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SAN MATEO, CA 94403 (US) portion that is formed of a biocompatible shape memory alloy 

SMA having a characteristic temperature. A that is prefer 
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Kirkland, WA (US) unstable martensite (UM) state while being introduced 
through a catheter that passes through the venous system and 

(21) Appl. No.: 12/838,189 into the coronary sinus of the heart. The reshaping device is 
1-1. deployed adjacent to the mitral valve annulus of the heart as it 

(22) Filed: Jul. 16, 2010 is forced from the catheter. When released from the constraint 
O O of the catheter, the SMA of the device at least partially con 
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strain of the SMA can be varied when the device is within the 
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MITRAL VALVE DEVICE USING 
CONDITIONED SHAPE MEMORY ALLOY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/655,710, filed Jan. 18, 2007, now U.S. Pat. 
No. 7,758,639, which is a continuation of U.S. application 
Ser. No. 10/359,016, filed Feb. 3, 2003, now U.S. Pat. No. 
7.314.485; all of which are incorporated by reference as if 
fully set forth herein. 

INCORPORATION BY REFERENCE 

0002 All publications and patent applications mentioned 
in this specification are herein incorporated by reference to 
the same extent as if each individual publication or patent 
application was specifically and individually indicated to be 
incorporated by reference. 

FIELD OF THE INVENTION 

0003. The present invention generally pertains apparatus 
and a method for treating mitral insufficiency and, more spe 
cifically, for treating dilation of the mitral valve annulus of the 
human heart and concomitant blood leakage, by using force 
applied with a device formed at least in part of a shape 
memory alloy that is conditioned to a martensite state before 
being inserted into a venous system of a patient and advanced 
into the patient's coronary sinus. 

BACKGROUND OF THE INVENTION 

0004 Mitral insufficiency is the inability of the mitral 
valve to close completely and can occur for several reasons, 
Such as ischemic disease, degenerative disease of the mitral 
apparatus, rheumatic fever, endocarditis, congenital heart dis 
ease, and cardiomyopathy. Because the mitral valve does not 
close completely, 'mitral regurgitation’ occurs. Blood thus 
leaks back through the mitral valve, and the heart becomes 
less efficient. Over time, the reduced pumping efficiency can 
cause the heart to become enlarged. 
0005. The four major structural components of the mitral 
valve are the annulus, the two leaflets, the chorda, and the 
papillary muscles. Any one or all of these components, in 
different combinations, may be injured or suffer from a con 
genital defect and cause the insufficiency. Annular dilatation 
is a major component in the pathology of mitral insufficiency, 
regardless of its cause. Moreover, many patients experience 
mitral insufficiency primarily, or only, due to posterior annu 
lar dilatation. Annular dilation can occur when the annulus of 
the anterior leaflet does not dilate because it is anchored to the 
fibrous skeleton of the base of the heart. 
0006 Studies of the natural history of mitral insufficiency 
have determined that totally asymptomatic patients with 
severe mitral insufficiency usually progress to severe disabil 
ity within five years. At present, the preferred treatment for 
this condition consists of either mitral valve replacement or 
repair; however, both types of treatment require open heart 
Surgery. Replacement can be performed using either 
mechanical or biological valves. 
0007 Replacement of a mitral valve with a mechanical 
valve carries the risk of thromboembolism (due to formation 
ofa clot) and requires that an anticoagulant be administered to 
the patient, with all its potential hazards, whereas a biological 
prostheses replacement may suffer from limited durability. 
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Another hazard with replacement is the risk of endocarditis 
(inflammation of the endocardium). These risks and other 
related complications of valve replacement are greatly dimin 
ished if valve repair is carried out, rather than valve replace 
ment. 

0008 Mitral valve repair is theoretically possible if a sub 
stantially normal anterior leaflet is present. The four basic 
techniques for repair include: (a) the use of an annuloplasty 
ring; (b) quadrangular segmental resection of a diseased pos 
terior leaflet; (c) shortening of elongated chorda; and (d) 
transposition of posterior leaflet chorda to the anterior leaflet. 
0009 Annuloplasty rings are employed to achieve a 
durable reduction of the annular dilatation. Typically, annu 
loplasty rings are sutured along the posterior mitral leaflet 
adjacent to the mitral annulus in the left atrium. The installa 
tion procedure employed depends upon the specific annulo 
plasty ring being installed. For example, a Duran ring 
encircles the valve completely, whereas others types of rings 
are open towards the anterior leaflet. The ring can either be 
rigid, as in a Carpentier ring, or flexible, but non-elastic, like 
the Duran ring or a Cosgrove-Edwards ring. 
0010. Effective treatment of mitral insufficiency currently 
requires open-heart Surgery, involving a total cardiopulmo 
nary by-pass, aortic cross-clamping, and temporary cardiac 
arrest. For certain groups of patients, open-heart Surgery and 
the associated procedures that must be performed are particu 
larly hazardous. It is likely that elderly patients and patients 
with a poor left ventricular function, renal disease, severe 
calcification of the aorta, previous cardiac Surgery, or other 
cardiovascular diseases, would particularly benefit from a 
less invasive approach, even if repair of the mitral valve is 
incomplete. The current trend towards less invasive coronary 
artery Surgery, without cardiopulmonary by-pass, as well as 
percutaneous transluminal coronary angioplasty (PTCA) will 
also call for the development of a less invasive method for 
repair of the mitral insufficiency that is often associated with 
PTCA. 
0011 To perform typical open surgical procedures in ways 
that are less invasive will likely require use of technology for 
storing or transmitting energy so that apparatus for imple 
menting the treatment can be delivered within a limited space, 
and positioned and released in remote locations in the body. 
Hydraulic conduits such as those used to inflate balloon cath 
eters, and an electrical current have been employed to actuate 
devices remotely in the human body. However, one of the 
most reliable and effective remote actuation methods utilizes 
self actuating components formed of a shape memory alloy 
(SMA) that releases stored strain energy at a desired location 
within the body of a patient. 
0012 Materials capable of shape memory are well known. 
A structural element made of such materials can be deformed 
from an original, heat-stable configuration to a second, heat 
unstable configuration. In the heat-unstable configuration, 
the element is said to have shape memory because, upon the 
application of heat alone, the element can be caused to revert, 
or to attempt to revert, from its deformed configuration to its 
original, heat-stable configuration. The metal element 
“remembers' its programmed shape. Programming is accom 
plished by thermally or mechanically stressing the element, 
while bending it into a desired shape. 
0013 Among certain metallic alloys, the shape memory 
capability occurs when the alloys undergo a reversible trans 
formation from an austenitic State to a martensite state, with a 
change in temperature. This transformation is sometimes 
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referred to as a thermo-elastic martensite transformation. An 
element made from Such alloys, for example a hollow sleeve, 
is easily loaded and deformed from its original configuration 
to a new configuration if it has been cooled below the tem 
perature at which the alloy is transformed from the austenitic 
state to the martensite state. The temperature at which this 
transformation from austenite to martensite begins is usually 
referred to as M (martensite start), and the temperature at 
which the transformation is complete is M, (martensite final). 
When an element that has been thus deformed is warmed to 
the temperature at which the alloy starts to recover back to an 
austenite phase, referred to as A, the deformed object will 
begin to recover to its programmed shape. Assuming that the 
element is unconstrained, it will assume its programmed 
shape when it has been fully transformed to an austenitic state 
(where A, is the temperature at which the recovery is com 
plete). 
0014. Many shape memory alloys (SMAs) are known to 
display stress-induced martensite (SIM) characteristics. 
When an SMA element exhibiting SIM is stressed at a tem 
perature above M. (so that the austenitic state is initially 
stable), but below M (the maximum temperature at which 
martensite formation can occur even under stress), it first 
deforms elastically and then, at a critical stress, begins to 
transform to a martensite state. 
00.15 Depending on whether the temperature is above or 
below A, the behavior of an SMA when the deforming stress 
is released differs. If the temperature is below A, the ther 
mally induced martensite is stable; but if the temperature is 
above A, the martensite is unstable, so that the SMA trans 
forms back to austenite and returns (or attempts to return) to 
its original shape. As used herein, the term “unstable marten 
site' or (UM) describes a martensite state of an SMA alloy 
that is at or above the alloy's A temperature. Under certain 
circumstances, this effect is actually seen in almost all alloys 
that exhibit a thermo-elastic martensitic transformation, 
along with the shape memory effect. However, the extent of 
the temperature range over which UM is observed and the 
stress and strain ranges for the effect vary greatly with the 
alloy. 
0016 Various proposals have been made to employ shape 
memory alloys in the medical field. For example, U.S. Pat. 
No. 3,620,212 to Fannon et al. teaches the use of an SMA 
intrauterine contraceptive device: U.S. Pat. No. 3,786.806 to 
Johnson et al. teaches the use of an SMA bone plate; and U.S. 
Pat. No. 3,890,977 to Wilson teaches the use of an SMA 
element to bend a catheter or cannula. 

