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PERCUTANEOUS MITRAL ANNULPLASTY 
WITH CARDAC RHYTHM MANAGEMENT 

0001. This is a continuation of U.S. patent application Ser. 
No. 10/806,906, filed Mar. 23, 2004, which is a continuation 
of U.S. patent application Ser. No. 10/715,221, filed Oct. 17, 
2003, which is a continuation of U.S. patent application Ser. 
No. 09/968,272, filed on Oct. 1, 2001, now U.S. Pat. No. 
6,709,456, which is a continuation-in-part of U.S. patent 
application Ser. No. 09/494.233, filed on Jan. 31, 2000, now 
U.S. Pat. No. 6,402,781. 

BACKGROUND OF INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to intravascular pros 
theses and methods of percutaneous mitral annuloplasty 
while monitoring hemodynamic functions such as mitral 
valve regurgitation. 
0004 2. Description of Related Art 
0005 Dilated cardiomyopathy occurs as a consequence of 
many different disease processes that impair myocardial 
function, Such as coronary artery disease and hypertension. 
The left ventricle enlarges and the ejection fraction is 
reduced. The resulting increase in pulmonary venous pres 
Sure and reduction in cardiac output cause congestive heart 
failure. Enlargement of the mitral annulus and left ventricular 
cavity produce mitral valvular insufficiency. This in turn, 
causes volume overload that exacerbates the myopathy, lead 
ing to a vicious cycle of progressive enlargement and wors 
ening mitral regurgitation. 
0006. According to recent estimates, more than 79,000 
patients are diagnosed with aortic and mitral valve disease in 
U.S. hospitals each year. More than 49,000 mitral valve or 
aortic valve replacement procedures are performed annually 
in the U.S., along with a significant number of heart valve 
repair procedures. 
0007 Various surgical techniques have been developed to 
repair a diseased or damaged valve. One repair technique 
which has been shown to be effective in treating incompe 
tence, particularly of the mitral and tricuspid valves, is annu 
loplasty, in which the effective size of the valve annulus is 
contracted by attaching a prosthetic annuloplasty ring to the 
endocardial surface of the heart around the valve annulus. The 
annuloplasty ring comprises an inner Substrate of a metal 
Such as stainless steel or titanium, or a flexible material Such 
as silicone rubber or Dacroncordage, covered with a biocom 
patible fabric or cloth to allow the ring to be sutured to the 
heart tissue. The annuloplasty ring may be stiff or flexible, 
may be split or continuous, and may have a variety of shapes, 
including circular, D-shaped, C-shaped, or kidney-shaped. 
Examples are seen in U.S. Pat. Nos. 4,917,698, 5,061,277, 
5,290,300, 5,350,420, 5,104,407, 5,064,431, 5,201,880, and 
5,041,130, which are incorporated herein by reference. 
0008 Annuloplasty rings may also be utilized in combi 
nation with other repair techniques such as resection, in 
which a portion of a valve leaflet is excised, the remaining 
portions of the leaflet are sewn back together, and a prosthetic 
annuloplasty ring is then attached to the valve annulus to 
maintain the contracted size of the valve. Other valve repair 
techniques in current use include commissurotomy (cutting 
the valve commissures to separate fused valve leaflets), short 
ening mitral or tricuspid valve chordae tendonae, reattach 
ment of severed mitral or tricuspid valve chordae tendonae or 
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papillary muscle tissue, and decalcification of the valve leaf 
lets or annulus. Annuloplasty rings may be used in conjunc 
tion with any repair procedures where contracting or stabiliz 
ing the valve annulus might be desirable. 
0009. Although mitral valve repair and replacement can 
successfully treat many patients with mitral valvular insuffi 
ciency, techniques currently in use are attended by significant 
morbidity and mortality. Most valve repair and replacement 
procedures require a thoracotomy, usually in the form of a 
median sternotomy, to gain access into the patient's thoracic 
cavity. A saw or other cutting instrument is used to cut the 
Sternum longitudinally, allowing the two opposing halves of 
the anterior or ventral portion of the rib cage to be spread 
apart. A large opening into the thoracic cavity is thus created, 
through which the Surgical team may directly visualize and 
operate upon the heart and other thoracic contents. Alterna 
tively, a thoracotomy may be performed on a lateral side of 
the chest, wherein a large incision is made generally parallel 
to the ribs, and the ribs are spread apart and/or removed in the 
region of the incision to create a large enough opening to 
facilitate the Surgery. 
0010 Surgical intervention within the heart generally 
requires isolation of the heart and coronary blood vessels 
from the remainder of the arterial system, and arrest of car 
diac function. Usually, the heart is isolated from the arterial 
system by introducing an external aortic cross-clamp through 
a sternotomy and applying it to the aorta to occlude the aortic 
lumen between the brachiocephalic artery and the coronary 
ostia. Cardioplegic fluid is then injected into the coronary 
arteries, either directly into the coronary ostia or through a 
puncture in the ascending aorta, to arrest cardiac function. 
The patient is placed on extracorporeal cardiopulmonary 
bypass to maintain peripheral circulation of oxygenated 
blood. 
0011. Of particular interest in the present application are 
techniques for the repair and replacement of the mitral valve. 
The mitral valve, located between the left atrium and left 
ventricle of the heart, is most easily reached through the wall 
of the left atrium, which normally resides on the posterior side 
of the heart, opposite the side of the heart that is exposed by 
a median sternotomy. Therefore, to access the mitral valve via 
a sternotomy, the heart is rotated to bring the left atrium into 
an anterior position. An opening, oratriotomy, is then made in 
the right side of the left atrium, anterior to the right pulmonary 
veins. The atriotomy is retracted by means of Sutures or a 
retraction device, exposing the mitral valve adjacent to the 
atriotomy. One of the previously identified techniques may 
then be used to repair or replace the valve. 
0012. An alternative technique for mitral valve access has 
been used when a median sternotomy and/or rotational 
manipulation of the heart are inappropriate. In this technique, 
a thoracotomy is made in the right lateral side of the chest, 
usually in the region of the fourth or fifth intercostal space. 
One or more ribs may be removed from the patient, and other 
ribs near the incision are retracted outward to create a large 
opening into the thoracic cavity. The left atrium is then 
exposed on the posterior side of the heart, and an atriotomy is 
formed in the wall of the left atrium, through which the mitral 
valve may be accessed for repair or replacement. 
0013 Using Such open-chest techniques, the large open 
ing provided by a median sternotomy or right thoracotomy 
enables the surgeon to see the mitral valve directly through 
the left atriotomy, and to position his or her hands within the 
thoracic cavity in close proximity to the exterior of the heart 
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for cannulation of the aorta and/or coronary arteries to induce 
cardioplegia, manipulation of Surgical instruments, removal 
of excised tissue, and introduction of an annuloplasty ring or 
a replacement valve through the atriotomy for attachment 
within the heart. 
0014 Mitral valve surgery, including mitral annuloplasty, 

