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(57) ABSTRACT 

A medical device delivery system comprises a catheter 
having a catheter shaft With a proximal region and a distal 
region. The catheter shaft has a pull Wire lumen therein. An 
expandable medical device is disposed about medical device 
receiving region of the catheter shaft. The expandable medi 
cal device has a reduced con?guration and an expanded 
con?guration. The system further comprises a retractable 
retaining Wire, at least a portion of Which is coiled about the 
expandable medical device and retains the expandable medi 
cal device in the reduced con?guration. One end of the 
retractable retaining Wire terminates in a pull-Wire. The 
pull-Wire extends into the pull-Wire lumen to the proximal 
region of the catheter shaft. 
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INTERNAL RESTRAINT FOR DELIVERY OF 
SELF-EXPANDING STENTS 

BACKGROUND OF THE INVENTION 

[0001] Stents are used in a Wide variety of locations in the 
body including in coronary arteries, renal arteries, peripheral 
arteries including iliac arteries, arteries of the neck and 
cerebral arteries. Stents are also used in other bodily loca 
tions including but not limited to arteries, veins, biliary 
ducts, urethras, fallopian tubes, bronchial tubes, the trachea, 
the esophagus and the prostate. 

[0002] Stents typically are self-expanding, balloon 
expandable or a hybrid of the tWo. Self-expanding stents 
may be made of shape memory metals such as nitinol, shape 
memory polymer materials, or constructed of non-shape 
memory metals but of a design Which exhibits self-expan 
sion characteristics. Balloon expandable stents are typically 
delivered on a balloon and the balloon is used to the expand 
the stent. Hybrid stents have both self-expanding properties 
and balloon expanding properties. 

[0003] Typically, stents are delivered to desired bodily 
locations via the use of catheters. A catheter comprising a 
stent is introduced into a bodily vessel and advanced through 
the vasculature in the body until the stent is positioned in a 
desired location. Usually, the stent Will be protected by a 
retractable sheath Which is disposed about the stent and 
Which increases the pro?le of the delivery catheter. The 
sheath may be removed from about the stent via the use of 
a retraction device such as a pull-Wire, pull rod or a catheter 
tube Which is connected to the sheath. As part of the 
removal, the sheath may optionally be rolled off of the stent. 
In the case of self-expanding stents, the sheath may also 
restrain the stent from self-expanding. Once at the desired 
location, the stent is either alloWed to self-expand or is 
balloon expanded. In the case of self-expanding stents, the 
self-expansion may occur as a result of the removal of the 
sheath from about the stent. 

[0004] Unfortunately, many self-expanding stent delivery 
systems, in particular those using retractable sheaths, 
employ cumbersome and/or bulky deployment mechanisms. 

[0005] There remains a need for medical device delivery 
systems in general and stent delivery systems in particular 
Which avoid the use of cumbersome and/or bulky deploy 
ment mechanisms. 

[0006] There also is a need for expandable medical 
devices Which are capable of being retained on a catheter 
With a retractable retaining member of minimal pro?le. 

[0007] The entire content of all of the patents listed Within 
the present patent application are incorporated herein by 
reference. 

[0008] The invention in various of its embodiments is 
summariZed beloW. Additional details of the invention and/ 
or additional embodiments of the invention may be found in 
the Detailed Description of the Invention beloW. An abstract 
of one of the embodiments of the invention is also provided 
beloW. 

SUMMARY OF THE INVENTION 

[0009] In one embodiment, the present invention is 
directed to a delivery system for delivering a medical device 
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to a location in a body lumen. The delivery system com 
prises a catheter having a catheter shaft With a proximal 
region and a distal region. The catheter shaft has a pull Wire 
lumen therein. At least a portion of the distal region de?nes 
a medical device receiving region. An expandable medical 
device is disposed about the medical device receiving 
region. The expandable medical device has a reduced con 
?guration and an expanded con?guration. The system fur 
ther comprises a retractable retaining Wire, at least a portion 
of Which is coiled about the expandable medical device and 
retains the expandable medical device in the reduced con 
?guration. The Wire may be characteriZed as a ribbon or may 
have other shapes and con?gurations. One end of the retract 
able retaining Wire terminates in a pull-Wire. The pull-Wire 
extends into the pull-Wire lumen to the proximal region of 
the catheter shaft. 

[0010] In another embodiment, the invention is directed to 
a medical device delivery system comprising a catheter 
having an outer member and a retractable inner member. The 
catheter has a proximal region and a distal region. At least 
a portion of the distal region of the inner member de?nes a 
medical device receiving region. An expandable medical 
device having a reduced con?guration and an expanded 
con?guration is disposed about the medical device receiving 
region of the inner member in the reduced con?guration. 
The expandable medical device comprises a plurality of 
interconnected struts. One or more ?exible members, each 
having a ?rst end and a second end, are looped about the 
medical device receiving region of the inner member retain 
ing the medical device in the reduced con?guration. Each 
end of the ?exible members is engaged to one or more struts. 

[0011] In yet another embodiment, the invention is 
directed to an expandable medical device having a reduced 
con?guration and being expandable to an expanded con 
?guration. The expandable medical device comprises a 
plurality of interconnected struts Which de?ne an internal 
tubular passage. The expandable medical device further 
comprises one or more ?exible members. Each of the one or 
more ?exible members has a ?rst end and a second end and 
extends into the internal tubular passage. Each end of the 
one or more ?exible members is engaged to one or more 

struts. 

