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(57) ABSTRACT 

This is a support device that prevents, reduces, and delays 
remodeling of diseased cardiac tissue, and also decreases the 
impact of such remodeling on collateral tissue is disclosed. 
The invention further reinforces abnormal tissue regions to 
prevent over-expansion of the tissue due to increased after 
load and excessive Wall tension. As a result, the support 
device prevents phenomenon such as systolic stretch from 
occurring and propagating. The support structure maintains 
and restores diastolic compliance, Wall motion, and ejection 
fraction to preserve heart functionality. As such, the support 
device prevents and treats cardiomyopathy and congestive 
heart failure. 
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FIG. 15A 



Patent Application Publication May 26, 2005 Sheet 13 0f 13 US 2005/0113635 A1 

92 

102 Q 
Pacing 

78 lN-RA Controller 
lN-LA 

FIG. 16A 76 UTOUT O 
IN-RV& LV EM SW 

82 

Electromagnetic 96 
75\ Source 

98 100 ~ w 

‘is \\78 94 
AMP CONTROL 

m IN+ IN- Q 
H . 8-2 Polarity g2 

38 < Switching Unit P0 

20 §§Q U 

82 7O 
80 

7678 
18 74 72 

22 

36 

72 82 80 

FIG. 16B 

78 76 

20 36 
74 



US 2005/0113635 A1 

HEART SUPPORT TO PREVENT VENTRICULAR 
REMODELING 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to provisional US. 
patent application Ser. No. 60/231,075, ?led Sep. 8, 2000, 
the entirety of Which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] This invention is directed toWards the transfer of 
energy from viable tissue regions to less viable or non-viable 
regions, thereby preventing, compensating for, or treating 
tissue responses to ischemia, infarction, or other abnormali 
ties. In particular, this invention is directed toWards the 
prevention, reduction, and delay of the remodeling of dis 
eased cardiac tissue and the prevention and treatment of 
cardiomyopathy and congestive heart failure. 

BACKGROUND OF THE INVENTION 

[0003] Ischemic injury causes tissue remodeling over 
time. This produces dyssynchronous, hypokinetic, dyski 
netic or akinetic tissue function. One mechanism that per 
petuates tissue remodeling (termed systolic stretch) occurs 
When viable ventricular tissue contracts, producing pressure 
that causes less viable or non-viable tissue to be forced 
outWard. This bulging of the less viable or non-viable tissue 
dissipates the pumping force of the heart and adversely 
impacts cardiac output. The heart attempts to compensate for 
this decrease in cardiac output by increasing contractility 
and/or heart rate. HoWever, the degree of systolic stretch 
progressively increases over time, continuing to reduce 
cardiac output, enlarge the volume of remodeled tissue, and 
exacerbate the potential for rupture of the affected tissue. 

[0004] One condition that can result from such remodeling 
is cardiomyopathy, a typically chronic disorder of heart 
muscle that may involve hypertrophy and obstructive dam 
age to the heart. A current approach for treating end-stage 
cardiomyopathy involves resecting a signi?cant portion of 
the left ventricular free Wall to reduce the siZe of the left 
ventricular cavity. The procedure, developed by Randas J. V. 
Batista, attempts to improve the relationship betWeen vol 
ume, mass, and diameter. In reducing the volume of the left 
ventricle, investigators have observed a decrease in mitral 
regurgitation but a concomitant decrease in diastolic com 
pliance. This decreases diastolic ?lling, Which adversely 
impacts the complete cardiac cycle. 

[0005] Other approaches for treating cardiomyopathy 
include reshaping the heart chambers using tethers, balloons, 
external bands, or other tension structures to reduce the 
end-diastolic diameters of the ventricles. PCT Pamphlets 
WO 98/29041 entitled “Heart Wall Tension Reduction 
Apparatus and Method”; WO 99/30647 entitled “Valve to 
Myocardium Tension Members Device and Method”; WO 
00/06026 entitled “Heart Wall Tension Reduction Apparatus 
and Method”; WO 00/06027 entitled “Stress Reduction 
Apparatus and Method”; WO 00/06028 entitled “Transven 
tricular Implant Tools and Devices”; W0 00/ 16700 entitled 
“External Stress Reduction Device and Method” describe 
tethers or bands that change the geometry of the heart and 
restrict the maximum outer diameters of the ventricles. The 
tethers are positioned inside the heart and extend from one 
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side of the ventricle to the other to exert tension on opposite 
sides of the heart. The bands are positioned around the 
epicardial surface of the ventricles and restrict expansion of 
the ventricles. The tethers and bands only limit local Wall 
tension and maximal end-diastolic diameter; they do not 
directly assist in systolic ejection or diastolic ?lling of the 
heart. Nor do they distribute loading over a large region of 
heart tissue. 