is usually applied to patients with intrinsic disease of the 
mitral apparatus. As described above, these patients may have 
scarring, retraction, tears or fusion of valve leaflets as well as 
disorders of the subvalvular apparatus. Definitive repair 
requires direct visualization of the valve. 
00.15 Patients who develop mitral regurgitation as a result 
of dilated cardiomyopathy do not have intrinsic mitral valve 
disease. Regurgitation occurs as the result of the leaflets being 
moved back from each other by the dilated annulus. The 
Ventricle enlarges and becomes spherical, pulling the papil 
lary muscles and chordae away from the plane of the valve 
and further enlarging the regurgitant orifice. In these patients, 
correction of the regurgitation does not require repair of the 
valve leaflets themselves, but simply a reduction in the size of 
the annulus and the sphericity of the left ventricle. 
0016 Mitral annuloplasty without repair of the leaflets or 
chordae has been shown to be effective in patients with 
dilated cardiomyopathy who are refractory to conventional 
medical therapy. Bolling and coworkers have operated on a 
cohort of such patients with New York Heart Association 
Class III and IV symptoms. Average symptom severity 
decreased from 3.9 preoperatively to 2.0 after surgery. Hemo 
dynamics and ejection fraction improved significantly. Other 
investigators have achieved similar results as well. However, 
the morbidity, risks and expense of Surgical annuloplasty are 
very high in patients with cardiomyopathy and congestive 
heart failure. Thus, a variety of new techniques for the treat 
ment of congestive heart failure are being explored as 
adjuncts to drug therapy. 
0017 Several cardiac restraint devices have been 
described. U.S. Pat. No. 5,702,343 to Alferness discloses a 
cardiac reinforcement device that is applied as a jacket over 
the epicardium in order to limit diastolic expansion. However, 
this requires an open chest operation to implant and does not 
directly affect the diameter of the mitral annulus. Another 
approach is disclosed in U.S. Pat. No. 5,961.440 to Schweich, 
et al., in which tension members are placed through opposite 
walls of the heart such that they span the ventricle. Less 
invasive and “minimally invasive techniques for valve repair 
and replacement continue to evolve, both on a stopped heart 
and on a beating heart. These techniques may provide some 
benefits over open chest procedures, but they are still attended 
by significant morbidity and mortality risks. 
0.018. A need therefore remains for methods and devices 
for treating mitral valvular insufficiency, which are attended 
by significantly lower morbidity and mortality rates than are 
the current techniques, and therefore would be well suited to 
treat patients with dilated cardiomyopathy. Optimally, the 
procedure can be accomplished through a percutaneous, 
transluminal approach, using simple, implantable devices 
which do not depend upon prosthetic valve leaflets or other 
moving parts. 

SUMMARY OF THE INVENTION 

0019. There is provided in accordance with one aspect of 
the present invention, a method of treating a patient. The 
method comprises the steps of transluminally advancing a 
prosthesis into the coronary sinus, and manipulating the pros 
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thesis to exert a compressive force on the mitral valve annu 
lus. Hemodynamic function is monitored to assess mitral 
valve regurgitation. 
0020. The monitoring step may comprise monitoring 
hemodynamic function prior to the manipulation step, during 
the manipulation step, and/or following the manipulation 
step. Preferably, the method comprises the step of percutane 
ously accessing the venous system prior to the transluminally 
advancing step. The accessing step may be accomplished by 
accessing one of the internal jugular, Sub-clavian, or femoral 
W1S. 

0021. The manipulating step comprises bonding the pros 
thesis within the coronary sinus, such as by axially moving a 
forming element with respect to the prosthesis, to bend the 
prosthesis. The transluminally advancing step may be accom 
plished using a catheter. The method may additionally com 
prise the step of locking the prosthesis to retain a compressive 
force on the annulus following the manipulation step. The 
locking step may comprise moving an engagement Surface 
from a disengaged configuration to an engaged configuration. 
The locking step may comprise providing an interference fit, 
providing an adhesive bond, providing a knot, or providing a 
compression fit. The coronary sinus may be measured and an 
appropriately sized prosthesis may be selected prior to the 
inserting step. 
0022. The monitoring hemodynamic function step may be 
accomplished using transesophageal echo cardiography, Sur 
face echo cardiographic imaging, intracardiac echo cardio 
graphic imaging, using fluoroscopy with radio contrast 
media, or by using left atrial or pulmonary capillary wedge 
pressure measurements. The method may additionally com 
prise the step of determining an on-going drug therapy, taking 
into account post-implantation hemodynamic function. 
0023. In accordance with another aspect of the present 
invention, there is provided a method of remodeling a mitral 
valve annulus to reduce mitral valve regurgitation. The 
method comprises the steps of providing a prosthesis which is 
adjustable between a first configuration for transluminal 
deployment within the coronary sinus, throughout a range to 
a second configuration for exerting a compressive force 
against the mitral valve annulus from within the coronary 
sinus. The prosthesis is transluminally advanced to a position 
at least partially within the coronary sinus, and the prosthesis 
is tightened to reduce mitral valve regurgitation. The degree 
of regurgitation is monitored, prior to the tightening step, 
during the tightening step, and/or following the tightening 
step. In one application of the invention, Sufficient tightening 
is accomplished to achieve at least a one grade reduction in 
regurgitation. 
0024. There is provided in accordance with a further 
aspect of the present invention, a method of treating mitral 
valvular insufficiency. The method comprises the steps of 
tranvenously advancing a prosthesis into the coronary sinus, 
and deploying at least a portion of the prosthesis within the 
coronary sinus to reduce the diameter of the mitral annulus. 
Although deployment can be accomplished in an open Surgi 
cal procedure, the method preferably further comprises the 
step of percutaneously accessing the venous system prior to 
the transluminally advancing step. The venous system may be 
accessed by one of the internal jugular, Subclavian, or femoral 
veins. Preferably, the deploying step further includes the step 
of advancing the prosthesis from a first configuration for 
transluminal implantation to a second configuration to apply 
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pressure to the wall of the coronary sinus and thereby reduce 
and/or restrain the diameter of the mitral valve annulus. 