[0012] In another embodiment, the invention is directed to 
a medical device delivery system comprising a catheter 
member having a proximal region and a distal region. At 
least a portion of the distal region of the catheter member 
de?nes a medical device receiving region. An expandable 
medical device having a reduced con?guration and an 
expanded con?guration, is disposed about the medical 
device receiving region of the catheter member in the 
reduced con?guration. The expandable medical device fur 
ther has one or more engagement members. Each engage 
ment member has a ?rst end and a second end. The ?rst end 
is engaged to a location on the expandable medical device 
and the second end is releasably engaged to the medical 
device receiving region of the catheter member. 

[0013] In another embodiment, the invention is directed to 
a medical device delivery system comprising a catheter 
member having a proximal region and a distal region. At 
least a portion of the distal region of the catheter member 
de?nes a medical device receiving region. An expandable 
medical device having a reduced con?guration and an 
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expanded con?guration is disposed about the medical device 
receiving region of the catheter member in the reduced 
con?guration. The system further comprises one or more 
engagement members, each having a ?rst end and a second 
end. The ?rst end of each engagement member is engaged to 
a location on the expandable medical device and the second 
end of each engagement member is engaged to a location on 
the medical device receiving region of the catheter member. 
The expandable medical device is expanded from the 
reduced con?guration to the expanded con?guration When 
the ?rst ends of the engagement members are released from 
the expandable medical device or the second ends of the 
engagement members are released from the medical device 
receiving region. 
[0014] In yet another embodiment, the invention is 
directed to an expandable medical device having a reduced 
con?guration and being expandable to an expanded con 
?guration. The expandable medical device comprises one or 
more engagement members, each of Which has a ?rst end 
and a second end. The ?rst end of each of the engagement 
members is engaged to a location on the expandable medical 
device and the second end of each of the one or more 
engagement members extends radially inWard from the ?rst 
end. The engagement members are constructed and arranged 
to releasably engage a medical device receiving region of a 
catheter member. 

[0015] The invention is also directed to methods of secur 
ing a medical device such as a stent to a catheter. In 
accordance With one inventive method, a stent is provided as 
is a catheter member. The catheter member may be in the 
form of a tube having a passage therethrough or in the form 
of a solid member. One or more engagement members, as 
disclosed above, extends from the stent and is releasably 
secured to the catheter member. 

[0016] In accordance With another inventive method, one 
or more engagement members extending from the catheter 
member is releasably secured to the stent. 

[0017] In yet another embodiment of the inventive meth 
ods, a stent having one or more ?exible members, each 
having a ?rst end secured to the stent and a second end 
secured to the stent, is provided. The ?exible members form 
loops. A catheter member is inserted in the loops thereby 
retaining the stent in the reduced con?guration. 

[0018] A detailed description of the invention in its vari 
ous embodiments is provided beloW. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0019] A detailed description of the invention is hereafter 
described With speci?c reference being made to the draW 
ings in Which: 

[0020] FIG. 1 is a side perspective vieW of an embodiment 
of the invention Wherein a stent is shoWn retained about a 
delivery catheter by a retaining Wire. 

[0021] FIG. 2 is a side perspective vieW of the embodi 
ment shoWn in FIG. 1 Wherein the stent is shoWn expanding 
as a result of retraction of a retaining Wire. 

[0022] FIG. 2a is a side perspective vieW of an embodi 
ment of the invention Wherein a stent is shoWn retained 
about a delivery catheter by a pair of retaining Wires 
extending from a single port. 
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[0023] FIG. 2b is a side perspective vieW of an embodi 
ment of the invention Wherein a stent is shoWn retained 
about a delivery catheter by a pair of retaining Wires With 
each Wire extending from a respective port. 

[0024] FIG. 3 is a side perspective vieW of the embodi 
ment shoWn in FIG. 2 Wherein the stent is shoWn expanded 
as a result of fully retracting the retaining Wire from the 
stent; 

[0025] FIG. 4 is a side perspective vieW of an alternative 
embodiment of the invention Wherein the retaining Wire is 
threaded through the struts of the stent. 

[0026] FIG. 5 is a side perspective vieW of an embodiment 
of the invention Wherein a stent includes internal members 
for retaining the stent in a reduced con?guration about a 
shaft of a delivery catheter. 

[0027] FIG. 6 is a cross-sectional vieW of the embodiment 
shoWn in FIG. 5. 

[0028] FIG. 7 is a side perspective vieW of the embodi 
ment shoWn in FIG. 5, Wherein the stent has been expanded 
by WithdraWing the shaft from the retaining members. 

[0029] FIG. 8 is a cross-sectional vieW of the embodiment 
shoWn in FIG. 7. 

[0030] FIG. 9 is a cross-sectional vieW of an alternative of 
the embodiment shoWn in FIG. 7 Wherein retaining mem 
bers are con?gured to correspond to the circumference of the 
stent after delivery. 

[0031] FIG. 10 is a pro?le vieW of an embodiment of the 
invention Wherein a stent includes internal members for 
retaining the stent in a reduced con?guration about a shaft of 
a delivery catheter. 

