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SELF-ADJUSTING ATTACHMENT 
STRUCTURE FOR A CARDAC SUPPORT 

DEVICE 

FIELD OF THE INVENTION 

0001. The invention relates to devices for providing wall 
tension relief for a diseased heart. In particular, this inven 
tion pertains to such a device which is self-adjusting after 
placement on the heart. 

BACKGROUND OF THE INVENTION 

0002 Congestive heart disease is a progressive and 
debilitating illness. The disease is characterized by a pro 
gressive enlargement of the heart. As the heart enlarges, the 
heart is performing an increasing amount of work in order to 
pump blood during each heart beat. In time, the heart 
becomes so enlarged that it cannot adequately Supply blood. 
An afflicted patient is fatigued, unable to perform even 
simple exerting tasks and experiences pain and discomfort. 
Furthermore, as the heart enlarges, the internal heart valves 
cannot adequately close. This impairs the function of the 
valves and further reduces the heart’s ability to supply 
blood. 
0003 Causes of congestive heart disease are not fully 
known. In certain instances, congestive heart disease may 
result from viral infections. In Such cases, the heart may 
enlarge to such an extent that the adverse consequences of 
heart enlargement continue after the viral infection has 
passed and the disease continues its progressively debilitat 
ing course. 
0004 Patients suffering from congestive heart disease are 
commonly grouped into four classes (i.e., Classes I, II, III 
and IV). In the early stages (e.g., Classes I and II), drug 
therapy is a commonly proscribed treatment. Drug therapy 
treats the symptoms of the disease and may slow the 
progression of the disease. However, even with drug 
therapy, the disease will typically progress. Furthermore, the 
drugs sometimes have adverse side effects. 
0005 One relatively permanent treatment for congestive 
heart disease is heart transplant. To qualify, a patient must be 
in the later stages of the disease (e.g., Classes III and IV with 
Class IV patients given priority for transplant). Such patients 
are extremely sick individuals. Class III patients have 
marked physical activity limitations and Class IV patients 
are symptomatic even at rest. 
0006. Due to the absence of effective intermediate treat 
ment between drug therapy and heart transplant, Class III 
and IV patients often suffer before qualifying for heart 
transplant. Furthermore, after this suffering, the available 
treatment is often unsatisfactory. Heart transplant proce 
dures are risky, invasive and relatively expensive, and often 
extend a patient’s life by only relatively short times. For 
example, prior to transplant, a Class IV patient may have a 
life expectancy of six months to one-year. Heart transplant 
can improve the expectancy to about five years. Unfortu 
nately, not enough hearts are available for transplant to meet 
the needs of congestive heart disease patients. In the United 
States, in excess of 35,000 transplant candidates compete for 
only about 2,000 transplants per year. A transplant waiting 
list can be about eight to twelve months long on average and 
frequently a patient may have to wait about one to two years 
for a donor heart. Even if the risks and expense of heart 
transplant could be tolerated, this treatment option is becom 
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ing increasingly unavailable. Furthermore, many patients do 
not qualify for heart transplant for failure to meet any one of 
a number of qualifying criteria. 
0007 Congestive heart failure has an enormous societal 
impact. In the United States alone, about five million people 
suffer from the disease (Classes I through IV combined). 
Alarmingly, congestive heart failure is one of the most 
rapidly accelerating diseases (about 550,000 new patients in 
the United States each year). Economic costs of the disease 
have been estimated at S38 billion annually. 
0008 Substantial efforts have been made to find alterna 
tive treatments for congestive heart disease. A Surgical 
procedure referred to as the Batista procedure includes 
dissecting and removing portions of the heart in order to 
reduce heart volume. This procedure is the subject of some 
controversy. It is highly invasive, risky and relatively expen 
sive and commonly includes other relatively expensive 
procedures (such as a concurrent heart valve replacement). 
Also, the treatment is limited to Class IV patients and, 
accordingly, provides limited hope to patients facing inef 
fective drug treatment prior to Class IV. Furthermore, the 
consequences of a failure of this procedure can be severe. 
0009. There is, therefore, a need for alternative treat 
ments applicable to either or both the early and later stages 
of congestive heart disease to either stop or slow the 
progressive nature of the disease. Cardiomyoplasty is a 
treatment for relatively early stage congestive heart disease 
(e.g., as early as Class III dilated cardiomyopathy). In this 
procedure, the latissimus dorsi muscle (taken from the 
patient’s shoulder) is wrapped around the heart and chroni 
cally paced synchronously with Ventricular systole. Pacing 
of the muscle results in muscle contraction to assist the 
contraction of the heart during systole. 
0010 While cardiomyoplasty has produced symptomatic 
improvement, the nature of the improvement is not fully 
understood. For example, one study has suggested the 
benefits of cardiomyoplasty are derived less from active 
systolic assist than from remodeling, perhaps because of an 
external elastic constraint. The study Suggests an elastic 
constraint (i.e., a non-stimulated muscle wrap or an artificial 
elastic Sock placed around the heart) could provide similar 
benefits. Kass et al., Reverse Remodeling From Cardiomyo 
plasty In Human Heart Failure. External Constraint Versus 
Active Assist, 91 Circulation 2314-2318 (1995). 
0011 Even though cardiomyoplasty has demonstrated 
symptomatic improvement, at least Some studies Suggest the 
procedure only minimally improves cardiac performance. 
The procedure is invasive, requiring harvesting a patients 
muscle and an open chest approach (i.e., Sternotomy) to 
access the heart. The procedure is also complicated. For 
example, it is sometimes difficult to adequately wrap the 
muscle around the heart with a satisfactory fit. Also, if 
adequate blood flow is not maintained to the wrapped 
muscle, the muscle may necrose. The muscle may stretch 
after wrapping, thereby reducing its constraining benefits, 
and is generally not susceptible to post-operative adjust 
ment. In addition, the muscle may fibrose and adhere to the 
heart causing undesirable constraint on the contraction of the 
heart during systole. 
0012 Mechanical assist devices have been developed as 
intermediate procedures for treating congestive heart dis 
ease. Such devices include left ventricular assist devices 
(“LVAD) and total artificial hearts (“TAH). An LVAD 
includes a mechanical pump for urging blood flow from the 
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left ventricle and into the aorta. An example of a device of 
this type is shown in the Arnold U.S. Pat. No. 4,995,857. 
TAH devices, such as the known Jarvik heart, are used as 
temporary measures while a patient awaits a donor heart for 
transplant. 
0013. Other cardiac assist devices are disclosed in the 
Lundback U.S. Pat. No. 4,957,477, Grooters U.S. Pat. No. 
5,131,905 and Snyders U.S. Pat. No. 5.256,132. Both the 
Grooters and Snyders patents disclose cardiac assist devices 
which pump fluid into chambers opposing the heart to assist 
systolic contractions of the heart. The Lundback patent 
teaches a double-walled jacket surrounding the heart. A fluid 
fills a chamber between the walls of the jacket. The inner 
wall is positioned against the heart and is pliable to move 
with the heart. Movement of the heart during beating dis 
places fluid within the jacket chamber. 
0014. The commonly assigned Alferness U.S. Pat. No. 
5,702.343 discloses a cardiac support device, sometimes 
referred to as a jacket, that constrains cardiac expansion to 
treat congestive heart disease and associated valvular dys 
function. One embodiment of the jacket is formed of a knit 
material of polyester having specific compliance and other 
material characteristics (including elasticity) more fully 
described in the Alferness et al. U.S. Pat. No. 6,482,146. 
Another embodiment of the jacket has a base end with a hem 
material of double layers as described in the Nauertz et al. 
U.S. Pat. No. 6,155,972. 
00.15 Jackets of the types described in the Alferness et al. 
U.S. Pat. No. 6,482,146 and Nauertz et al. U.S. Pat. No. 
6,155,972 have been demonstrated to be capable of provid 
ing effective treatment for congestive heart failure in certain 
patients. Surgical procedures for placing the jacket on a 
diseased heart include a full sternotomy in which the ster 
num or breast bone of the patient is cut and separated to 
provide an open-field access to the heart. During Such an 
open procedure, a Surgeon has direct visualization and a 
wide field of access to the heart. The base end of the jacket 
is opened and placed over the apex of the heart with the base 
end advanced to the atrial-ventricular groove (A-V groove). 
The Surgeon can then secure the base end in the desired 
position through sutures or the like. It is noted in the 
Alferness U.S. Pat. No. 5,702.343 that other suitable secur 
ing arrangements include a circumferential attachment 
device Such as a cord, Suture, band, adhesive or shape 
memory element which passes around the circumference of 
the base of the jacket. The ends of the attachment device can 
be fastened together to secure the jacket in place. 
0016. Also, the surgeon can adjust the jacket on the heart 
by gathering any excess material and Suturing the excess 
material together to get a desired amount of tension of the 
jacket on the heart. The Alferness U.S. Pat. No. 5,702.343 
also describes an alternative approach in which the jacket 
includes a mechanism for selectively adjusting the Volumet 
ric size of the jacket. A slot that opens on the base of the 
jacket and extends toward the apex end is described as one 
mechanism for providing the size adjusting function. Adjust 
ment mechanisms are also disclosed in the Shapland et al. 
U.S. Pat. No. 6,425,856 and the Kung et al. U.S. Pat. No. 
6,508,756. Other cardiac support devices are disclosed in 
Lau et al. U.S. Pat. Nos. 6,595,912 and 6,612,978. 
0017 While the open-chest implantation procedure is 
acceptable, it is desirable to be able to place a jacket on the 
heart through laparoscopic or other less-invasive proce 
dures. During less-invasive procedures, the Surgeon may 
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have more limited access to the heart and more limited 
ability to ensure placement and alignment of a jacket on the 
heart. Properly placing and securing the jacket on the heart 
during minimally-invasive delivery procedures of these 
types can be more difficult than in open-chest procedures. 
0018. There is, therefore, a continuing need for improved 
structures for securing jackets or other cardiac Support 
devices to the heart. In particular, there is a need for 
improved structures for attaching and fitting the devices to 
the heart. Structures of these types that are self-adjusting 
would be especially desirable. The structures should be 
capable of providing the attaching and/or fitting functions 
without interfering with the therapeutic functions of cardiac 
support devices. Structures that meet these objectives and 
can be used in connection with minimally-invasive delivery 
procedures would also be desirable. 

