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(57) ABSTRACT 

A delivery device for efficiently delivering a cardiac support 
device of the type having a jacket. The device includes a 
body, a deployment mechanism and an actuating mecha 
nism. The deployment mechanism is for releasable connec 
tion to a cardiac Support device and movable within the 
jacket between retracted and extended states to drive the 
jacket between collapsed and open configurations. At least 
portions of the deployment mechanism within the jacket 
have a lubricious surface to substantially reduce friction 
between the jacket and a heart onto which the jacket is being 
positioned. The actuating mechanism moves the deployment 
mechanism between the retracted and extended States. 

  



Patent Application Publication Jan. 3, 2008 Sheet 1 of 14 US 2008/0004488 A1 

  



Patent Application Publication Jan. 3, 2008 Sheet 2 of 14 US 2008/0004488 A1 

(22. 

6 ? t LO 18 
F, C2 LO I 

rig: 'N33-'8 2SSSSS: 2 ... I ASS 

XXXIX O 2 o AKX SX : 32   



Patent Application Publication Jan. 3, 2008 Sheet 3 of 14 US 2008/0004488 A1 

  



Patent Application Publication Jan. 3, 2008 Sheet 4 of 14 US 2008/0004488 A1 

  



Patent Application Publication Jan. 3, 2008 Sheet 5 of 14 US 2008/0004488 A1 

  



Patent Application Publication Jan. 3, 2008 Sheet 6 of 14 US 2008/0004488 A1 

  



Patent Application Publication Jan. 3, 2008 Sheet 7 of 14 US 2008/0004488 A1 

  



US 2008/0004488 A1 Jan. 3, 2008 Sheet 8 of 14 Patent Application Publication 

  



Patent Application Publication Jan. 3, 2008 Sheet 9 of 14 US 2008/0004488 A1 

3/ 

3 

Fie 

  



Jan. 3, 2008 Sheet 10 of 14 US 2008/0004488 A1 Patent Application Publication 

  



Patent Application Publication Jan. 3, 2008 Sheet 11 of 14 US 2008/0004488 A1 

  



Patent Application Publication Jan. 3, 2008 Sheet 12 of 14 US 2008/0004488 A1 

  



Patent Application Publication Jan. 3, 2008 Sheet 13 of 14 US 2008/0004488 A1 

  



Patent Application Publication Jan. 3, 2008 Sheet 14 of 14 US 2008/0004488 A1 

  



US 2008/0004488 A1 

LOW FRCTION DELIVERY TOOL FOR A 
CARDAC SUPPORT DEVICE 

FIELD OF THE INVENTION 

0001. The invention is a device for deploying a cardiac 
Support device on a patient's heart. 

BACKGROUND OF THE INVENTION 

0002 Cardiac support devices are structures, sometimes 
referred to as jackets, that Surround all or portions of a 
diseased heart. These devices are intended to treat chronic 
heart failure or other cardiac disease, which may be asso 
ciated valvular dysfunction, by constraining expansion of 
the heart. They can be delivered and implanted using con 
ventional cardiothoracic Surgical techniques or minimally 
invasive Surgical procedures. Devices of these types and 
associated delivery tools and methods are shown, for 
example, in the following U.S. patents, all of which are 
incorporated herein by reference in their entirety. 

Inventor Name Patent Publication No. 

Alferness 5,702,343 
Alferness et al. 6,123,662 
Vanden Hoek et al. 6,293,906 
Alferness et al. 6,482,146 
Lau et al. 6,702,732 
Cox et al. 6,730,016 
Walsh et al. 6,902,522 
Girard et al. 6,951,534 

0003. During the delivery procedures portions of the 
cardiac Support devices sometimes encounter frictional 
resistance on the heart Surface during placement. There is, 
therefore, a continuing need for improved devices for use 
during the delivery of cardiac Support devices. An invention 
of this type that can enhance the efficiency of the delivery 
procedure would be especially desirable. 