[0032] FIG. 11 is a pro?le vieW of the embodiment of the 
invention shoWn in FIG. 10 Wherein folloWing delivery of 
the stent the retaining members are con?gured to correspond 
to the circumference of the stent after delivery. 

[0033] FIG. 12 is a side perspective vieW of an embodi 
ment of the invention Wherein a stent includes internal hooks 
of shape memory material for retaining the stent in a reduced 
con?guration about a shaft of a delivery catheter. 

[0034] FIG. 13 is a cross-sectional vieW of the embodi 
ment shoWn in FIG. 12. 

[0035] FIG. 14 is a side perspective vieW of the embodi 
ment shoWn in FIG. 12, Wherein the stent has been 
expanded by activation of the shape memory hooks Which 
are then disengaged from the catheter shaft thereby releasing 
the stent to expand. 

[0036] FIG. 15 is a cross-sectional vieW of the embodi 
ment shoWn in FIG. 14. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] While this invention may be embodied in many 
different forms, there are described in detail herein speci?c 
exemplary embodiments of the invention. This description is 
an exempli?cation of the principles of the invention and is 
not intended to limit the invention to the particular embodi 
ments illustrated. 
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[0038] For the purposes of this disclosure, unless other 
Wise indicated, identical reference numerals used in different 
?gures refer to the same component. 

[0039] As indicated above, the present invention is 
directed to novel expandable medical devices as Well as their 
associated delivery systems. 

[0040] In one embodiment of the invention such as is 
shoWn in FIG. 1 a delivery system, indicated generally at 10 
is shoWn. Delivery system 10 includes a catheter 12. The 
catheter 12 may be any form of catheter suitable for the 
delivery of a medical device. In the embodiment shoWn, 
catheter 12 includes a shaft 11 Which de?nes a lumen 14 
through Which a pull back Wire 16 may move. Pull back Wire 
16 extends proximally to a proximal hub 18 of the catheter 
Where it may be operated. Desirably, the pull back Wire 16 
terminates in an readily actuatable mechanism 20 Which 
may be actuated to cause proximal retraction of the Wire 16. 
An example of a suitable retraction mechanism 20 is 
described in US. Pat. No. 5,968,052, the entire contents of 
Which is incorporated herein by reference. 

[0041] At the distal region 22 of the catheter 12, the 
catheter comprises a retaining Wire 24 Which terminates in 
the pull back Wire 16. The retaining Wire 24 and pull back 
Wire 16 may be of one piece construction or may be in the 
form of a retaining Wire and a pull back Wire Which are 
Welded, soldered or adhesively joined together. The retain 
ing Wire 24 may also be characteriZed as a Wire of material. 

[0042] The retaining Wire 24 and pull back Wire 16 
combination exits the pull back Wire lumen 14 through a port 
26 in the side Wall 28 of the catheter shaft 11. Where the Wire 
24 exits port 26, the Wire 24 de?nes a relatively straight 
elongated proximal portion 30. The Wire 24 may be readily 
draWn into the lumen 14 through port 26 When the pull back 
Wire 16 is actuated. 

[0043] The distal portion 32 of the Wire 24 is coiled about 
an expandable medical device, such as a stent 34. The coiled 
portion of the Wire retains the stent in a reduced pro?le 
con?guration about a stent retaining area 36 of the catheter 
shaft 11. In the embodiment shoWn in FIG. 1, the stent 34 
may be any type of stent including a self-expanding stent or 
a balloon expandable stent. Where the stent is balloon 
expandable or requires mechanical seating, the stent retain 
ing area 36 of the catheter 12 may be or may include a 
medical balloon or other expansion device. Where the stent 
retaining area 36 includes a balloon, the catheter shaft 11 
Will include an in?ation lumen or other means for in?ating 
the balloon as is knoWn in the art. The in?ation lumen may 
be provided as part of catheter shaft 11. 

[0044] In FIG. 2, the system 10 is shoWn during retraction 
of the Wire 24. As the pull back Wire 16 is proximally draWn, 
the Wire 24 is retracted from about the stent 34 and into the 
lumen 14 through port 26. In the embodiment shoWn in FIG. 
2, the stent 34 is a self-expanding stent and is shoWn 
expanding from the distal end as the Wire 24 is WithdraWn. 
As is shoWn in FIG. 3, once the Wire 24 is WithdraWn from 
about the stent 34, the stent is alloWed to fully expand. Once 
stent 34 is fully expanded and positioned in the vessel, the 
catheter 12 may be WithdraWn. 

[0045] Depending on the location of the port 26, the Wire 
24 may be con?gured to be WithdraWn from the proximal 
end or the distal end of the stent as desired. In another 
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embodiment of the invention shoWn in FIGS. 2a-2b mul 
tiple Wires 24 may be provided through one or more ports to 
alloW for simultaneous expansion of both ends of the stent 
or medial expansion as desired. 

[0046] In FIG. 2a the system 10 is shoWn Wherein a pair 
of retaining Wires 24a and 24b are draWn through a single 
port 26. The Wires 24a and 24b are retracted proximally 
through the lumen 14. HoWever, depending on the position 
of the stent 34 relative to the port 26 portions of the Wires 
24a and/or 24b may be pulled distally as the Wire(s) are 
draWn through the port 26 during retraction. 

