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(57) ABSTRACT 
Medical devices for implantation in a body vessel, and 
methods of using and making the same, are provided. 
Medical devices preferably comprise a remodelable material 
attached to a frame With a tension that can change upon 
implantation of the medical device Within the lumen of a 
body vessel. Controlled fracture or bioabsorption of frame 
material can, in some embodiments, decrease the tension on 
the remodelable material after implantation. The remodel 
able material can form one or more valve lea?ets adapted to 
regulate ?uid How in a body vessel, such as a vein. 
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MEDICAL DEVICE INCLUDING REMODELABLE 
MATERIAL ATTACHED TO FRAME 

[0001] This application is a continuation-in-part of co 
pending U.S. patent application Ser. No. 11/103,137, ?led 
Apr. 11, 2005 (Case et al.), Which is incorporated herein by 
reference in its entirety; this application also claims the 
bene?t of Us. provisional patent application Ser. No. 
60/681,863, ?led May 17, 2005 (Case et al.), Which is also 
incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present invention relates to medical devices. 
More particularly, the invention relates to medical devices 
for implantation in a body vessel. 

BACKGROUND 

[0003] Various implantable medical devices are advanta 
geously inserted Within various body vessels, for example 
from an implantation catheter. Minimally invasive tech 
niques and instruments for placement of intralumenal medi 
cal devices have been developed to treat and repair such 
undesirable conditions Within body vessels, including treat 
ment of venous valve insu?iciency. Intralumenal medical 
devices can be deployed in a vessel at a point of treatment, 
the delivery device WithdraWn from the vessel, and the 
medical device retained Within the vessel to provide sus 
tained improvement in vascular valve function. For 
example, implantable medical devices can function as a 
replacement venous valve, or restore native venous valve 
function by bringing incompetent valve lea?ets into closer 
proximity. Such devices can comprise an expandable frame 
con?gured for implantation in the lumen of a body vessel, 
such as a vein. Venous valve devices can further comprise 
features that provide a valve function, such as opposable 
lea?ets. 

[0004] Implantable medical devices can comprise frames 
that are highly compliant, and therefore able to conform to 
both the shape of the lumen of a body vessel as Well as 
respond to changes in the body vessel shape. Dynamic 
?uctuations in the shape of the lumen of a body vessel pose 
challenges to the design of implantable devices that conform 
to the interior shape of the body vessel. The shape of a lumen 
of a vein can undergo dramatic dynamic change as a result 
of varying blood ?oW velocities and volumes there through, 
presenting challenges for designing implantable intralume 
nal prosthetic devices that are compliant to the changing 
shape of the vein lumen. 

[0005] For some applications, an implantable frame hav 
ing a radial strength that varies over time upon implantation 
is desirable. In particular, optimiZing the degree to Which a 
medical device for implantation Within a body vessel is 
compliant to changes in the shape of the body vessel can 
involve consideration of various factors. For example, a 
medical device comprising a highly compliant frame can 
minimize distortion of a body vessel by being highly respon 
sive to changes in the shape of the body vessel. 

[0006] For treatment of many conditions, it is desirable 
that implantable medical devices comprise remodelable 
material. Implanted remodelable material provides a matrix 
or support for the groWth of neW tissue thereon, and remod 
elable material is resorbed into the body in Which the device 
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is implanted. Common events during this remodeling pro 
cess include: Widespread neovasculariZation, proliferation 
of granulation mesenchymal cells, biodegradation/resorp 
tion of implanted remodelable material, and absence of 
immune rejection. By this process, autologous cells from the 
body can replace the remodelable portions of the medical 
device. 

[0007] Mechanical loading of remodelable material during 
the remodeling process has been shoWn to advantageously 
in?uence the remodeling process. For example, the remod 
eling process of one type of remodelable material, extracel 
lular matrix (ECM), is more effective When the material is 
subject to certain types and ranges of mechanical loading 
during the remodeling process. See, e.g., M. Chiquet, 
“Regulation of extracellular matrix gene expression by 
pressure,” Matrix Biol. 18(5), 417-426 (October 1999). 
Mechanical forces on a remodelable material during the 
remodeling process can affect processes such as signal 
transduction, gene expression and contact guidance of cells. 
See, e.g., V C Mudera et al., “Molecular responses of human 
dermal ?broblasts to dual cues: contact guidance and 
mechanical load,” Cell Motil. Cytoskeleton, 45(1):1-9 (June 
2000). An earlier study by C A ToZZi et al, found that: (1) 
pulmonary vascular endothelial cells responded to mechani 
cal tension by producing PDGF-like material and (2) a 
4-hour application of 50 mmHg hydrostatic pressure to 
cultured pulmonary artery endothelial cells induced v-sis 
expression, suggesting that “certain vascular cells can 
respond to an applied load by elaborating factors that affect 
groWth and matrix production of surrounding cells in the 
blood vessel Wall.” See C A ToZZi et al., “Pressure-induced 
connective tissue synthesis in pulmonary artery segments is 
dependent on intact endothelium,” J Clin Invest. 84(3), pp. 
1005-1012,1011 (1989). 

[0008] Therefore, a highly compliant frame With minimal 
radial strength may provide inadequate mechanical loading 
to material attached to the frame to alloW or promote certain 
desirable processes to occur Within the attached material, 
such as remodeling, or Within the body vessel. In some 
instances, frame radial strength can be a trade-off betWeen 
enabling the remodeling of material attached to the frame, 
and minimiZing the distortion or disruption of the body 
vessel. Implantable endolumenal stent frames comprising a 
tubular, radially compressible and axially ?exible structure 
having one or more controlled fracture initiation sites have 
been disclosed, for example, in published U.S. patent appli 
cation Ser. No. 10/742,943 by Stinson, published as 
US2004/0138738 A1. HoWever, there still exists a need in 
the art for an implantable prosthetic device frame that is 
capable of balancing concerns of conforming to the shape of 
a body vessel lumen and providing optimal tension on a 
remodelable material attached to the frame. 

[0009] What is needed are medical devices that provide a 
radial strength that changes over time so as to provide a 
reduced amount of tension on a remodelable material after 
implantation Within a body vessel for a desired period of 
time. 

SUMMARY 

[0010] Implantable frames With radial strength that can 
vary With time under certain conditions are adapted to 
provide desired levels of radial strength upon implantation 
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Within a body vessel. Medical devices With variable radial 
strength can provide, for example, an optimal amount of 
tension on an attached remodelable material during the 
remodeling process, and then provide increased radial 
strength and minimal body vessel distortion after the remod 
eling process is completed. 

[0011] Endolumenal medical devices are provided that 
comprise a support frame and a remodelable material main 
tained under tension in a ?rst direction by the support frame. 
The support frame preferably includes a means for reducing 
the tension on the remodelable material in the ?rst direction, 
such as a Weakened frame portion. Preferably, the remod 
elable material is tensionably attached to the support frame 
to maintain the remodelable material under tension in a ?rst 
direction. The Weakened frame portion is preferably adapted 
to reduce the tension on the remodelable material after a 
desired period of implantation Within a body vessel. For 
example, the tension on the remodelable material can 
decrease When the Weakened frame portion fractures or 
Weakens after a period of time effective for the formation of 
remodeled tissue in place of the remodelable material. The 
endolumenal medical device can have any suitable con?gu 
ration and function, including valves, stents, grafts, stent 
grafts, and shunts. 