SUMMARY OF THE INVENTION 

[0006] The present invention addresses de?ciencies asso 
ciated With prior approaches of purely reducing the end 
diastolic diameter of the heart or preventing over-stressing 
of cardiac tissue. The approach described by this invention 
uses a heart support structure to transfer energy, in the form 
of contraction and expansion, from viable heart tissue to less 
viable or non-viable heart tissue. This structure prevents, 
compensates for, or treats tissue responses to ischemia, 
infarction, or other abnormalities. 

[0007] The embodiments of the invention maintain dias 
tolic compliance of the cardiac tissue and synchroniZe the 
expansion and contraction of the diseased tissue to that of 
viable tissue in order to restore systolic ejection and diastolic 
?lling. This improves Wall motion and better restores normal 
functionality of the heart. As a result, the embodiments of 
the invention prevent, reduce, and/or delay remodeling of 
the diseased tissue, decrease the impact of such remodeling 
on collateral tissue, and preserve all phases of the cardiac 
cycle. 
[0008] The embodiments of the invention are also useful 
in reinforcing abnormal tissue regions to prevent over 
expansion of the tissue due to increased afterload and 
excessive Wall tension. As a result, the dyssynchrony, 
hypokinesis, dyskinesis or akinesis, Which occurs When 
tissue remodels over time, is inhibited. As such, the embodi 
ments of the invention prevent progressive cardiomyopathy 
and congestive heart failure. 

[0009] This invention provides electromagnetic assist 
devices that take advantage of the characteristics of the heart 
support structure of the invention to impart contraction and 
expansion throughout the heart, or along a speci?c region of 
the ventricles. The electromagnetic assist device strategi 
cally induces magnetic ?elds throughout individual electro 
magnets coupled to the support structure, Which causes an 
attraction or repulsion of the electromagnets and imparts a 
contraction or expansion of the heart support structure, and 
transfers such energy to cardiac tissue. 

[0010] The present invention also provides enhancements 
to the overall system to continue to make positioning and 
securing the heart support structure amenable to less inva 
sive procedures, such an endoscopic, port access 
approaches. In addition, the present invention enables cath 
eteriZation approaches to position and secure the heart 
support structure. 

[0011] Further features and advantages of the inventions 
Will be elaborated in the detailed description and accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a side vieW of a heart containing a support 
structure of the present invention attached along an exterior 
portion of its left ventricle. 
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[0013] FIG. 2 is a side vieW of a heart containing another 
support structure of the present invention attached along an 
exterior portion of its left ventricle. 

[0014] FIG. 3 is a ?attened vieW of a heart support 
structure of the present invention. 

[0015] FIG. 4 is a ?attened vieW of another heart support 
structure of the present invention. 

[0016] FIG. 5 is a side vieW of a heart containing the 
support structure of FIG. 4 emanating from the apex of the 
heart. 

[0017] FIG. 6 is a side vieW of a heart containing the 
support structure of FIG. 4 emanating from the ischemic or 
infracted region of the heart. 

[0018] FIG. 7 is a ?attened vieW of yet another heart 
support structure of the present invention. 

[0019] FIG. 8 is a side vieW of a heart containing the 
support structure of FIG. 7 emanating from the ischemic or 
infracted region of the heart. 

[0020] FIG. 9A is a ?attened vieW of still another heart 
support structure of the present invention in its compressed 
state. 

[0021] FIG. 9B is a ?attened vieW of the heart support 
structure of FIG. 9A in its expanded state. 

[0022] FIG. 10 is a side vieW of a heart containing the 
support structure of FIG. 9B. 

[0023] FIG. 11 is a side-sectional vieW of a heart con 
taining support structures of the present invention along the 
interior surface of the left ventricle and right ventricle. 

[0024] FIG. 12A is a perspective vieW of an anchor used 
to attach the heart support structure of the present invention 
to tissue. 

[0025] FIGS. 12B and 12C shoW top vieWs of tWo 
additional anchor embodiments of the present invention. 

[0026] FIG. 12D is a side-sectional vieW of a heart 
support structure secured to a tissue surface using the anchor 
embodiments of FIGS. 12A to 12C. 

[0027] FIG. 13A is a top vieW of another anchor embodi 
ment. 

[0028] FIG. 13B is a side-sectional vieW of a heart support 
structure secured to a tissue surface using the anchor 
embodiment of FIG. 13A. 

[0029] FIG. 13C is a side-sectional vieW of a heart 
support structure secured to a tissue surface using an alter 
native anchor embodiment. 

[0030] FIG. 14A is a top vieW of another anchor embodi 
ment. 