0017. These prior art medical SMA devices rely on the 
property of shape memory to achieve their desired effects, 
i.e., they rely on the fact that when an SMA element is cooled 
to its martensitic phase and is Subsequently deformed, it will 
retain its new shape. But when the deformed SMA is warmed 
to its austenitic phase, the original shape will be recovered. 
Heating a medical SMA device to activate a recovery to a 
programmed shape within a patient's body is quite compli 
cated and is generally not practical, because complex and 
Sometimes unreliable heatenergy sources are needed to cause 
the change in state of the metal. In many SMAS, there is a 
relatively large hysteresis as the alloy is transformed between 
its austenitic and martensitic states, so that thermal reversing 
of the state of an SMA element may require a temperature 
excursion of several tens of degrees Celsius. The use that can 
be made of SMA medical devices in the body of a human 
patient is limited because of these factors and because: (a) it 
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is inconvenient to engage in any temperature manipulation of 
a device in-vivo; and, (b) human tissue cannot be heated or 
cooled beyond certain relatively narrow limits (approxi 
mately 0-60 degrees C. for short periods) without suffering 
temporary or permanent damage. 
0018. It would therefore be desirable to use the advanta 
geous property of shape memory alloys, i.e., their ability to 
return to a programmed shape after experiencing a relatively 
substantial deformation, in mitral valve therapy, without 
requiring the delicacy of alloying control and/or the tempera 
ture control of placement or removal needed by thermally 
activated SMA devices. 
0019 Nickel titanium SMA compositions can be tuned 
with appropriate heat treatments to adjust the Atemperature 
of the material. Compositions comprising nickel, in about 50 
to 60% Ni atomic percent (hereinafter referred to as at. 96), 
using Ti for the remainder of the composition, can have char 
acteristic A temperatures ranging from 0-100° C. By heat 
treating these alloys at or near approximately 500° C., it is 
possible to precipitate nickel in or out of the Ni Ti matrix so 
as to adjust the A, to a specific and desired temperature. 
10020. The Atemperature of a SMA can be readily deter 
mined. By deforming a cooled SMA sample (comprising 
stable thermally induced martensite at a temperature well 
below its A) from its programmed shape and then increasing 
its temperature, a distinct temperature can be identified at 
which the sample has recovered-fully to its programmed 
shape. It is at this A temperature that the entire sample has 
transformed back to an austenite state. The Attemperature of 
local regions of a component can be adjusted individually and 
determined in a similar manner, also. 
(0021. By adjusting the SMA's characteristic A, below 
body temperature, the alloy will exhibit super-elastic or 
pseudo-elastic properties at body temperature, allowing it to 
experience as much as 8% strain and still fully recover. In this 
application, the SMA is initially austenitic and, under no load, 
it is not strained. Upon loading the device, the strain devel 
oped in the SMA causes it to undergo a phase transformation 
to UM. Upon unloading, the SMA that is UM will recover to 
its programmed shape and revert back to an austenitic phase. 
During loading and unloading, SMA alloys are internally 
stressed and deliver resistance forces of different magnitudes 
at the same strain state. The loading curve describes loading 
(stress) versus strain required to deform an element from its 
programmed shape while the unloading curve is descriptive 
of the load (stress) versus strain curve exhibited while the 
element is recovering to its programmed shape after being 
loaded, and thus recovering to a Zero strain state. The unload 
ing curve can be much lower in magnitude than the loading 
curve. This bimodal (BM) elastic effect (i.e., the hysteresis 
between the two curves) can only be accomplished at a con 
stant temperature if the material is conditioned to a state of 
UM (along the loading curve). 
0022. A device made from an SMA alloy can be manipu 
lated from one performance level to another simply by vary 
ing the load applied to the device, thereby changing its level 
of stored strain energy. The bimodal (BM) effect between the 
curves enables a medical device to be assisted, using force, to 
a different equilibrium condition as the device bears on soft 
tissue. A medical device made from this family of SMAs can 
be deployed from a delivery system (allowing it to partially 
recover towards a programmed shape along its unloading 
curve) to achieve a balanced, low force condition inapatient's 
body. Using hydraulic, pneumatic, electrical, heat energy, or 
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mechanical force, the device can be assisted to further dis 
place tissue, by adjusting the load along the unloading curve, 
to approach a Zero Strain state. As the assisting force is 
removed, an elastic recoil of the tissue will displace the device 
in a reverse direction, towards a slightly more deformed 
shape, thus causing the alloy to resist bending more effec 
tively by forcing it to the loading curve (i.e., to a stiffer 
condition). This bimodal (BM) effect acts as a one-way 
ratchet with minimal moving parts and thus enables effective 
and reliable adjustment of load bearing elements in the 
human body to achieve a desired effect on adjacent tissue. 
0023. UM can be stress induced in SMAs by imparting 
sufficient stress to transform an SMA element from an aus 
tenite to a UM state. This type of UM is referred to as strain 
induced. Also, SMA elements can be cooled to form stable, 
thermally induced martensite. The SMA element can then be 
easily deformed to a new shape, constrained in the new shape, 
and then warmed to a temperature above the Attemperature of 
the SMA to create a UM state. There are also combinations of 
these conditioning techniques that will accomplish the same 
UM condition. These conditioning methods inevitably create 
a condition of Stored strain energy Sufficient to enable self 
actuation and adjustment of medical devices remotely placed 
in a patient's body. 
I0024. An SMA element with an A, temperature adjusted 
above body temperature will remain in a state of stable mar 
tensite in the human body if unconstrained. At body tempera 
ture, an SMA element in this condition will not recover to an 
original programmed shape upon loading and unload. If Suf 
ficiently loaded, its shape will be altered and it will remain in 
the new shape. In this bending process, SMA comprising 
primarily nickel and titanium, as described above, work hard 
ens at a high rate, which increases the alloy's effective stiff 
ness and strength. A device that is self-actuating must avoid 
these problems if it is to be practical for use in modifying the 
annulus of a mitral valve to correct mitral valve leakage. 
Accordingly, such a device should be formed using an SMA 
that is Super-elastic at body temperatures, so that when 
unloaded, the device will recover to its programmed shape 
when unloaded within the body of a patient. 