[0012] For example, an endolumenal medical device may 
comprise a support frame including a frame member having 
a Weakened frame portion and a valve lea?et comprising a 
remodelable material tensionably attached betWeen the tWo 
struts of the frame member; the remodelable material having 
a ?rst tension in a ?rst direction, Wherein fracturing of the 
Weakened frame portion or a decrease in the cross sectional 
area of the Weakened frame portion of the arcuate member 
decreases the tension of the remodelable material in the ?rst 
direction. 

[0013] The endolumenal medical device is preferably con 
?gured as a valve means for providing substantially unidi 
rectional ?uid ?oW through a body vessel. The valve means 
can include a valve lea?et attached to a support frame along 
at least one edge of the valve lea?et to a portion of the 
support frame comprising the Weakened frame portion. 
Preferably, attachment of the valve lea?et to the support 
frame provides a tension on the valve lea?et in a ?rst 
direction perpendicular to the direction of ?uid ?oW through 
the valve means, and the tension can be reduced by Weak 
ening the support member. Weakening of the support mem 
ber preferably occurs by the controlled fracture of the 
support member at the Weakened frame portion or the 
reduction of the cross sectional area of the support member 
at the Weakened frame portion. 

[0014] Preferably, the endolumenal medical device is a 
percuteneously implantable valve formed by attaching a 
remodelable material to a radially expandable support frame 
having a Weakened frame portion. The remodelable material 
can form a valve lea?et attached to the support frame With 
a ?rst tension in a ?rst direction; Wherein Weakening of the 
support member by the controlled fracture of the support 
member at the Weakened frame portion or the reduction of 
the cross sectional area of the support member at the 
Weakened frame portion results in a decrease in the tension 
of the remodelable material in the ?rst direction. The remod 
elable material is preferably attached to the support member 
at tWo or more attachment points. A controlled fracture 
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initiation site can be positioned betWeen at least tWo of the 
attachment points. The support member can de?ne the 
perimeter of an opening in the support frame having three or 
more sides and the attachment points are positioned along 
the perimeter, and the opening in the support frame is 
preferably covered by the remodelable material maintained 
under tension by attachment to the support frame. The valve 
lea?et is preferably attached to a support member on at least 
tWo sides, and positioned Within the tubular lumen of the 
support frame. The support frame can be con?gured as a 
tubular, radially compressible structure having a lumenal 
surface de?ning a tubular lumen and comprising a plurality 
of support members de?ning the tubular lumen the support 
frame. The remodelable material can be con?gured as a tube 
attached to the support frame to form a stent graft or other 
?uid conduit. 

[0015] In a ?rst embodiment, the Weakened frame portion 
is a controlled fracture initiation site. Weakening of the 
support member by the controlled fracture of the support 
member at the Weakened frame portion preferably results in 
a decrease in the tension of the remodelable material. The 
controlled fracture initiation site can include any suitable 
material adapted to fracture in a controlled manner after 
exposure to physiological conditions, such as conditions 
Within a body vessel, for example in response to any suitable 
condition that could be present in a body vessel, such as 
physical conditions (e.g., physical deformation, tempera 
ture, pH, dissolution, ?uid pressure, and the like) or bio 
chemical processes (e.g., enzyme digestion, chemical reac 
tions, and the like). The controlled fracture initiation site 
may also be designed to fracture after a desirable period of 
time, such as the time for a process occurring during tissue 
remodeling. For example, a frame may fracture after sub 
stantial groWth of endothelial cells around or into the frame. 
Preferably, the medical device is designed to protect the 
body vessel from damage during or after the fracture of the 
frame material. 

[0016] In a second embodiment, a medical device can 
comprise one or more bioabsorbable materials. Upon 
implantation, absorption of the bioabsorbable material 
Within the body can reduce the cross sectional area of the 
support frame at the Weakened frame portion, thereby 
increasing the ?exibility of the support frame at the Weak 
ened frame portion. Weakening of the support member by 
the reduction of the cross sectional area of the support 
member at the Weakened frame portion preferably results in 
a decrease in the tension of the remodelable material in the 
?rst direction. In one aspect, absorption of a biomaterial can 
decrease the radial strength of an implanted frame, for 
example by reducing the cross section or surface area of a 
portion of the frame. In another aspect, absorption of the 
bioabsorbable material can alloW for the controlled fracture 
of a portion of the frame, resulting in a sudden change in the 
radial strength of the frame. The frame itself, or any portion 
of the frame, can be made from a bioabsorbable material. 

[0017] The implantable medical devices can be used, for 
example, in methods of treating a subject, Which can be 
animal or human, comprising the step of implanting one or 
more medical devices as described herein. In some embodi 

ments, methods of treating may also include the step of 
delivering a medical device to a point of treatment in a body 
vessel, or deploying a medical device at the point of treat 
ment. Some methods further comprise the step of implanting 
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one or more medical devices each comprising a frame 
attached to one or more valve lea?ets, as described herein. 
Methods for treating certain conditions are also provided, 
such as venous valve insu?iciency, varicose veins, esoph 
ageal re?ux, restenosis or atherosclerosis. 

[0018] Methods for delivering a medical device to any 
suitable body vessel are also provided, such as a vein, artery, 
biliary duct, ureteral vessel, body passage or portion of the 
alimentary canal. In some embodiments, medical devices 
having a frame With a compressed delivery con?guration 
With a very loW pro?le, small collapsed diameter and great 
?exibility, may be able to navigate small or tortuous paths 
through a variety of body vessels. A loW-pro?le medical 
device may also be useful in coronary arteries, carotid 
arteries, vascular aneurysms, and peripheral arteries and 
veins (e.g., renal, iliac, femoral, popliteal, sublavian, aorta, 
intercranial, etc.). Other nonvascular applications include 
gastrointestinal, duodenum, biliary ducts, esophagus, ure 
thra, reproductive tracts, trachea, and respiratory (e.g., bron 
chial) ducts. These applications may or may not require a 
sheath covering the medical device. Some embodiments 
provide methods of making or using medical devices as 
described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1A is a schematic ?at plan vieW of an 
implantable frame. 

[0020] FIG. 1B is a side vieW of the tubular con?guration 
of the implantable frame shoWn in FIG. 1A. 

[0021] FIG. 2A is a detail vieW of a Weakened frame 
portion of an implantable frame comprising a fracture ini 
tiation site. 

[0022] FIG. 2B is a detail vieW of the portion of an 
implantable frame shoWn in FIG. 2A, after a controlled 
fracture of the frame portion. 

[0023] FIG. 3A is a cross sectional vieW of a Weakened 
frame portion of an implantable frame comprising a bioab 
sorbable material disposed on the surface of a non-bioab 
sorbable material in a ?rst con?guration. 

[0024] FIG. 3B is a cross sectional vieW of a Weakened 
frame portion of an implantable frame comprising a bioab 
sorbable material disposed on the surface of a non-bioab 
sorbable material in a second con?guration. 

[0025] FIG. 3C is a detail vieW of a portion of the cross 
sectional vieW in FIG. 3B. 

[0026] FIG. 4A is a side vieW of an endolumenal valve 
formed by attaching a pair of opposable valve lea?ets to a 
frame comprising Weakened frame portions. 

[0027] FIG. 4B is a rotated side vieW of the endolumenal 
valve shoWn in FIG. 4A. 