[0031] FIG. 14B is a side-sectional vieW of a heart support 
structure secured to a tissue surface using the anchor 
embodiment of FIG. 14A. 

[0032] FIG. 15A is a side vieW of a heart containing an 
electromagnetically induced assist device that incorporates a 
heart support structure. 

[0033] FIG. 15B is an enlarged vieW of the heart support 
structure in FIG. 15A. 
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[0034] FIG. 16A is a side vieW of a heart containing an 
electromagnetically induced assist device that incorporates a 
heart support structure and is synchronized With the heart’s 
electrical propagation. 

[0035] FIG. 16B is an enlarged vieW of the heart support 
structure in FIG. 16A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The embodiments of the invention are intended to 
transmit energy from viable tissue regions to less viable or 
non-viable regions thereby preventing, compensating for, or 
treating tissue responses to ischemia, infarction, or other 
abnormalities. Ischemic injury causes tissue remodeling 
over time and produces dyssynchronous, hypokinetic, dys 
kinetic or akinetic tissue function. The embodiments of the 
invention prevent, reduce, and/or delay remodeling of dis 
eased cardiac tissue, and also decrease the impact of such 
remodeling on collateral tissue. The embodiments of the 
invention are also useful in reinforcing abnormal tissue 
regions to prevent over-expansion of the tissue due to 
increased afterload and excessive Wall tension. The embodi 
ments of the invention maintain and/or restore diastolic 
compliance, Wall motion, and ejection fraction to preserve 
heart functionality. As such, the embodiments of the inven 
tion prevent progression of cardiomyopathy and congestive 
heart failure. 

[0037] The approach described by this invention, Which 
uses a heart support structure to transfer energy (in the form 
of arti?cial contraction and expansion) from viable heart 
tissue to less viable or non-viable heart tissue, addresses the 
de?ciencies of prior approaches, Which purely reduce the 
end-diastolic diameter of the heart. This invention aids the 
heart during systolic ejection and diastolic ?lling to better 
restore normal functionality of the heart. The heart support 
structure controls the motion of the heart and synchroniZes 
the contraction and expansion of diseased tissue to that of 
viable tissue. 

[0038] The heart support structure also accounts for the 
natural motion of the heart. As the heart contracts, the 
cross-sectional diameters of the ventricles decrease and the 
distance from the mitral valve annulus to the apex of the 
heart also decreases; as the heart expands, the cross-sec 
tional diameters of the ventricles increase and the distance 
from the mitral valve annulus to the apex of the heart also 
increases. The optimal ratios of expansion (and contraction) 
betWeen the cross-sectional diameters of the ventricles and 
the distance from the mitral valve annulus to the apex of the 
heart may be incorporated in the support structure to further 
preserve heart functionality. The heart support structure 
therefore preserves the Wall motion and prevents remodeling 
of the diseased tissue by inhibiting over-expansion and 
maintaining normal actuation of all phases of the cardiac 
cycle. As a result, the dyssynchrony, hypokinesis, dyskinesis 
or akinesis, Which occurs When tissue remodels over time, is 
inhibited. 

[0039] Heart Support Structures 

[0040] The heart support structure embodiments consist of 
one or more components designed to exert force against a 
diseased (e.g., ischemic or infarcted) region of tissue in 
response to the contraction or expansion of viable tissue. As 
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such, the support structure transfers energy from viable 
tissue to less viable or non-viable tissue to control and force 
movement of injured tissue and prevent remodeling that 
occurs as a response to ischemic injury. 

[0041] The heart support structures are preferably fabri 
cated from superelastic (pseudoelastic) shape memory 
alloys, such as nickel titanium. Superelastic materials elas 
tically deform upon exposure to an external force and return 
toWards their preformed shape upon reduction or removal of 
the external force. Superelastic shape memory alloys are 
capable of exhibiting stress-induced martensitic behavior; 
Which means they transform from the preshaped austenitic 
phase to the softer and more ductile martensite phase upon 
application of stress and transform back toWard the stronger 
and harder austenite phase once the stress is removed. 
Superelastic shape memory alloys enable straining the mate 
rial numerous times Without plastically deforming the mate 
rial. Superelastic shape memory alloys are also light in 
Weight, biocompatible, and exhibit excellent tensile 
strengths such that they may be attached to the heart Without 
substantially adding Weight or bulk. 