SUMMARY OF THE INVENTION 

0025. The present invention takes advantage of the coro 
nary sinus being adjacent to the mitral annulus, and the prop 
erties of SMAs that are conditioned to a state of UM. Using 
the present invention, mitral valve repair can be carried out 
using catheter-guided techniques to deploy a device within 
the coronary sinus, so that the device self actuates when 
released from a constraint. 

0026. According to the present invention, a device for 
treatment of mitral insufficiency is sized so as to be capable of 
insertion into the coronary sinus and is formed at least in part 
of an SMA having two states. In a first state, the device has a 
shape adaptable to fit the shape of the coronary sinus, but 
when allowed to transform to the second state, the device 
assumes a second shape that enables a force to be applied to 
modify the mitral valve annulus in a way that reduces mitral 
valve regurgitation. The transformation from the first shape to 
the second shape is facilitated at least partially by utilizing the 
release of strain energy as the device or a portion thereof is 
unconstrained and allowed to change from a state of UM to a 
lower strain condition. Thus, the device may change to an 
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austenite state upon being unloaded. UM is generally induced 
at strain levels above about 1.0%, and more typically, at strain 
levels above about 1.5%. 
0027. As used herein, the term "coronary sinus’ is meant 
to refer to not only the coronary sinus itself, but in addition, to 
encompass the venous system associated with the coronary 
sinus, including the great cardiac vein, the coronary sinus, the 
junction between the cardiac vein and the coronary sinus, and 
the right atrium of the human heart. The present invention is 
intended to be delivered into the coronary sinus, because the 
coronary sinus is advantageously located adjacent to the 
mitral valve of the human heart and in a location to which the 
device can be maneuvered through peripheral vasculature, 
using common or custom catheter-based instruments, with 
out the need for an open chest operation. 
0028. According to another aspect of the present inven 
tion, a method of altering the shape of the mitral valve annulus 
includes the steps of inserting a device at least partially com 
prising an SMA constrained in a state of UM, into the coro 
nary sinus, and releasing the constraint to allow the device to 
recover towards a previously programmed shape and lower 
strain state. In yet another aspect of the invention, a force is 
applied to the device while it is positioned in the coronary 
sinus So as to adjust the intrinsic stiffness and shape of the 
device and thereby alter the shape of the coronary sinus to 
modify the shape of the mitral valve annulus. 
(0029 Preferably, the device is formed from an SMA that 
has been treated so that it is super-elastic within the body of a 
patient. The Super-elastic properties are employed by the 
device in its change of configuration between constrained and 
relaxed states. An appropriate treatment can involve a com 
bination of cold working (for example by Swaging, drawing 
or, in particular, by mandrel expansion) and heat treatment at 
a temperature that is less than the recrystallization tempera 
ture of the alloy while the device is constrained in the con 
figuration resulting from the cold work. A plurality of the cold 
work and heat treatment steps can be used. The device can 
then be deformed towards the configuration of its first shape 
in its constrained first state, the deformation being recover 
able and Substantially elastic. In this way, deformations of up 
to 8% strain can be imparted and recovered substantially 
elastically. 
0030 Alloys from which the device can be made include 
Ni Ti based alloys, especially Ni Ti binary alloys, such as 
those in which the nickel content is at least about 50% at.%, 
and preferably, at least about 50.5 at. '%. The nickel content 
will usefully be less than about 54 at.%, and preferably, less 
than about 52 at.%. The device may be produced from other 
Ni Ti based alloys, including alloys with ternary and qua 
ternary additions. Examples of other elements that can be 
incorporated as additions to the alloy include Fe, Co, Cr,Al, 
Cu, and V. Other elements can be present in amounts up to 
about 10 at. '%, and preferably, up to about 5 at. '%. 
0031. In still another aspect of the present invention, a 
device is defined for treatment of mitral insufficiency. The 
device has an elongate body with dimensions selected so that 
the device can readily be inserted into the coronary sinus and 
at least in part is formed of a material having two states, 
including a first state in which the device has a shape that is 
adaptable to fit the shape of the coronary sinus, and a second 
state in which the device is transformed from the said first 
state to assume a shape having either a reduced radius of 
curvature or an increased radius of curvature. The radius of 
curvature of the coronary sinus is thus modified by the device, 
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as well as the radius of the circumference of the mitral valve 
annulus, when the elongate body is positioned in or through 
the coronary sinus. The distal and proximal ends of the 
device, and points in between, apply localized forces on the 
mitral annulus at one or more discrete locations. 
0032. The transformation from the first to the second state 

is facilitated through the use of SMA constrained in a UM 
state, utilizing the release of strain energy as the device or 
portion thereof is unconstrained and allowed to transform 
from UM to a lower strain condition (and in at least one 
embodiment, to transform to stable austenite) upon unload 
ing. The constraining element can be a typical catheter, e.g., 
of the type commonly used to deliver devices such as arterial 
StentS. 

0033. An optimal method to use the above-described 
device includes deploying the device and then assisting it into 
a more optimal shape using a drawstring (tether) or other 
element, to vary the length of the device along one side and 
thereby cause a curvature enhancement of the device. This 
mechanical assistance will alter the stiffness and enhance 
performance of the device by utilizing the BM effect of UM. 
as described above. 

0034. In another embodiment, the device includes one or 
more stents that are formed of SMA alloy having UM prop 
erties for self-deployment and adjustment. In this embodi 
ment, the device may further include wires and/or spring 
elements for shortening the distance between the stent sec 
tions using UM properties. The stent sections may be actuated 
by force provided by balloon devices or they may be self 
actuated by the transformation from UM, as described above. 
Stent radial stiffness and wire tension performance is adjust 
able using mechanical or balloon devices to enable a new 
stiffness condition using the BM effect of UM. The devices 
could optionally include dedicated anchor structures that 
apply a low expansive force against the wall of the coronary 
S1S. 