SUMMARY OF THE INVENTION 

0004. The present invention is an improved delivery 
device for use in connection with cardiac Support devices 
having jackets. Cardiac Support devices can be efficiently 
implanted within a patient using these devices. One embodi 
ment of the device includes a body, a deployment mecha 
nism and an actuating mechanism. The deployment mecha 
nism is for releasable connection to a cardiac Support device 
and movable within the jacket between retracted and 
extended states to drive the jacket between collapsed and 
open configurations. At least portions of the deployment 
mechanism within the jacket have a lubricious Surface to 
substantially reduce friction between the jacket and a heart 
onto which the jacket is being positioned. The actuating 
mechanism moves the deployment mechanism between the 
retracted and extended States. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is an isometric side view of a cardiac 
Support device in accordance with one embodiment of the 
present invention, with portions thereof broken away to 
illustrate the lubricious element assemblies. 
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0006 FIG. 2 is an isometric side view of the cardiac 
support device shown in FIG. 1, illustrating the side of the 
device opposite that shown in FIG. 1. 
0007 FIGS. 3A and 3B are detailed illustrations of the 
opposite sides of the lubricious element assemblies shown in 
FIGS. 1 and 2, in an unreleased state. 
0008 FIGS. 4A and 4B are illustrations of the opposite 
sides of the lubricious element assemblies shown in FIGS. 
3A and 3B, in a partially released state. 
0009 FIGS. 5A and 5B are illustrations of the opposite 
sides of the lubricious element assemblies shown in FIGS. 
3A and 3B, in a fully released state. 
0010 FIG. 6 is an isometric view of a delivery device in 
accordance with one embodiment of the invention, shown in 
a retracted State, that can be used to position the cardiac 
support device shown in FIG. 1 on a patients heart. 
(0011 FIG. 7 is an isometric view of the delivery device 
shown in FIG. 6, shown in an extended state. 
(0012 FIG. 8 is an isometric view of the delivery device 
shown in FIGS. 6 and 7, shown in the retracted state with the 
cardiac support device shown in FIGS. 1 and 2 loaded 
thereon. 
(0013 FIG. 9 is an isometric view of the delivery device 
and loaded cardiac support device shown in FIG. 8, shown 
in the extended state. 
0014 FIGS. 10A and 10B are detailed illustrations of the 
opposite sides of a portion of the delivery device and loaded 
cardiac support device shown in FIGS. 8 and 9, showing the 
distal end of the delivery device support member extending 
into a pocket in an upper section of a lubricious member. 
(0015 FIG. 11 is a detailed illustration of a portion of the 
delivery device and loaded cardiac Support device shown in 
FIGS. 8 and 9, showing the handle of the delivery device and 
the lubricious members of the lubricious element assemblies 
releasably attached thereto. 
0016 FIG. 12 is an isometric side view of a cardiac 
Support device in accordance with a second embodiment of 
the invention. 
0017 FIG. 13 is an isometric side view, with portions 
thereof broken away, of a cardiac Support device in accor 
dance with a third embodiment of the invention. 
0018 FIG. 14 is an isometric view of a delivery device in 
accordance with another embodiment of the invention, 
shown in an extended State. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0019 FIGS. 1 and 2 are illustrations of the opposite sides 
of a cardiac support device (CSD) 10 in accordance with one 
embodiment of the invention. As shown, CSD 10 includes a 
jacket 12, a self-adjusting securing structure in the form of 
an elastic band 14 in a hem 16 on the base end 18 of the 
jacket, and a plurality of lubricious element assemblies 20. 
The illustrated embodiment of jacket 12 is generally conical 
and has an apex end 22 opposite the base end 18. Both the 
base end 18 and apex end 22 are open to permit access to the 
internal volume of the jacket 12. 
0020 Lubricious element assemblies 20 are attached to 
the jacket 12 near the base end 18, extend along the inside 
Surface of the jacket, and extend through and beyond the 
open apex end 22. Although CSD 10 includes six lubricious 
element assemblies 20 in the illustrated embodiment, other 
embodiments (not shown) include more or fewer such 
assemblies. As described in greater detail below, the lubri 
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cious element assemblies 20 facilitate the deployment or 
positioning of CSD 10 on a patients heart by providing a 
lubricious (i.e., relatively low friction) interface between at 
least portions of the inside surface of the jacket 12 and the 
epicardial (or other) surface of the heart while the CSD is 
being slid onto the heart. After deployment of the CSD 10. 
all or portions of the lubricious element assemblies are 
removed from the CSD and patient. 
0021 Jacket 12 and/or the securing structure can be 
similar or identical to those described in any of the following 
U.S. patents and applications assigned to Acorn Cardiovas 
cular, 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; U.S. Pat. No. 6,951,534; and application Ser. 
No. 1 1/367,759, filed Mar. 3, 2006, and entitled Self 
Adjusting Securing Structure For A Cardiac Support Device. 
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 reference. In one 
embodiment, the material of jacket 12 can be an open-cell 
construction of a polyester knit material as more fully 
described in U.S. Pat. No. 6,482,146. In yet another embodi 
ment, the material of jacket 12 can be an open-cell con 
struction of a polyester knit material as more fully described 
in U.S. Pat. No. 6,951,534. These examples of jacket 12 and 
the securing structure are not limiting. Other jackets 12 and 
securing structures and methods can also be used. Further 
more, the apex end 22 can be an open or closed apex. 
0022 FIGS. 3A and 3B are illustrations of the removal 
member side 30 and opposite lubricious member side 32 of 
one of the lubricious element assemblies 20. As shown, the 
lubricious element assemblies 20 include a lubricious mem 
ber 34 and a removal member 36. Lubricious member 34 has 
a relatively low friction surface on at least the lubricious 
member side 32 of the assembly 20 (i.e., on the side of the 
member that will engage the heart when the CSD 10 is 
placed on the heart). In the illustrated embodiment, the 
lubricious member 34 is a flexible strip of PTFE (i.e., 
fluorinated polymer) sheet material. Both of the entire 
surfaces of this PTFE lubricious member 34 therefore have 
a low friction surface. In other embodiments (not shown) the 
lubricious member 34 can take other forms. Lubricious 
member 34 can, for example, be high density polyethylene, 
low density polyethylene, ultra high molecular weight poly 
ethylene, RulonTM co-polymer, graphite doped polymer and 
polymer impregnated with lubricious materials. Alterna 
tively or in addition, lubricious members can have a sub 
strate of any of the materials described above, or other 
materials including non-lubricious materials, with all or 
portions of their opposite surfaces coated with relatively low 
friction material. Non-limiting examples of lubricious coat 
ings that can be used with the invention include hydrophilic 
and hydrophobic coatings such as hyaluronic acid, polyeth 
ylene glycol, PTFE and silicone. In yet other embodiments 
of the invention, the lubricious surface portions are provided 
by materials or coatings that may not themselves be rela 
tively low friction, but have relatively low friction charac 
teristics when wet by liquids. Hydrogels are one example of 
materials of these types. By way of example only, the 
member 34 can be a sheet of polymer or other material 
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having low-friction coatings on all or portions of its opposite 
surfaces. The size (e.g., the length and width) of the lubri 
cious members 34 can also be different that those shown and 
described herein. For example, the lubricious members 34 
can be sized to line all or substantially all of the inside 
surface of the jacket 12. 
0023. An upper portion 38 of the lubricious member 34 