[0042] The characteristics of superelastic shape memory 
alloys described above highlight their utility in providing a 
support structure for the heart because they Withstand con 
tinuous and frequent de?ections Without plastically deform 
ing or observing fatigue failures. Superelastic support struc 
tures may also be elastically de?ected into small radii of 
curvature and return toWards their preformed con?guration 
once the external force causing the de?ection is removed. 
Although other, more conventional materials such as stain 
less steel may be used in this application, their geometry is 
likely to be less ?ne or compact because their material 
properties dictate that the total elastic energy stored in a 
given device is much loWer. Other knoWn metal, alloy, and 
thermoplastic materials plastically deform When de?ected 
into similar radii of curvature, using comparable strains, and 
are unable to return toWards their original con?guration. As 
such, superelastic support structures permit de?ections into 
smaller radii of curvature than other metals, alloys, and 
polymers resulting in the ability to Withstand larger strains 
Without failing; they are also capable of exerting substantial 
force When de?ected. 

[0043] We prefer that support structures fabricated from 
shape memory alloys (e. g., nickel titanium) be engineered to 
form stress-induced martensite (SIM) at body temperature. 
The composition of the shape memory alloy is preferably 
chosen to produce martensitic transformation temperatures 
(MS and Mf) and austenitic transformation temperatures (AS 
and Af) such that the alloy exhibits stress induced martensite 
up to a temperature Md, greater than Af 

[0044] The relative composition of nickel and titanium 
determines the Af of the shape memory alloW. For example, 
nickel titanium having an atomic ratio of 51.2% Ni and 
48.8% Ti exhibits an Af of approximately —20 C; nickel 
titanium having an atomic ratio of 50% Ni to 50% Ti 
exhibits an Af of approximately 100 C (MelZer A, Pelton A. 
“Superelastic Shape-Memory Technology of Nitinol in 
Medicine”Min Invas Ther & Allied Technol. 2000: 9(2) 
59-60). 
[0045] Preferably the composition and fabrication of the 
nickel titanium is chosen such that the Af is beloW 32 C. 
Such materials are able to Withstand strains as high as 10% 
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Without plastically deforming. As such, these superelastic 
materials are capable of elastically exerting force upon 
de?ection. 

[0046] Superelastic shape memory alloys that do not 
exhibit stress-induced martensitic behavior at body tempera 
ture but enable elastic deformation through the range of 
motion the material is exposed may alternatively be used. 
Materials other than superelastic shape memory alloys may 
be used for the support structures provided they can be 
elastically deformed Within the temperature, stress, and 
strain parameters required to maximiZe the elastic restoring 
force. Such materials include other shape memory alloys, 
spring stainless steel 17-7, ELGILOY (Elgiloy LP, Elgin, 
Ill.), superelastic polymers, etc. 
[0047] Throughout this description, discussions of exter 
nal force preferably refer to the contraction and/or expansion 
of viable tissue causing the support structure to respond 
accordingly unless otherWise speci?ed. Alternatively, 
another external means, arti?cial, biological, or a combina 
tion of arti?cial and biocompatible means for compressing 
and/or expanding the support structure may be used as Will 
be discussed later. 

[0048] Other materials may be used as a covering to the 
support structure, including thermoplastics (e.g., polytet 
ra?uoroethylene or PTFE), thermoset plastics (e.g., polyeth 
ylene terephthalate, polyester), or silicone. For example, 
heart support structures fabricated from nickel titanium may 
be covered With expanded PTFE by sintering layers of 
expanded PTFE positioned to encompass the support struc 
ture material. Alternatively, the support structures may be 
coated With silicone, Which When alloWed to cure produces 
a covering over the support structure. 

[0049] The heart support structure may be coated With 
materials such as parylene or other hydrophilic substrates 
that are biologically inert and reduce the surface friction. To 
further reduce the surface friction, metallic or metallic alloy 
?ttings may be electropolished. Evidence suggests that 
electropolishing reduces adhesion because of the smooth 
surface and loW surface tension. Alternatively, the heart 
support structures may be coated With heparin, thrombore 
sistance substances (e.g., glycoprotein IIb/IIIa inhibitors), 
antiproliferative substances (e.g., Rapamycin), or other coat 
ings designed to prevent adhesion, thrombosis for blood 
contacting support structures, hyperplasia, or other tissue 
response that may adversely impact the functionality of the 
heart support structure. Alternatively, materials such as 
platinum, gold, tantalum, tin, tin-indium, Zirconium, Zirco 
nium alloy, Zirconium oxide, Zirconium nitrate, phosphati 
dyl-choline, pyrolytic carbon, or others may be deposited 
onto the heart support structure surface using electroplating, 
sputtering vacuum evaporation, ion assisted beam deposi 
tion, vapor deposition, silver doping, boronation techniques, 
a salt bath, or other coating process. 

[0050] A still further improvement of the heart support 
structure that is Within the scope of the present invention is 
to include beta or gamma radiation sources on the heart 
support structure. Abeta or gamma source isotope having an 
average half-life of approximately 15 days such as Phos 
phorous 32 or Palladium 103 may be placed on the heart 
support structure using an ion-implantation process, chemi 
cal adhesion process, or other suitable method. 