[0028] FIG. 4C is a top vieW of the endolumenal valve 
shoWn in FIG. 4A and FIG. 4B. 

[0029] FIG. 5 is a rotated side vieW of a modi?ed endolu 
menal valve formed by removal of the Weakened frame 
portions shoWn in the endolumenal valve shoWn in FIGS. 
4A-4C. 

[0030] FIG. 6A is a top schematic vieW of a Flat Plate 
Fatigue Testing Apparatus and FIG. 6B is a side schematic 
vieW of the Apparatus of FIG. 6A. 
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DETAILED DESCRIPTION 

[0031] The folloWing detailed description and appended 
draWings describe and illustrate various exemplary embodi 
ments. Various medical devices for implantation in a body 
vessel, methods of making the medical devices, and methods 
of treatment that utiliZe the medical devices are provided 
herein. 

[0032] The invention provides medical devices for 
implantation in a body vessel, methods of making the 
medical devices, and methods of treatment that utiliZe the 
medical devices. 

[0033] As used herein the terms “comprise(s), include 
(s),”“having,”“has,”“contain(s),” and variants thereof, are 
intended to be open-ended transitional phrases, terms, or 
Words that do not preclude the possibility of additional acts 
or structure. 

[0034] The term “effective amount” refers to an amount of 
an active ingredient su?icient to achieve a desired a?fect 
Without causing an undesirable side effect. In some cases, it 
may be necessary to achieve a balance betWeen obtaining a 
desired effect and limiting the severity of an undesired 
effect. It Will be appreciated that the amount of active 
ingredient used Will vary depending upon the type of active 
ingredient and the intended use of the composition of the 
present invention. 

[0035] As used herein, the term “body vessel” means any 
body passage cavity that conducts ?uid, including but not 
limited to biliary ducts, pancreatic ducts, ureteral passages, 
esophagus, and blood vessels such as those of the human 
vasculature system. 

[0036] As used herein, the term “implantable” refers to an 
ability of a medical device to be positioned at a location 
Within a body, such as Within a body vessel. Furthermore, 
the terms “implantation” and “implanted” refer to the posi 
tioning of a medical device at a location Within a body, such 
as Within a body vessel. 

[0037] As used herein, “endolumenally, intralumenal” or 
“translumenal” all refer synonymously to implantation 
placement by procedures Wherein the medical device is 
advanced Within and through the lumen of a body vessel 
from a remote location to a target site Within the body vessel. 
As used herein, “endolumenally” means placement by pro 
cedures Wherein the prosthesis is translumenally advanced 
through the lumen of a body vessel from a remote location 
to a target site Within the body vessel. In vascular proce 
dures, a medical device Will typically be introduced “endo 
vascularly” using a catheter over a guideWire under ?uoro 
scopic guidance. The catheters and guideWires may be 
introduced through conventional access sites to the vascular 
system, such as through the femoral artery, or brachial and 
subclavian arteries, for access to the coronary arteries. 

[0038] The medical devices described herein are prefer 
ably radially expandable. By “radially expandable,” it is 
meant that the body segment can be converted from a small 
diameter con?guration (used for endolumenal placement) to 
a radially expanded, usually cylindrical, con?guration Which 
is achieved When the medical device is implanted at the 
desired target site. A medical device can be radially 
expanded by any suitable mechanism. 
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[0039] The term “biodegradable” is used herein to refer to 
materials selected to dissipate upon implantation Within a 
body, independent of Which mechanisms by Which dissipa 
tion can occur, such as dissolution, degradation, absorption 
and excretion. The actual choice of Which type of materials 
to use may readily be made by one ordinarily skilled in the 
art. Such materials are often referred to by different terms in 
the art, including "bioresorbable,”“bioabsorbable,” or “bio 
degradable,” depending upon the mechanism by Which the 
material dissipates. For the purposes of this application, 
unless otherWise speci?ed, the term “biodegradable” 
includes materials that are “bioresorbable,” and “bioabsorb 
able.” The pre?x “bio” indicates that the erosion occurs 
under physiological conditions, as opposed to other erosion 
processes, caused by, for example, high temperature, strong 
acids or bases, UV light or Weather conditions. As used 
herein, “biodegradable material” includes materials, such as 
a polymer or copolymer, that are absorbed by the body, as 
Well as materials that degrade and dissipate Without absorp 
tion into the body. As used herein, “biodegradable polymer” 
refers to a polymer or copolymer Which dissipates upon 
implantation Within the body. A large number of different 
types of materials are knoWn in the art Which may be 
inserted Within the body and later dissipate. 

[0040] “Non-bioabsorbable” material refers to a material, 
such as a polymer or copolymer, Which remains in the body 
Without substantial bioabsorption. 

[0041] The recitation of a “?rst” direction is provided as 
an example. Any suitable orientation or direction may cor 
respond to a “?rst” direction. The medical devices of the 
embodiments described herein may be oriented in any 
suitable absolute orientation With respect to a body vessel. 
For example, the ?rst direction can be a radial direction in 
some embodiments. 

[0042] “Radial strength” (also called “hoop strength”) 
refers to the ability of a medical device to resist external 
circumferential pressure directed radially inWard toWard the 
center of a cross sectional area of the medical device, as 
measured by the change in diameter of the medical device as 
a function of inWard circumferential pressure. A reduction in 
radial strength over time is measured by comparing the 
frame displacement in response to a force applied to the 
frame in the same manner at tWo different points in time. 
Preferably, the radial strength is measured using a Radial 
Force Gauge. 
[0043] “Radial expansion force” refers to the outWard 
radial force exerted by the expansion of a medical device 
from a radially compressed con?guration. 
[0044] Preferably, the medical device comprises a frame 
having a ?rst radial strength in an inWard radial direction, 
and a material or structure to decrease the radial strength of 
the frame along the inWard radial direction after implanta 
tion of the frame in a body vessel. Also preferably, a 
decrease in radial strength occurs in response to conditions 
Within a body vessel. The decrease in radial strength of the 
frame upon implantation can occur in several Ways. For 
example, a portion of a frame can be bioabsorbed or fracture 
in a controlled fraction to reduce the radial strength of the 
frame. In some embodiments, the frame can comprise vari 
ous materials or con?gurations to provide a reduced radial 
strength after a period of time after implantation. 

[0045] Preferably, the medical devices described herein 
comprise an endolumenally-implantable frame having a ?rst 
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radial strength and a means for reducing the radial strength 
Within a body vessel. Preferably, the frame is designed to 
undergo a reduction in radial strength in response to condi 
tions typically encountered in a body vessel in Which the 
frame is intended to be implanted. More preferably, the 
frame is designed to undergo a reduction after a desirable 
period of exposure to such conditions. 

Medical Devices Comprising an Implantable Frame 

[0046] In a ?rst embodiment the medical device frame 
comprises a material that is mechanically altered to reduce 
the radial strength of the frame after exposure to one or more 
physiological conditions, such as conditions Within a body 
vessel, for a desirable period of time. Mechanical alteration 
of the frame can include increased ?exibility of the frame, 
or portions thereof, cracking or breaking of portions of the 
frame. The mechanical alteration of the frame can result 
from any suitable condition, including physical or biochemi 
cal characteristics found Within a body vessel. 