is attached to the jacket 12. In the embodiment shown, the 
upper portion 38 of lubricious member 34 includes a folded 
section that extends over the base end 18 of the jacket 12. 
Stitches 40 can be used to attach the upper portion 38 of 
lubricious member 34 to the jacket 12. In other embodiments 
(not shown) the lubricious element assemblies 20 can be 
attached to other portions of jacket 12, and other structures 
or methods (e.g., adhesives) can be used to secure the 
assemblies or lubricious members such as 34 to the jacket. 
A pocket 42 is also formed in the upper portion 38 of 
lubricious member 34. Pocket 42 opens toward a lower 
portion 44 of the lubricious member 34 on the lubricious 
member side 32 of the assembly 20. As described below, 
pocket 42 is used to mount the CSD 10 to a delivery tool for 
deployment of the CSD. 
0024. Removal member 36 is operated to remove the 
lubricious member 34 from the jacket 12 following the 
positioning of the CSD 10 on the heart. In the embodiment 
shown, the removal member 36 includes an actuating mem 
ber 50 connected to the lubricious member 34. The removal 
member 36 cooperates with a hole 48 through the lubricious 
member 34 that functions as a weakening structure. The 
actuating member 50 includes a pull member 52 and a tear 
member 54 in the embodiment shown. Pull member 52 is an 
elongated member having a proximal end 56 that can be 
accessed by a Surgeon. In one embodiment the pull member 
52 is an elongated strip of PTFE material. Although the use 
of this low friction material in this application provides 
advantages such as enhanced friction reduction, other struc 
tures (e.g., other materials, strings or wires; not shown) can 
also be used. Tear member 54 connects a distal end 58 of the 
pull member 52 to the lubricious member 34 near the 
weakening structure. In the embodiment shown, the tear 
member 54 is a thin metal member having an attachment 
portion 60 and tear Strip 62 joined by a connecting portion 
64. The attachment portion 60 is attached (e.g., by adhesive) 
to the distal end 66 of pull member 52. Connecting portion 
64 extends through the hole 48. Tear strip 62 is attached to 
the lubricious member 34 (e.g., by adhesive) and includes 
edges 68 that extend at an angle to the sides of the lubricious 
member. 

0025. The operation of removal member 36 to release and 
remove the lubricious member 34 (and the removal member) 
from the CSD 10 can be described with reference to FIGS. 
4A, 4B, 5A and 5B. As will be described below, the base end 
18 of the jacket 12 and the upper portion 38 of the lubricious 
member 34 will be engaged during the removal process by 
a member extending into the pocket 42. With the base end 
18 of the jacket 12 Supported in this manner, a Surgeon or 
other clinician will engage the pull member 52 (e.g., near its 
proximal end 56) by hand or using an instrument, and pull 
the pull member in a direction 70 generally away from the 
upper portion 38 of the lubricious member 34. This action 
will cause the edges 68 of the tear strip 62 to sever the 
lubricious member 34, starting at the hole 48. FIGS. 4A and 
4B show the portion of the lubricious member 34 below the 
hole 48 partially severed from the portion of the member 
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above the hole. With continued actuation of the pull member 
52 this action will cause the portion of the lubricious 
member 34 below the hole 48 to be completely severed from 
the portion of the member above the hole as shown in FIGS. 
5A and 5B. 