0025. In accordance with another aspect of the present 
invention, there is provided a method of performing translu 
minal mitral annuloplasty. The method comprises the steps of 
providing a catheter which carries a prosthesis, and percuta 
neously inserting the catheter into the venous system. The 
prosthesis is transluminally advanced into the coronary sinus, 
and deployed in the coronary sinus to influence the size of the 
mitral valve annulus. Preferably, the prosthesis is caused to 
exert a compressive force on the mitral valve annulus. 
0026. The compressive force is generated by tightening 
the prosthesis around the mitral valve annulus following the 
transluminally advancing step. The tightening step may be 
accomplished by axial movement of a tightening element 
with respect to the prosthesis. 
0027. In accordance with a further aspect of the present 
invention, there is provided a method of providing a thera 
peutic compressive force against a tissue structure which is 
distinct from a vessel wall. The method comprises the steps of 
positioning a device in the vessel, and exerting a force against 
the wall of the vessel to exert a force against an extravascular 
tissue structure. Preferably, the positioning step is accom 
plished percutaneously. In one application, the extravascular 
tissue structure comprises the mitral valve annulus. Thus, the 
present invention provides a method of performing annulo 
plasty of the mitral valve, comprising positioning a prosthesis 
in the venous sinus. 

0028. In accordance with another aspect of the present 
invention, there is provided an implant for extravascular 
remodeling, for positioning within a vascular structure to 
influence tissue outside of the vessel. The implant comprises 
an elongate flexible Support, having a proximal end and a 
distal end. Each of the proximal and distal ends are dimen 
Sioned to reside completely within the vascular system. A 
forming element is attached to the Support, such that move 
ment of the forming element relative to the Support changes 
the shape of the support. The support is thus moveable 
between an implantation configuration for transluminal 
implantation and a remodeling configuration for exerting a 
force against a vessel wall. In one application, the Support 
defines an arc when in the remodeling configuration. 
0029 Preferably, the implant for extravascular remodel 
ing further comprises a lock for restraining the Support in the 
remodeling configuration. In one embodiment, the lock com 
prises a locking ring. Alternatively, the lock comprises a 
compression fit, an interference fit or an adhesive bond. 
0030 The support is moveable from the implantation con 
figuration to the remodeling configuration in response to 
movement of a remodeling control Such as proximal retrac 
tion of the forming element. Alternatively, the Support is 
moveable from the implantation configuration to the remod 
eling configuration in response to distal advancement of the 
forming element. 
0031. In one embodiment, the implant for extravascular 
remodeling further comprises an anchor for retaining the 
implant at a deployment site within a vessel. In one applica 
tion, the anchor comprises a distal extension of the Support, 
for positioning within the great cardiac vein. Alternatively, 
the anchor comprises a friction enhancing Surface texture or 
structure for engaging the wall of the vessel. In a further 
embodiment, the anchor comprises at least one barb for pierc 
ing the wall of the vessel. 
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0032. In accordance with yet a further aspect of the present 
invention, there is provided a transluminally implantable 
annuloplasty device. The annuloplasty device comprises a 
flexible body, having a proximal end and a distal end. An 
annuloplasty Zone is provided on a proximal portion of the 
body, and an anchor Zone is provided on a distal portion of the 
body. Anaxially moveable forming element is attached to the 
body between a mid-point of the annuloplasty Zone and a 
mid-point of the anchor Zone, such that proximal retraction of 
the forming element with respect to the proximal end of the 
body advances at least the annuloplasty Zone into an arcuate 
configuration. 
0033. In accordance with a further aspect of the present 
invention, there is provided a method of treating a mitral 
valve. The method comprises the steps of providing an elon 
gate flexible vascular implant, having a first attachment site 
spaced axially apart from a second attachment site. The first 
attachment site is transluminally advanced through the coro 
nary sinus and coronary venous system to form the implant 
into an open loop. The open loop is reduced in size to place 
tension on the coronary sinus, and the first attachment site is 
attached to the second attachment site to close the loop and 
retain tension on the coronary sinus. 
0034. In accordance with another aspect of the present 
invention, there is provided a method of treating the heart. 
The method comprises the steps of advancing an implant 
through an access site and into a coronary vein such as the 
coronary sinus. A forming element on the implant is thereaf 
ter proximally retracted while resisting proximal movement 
of the implant, thereby forming the implant into a desired 
shape. The access site is thereafter closed, leaving the formed 
implant within the coronary vein. 
0035. Preferably, the method further comprises the step of 
locking the implant into the desired shape prior to the closing 
step. The method may additionally comprise the step of sev 
ering at least a portion of the fanning element prior to the 
closing step. 
0036 Further features and advantages of the present 
invention will become apparent to those of ordinary skill in 
the art in view of the detailed description of preferred embodi 
ments which follows, when considered together with the 
attached drawings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1 is a schematic illustration of the heart, show 
ing one embodiment of the mitral annuloplasty device of the 
present invention deployed within the coronary venous sys 
tem. 