[0047] In one aspect, the frame, or portions thereof, is 
designed to bend, crack or break upon exposure of the frame 
to conditions present in a body vessel for a desirable period 
of time. For example, a frame can be designed to reduce its 
radial strength in response to physical conditions Within a 
body vessel. Physical conditions in a body vessel include 
physical deformation or movement, body temperature, ?uid 
pH, degree of solubility of the frame in ?uid found in a body 
vessel, ?uid pressure, and the like. A frame can also be 
designed to reduce its radial strength in response to bio 
chemical conditions or processes Within a body vessel. 
Biochemical processes include enZyme digestion, chemical 
reactions, and the like. 

[0048] A frame may comprise one or more Weakened 
frame portions designed to undergo mechanical alteration in 
response to conditions encountered in a body vessel. In one 
aspect, a frame comprises one or more Weakened frame 
portions positioned along the frame such that mechanical 
alteration of the Weakened frame portion reduces the overall 
radial strength of the frame. A “Weakened frame portion” or 
“Weakened frame portion” refer synonymously to the rela 
tive sti?‘ness or resistance of a Weakened region to mechani 
cal alteration such as bending, cracking or breaking, com 
pared to the susceptibility of any adjacent region of the 
frame to such mechanical alteration. In one aspect, the 
Weakened frame portions are bent frame regions that are 
more ?exible than adjacent frame regions. In another aspect, 
the Weakened frame portions are more likely to fracture (i.e., 
crack or break) after a desired period of exposure to one or 
more physiological conditions in a body vessel. 

[0049] In one aspect, an implantable frame is a serpentine 
or Zig-Zag structure comprising a plurality of parallel, adja 
cent struts, some of Which are joined by Weakened frame 
portions betWeen pairs of struts. Referring to FIG. 1A, a ?at 
plan vieW of an implantable frame 10 includes a ?rst hoop 
14 connected to a second hoop 18 by a plurality of struts 12, 
including struts labeled 12a, 12b, 12c, 12d, 12e, 12fand 12g. 
The implantable frame can be assembled from a ?at plan 
vieW in FIG. 1A to a cylindrical con?guration shoWn in 
FIG. 1B by “rolling” the frame to join points A to A', B to 
B' and C to C'. FIG. 1B shoWs a side vieW of the frame in 
FIG. 1A in the radially-expanded, cylindrical con?guration. 
The cylindrical con?guration is radially symmetric about a 
longitudinal axis 2 passing through the lumen of the frame 
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10. Preferrably, the frame 10 is formed in the cylindrical 
con?guration by laser-cutting the array of hoops 14, 18 and 
struts 12 from a cylinder of self-expanding material. The 
frame 10 may further include a plurality of reinforcing 
members 20, including reinforcing members 2011 and 20b. 
The frame 10 in the cylindrical con?guration may be radi 
ally compressed around the longitudinal axis 2 by crimping 
the frame around a catheter delivery device, and then 
radially expanded at a site of implantation Within a body 
vessel to the radially expanded con?guration of FIG. 1B. 

[0050] The frame 10 may further include Weakened frame 
portions 16a and 16b, Which are con?gured to reduce the 
radial expansion force of the frame 10 When Weakened or 
broken. The frame 10 is preferably formed from a self 
expanding material that permits the frame 10 to exert a force 
directed radially outWard from the longitudinal axis 2 When 
the frame 10 is less than fully radially expanded (i.e., When 
the frame 10 has a radius that is less than the fully-expanded 
radius shoWn in FIG. 1B). The outWard radial force of the 
frame 10 is reduced When the Weakened frame portions 16a 
and/ or 16b are Weakened or broken. 

[0051] The relative Weakness and strength of the various 
Weakened frame portions, such as Weakened frame portion 
1611, can be obtained in a variety of Ways. For example, it 
may be possible to selectively treat individual frame regions 
With heat, radiation, mechanical Working, or combinations 
thereof, so that the mechanical characteristics of the hinge 
region are altered, i.e., so that selected hinge regions Will 
bend, crack or break With a greater or lesser force than others 
of the hinge regions. 

[0052] In one aspect, the strength of the Weakened frame 
portions can be controlled by selecting the relative cross 
sectional dimensions of the different frame regions. Usually, 
the Weakened frame portions Will have cross-sectional 
dimensions Which are selected so that the force required to 
bend, crack or sever the Weakened frame portion is less than 
that required for other non-Weakened frame portions. Usu 
ally, the Weakened frame portion Will have a section in 
Which the height in the radial direction remains constant (i.e. 
it Will be the same as the remainder of the frame) While the 
Width in the circumferential direction Will be reduced about 
20-30% relative to the non-Weakened hinge regions. The 
terms “weakened” and “non-Weakened” are relative terms, 
and it Would be possible to augment or increase the Width of 
the non-Weakened regions relative to the Weakened regions. 
It Will also be possible to provide tWo or more discrete 
narroWings Within a single Weakened frame portion, or to 
provide one or more narroWings in the regions of the struts 
immediately adjacent to the Weakened frame portions. In 
another aspect, a Weakened frame portion may be created by 
cutting notches or voids into a portion of the frame. For 
example, V-shaped notches may be cut into the hinge region 
on the side Which undergoes compression during opening of 
the hinge. Alternatively, the frame can be sanded or beveled 
to create a Weakened frame portion. 

[0053] In yet another aspect, a Weakened frame portion 
can be created altering one or more joints betWeen portions 
of a frame in response to one or more conditions in a body 
vessel. For example, the frame can comprise separate seg 
ments that are joined together With an adhesive that is 
gradually dissolved in ?uid Within a body vessel, such as 
blood. For example, the frame 10 in FIG. 1A or FIG. 1B can 
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comprise Weakened frame portion 1611, as depicted in frame 
portion 20 of FIG. 2A. Referring to FIG. 2A, a frame 
portion 20 comprises a Weakened frame portion 16a includ 
ing tWo substantially parallel struts, 12a, 12e, joined to a 
curved “elboW” frame segment 26. The Weakened frame 
portion 1611 further comprises a ?rst dislocating joint 29a 
and a second dislocating joint 29b betWeen a ?rst strut 12a 
and a second strut 12e each attached to opposite ends of a 
curved “elboW” frame segment 26 in the middle. Upon 
implantation in a body vessel, Weakened frame portion 1611 
has a ?rst con?guration 20. When the frame is in the ?rst 
con?guration 20, a ?rst biodegradable adhesive 27a joins 
the ?rst strut 12a to the curved elboW frame segment 26 at 
the ?rst dislocating joint 29a, and a second biodegradable 
adhesive 27b joins the second strut 12e to the opposite end 
of the elboW frame segment 26 at the second dislocating 
joint 29b. The curved elboW frame segment 26 forms a bent 
structure, and can be made from any material With an 
appropriate level of ?exibility. For example, one or more 
struts or elboW frame segments 26 can comprise a bioab 
sorbable material or a non-bioabsorbable material, a remod 
elable material, or any combination thereof. An elboW frame 
segment 26 can also be designed to partially fracture in 
response to force above a desired threshold level. Aplurality 
of ?exible retaining rings 28a, 28b encircle the joints of the 
?rst strut 12a and the second strut 12e to the elboW frame 
segment 26. The Weakened frame portion 1611 has a ?rst 
radial strength in the ?rst con?guration 20. 