0026 FIGS. 6 and 7 illustrate a delivery device 100 in 
accordance with one embodiment of the invention that can 
be used to deliver and deploy or position the CSD 10 on the 
heart of a patient. The delivery device 100 includes a body 
104 having a distal end 105, a deployment mechanism 106 
and an actuating mechanism 112. The body 104 is a gener 
ally tubular member, and includes a plurality of elongated 
slots 113 (six are shown in the illustrated embodiment) 
extending through the body at a location adjacent to the 
actuating mechanism 112. Actuating mechanism 112 
includes a handle 120 that is slidably mounted to the body 
104. Structures such as pins 122 on the handle 120 extend 
into the slots 113. Deployment mechanism 106 includes a 
plurality (six are shown) of support members 118 within the 
body 104. Proximal ends (not visible) of each of the support 
members 118 are connected to the pins 122 within the body 
104. The distal portions 119 of the support members 118 are 
located near the distal end 105 of the body 104. Other 
embodiments of delivery device 100 (not shown) include a 
Suction cup connected to a vacuum source or other structure 
for releasably engaging the distal end 105 of the body 104 
to the heart during delivery procedures. 
0027 Handle 120 is actuated to drive the deployment 
mechanism 106 between a first retracted or closed state 
shown in FIG. 6 and a second extended or open state shown 
in FIG. 7. In the retracted state shown in FIG. 6, the support 
members 118 are in a reduced-diameter configuration. In the 
illustrated embodiment this configuration is achieved by the 
handle withdrawing at least portions of the Support members 
118 into the distal end 105 of the body 104. Distal end 
portions 119 of the support members 118 extend from the 
body 104 in the illustrated embodiment when the deploy 
ment mechanism 106 is in the retracted state. When the 
handle 120 is slid toward the distal end 105 of the body 104, 
the support members 118 are driven to the extended state 
shown in FIG. 7 at which the distal ends form an open array 
or enlarged-diameter configuration. 
0028 Support members 118 can be resilient structures 
formed from polymer, metal or other materials. For 
example, the members 118 (or portions thereof) can be 
formed of PTFE or other materials having low friction 
characteristics or coatings. The members 118 can also be 
preshaped so that they assume the open array configuration 
shown in FIG. 7 when the deployment mechanism 106 is in 
the extended state. These resilient support members 118 will 
be urged into the reduced diameter configuration by the body 
104 when the deployment mechanism 106 is moved to the 
retracted state. In other embodiments, other structures (not 
shown) are used to cause the deployment mechanism to 
move between the retracted and extended states. 

0029 FIG. 8 is an illustration of the CSD 10 mounted or 
loaded on the delivery device 100, with the deployment 
mechanism 106 in the retracted state. FIG. 9 is an illustration 
of the delivery device 100 with the CSD 10 loaded thereon, 
with the deployment mechanism 106 in the extended state. 
As perhaps best shown in FIGS. 10A and 10B, in the 
illustrated embodiment the base end 18 of CSD 10 is 
releasably mounted to the delivery device 100 by inserting 
the distal end portions 119 of the support members 118 into 
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the pockets 42 of the lubricious element assemblies 20. 
Other structures or methods (not shown) can also be used to 
releasably secure the CSD 10 and/or the upper or distal 
portions of the lubricious element assemblies 20 to the 
support members 118 of the deployment mechanism 106. 
Although the illustrated embodiment of delivery device 100 
is configured to receive the CSD 10 on the outside of the 
body 104 when in the retracted state, the CSD can be 
partially or fully enclosed within the body or other structures 
of the delivery device in other embodiments (not shown). 
0030. As perhaps best shown in FIG. 11, the lower 
portions 44 of the lubricious members 34 are releasably 
secured to the handle 120. The illustrated embodiment of the 
invention includes a plurality of pins 140 (one for each 
lubricious member 34) extending from the handle 120 at 
circumferentially-spaced locations. The lower portions 44 of 
the lubricious members 34 include structures such as holes 
142 that can engage the pins 140. Other structures or 
methods (not shown) can be used to releasably secure the 
lubricious members 34 to the delivery device 100. In still 
other embodiments of the invention (not shown) the proxi 
mal ends of the lubricious members 34 are not releasably 
secured to the delivery device 100. 
0031. In the retracted state shown in FIG. 8, the deploy 
ment mechanism 106 causes the CSD 10 to be in a collapsed 
state adjacent to the exterior surface of the body 104. The 
base end 18 of the jacket 12 is engaged with the distal end 
portions 119 of the support members 118, and the lower 
portions 44 of the lubricious members 34 are engaged with 
the handle 120. The opposite ends of the CSD 10 are 
therefore effectively constrained, preventing substantial 
movement of the CSD with respect to the delivery device 
100 along the longitudinal axis of the delivery device. The 
delivery device 100 can then be manipulated to insert the 
distal end of the delivery device and the CSD 10 mounted 
thereon into the pericardial space of a patient (not shown) 
through a relatively small incision using minimally invasive 
surgical procedures. The delivery device 100 can be moved 
forwardly and rearwardly during this procedure without 
disengaging the CSD 10 from the delivery device. Sub 
Xyphoid or other desired access approaches can be used for 
these minimally invasive delivery procedures. 
0032. When the CSD 10 is positioned at a desired loca 
tion adjacent to the apex of the patient’s heart, handle 120 
is actuated to drive the deployment mechanism 106 to its 
extended state shown in FIG. 9. When in the extended state, 
the deployment mechanism 106 will open the base end 18 of 
the jacket 12. The delivery device 100 can then be further 
manipulated to slide the CSD 10 over the heart of the patient, 
and to position the CSD at the desired location on the heart. 
During this portion of the delivery procedure the opposite 
ends of the CSD 10 remain constrained on delivery device 
100. The delivery device 100 can therefore be manipulated 
as needed to locate the CSD at the desired position (e.g. the 
delivery device can be moved forwardly, rearwardly and 
rotated, and corresponding motions transferred to the CSD). 
The presence of the lubricious members 34 between the 
epicardial surface of the patient’s heart and the jacket 12 
during this portion of the procedure reduces the friction 
between the heart surface and jacket, enabling the jacket to 
be more efficiently implanted. 
0033. The lubricious members 34 can be removed after 
the CSD 10 is positioned on the heart. In the embodiment of 
the invention described above, the lubricious members 34 
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are removed through the apex end 22 of the jacket 12 
through the use of pull members 52. This action can be 
accomplished by the Surgeon grasping the proximal end 56 
of the pull members 52 and removing the pull members from 
the handle 120 (e.g., by disengaging the holes 142 from the 
pins 122). With continued motion of the pull members 52 in 
a direction generally away from the jacket 12 against the 
stabilizing force provided by the support members 118 of the 
deployment device 106 as described above in connection 
with FIGS. 3A and 3B-5A and 5B, the lubricious members 
34 can be separated from the jacket 12 and both the 
lubricious members and the pull members withdrawn from 
the pericardial space and patient’s body through the Surgical 
access site. The relatively low friction surfaces of the 
lubricious members 34 and pull members 52 facilitate the 
removal of these structures from the implanted CSD 10 
while minimizing disruptions of the CSD position on the 
patents heart. Following the removal of the lubricious 
members 34, the handle 120 of the delivery device 100 is 
actuated to return the deployment mechanism 106 to the 
retracted State So it can be withdrawn through the Surgical 
access site. The securing structure (e.g., elastic band 14) then 
functions to hold the CSD 10 on the heart. In other embodi 
ments (not shown) the delivery device 100 can be withdrawn 
before the removal of the lubricious members 34. 