[0047] In the embodiment shoWn, the port 26 is positioned 
centrally in the stent retaining area 36. Where simultaneous 
retraction of both Wires 24a and 24b is to be conducted, 
Wires 24a and 24b may extend proximally to a single pull 
back Wire 16. When the Wires 24a and 24b are retracted the 
proximal and distal ends of the stent are initially exposed 
simultaneously before any other portion of the stent. By 
alloWing the ends of the stent to be freed before the medial 
portion, the ends of the stent may be alloWed to expand or 
begin expanding prior to the middle region of the stent. 

[0048] Where it is desirable to permit a particular end of 
the stent 34 to expand before the other end, one of the Wires 
24a or 24b may be retracted ?rst. In such an embodiment, 
each Wire 24a and 24b must extend to a distinct and separate 
pull back Wire, to alloW for individualiZed retraction. 

[0049] In another embodiment of the invention shoWn in 
FIG. 2b, the system 10 employs a pair of Wires 24a and 24b 
each of Which extends from a respective port 26a and 26b. 
Preferably, the ports 26a and 26b are positioned in the stent 
retaining area 36 such that When a stent 34 is placed 
thereabout, the Wires 24a and 24b extend over the ends of 
the stent and are directed over the medial region of the stent. 
If the Wires 24a and 24b are retracted simultaneously, the 
medial region of the stent is initially freed before the stent 
ends, thereby alloWing the center of the stent to begin 
expansion prior to the ends. 

[0050] The number and placement of ports as Well as 
Wires may be varied as desired. The embodiments shoWn in 
FIGS. 2 and 2a-2b are merely examples of the Wide range 
of con?gurations Which may be embodied by the present 
invention. In addition to the number and position of the ports 
and Wires, other embodiments may be employed such as the 
embodiment shoWn in FIG. 4, Wherein the Wire 24 may be 
threaded through selected struts 38 of the stent 24 to provide 
a more secure engagement of the stent in the reduced pro?le 
con?guration. As the Wire 24 is retracted, the Wire 24 is 
un-threaded from the struts 38 as it is proximally WithdraWn 
through the lumen 14. 

[0051] In the embodiments shoWn in FIGS. 1-4, the 
Wire(s) 24 may be constructed of any material capable of 
retaining a stent 34 in a reduced pro?le state, such as is 
shoWn in FIG. 1, but Which is ?exible enough to be readily 
WithdraWn from the stent such as is shoWn in FIGS. 2 and 
3. Optionally, to facilitate retraction of the Wire 24 from the 
stent 34, the Wire 24 may be constructed from a shape 
memory material such as nitinol and/or a shape memory 
polymer. Some examples of suitable shape memory poly 
mers include but are not limited to: acrylate-based polymers, 
polyurethane-based polymers, polylactide-based polymers 
and polynorbornene based polymers. 
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[0052] The use of a shape memory material in Wire 24 may 
provide the Wire With the capability to uncoil from the stent 
34 When the shape memory property is activated by a change 
in temperature, or pH in the Wire 24 or surrounding area. The 
shape memory material may be temperature activated by the 
heat of the body or heat may be delivered to the Wire 24 
through the pull back Wire 16. Alternatively, a Warm saline 
bolus may be injected into the lumen 14 to increase the 
temperature surrounding the Wire 24 prior to or during 
retraction. In one embodiment of the invention Where the 
shape memory material of the Wire 24 is pH activated, a 
bolus of pH-buffered saline may be injected into lumen 14 
to change the pH of the area surrounding Wire 24. 

[0053] Turning to FIGS. 5-6, another embodiment of the 
invention is shoWn Wherein a self-expanding stent 34 is 
retained in the reduced pro?le con?guration by internally 
mounted members 40 Which engage the catheter shaft 11. 
The shaft 11 may be a solid member or may have one or 
more lumens therein, as desired. Members 40 extend 
betWeen tWo ends 44 and 46. Ends 44 and 46 are each 
engaged to a strut 38 or other portion of the stent 34 in such 
a manner that When the member 40 is looped over the 
catheter shaft 11, the members retain the stent 34 in the 
reduced pro?le con?guration and prevent the stent 34 from 
self-expanding. When multiple members 40 are distributed 
throughout the length of the stent interior 42 and engaged to 
the shaft 11, the stent 34 is draWn radially inWard to the 
reduced pro?le con?guration shoWn in FIGS. 5 and 6. 

[0054] The members 40 may be any material Which can be 
con?gured into strands suitable for placement Within the 
lumen or interior 42 of a stent 34. In some embodiments of 
the invention, members 40 may be constructed from a 
material that can stretch elastically at least 50 percent of the 
original loop length, in a manner similar to that of a rubber 
band. Some examples of suitable elastic materials include 
but are not limited to silicone and/or polyurethane. Members 
40 may be stretched around the shaft 11 prior to delivery of 
the stent 34. 