[0054] After implantation in a body vessel for a desired 
period of time, the ?rst biodegradable adhesive 27a and the 
second biodegradable adhesive 27b are dissolved, resulting 
in a decrease in the radial strength of the frame in a second 
con?guration 30, including Weakened frame portion 1611 as 
depicted in FIG. 2B. In FIG. 2B, a portion of the Weakened 
frame portion 16a is shoWn in the second con?guration 30, 
With a second radial strength that is less than the ?rst radial 
strength of the frame When Weakened frame portion 16a in 
the ?rst con?guration 20. In the second con?guration 30, the 
?rst ?exible retaining ring 2811 permits the ?rst strut 12a to 
move relative to the elboW frame segment 26 Within a ?rst 
gap region 32a. Similarly, a second ?exible retaining ring 
28b permits the second strut 12e to move relative to the 
elboW frame segment 26 Within a second gap region 32b. 
Movement of the frame components Within a plurality of 
gap regions 32a, 32b reduces the radial strength of the frame 
by alloWing the struts to move in a con?ned manner With 
respect to the adjacent elboW frame segments. Overall, the 
frame comprises a plurality of interconnected struts and 
elboW frame segments arranged around a cylindrical form. 
Preferably, the medical device is designed to protect the 
body vessel from damage during or after the fracture of the 
frame material. In one aspect, the frame is designed to 
undergo a controlled fracture, meaning that the fracture does 
not harm surrounding tissue. In one aspect, a ?exible sleeve 
comprising an elastic polymeric material can be Wrapped 
around Weakened regions in the frame. For example, in FIG. 
2B, the ?rst ?exible retaining ring 2811 and the second 
?exible retaining ring 28b prevent an end of the ?rst strut 
1211 or an end of the second strut 12e, respectively, from 
extending into surrounding tissue Within the body vessel. 

[0055] The frame can further comprise any suitable struc 
ture to protect surrounding tissue from undesirably contact 
ing the body vessel Wall. In one aspect, the frame can 
fracture Without presenting exposed sharpened ends to sur 
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rounding tissue. In another embodiment, the frame can 
cleanly break, and the fractured ends of the frame can be 
shielded from the surrounding material, for example by an 
elastic retaining sleeve. In another embodiment, the frame 
can be embedded in remodeled tissue When the fracture 
occurs, and the frame can be designed to fracture in a 
manner that Will not harm surrounding tissue (for example, 
by crumbling and then being bioabsorbed). Preferably, the 
frame is designed to comply With applicable governmental 
regulatory guidelines promulgated, for example, by the 
FDA. In one aspect, the adjacent portions of the frame are 
tethered together so that When the adhesive dissolves, the 
adjacent segments of the frame remain closely associated 
but slightly moveable With respect to each other. Relative 
movement of the adjacent frame segments preferably 
reduces the radial strength of the overall frame. 

[0056] In a second embodiment, the medical device frame 
comprises a material that is chemically altered or absorbed 
to reduce the radial strength of the frame after exposure to 
one or more physiological conditions for a desirable period 
of time. According to this embodiment, the medical device 
preferably comprises one or more bioabsorbable materials. 
The frame itself, or any portion of the frame, can be made 
from a bioabsorbable material. In one aspect, a Weakened 
frame portion can comprise a bioabsorbable material. 

[0057] In one aspect, absorption of a biomaterial can 
decrease the radial strength of an implanted frame, for 
example by reducing the cross section or surface area of a 
portion of the frame. In some aspects, absorption of a portion 
of the frame comprising bioabsorbable material can alloW 
for the controlled fracture of a portion of the frame, resulting 
in a sudden change in the radial strength of the frame. 

[0058] Methods of engineering planned implantable frame 
disintegration and/or fracture may include but are not lim 
ited to: controlling the formation of heterogeneous structure 
of amorphous and crystalline regions Within the stent or 
stent ?laments, creating multiple internal or surface fracture 
initiation sites, creating localiZed predegraded material, or 
using multiple strands With small section siZe to construct 
the stent. 

[0059] One method of creating multiple fracture initiation 
sites in a biodegradable polymer is to create periodic regions 
of pre-degraded material along a stent or a structural element 
of a stent, such as a mono?lament. Post-extrusion or mold 
ing operations such as localiZed degradation of molecular 
Weight of crystalline materials may be performed With 
lasers, focal UV light sources, Water or steam hydrolysis, or 
irradiation. When the material is presented into an environ 
ment that provides heat and moisture for hydrolytic polymer 
degradation, the pre-degraded regions Will lose strength and 
disintegrate sooner than regions of the material that Were not 
pre-degraded. The frequency of occurrence of the pre 
degraded regions will affect the siZe of the fracture pieces 
from disintegration. A loW frequency of predegradation 
regions Will result in disintegration into relatively large 
pieces. A high frequency Will result in disintegration into 
relatively small pieces. 

[0060] In addition to, or as an alternative to, manipulating 
the molecular structure of polymer support frame materials, 
mechanical disintegration and/or fracture sites may be 
designed into the implant to cause predictable, controlled 
fracture and/ or disintegration. Mechanical disintegration ini 
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tiation sites may be created in the material or implant, for 
example, by purposely notching, grooving, indenting, or 
contouring the surface. Internal mechanical initiation sites 
may be created by purposely introducing porosity or foreign 
particles in the solidifying polymer. 

[0061] Preferably, the exposure of the bioabsorbable mate 
rial under one or more conditions present in a body vessel 
results in the reduction of the radial strength of the frame. In 
one aspect, bioabsorbable materials are disposed Within the 
frame so that absorption of the bioabsorbable material 
results in a desired amount and manner of radial strength 
reduction. In one aspect, increased ?exibility is imparted to 
a Weakened frame portion by incorporating a bioabsorbable 
material into the Weakened frame portion of the frame. In 
another aspect, a portion of a frame comprising a bioab 
sorbable material easily breaks after absorption of all or part 
of the bioabsorbable material. 

[0062] In some embodiments, the radial strength of the 
frame can be designed to decrease after a period of time 
folloWing implantation, and the radial strength can change 
suddenly or gradually. The change in radial strength of the 
frame can occur by various mechanisms. For example, the 
radial strength of a frame comprising a bioabsorbable mate 
rial can gradually decrease With the bioabsorption of the 
bioabsorbable material after implantation. In another 
embodiment, the bioabsorption of a bioabsorbable support 
arm can result in a fracture of the arm in response to shear 
forces of blood ?oW, thereby suddenly decreasing the radial 
strength of the frame. In another embodiment, micro frac 
tures in portions of the frame can increase the ?exibility of 
portions of the frame, thereby decreasing the radial strength 
of the frame along a ?rst direction. 

[0063] Diminution in the radial strength of the frame can 
occur gradually over any desirable time period. The time 
period after implantation When the frame can decrease radial 
strength can, in some embodiments, be similar to the time 
period for bioabsorption of various bioabsorbable materials 
used to construct the frame. Other aspects provide a frame 
With a radial strength that decreases as a safety feature in 
response to a sudden pressure along a ?rst direction so as to 
prevent damage to the lining of a body vessel. Still other 
aspects provide a frame that decreases radial strength after 
a pre-determined period of implantation, for example, Within 
about 3 Weeks, about 2 Weeks or about 1 Week. In preferred 
aspects, the frame can decrease radial strength after a longer 
period of time, such as at least 30 days, including periods of 
44, 58, 72, 86, 90 100, 114, 128, 142, 156, 170, 180, or 184 
days, or longer, and any number of days therebetWeen. 
Preferably, selection of the bioabsorbable materials, and the 
con?guration of the bioabsorbable materials in the implant 
able frame, can be chosen to provide a desirable time period 
of bioabsorption of the material and the accompanying 
decrease in radial strength after implantation. 

