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IMPLANTABLE VALVE DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to US. Provisional 
Application Ser. No. 60/980,770, ?led on Oct. 17, 2007. The 
entire contents of this provisional application are hereby 
incorporated by reference into this disclosure. 

FIELD 

[0002] The disclosure relates generally to the ?eld of 
implantable medical devices useful in the regulation of ?uid 
?oW through a body vessel. Particular embodiments relating 
to venous valve devices, the methods of making such devices, 
and methods of treating various venous-related conditions, 
disorders and/or diseases, including venous insu?iciency are 
described in detail. 

BACKGROUND 

[0003] Many vessels in animal bodies transport ?uids from 
one bodily location to another. Typically, ?uid ?oWs in a 
unidirectional manner along the length of the vessel. Varying 
?uid pressures over time, hoWever, can introduce a reverse 
?oW direction in the vessel. In some vessels, such as mam 
malian veins, natural valves are positioned along the length of 
the vessel and act as one-Way check valves that open to permit 
the ?oW of ?uid in the desired direction and close to prevent 
?uid ?oW in a reverse direction, i.e., retrograde ?oW. The 
valves can change from an open position in response to a 
variety of circumstances, including changes in the cross 
sectional shape of the vessel and the ?uid pressure Within the 
vessel. 
[0004] While natural valves may function for an extended 
time, some may lose effectiveness, Which can lead to physical 
manifestations and pathology. For example, venous valves 
are susceptible to becoming insuf?cient due to one or more of 
a variety of factors. Over time, the vessel Wall may stretch, 
affecting the ability of the valve lea?ets to close. Furthermore, 
the lea?ets may become damaged, such as by formation of 
thrombus and scar tissue, Which may also affect the ability of 
the valve lea?ets to close. Once valves are damaged, venous 
valve insuf?ciency may be present, and can lead to discom 
fort and possibly ulcers in the legs and ankles. 
[0005] Current treatments for venous valve insu?iciency 
include the use of compression stockings that are placed 
around the leg of a patient in an effort to force the vessel Walls 
radially inWard to restore valve function and various surgical 
techniques in Which valves are bypassed, eliminated, or 
replaced With autologous sections of veins having competent 
valves. Drastic ablation procedures, including laser ablation, 
vein ligation and stripping, are also frequently employed. 
[0006] Other areas of medicine have bene?tted greatly over 
recent years from the development of minimally invasive 
techniques and instruments for placement of intraluminal 
medical devices. A Wide variety of treatment devices that 
utiliZe minimally invasive technology has been developed 
and includes stents, stent grafts, occlusion devices, infusion 
catheters and the like. Minimally invasive intravascular 
devices have especially become popular With the introduction 
of coronary stents to the US. market in the early 1990s. 
Coronary and peripheral stents have been proven to provide a 
superior means of maintaining vessel patency, and have 
become Widely accepted in the medical community. Further 
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more, stents have been adapted for use in a variety of other 
treatments and medical devices. 
[0007] Several researchers have pursued the development 
of prosthetic valves that are implantable by minimally inva 
sive techniques over recent years. Indeed, the art noW con 
tains several examples of implantable cardiac and venous 
valve devices. Many of these prior art devices include an 
expandable support frame and an attached graft member that 
is fashioned into a valve that regulates ?uid ?oW through the 
device and, ultimately, a body vessel. For example, a graft 
member can be in the form of a lea?et that is attached to a 
support frame and movable betWeen ?rst and second posi 
tions. In a ?rst position, the valve is open and alloWs ?uid ?oW 
to proceed through a vessel in a ?rst direction, and in a second 
position the valve is closed to prevent ?uid ?oW in a second, 
opposite direction. Examples of this type of prosthetic valve 
are described in commonly oWned US. Pat. No. 6,508,833 to 
Pavcnik for a MULTIPLE-SIDED INTRALUMINAL 
MEDICAL DEVICE, United States Patent Application Pub 
lication No. 2001/ 003 9450 to Pavcnik for an IMPLANT 
ABLE VASCULAR DEVICE, and US. patent application 
Ser. No. 10/642,372, ?led onAug. 15, 2003, each ofWhich is 
hereby incorporated by reference in its entirety. In other 
examples, a tube-like graft member that terminates in lea?ets 
is used. The graft member is attached to one or more support 
frames to form a valve. The lea?ets open to permit ?uid ?oW 
in a ?rst direction in response to ?uid pressure on one side of 
the lea?ets and close to prevent ?uid ?oW in a second, oppo 
site direction in response to ?uid pressure on opposite sides of 
the lea?ets. An example of this con?guration is provided in 
US. Pat. No. 6,494,909 to Greenhalgh for AN ENDOVAS 
CULAR VALVE, Which is hereby incorporated by reference 
in its entirety. 
[0008] Despite these and other examples, a need remains 
for improved implantable valve devices, methods of making 
such devices, and methods of treating various venous-related 
conditions, disorders and/or diseases. 