[0051] The heart support structure embodiments may be 
fabricated from a sheet of material cut into the desired 
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pattern and formed (e.g., through a heat treatment process) 
into the desired geometry (planar, conical, elliptical, cylin 
drical, or other shape). To produce these heart support 
structures, the raW material may be fabricated into the 
desired pattern by chemical etching, electron discharge 
machining (EDM), laser cutting, or other manufacturing 
process. Heart support structures fabricated from sheet stock 
are then Wrapped or otherWise placed around mandrels 
having the desired resting three-dimensional pro?le(s) and 
the heart support structure is heated until it assumes this 
con?guration. After heating, the support structure is 
quenched or otherWise alloWed to return to room tempera 
ture, at Which the support structure maintains the preformed 
shape. If any sides are to be bonded, spot Welding, laser 
Welding, or other manufacturing process may be employed. 

[0052] Alternatively, heart support structure embodiments 
of the present invention may be fabricated from a tube of 
material having a desired cross-sectional geometry. The 
desired pattern of links, anchors, anchor pins, holes, slots, 
and/or cells may be fabricated on the tubular metal material 
and may be created using chemical etching, EDM, laser 
cutting, or other manufacturing process. These heart support 
structures may be thermally formed into the desired planar 
or three-dimensional pro?le depending on the desired shape 
of the heart support structure. 

[0053] FIG. 1 shoWs a heart containing a support structure 
20 secured to the epicardial surface at speci?c attachment 
points 22 along a section of the left ventricle (LV) 2. Atissue 
interface 18 may or may not be positioned betWeen support 
structure 20 and the epicardium, as Will be discussed beloW. 
In this particular embodiment, peripheral links 26 extend 
around the injured tissue 24 (e.g., ischemic or infarcted). 
Support links 30 extend from peripheral links 26 into the 
injured tissue 24 to provide the structure from Which con 
traction and/or expansion energy may be transferred from 
peripheral links 26 to a central region 28 of the support 
structure located throughout the injured tissue 24. The 
geometry of support structure 20 depends on the location of 
the injured tissue. If the injured tissue 24 is on the left 
ventricular free Wall, support structure 20 may be planar or 
have a slightly curved three-dimensional pro?le. If the 
injured tissue 24 is apical, support structure 20 may be 
generally conical or approximate one half of an ellipsoid. 

[0054] The support structure embodiment in FIG. 1 is 
secured to the left ventricle at desired locations throughout 
a central region 28 Within the injured tissue 24, and along 
peripheral links 26 and/or support links 30. Central region 
28 of the support structure may be a discrete point or a 
tWo-dimensional surface, or it may constitute a region of 
multiple intersecting, interlocking, or adjacent support links 
30. Central region 28 shoWn in FIG. 1 consists of four 
intersecting support links 30; We prefer that a minimum of 
tWo intersecting support links 30 be used for this con?gu 
ration. 

[0055] Each support link 30 extends from at least one 
peripheral link 26 located past one end of the injured tissue 
24, and attached to viable tissue, to at least one peripheral 
link 26 located past the opposite end of the injured tissue 24, 
and attached to viable tissue. An alternative con?guration 
involves individual support links that terminate at the central 
region 28 and are not attached to the other independent 
support links throughout the central region 28 or using 
peripheral links. 
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[0056] Peripheral links 26 and support links 30 in the 
embodiment of FIG. 1 are designed for different purposes. 
Support links 30 are designed to cause corresponding move 
ment of the injured tissue 24 in response to contraction or 
expansion of the viable tissue to Which support links 30 are 
secured. As such, the support links require suf?cient axial 
stiffness to contract or expand the injured tissue 24 in 
response to movement of the proximal ends of the support 
links located along peripheral links 26 of support structure 
20. Support links 30 must also have suf?cient ?exibility so 
that they do not hinder movement of viable tissue betWeen 
central region 28 and peripheral links 26 of the support 
structure. Peripheral links 26 must be ?exible so to be able 
to move coincident With contraction and expansion of the 
left ventricle, and durable enough to maintain the integrity 
of heart support structure 20 despite continued movement of 
the support structure. 

[0057] FIG. 2 shoWs a heart containing another support 
structure embodiment 20 emanating from a central region 
28, located Within injured tissue 24. The peripheral links 26 
for this embodiment do not extend completely around the 
injured tissue, but connect adjacent support links 30 at their 
proximal ends and are attached to viable tissue. Support 
links 30 interconnect in central region 28 and the unions are 
secured to the injured tissue 24 at attachment points 22. 
Support links 30 in this embodiment also interconnect along 
a middle section 32 located betWeen central region 28 and 
the periphery of the support structure. Middle section 32 
unions are also secured to the tissue surface at attachment 
points 22. 