SUMMARY OF THE INVENTION 

0019. The present invention is an improved cardiac Sup 
port device. The device includes a jacket having a base 
region for constraining cardiac expansion. Attachment struc 
ture on a base region of the jacket self-secures the jacket to 
a heart. The attachment structure is an elastic structure. 
Examples of the attachment structure include undulating 
metal and polymer elements, a silicone band and elastomeric 
threads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is an isometric view of a cardiac support 
device including a jacket and an attachment mechanism 
according to one embodiment of the present invention with 
the attachment mechanism in a stressed State on a heart 
shown in phantom lines. 
0021 FIG. 2 is an illustration of the cardiac support 
device of FIG. 1 with the attachment mechanism in a relaxed 
State. 

0022 FIG. 3 is an isometric view of a cardiac support 
device including a jacket and an attachment mechanism 
according to another embodiment of the present invention 
with the attachment mechanism in a stressed state. 
0023 FIG. 4 is an illustration of the cardiac support 
device of FIG. 3 with the attachment mechanism in a relaxed 
State. 

0024 FIG. 5 is an isometric view of a cardiac support 
device including a jacket and a fitting mechanism according 
to another embodiment of the present invention with the 
fitting mechanism in a stressed state. 
0025 FIG. 6 is an illustration of the cardiac support 
device of FIG. 4 with the fitting mechanism in a relaxed 
State. 

0026 FIG. 7 is an isometric view of a cardiac support 
device including a jacket and an attachment mechanism 
according to another embodiment of the present invention 
with the attachment mechanism in a stressed state. 
0027 FIG. 8 is an illustration of the cardiac support 
device of FIG. 7 with the attachment mechanism in a relaxed 
State. 

0028 FIG. 9 is an isometric view of a cardiac support 
device including a jacket and a fitting mechanism according 
to another embodiment of the present invention. 
0029 FIG. 10 is an illustration of a cardiac support 
device including a jacket and a securing mechanism accord 
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ing to another embodiment of the present invention, with the 
securing mechanism in a relaxed state. 
0030 FIG. 11 is an illustration of the cardiac support 
device of FIG. 10 with the securing mechanism in a drawn 
State. 