0034 FIG. 12 is an illustration of a cardiac support 
device (CSD) 210 in accordance with a second embodiment 
of the invention. CSD 210 includes a jacket 212, a self 
adjusting securing structure in the form of an elastic band 
214 in a hem 216 on a base end 218 of the jacket, and a 
plurality of lubricious element structures 220. Jacket 212 has 
a closed apex end 222 in this embodiment of the invention, 
and lubricious element structures 220 are configured to be 
removed from the open base end 218 of the jacket. Other 
than the closed apex end 222 and the features of lubricious 
element structures 220 described below, CSD 210 can be 
substantially the same as or similar to CSD 10 described 
above. 

0035) Lubricious element structures 220 include a lubri 
cious member portion 234 and pull member portion 252. 
The lubricious member portions 234 are located on the 
inside surface of the jacket 212. In the illustrated embodi 
ment the lubricious member portions 234 extend from the 
base end 218 of jacket 212 toward the apex end 222. The 
pull member portions 252 are connected to the lubricious 
member portions 234 over the base end 218 of jacket 212, 
and extend from the base end of the jacket 212 on the outside 
of the jacket. The lubricious member portions 234 are 
effectively releasably secured with respect to the jacket 212 
by the interconnection with the pull member portions 252. 
Other embodiments of the invention (not shown) include 
other structures for releasably securing the lubricious mem 
ber portions 234 to the jacket 212. In the illustrated embodi 
ment the lubricious member portions 234 and pull member 
portions 252 are portions of a unitary strip of PTFE, with the 
strip folded over the base end 218 of the jacket 212. In other 
embodiments (not shown) the lubricious member portions 
234 and pull member portions 252 can be different elements 
that are joined together. In still other embodiments (not 
shown), the lubricious member portions 234 and pull mem 
ber portions 252 can be formed from different materials. In 
general, the lubricious member portions 234 and pull mem 
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ber portions 252 can be formed from the same materials as 
those of the lubricious members 34 and pull members 52 of 
CSD 10 described above. 