[0058] It should be noted that middle section 32 may be 
located along central region 28, anyWhere betWeen central 
region 28 and peripheral links 26, and/or along the proximal 
end of the support structure de?ned by peripheral links 26. 
Different middle sections 32 may be positioned at different 
locations along the tissue surface, depending on the axial 
stiffness and ?exibility requirements of support links 30. 

[0059] FIGS. 3 and 4 shoW ?attened pro?les of tWo 
alternative support structures of the present invention. Sup 
port structures 20 incorporate eight support links 30 that 
extend from a central point 28 and snake toWards peripheral 
links 26; a minimum of tWo support links 30 are used to form 
this support structure embodiment. Each turn of a snaking 
support link 30 de?nes a node 34. The relation of the support 
links to the nodes de?nes the stiffness pro?le of support 
structure 20. In FIG. 3, support nodes 34 are separated such 
that the angle A1 betWeen adjacent turns of each snaking 
support link 30 is constant. In FIG. 4, the distance H1 
betWeen adjacent support nodes 34 is constant. 

[0060] The parameters of each support link 30 (Width, 
Wall thickness, total length, and turn length) also in?uence 
the stiffness. The stiffness pro?le of the support structure 
determines the degree of contraction and expansion trans 
ferred from viable tissue to injured tissue 24 throughout the 
support structure 20. This pro?le may be optimiZed depend 
ing on the anticipated position of various support links 30 
relative to anatomic structures and desired responses. 

[0061] For example, the apex of the heart contracts and 
expands at a different degree than the left ventricular free 
Wall; the right ventricle (RV) is much more compliant than 
the left ventricle. As such, support structure 20 must incor 
porate such pro?les to maximiZe the restoration of systolic 
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ejection and diastolic ?lling. More than one target Zone of 
injured tissue may be addressed With a single support 
structure or multiple support structures by tailoring the 
stiffness pro?le(s) of the support structure(s) to ensure the 
desired contraction and expansion force is transferred and 
distributed throughout the surface of the targeted tissue 
surface. 

[0062] FIG. 5 shoWs the support structure shoWn in FIG. 
4 thermally formed into a conical geometry and positioned 
such that central region 28 (in this case a point) is located at 
the apex 14 of the heart. As Will be discusses later, a tissue 
interface is positioned betWeen support structure 20 and the 
tissue surface. This support structure 20 is secured to the 
tissue surface at attachment points 22 in central region 28, 
interspersed throughout nodes 34 along support links 30, 
and along peripheral links 26. This support structure 
embodiment is con?gured to treat apical infarcts or ischemic 
regions and/or cover both ventricles. As previously dis 
cussed, discrete support links 30 may be fabricated With 
various parameters (Width, Wall thickness, length), node 
separation (H1), or turn length to impart different stiffness 
pro?les throughout the heart. 

[0063] For example, support links 30 positioned along the 
right ventricle 4 require substantially less stiffness than those 
positioned along the left ventricle 2 to impart the same 
amount of contraction and expansion in the right and left 
ventricle respectively. In addition, the amount of contraction 
and expansion for the right ventricle differs from that for the 
left ventricle, thus the stiffness pro?le of apically positioned 
support structures must account for the disparity. 

[0064] FIG. 6 shoWs the support structure of FIG. 4 
emanating from a central region 28 positioned Within injured 
tissue 24 located along the left ventricular free Wall. Support 
links 30 extend from a point at central region 28 and extend 
to peripheral links 26 positioned at a desired distance 
beyond the injured tissue 24. This particular support struc 
ture is con?gured to isolate the transfer of contraction and 
expansion energy from viable tissue, residing outside a 
border Zone of injured tissue 24, to injured tissue 24. 

[0065] FIG. 7 shoWs an alternative support structure 
embodiment that interconnects support links 30 around a 
circle or other shape used to de?ne central Zone 28. Support 
links 30 are tapered from peripheral links 26 to central Zone 
28. Support links 30 may be tapered in Width (as shoWn in 
FIG. 7), Wall thickness, and/or other parameters capable of 
in?uencing the structure’s axial stiffness and ?exibility 
along the length of support link. 

[0066] As previously stated, individual support links 30 
may incorporate different stiffness characteristics to tailor 
the stiffness pro?le of the support structure to the physi 
ologic requirements. The proximal ends of the support links 
30 are attached to the peripheral links 26 such that the 
intersection forms anchors 52 or de?nes an attachment 
point. Peripheral links 26 are con?gured signi?cantly more 
?exible than support links 30 since peripheral links 26 
maintain the integrity of support structure 20 but do not 
transfer energy throughout tissue encompassed by the sup 
port structure. 