0038 FIG. 2 is a schematic illustration of the mitral annu 
loplasty device shown in FIG. 1. 
0039 FIG. 2A is a schematic illustration of the mitral 
annuloplasty device of FIG. 1 shown in another configura 
tion. 
0040 FIG. 3 is an overall view and cross-sectional view 
through a transvenous delivery sheath. 
0041 FIG. 4 is a schematic illustration of the delivery 
sheath and two different embodiments of the implant for 
extravascular remodeling, one with a forming element and 
one without. 
0042 FIG. 5 is a schematic illustration of an alternative 
embodiment of the present invention positioned in an open 
loop configuration through the delivery sheath. 
0043 FIG. 6 is a schematic illustration of a heart, having 
an alternate embodiment of the mitral annuloplasty and car 
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diac reinforcement device of the present invention positioned 
within the coronary sinus and contiguous venous system. 
0044 FIG. 7 is a schematic cross-sectional view of one 
embodiment of a locking device in accordance with the 
present invention. 
0045 FIG. 8 is a fragmentary view of a portion of the lock 
illustrated in FIG. 7, with a locking tool. 
0046 FIG. 9 is a fragmentary view as in FIG. 8, showing 
an unlocking tool. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0047. The present invention provides a method and appa 
ratus for performing mitral annuloplasty and remodeling of 
the left ventricle using a device that may be introduced per 
cutaneously, and placed within the coronary venous system of 
the heart. The device exerts compressive force on the mitral 
annulus and left ventricle, reducing the severity of mitral 
regurgitation and the size of the left ventricular cavity. The 
device thus enables reduction of the mitral annulus and con 
straint of the diastolic expansion of the left ventricle yet 
without the morbidity and other risks associated with open 
chest Surgery. 
0048. The present inventors have determined that the 
coronary sinus and veins provide an ideal conduit for the 
positioning of an intravascular prosthesis for remodeling the 
mitral annulus, since they are positioned adjacent the mitral 
annulus and interventricular septum. The coronary sinus is 
contained within the atrioventricular groove, and is in close 
proximity to the posterior, lateral and anterior aspects of the 
mitral annulus. The coronary sinus and coronary veins are 
cannulated currently during any of a variety of percutaneous 
transvenous diagnostic and therapeutic procedures. Perma 
nent placement of pacemaker and defibrillator leads within 
the coronary sinus and veins is both safe and well tolerated. 
0049. The annuloplasty system consists of several compo 
nents. There is a delivery system intended to be introduced 
percutaneously into a central vein such as the internal jugular, 
Subclavian or femoral veins and to cannulate the coronary 
sinus. The implant of the present invention is deployed from 
the delivery catheter into the coronary venous system. Addi 
tional tools may be placed through or along the delivery 
catheter to position the device, apply elements in place, and to 
control and/or cut the tensioning elements from the delivery 
system as will be discussed. 
0050 Referring to FIG. 1, there is illustrated a schematic 
view of the heart 10, having a mitral annuloplasty and cardiac 
reinforcement device 40 positioned therein. The heart 10 
generally comprises a right atrium 12, incommunication with 
the Superior vena cava 14 and inferior vena cava 16. The left 
ventricle 18 is positioned below the left atrial appendage 20. 
Relevant portions of the coronary vasculature include the 
coronary sinus 22, which extends from the ostium 24 to the 
junction 26 of the coronary sinus and the great cardiac vein 
28. There may be anastomotic connections 29 between the 
great cardiac vein 28 and the middle cardiac vein 30, as is well 
understood in the art. 
0051 One embodiment of a mitral annuloplasty and car 
diac reinforcement device 40 in accordance with the present 
invention is illustrated generally in the coronary sinus 22. In 
particular, the device 40 extends from a proximal end 42 to a 
distal end 44. The proximal end 42 lies against the posterior 
aspect of the interatrial septum 46. The midportion 48 of the 
device 40 is positioned within the coronary sinus 22. The 
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transitional section 50 of the device 40 lies at the junction 26 
of the coronary sinus 22 and the great cardiac vein 28. The 
distal end 44 of the device 40 is lodged in the great cardiac 
vein 28. 

0.052 The transitional region 50 is designed to reside in the 
proximal portion of the great cardiac vein 28. By deflecting 
out of the plane of the coronary sinus 22, it serves as an anchor 
52 and prevents the device 40 from slipping out of the coro 
nary sinus 22 when tension is applied. This embodiment of an 
anchor 52 is very flaccid and flexible, thereby minimizing the 
risk of erosion of the device 40 through the wall of the great 
cardiac vein or other aspect of the coronary venous system. 
The proximal end 42 of the device 40 lies outside the ostium 
24 of the coronary sinus 22 and is curved upward so as to 
anchor against the posterior aspect of the interatrial septum 
46. The proximal end 42 is semicircular in shape and elliptical 
in profile so that no edges will promote erosion of adjacent 
tissue. 

0053 As an alternative anchor 52 to the distal extension of 
the device 40, any of a variety of structures may be provided. 
In general, the deployed device 40 will contact the wall of the 
coronary sinus 22 along the inside radius of its arcuate path. 
Thus, a tissue contacting Surface 54 on the concave side of the 
deployed device 40 may be provided with any of a variety of 
friction enhancing Surface structures, such as a plurality of 
transverse ridges, teeth or other projections, or modified Sur 
face textures to enhance friction. Alternatively, tissue engag 
ing or piercing structures such as barbs may be provided on 
the surface 54 to engage the wall of the coronary sinus 22 to 
resist movement of the device 40. 

0054 The specific dimensions, construction details and 
materials for the mitral annuloplasty and cardiac reinforce 
ment device 40 can be varied widely, as will be appreciated by 
those of skill in the art in view of the disclosure herein. For 
example, dimensional adjustments may be made to accom 
modate different anatomical sizes and configurations. Mate 
rials and construction details can be varied to accommodate 
different tensioning mechanisms and other considerations. 
0055. In general, the device 40 has an overall length from 
proximal end 42 to distal end 44 within the range of from 
about 6 cm to about 10 cm, in an embodiment such as that 
illustrated in FIG. 2 in which the anchor 52 comprises a distal 
extension of the body 66 for lodging within the great cardiac 
vein 28. One embodiment of the device 40 includes an elon 
gate flexible body 66 about eight centimeters in length. In this 
embodiment, the body 66 is preferably elliptical in cross 
section so that it will bend in the plane of the coronary sinus 
22 and mitral annulus when force is applied to the tensioning 
element within it (discussed below). Distally the device tapers 
and transitions to a round cross-section. 

0056 Referring to FIGS. 2 and 2A, there is illustrated an 
embodiment of the device 40 having a forming element 56 
therein. The device can be manipulated from a first configu 
ration to at least a second configuration. In one embodiment, 
manipulation of the forming element 56 allows the device to 
be moved from a flexible orientation to enable percutaneous 
insertion into the vascular system and navigation into the 
coronary sinus, to anarcuate configuration for compressing at 
least a portion of the mitral annulus. The device 40 may be 
advanced from the first, flexible configuration to the second, 
arcuate configuration by either axial proximal retraction or 
distal advancement of the forming element 56 with respect to 
the body 66, depending upon the particular design. 