[0064] An implantable frame can comprise any suitable 
con?guration of bioabsorbable material. In one embodi 
ment, the frame can further comprise a ?rst bioabsorbable 
material or a non-bioabsorbable material as a “core” mate 

rial. The core material can be at least partially enclosed by 
a second bioabsorbable material. The frame can also com 
prise a surface area presenting both a bioabsorbable material 
and a non-bioabsorbable material, and absorption of the 
bioabsorbable material can increase the surface area, result 
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ing in a decrease of the radial strength of the frame in a ?rst 
direction. The frame can further include one or more support 

arms comprising a bioabsorbable material, and absorption of 
the bioabsorbable material can decrease the radial strength 
of the frame in a ?rst direction. 

[0065] The frame 10 in FIG. 1A or FIG. 1B can comprise 
Weakened frame portion 1611 having a cross section as 
depicted in FIG. 3A. The cross section 105 of Weakened 
frame portion 1611 or 16b in FIGS. 1A-1B may be used as 
the Weakened frame portion instead of, or in combination 
With, the con?guration 20 shoWn in FIG. 2A. FIG. 3A 
shoWs a cross section 105 comprising a non-bioabsorbable 
core material 112 (e.g., a self-expanding metal alloy) sur 
rounded by a bioabsorbable material 110. Bioabsorption of 
the bioabsorbable material 110 decreases the radial strength 
of the frame 10 at the Weakened frame portion 16a in FIG. 
1B. When implanted in a body vessel, the outer layer 110 is 
bioabsorbed, thereby increasing the ?exibility of the frame 
10 at the Weakened frame portion 16a and decreasing the 
radial strength of the frame 10. 

[0066] FIG. 3B is an alternative cross section 165 to the 
cross section 105 in FIG. 3A, of the Weakened frame portion 
1611 or 16b in FIGS. 1A-1B. The cross section 165 com 
prises a ?exible non-bioabsorbable core material 162 having 
a series of grooves, Wells or holes 160 on the surface that are 
at least partially ?lled With a rigid bioabsorbable material 
164. Bioabsorption of the bioabsorbable material 164 
decreases the radial strength of the frame by permitting the 
non-bioabsorbable core material 162 (e.g., a ?exible metal 
or metal alloy or a ?exible rubber or polymeric material) to 
bend more easily in the absence of the rigid bioabsorbable 
material 164. FIG. 3C is a detailed close-up vieW of a 
portion of the cross section 165, shoWing a series of inden 
tations (such as grooves or pits) along the surface of the 
?exible non-bioabsorbable material 162. Rigid bioabsorb 
able material 164 is deposited in the indentations. Upon 
implantation, the bioabsorbable material 164 is bioabsorbed 
150 and the ?exibility of a Weakened frame portion 16a 
comprising the non-bioabsorbable material 162 is gradually 
increased. 

Bioabsorbable Materials 

[0067] An implantable frame can comprise any suitable 
bioabsorbable material, or combination of bioabsorbable 
materials. For example, the Weakened frame portion (includ 
ing regions 1611 or 16b in frame 10 in FIG. 1A) can comprise 
a biodegradable or bioabsorbable material. For example, the 
Weakened frame portion 1611 can be formed entirely from a 
segment of a bioabsorbable material, the Weakened frame 
portion 1611 can have a con?guration 20 shoWn in FIG. 2A, 
the Weakened frame portion 1611 can have a cross section 
con?guration 105 shoWn in FIG. 3A or the Weakened frame 
portion 1611 can have the cross section con?guration 165 
shoWn in FIGS. 3B-3C. The types of bioabsorbable mate 
rials are preferably selected to provide a desired time scale 
for diminution in the radial strength of the frame. Variations 
in selected times for bioabsorption may depend on, for 
example, the overall health of the patient, variations in 
anticipated immune reactions of the patient to the implant, 
the site of implantation, and other clinical indicia. Bioab 
sorbable materials may be selected to form at least a portion 
of a frame so as to provide an decreased frame radial 
strength after a particular period of time. In certain embodi 
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ments, bioabsorption of a biomaterial in a frame can 
decrease the radial strength of the frame in a ?rst direction. 
In some embodiments, the frame may be designed to bend 
radially inWard in response to a pressure. 

[0068] The bioabsorbable material may comprise any suit 
able composition, including Without limitation, a polyester, 
a polyester-ethers, a copoly(ether-esters), a poly(hydroxy 
acid), a poly(lactide), a poly(glycolide), or co-polymers and 
mixtures thereof. In another aspect, the bioabsorbable mate 
rial is poly(p-dioxanone), poly(epsilon-caprolactone), poly 
(dimethyl glycolic acid), poly(D,L-lactic acid), L-polylactic 
acid, or glycolic acid, poly(lactide-co-glycolide), poly(hy 
droxybutyrate-co-valerate), poly(glycolic acid-co-trimethyl 
ene carbonate), poly(epsilon-caprolactone-co-p-dioxanone), 
poly-L-glutamic acid or poly-L-lysine, poly(hydroxy 
butyrate), polydioxanone, PEO/PLA or a co-polymer or 
mixture thereof. Bioabsorbable materials further include 
modi?ed polysaccharides (such as cellulose, chitin, and 
dextran), modi?ed proteins (such as ?brin and casein), 
?brinogen, starch, collagen and hyaluronic acid. The bioab 
sorbable material may also be, Without limitation, hydroxy 
ethyl starch, gelatin, and derivatives of gelatin. 

[0069] In one aspect, an implantable frame, or a portion 
thereof, comprises a bioabsorbable material selected from 
the folloWing group of FDA-approved polymers: polygly 
colic acid (PGA), polylactic acid (PLA), Polyglactin 910 
(comprising a 9:1 ratio of glycolide per lactide unit, and 
known also as VICRYLTM), polyglyconate (comprising a 9:1 
ratio of glycolide per trimethylene carbonate unit, and 
knoWn also as MAXONTM), and polydioxanone (PDS). In 
general, these materials biodegrade in vivo in a matter of 
months, although some more crystalline forms can biode 
grade more sloWly. These materials have been used in 
orthopedic applications, Wound healing applications, and 
extensively in sutures after processing into ?bers. 

[0070] Other useful materials for creating Weakened frame 
portions include those disclosed in US. Pat. No. 4,838,267, 
for example, including block copolymers derived from 
p-dioxanone and glycolide that exhibit a high order of initial 
strength but lose their strength rapidly after implantation in 
the body. US. Pat. No. 4,605,730 and US. Pat. No. 4,700, 
704 disclose copolymers of epsilon-caprolactone and gly 
colide that are also useful in making bioabsorbable frame 
portions. In addition, US. Pat. No. 4,624,256 discloses high 
molecular Weight caprolactone polymers, while US. Pat. 
No. 4,429,080 discloses triblock copolymers prepared from 
copolymeriZing glycolide With trimethylene carbonate. 
Homopolymers and copolymers such as those disclosed in 
US. Pat. No. 5,412,068 are also appropriate for the resorb 
able frame portions. 