[0067] FIG. 8 shoWs a heart that contains the support 
structure embodiment of FIG. 7. Central Zone 28 is located 
along the injured tissue region 24. The individual peripheral 
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links 26 extend completely around the injured tissue region 
24 at distances de?ned by the individual support links 30. 
These distances may be constant or may vary by changing 
the length and/or shape of each support link 30. The dis 
tances betWeen peripheral links 26 and central Zone 28 also 
impact the stiffness pro?le of the support structure and 
in?uence the transfer of contraction and expansion energy 
from viable tissue to the injured tissue Zone 24. 

[0068] The central Zones of the various support structure 
embodiments discussed above may be integral to support 
links 30 or alternatively may be comprised of one or more 
separate components that are attached to the support links. 
This separate component(s) may be fabricated from the 
same material as the support links or a different material. For 

instance, compliant materials such as silicone, urethane, or 
other biological materials having high percent elongation 
characteristics may be used. 

[0069] FIGS. 9A and 9B shoW an alternative support 
structure embodiment that causes the Width to expand as the 
length expands (or vice versa) and causes the Width to 
contract as the length contracts (or vice versa). For example, 
as an external force causes the length of the support structure 
to expand from position A1 to position A2, the Width of the 
support structure expands from position B1 to position B2. 
The external force described in this embodiment may be, for 
example, movement of viable tissue. The expansion or 
contraction energy is transferred from the actuated section of 
the support structure throughout the remainder of the sup 
port structure causing cardiac tissue, to Which the support 
structure is attached, to expand or contract accordingly. 

[0070] The characteristics of this support structure are 
substantially different than the ?attened pro?le of any prior 
stent or stent-graft. Conventional stents or stent-grafts con 
tract or minimally change in length as the diameter is 
expanded. Stents or stent-grafts fabricated With the support 
structure geometry shoWn in FIGS. 9A and 9B expand in 
length as the diameter is expanded. As such the support 
structure embodiment in FIGS. 9A and 9B may be fabri 
cated as a complete tube and used as a stent or stent-graft (if 
the support structure is attached to at least one end of graft 

material). 
[0071] The support structure embodiment shoWn in FIGS. 
9A and 9B incorporates cells 40 interconnected by horiZon 
tal links 38 and vertical links 36 that are attached to the cells 
at nodes 42. The cells also incorporate hinges 44 to permit 
expansion and contraction of the cells 40 in response to an 
external force. As the Width (or length) of each cell expands 
from W1 to W2 (or L1 to L2), cell nodes 42 located at 
vertical links 36 and horiZontal links 38 are de?ected 
outWard, about hinges 44, thereby causing the length (or 
Width) of the cell to also expand from L1 to L2 (or W1 to 
W2). This transfers the expansion force to adjacent cells, 
thereby propagating the expansion throughout the support 
structure. The converse is also true: as the Width (or length) 
of each cell contracts from W2 to W1 (or L2 to L1), the 
nodes are de?ected inWard, causing the length (or Width) of 
the cell to also contract from L2 to L1 (or W2 to W1) and 
transferring the contraction force to adjacent cells. 

[0072] The support structure embodiment of FIGS. 9A 
and 9B is shoWn as having arrays of cells positioned 
equidistant along its the Width and length, Where each cell 
has a constant Width and length in the relaxed position. 
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Alternatively, the cells may be positioned such that vertical 
links 36 and horizontal links 38 are generally not perpen 
dicular. As such, the length L1 (or Width W1) of each cell 
may be decreased along the Width B1 (or length A1) of the 
support structure to produce a taper along the Width (or 
length) of the support structure. 

[0073] Other combinations of cell Widths W1 and lengths 
L1 may be used to tailor the stiffness and degree of ratio of 
expansion betWeen the Width and length for the support 
structure to the geometry of the heart and the amount of 
expansion and contraction desired throughout the support 
structure. 

[0074] For example, to tailor this support structure 
embodiment so it may be positioned apically, length A1 of 
the support structure may be tapered along Width B1 such 
that the length of each cell L1 decreases at speci?ed intervals 
and/or the length of each horiZontal link 38 decreases. Such 
modi?cations potentially impact the stiffness pro?le of the 
support structure; therefore, cell Width T1, horiZontal link 
Width T2, vertical link Width T3, and/or Wall thickness of 
each cell and link may be decreased as the cells are tapered 
so as to compensate for the increase in stiffness associated 
With decreasing the cell dimensions. 

[0075] Cell Width T1, horiZontal link Width T2, vertical 
link Width T3, and/or Wall thickness of each cell and link 
may alternatively be varied to prede?ne the stiffness pro?le 
of the support structure, accommodate nonlinear expansion 
or contraction requirements throughout the ventricles, or 
address anatomic variances that Warrant changes in support 
structure geometry or stiffness. 