US 2011/0009.957 A1 

0057. In general, the device 40 comprises an elongate 
flexible support 58, extending from a proximal end 42 at least 
as far as a point of attachment 60. The support 58 may be a 
portion of the body 66 or may be a distinct component as will 
be discussed. The support 58 has a fixed length, and is rela 
tively axially noncompressible or expandable. Thus, proxi 
mal retraction of the forming element 56 compared to the 
proximal end of the support 58 will cause the support 58 to 
deflect in a first direction. Distal axial advancement of the 
forming element 56 with respect to the support 58 will cause 
lateral deflection of the support 58 in a second direction. This 
basic steering configuration can be embodied in many forms, 
which can be optimized by those of skill in the art to suit a 
particular construction for the body 66 depending upon the 
desired dimensions and clinical performance. 
0058. The forming element 56 extends from the proximal 
end 42 through the device 40 to the point of attachment 60. At 
the point of attachment 60, the forming element 56 is 
mechanically linked, and preferably, directly linked to the 
support 58. A proximal extension 64 of the forming element 
56 extends from the proximal end 42 of the device 40, such as 
through an aperture 62. Proximal retraction of the forming 
element 56 through the aperture 62 causes the device 40 to 
bend from an implantation orientation for navigating the 
coronary vasculature during implantation to a formed orien 
tation for compression and constraint of the coronary sinus 22 
and adjacent structures. 
0059. In the formed orientation, the device 40 preferably 
provides a compressive force against the mitral annulus as has 
been discussed. This is accomplished by forming the device 
into an arcuate configuration. Generally, the best fit curve of 
constant radius to which the formed device conforms has a 
radius within the range of from about 1.0 cm to about 2.0 cm. 
0060. The forming element may comprise any of a variety 
of components. Such as a polymeric or metal wire or strand, a 
multifilament braided or woven line, a metal or polymeric 
ribbon, or other structure capable of retaining the device 40 
under tension in the coronary sinus 22. 
0061 The device 40 further comprises a support 58, which 
may be the body 66 of the device 40 or a separate element 
positioned therein. In an embodiment in which the support 58 
is a separate element contained within the device 40, Support 
58 may comprise any of a variety of generally axially non 
compressible elements such as a metal or polymeric wire or 
column, ribbon, or “bottomed out spring which facilitates 
lateral bending but inhibits axial compression upon proximal 
retraction of forming element 56. A metal ribbon comprising 
stainless steel, nitinol, or other known materials may be 
desired in certain embodiments, due to its ability to influence 
the plane of curvature of the device 40 when in the formed 
orientation. 

0062. The proximal extension 64 of the forming element 
56 extends proximally throughout the length of the deploy 
ment catheter, to a control or free end which remains outside 
of the patient during the deployment procedure. Following 
placement of the device 40 in the coronary sinus, proximal 
traction on the proximal extension 64 will reconfigure the 
device 40 into the formed orientation within the coronary 
sinus, as will be discussed in connection with the method of 
the present invention. After a sufficient tension has been 
placed on the coronary sinus, the forming element 56 is 
preferably axially locked to the device 40, to resist distal 
movement of the forming element 56 through aperture 62. 
Any of a variety of locks 70 may be provided. Preferably, the 
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lock 70 is provided on or near the proximal end 42, and, in 
particular, at or about the aperture 62. The lock may comprise 
any of a variety of structures, such as a Suture knot, locking 
clamp or ring, an interference fit, ratchet and pall structures, 
an adhesive bond, or a compression fit, as will be apparent to 
those of skill in the art in view of the disclosure herein. 

0063. The lock 70 (on any of the embodiments herein) 
may be initially disengaged, so that the forming element 56 
may be retracted or advanced freely through the aperture 62 
while the physician adjusts the tension on the device 40. After 
the desired tension is achieved, the lock 70 is activated to 
engage the forming element in a manner which will depend 
upon the lock design. Alternatively, the lock 70 may be biased 
into an engaged configuration, Such as with ratchet or cam 
structures, so that the forming element can only be retracted 
proximally. Preferably, however, the lock will allow the form 
ing element to be released so that the physician can release 
tension in the device 40 in the event of momentary over 
tightening. 
0064. Referring to FIGS. 7-9, there is disclosed one 
embodiment of a releasable lock 70 in accordance with the 
present invention. Although the lock 70 is illustrated as a 
discrete component of the system, it can alternatively be 
formed integrally with or attached to the proximal end of the 
body 66. The lock 70 comprises a body 114, which may be in 
the form of an annular collar with a central aperture for axial 
movement over the forming element 56. The body 114 is 
provided with one or two or three or more releasable locking 
elements 126 which ramp radially inwardly in the proximal 
direction. 
0065. Each locking element 126 is provided with at least 
one engagement Surface 122 for engaging the forming ele 
ment 56. The forming element 56 may be provided with any 
of a variety of friction enhancing Surface textures or struc 
tures to enhance the locking function. Thus, a locking Zone 
along the forming element may be provided with an etched 
Surface or friction enhancing coating. Alternatively, struc 
tures such as a plurality of beads or teeth can be provided to 
permit an interference fit with the engagement Surface 122. 
0066. The engagement surface 122 is movable between a 

first, disengaged configuration and a second, engaged con 
figuration. This may be accomplished by pivoting the locking 
element 126 about a fulcrum 118. In the illustrated embodi 
ment, fulcrum 118 is formed by an annular ring 119. Alter 
natively, the fulcrum 118 can be formed by plastic deforma 
tion of an integral structure. Such as a living hinge formed by 
one or more annular grooves in the body 114. 
0067. The locking elements 126 may be biased in the 
locked direction, unlocked direction, or neutrally. Locking 
may be accomplished by pressing distally on a locking Sur 
face 124 such as with a locking tool 125 (FIG. 8) which 
applies distal pressure on the ramped locking element 126 at 
a point which is displaced radially inwardly from the fulcrum 
118. Unlocking may be accomplished by distally advancing 
an unlocking tool 128 against a release surface 120 which is 
displaced radially outwardly from the fulcrum 118. In one 
embodiment, the locking tool 125 and unlocking tool 128 are 
conveniently formed from concentric tubular elements as will 
be apparent to those of skill in the art. The tubular elements or 
proximally extending control wires extend proximally to con 
trols outside of the patient. Alternatively, any of a variety of 
ramped engagement Surfaces and tools can be readily config 
ured to accomplish the lock and/or release functions in view 
of the disclosure herein. 
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0068. The length of the device 40 from proximal end 42 
through the point of attachment 60 is generally within the 
range of from about 2 cm to about 10 cm, and, preferably 
within the range of from about 6 cm to about 8 cm. The shape 
of the device 40 is preferably designed to minimize trauma to 
the vascular intima, both during implantation and following 
placement. This may be accomplished by rounding all edges 
which may come into contact with the vessel wall. Thus, the 
cross-section through the mid portion 48 of the device, for 
example, may be elliptical, semicircular or otherwise 
rounded, or rectangular with rounded corners. In general, the 
maximum cross-section of the device 40 will be no more than 
about 15 mm, and preferably no more than about 10 mm, for 
implantation within a human adult. 
0069. The device 40 may be manufactured in accordance 
with any of a variety of techniques, which will be apparent to 
those of skill in the art in view of the disclosure herein. For 
example, the body 66 may be formed by extrusion, injection 
molding, or other techniques. In one embodiment, the form 
ing element 56 is secured at point of attachment 60 to an 
elongate flexible support 58 and coextruded within a poly 
meric body 66. Alternatively, the forming element 56 and 
support 58 subassembly may be positioned within a mold 
cavity, and injection molded to produce the final device 40. 
The body 66 may comprise any of a variety of biocompatible 
materials such as various densities of polyethylenes, nylon, 
polyethylene terephthalate, PEBAX, and others which will be 
apparent to those of skill in the art. 
0070 Alternatively, the forming element 56 and support 
58 may be surrounded by a tubular jacket of ePTFE or Dacron 
fabric, or other material which is wrapped or stitched onto the 
forming element 56 to produce the final device 40. As a 
further alternative, the subassembly which includes the form 
ing element 56 and, if present, support 58 may be positioned 
within a suitable length of tubing formed such as by extru 
Sion. The tubing may be drawn downto a reduced diameter at 
the distal end 44. Additional post extrusion steps may be used 
to produce the desired cross-sectional configuration. Manu 
facturing techniques for the present invention will be appar 
ent to those of skill in the art in view of the disclosure herein. 