0035. In one preferred embodiment, the present invention 
is directed to an assembly that includes a tubular delivery 
device in which the mitral annulus shaping device is disposed 
and constrained, prior to insertion into a patient's body 
through a catheter. The constraintimparts a strain in excess of 
1.5% on a region of the mitral valve annulus reshaping device 
so that it is UM at normal body temperature. 
0036 Still another aspect of the present invention is 
directed to a construction in which a mitral annulus shaping 
device can be constrained in a strained configuration for 
delivery into the coronary sinus within a hollow member, 
such as a catheter. A suitable catheter might be formed, for 
example, from a polymeric material that constrains the mitral 
annulus shaping device while disposed in the catheter, and 
which facilitates discharge of the mitral valve annulus reshap 
ing device from the catheter. 
0037. The mitral valve annulus reshaping device can be 
discharged from the delivery device either by advancing the 
mitral annulus shaping device forward with respect to the 
delivery device, or by withdrawing the delivery device from 
the site at which the mitral annulus shaping device is being 
deployed. 
0038. The configuration of the delivery device is selected 
so that it can properly contain the mitral valve annulus reshap 
ing device and withstand the elastic forces exerted by the 
device prior to discharge from the delivery device. Preferably, 
the delivery device has a minimum wall thickness necessary 
to satisfy these criteria. A constraint provided according to the 
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present invention has the advantage of being thin-walled and 
flexible in bending, while also having sufficient radial stiff 
ness to be able to withstand the forces exerted by the mitral 
annulus shaping device as it attempts to recover, even when 
these forces are applied over a long period of time, at tem 
peratures above body temperature. 
0039 Preferably, the mitral valve annulus reshaping 
assembly includes means for facilitating release of the mitral 
valve annulus reshaping device from within the delivery 
device. For example, one of the contacting Surfaces of the 
shaping device and the delivery device can be coated with a 
material that reduces friction effects between those surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040. The foregoing aspects and many of the attendant 
advantages of this invention will become more readily appre 
ciated as the same becomes better understood by reference to 
the following detailed description, when taken in conjunction 
with the accompanying drawings, wherein: 
0041 FIG. 1 illustrates the stress-strain behavior of an 
alloy, which exhibits stress versus strain behavior due to 
induced martensite when the Attemperature is at or above the 
temperature of a human body; 
0042 FIG. 2 illustrates the stress-strain behavior of an 
alloy, which exhibits constant stress versus strain behavior 
due to induced martensite when the Atemperature is below 
body temperature; 
0043 FIG. 3 illustrates the stress-strain behavior of an 
SMA, wherein the A temperature of the material is below 
body temperature, and wherein the SMA has been trans 
formed to a state of martensite for insertion into a delivery 
system, constrained as UM while delivered, then partially 
relaxed to a lower strain state in the coronary sinus, assisted 
with an external force to a further relaxed lower strain state, 
and made stiffer due to modulation of the SMA bias stiffness 
as the material is loaded with force from tissue recoil, upon 
removal of the external assisting force; 
0044 FIG. 4 is a superior view of a human heart with the 
atria removed to expose a plurality of valves and show the 
relationship between the mitral valve and the coronary sinus; 
0045 FIG. 5 is a pre-curved inner dilator and a straight 
guide catheter for use in introducing a mitral valve annulus 
reshaping device into the coronary sinus; 
0046 FIG. 6 is a delivery assembly for a mitral valve 
reshaping device constrained in a delivery cartridge adapted 
to couple to the catheter of FIG. 5, to enable the reshaping 
device to be advanced with an included pusher into and 
through the catheter to a delivery site in a human coronary 
sinus; 
0047 FIG. 7 shows the human heart of FIG. 4, with a 
mitral valve annulus reshaping device constrained within a 
catheter used to introduce the device into the coronary sinus; 
0048 FIG. 8 shows the human heart of FIG. 4, with a 
mitral valve annulus reshaping device that has been deployed 
outside the constraint of the catheter and allowed to transform 
to a second state in the human coronary sinus, so that the 
device now has a reduced radius of curvature, producing a 
force that acts on the annulus of the mitral valve to modify its 
shape; 
0049 FIG. 9 shows the human heart of FIG. 4 and the 
mitral valve annulus reshaping device of FIG. 8, after tissue 
rebound has increased the strain in the SMA of the device so 
that it has an increased radius of curvature; 
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0050 FIG. 10 shows the human heart of FIG. 4 and a side 
elevation view of an assembly including a pusher, a mitral 
valve annulus reshaping device, and a tether for modifying 
the radius of curvature of the device and varying the strain in 
the device; 
0051 FIG. 11 is an enlarged side elevational view of the 
mitral valve annulus reshaping device and tether line shown 
in FIG. 10; 
0052 FIG. 12 shows the human heart of FIG. 4, with a 
mitral valve annulus reshaping device that has been allowed 
to transform to a second state, in the human coronary sinus, 
where the second state increases the radius of curvature of the 
mitral valve annulus; 
0053 FIG. 13 shows a mitral valve annulus reshaping 
device comprising dedicated anchor elements that are self 
actuated from a state of unstable martensite to a second state 
with an SMA spring connector and bias stiffness adjusting 
tether in a human coronary sinus; 
0054 FIG. 14 is the mitral valve annulus reshaping device 
of FIG. 13, wherein the SMA spring connector has been 
adjusted to increase the spring element stiffness and thus 
straighten the coronary sinus to reshape the mitral valve annu 
lus; 
0055 FIG. 15 illustrates the coronary sinus and mitral 
valve and shows a mitral valve annulus reshaping device 
comprising stent elements that are self-deploying from a state 
of unstable martensite to a second state with an SMA spring 
connector and bias stiffness adjusting tether in a human coro 
nary sinus; 
0056 FIG. 16 is a schematic illustration showing a pro 
grammed shape of another mitral valve annulus reshaping 
device having a wire or arched leaf spring with a radius of 
curvature, R: 
0057 FIG. 17 is a schematic diagram illustrating the 
mitral valve annulus reshaping device of FIG. 16 disposed 
within the coronary sinus and partially straightened to have a 
larger radius of curvature, R'; and 
0058 FIG. 18 is a schematic diagram illustrating the 
mitral valve annulus reshaping device of FIGS. 16 and 17. 
after the device has been tuned with a tether to have provide a 
different force against the mitral valve and to have an even 
larger radius of curvature, K'. 

DETAILED DESCRIPTION OF THE INVENTION 

0059. To understand the present invention, it is necessary 
to understand austenite to martensite transformations that 
occur in a SMA and understand how SMA can be used advan 
tageously in the coronary sinus for modifying the mitral valve 
annulus. After discussing these concepts, the disclosure will 
turn to specific devices, methods and assemblies of the 
present invention. 
0060 FIGS. 1-3 illustrate stress-strain curves for marten 
site-austenitic conversion of an SMA. In these Figures, the 
SMA is warmed to human body temperature (herein consid 
ered to be about 37°C.), which is between M and M for the 
SMA, so that the SMA is initially austenitic. The following 
discussion assumes that M is equal to Ma and that A is equal 
to A. FIG. 1 shows the case when the A temperature is 
adjusted higher than 37°C., so that any martensite formed by 
an applied stress is stable; while FIGS. 2 and 3 show cases 
where the A temperature is adjusted below 37° C., so that 
austenite, at Zero stress, is the only stable state, and any 
martensite that is formed, is unstable. 
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0061. In FIG. 1, when a stress is applied to the SMA, it 
deforms elastically along line OA. At a critical applied stress, 
O, the austenitic SMA begins to transform to martensite. 
This transformation takes place at essentially constant stress 
until the alloy becomes fully martensitic at point B. From that 
point on, as further stress is applied, the martensite yields first 
elastically and then plastically (only elastic deformation is 
shown along path BC). When the stress is released, the mar 
tensite recovers elastically to point D, at which there is zero 
residual stress, but a non-zero residual strain. This behavior 
would normally describe classic plastic deformation, except 
in this case, the deformation is not plastic, because the SMA 
can recover with the application of heat energy. Because the 
temperature is below this SMA's A temperature, the defor 
mation is not recoverable until the SMA is heated above A, 
resulting in a reversion of the SMA to austenite. At that point, 
if the sample is unrestrained, the original (programmed) 
shape will be essentially completely recovered; but if con 
strained, the SMA will recover only to the extent permitted by 
the constraint. However, if the material is then allowed to 
re-cool to the original temperature at which it was deformed, 
the stress produced in the sample will be constant, regardless 
of the strain, provided that the strain lies within the “plateau” 
region of the stress-strain curve, i.e., along line AB. Thus, for 
a strain betweene, and e, the stress will be O and a known, 
constant force (calculable from O) can be applied over a 
relatively wide strain range. 
0062. In FIG. 2, when a stress is applied to the SMA, it 
deforms elastically along line OA, then along line AB, while 
transforming from austenite to a martensite state. By straining 
the alloy further, the martensite can be deformed to point C. 
just as in FIG. 1. However, the stress-strain behavior upon 
unloading is significantly different, since the human body 
temperature is above the A temperature of this alloy and the 
stable phase is therefore austenite. The martensite at point C 
is thus UM. As the stress is removed, the alloy recovers 
elastically from C to D and, at a critical stress, O, the SMA 
reverts to austenite without requiring a change in tempera 
ture. Thus, reversion occurs at essentially constant stress. 
Finally if the stress is removed from the reverted austenite, it 
recovers elastically along line EO. The recoverable deforma 
tion associated with the formation and reversion of UM has 
been referred to as pseudoelasticity. While O may be com 
paratively high, e.g., more than 50 ksi, O is usually Substan 
tially lower, e.g., less than 10 ksi, thereby creating a constant 
force spring with an effective working strain range of about 
5% (e-e). The shape change available in the SMA, using 
UM, is thus self-actuated, rather than thermally actuated and 
controlled, permitting greater control over a device incorpo 
rating the SMA. 
0063. The key difference between the material properties 
of the SMAs shown in FIGS. 1 and 2 is the relationship 
between the SMA Attemperature and the normal body tem 
perature of a patient. As the Attemperature is adjusted down 
wardly, the hysteresis region bound by the path O. A, B, C, D, 
E, O is raised, thus increasing internal stress at a given strain 
condition. 