0031 FIG. 12 is an illustration of a cardiac support 
device including a jacket and a fitting mechanism according 
to another embodiment of the present invention. 
0032 FIG. 13 is a detailed cross-sectional view of a 
portion of a cardiac support device shown in FIG. 12 on the 
epicardial Surface of a heart. 
0033 FIG. 14 is an isometric view of a cardiac support 
device including a jacket and an attachment mechanism 
according to another embodiment of the present invention, 
with portions of the jacket removed to show the attachment 
mechanism. 
0034 FIG. 15 is a detailed view of the attachment mecha 
nism shown in FIG. 14. 
0035 FIG. 16 is a view of a single turn of the attachment 
mechanism of FIG. 15. 
0036 FIG. 17 is an isometric view of a cardiac support 
device including a jacket and an attachment mechanism 
according to another embodiment of the present invention. 
0037 FIG. 18 is a detailed view of the attachment mecha 
nism shown in FIG. 17. 
0038 FIG. 19 is an isometric view of a cardiac support 
device including a jacket and an attachment mechanism 
according to another embodiment of the present invention, 
with portions of the jacket removed to show the attachment 
mechanism. 
0039 FIG. 20 is a detailed view of the attachment mecha 
nism shown in FIG. 19. 
0040 FIG. 21 is an isometric view of a cardiac support 
device including a jacket and an attachment mechanism 
according to another embodiment of the present invention. 
0041 FIG. 22 is an illustration of another embodiment of 
a cardiac Support device having an attachment mechanism in 
accordance with the invention. 
0.042 FIG. 23 is an illustration of another embodiment of 
a cardiac Support device having an attachment mechanism in 
accordance with the invention. 
0.043 FIG. 24 is a detailed illustration of the attachment 
mechanism shown in FIG. 23. 
0044 FIG. 25 is an illustration of another embodiment of 
a cardiac Support device having an attachment mechanism in 
accordance with the invention. 
004.5 FIG. 26 is an illustration of another embodiment of 
a cardiac Support device having an attachment mechanism in 
accordance with the invention. 
0046 FIG. 27 is an illustration of another embodiment of 
a cardiac Support device having an attachment mechanism in 
accordance with the invention. 
0047 FIG. 28 is an illustration of another embodiment of 
a cardiac Support device having a fitting mechanism in 
accordance with the invention. 
0.048 FIG. 29 is an illustration of another embodiment of 
a cardiac Support device having a fitting mechanism in 
accordance with the invention. 
0049 FIG. 30 is an illustration of another embodiment of 
a cardiac Support device having an attachment mechanism in 
accordance with the invention. 
0050 FIG. 31 is an illustration of another embodiment of 
a cardiac Support device having a fitting mechanism in 
accordance with the invention. 
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0051 FIG. 32 is an illustration of another embodiment of 
a cardiac Support device having a securing mechanism in 
accordance with the invention. 
0052 FIG.33 is an illustration of another embodiment of 
a cardiac Support device having a securing mechanism in 
accordance with the invention. 
0053 FIG. 34 is an illustration of another embodiment of 
a cardiac Support device having a securing mechanism in 
accordance with the invention. 
0054 FIGS. 35A-35D are force-extension graphs illus 
trating characteristics of one embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0055 FIGS. 1 and 2 illustrate a cardiac support device 10 
that includes a cardiac jacket 12 and a securing structure or 
mechanism in the form of a self-attachment structure or 
mechanism 14 in accordance with a first embodiment of the 
invention. The jacket 12 can be similar or identical to those 
described in any of the following U.S. patents assigned to 
Acorn Cardiovascular, Inc., all of which are incorporated 
herein by reference: U.S. Pat. No. 5,702.343; U.S. Pat. No. 
6,155,972; U.S. Pat. No. 6,193,648; U.S. Pat. No. 6,482,146; 
U.S. Pat. No. 6,682,476; U.S. Pat. No. 6,902,524; U.S. Pat. 
No. 6,425,856; U.S. Pat. No. 6,908,426; U.S. Pat. No. 
6,572,533: U.S. Pat. No. 6,673,009; and U.S. Pat. No. 
6.951,534. In still other embodiments the jacket 12 can be 
similar or identical to those described in U.S. Pat. No. 
6,702,732 and U.S. Pat. No. 6,723,041, both of which are 
assigned to Paracor and are incorporated herein by refer 
ence. These examples of jacket 12 are not limiting, and the 
securing mechanisms described herein can be incorporated 
into other cardiac jacket structures. 
0056. In one preferred embodiment, the jacket 12 has a 
structure, compliance and elasticity, of that described in the 
Alferness et al. U.S. Pat. No. 6,482,146. As shown in FIGS. 
1 and 2, this embodiment of jacket 12 is a generally conical 
device having a base region or end 16 and an apex end 18. 
The base end 16 is open to permit access to the internal 
volume of the jacket 12. The jacket 12 can also has a base 
end 16 with a reinforced hem as disclosed in U.S. Pat. No. 
6,155,972. The jacket material is an open-cell construction 
of a polyester knit material as more fully described in U.S. 
Pat. No. 6,482,146. In the various Figures, the apex end is 
shown closed. It will be appreciated the apex end 18 may be 
an open or closed apex (an open apex embodiment of the 
invention is shown in FIG. 26). 
0057 The conical jacket 12 is sized to cover the lower 
portion LP of a heart H (shown only in FIG. 1 in phantom 
lines) which would include the left and right ventricles of the 
heart. The jacket is typically configured so the base end 16 
is sized and located to engage and Surround the atrial 
ventricular groove (A-V groove). In other embodiments of 
the invention (not shown) the jacket 12 is configured so the 
base end 16 is located to engage and Surround portions of the 
heart above and/or below the A-V groove. By way of 
example, in other embodiments (not shown) the jacket 12 is 
configured to cover an upper portion UP of the heart H 
(which includes the left and right atria). 
0058. The attachment mechanism 14 is a circumferential 
and elastic structure typically located on or near a base 
portion such as the base end 16 of the jacket 12. In the 
embodiment shown in FIGS. 1 and 2, the attachment mecha 
nism 14 is a one-piece structure that extends completely 
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around the jacket 12. Other embodiments described below 
are multi-piece structures, with each piece circumferentially 
extending around only portions of the jacket 12. Still other 
embodiments (not shown) have a one undulating element 
that extends only partially around the circumference of the 
jacket 12 (e.g., about one-quarter, one-third or one-half of 
the jacket circumference). The elastic characteristics of the 
attachment mechanism 14 enable the mechanism to be 
expanded by an applied force from a first (e.g., neutral) state 
at which the mechanism has a first circumferential length or 
circumference (and diameter) to a second (e.g., stressed) 
state at which the mechanism has a larger circumferential 
length or circumference (and diameter), and to return toward 
the first state upon the removal of the applied force. In one 
embodiment of the invention the elasticity of the attachment 
mechanism 14 is greater than the elasticity of the jacket 12. 
In other embodiments the attachment mechanism 14 has an 
elasticity that is equal to or less than the elasticity of the 
jacket 12. The compliance of the attachment mechanism 14 
can be greater than, equal to or less than the compliance of 
the jacket 12. 
0059. The attachment mechanism 14 shown in FIGS. 1 
and 2 is an undulating resilient element. The resilient 
element can, for example, be stainless steel or other metal 
element, or wire of these materials. Alternatively, or in 
addition, the undulating resilient element can include a 
polymer material Such as elastomeric silicone. In still other 
embodiments the undulating resilient element is a shape 
memory material Such as initinol, or a wire of these materials. 
Other shape memory materials (e.g., polymers) can also be 
used for the undulating resilient elements. 
0060. In still other embodiments the undulating resilient 
element can be formed from or coated with a bio-resorbable 
material. The importance of and need for the attachment 
function provided by the attachment mechanism 14 can 
decline with time following the implantation of cardiac 
support device 10. For example, as a result of fibrosis, 
epicardial, pericardial and other tissues of the heart H 
adjacent to the jacket 12 will grow into and Surround the 
material of the jacket, thereby effectively causing the jacket 
to be attached to the heart. 

0061. The attachment mechanism 14 can be attached 
directly at one or more locations to the jacket 12 by, for 
example, Sutures, adhesive, clips or other structures. Alter 
natively, the attachment mechanism 14 can be retained on 
the jacket 12 in a free-floating form within a pocket or 
channel around the base end 16 of the jacket 12. For 
example, such a channel can be formed by a hem on the base 
end 16 of the jacket. 
0062. When the base end 16 of the cardiac support device 
10 is stretched to increase the size of the opening from a 
neutral state, the attachment mechanism 14 is biased to a 
stressed state. In the stressed state shown in FIG. 1, the 
spacing S of the undulations of the resilient element are 
enlarged beyond the spacing S when in the neutral state 
shown in FIG. 2. With the cardiac support device 10 in the 
stressed state and the base end 16 opened to a size that is 
larger than the size of the heart H to which the device is 
being applied, the base end is slipped over the apex of the 
heart into position Surrounding the valvular annulus. The 
force holding the attachment mechanism 14 is then released, 
allowing the attachment mechanism to return toward its 
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neutral State and engage the heart H at the A-V groove. The 
attachment mechanism 14 thereby self-secures the jacket 12 
to the heart H. 

0063. After the cardiac support device 10 is implanted on 
the heart H, the jacket 12 provides the therapeutic functions 
described in the patents identified above. The attachment 
mechanism 14 holds the base end 16 of the device 10 on the 
heart (e.g., at the A-V groove) and reduces likelihood of 
slippage of the device 10 following placement at the desired 
position on the heart. The added support of the attachment 
mechanism 14 at the base end 16 can be particularly 
advantageous in a less-invasive delivery procedure where 
the Surgeon does not have relatively wide freedom of access 
to the heart. 