[0071] Still other bioabsorbable materials can be synthe 
siZed from protein-based polymers, particularly polymers 
containing elastomeric polypeptide sequences (Wong, et al., 
“Synthesis and properties of bioabsorbable polymers used as 
synthetic matrices for tissue engineering” in Synthetic Bio 
absorbable Polymer Scalfolds (Atala & Mooney, eds.) pp. 
51-82 (Birkhauser, Boston, 1997). Cells can invade matrices 
derived from these materials. US. Pat. Nos. 5,468,253 and 
5,713,920, both to BeZWada et al., disclose other bioabsorb 
able elastomeric materials Which are used to form devices 
that, based on in vitro data, are alleged to completely 
bioabsorb Within one year or six months. 
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[0072] Preparation of these and other bioabsorbable poly 
mers or copolymers are known in the art. Such polymers 
may be manufactured and con?gured as disclosed, for 
example, in US. Pat. No. 5,133,755, incorporated by refer 
ence herein. US. Pat. Nos. 5,705,181 and 5,393,594, relate 
to the preparation and use poly(lactide), poly(glycolide), 
poly(epsilon-caprolactone), poly(p-dioxanone), poly(epsi 
lon-caprolactone-co-p-dioxanone) and poly(lactide-co-gly 
colide). US. Pat. No. 5,522,841, incorporated herein by 
reference, relates to the preparation and use of bioabsorbable 
block copolymers made of hard phase forming monomers, 
e.g., glycolide and lactide, and soft phase monomers, e.g., 
1,4 dioxane-2-one and caprolactone, as described. Bioab 
sorbable polymers derived in Whole or in part from diox 
anone can be used in some embodiments. Homopolymers of 
p-dioxanone are described, e.g., in US. Pat. Nos. 3,063,967; 
3,063,968; 3,391,126; 3,645,941; 4,052,988; 4,440,789; 
and, 4,591,630. Copolymers containing units derived from 
p-dioxanone and one or more other monomers that are 

copolymeriZable thereWith are described, e.g., in US. Pat. 
Nos. 4,243,775; 4,300,565; 4,559,945; 4,591,630; 4,643, 
191; 4,549,921; 4,653,497; 4,791,929; 4,838,267; 5,007, 
923; 5,047,048; 4,076,807; 5,080,665; and 5,100,433 and 
European Patent Application Nos. 501,844 and 460,428. 

[0073] Further relevant references can include, for 
example, D. K. Gilding et al., “Biodegradable polymers for 
use in surgery-polyglycolic/poly(lactic acid) homo- and 
copolymers: 1,” Polymer, 20: 1459-1464 (1979), and D. F. 
Williams (ed.), Biocompatibility of Clinical Implant Mate 
rials, Volume II, chapter 9: “Biodegradable Polymers” 
(1981), Which are incorporated herein by reference. Poly 
mers, copolymers and devices made from e-caprolactone 
and/or related compounds have also been described in US. 
Pat. Nos. 3,169,945, 3,912,692, 3,942,532, 4,605,730, 
4,624,256, 4,643,734, 4,700,704, 4,788,979, 4,791,929, 
4,994,074, 5,076,807, 5,080,665, 5,085,629 and 5,100,433. 
Implantable Frames 

[0074] Suitable support frames can have a variety of 
con?gurations, including braided strands, helically Wound 
strands, ring members, consecutively attached ring mem 
bers, tube members, and frames cut from solid tubes. The 
con?guration of the support frame is not limited to the frame 
10 shoWn in FIGS. 1A-1B. Other suitable frames can have 
a variety of siZes. The exact con?guration and siZe chosen 
Will depend on several factors, including the desired deliv 
ery technique, the nature of the vessel in Which the device 
Will be implanted, and the siZe of the vessel. A frame 
structure and con?guration can be chosen to facilitate main 
tenance of the device in the vessel folloWing implantation. 

[0075] The frame can, in one embodiment, comprise a 
plurality of struts. Struts are structures that can resist com 
pression along the longitudinal axis of the strut. Struts can 
be an identi?able segment of an elongated frame member, 
for example separated by bends in the member, individual 
segments joined together, or any combination thereof. Struts 
can have any suitable structure or orientation to alloW the 
frame to provide desirable radial strength properties to the 
frame. For example, struts can be oriented substantially 
parallel to, substantially perpendicular to, or diagonal to the 
longitudinal axis of a tubular frame, or some combination 
thereof. Struts can be straight or arcuate in shape, and can be 
joined by any suitable method, or can form one or more 
distinct rings. 
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[0076] In one aspect, implantable frames comprise a ser 
pentine (or Zig-Zag) plurality of struts having substantially 
equal lengths joined together in a reversing pattern. In 
another aspect, implantable frames comprise repeating 
S-shaped hinge regions or repeating Z-shaped hinge regions. 
The latter pattern is commonly referred to a Zig-Zag stent. 

[0077] In another embodiment, the frame comprises a 
combination of bioabsorbable and nonabsorbable polymers. 
Examples of synthetic biocompatible non-bioabsorbable 
polymers include, but are not limited to, homopolymers and 
copolymers of polypropylene, polyamides, polyvinylchlo 
rides, polysulfones, polyurethanes, polytetra?uoroethylene, 
ethylene vinyl acetate (EVAC), polybutylmethacrylate 
(PBMA) or methylmethacrylate (MMA). The frame can 
comprise the non-absorbable polymer in amounts from 
about 0.5 to about 99% of the ?nal composition. The 
addition of EVAC, PBMA or methylmethacrylate increases 
malleability of the matrix so that the device is more plasti 
cally deformable. 

[0078] Various constructs of the elongate elements, ?bers 
and threads can be formed utiliZing Well knoWn techniques, 
e.g., braiding, plying, knitting, Weaving, that are applied to 
processing natural ?bers, e.g., cotton, silk, etc., and synthetic 
?bers made from synthetic bioabsorbable polymers, e.g., 
poly(glycolide) and poly(lactic acid), nylon, cellulose 
acetate, etc. See, e.g., Mohamed, American Scientist, 78: 
530-541 (1990). Speci?cally, collagen thread is Wound onto 
cylindrical stainless steel spools. The spools are then 
mounted onto the braiding carousel, and the collagen thread 
is then assembled in accordance With the instructions pro 
vided With the braiding machine. In one particular run, a 
braid Was formed of four collagen threads, Which consisted 
of tWo threads of uncrosslinked collagen and tWo threads of 
crosslinked collagen. 

[0079] The dimensions of the implantable frame Will 
depend on its intended use. Typically, the implantable frame 
Will have a length in the range from 0.5 cm to 10 cm, usually 
being from about 1 cm to 5 cm, for vascular applications. 
The small (radially collapsed) diameter of a cylindrical 
frame Will usually be in the range from about 1 mm to 10 
mm, more usually being in the range from 1.5 mm to 6 mm 
for vascular applications. The expanded diameter Will usu 
ally be in the range from about 2 mm to 30 mm, preferably 
being in the range from about 2.5 mm to 15 mm for vascular 
applications. The body segments may be formed from 
conventional malleable materials used for body lumen stents 
and grafts, typically being formed from metals. 