[0055] In order to alloW the stent 34 to self-expand, the 
shaft member 11 is WithdraWn from the stent interior 42 as 
shoWn in FIG. 7. In some embodiments, the shaft 11 may be 
a Wire or other elongate member. The shaft 11 and/or 
members 40 may be coated With a biocompatible lubricant 
to facilitate WithdraWal of the shaft 11 from the interior 42. 
The catheter 12 includes a housing or other member 48 
through Which the shaft 11 may be WithdraWn. The shaft 11 
is capable of longitudinal movement relative to the housing 
48. The housing 48, prevents the stent 34 from being shifted 
in position as the shaft 11 is WithdraWn. After the shaft 11 is 
WithdraWn from the stent interior 42, the entire catheter 12 
including the housing 48 and shaft 11 may be WithdraWn 
from the body. The invention also contemplates the use of 
other members adjacent to the catheter shaft 11 Which can 
act to retain the stent 34 in place While the catheter shaft 11 
is WithdraWn. 

[0056] As the shaft 11 is WithdraWn, the individual mem 
bers 40 are disengaged from the shaft 11 thereby alloWing 
the stent 34 to self-expand. As may be seen in FIG. 8, the 
members 40 are suf?ciently long and/or ?exible enough to 
not interfere With the expansion of the stent 34. In some 
embodiments Where the members 40 are con?gured to 
stretch elastically as previously described, When shaft 11 is 
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WithdraWn during stent delivery, the members 40 may be 
con?gured to become a substantially straight member 
extending from tWo points on the stent 34 corresponding to 
ends 44 and 46, such as is shoWn in FIG. 9. Preferably, ends 
44 and 46 are spaced fairly close together along the circum 
ference of stent 34 so that the straightened member 40 Would 
not encroach, or Would only minimally encroach, into the 
interior of the expanded stent 34. 

[0057] In some embodiments of the invention, members 
40 may be constructed from a superelastic or shape-memory 
material. Some examples of suitable shape-memory mate 
rials may include but are not limited to: nitinol, shape 
memory polymers and/or superelastic titanium alloys. 
Where members 40 are made from shape-memory materials 
the individual members 40 do not appreciably stretch in 
length, but instead members 40 have the capacity to take one 
shape When it is looped around the shaft 11 and return to 
another default shape after the shaft 11 is WithdraWn. 

[0058] An example of another con?guration of members 
40 is shoWn in FIG. 10 Wherein each member 40 has a single 
extension member 45 extending from end 44 along the 
circumference of the stent 34. The extension members 45 
extend inWard into the stent interior 42 to engage the 
catheter shaft 11 With a shaft engagement member 60. 
Preferably, shaft engagement member 60 is a hook or ring 
shaped portion of the member 40 Which is engaged to 
extension member 45. Engagement member 60 may be 
constructed from the same material or a different material 
than extension member 45. When the shaft 11 is WithdraWn, 
the members 40 may attain the default shape or may be 
con?gured to acquire a neW shape Wherein the extension 
members 45 draW the shaft engagement members 60 to a 
position along the plane of the stent 34 such as is shoWn in 
FIG. 11. 

[0059] In yet another embodiment of the invention shoWn 
in FIGS. 12-15, the system 10 is con?gured to provide a 
self-expanding stent 34 With the capability of being self 
expanded Without the need to WithdraW the shaft 11 from the 
stent interior 42 prior to stent delivery. In addition, the stent 
34 is retained about the catheter shaft 11 Without the use of 
a retaining sheath, sleeve, or retaining Wires as previously 
discussed. 

[0060] In the embodiment shoWn in FIGS. 12 and 13 the 
stent 34 includes at least one, and desirably a plurality, of 
interior mounted members in the form of hooks, loops or 
Weaves 50. When the stent 34 is held in the reduced pro?le 
state prior to delivery, the interior ends 52 of each member 
50 are engaged to the catheter shaft 11. As shoWn in FIG. 12, 
the ends 52 are preferably partially disposed about the 
catheter shaft 11. The members may be engaged to the 
catheter shaft 11, or may be engaged to other members 50 
Which overlap to retain the stent 34 to the shaft 11 in the 
unexpanded state. 

[0061] The exterior end 54 of each member 50 is engaged 
to one or more struts 38 of stent 34 and restrains the stent 

from self-expanding. In some embodiments of the invention, 
the members 50 may be integral With the stent 34 and 
include ends 52 that are removably engaged to the catheter 
shaft 11 prior to stent delivery. 

[0062] The members 50 are constructed at least partially 
from a shape memory material. Suitable shape memory 
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materials include any the shape memory materials disclosed 
above and may be temperature or pH activated. In order to 
release the stent 34 to self-expand, at least the interior ends 
52 of the members 50 are subjected to a change in tempera 
ture or pH suf?cient to cause the ends 52 to relax their shape 
and release the stent 34 from the catheter shaft 11 such as is 
shoWn in FIGS. 14 and 15. Once the stent is released, the 
catheter 12 may be WithdraWn. 