0036 CSD 210 can be implanted onto the heart of a 
patient using a delivery device 100 of the type described 
above in connection with FIGS. 6 and 7. For example, 
pockets 242 near the base end 218 of the CSD 210 can be 
used to engage the Support members 118 of the deployment 
mechanism 106. The pockets 242 can, for example, be 
formed on the outside of the jacket 212 (e.g., on the hem 
216) or on the pull members portions 252. Holes 241 on the 
proximal portions 244 of the pull member portions 252 can 
be used to releasably engage the pull member portions to the 
handle 120 of the delivery device 100. The CSD 210 can be 
loaded onto the delivery device 100 with the support mem 
bers 118 on the outside of the jacket 212 (e.g., between the 
jacket and the pull member portions 252). When the delivery 
device 100 loaded with the CSD 210 (not shown) is in the 
retracted state, the CSD can be completely or partially 
withdrawn into the distal end 105 of the body 104, with the 
pull member portions 252 extending along the outside of the 
body 104. Other structures and approaches (not shown) can 
also be used to releasably secure the proximal portions 244 
of the pull members portions 252 to the delivery device 100. 
0037. The delivery device 100 loaded with the CSD 210 
as described above can be inserted into the patient’s peri 
cardial space, deployed to the extended state and the CSD 
positioned on the patient’s heart in a manner similar to that 
described above in connection with CSD 10. After the CSD 
210 is properly located on the patients heart, the pull 
member portions 252 can be grasped by the Surgeon, 
released from the handle 120, and pulled in a direction 
generally away from the CSD to remove the lubricious 
member portions 234 from between the jacket 212 and the 
heart. Specifically, by pulling the pull member portions 252, 
the lubricious member portions 234 are pulled over the base 
end 218 of the jacket 212. The support members 118 of the 
delivery device 106 can provide support to enable the 
lubricious member portions 234 to be removed in the matter 
described above. In other embodiments (not shown), friction 
reducing members or structures such as rollers or rounded 
surfaces on the distal portions 119 of the support members 
118 can be configured to be located adjacent to the lubricious 
member portions 234 to enhance the ability of the lubricious 
member portions to be removed by the action of the pull 
member portions 252. In still other embodiments (also not 
shown), the delivery device can include additional stages or 
structures (e.g., another set of members such as the Support 
members 118) that provide support enabling the lubricious 
member portions 234 to be removed. After the lubricious 
member portions 234 (and the pull member portions 252) 
are removed from the patient, the delivery device 100 can be 
removed in the manner described above in connection with 
CSD 10. Lubricious member portions 234 provide friction 
reducing advantages similar to those described above in 
connection with CSD 10 during the implantation of the CSD 
210 on a patients heart. 
0038 FIG. 13 is an illustration of a cardiac support 
device (CSD) 310 in accordance with a third embodiment of 
the invention. CSD 310 includes a jacket 312, a hem 316 on 
a base end 318 of the jacket, a hem 321 extending between 
the base end and the apex end 322, and a lubricious member 
320. Jacket 312 has a closed apex end 322, and does not 
include a self-adjusting securing structure in this embodi 
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ment of the invention. CSD 310 is configured to be 
implanted on a patient's heart through conventional open 
chest procedures (e.g., through a sternotomy). Other than the 
differences described herein, including those of the lubri 
cious member 320, CSD 310 can be substantially the same 
as or similar to CSD 10 described above. 

0039 Lubricious member 320 is a cup-shaped member 
having a shape corresponding to the interior Surface of the 
jacket 312. In the embodiment shown, the lubricious mem 
ber 320 is formed from a plurality of sections 323 attached 
to one another by structures such as stitches 325. The 
lubricious member 320 can be formed from the same 
materials as those of lubricious members 34 of CSD 10 
described above. Stitches such as those shown at 327 can be 
used to releasably secure the lubricious member 320 to the 
jacket 312. Although the illustrated embodiment of lubri 
cious member 320 is a unitary member that lines substan 
tially the entire inside surface of jacket 312, other embodi 
ments (not shown) cover lesser portions of the jacket, or 
include a plurality or individual and separate sections that 
together line substantially all or lesser portions of the inside 
surface of the jacket. Other structures (not shown) such as 
adhesives can be used to releasably secure the lubricious 
member 320 or its sections to the jacket 312. In still other 
embodiments (not shown) the lubricious member 320 is not 
releasably attached to the jacket 312. 
0040. During implantation, a surgeon can by hand slide 
the CSD 310 over the patient’s heart. After the CSD 310 is 
located, the surgeon can open the jacket 312 and manually 
(e.g., by hand or through the use of an instrument) remove 
the lubricious member 320. For example, the hem 321 can 
be opened between the base end 318 and apex end 322 of the 
jacket 312, and the lubricious member 320 withdrawn 
through that opening. If necessary, any structures releasably 
securing the lubricious member 320 to the jacket 312 can be 
removed (e.g., stitches 327 can be cut). Following the 
removal of the lubricious member 310, the opening in the 
jacket 312 is closed (e.g., by restitching the hem 321). By 
this closure procedure the jacket 312 can be properly sized 
and fit onto the heart. Other structures or methods can also 
be used to open and close the jacket 312 after it has been 
initially placed on the patents heart. Use of the lubricious 
member 320 enhances the efficiency by which the jacket 312 
can be implanted during the Surgical procedure. 
004.1 FIG. 14 is an illustration of a delivery device 400 
in accordance with another embodiment of the invention. 
Delivery device 400 can be used to deliver and deploy a 
conventional or otherwise known CSD including, but not 
limited to, those described in this document and the patents 
and patent applications identified above and incorporated 
herein. In one embodiment, delivery device 400 can be used 
to deliver a CSD that is free from lubricious structures such 
as 20, 220 and 320, while still providing the efficient, 
low-friction delivery advantages of the other embodiments 
of the invention described herein. 