0071 Any of a variety of additional features may be added 
to the device 40, depending upon the desired clinical perfor 
mance. For example, the outside surface of the body 66 may 
be provided with any of a variety of coatings, such as 
Paralene, PTFE or others to improve lubricity; heparin or 
other antithrombogenic agents; elastomers such as silicone, 
neoprene, latex or others to soften the Surface and reduce the 
risk of trauma to the vascular intima, and the like. Adhesion 
enhancing Surfaces may be provided. Such as ePTFE patches 
orjackets, to promote cellular ingrowth for long termanchor 
ing. In addition, depending upon the deployment system 
design, the body 66 may be provided with a guidewire lumen 
extending axially therethrough, to allow the body 66 to be 
advanced distally over a guidewire during placement at the 
treatment site. 
0072 The device 40 may be implanted within the coronary 
sinus 22 either through direct Surgical (e.g. thoracotomy with 
or without sternotomy) access. Such as in combination with 
another Surgical procedure, via port access, or remotely by 
way of a percutaneous or Surgical cut down access to the 
venous system. Preferably, the device 40 is implanted in a 
transluminal procedure, such as by way of a percutaneous 
access at one of the internal jugular, Subclavian, or femoral 
W1S. 
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0073 Referring to FIG.3, there is disclosed a deployment 
system 72 for deploying the device 40 of the present inven 
tion. The deployment system 72 comprises an introducer 
sheath 74, having an elongate flexible tubular body 76 extend 
ing from a proximal end 78 to a distal end 80. A preset curve 
82 is provided near the distal end 80 of the tubular body 76, as 
is known in the cardiac access catheter arts. At least one 
lumen 84 extends through the tubular body 76. In one 
embodiment, the lumen 84 has a noncircular cross section, 
Such as an ellipse having the major axis perpendicular to the 
plane of curvature of the introducer sheath 74. 
0074 Introducer sheaths are well known in the art, and 
may be manufactured Such as by extrusion, with or without a 
braided reinforcement structure in the wall. The length and 
diameter of the introducer sheath 74 may vary considerably, 
depending upon the dimensions of the device 40 as well as the 
access point for percutaneous access into the vascular system. 
For a femoral vein access, for example, the introducer sheath 
may have a length within the range of from about 80 cm to 
about 120 cm. Preferably, the outside diameter of the intro 
ducer sheath 74 is no more than about 10 French. 
0075. A pusher or dilator 86 has an axial length of from 
about 10 cm to about 20 cm greater than the axial length of the 
introducer sheath 74. Dilator 86 has an outside diameter 
which is less than the inside diameter of the lumen 84, so that 
the dilator 86 may be freely axially advanced through the 
lumen 84. The dilator 86 is provided with a central lumen 88. 
for axially moveably receiving the proximal extension 64 of 
forming element 56. 
(0076. When assembled for deployment of a device 40 
within the coronary vasculature, a device 40 is positioned 
within a distal portion of the lumen 84. The dilator 86 is 
positioned proximal to the device 40 within the lumen 84, and 
the proximal extension 64 of forming element 56 extends 
proximally through central lumen 88 of dilator 86. During 
proximal movement of the introducer sheath 74 with respect 
to the dilator 86, a distal surface 90 on dilator 86 resists 
proximal movement of the device 40. Thus, the device 40 may 
be deployed from the distal end 80 of introducer sheath 74. In 
addition, proximal retraction of the proximal extension 64 
while proximal movement of the device 40 is prevented by 
surface 90 causes the device 40 to advance from its deploy 
ment configuration to its implanted configuration. 
0077 Once the coronary sinus 22 has been cannulated by 
the introducer sheath 74, the dilator that is loaded over the 
forming element is advanced through the sheath 74. This is 
used to push the device 40 to the proper location with the 
distal tip 44 in the distal portion of the great cardiac vein 28. 
Using counter traction of the forming element and the dilator, 
the device is curved until the appropriate degree of annular 
remodeling has been achieved. A locking ring 70 on the 
forming element that is interposed between the dilator and the 
device prevents the forming element from slipping distally 
once the device 40 has been curved. A locking ring 70 that can 
be released by using a dilator with a different tip geometry 
may also be employed. After satisfactory deployment and 
deflection of the device 40, the forming element 56 is cut with 
a cutting tool (not illustrated) that is placed through the intro 
ducer sheath. 