Medical Devices Comprising a Remodelable Material 

[0080] In a third embodiment, a medical device can com 
prise a frame and a remodelable material attached to the 
frame. Preferably, the remodelable material is subject to a 
mechanical load adequate to alloW remodeling of the remod 
elable material When the frame has the ?rst radial strength. 
A “mechanical load” means any force applied to a material 
that results in tension Within the material. In preferred 
embodiments, a remodelable material is subject to adequate 
mechanical load to alloW remodeling processes to occur. The 
phrase “tensionably attach a material to a frame” refers to 
attachment of a material to a frame results in a tension Within 
the attached material. A tensionably attached material is 
subject to one form of a mechanical load. The tension in the 
material is preferably provided by the restraint of radial 
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expansion of the frame by the material. For example, the 
frame may be con?gured as a radially self-expanding frame, 
and the material may be con?gured and attached to the frame 
so as to restrict the expansion of the frame. Accordingly, in 
one aspect, the tension in the material may be related to the 
degree to Which the material restricts the radial expansion of 
a self-expanding frame. Typically, the material is tension 
ably attached to struts of a self-expanding frame that are 
positioned along the perimeter of a lumen de?ned by the 
frame, thereby restricting the radial expansion of the frame. 
Preferably, a remodelable material extends across the lumen 
de?ned by a radially self-expanding frame betWeen at least 
tWo struts, thereby restricting the diameter of the frame 
lumen Would have if fully expanded in the absence of the 
remodelable material. 

[0081] Mechanical loading of remodelable material during 
the remodeling process can advantageously in?uence the 
remodeling process. For example, the remodeling process of 
one type of remodelable material, extracellular matrix 
(ECM), is more effective When the material is subject to 
certain types and ranges of mechanical loading during the 
remodeling process. See, e.g., M. Chiquet, “Regulation of 
extracellular matrix gene expression by pressure,” Matrix 
Biol. 18(5), 417-426 (October 1999). Applying mechanical 
forces to a remodelable material during the remodeling 
process is believed to affect processes such as signal trans 
duction, gene expression and contact guidance of cells. 
Various references describe the in?uence of mechanical 
loading on remodelable materials, such as extracellular 
matrix material (ECM). For example, mediation of numer 
ous physiological and pathological processes by vascular 
endothelial cells is in?uenced by mechanical stress, as 
discussed, for example, in Chien, Shu et al., “Effects of 
Mechanical Forces on Signal Transduction and Gene 
Expression in Endothelial Cells,” Hypertension 31(2): 162 
169 (1998). Expression of bioactive agents can be stimu 
lated by mechanical stress on certain cells involved in 
remodeling processes, such as ?broblasts, as discussed, for 
example, by Schild, Christof et al., “Mechanical Stress is 
Required for High-Level Expression of Connective Tissue 
GroWth Factor,” Experimental Cell Research, 274: 83-91 
(2002). Furthermore, another study suggests that ?broblasts 
attached to a remodelable material such as a strained col 
lagen matrix produce increased amounts of ECM glycopro 
teins like tenascin and collagen XII compared to cells in a 
relaxed matrix. Chiquet, Matthias, et al., “Regulation of 
Extracellular Matrix Synthesis by Mechanical Stress,” Bio 
chem. Cell. Biol., 74:737-744 (1996). Other studies of 
remodelable material have found that remodeling processes 
are sensitive to alterations in mechanical load. See, e.g., 
Wong, Mary et al., “Cyclic Compression of Articular Car 
tilage Explants is Associated With Progressive Consolidation 
and Altered Expression Pattern of Extracellular Matrix Pro 
teins,” Matrix Biology, 18: 391-399 (1999); GrodZinsky, 
Alan J. et al., “Cartilage Tissue Remodeling in Response to 
Mechanical Forces,” Annual RevieW of Biomedical Engi 
neering, 2: 691-713 (2000). In addition, the alignment of 
cells With respect to mechanical loads can affect remodeling 
processes, as studied, for example, by VC Mudera et al., 
“Molecular responses of human dermal ?broblasts to dual 
cues: contact guidance and mechanical load,” Cell Motil. 
Cytoskeleton, 45(1):1-9 (June 2000). These references are 
incorporated herein by reference. 
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[0082] To facilitate ingroWth of host or other cells during 
the remodeling process, either before or after implantation, 
a variety of biological response modi?ers may be incorpo 
rated into the remodelable material. Appropriate biological 
response modi?ers may include, for example, cell adhesion 
molecules, cytokines, including groWth factors, and differ 
entiation factors. Mammalian cells, including those cell 
types useful or necessary for populating the resorbable stent 
of the present invention, are anchorage-dependent. That is, 
such cells require a substrate on Which to migrate, proliferate 
and differentiate. 

[0083] In some embodiments, upon implantation in a body 
vessel, a remodelable material can be subject to both a 
mechanical load, for example from the manner of attach 
ment to a frame, as Well as a variable shear stress from the 
?uid ?oW Within the body vessel. For example, Helmlinger, 
G. et al., disclose a model for laminar ?oW over vascular 
endothelial cells in “Calcium responses of endothelial cell 
monolayers subjected to pulsatile and steady laminar ?oW 
di?‘er,” Am. J. Physiol. Cell Physiol. 269:C367-C375 
(1995). Shear forces Within a body vessel can also in?uence 
biological processes involved in remodeling. For example, 
the role of hemodynamic forces in gene expression in 
vascular endothelial cells is discussed by Li, Y. S. et al., “The 
Ras-JN K pathWay is involved in shear-induced gene expres 
sion,” Mol. Cell Biol., 16(11): 5947-54 (1996). Many other 
studies of the range of shear forces and the effect of shear 
forces on the remodeling process are found in the art. Using 
these references and others, one skilled in the art can select 
a level of mechanical loading that, When taking into account 
the range of ?uid ?oW shear forces Within a body vessel, Will 
provide optimal mechanical loading conditions for remod 
eling of the remodelable material. 

[0084] Reconstituted or naturally-derived collagenous 
materials can be used as remodelable materials. Such mate 
rials that are at least bioresorbable Will provide advantage in 
the present invention, With materials that are bioremodelable 
and promote cellular invasion and ingroWth providing par 
ticular advantage. Suitable bioremodelable materials can be 
provided by collagenous extracellular matrix materials 
(ECMs) possessing biotropic properties, including in certain 
forms angiogenic collagenous extracellular matrix materi 
als. For example, suitable collagenous materials include 
ECMs such as submucosa, renal capsule membrane, dermal 
collagen, dura mater, pericardium, fascia lata, serosa, peri 
toneum or basement membrane layers, including liver base 
ment membrane. Suitable submucosa materials for these 
purposes include, for instance, intestinal submucosa, includ 
ing small intestinal submucosa, stomach submucosa, urinary 
bladder submucosa, and uterine submucosa. 

[0085] As prepared, the submucosa material and any other 
ECM used may optionally retain groWth factors or other 
bioactive components native to the source tissue. For 
example, the submucosa or other ECM may include one or 
more groWth factors such as basic ?broblast groWth factor 
(FGF-2), transforming groWth factor beta (TGF-beta), epi 
dermal groWth factor (EGF), and/ or platelet derived groWth 
factor (PDGF). As Well, submucosa or other ECM used in 
the invention may include other biological materials such as 
heparin, heparin sulfate, hyaluronic acid, ?bronectin and the 
like. Thus, generally speaking, the submucosa or other ECM 
material may include a bioactive component that induces, 


