0042. As shown, delivery device 400 includes a body 404 
having a distal end 405, a deployment mechanism 406 
having lubricious Support members 418, and an actuating 
mechanism 412. The body 404 is a generally tubular mem 
ber, and includes a plurality of elongated slots 413 extending 
through the body at a location adjacent to the actuating 
mechanism 412. Actuating mechanism 412 includes a 
handle 420 that is slidably mounted to the body 404. 
Structures such as pins 422 on the handle 420 extend into the 
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slots 413. Deployment mechanism 406 includes a plurality 
(six are shown) of lubricious support members 418 within 
the body 404. Proximal ends of the support members 418 are 
connected to the pins 422 within the body 404. The distal 
portions 419 of the lubricious support members 418 are 
located near the distal end 405 of the body 404. Other 
embodiments of delivery device 400 (not shown) can 
include different or additional structures including, for 
example, a Suction cup or other structures on the distal end 
405 of body 404 for engaging the heart during the use of the 
device. 

0043 Handle 420 is actuated to drive the deployment 
mechanism 406 between a first retracted or closed state (not 
shown) and a second extended or open state shown in FIG. 
14. In the retracted state, the lubricious support members 
418 are in a reduced-diameter configuration (similar to that 
of the embodiment shown in FIG. 6). In the illustrated 
embodiment this configuration is achieved by the handle 420 
withdrawing at least portions of the lubricious Support 
members 418 into the distal end 405 of the body 404. Distal 
end portions 419 of the lubricious support members 418 
extend from the body 404 in some embodiments of the 
invention when the deployment mechanism 406 is in the 
retracted state. in other embodiments (not shown), the 
support members 418 are not enclosed within the body 404 
when in the retracted state. When the handle 420 is slid 
toward the distal end 405 of the body 404, the lubricious 
support members 418 are driven to the extended state shown 
in FIG. 14 at which the distal ends 419 form an open array 
or enlarged-diameter configuration. 
0044) Lubricious support members 418 can be resilient 
structures formed from materials such as metals and poly 
mers. The resilient nature of the support members 418 
enables the members to move radially with respect to the 
body 404 during movement between the retracted and 
extended states. In some embodiments of the invention the 
Support members 418 can also curve in a circumferential 
direction from a flat configuration to an arced configuration 
generally conforming to the shape of adjacent portions of the 
heart. At least portions of the interior surfaces 421 of the 
support members 418 (i.e., the surfaces that will be adjacent 
or in contact with the heart during CSD delivery) are 
lubricious. The lubricious support members 418 can, for 
example, be formed from the materials of lubricious ele 
ments 34 described above, or from the materials of the 
support members 118 of delivery device 100 described 
above. In embodiments having lubricious Support members 
418 including materials that are not lubricious, coatings of 
lubricious materials such as those described above in con 
nection with lubricious elements 34 can be applied to all or 
portions of the non-lubricious portions of the Support mem 
bers 418. 

0045. In the embodiment shown in FIG. 14 the lubricious 
Support members 418 have greater Surface area than the 
support members 118 of delivery device 100 described 
above, thereby enhancing the friction-reducing characteris 
tics of the Support members. The lubricious Support mem 
bers 418 are generally paddle-shaped in that they have a 
relatively large Surface area, with Substantial Surface por 
tions of the members having a width that is substantially 
greater than the thickness of the members. The amount of 
lubricious surface on the support members 418 is sufficient 
or effective to enable the delivery device 400 to substantially 
reduce the amount of friction that would otherwise be 
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present between a CSD and heart during delivery, and 
thereby enable the efficient positioning of the CSD. The 
lubricious support members 418 have other shapes and sizes 
in other embodiments of the invention (not shown). In 
general, the greater the amounts of lubricious Surface area on 
the support members 418, the greater the efficiency of the 
delivery device 400. 
0046 Delivery device 400 can be used and operated in a 
manner similar to that of delivery device 100 described 
above to deliver and deploy a CSD on a patient’s heart. As 
noted above, the CSD used in connection with delivery 
device 400 need not, however, include lubricious element 
structures such as 20, 220 and 320 described above in 
connection with other embodiments of the invention, since 
the lubricious support members 418 can provide sufficient 
friction reduction. Briefly, the CSD (not shown) can be 
releasably attached at its base end to the distal ends 419 of 
lubricious support members 418, with the support members 
418 on the inside surface of the CSD jacket extending 
through an open apex. Any conventional or otherwise 
known releasable attachment structure, including but not 
limited to those described in the patents and applications 
incorporated herein, can be used for this purpose. The 
delivery device 400 and attached CSD can, in the retracted 
state, have a configuration similar to that of delivery device 
100 and CSD 10 shown and described in connection with 
FIG.8. The delivery device 400 and CSD are inserted into 
the patient's pericardial space and manipulated into position 
adjacent to the heart in a manner similar to that of delivery 
device 100 described above. After the delivery device 400 is 
positioned at a desired location adjacent to the apex of the 
patient’s heart, handle 420 is actuated to drive the deploy 
ment mechanism 406 to its extended state shown in FIG. 14. 
When in the extended state, the deployment mechanism 406 
will open the base end of the jacket and have a configuration 
similar to that of delivery device 100 and CSD 10 shown and 
described in connection with FIG. 9. The delivery device 
400 and CSD can then be further manipulated to slide the 
CSD over the patients heart and to position the CSD at the 
desired location on the heart. The CSD can then be detached 
from the deployment mechanism 406, and the delivery 
device 400 withdrawn from the surgical access site. The 
presence of the lubricious support members 418 between the 
epicardial surface of the patient’s heart and the CSD jacket 
reduces the friction between the heart surface and jacket, 
enabling the CSD to be more efficiently implanted. 
0047 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. For example, in yet another embodiment of the 
invention, lubricious material is positioned on the Surface of 
the heart before the CSD is positioned on the heart. The 
lubricious material is then removed (e.g., through the base or 
an open apex of the CSD) after the device is positioned. 