0064. Attachment mechanism 14 will typically be in a 
stressed state immediately following the implantation of 
cardiac support device 10 on a diseased heart H. Studies 
have shown that after a period of time following implanta 
tion, jackets 12 can cause the heart H to remodel or reduce 
in size. In preferred embodiments of the cardiac Support 
device 10, the attachment mechanism 14 has a neutral state 
circumference that is generally equal to, but not less than, 
the native circumference of an equivalent-sized healthy 
heart. In this embodiment of the invention the forces applied 
to the heart H by the attachment mechanism 14 if and when 
the heart H is remodeled to its equivalent original size will 
be sufficiently low that they will not overcome the outwardly 
directed forces of the heart itself. In other embodiments of 
the invention, the attachment mechanism 14 is sized or 
otherwise configured so that it is in a stressed State, and 
overdrives the heart H to modify the heart and provide 
coaptation of the valve annulus geometry. The attachment 
mechanism 14 can add tension to the heart H at the base end 
16 of the jacket 12. This tension can urge opposing tissue on 
the heart H to bulge into open spaces of the jacket 12. By 
way of example, FIG. 13 illustrates how the attachment 
mechanism 14 and portions 20 of jacket 12 urge against the 
tissue T to create bulging B in the open spaces defined 
between the attachment mechanism 14 and jacket portions 
20. The bulges B resist movement of the jacket 12 relative 
to the tissue T. In still other embodiments (not shown), 
anchors, Snares, textured friction-enhancing elements or 
other structures can be incorporated into the cardiac Support 
device 10 (including attachment mechanism 14) to enhance 
the attachment function. 

0065 FIGS. 3 and 4 illustrate a cardiac support device 
110 having a jacket 112 and a self-attachment structure or 
mechanism 114 in accordance with another embodiment of 
the invention. Jacket 112 can be substantially identical or 
similar to jacket 12 described above. Attachment mechanism 
114 has a plurality (four are shown in the illustrated embodi 
ment) of separate attachment mechanism segments 114a 
114d. As shown, attachment mechanism segments 114a 
114d are arranged in a circumferential pattern around the 
base end 116 of jacket 112. In FIG. 3, the segments 114a 
114d of the attachment mechanism 114 are shown in a 
stressed state, stretched against their elastic bias. FIG. 4 
shows the attachment mechanism 114 in a lower stress state 
than in FIG. 3 (e.g., in a state that the attachment mechanism 
can have after implantation of the cardiac support device 110 
on a heart H). Other than the differences described above and 
illustrated in FIGS. 3 and 4, the characteristics (e.g., com 
pliance and elasticity), function and operation of attachment 
mechanism 114 can be substantially identical or similar to 
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attachment mechanism 14 described above. Similarly, the 
attachment mechanism 114 can be attached the jacket 112 in 
a manner Substantially identical or similar to the above 
described method by which attachment mechanism 14 is 
attached to jacket 12. 
0066 FIGS. 5 and 6 illustrate a cardiac support device 
210 having a jacket 212 and a securing mechanism in the 
form of a self-fitting mechanism 214 in accordance with 
another embodiment of the invention. Jacket 212 can be 
substantially identical or similar to jacket 12 described 
above. Fitting mechanism 214 is an elastic structure located 
on the jacket 212 between the base end 216 and apex end 
218. In the embodiment shown in FIGS. 5 and 6, the fitting 
mechanism 214 has a plurality (three are shown) of separate 
fitting mechanism segments 214a-214c that are spaced from 
one another along a generally longitudinal axis between the 
base end 216 and the apex end 218. Each of the fitting 
mechanism segments 214a-214c extends circumferentially 
in a generally transverse direction around a portion of the 
jacket 212. The elastic shape memory characteristics of the 
fitting mechanism 214 enable the mechanism to be expanded 
by an applied force from a first (e.g., neutral) state at which 
the mechanism has a first length to a second state at which 
the mechanism has a larger length, and to return toward the 
first state upon the removal of the applied force. In one 
embodiment of the invention the elasticity of the fitting 
mechanism 214 is greater than the elasticity of the jacket 
212. In other embodiments the fitting mechanism 214 has an 
elasticity that is equal to or less than the elasticity of the 
jacket 212. The compliance of the fitting mechanism 214 can 
be greater than, equal to or less than the compliance of the 
jacket 212. In the embodiment shown in FIGS. 5 and 6 the 
fitting mechanism segments 214a-214c can be similar or 
identical in general structure to the attachment mechanism 
segments 114a-114d described above in connection with 
cardiac support device 110. However, the fitting mechanism 
segments 214a-214c can have differences over the attach 
ment mechanism segments 114a-114d (e.g., different 
lengths, materials, elasticity and spring forces) to provide 
the desired fitting functionality of the fitting mechanism 214 
as described below. The fitting mechanism segments 214a 
214c can also be attached to the jacket 214 in ways that are 
substantially identical or similar to the above-described 
approaches by which the adjustment mechanism segments 
114a-114d are attached to jacket 112. In still other embodi 
ments (not shown) the fitting mechanism 214 can extend 
greater or lesser distances around, or completely around, the 
jacket 212. 
0067. When the cardiac support device 210 is stretched 
(in a generally transverse or circumferential direction) 
between its base end 216 and apex end 218 from its neutral 
state, the fitting mechanism 214 is biased to a stressed State 
shown in FIG. 5. The cardiac support device 210 can then be 
positioned on the heart H in the manner described above in 
connection with device 10. The force holding the fitting 
mechanism 214 is then released, allowing the fitting mecha 
nism to return toward its neutral state as shown in FIG. 6. 

0068. After the cardiac support device 210 is implanted 
on the heart H, the fitting mechanism 214 will be in a 
stressed State applying a force that causes the jacket 212 be 
properly sized (i.e., to Snugly fit) on the heart between the 
base end 216 and apex end 218. The fitting function pro 
vided by the fitting mechanism 214 enables the jacket 212 to 
provide the therapeutic functions described in the patents 
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identified above. Although not shown in FIGS. 5 and 6, other 
embodiments of cardiac support device 210 also include 
attachment mechanisms such as those described herein. 

0069 FIGS. 7 and 8 illustrate a cardiac support device 
410 having a jacket 412 and a self-attachment mechanism 
414 in accordance with another embodiment of the inven 
tion. Jacket 412 can be substantially identical or similar to 
jacket 12 described above. Attachment mechanism 414 has 
a plurality (four are shown in the illustrated embodiment) of 
attachment mechanism rings 414a-414d. Attachment 
mechanism rings 414a-414d can be made from the same 
materials, and secured to the jacket 412 by the same 
approaches, as those of attachment mechanism 14 described 
above. The characteristics, function and operation of attach 
ment mechanism 414 can be substantially identical or simi 
lar to those of attachment mechanism 14 described above. 
Briefly, when the base end 416 of the cardiac support device 
410 is stretched for implantation on a heart H, the attach 
ment mechanism rings 414a-414d will be deformed and 
biased to a stressed state (e.g., as shown in FIG. 7). After 
being implanted on a heart H, the force holding the attach 
ment mechanism 414 is released, allowing the attachment 
mechanism to return toward the neutral state as shown in 
FIG. 8 and perform the attachment function described 
above. 