[0063] In some embodiments of the invention, the mem 
bers 50 may be con?gured to retract into the circumference 
of the stent thereby ensuring that the members do not extend 
inWard into the stent interior 42 once the stent 34 is fully 
expanded. 
[0064] The change in temperature required to cause trans 
formation of the hooks 50 may be accomplished in a variety 
of Ways. In at least one embodiment the shaft 11 de?nes a 
lumen 14 through Which a Wire 56 may be passed. For the 
purposes of this disclosure, the term Wire is includes metal 
Wires, polymer ?bers, optical ?bers, or other elongate mem 
bers. In at least one embodiment of the invention, Wire 56 
may be an optical ?ber Which is advanced through the shaft 
11 to locations adjacent to the hook ends 52. The optical 
?ber may be used to transmit laser light to the hooks 50 in 
order to transform the hooks 50 and release the ends 52 from 
the catheter shaft 11. Alternatively, Wire 56 may be a Wire or 
other heating or electrically conductive element Which may 
heat the hooks 50 to release the ends 52 from the shaft 11. 
In the embodiments Where a Wire is used to heat the hooks 
50, the catheter 12 itself may be a heat conductive Wire or 
material thereby removing the need for lumen 14 and 
reducing the pro?le of the catheter 12 further. 

[0065] In still another embodiment, the lumen 14 may be 
used to transmit a heated bolus and/or pH-buffered bolus of 
saline to the stent interior 42 Whereupon the increase in 
temperature and/or pH provided by the bolus causes release 
of the ends 52 from the shaft. Other methods of providing 
heat or a change in temperature to the interior of a stent, such 
as may be knoWn, may also be utiliZed in the present 
invention. 

[0066] It should also be noted that the members 50 may 
also be constructed to be ?xedly engaged to the catheter 
shaft 11 such that the shape memory aspect of the hooks 50 
alloWs the exterior ends 54 to release the stent struts 38. In 
such an embodiment the members 50 may be con?gured to 
be draWn inWard toWard the catheter shaft 11 to ensure a 
reduced pro?le for retraction of the catheter 12 from the 
body. 
[0067] The invention is also directed to methods of secur 
ing a medical device such as a stent to a catheter. In 
accordance With one inventive method, a stent is provided as 
is a catheter member. The catheter member may be in the 
form of a tube having a passage therethrough or in the form 
of a solid member. One or more engagement members, as 
disclosed above, extends from the stent and is releasably 
secured to the catheter member. 

[0068] In accordance With another inventive method, one 
or more engagement members extending from the catheter 
member is releasably secured to the stent. 

[0069] In yet another embodiment of the inventive meth 
ods, a stent having one or more ?exible members, each 
having a ?rst end secured to the stent and a second end 
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secured to the stent, is provided. The ?exible members form 
loops. A catheter member is inserted in the loops thereby 
retaining the stent in the reduced con?guration. 

[0070] In addition to being directed to the speci?c com 
binations of features claimed beloW, the invention is also 
directed to embodiments having other combinations of the 
dependent features claimed beloW and other combinations of 
the features described above. 

[0071] The above disclosure is intended to be illustrative 
and not exhaustive. This description Will suggest many 
variations and alternatives to one of ordinary skill in this art. 
All these alternatives and variations are intended to be 
included Within the scope of the claims Where the term 
“comprising” means “including, but not limited to”. Those 
familiar With the art may recogniZe other equivalents to the 
speci?c embodiments described herein Which equivalents 
are also intended to be encompassed by the claims. 

[0072] Further, the particular features presented in the 
dependent claims can be combined With each other in other 
manners Within the scope of the invention such that the 
invention should be recogniZed as also speci?cally directed 
to other embodiments having any other possible combina 
tion of the features of the dependent claims. For instance, for 
purposes of claim publication, any dependent claim Which 
folloWs should be taken as alternatively Written in a multiple 
dependent form from all prior claims Which possess all 
antecedents referenced in such dependent claim if such 
multiple dependent format is an accepted format Within the 
jurisdiction (e.g. each claim depending directly from claim 
1 should be alternatively taken as depending from all 
previous claims). In jurisdictions Where multiple dependent 
claim formats are restricted, the folloWing dependent claims 
should each be also taken as alternatively Written in each 
singly dependent claim format Which creates a dependency 
from a prior antecedent-possessing claim other than the 
speci?c claim listed in such dependent claim beloW. 

1. A delivery system for delivering a medical device to a 
body location, the delivery system comprising: 

a catheter, the catheter having a catheter shaft having a 
proximal region and a distal region, the catheter shaft 
de?ning a pull-Wire lumen, at least a portion of the 
distal region de?ning a medical device receiving 
region; 

an expandable medical device disposed about the medical 
device receiving region, the expandable medical device 
having a reduced con?guration and an expanded con 
?guration, the expandable medical device further hav 
ing proximal and distal device ends; 

at least one retractable retaining Wire, at least a portion of 
the at least one retractable retaining Wire coiled about 
at least a portion of the expandable medical device and 
retaining the expandable medical device in the reduced 
con?guration, one end of the at least one retractable 
retaining Wire terminating in at least one pull-Wire, the 
at least one pull-Wire extending into the pull-Wire 
lumen to the proximal region of the catheter shaft. 

2. The delivery system of claim 1 Wherein the at least one 
retractable retaining Wire is characteriZed as one or more 
ribbons. 
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3. The delivery system of claim 1 Wherein the at least one 
retractable retaining Wire is constructed from a shape 
memory material. 

4. The delivery system of claim 1 Wherein the at least one 
retractable retaining Wire is constructed from at least one 
material of the group consisting of nitinol, acrylate-based 
polymers, polyurethane-based polymers, polynorbornene 
based polymers, polylactide-based polymers, platinum, 
tungsten, titanium, stainless steel, nickel and any combina 
tions thereof. 