What is claimed is: 
1. An assembly including a cardiac Support device and 

delivery device, comprising: 
a delivery device including: 

a body; 
a deployment mechanism movable between retracted 

and extended states with respect to the body; and 
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an actuating mechanism for moving the deployment 
mechanism between the retracted and extended 
states; and 

a cardiac Support device releasably attached to the deploy 
ment mechanism, including a jacket having an inside 
Surface, open base portion and an apex portion; and 

one or more lubricious elements releasably secured with 
respect to the inside Surface of the jacket. 

2. The assembly of claim 1 wherein the one or more 
lubricious elements includes a plurality of lubricious ele 
ments at spaced locations around the inside of the jacket. 

3. The assembly of claim 2 wherein the one or more 
lubricious elements are releasably secured to the jacket at 
the base portion. 

4. The assembly of claim 1 wherein the one or more 
lubricious elements includes a single unitary lubricious 
element. 

5. The assembly of claim 1 wherein: 
the one or more lubricious elements are releasably 

secured to the jacket; and 
the invention further includes a removal structure for 

removing at least portions of the one or more lubricious 
elements from the jacket. 

6. The assembly of claim 5 wherein: 
the one or more lubricious elements includes a plurality of 

lubricious elements at spaced locations around the 
inside of the jacket; and 

the removal structure further includes one or more pull 
members connected to the lubricious elements. 

7. The assembly of claim 6 wherein the pull members are 
formed from lubricious material. 

8. The assembly of claim 6 wherein the pull members are 
releasably connected to the actuating mechanism of the 
deployment device. 

9. The assembly of claim 5 wherein: 
the jacket has an open apex; and 
the deployment mechanism extends through the open 

apex. 

10. The assembly of claim 9 wherein: 
the one or more lubricious elements includes a plurality of 

lubricious elements at spaced locations around the 
inside of the jacket; and 

the removal structure further includes one or more pull 
members connected to the lubricious elements and 
extending through the open apex of the jacket. 

11. The assembly of claim 10 wherein the pull members 
are formed from lubricious material. 

12. The assembly of claim 10 wherein portions of the pull 
members are connected to the actuating mechanism of the 
deployment device. 

13. The assembly of claim 5 wherein at least portions of 
the deployment mechanism within the jacket have a lubri 
cious Surface. 

14. The assembly of claim 5 wherein the removal struc 
ture includes one or more pull members connected to the one 
or more lubricious elements. 

15. The assembly of claim 14 and wherein: 
the removal structure includes a weakened structure on 

the one or more lubricious elements; and 
the pull members are connected to the lubricious elements 

at the weakened structure. 
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16. The assembly of claim 1 wherein the one or more 
lubricious elements are releasably secured to the jacket. 

17. A delivery device for use with a cardiac support device 
of the type having a jacket, including: 

a body; 
a deployment mechanism on the body for releasable 

connection to a cardiac Support device and movable 
within the jacket between retracted and extended states 
to drive a jacket between collapsed and open configu 
rations, wherein at least portions of the deployment 
mechanism within the jacket have a lubricious Surface 
to substantially reduce friction between the jacket and 
a heart onto which the jacket is being positioned; and 
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an actuating mechanism on the body for moving the 
deployment mechanism between the retracted and 
extended States. 

18. The delivery device of claim 17 wherein the deploy 
ment mechanism includes a plurality of Support members 
having Sufficiently large lubricious Surfaces to enable the 
efficient positioning of the jacket onto a heart. 

19. The delivery device of claim 18 wherein the support 
members have a width and a thickness, and wherein the 
width of at least substantial portions of the members is 
substantially greater that the thickness of the members. 
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