(0070 FIG. 9 illustrates a cardiac support device 510 
having a jacket 512 and a self-fitting mechanism 514 in 
accordance with another embodiment of the invention. 
Jacket 512 can be substantially identical or similar to jacket 
12 described above. Cardiac support device 510 can be 
implanted on a heart H in a manner Substantially identical or 
similar to that of device 210 described above. The fitting 
mechanism 514 is an elastic panel of material having 
characteristics and functions that are substantially identical 
or similar to those of the fitting mechanism 214 of cardiac 
support device 210. Fitting mechanism 514 can, for 
example, be a panel of material generally of the type 
described in the above-identified Alferness et al. U.S. Pat. 
No. 6,482,146 and Girard et al. U.S. Pat. No. 6,951,534, 
configured to provide the desired fitting functionality of the 
fitting mechanism. In one embodiment, the panel of material 
forming fitting mechanism 514 is similar to the material 
forming the jacket 512, with the material of the jacket being 
heat set and the material of the fitting mechanism not being 
heat set. Heat setting processes such as those described in 
U.S. Pat. No. 6,951,534 provides a number of attributes to 
the material including an increased compliance over the 
material that is not heat set. The panel of material forming 
the fitting mechanism 514 can be sewn or otherwise attached 
to the adjacent portions of the jacket 512. In other embodi 
ments (not shown) the panel of material forming the fitting 
mechanism 514 can overlay the material forming the jacket 
512 (i.e., the panel can be an additional member on the 
jacket, rather than a member in place of a portion of the 
jacket). The shape and size of the panel of material can be 
selected, along with the elasticity and other characteristics of 
the material, to provide the desired fitting functionality. By 
way of example, in embodiments where the panel of mate 
rial is a woven textile material such as those described in the 
above-identified Alferness et al. U.S. Pat. No. 6,482,146 and 
Girard et al. U.S. Pat. No. 6,951,534, the different weaves or 
knits, and/or different thread materials, can be used to 
provide the desired characteristics of the material. Non 
limiting examples of the shapes the panel of material include 
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diamond, oval, ellipsoid and trapezoid. Furthermore, 
although not shown in FIG. 9, cardiac support device 510 
can also include an attachment mechanism such as any of 
those described herein. The panel of fitting mechanism 514 
can also extend for greater or lesser distances around the 
circumference of jacket 512. 
(0071 FIGS. 10 and 11 illustrate a cardiac support device 
610 having a jacket 612 with draw strings 630 and 632. 
Jacket 612 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. As shown, 
the draw strings 630 and 632 are incorporated into the mesh 
or open cell structure of the material forming the jacket 612 
from a location near the base end 616 to a location near the 
apex end 618. As shown in FIG. 11, pulling the draw strings 
630 and 632 causes the material of jacket 612 to narrow or 
shorten in length in the circumferential or transverse direc 
tion. Draw strings 630 and 632 can therefore be used to 
attach and/or fit the jacket 612 to the heart H. 
0072 FIG. 12 illustrates a cardiac support device 710 
having a jacket 712 and a self-fitting mechanism 714 in 
accordance with another embodiment of the invention. 
Jacket 712 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. Fitting 
mechanism 714 is an elastic structure located on the jacket 
712 between the base end 716 and apex end 718. In the 
embodiment shown in FIG. 12, the fitting mechanism 714 
has a plurality (three are shown) of separate fitting mecha 
nism segments 714a–714c that are spaced from one another 
between the base end 216 and apex end 218. Each of the 
fitting mechanism segments 714a-714c extends circumfer 
entially in a generally transverse direction around a portion 
of the jacket 712. Fitting mechanism segments 714a-714c 
are helical coils in the embodiment shown in FIG. 12. These 
helical coil fitting mechanism segments 714a–714c can be 
made from the same materials, and secured to the jacket 712 
by the same approaches, as those of the fitting mechanism 
segments 214a-214c of cardiac support device 210 
described above. The characteristics, functions and opera 
tion of fitting mechanism 714 can be substantially identical 
or similar to those of fitting mechanism 214 described 
above. The fitting mechanism segments 714a–714c can also 
extend for greater or lesser distances around the circumfer 
ence of jacket 712. 
0073 FIG. 14 illustrates a cardiac support device 810 
having a jacket 812 and a self-attachment mechanism 814 in 
accordance with another embodiment of the invention. 
Jacket 812 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. The 
attachment mechanism 814 is a helical coil that extends 
around the base end 816 of the jacket 812. As perhaps best 
shown in FIGS. 15 and 16, the helical coil of attachment 
mechanism 814 can be flattened to provide enhanced surface 
area for engagement with the heart H. The helical coil of 
attachment mechanism 814 can be made from the same 
materials, and secured to the jacket 812 by the same 
approaches, as those of attachment mechanism 14 of cardiac 
support device 10 described above. The characteristics, 
functions and operation of attachment mechanism 814 can 
be substantially identical or similar to those of attachment 
mechanism 14 of cardiac support device 10 described above. 
In the embodiment shown in FIG. 14, the helical coil of 
attachment mechanism 814 is a single member that extends 
most or all of the way around the base end 816 of jacket 812. 
In other embodiments (not shown), the attachment mecha 
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nism 814 can have a plurality of separate helical coil 
segments arranged in a circumferential pattern around the 
base end 816 of the jacket 812 (e.g., similar to the arrange 
ment of separate attachment mechanism segments 114a 
114d of cardiac support device 110 described above), or can 
be a single member having two ends that extends only 
around a portion of the jacket 812. 
(0074 FIG. 17 illustrates a cardiac support device 910 
having a jacket 912 and a self-attachment mechanism 914 in 
accordance with another embodiment of the invention. 
Jacket 912 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. The 
attachment mechanism 914, which is shown in greater detail 
in FIG. 18, includes a plurality of rings 915 interconnected 
by links 917. In the illustrated embodiment, and when in the 
neutral state as shown in FIGS. 17 and 18, the rings 915 are 
circular and the links are linear. Attachment mechanism 914 
can be made from the same materials, and secured to the 
jacket 912 by the same approaches, as those of the attach 
ment mechanism 14 of cardiac support device 10 described 
above. The characteristics, functions and operation of 
attachment mechanism 914 can be substantially identical or 
similar to those of attachment mechanism 14 of cardiac 
support device 10 described above. Briefly, when the base 
end 916 of the cardiac support device 910 is stretched for 
implantation on a heart H, the attachment mechanism rings 
915 will be deformed and biased to a stressed state (not 
shown). After being implanted on a heart H, the force 
holding the attachment mechanism 914 is released, allowing 
the attachment mechanism to return toward the neutral State 
and perform the attachment function. 
(0075 FIG. 19 illustrates a cardiac support device 1010 
having a jacket 1012 and a self-attachment mechanism 1014 
in accordance with another embodiment of the invention. 
Jacket 1012 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. The 
attachment mechanism 1014, which is shown in greater 
detail in FIG. 20, includes a hoop having two free ends 1019 
and 1021. In the embodiment shown in FIGS. 19 and 20 the 
hoop is a solid member having a cross section in the shape 
of a generally thin and elongated polygon and a major 
surface that will be located adjacent to the heart H. In other 
embodiments (not shown, the hoop can take other forms 
(e.g., have apertures or a circular or other non-trapezoidal 
cross section). The ends 1019 and 1021 overlap in the 
illustrated embodiment. In other embodiments (not shown), 
the ends 1019 and 1021 do not overlap. Attachment mecha 
nism 1014 can be made from the same materials, and 
secured to the jacket 1012 by the same approaches, as 
attachment mechanism 14 of cardiac Support device 10 
described above. The characteristics, functions and opera 
tion of attachment mechanism 1014 can be similar to those 
of attachment mechanism 14 of cardiac support device 10 
described above. Briefly, when the base end 1016 of the 
cardiac Support device is stretched for implantation on a 
heart H, the ends 1019 and 1021 move with respect to one 
another as the hoop is deformed and biased to a stressed State 
(not shown). After being implanted on a heart H, the force 
holding the attachment mechanism 1014 is released, allow 
ing the attachment mechanism to return toward the neutral 
state and perform the attachment function. 
(0076 FIG. 21 illustrates a cardiac support device 1110 
having a jacket 1112 and a self-attachment mechanism 1114 
in accordance with another embodiment of the invention. 
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Jacket 1112 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. The 
attachment mechanism 1114 includes a plurality of filamen 
tary or thread-like elastomeric bands 1114a-1114c. In other 
embodiments (not shown) the attachment mechanism 1114 
has more or fewer bands 1114a-1114c. Attachment mecha 
nism 1114 can be formed from elastomeric materials includ 
ing polymers or silicone. Alternatively, the attachment 
mechanism 1114 can be formed from other materials in a 
manner that provides the elasticity and compliance charac 
teristics. Attachment mechanism 1114 can be secured to the 
jacket 1112 by the same approaches as attachment mecha 
nism 14 of cardiac support device 10 described above. The 
characteristics, functions and operation of attachment 
mechanism 1114 can be similar to those of attachment 
mechanism 14 of cardiac support device 10 described above. 
0077 FIG. 22 illustrates a cardiac support device 1110' 
having a jacket 1112' and a self-attachment mechanism 1114 
in accordance with another embodiment of the invention. 
Attachment mechanism 1114 includes pads 1123 attached to 
bands 1114a' and 1114c. Other than the addition of pads 
1123, cardiac support device 1110', including attachment 
mechanism 1114", can be substantially identical or similar to 
cardiac support device 1110 described above. Pads 1123 can 
be formed from polymers and/or other materials such as 
metals, and can be attached to bands 1114a'-1114c' or jacket 
1112 by sutures, adhesive, clips or other structures or 
approaches. Alternatively, the pads 1123 can include aper 
tures or other structures (not shown) through which the 
bands 1114a'-1114c' extend. In the illustrated embodiment 
the pads 1123 are on the inside surface of the jacket 1112' so 
they will directly engage the heart H. when the cardiac 
support device 1110' is implanted. In other embodiments 
(not shown) the pads 1123 can be located so the material of 
the jacket 1112 will be between the pads and the heart H 
when the device 1110' is implanted. 
0078 Pads 1123 can facilitate the attachment of the 
jacket 1112' to the heart H, and can (but need not have) a 
structured or textured surface to enhance this functionality 
by increasing the friction between the pads and the heart. 
Examples of the types of surface structures that can be 
included on pads 1123 include protuberances, grit and other 
tissue-engaging structures such as those disclosed in the 
Meyer U.S. Patent Application Publication No. US 2006/ 
0009675, which is incorporated herein by reference in its 
entirety. 
0079 FIG. 23 illustrates a cardiac support device 1210 
having a jacket 1212 and a self-attachment mechanism 1214 
in accordance with another embodiment of the invention. 
Jacket 1212 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. The 
attachment mechanism 1214, which is shown in greater 
detail in FIG. 24, is a band formed from elastomeric polymer 
or other material Such as silicone, and includes a plurality of 
apertures 1225. The band has a cross section generally in the 
shape of an elongated polygon, and has a major Surface that 
will be located adjacent to the heart H. In the illustrated 
embodiment, the apertures 1225 are circular when the 
attachment mechanism 1214 is in its neutral state. The 
apertures 1225 have other shapes (e.g., oval or trapezoidal) 
in other embodiments (not shown). Attachment mechanism 
1214 can be secured to the jacket 1212 by the same 
approaches as attachment mechanism 14 of cardiac Support 
device 10 described above. The characteristics, functions 
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and operation of attachment mechanism 1214 can be Sub 
stantially identical or similar to those of attachment mecha 
nism 14 of cardiac support device 10 described above. 
Briefly, when the base end 1216 of the cardiac support 
device 1210 is stretched for implantation on a heart H, the 
attachment mechanism 1214, including the apertures 1225, 
will be deformed and biased to a stressed state (not shown). 
After being implanted on a heart H, the force holding the 
attachment mechanism 1214 is released, allowing the attach 
ment mechanism to return toward the neutral state and 
perform the attachment function. 
0080 FIG. 25 illustrates a cardiac support device 1310 
having a jacket 1312 and a self-attachment mechanism 1314 
in accordance with another embodiment of the invention. 
Jacket 1312 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. The 
attachment mechanism 1314 is an elastic band of open cell 
and preferably knit material. The material can, for example, 
be generally of the type described in the above-identified 
Alferness et al. U.S. Pat. No. 6,482,146 and Girard et al. 
U.S. Pat. No. 6,951,534, configured to provide the desired 
attachment functionality of the attachment mechanism 1314. 
Like the panel of material forming fitting mechanism 514 of 
cardiac support device 510 described above, characteristics 
of the material of attachment mechanism 1314 can be 
controlled by heat setting or not heat setting the material. 
Attachment mechanism 1314 can be secured to the jacket 
1312 by the same approaches as attachment mechanism 14 
of cardiac support device 10 described above. Alternatively, 
the attachment mechanism 1314 can be attached (e.g., sewn) 
to the upper edge of the base end 1316 of jacket 1312, or it 
can be attached in an overlapping relationship with the 
jacket. In other embodiments the attachment mechanism 
1314 can be integrally formed (e.g., interwoven) with the 
material of jacket 1312. The characteristics, functions and 
operation of attachment mechanism 1314 can be substan 
tially identical or similar to those of attachment mechanism 
14 of cardiac support device 10 described above. 
I0081 FIG. 26 illustrates a cardiac support device 1310' 
having a jacket 1312 and a self-attachment mechanism 
1314" in accordance with another embodiment of the inven 
tion. Jacket 1312" has an open apex end 1318. With the 
exception of the open apex end 1318, jacket 1312 can be 
substantially identical or similar to jacket 1312 of cardiac 
support device 1310 described above. Jackets having open 
apex ends such as 1318 can be incorporated into any and all 
embodiments of the invention described herein. Also, attach 
ment mechanism 1314' can be substantially identical or 
similar to attachment mechanism 1314 of cardiac Support 
device 1310 described above. 