5. The delivery system of claim 1 Wherein the medical 
device is a stent. 

6. The delivery system of claim 5 Wherein the stent 
comprises a plurality of interconnected struts, the at least 
one retractable retaining Wire being threadingly coiled about 
selected struts of the stent. 

7. The delivery system of claim 1 Wherein the medical 
device receiving region comprises a medical balloon, the 
delivery system further comprising an in?ation lumen, the 
in?ation lumen in ?uid communication With the medical 
balloon. 

8. The delivery system of claim 7 Wherein the medical 
device is balloon expandable. 

9. The delivery system of claim 1 Wherein the catheter 
shaft includes a side Wall, the side Wall de?ning at least one 
lumen port, the at least one pull-Wire extending proximally 
from the proximal end of the at least one retractable retain 
ing Wire and passing through the at least one lumen port to 
enter into the pull-Wire lumen. 

10. The delivery system of claim 1 Wherein the at least 
one retractable retaining Wire is constructed and arranged to 
uncoil from the medical device When the at least one 
pull-Wire is retracted. 

11. A delivery system for delivering a medical device to 
a body location, the delivery system comprising: 

a catheter, the catheter having an outer member and a 
retractable inner member, the catheter having a proxi 
mal region and a distal region, at least a portion of the 
distal region of the inner member de?ning a medical 
device receiving region; 

an expandable medical device having a reduced con?gu 
ration and an expanded con?guration, the expandable 
medical device disposed about the medical device 
receiving region of the inner member in the reduced 
con?guration, the expandable medical device compris 
ing a plurality of interconnected struts; 

one or more ?exible members, each of the one or more 

?exible members having a ?rst end and a second end, 
each end of the one or more ?exible members being 
engaged to one or more struts, each of the one or more 
?exible members being looped about the medical 
device receiving region of the inner member, thereby 
retaining the medical device in the reduced con?gura 
tion thereabout. 

12. The delivery system of claim 11 Wherein the expand 
able medical device is expanded from the reduced con?gu 
ration to the expanded con?guration When the retractable 
inner member is proximally retracted from Within the medi 
cal device. 

13. The delivery system of claim 11 Wherein the medical 
device is a self-expanding stent. 

14. The delivery system of claim 11 Wherein the inner 
member is a Wire. 
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15. The delivery system of claim 11 Wherein the medical 
device mounting region of the retractable inner member 
includes a lubricious surface. 

16. An expandable medical device having a reduced 
con?guration and being expandable to an expanded con 
?guration, the expandable medical device comprising: 

a plurality of interconnected struts, the plurality of inter 
connected struts de?ning an internal tubular passage, 

one or more ?exible members, each of the one or more 

?exible members having a ?rst end and a second end 
and extending into the internal tubular passage, each 
end of the one or more ?exible members being engaged 
to a strut. 

17. The expandable medical device of claim 16 Wherein 
each of the one or more ?exible members is constructed and 
arranged to removably engage a catheter member and retain 
the expandable medical device in the reduced state about the 
catheter member. 

18. The expandable medical device of claim 17 in com 
bination With a catheter member, the expandable medical 
device disposed about the catheter member, each of the one 
or more ?exible members at least partially and removably 
disposed about the catheter member, the ?exible members 
being of suf?cient length to alloW the expandable medical 
device to expand to the expanded con?guration When the 
catheter member is removed from Within the expandable 
medical device. 

19. The expandable medical device of claim 18 in the 
form of a self-expanding stent. 

20. A delivery system for delivering a medical device to 
a body location, the delivery system comprising: 

a catheter member, the catheter member having a proxi 
mal region and a distal region, at least a portion of the 
distal region of the catheter member de?ning a medical 
device receiving region; and 

an expandable medical device having a reduced con?gu 
ration and an expanded con?guration, in the reduced 
con?guration the medical device being disposed about 
the medical device receiving region of the catheter 
member, the expandable medical device further having 
one or more engagement members, each of the one or 
more engagement members having a ?rst end and a 
second end, the ?rst end of each of the one or more 
engagement members engaged to a location on the 
expandable medical device, in the reduced con?gura 
tion the second end of each of the one or more 
engagement members releasably engaged to the medi 
cal device receiving region of the catheter member or 
to another of the one or more engagement members. 

21. The delivery system of claim 20 Wherein the expand 
able medical device expands from the reduced con?guration 
to the expanded con?guration When the second end of the 
one or more engagement members is released from the 
medical device receiving region of the catheter member or 
from another of the one or more engagement members. 

22. The delivery system of claim 20 Wherein the one or 
more engagement members are constructed from at least one 
material of the group consisting of nitinol, acrylate-based 
polymers, polyurethane-based polymers, polynorbornene 
based polymers, polylactide-based polymers, platinum, 
tungsten, titanium, stainless steel, nickel and any combina 
tions thereof. 
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23. The delivery system of claim 21 Wherein the one or 
more engagement members are at least partially constructed 
from a temperature sensitive shape memory material. 

24. The delivery system of claim 22 Wherein the second 
end of each of the one or more engagement members is 
constructed at least partially from the temperature sensitive 
shape memory material. 