[0076] FIG. 10 shoWs a heart With the support structure 
embodiment of FIG. 9B attached to the left ventricle. 
Support structure 20 is centered around the injured tissue 
region 24 to optimally transfer the expansion and contrac 
tion forces from viable tissue to the injured tissue 24. The 
support structure embodiment of FIG. 10 is shoWn in the 
enlarged con?guration, re?ecting the end-diastolic orienta 
tion and geometry of the support structure. 

[0077] Positioning and securing support structure 20 to the 
surface of the heart chamber is preferably performed With 
the heart at end-diastole and With the support structure in the 
enlarged orientation (either by preshaping or manually 
stressing). In certain scenarios, the support structure may be 
con?gured to exert some contractile force throughout the 
cardiac cycle, even during end-diastole. To accomplish this, 
the support structure is positioned and secured to the tissue 
surface during end-diastole With the support structure 
stressed into its expanded orientation. Securing the support 
structure to the heart during end-diastole ensures better 
seating against the ventricle and the observed spacing 
betWeen attachment points 22 ensures optimal transfer of 
contraction and expansion energy from the support link 
attachment points to the injured tissue 24. 

[0078] It should be noted that the steps of positioning and 
securing support structure 20 to the tissue surface may 
alternatively be performed at end-systole With support struc 
ture 20 in the contracted orientation, or at any phase in the 
cardiac cycle. It should also be noted that the positioning and 
design of the support structure may bias the structure such 
that a continuous contractile force exerted by the elasticity 
of the support structure is applied even during end-diastole, 
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a continuous expansion force is applied even during end 
systole, or a contractile force is applied during relaxation 
and diastolic ?lling and an expansion force is applied during 
contraction and systolic ejection. 

[0079] The embodiments described above shoW the sup 
port structure attached to the epicardial surface of the 
ventricles. Alternatively, as shoWn in FIG. 11, at least one 
support structure 86 and/or 88 may be secured to the 
endocardial surface of at least one of the left ventricle 2 and 
the right ventricle 4. Any of the support structure embodi 
ments described above may be modi?ed to enable position 
ing the support structure against the endocardial surface. For 
purposes of discussion, the embodiment of FIG. 4 is shoWn 
as the left ventricular support structure 86 and the right 
ventricular support structure 88 in FIG. 11. The support 
structures 86 and 88 are con?gured such that the central 
regions 28 of each is located at the apex 14 of the left 
ventricle 2 and right ventricle 4. 

[0080] The LV support structure 86 is preferably pre 
shaped to match the end-diastolic geometry and optimal siZe 
of the left ventricular cavity. Peripheral links 26 and support 
links 30 of LV support structure 86 do not interfere With the 
operation of mitral valve 48, the papillary muscles, or the 
chordae tendonae. Support links 30 may be fabricated With 
spaces Where the papillary muscles extend into the left 
ventricular cavity and Where the chordae tendonae extend 
from the papillary muscles and connect to mitral valve 48. 
Support links 30 are distributed throughout the endocardial 
surface of the left ventricle extending from the interven 
tricular septum 46 completely around the left ventricular 
free Wall. As such, injured tissue regions extending into or 
located along the interventricular septum may be covered by 
support structure 86. Alternatively, the left ventricular sup 
port structure 86 may be designed to cover only the inter 
ventricular septum, the left ventricular free Wall, or other 
endocardial tissue region. 

[0081] The RV support structure 88 is preferably pre 
shaped to match the end-diastolic geometry and optimal siZe 
of the right ventricular cavity. Peripheral links 26 and 
support links 30 of RV support structure 88 do not interfere 
With the operation of the tricuspid valve 50, the papillary 
muscles, or the chordae tendonae. Support links 30 may be 
fabricated With spaces Where the papillary muscles extend 
into the right ventricular cavity and Where the chordae 
tendonae extend from the papillary muscles and connect to 
the tricuspid valve 50. Support links 30 are distributed 
throughout the endocardial surface of the right ventricle 
extending from the interventricular septum 46 completely 
around the right ventricular free Wall. As such, injured tissue 
regions extending into or located along the interventricular 
septum may be covered by the support structure 86. Alter 
natively, the right ventricular support structure 86 may be 
designed to cover only the interventricular septum, the right 
ventricular free Wall, or other endocardial tissue region. For 
injured tissue isolated Within the interventricular septum, the 
right ventricle is the preferred location to position and secure 
a support structure against the endocardial surface in Which 
the support structure is designed to solely cause expansion 
and contraction of injured tissue along the interventricular 
septum; 

[0082] Support structures located along the endocardial 
surface of the right and/or left ventricle may be combined 