I0082 FIG. 27 illustrates a cardiac support device 1210' 
having a jacket 1212 and a self-attachment mechanism 
1214' in accordance with another embodiment of the inven 
tion. Jacket 1212" can be substantially identical or similar to 
jacket 1212 of cardiac support device 1210 described above. 
The attachment mechanism 1214 is a band of elastomeric 
polymer or other materials such as silicone, and is solid (i.e., 
does not contain apertures). Attachment mechanism 1214 
has a cross section in the shape of a generally thin and 
elongated polygon and a major surface that will be located 
adjacent to the heart H. With the exception of its solid 
nature, attachment mechanism 1214' can be substantially 
identical or similar to attachment mechanism 1214 of car 
diac support device 1210 described above. Attachment 
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mechanism 1214' can be secured to jacket 1212 by the same 
approaches as attachment mechanism 1214 of cardiac Sup 
port device 1210 described above. 
I0083 FIG. 28 illustrates a cardiac support device 1410 
having a jacket 1412 and a self-fitting mechanism 1414 in 
accordance with another embodiment of the invention. 
Jacket 1412 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. The fitting 
mechanism 1414 is an elastomeric panel of material having 
characteristics and functions that are Substantially identical 
or similar to those of the fitting mechanism 514 of cardiac 
support device 510 described above. In the illustrated 
embodiment, fitting mechanism 1414 is a solid panel of 
elastomeric polymer or other material Such as silicone. The 
panel of material forming the fitting mechanism 1414 can be 
sewn or otherwise attached to the adjacent portions of the 
jacket 1412. In other embodiments (not shown) the panel of 
material forming the fitting mechanism can overlay the 
material forming the jacket (i.e., the panel can be an addi 
tional member on the jacket, rather than a member in place 
of a portion of the jacket). The shape and size of the panel 
of material can be selected, along with the elasticity and 
compliance characteristics of the material, to provide the 
desired fitting functionality. Furthermore, although not 
shown in FIG. 28, cardiac support device 1410 can also 
include an attachment mechanism such as any of those 
described herein. 