(0064.) UM can be produced in an SMA having an A?tem 
perature set below body temperature by freezing the alloy to 
a temperature well below its A, temperature (so that it behaves 
like the material shown in FIG. 1); loading the alloy to point 
C (and possibly then unloading the alloy to point D), as in 
FIG. 1; constraining the SMA in either the deformed shape 
while at point C or D, and then elevating the temperature of 
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the SMA to human body temperature (which is above A), 
while constraining the alloy (e.g., in a catheter or a delivery 
device) while at points C or D, as shown in FIG. 2. In this 
condition, the SMA comprises UM, which will impart force 
on the constraining catheter, thus generating a self-actuating 
driving force directed to achieving a lower strain state more 
nearly at point E or eventually, at point O, in FIG. 2. In this 
case, the SMA is conditioned to a state of UM through a 
thermal-mechanical process. The martensite is thermally 
induced by cooling the SMA and then imparting stress and 
warming, and the deformed alloy is thus constrained in a state 
of UM. 

0065 FIG. 3 illustrates a stress versus strain path per 
formed by a mitral valve reshaping device as it is loaded into 
a constraining catheter and/or delivery device, deployed, and 
then adjusted to enhance its stiffness after being deployed 
within the coronary sinus. By applying stress, strain, or a 
thermo-mechanical process as described above, the SMA can 
be conditioned to a state of UMatapoint between point A and 
point C in FIG. 3. It is in this condition that the device would 
be positioned in the coronary sinus for use in reshaping the 
mitral valve annulus. Upon deployment in the coronary sinus, 
the reshaping device is released from its constraining delivery 
device, reducing stress to a point E (as shown in FIG.3). Point 
E has been arbitrarily chosen as a point of reduced strain at 
which the device has applied force to the coronary sinus tissue 
and has come to a state of balanced force equilibrium with 
that tissue. This example illustrates how a device made from 
SMA material and conditioned to a state of UM, can reliably 
perform work on tissue in the remote location of the human 
coronary sinus as a self-actuated single component. 
0066. Moreover, by applying an external force to assist the 
mitral valve reshaping device to even further displace the 
Surrounding coronary sinus tissue, the material stiffness of 
the SMA comprising the device can be adjusted and 
enhanced. For example, by assisting the SMA of the device to 
a lower strain state. Such as a point F, the device can be 
stiffened using stored energy arising from the elasticity of the 
deformed tissue. As the assisting load is removed, the elastic 
recoil of the tissue will push the reshaping device towards a 
higher strain state, i.e., towards or beyond point G. The slope 
between F and G represents the new modulus of rigidity of 
this mitral valve annulus reshaping device. As the SMA in the 
device is allowed to relax to a lower strain state, its strain level 
will move onto the lowerplateau curve. As the SMA is forced 
to a higher strain state, the strain level will move to the upper 
plateau curve. Therefore, by forcing the device to a higher or 
lower strain state, a mitral valve annulus reshaping device can 
be advantageously adjusted to a required stiffness to reshape 
the mitral valve annulus as needed to reduce mitral valve 
regurgitation. The ability to reversibly change between the 
austenitic and martensite states after the device has been 
deployed in the body of the patient provides greater flexibility 
and control of a mitral valve annulus modification using the 
present invention. 
0067. It will be understood that each of the embodiments 
discussed below can be implemented usingSMA produced in 
accord with the preceding discussion. At least a portion of the 
SMA may be in an austenitic state when introduced into the 
body of a patient and then changed, at least partially, to a 
martensite state. Preferably, however, the SMA comprising 
the device will be constrained and introduced into the 
patient's body as UM. The UM state of the device can be 
achieved using any of the approaches discussed above. 
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0068 FIG. 4 illustrates a human heart 20 in which theatria 
has been removed to expose a mitral valve 22, an aortic valve 
24, and a tricuspid valve 26. Also partially shown are a cir 
cumflex artery 36 and a coronary artery 38. Mitral valve 22, 
which is located between the aorta and left ventricle, includes 
an anterior cusp 28 and a posterior cusp 30. Surrounding the 
anterior cusp and posterior cusp is an annulus 32 that main 
tains the spacing of the cusp when a mitral valve closes during 
a left ventricular contraction. Coronary sinus 34 extends adja 
cent to annulus 32, along the atrial Ventricular groove 
between the left atrium and left ventricle of the heart. Since 
coronary sinus 34 is generally coplanar with annulus 32, it is 
ideally disposed to facilitate modification of the shape of the 
annulus to correct a leakage or blood regurgitation problem 
with the mitral valve. The present invention takes advantage 
of the disposition of the coronary sinus relative to the annulus 
of the mitral valve by enabling insertion of a device into the 
patient's body, for modifying the shape of the annulus from 
within the coronary sinus. 
0069 Various known techniques can be employed for 
inserting a catheter into the coronary sinus through a venous 
incision to enable deployment of a mitral valve annulus 
device in accord with the present invention. For example, it is 
contemplated that the mitral valve annulus reshaping device 
can be constrained within a catheter in preparation for inser 
tion within the coronary sinus, and the catheter can then be 
guided into the coronary sinus, using a guide wire or other 
appropriate means. Once thus in place, the reshaping device 
can either be pushed from the catheter, or the catheter can be 
pulledback, leaving the device in a desired position within the 
coronary sinus. 
0070 FIG. 5 illustrates apparatus that facilitates a pre 
ferred approach for inserting a catheter 40 into coronary sinus 
34. This apparatus includes a pre-curved inner dilator 54, 
which can be manually shaped into a curve to match the 
anatomical characteristics of the patient, and which has a 
proximal end 52 that extends proximally of catheter 40. The 
pre-shaped curve in inner dilator 54 enables advancing the 
dilator around a relatively sharp bend, as is necessary to enter 
the coronary sinus. The inner dilator is used to advance the 
catheter through the patient's venous system and into the 
coronary sinus, pushing, rotating, and manipulating the dila 
tor as required. When positioned as required for deployment 
of the reshaping device, the catheter will typically extend 
from an incision in the patient’s jugular vein (not shown) and 
down through the Vena cava. From the Superior Vena cava, the 
catheter will extend into the right atrium of the heart, and 
continue along the wall of the right atrium and into the coro 
nary sinus. Once the inner dilator and catheter 40 have been 
advanced so that the distal end of the catheter is disposed 
where desired within the coronary sinus 34, the pre-curved 
inner dilator is withdrawn to enable insertion of the mitral 
valve annulus reshaping device. 
0071 FIG. 6 illustrates an assembly that is preferably used 
for introducing a mitral valve annulus reshaping device into 
the coronary sinus through catheter 40. The assembly 
includes a cartridge 42 within which the mitral valve annulus 
reshaping device is constrained in a UM state. As shown in 
FIG. 6, cartridge 42 is coupled to the proximal end of catheter 
40 to facilitate deployment of the mitral valve annulus reshap 
ing device into the coronary sinus through the catheter. A 
pusher cable 46 extends from a handle 48. The distal end of 
handle 48 includes a Snap lock 45 that engages a control knob 
44, locking handle 48 onto control knob 44, while still 
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enabling the control knob to be rotated in engagement with 
threads (not shown) that are formed on the exterior surface of 
cartridge 42. As handle 48 is brought into engagement with 
the control knob, pusher cable 46 advances the mitral valve 
annulus reshaping device from inside cartridge 42 into cath 
eter 40 and toward the distal end of the catheter. 