0078. A second embodiment of the device is comparable 
to that described above except that it does not contain an 
axially moveable forming element. Instead, a core of springy 
memory material such as nitinol or other NiTi alloy is pre 
formed to have the required configuration. When the device is 
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pushed out of the delivery catheter into the coronary venous 
system, the spring force within the core applies the requisite 
force to remodel the annulus. This embodiment does not 
require a tensioning element or a tool to disconnect it from the 
delivery system. However, the magnitude of force applied to 
the annulus cannot be adjusted. 
0079 A third embodiment is deployed as a loop through 
the coronary venous system, to form a left ventricular girdle 
100. See FIGS. 5-6. The ventricular girdle 100 comprises an 
elongate flexible body 102 having a proximal end 104 and a 
distal end 106. A first control line 108 extends proximally 
from the proximal end 104, and a second control line 110 
extends distally from distal end 106. The first and second 
control lines 108 and 110 may be different portions of the 
same wire, which extends continuously throughout the length 
of the body 102. The wire may be a single strand or multi 
Strand component, a length of hypodermic needle tubing, a 
spring coil, or other structure known in the medical guidewire 
arts. Preferably, the first and second control lines have a 
diameter within the range of from about 0.009" to about 
0.018", although larger diameters may also be used particu 
larly for the first control line 108. 
0080. The distal control line 110 is advanced through an 
introducer sheath into the great cardiac vein 28 and then 
through anastomotic connections 29 into the middle cardiac 
vein 30. Continued advancement results in the tip of the distal 
control line 110 emerging from the ostium 24 of the coronary 
sinus 22. The control line 110 is then harnessed with a snare 
and pulled retrogradely through the delivery catheter as illus 
trated in FIG.5. The body 102 is then pulled into the coronary 
venous system. The body is preferably larger in diameter than 
the first and second control lines 108 and 110, and preferably 
elliptical or otherwise noncircularin cross section. This shape 
enlarges the transverse tissue contact Surface area and reduces 
the risk of erosion when tension is applied to the loop. Both 
the proximal and distal ends of the loop are threaded through 
a locking clip 112. A dilator is used to push the clip 112 
through the delivery catheter to the level of the coronary sinus 
ostium. Using counter traction on the dilator and the first and 
second control lines 108 and 110, the clip 112 is cinched on 
the loop until the requisite degree of tension is produced. 
Finally, the device is separated from the delivery system using 
a cutting tool to cut the first and second control lines 108 and 
110, and possibly proximal and distal ends 104 and 106 to the 
extent they extend proximally from clip 112. 
0081. The overall length of the embodiment illustrated in 
FIG. 5 should be sufficient that both of the first control line 
108 and second control line 110 can extend outside of the 
patient, while the body 102 extends throughout the pathway 
of the ventricular girdle 100 as illustrated in FIG. 6. For a 
percutaneous femoral vein access, the overall length of the 
device is therefore preferably at least about 200 cm, and 
generally within the range of from about 220 cm to about 260 
cm. The length of the body 102 from proximal end 104 to 
distal end 106 is preferably sufficient to form a closed loop as 
illustrated in FIG. 6. Although both heart size and the shape of 
the vascular pathway will vary from individual to individual, 
the length of the body 102 is generally within the range of 
from about 6 cm to about 12 cm. The body 102 may be 
injection molded, extruded as a tube, or coextruded over the 
wire which forms first and second control lines 108 and 110. 
Preferably, the body 102 either comprises or is coated with a 
material which is sufficiently compliant to minimize trauma 
to the vascular intima. Also, the transverse width of a tissue 
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contacting surface 114 on body 102 is preferably sufficient to 
distribute compressive force to minimize the risks of local 
ized pressure necrosis within the coronary veins. 
I0082 In each of the foregoing implantation methods, the 
physician preferably monitors the degree of regurgitation 
during the step of tightening the implant. Although any reduc 
tion in mitral regurgitation may be desirable, regurgitation is 
preferably reduced to something less than moderate (less than 
2+). In any event, at least a one grade reduction is preferably 
achieved. On the other hand, reconfiguration of the implant 
should not be accomplished to an extent Sufficient to produce 
mitral Stenosis, or any flow limitation of hemodynamic sig 
nificance. 
I0083. Thus, the method of implantation preferably further 
comprises the steps of monitoring the degree of mitral regur 
gitation during the implantation and/or reconfiguration steps. 
The degree of mitral regurgitation may be monitored such as 
by transesophageal echo cardiography, Surface echo cardiog 
raphy, intracardiac echo cardiography, fluoroscopy using 
radiocontrast in the left ventricle (LV gram), or left atrial or 
pulmonary capillary wedge pressure tracings, as are under 
stood in the art, during the incremental restriction of the 
mitral annulus and/or left ventricle step. Once a sufficient 
reduction in regurgitation has been achieved for a particular 
patient in the physician's judgement, the device is locked and 
the proximal extension of the forming element is severed 
from the device and removed from the patient. 
I0084. The method may additionally comprise the step of 
measuring the coronary sinus and/or other coronary vein, and 
selecting an appropriately sized implant from an array of 
implants of varying sizes. The appropriately sized implant is 
thereafter positioned within the target vein. The implant is 
thus preferably provided in a graduated array of sizes, so that 
the optimal size can be selected for each patient. The size of 
the coronary sinus or other vein can be measured using any of 
a variety of techniques, such as echo cardiogram, MRI, CT 
Scan, orangiography as is understood in the art. 
I0085. As a further aspect to the present invention, the 
implant is preferably combined with an appropriate drug 
therapy for treating congestive heart failure. Residual regur 
gitation and other hemodynamic functions are preferably 
measured following implantation of the implant of the present 
invention. Heart medications are preferably adjusted to take 
into account the reduction in regurgitation and/or reduction in 
left Ventricle Volume in formulating an ongoing drug therapy 
for the patient. 
I0086. In accordance with further aspect of the present 
invention, there is provided a method of constricting the left 
ventricle. Left ventricular constriction may be desirable in 
patients without mitral regurgitation. One implementation of 
this method comprises implanting the ventricular girdle 100 
as illustrated, for example, in FIGS. 5 through 6 and previ 
ously discussed herein. 
I0087 Any of the embodiments disclosed herein may addi 
tionally be provided with one or more externally facing elec 
trically conductive axially extending strips or annular bands, 
to enable the device 40 to function additionally as a cardiac 
pacing or other cardiac electrode. The electrically conductive 
band or bands are placed in electrical communication with a 
pacing source or diagnostic instrument by way of one or more 
electrical conductors extending away from the device 40. The 
conductors may be electrically connected to any of a wide 
variety of electronic cardiac rhythm management devices, 
which are well known in the art. 
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0088 Although the present invention has been described 
in terms of certain preferred embodiments, it may be incor 
porated into other embodiments or performed through other 
steps by persons of skill in the art in view of the disclosure 
herein. The scope of the invention is therefore not intended to 
be limited by the specific embodiments disclosed herein, but 
is intended to be defined by the full scope of the following 
claims. 