I0084 FIG. 29 illustrates a cardiac support device 1410' 
having a jacket 1412 and a self-fitting mechanism 1414' in 
accordance with another embodiment of the invention. Fit 
ting mechanism 1414 includes a plurality of apertures 1427. 
With the exception of the apertures 1427, fitting mechanism 
1414' can be substantially identical or similar to fitting 
mechanism 1414 of cardiac support device 1410 described 
above. Although shown as transversely oriented elongated 
members in the illustrated embodiment, the apertures 1427 
can have other shapes, sizes and/or orientations. Jacket 1412 
can be substantially identical or similar to jacket 1412 of the 
cardiac support device 1410 described above. 
I0085 FIG. 30 illustrates a cardiac support device 1510 
having a jacket 1512 and a self-attachment mechanism 1514 
in accordance with another embodiment of the invention. 
Jacket 1512 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. Attach 
ment mechanism 1514 includes one or more elastomeric 
filaments or threads 1529 or other elongated members 
interwoven into the material of the jacket 1512 at the base 
end 1516. The characteristics (e.g., compliance and elastic 
ity), function and operation of attachment mechanism 1514 
can be substantially identical or similar to those of attach 
ment mechanism 14 of cardiac support device 10 described 
above. In the illustrated embodiment the material of jacket 
1512 has an open cell form. A knit fabric of the types 
described above can be used for material of this type. In 
other embodiments (not shown) jacket 1512 is constructed 
of non-woven materials. In still other embodiments (not 
shown) the jacket 1512 is constructed of knit fabric, and the 
elastomeric threads 1529 or other elements are incorporated 
into threads of other materials from which the fabric is knit 
(i.e., in bundled threads). 
I0086 FIG. 31 illustrates a cardiac support device 1610 
having a jacket 1612 and a self-fitting mechanism 1614 in 
accordance with another embodiment of the invention. 
Jacket 1612 can be substantially identical or similar to jacket 
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512 of cardiac support device 510 described above. Fitting 
mechanism 1614 includes one or more elastomeric threads 
1629 or other elongated members interwoven into the mate 
rial of the jacket 1612 between the base end 1616 and apex 
end 1618 of the jacket. The characteristics (e.g., compliance 
and elasticity), function and operation of fitting mechanism 
1614 can be substantially identical or similar to those of 
fitting mechanism 514 of cardiac support device 510 
described above. In the illustrated embodiment the material 
of jacket 1612 is a knit fabric. In other embodiments (not 
shown) jacket 1612 is constructed of non-woven materials. 
In still other embodiments (not shown) the jacket 1612 is 
constructed of knit fabric, and the elastomeric threads 1629 
or other elements are incorporated into threads of other 
materials from which the fabric is woven (i.e., in bundled 
threads). 
I0087 FIG. 32 illustrates a cardiac support device 1710 
having a jacket 1712 and a securing mechanism 1714 in 
accordance with another embodiment of the invention. 
Jacket 1712 can be substantially identical or similar to jacket 
12 of cardiac support device 10 described above. Securing 
mechanism 1714 includes one or more elastomeric threads 
1729 or other elongated members interwoven into the mate 
rial of the jacket 1712 along the base end 1716 and between 
the base end 1716 and apex end 1718 of the jacket. The 
securing mechanism 1714 effectively provides the function 
of both the attachment mechanisms and fitting mechanisms 
of the other embodiments of the invention described herein. 
The characteristics (e.g., compliance and elasticity), func 
tion and operation of securing mechanism 1714 can be 
substantially identical or similar to those of the other attach 
ment and fitting mechanisms described herein. In the illus 
trated embodiment the material of jacket 1712 is a knit 
fabric. In other embodiments (not shown) jacket 1712 is 
constructed of non-woven materials. In still other embodi 
ments (not shown) the jacket 1712 is constructed of knit 
fabric, and the elastomeric threads 1729 or other elements 
are incorporated into threads of other materials from which 
the fabric is woven (i.e., in bundled threads). 
I0088 FIG. 33 illustrates a cardiac support device 1210" 
having a jacket 1212" and a self-attachment mechanism 
1214" in accordance with another embodiment of the inven 
tion. Jacket 1212" can be substantially identical or similar to 
jacket 1212" of cardiac support device 1210' described 
above. The attachment mechanism 1214" is a solid band of 
elastomeric polymer or other materials such as silicone that 
has a pair of ends (i.e., is not continuous) and does not 
extend completely around the jacket 1212". With the excep 
tion of the fact that it is not continuous, attachment mecha 
nism 1214" can be substantially identical or similar to 
attachment mechanism 1214 of cardiac Support device 
1210' described above. Attachment mechanism 1214" can be 
secured to jacket 1212" by the same approaches as attach 
ment mechanism 1214 of cardiac support device 1210' 
described above. In another embodiment (not shown) the 
solid band of attachment mechanism 1214" extends a lesser 
distance around the circumference of jacket 1214". Still 
other embodiments (not shown) include a plurality of seg 
ments of bands such as that shown in FIG.33 that are spaced 
around all or portions of the circumference of jacket 1214". 
I0089 FIG. 34 illustrates a cardiac support device 1210" 
having a jacket 1212" and a self-attachment mechanism 
1214" in accordance with another embodiment of the inven 
tion. Jacket 1212" can be substantially identical or similar to 
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jacket 1212" of cardiac support device 1210' described 
above. The attachment mechanism 1214" includes a plural 
ity (three are shown in the illustrated embodiment) of solid 
bands 1214a"-1214c" of elastomeric polymer or other 
materials such as silicone. With the exception of the fact that 
it includes a plurality of bands 1214a"-1214c", attachment 
mechanism 1214" can be substantially identical or similar to 
attachment mechanism 1214 of cardiac Support device 
1210' described above. The bands 1214a"-1214c" can have 
a cross section in the shape of a polygon, a circle or other 
shapes. In general, bands 1214a"-1214c" are larger in cross 
sectional dimension than the filamentary or thread-like elas 
tomeric bands 1114a-1114c of attachment mechanism 1114 
of cardiac support device 1110 described above. Attachment 
mechanism 1214" can be secured to jacket 1212" by the 
same approaches as attachment mechanism 1214 of cardiac 
support device 1210' described above. In another embodi 
ment (not shown) attachment mechanism 1214" extends a 
lesser distance around the circumference of jacket 1214". 
Still other embodiments (not shown) include a plurality of 
segments of bands such as that shown in FIG. 34 that are 
spaced around all or portions of the circumference of jacket 
1214". 