0072. Once handle 48 has fully engaged and been locked 
onto control knob 44, the mitral valve annulus reshaping 
device should have been advanced to a point just within the 
distal end of catheter 40. Control knob 44 is then rotated in 
engagement with the threads on the outside of the cartridge, to 
advance the mitral valve annulus reshaping device from the 
constraint of catheter 40, into the coronary sinus of the 
patient. Thus, control knob 44 controls the advancement and 
deployment of a mitral valve annulus reshaping device within 
the coronary sinus. A release knob 50 is employed for uncou 
pling pusher cable 46 from the device after it has been fully 
deployed within the coronary sinus and adjusted as desired by 
the medical personnel using-the assembly. Once the mitral 
valve annulus reshaping device is fully disposed within the 
coronary sinus, catheter 40 is withdrawn from the patient's 
body. 
0073 FIG. 7 illustrates the disposition of catheter 40 
within the coronary sinus while a mitral valve annulus reshap 
ing device 60 remains inside the catheter 40, ready to be 
deployed within coronary sinus 34. As shown in this Figure, 
the mitral valve annulus reshaping device has a distal end 62 
that is generally aligned with the distal end of catheter 40, 
while a proximal end 64 of the device is well inside catheter 
40. FIG. 7 thus shows the disposition of the mitral valve 
annulus reshaping device prior to rotating control knob 44 to 
force the device from inside catheter 40 so that it is released 
and unconstrained within the coronary sinus. 
0074. While the mitral valve annulus reshaping device 
remains constrained within catheter 40, the shape memory 
alloy comprising the reshaping device at least partially 
remains as UM. The shape memory alloy comprising the 
device has a characteristic temperature. A that is below or 
equal the normal body temperature of the patient. Accord 
ingly, the SMA is in a Super-elastic State, and the device can 
readily be delivered into the coronary sinus through catheter 
40 while constrained in the UM state. Because the SMA of the 
device is super-elastic, the device is readily deformed to a size 
that fits within the catheter and can be advanced into the 
coronary sinus. The interior surface of the distal portion of 
catheter 40 or the exterior surface of the mitral valve annulus 
reshaping device can be coated with a friction reducing mate 
rial. Such as a lubricating material or the catheter provided 
with a low friction lining material to facilitate deployment of 
the device from the distal end of the catheter. 

0075. The SMA comprising the mitral valve annulus 
reshaping device 60 at least partially converts from UM to its 
austenitic state once released from the constraint of the cath 
eter as is illustrated in FIG. 8. As shown in this Figure, 
reshaping device 60 is fully outside of the catheter and 
deployed within the coronary sinus. Once the constraint of the 
catheter is removed, the mitral valve annulus reshaping 
device is enabled to change to a second, relatively lower strain 
state having a reduced radius of curvature, so that a distal end 
of the device exerts a force against the annulus of the mitral 
valve. This release from the constraint imposed by the cath 
eter enables at least a partial recovery to the programmed 
shape of the device. The mitral valve annulus reshaping 
device is constrained so that its programmed shape curves 
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with a reduced radius substantially in the plane of the mitral 
valve annulus, bringing the distal end of the device into con 
tact with and exerting force upon the annulus as shown in 
FIG.8. If desired, a removable tether (as shown in FIGS. 10 
and 11) can, be employed to further reduce the radius of 
curvature of the reshaping device to reduce its internal strain 
condition. Once the force applied by the tether is released, an 
elastic recoil of the tissue on the inner surface of the coronary 
sinus that is in contact with the device will again load the 
SMA of the device, causing the strain to increase, as shown 
along line FG in FIG. 3. Use of the tether in this manner 
thereby enables adjustment of the mitral valve annulus 
reshaping device stiffness and the force at equilibrium with 
the tissue that the reshaping exerts against the interior Surface 
of the coronary sinus at distal end 62, to reshape annulus 32. 
(0076 Alternatively, the SMA of the device can be modi 
fied to have less stiffness. The reduced radius of curvature of 
the annulus in FIG. 8 is in contrast to the increased radius of 
curvature of the annulus as shown in FIG. 9. In this case, the 
programmed shape of mitral valve annulus reshaping device 
60 has been modified using a straightening rod (not shown) 
that is inserted through the catheter, before the catheter is 
removed from the venous system of the patient. The straight 
ening rod can be temporarily advanced into the coronary 
sinus, to act upon the mitral valve annulus reshaping device so 
as to increase the radius of curvature of the reshaping device 
and thereby reduce internally stored strain. In this manner, the 
straining rod is used to adjust the mitral valve annulus reshap 
ing device stiffness and reduce the normal force applied by 
the reshaping device against the tissue of the coronary sinus 
adjacent to the mitral valve annulus. By monitoring physi 
ological parameters such as blood pressure, fluoroscopic 
images, ultrasound flow patterns through the heart, and an 
electrocardiogram of the patient, medical personnel can 
determine the effect of reshaping the annulus of the mitral 
valve and modify the extent of the reshaping as necessary to 
achieve a desired improvement in the functioning of the 
mitral valve. Clearly, a physician will desire to provide an 
optimal correction of a defect in the mitral valve, and the 
present invention provides the means to vary the degree to 
which the annulus is reshaped and thereby control the 
changes to the mitral valve operation as desired. 
0077 FIGS. 10 and 11 illustrate a mitral valve annulus 
reshaping device 70 that can readily be modified once it has 
been disposed within the coronary sinus of a patient. In this 
embodiment, device 70 is pushed from catheter 40 (not shown 
in this Figure) using a pusher 72, which can remain in place 
after catheter 40 has been partially withdrawn. Coupled to 
device 70 is a tether 80, which extends through a lumen 82 in 
pusher 72 and through a plurality of bores 78 formed within 
guides 74 that are disposed at spaced apart locations along the 
longitudinal access of device 70. An end terminal 76 is dis 
posed at the distal end of mitral valve annulus reshaping 
device 70, and tether 80 also extends through bores 78 within 
end terminal 76, and loops back through bores 78 in each of 
guides 74, extending out through lumen 82 in pusher 72 to the 
proximal end of the pusher, which is disposed outside the 
body of the patient (not shown). As illustrated in FIG. 10, 
when unconstrained by catheter 40, reshaping device 70 at 
least partially converts from UM to its austenitic state in 
which it attempts to assume its programmed curved shape. 
Since the characteristic temperature A is below the normal 
body temperature of the patient, the austenitic state can be 
achieved, at least partially, while mitral valve annulus reshap 
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ing device 70 is within the body of the patient. As is most 
clearly illustrated in FIG. 11, tether 80 can be pulled while 
holding pusher catheter 82 against the proximal end of device 
70, to assist the device in applying force against the adjacent 
tissue of the coronary sinus after the reshaping device has 
been deployed within the coronary sinus. Using the tether end 
pusher catheter 72 in this manner, it is possible to reduce the 
reshaping device radius of curvature and thereby reduce its 
internally stored strain condition, until the tether is released, 
which then increases the loading and strain on the device. As 
discussed above, the effect of this increase in the strain expe 
rienced by the reshaping device is to modify the stiffness of 
the device. Accordingly, it should be apparent that the tension 
applied by tether 80 is usable to adjust the stiffness of the 
mitral valve annulus reshaping device and thereby vary the 
force that it applies against tissue adjacent to the mitral valve 
annulus within the coronary sinus. Once the desired stiffness 
and force have been achieved by mitral valve annulus reshap 
ing device 70, one end of tether 80 can be released, and the 
other end pulled to withdraw the tether through bores 78. The 
pusher catheter 72 can then be withdrawn from the venous 
system of the patient, leaving device 70 in place. 
0078. As shown in FIG. 12, the second state and pro 
grammed shape of the SMA comprising a mitral valve 
reshaping device 90 and its placement in the coronary sinus 
can be chosen to cause an increase in the radius of curvature 
of the annulus when the constraint of the catheter is removed, 
in contrast to the decrease in radius of curvature of the annulus 
caused by the embodiment of FIGS. 8 and 9. For some 
patients, an increase in the radius of curvature of the annulus 
may be preferred to a decrease in the radius of curvature to 
correct problems with leakage through the mitral valve. 
007.9 FIGS. 13 and 14 illustrate a mitral valve annulus 
reshaping device 100 that includes helical coil spring 102 
disposed between straight wire sections 104 and 106. The 
helical coil spring is preferably formed of SMA. A distal 
anchor 108 is also formed from SMA and is initially deployed 
and permitted to at least partially change from UM to its 
austenitic state as the device is initially pushed (and/or pulled) 
from catheter 40 (not shown in this view). For this embodi 
ment, catheter 40 is initially positioned within coronary sinus 
34 at a location Such that as mitral valve annulus reshaping 
device 100 is forced from the distal end of the catheter and 
distal anchor 108 is allowed freedom from the constraint of 
the catheter, the distal anchor 108 will change from its UM 
state toward its austenitic state in which it has a loop shape 
with a relatively larger radial extent than when constrained 
inside the catheter. The released loop expands radially out 
ward and engages the interior Surface of the coronary sinus, 
over a distributed area. Thereafter, the catheter is withdrawn 
further, beyond helical coil spring 102, finally enabling a 
proximal anchor 110 to be freed from the constraint of the 
catheter. The proximal anchor also at least partially changes 
from the UM state toward the austenitic state, enabling the 
expanding loop shape of the proximal anchor 110 to anchor 
device 100 at its desired disposition within the coronary 
S1S. 