What is claimed is: 

1. A medical apparatus, for remodeling a mitral valve annu 
lus adjacent to the coronary sinus, comprising: 

an elongate body sized for implantation at least partially 
within the coronary sinus, the elongate body having a 
proximal end and a distal end and being movable 
between a first configuration for transluminal delivery to 
at least a portion of the coronary sinus and a second 
configuration for remodeling the mitral valve annulus 
from within the coronary sinus, the elongate body in the 
second configuration being configured to exert, while 
residing completely within the vasculature system, a 
force against a wall of the coronary sinus Sufficient to 
reduce mitral regurgitation by a therapeutically effective 
amount; 

a forming element attached to the elongate body at a point 
of attachment for manipulating the elongate body 
between the first configuration and the second configu 
ration, wherein the forming element is slidably con 
tained within the elongate body between the attachment 
point and the proximal end; and 

a cardiac pacing electrode, carried by the elongate body 
and configured to be implanted in the coronary sinus 
with the elongate body; 

wherein a portion of the forming element is configured to 
be removable after implantation of the elongate body 
within the coronary sinus while a remaining portion of 
the forming element is contained within the elongate 
body; 

wherein the cardiac pacing electrode remains with the 
elongate body in the coronary sinus (i) after the elongate 
body is manipulated between the first configuration and 
the second configuration, (ii) after implantation of the 
elongate body within the coronary sinus, and (iii) after 
the portion of the forming element is removed from the 
coronary sinus. 

2. The medical apparatus according to claim 1, wherein the 
electrode comprises an axially extending strip. 

3. The medical apparatus according to claim 1, wherein the 
forming element is movable relative to the elongate body in 
order to adjust the elongate body within the coronary sinus 
between the first and second configurations. 

4. The medical apparatus according to claim 1, wherein the 
elongate body defines an arc when in the second configura 
tion. 

5. The medical apparatus according to claim 4, wherein a 
best fit constant radius curve corresponding to the arc has a 
radius within the range of from about 10 mm to about 20 mm. 

6. The medical apparatus according to claim 1, further 
comprising a lock, for retaining the elongate body in the 
second configuration. 

7. The medical apparatus according to claim 6, wherein the 
lock comprises an interference fit. 
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8. The medical apparatus according to claim 6, wherein the 
lock comprises an engagement Surface, which is movable 
between a first, disengaged configuration and a second, 
engaged configuration. 

9. The medical apparatus according to claim 1, further 
comprising a coating on the body. 

10. The medical apparatus according to claim 1, wherein 
the apparatus is movable from the first configuration to the 
second configuration in response to proximal retraction of the 
forming element. 

11. The medical apparatus according to claim 1, wherein 
the apparatus is movable from the first configuration to the 
second configuration in response to distal advancement of the 
forming element. 

12. The medical apparatus according to claim 1, further 
comprising an anchor for retaining the apparatus at a deploy 
ment site within a vessel. 

13. The medical apparatus according to claim 12, wherein 
the anchor comprises a distal extension of the apparatus. 

14. The medical apparatus according to claim 12, wherein 
the anchor comprises a friction enhancing Surface structure 
for engaging the wall of the vessel. 

15. The medical apparatus according to claim 12, wherein 
the anchor comprises at least one barb for piercing the wall of 
the vessel. 

16. The medical apparatus according to claim 12, wherein 
the apparatus has an axial length of no more than about 10 cm. 

17. The medical apparatus according to claim 1, wherein 
the maximum cross sectional dimension through the appara 
tus is no more than about 10 mm. 

18. The medical apparatus according to claim 1, further 
comprising an axially extending Support in the body, attached 
to the forming element. 

19. The medical apparatus according to claim 1, compris 
ing only one forming element attached to the elongate body at 
the point of attachment for manipulating the elongate body 
between the first configuration and the second configuration. 

20. The medical apparatus of claim 1, wherein the forming 
element: 

is disposed along a core of the elongate body; 
is axially fixedly attached to the elongate body; 
comprises a memory material that is formed Such that, 
when the elongate body is positioned within the at least 
portion of the coronary sinus, the memory material pro 
vides a force effective to move the elongate body from 
the first configuration to the second configuration. 

21. The medical apparatus of claim 20, wherein the 
memory material comprises a NiTi alloy. 

22. The medical apparatus of claim 1, wherein the forming 
element comprises at least one of a polymeric wire, a poly 
meric strand, a metal wire, a metal strand, a multifilament 
line, a multifilament braided line, a multifilament woven line, 
a metal ribbon, and a polymeric ribbon. 

23. A medical apparatus, for treating a mitral valve of a 
patient, comprising: 

an elongate body sized and configured to be implanted at 
least partially within the coronary sinus of a patient's 
heart, the elongate body being movable between a deliv 
ery configuration and a deployment configuration, the 
elongate body in the deployment configuration, when 
implanted at least partially within the coronary sinus, 
being configured to apply a force against a wall of the 
coronary sinus Sufficient to reduce mitral regurgitation 
by a therapeutically effective amount; 
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a forming element coupled with the elongate body for 
manipulating the elongate body between the delivery 
configuration and the deployment configuration, the 
forming element having a first portion that is configured 
to be removed from the patient after implantation of the 
elongate body in the coronary sinus; and 

a cardiac electrode, carried by the elongate body and con 
figured to remain with the elongate body after the first 
portion of the forming element is removed from the 
patient after implantation of the elongate body in the 
coronary sinus. 

24. The medical apparatus of claim 23, wherein the elon 
gate body is movable from the delivery configuration to the 
deployment configuration in response to relative movement 
between the forming element and the elongate body. 

25. The medical apparatus of claim 23, wherein the elon 
gate body is arcuate when in the deployment configuration. 

26. The medical apparatus of claim 23, wherein the elon 
gate body is configured to remain in the deployment configu 
ration after the first portion of the forming element is removed 
from the patient. 

27. The medical apparatus of claim 26, further comprising 
a lock that retains the elongate body in the deployment con 
figuration after the first portion of the forming element is 
removed. 
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28. The medical apparatus of claim 23, wherein the form 
ing element is coupled with the elongate body at a point of 
attachment positioned at a distal portion of the elongate body. 

29. The medical apparatus of claim 28, wherein the form 
ing element remains coupled with the elongate body at the 
point of attachment after the first portion of the forming 
element is removed from the patient. 

30. The medical apparatus of claim 23, wherein the elec 
trode is configured to be in electrical communication with a 
cardiac rhythm management device. 

31. A medical apparatus, for treating a mitral valve of a 
patient, comprising: 

an elongate body that, when implanted within the coronary 
sinus of the patient's heart, is configured to exert a force 
against a wall of the coronary sinus Sufficient to reduce 
mitral regurgitation by a therapeutically effective 
amount; 

a forming element coupled with and shaping the elongate 
body, the forming element having a first portion that is 
removed from the patient after implantation of the elon 
gate body in the coronary sinus; and 

a cardiac electrode, in or on the elongate body, configured 
to maintain electrical coupling with a cardiac rhythm 
management device after implantation of the elongate 
body in the coronary sinus. 

c c c c c 