0090. An example of the operation of one embodiment of 
the attachment mechanism 14 and jacket 12 of a cardiac 
support device 10 can be described with reference to FIGS. 
35A-35D. FIG. 35A is a graph of the force/extension curve 
of one embodiment of the attachment mechanism 14. FIG. 
35B is a graph of the force/extension curve of the base end 
16 of one embodiment of the jacket 12. In this example of 
cardiac support device 10, the slope of the force/extension 
curve of the jacket base end 16 is steeper than that of the 
attachment mechanism 14. FIG. 35C is an illustration of the 
force/extension curves shown in FIGS. 35A and 35C Super 
imposed on one another in a manner that represents the 
operational relationship between these curves in the cardiac 
support device 10. As shown, the Zero force locations of the 
force/extension curves are at different extension locations 
(i.e., the curves have differential starting points). This char 
acteristic represents the fact that for this embodiment of 
cardiac Support device 10, the attachment mechanism 14 
will be in a stressed (e.g., expanded) state when the jacket 
12 is in its neutral (e.g., un-stressed) state. FIG. 35.D is a 
graph of the composite force/extension curve of the cardiac 
support device 10. The marker in FIG. 35.D illustrates where 
the jacket 12 effectively begins contributing to the curve. As 
is evident from FIGS. 35C and 35D, while the jacket 12 is 
in its neutral (and possibly collapsed) state, the force applied 
by the cardiac support device 10 is all provided by the 
attachment mechanism 14. For an initial range of expansion 
of the jacket 12 beyond its neutral point, the force applied by 
the jacket is less than that applied by the attachment mecha 
nism 14, so the overall force applied by the cardiac Support 
device 10 is dominated by that provided by the attachment 
mechanism. With continued expansion of the jacket 12, the 
force applied by the jacket will reach a point where it equals 
the force applied by the attachment mechanism 14. When 
the jacket 12 is expanded beyond the point where the force 
applied by the jacket 12 equals the force applied by the 
attachment mechanism 14, the overall force applied by the 
cardiac support device 10 will be dominated by that pro 
vided by the jacket. The relative forces applied by the 
attachment mechanism 14 and jacket 12 in other embodi 
ments of the invention can be different than those shown in 
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FIGS. 35A-35D. The relative forces applied by the jacket 
and fitting structures of other embodiments of the invention 
can also be similar to those illustrated in FIGS. 35A-35D. 
0091 Although the present invention has been described 
with reference to preferred embodiments, those skilled in the 
art will recognize that changes can be made in form and 
detail without departing from the spirit and scope of the 
invention. In particular, any self-attachment mechanisms of 
the invention can be combined on the same jacket with any 
of the self-fitting mechanisms of the invention to produce 
additional embodiments of cardiac Support devices having 
securing mechanism in accordance with the invention. Car 
diac Support devices in accordance with the invention can be 
implanted on the heart using any desired approaches includ 
ing minimally-invasive and open chest procedures. 

What is claimed is: 
1. A cardiac Support device including: 
a jacket including a base region, for constraining cardiac 

expansion; and 
elastic attachment structure on the base region of the 

jacket, for self-securing the jacket to a heart. 
2. The cardiac support device of claim 1 wherein the 

attachment structure is attached to an exterior Surface of the 
jacket. 

3. The cardiac support device of claim 1 wherein the 
attachment structure is attached to an interior Surface of the 
jacket. 

4. The cardiac support device of claim 1 wherein: 
the jacket base region includes a hem; and 
the attachment structure is within the hem. 
5. The cardiac support device of claim 4 wherein the 

attachment structure is fixedly attached to the jacket within 
the hem. 

6. The cardiac support device of claim 1 wherein: 
the jacket base region includes a channel; and 
the attachment structure is free-floating within a channel. 
7. The cardiac support device of claim 6 wherein the 

jacket includes a hem forming the channel. 
8. The cardiac support device of claim 1 wherein: 
the jacket has a first elasticity; and 
the attachment structure has a second elasticity that is 

greater than the first elasticity. 
9. The cardiac support device of claim 1 wherein: 
the jacket has a first elasticity; and 
the attachment structure has a second elasticity that is less 

than the first elasticity. 
10. The cardiac support device of claim 1 wherein the 

attachment structure includes one or more undulating resil 
ient elements. 

11. The cardiac support device of claim 10 wherein the 
one or more undulating resilient elements include one or 
more metal elements. 

12. The cardiac support device of claim 10 wherein the 
one or more undulating resilient elements includes one or 
more polymer elements. 

13. The cardiac support device of claim 10 wherein the 
one or more undulating resilient elements includes one or 
more bio-resorbable elements. 

14. The cardiac support device of claim 1 wherein the 
attachment structure includes a polymer structure. 

15. The cardiac support device of claim 1 wherein the 
attachment structure includes a metal structure. 
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16. The cardiac support device of claim 1 wherein the 
attachment structure includes shape memory material struc 
ture. 

17. The cardiac support device of claim 1 wherein the 
attachment structure includes bio-resorbable material struc 
ture. 

18. The cardiac support device of claim 1 wherein the 
attachment structure extends circumferentially around the 
jacket. 

19. The cardiac support device of claim 18 wherein the 
attachment structure extends completely around the jacket. 

20. The cardiac support device of claim 18 wherein the 
attachment structure extends partially around the jacket. 

21. The cardiac support device of claim 18 wherein the 
attachment structure includes a plurality of segments at 
spaced-apart locations. 

22. The cardiac support device of claim 1 wherein the 
attachment structure includes one or more rings. 

23. The cardiac support device of claim 1 wherein the 
attachment structure includes a helical coil. 

24. The cardiac support device of claim 1 wherein the 
attachment structure includes a plurality of rings connected 
by links. 

25. The cardiac support device of claim 1 wherein the 
attachment structure includes a hoop having two free ends. 

26. The cardiac support device of claim 1 wherein the 
attachment structure includes a single elastomeric band. 

27. The cardiac support device of claim 26 wherein the 
elastomeric band includes apertures. 

28. The cardiac support device of claim 26 wherein the 
elastomeric band extends completely around the jacket. 

29. The cardiac support device of claim 26 wherein the 
elastomeric band extends partially around the jacket. 
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30. The cardiac support device of claim 1 wherein the 
attachment structure includes a plurality of spaced-apart 
elastomeric bands. 

31. The cardiac support device of claim 1 wherein the 
attachment structure includes one or more filamentary elas 
tomeric bands. 

32. The cardiac support device of claim 31 wherein the 
attachment structure further includes a plurality of pads. 

33. The cardiac support device of claim 32 wherein the 
pads are attached to the filamentary elastomeric bands. 

34. The cardiac support device of claim 32 wherein the 
pads include a textured Surface. 

35. The cardiac support device of claim 1 wherein the 
attachment structure further includes a plurality of pads. 

36. The cardiac support device of claim 35 wherein the 
pads include a textured Surface. 

37. The cardiac support device of claim 1 wherein the 
attachment structure includes one or more elastomeric fila 
mentS. 

38. The cardiac support device of claim 37 wherein the 
elastomeric filaments are woven into the jacket. 

39. The cardiac support device of claim 38 wherein the 
jacket includes knit material. 

40. The cardiac support device of claim 39 wherein the 
attachment structure elastomeric filaments are interwoven in 
the knit material of the jacket. 

41. The cardiac support device of claim 39 wherein the 
attachment structure elastomeric filaments are bundled with 
threads of the knit material of the jacket. 

42. The cardiac support device of claim 38 wherein the 
jacket includes non-woven material. 

43. The cardiac support device of claim 16 wherein the 
shape memory material structure includes initinol. 
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