25. The delivery system of claim 24 Wherein the catheter 
member includes a lumen therein. 

26. The delivery system of claim 25 Wherein the lumen 
has a heating element therein, the heating element con 
structed and arranged to increase the temperature of the 
second end of each of the one or more engagement mem 
bers. 

27. The delivery system of claim 25 Wherein the heating 
element is selected from at least one member of the group 
consisting of a ?ber optic Wire, an electrically conductive 
Wire, an electrically resistive Wire, a saline bolus, and any 
combination thereof. 

28. The delivery system of claim 20 Wherein the catheter 
member is a heat conductive Wire. 

29. The delivery system of claim 21 Wherein the one or 
more engagement members are at least partially constructed 
from a pH sensitive shape memory material. 

30. The delivery system of claim 29 Wherein the second 
end of each of the one or more engagement members is 
constructed at least partially from the pH sensitive shape 
memory material. 

31. The delivery system of claim 30 Wherein the catheter 
member includes a lumen therein. 

32. The delivery system of claim 31 Wherein the lumen is 
constructed and arranged to deliver a pH-buffered bolus of 
saline to the distal region of the catheter member. 

33. A delivery system for delivering a medical device to 
a body location, the delivery system comprising: 

a catheter member, the catheter member having a proxi 
mal region and a distal region, at least a portion of the 
distal region of the catheter member de?ning a medical 
device receiving region; 

an expandable medical device having a reduced con?gu 
ration and an expanded con?guration, in the reduced 
con?guration the medical device being disposed about 
the medical device receiving region of the catheter 
member; and 

one or more engagement members, each of the one or 
more engagement members having a ?rst end and a 
second end, in the reduced con?guration the ?rst end of 
each of the one or more engagement members being 
releasably engaged to a location on the expandable 
medical device or to another of the one or more 

engagement members, the second end of each of the 
one or more engagement members engaged to the 
medical device receiving region of the catheter mem 
ber. 

34. The delivery system of claim 33 Wherein the expand 
able medical device expands from the reduced con?guration 
to the expanded con?guration When the ?rst end of the one 
or more engagement members is released from the location 
on the expandable medical device or from another of the one 
or more engagement members. 

35. The delivery system of claim 33 Wherein the one or 
more engagement members are constructed from at least one 
material of the group consisting of nitinol, acrylate-based 
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polymers, polyurethane-based polymers, polynorbornene 
based polymers, polylactide-based polymers, platinum, 
tungsten, titanium, stainless steel, nickel and any combina 
tions thereof. 

36. A delivery system for delivering a medical device to 
a body location, the delivery system comprising: 

a catheter member, the catheter member having a proxi 
mal region and a distal region, at least a portion of the 
distal region of the catheter member de?ning a medical 
device receiving region; 

an expandable medical device having a reduced con?gu 
ration and an expanded con?guration, the expandable 
medical device disposed about the medical device 
receiving region of the catheter member in the reduced 
con?guration; 

one or more engagement members, each of the one or 

more engagement members having an engaged state 
and a released state, each of the one or more engage 

ment members having a ?rst end and a second end, the 
?rst end of each of the one or more engagement 
members engaged to a location on the expandable 
medical device and in the reduced con?guration the 
second end of each of the one or more engagement 
members being engaged to a location on the medical 
device receiving region of the catheter member or to 
another engagement member; 

the expandable medical device being expanded from the 
reduced con?guration to the expanded con?guration 
When the one or more engagement members are trans 

formed from the engaged state to the released state 
thereby causing the second ends of the one or more 
engagement members to be released from the medical 
device receiving region or the another engagement 
member. 

37. The delivery system of claim 36 Wherein the one or 
more engagement members are constructed from at least one 
material of the group consisting of nitinol, acrylate-based 
polymers, polyurethane-based polymers, polynorbornene 
based polymers, polylactide-based polymers, platinum, 
tungsten, titanium, stainless steel, nickel and any combina 
tions thereof. 

38. An expandable medical device having a reduced 
con?guration and being expandable to an expanded con 
?guration, the expandable medical device comprising: 

one or more engagement members, each of the one or 
more engagement members having a ?rst end and a 
second end, the ?rst end of each of the one or more 
engagement members engaged to a location on the 
expandable medical device, the second end of each of 
the one or more engagement members extending radi 
ally inWard from the ?rst end and constructed and 
arranged to releasably engage a medical device receiv 
ing region of a catheter member. 

39. The expandable medical device of claim 38 Wherein 
the one or more engagement members are at least partially 
constructed from a temperature sensitive shape memory 
material. 

40. The expandable medical device of claim 38 Wherein 
the second end of each of the one or more engagement 
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members is constructed at least partially from a temperature 
sensitive shape memory material. 

41. The expandable medical device of claim 38 Wherein 
the one or more engagement members are constructed from 

at least one material of the group consisting of nitinol, 
acrylate-based polymers, polyurethane-based polymers, 
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polynorbornene-based polymers, polylactide-based poly 
mers, platinum, tungsten, titanium, stainless steel, nickel and 
any combinations thereof. 

42. The eXpandable medical device of claim 38 Wherein 
the medical device is a self-expanding stent. 

* * * * * 