0080 Prior to deploying and releasing the constraint on 
proximal anchor 110, the user will apply tension to a tether 
line 112. The tether line forms a double loop around and 
through the distal and proximal ends of helical coil spring 
102. The tensile load resulting from the application of a 
tensile load on the tether line will cause straight wire sections 
104 and 106 and helical coil spring 102 to form UM. The 
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proximally applied tension in the tether line pulls the distal 
anchor, straight wire section 104, and tissue distal to the 
helical coil spring in the proximal direction. The helical coil 
spring will thus be assisted to relax to its tightly wound 
programmed shape, which is therefore at a lower strain state. 
Upon release of the tension produced by the tether line, elastic 
tissue recoil and internal heart pressure will load the previ 
ously relaxed helical coil spring and transform the spring 
stiffness to a higher level. Thus, by applying tensile load to the 
tether line, the reshaping device spring stiffness and length 
are adjusted to an appropriate level required to reshape adja 
cent tissue and the mitral valve annulus, and thereby reduce 
mitral valve regurgitation. Also, the tension applied to tether 
line 112 determines the force applied against the adjacent 
tissue to modify the shape annulus 32, before the final dispo 
sition of proximal anchor 110 is determined. 
I0081. In FIG. 14, spring stiffness has been increased in the 
helical coil 102 causing the mitral valve annulus reshaping 
device to straighten the adjacent tissue and annulus 32. FIG. 
14 also illustrates the reshaping device after tether line 112 
has been removed, which is accomplished by releasing one 
end of the tether line and pulling the tether line from the loops 
around the coils of the helical coil spring. 
I0082. Yet another embodiment of the present invention is 
shown in FIG. 15 wherein a mitral valve annulus reshaping 
device 120 is illustrated. This device also includes a helical 
coil 122, which is disposed between straight sections 124 and 
126 a tether 132 for adjusting the stiffness of the spring and 
the relative force applied by the device against the adjacent 
tissue and mitral valve annulus. However, mitral valve annu 
lus reshaping device 120 includes a distal stent 128 and a 
proximal stent 130 that are also preferably formed of SMA. 
Distal stent 128 is allowed to expand as it converts from UM 
toward its austenitic state once the constraint of the catheter is 
removed. Thus, once again it is important that the distalend of 
catheter 40 be disposed within coronary sinus at about the 
location where distal stent 128 is to be disposed as it is 
allowed to expand to its programmed shape. By applying 
appropriate stress on tether line 132, the user can modify the 
tension distal of helical coil 122 and thereby achieve a desired 
modification of annulus 32. In addition, the user can modify 
the strain and stress by varying the tension in tether line 132 
to change the force applied to the adjacent tissue by device 
120, using the tether line to change the stress applied to the 
helical coils of the SMA comprising the device. Accordingly, 
mitral valve annulus reshaping device 120 is very similar to 
the embodiment shown in FIGS. 13 and 14. As an alternative, 
it is contemplated that one or both of the distal and proximal 
stents of this embodiment might be made of a non-SMA 
metal, or of an SMA metal whose A,is above normal body 
temperature, and expanded radially into contact with the inte 
rior Surface of the coronary sinus using a conventional cath 
eter inflatable balloon coupled to an external source of a 
pressurized fluid. 
0083 FIGS. 16-18 illustrate another embodiment of the 
mitral valve annulus reshaping device that includes an SMA 
metal wire or arched leaf spring 140 with a programmed 
shape having a relatively small radius of curvature, R. At each 
end of arched leaf spring 140 are disposed loops 142 and 144, 
also preferably formed of super-elastic SMA so that they 
elastically expand radially outward when released from a 
catheter or other restraint that is used to insert the mitral valve 
annulus reshaping device intravenously into coronary sinus 
34 of a patient. When the device is released from the con 
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straint of the catheter or other device that is used to introduce 
the device into the coronary sinus, the SMA metal comprising 
the device it will change from its UM state toward its auste 
nitic state. Thus, when loop 142 is released from the catheter, 
the expansion of loop 142, as the SMA material comprising it 
returns to its programmed shape, will bring the loop into 
contact with the inner Surface of coronary sinus 34, so as to 
anchor the distal end of the mitral valve annulus reshaping 
device at a desired location and orientation within the coro 
nary sinus. 
0084. A tether 146 passes through loop 144, and both ends 
of the tether extend outside the patient's body through the 
venous system within the catheter (not shown), enabling 
medical personnel to apply tension to the tether after the distal 
end of arched leaf spring 140 has been deployed within the 
coronary sinus and anchored by loop 142. Using tether 146, it 
is possible to applying loading tension to arched leaf spring 
140, thereby adjusting the stiffness of the arched leaf spring 
and the relative force applied by the device against the adja 
cent tissue and mitral valve annulus, prior to releasing loop 
144 from the constraint of the catheter. The applied tension 
tends to straighten arched leaf spring 140, so that it has a 
greater radius of curvature, R', as shown in FIG. 17, when 
fully deployed within coronary sinus 34. The tension applied 
by tether 146 is then partially unloaded. Tether 146 can be 
employed to make further adjustments to the device by load 
ing and unloading the tension applied, reversibly tuning the 
device from UM to austenite and back. As shown in FIG. 18, 
the arched loop has been tuned in this manner to have an even 
greater radius of curvature, R", relative to its initial pro 
grammed curved radius of curvature, R, which is shown in 
FIG. 16. 
0085. Each of the embodiments disclosed above illustrates 
how SMA and its Super-elasticity can be applied in modifying 
the shape of the annulus and thereby correcting defects in a 
mitral valve within the body of a patient. The characteristics 
of the SMA comprising each of these embodiments, as illus 
trated in FIG. 3, is employed to good effect, since it permits 
the user to modify the stiffness of the SMA comprising the 
device and the force applied to the adjacent tissue by the SMA 
even after the mitral valve annulus reshaping device has been 
deployed in the coronary sinus. The SMA can be reversibly 
changed between the martensite and austenitic states while 
within the body of the patient, as necessary to achieve a 
desired modification of the annulus and corresponding 
improvement in the functioning of the mitral valve. By moni 
toring the physiological condition of the patient, it is thus 
possible for medical personnel to achieve a near optimum 
correction of a defect in a mitral valve with the present inven 
tion, without the risks of open heart Surgery and with none of 
the problems associated with mitral valve replacement. 
I0086 Although the present invention has been described 
in connection with the preferred form of practicing it, those of 
ordinary skill in the art will understand that many modifica 
tions can be made thereto within the scope of the claims that 
follow. Accordingly, it is not intended that the scope of the 
invention in any way be limited by the above description, but 
instead be determined entirely by reference to the claims that 
follow. 

