying the external magnetic field.
43. The method of claim 41, wherein applying the rotating
external magnetic field after implantation comprises:
applying the external magnetic field during open heart
Surgery.

44. The method of claim 40, wherein applying the rotating
magnetic field comprises:
arranging an array of cylindrical magnets in a non-aligned,
Halbach configuration;
placing the patientina central area of the magnetarray; and
rotating the plurality of cylindrical magnets at a desired
frequency.
45. The method of claim 40, wherein applying the rotating
magnetic field comprises:
percutaneously delivering one or more activation magnets
to a heart chamber, and

rotating the one or more activation magnets at a desired
frequency.
46. The method of claim 40, further comprising:
providing an implantable magnetic brake; and
implanting the magnetic brake near the patient's heart,
wherein, in the absence of the rotating external magnetic
field, the magnetic brake prevents the internal magnet
from rotating, and
wherein, in the presence of the rotating external magnetic
field, the magnetic brake allows the internal magnet to
rOtate.

47. A system for treating a heart Valve, the system com
pr1S1ng:
an adjustable annuloplasty ring comprising:
means for attaching the adjustable annuloplasty ring to
or near a cardiac valve annulus, the adjustable annu
loplasty ring comprising:
means for forming a ring shape; and
means for changing a dimension of the ring shape in
response to a rotating external magnetic field.
48. The system of claim 47, further comprising means for
applying the rotating external magnetic field to a patient to
reshape the annuloplasty ring.
49. The system of claim 47, further comprising:
means for, in the absence of the rotating external magnetic
field, disabling the means for changing the dimension of
the ring shape.