What is claimed is: 
1. A device adapted to be inserted into a coronary sinus 

within a body of a patient, for use in modifying an annulus of 
a mitral valve of the patient to treat a mitral valve pathology, 
comprising: (a) a structure having at least a portion thereof 
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comprising a shape memory alloy, said shape memory alloy 
having a characteristic temperature. A selected to be no 
greater than a normal temperature of a body of a patient in 
which the device will be used, and having a programmed 
shape to which the shape memory alloy returns when Sub 
stantially converted to an austenitic state; and (b) a restraint 
that mechanically maintains the shape memory alloy in a 
deformed state while the structure is being inserted info a 
coronary sinus of a patient, said restraint being controlled to 
enable the shape memory alloy to return to its austenitic state, 
causing the shape memory alloy to try to assume its pro 
grammed shape with a coronary sinus, said programmed 
shape being selected and said structure being disposed at a 
desired orientation within a coronary sinus by the restraint So 
as to apply a force against a mitral valve to modify an annulus 
of the mitral valve. 

2. The device of claim 1, wherein the shape memory alloy 
includes titanium and nickel. 

3. The device of claim 1, wherein the shape memory alloy 
is Super-elastic, so that the shape memory alloy is adapted to 
produce a force directed against a mitral valve annulus from 
within a coronary sinus, as the shape memory alloy Super 
elastically changes from the deformed shape to the pro 
grammed shape. 

4. The device of claim3, wherein the super-elastic proper 
ties of the shape memory alloy are directed outwardly when 
the shape memory alloy is allowed to change from the 
deformed shape to the programmed shape, to provide a force 
adapted to anchor the device at a desired position within a 
coronary sinus. 

5. The device of claim 1, wherein the shape memory alloy 
has a reduced curvature when in the deformed State, com 
pared to that of the programmed State. 

6. The device of claim 1, wherein the shape memory alloy 
has a greater curvature when in the deformed State, compared 
to that of the programmed State. 

7. A device adapted to be inserted into a coronary sinus 
within a body of a patient, for use in modifying an annulus of 
a mitral valve of the patient to treat a mitral valve pathology, 
comprising: (a) a venous deliverable component having at 
least a portion that is formed of a shape memory alloy, said 
shape memory alloy being selected to have a characteristic 
temperature. A that is no greater than a normal body tem 
perature of a patient with which the device is used, said shape 
memory alloy being further characterized by being capable of 
reversibly changing between a martensite state and an auste 
nitic state within a body of a patient, while remaining at 
Substantially a constant temperature, said changes between 
the martensite state and austenitic state corresponding to a 
change in shape of the shape memory alloy; and (b) at least a 
portion of the device comprising a selectively configurable 
force applying component to apply a force directed againstan 
interior Surface of a coronary sinus, causing a modification of 
an annulus of a mitral valve within a body of a patient. 

8. The device of claim 7, wherein the shape memory alloy 
comprises nickel and titanium. 

9. The device of claim 7, wherein the force applying com 
ponent applies an outwardly directed force relative to a lon 
gitudinal axis of the device, said outwardly directed force 
being selectively produced as a result of a change in shape of 
the shape memory alloy and used to anchor the device at a 
desired position within a coronary sinus. 
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10. The device of claim 7, wherein the shape memory alloy 
reversibly changes between the martensite state and the aus 
tenitic state as a function of a strain applied to the shape 
memory alloy. 

11. The device of claim 10, further comprising a constraint 
applied to the shape memory alloy to maintain the shape 
memory alloy in the martensite State, said constraint being 
selectively released to enable the shape memory alloy to 
change toward the austenitic state. 

12. The device of claim 10, wherein a change from the 
martensite state to the austenitic state by the shape memory 
alloy causes an increased curvature of the device. 

13. The device of claim 10, wherein a change from the 
martensite state to the austenitic state by the shape memory 
alloy causes a decreased curvature of the device. 

14. The device of claim 10, further comprising a spring 
formed of the shape memory alloy and an adjustment tether 
that is adapted to extend outside a body of a patient when the 
device is disposed within a coronary sinus, said adjustment 
tether being used to modify a tension applied to the spring, 
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changing a strain experienced by the shape memory alloy 
comprising the spring, causing the shape memory alloy to 
reversibly change between the austenitic state and the mar 
tensite state. 

15. The device of claim 14, wherein the spring comprises 
an arched leaf spring. 

16. The device of claim 14, wherein the spring comprises a 
helical coil spring. 

17. The device of claim 14, wherein the adjustment tether 
adjusts a stiffness and length of the spring, adapting the spring 
to reshape a mitral valve annulus. 

18. The device of claim 14, wherein the adjustment tether 
elongates the spring as the shape memory alloy reversibly 
changes between martensite and austenite. 

19. The device of claim 18, wherein the spring comprises 
an arched leaf spring. 

20. The device of claim 18, wherein the spring comprises a 
helical coil spring. 