SUMMARY OF EXEMPLARY EMBODIMENTS 

[0009] Valve devices, methods of making valve devices, 
and methods of treating various venous-related conditions, 
disorders and/or diseases are described. 
[0010] A valve device according to an exemplary embodi 
ment of the invention comprises an expandable support frame 
and a bioprosthetic valve attached to the support frame. The 
bioprosthetic valve comprises a single lea?et harvested from 
a natural valve and a contiguous Wall portion attached to the 
lea?et. In exemplary embodiments, the contiguous Wall por 
tion includes the portion of the vessel Wall that de?nes the 
natural sinus for the lea?et. While the bioprosthetic valve can 
be harvested from any suitable source, the use of porcine 
valves, such as an aortic porcine valve, is considered advan 
tageous. 
[0011] The support frame is an expandable support frame 
that includes one or more struts. In exemplary embodiments, 
the support frame de?nes a WindoW portion substantially free 
of the struts. The WindoW portion is positioned such that the 
lea?et of the attached bioprosthetic valve is able to close 
against a portion of an inner Wall of said recipient vessel. 
[0012] In exemplary embodiments, the support frame 
de?nes an outWardly projecting portion con?gured to create a 
sinus region in the recipient vessel upon implantation therein. 
[0013] A valve device according to one exemplary embodi 
ment comprises a bioprosthetic valve comprising a single 
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lea?et harvested from a donor valve and a contiguous Wall 
portion, and an expandable support frame comprising one or 
more struts and de?ning an outwardly projecting portion 
con?gured to outwardly de?ect a portion of the inner Wall of 
the recipient vessel upon implantation therein. The biopros 
thetic valve is attached to the support frame and, in this 
embodiment, the base portion of the lea?et is positioned 
substantially adjacent the outWardly projecting portion such 
that a valve sinus region is formed betWeen the outWardly 
de?ected portion of the inner Wall of the recipient vessel and 
the lea?et. 
[0014] A valve device according to another embodiment 
comprises an expandable support frame comprising one or 
more struts, the support frame de?ning an outWardly project 
ing portion con?gured to create a sinus region in said recipi 
ent vessel upon implantation therein and a WindoW portion 
substantially free of the one or more struts; and a biopros 
thetic valve comprising a natural valve lea?et harvested from 
a donor valve and a contiguous Wall portion. In this embodi 
ment, the bioprosthetic valve is attached to the support frame 
such that the lea?et is positioned substantially opposite the 
WindoW portion When the valve is in an open position. Advan 
tageously, this structure alloWs the lea?et to substantially 
close against a portion of an inner Wall of the recipient vessel. 
[0015] A valve device according to another embodiment 
comprises an expandable support frame de?ning an out 
Wardly projecting portion con?gured to create a sinus region 
in a recipient vessel upon implantation therein and a WindoW 
portion substantially free of the one or more struts; and a 
bioprosthetic valve attached to the support frame. The bio 
prosthetic valve comprises a noncoronary lea?et and a con 
tiguous Wall portion harvested from a xenogeneic aortic 
valve. The device also includes at least one suture attaching 
the contiguous Wall portion to the support frame along an 
attachment pathWay and passing through only a partial thick 
ness of the contiguous Wall portion at at least one point on the 
attachment pathWay. The bioprosthetic valve is attached to 
the support frame such that the lea?et is positioned substan 
tially opposite the WindoW portion When the valve is in an 
open position. 
[0016] Methods of making valve devices are also 
described. A method according to an exemplary embodiment 
comprises the steps of fabricating a bioprosthetic valve and 
attaching the bioprosthetic valve to a support frame. In one 
exemplary method, the step of fabricating a bioprosthetic 
valve includes the steps of providing a suitable xenogeneic 
valve, selecting a suitable lea?et, and excising tissue from the 
valve to leave a contiguous Wall portion attached to the 
selected lea?et that includes the natural margins of attach 
ment Where the lea?et attaches to the vessel Wall. The method 
can also include a step of reducing the thickness of the con 
ti guous Wall portion, such as by shaving or by another suitable 
technique. 
[0017] In an exemplary method of making a valve device, a 
lea?et associated With the noncoronary sinus, also knoWn as 
the posterior aortic sinus, of a xenogeneic aortic valve is 
selected. 

[0018] Delivery systems for percutaneously delivering a 
valve device to a desired point of treatment in a recipient 
vessel are also provided. An exemplary delivery system com 
prises an elongate member having a proximal end, a distal tip 
adapted for insertion into and navigation through a recipient 
vessel, and a length from the proximal end to the distal tip. 
The elongate member includes a device chamber into Which 
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an expandable medical device can be disposed. A sheath is 
disposed about the elongate member and over the device 
chamber, and is adapted to slidably move along the length of 
the elongate member. A valve devices according to an 
embodiment of the invention, such as the exemplary embodi 
ment described above, is disposed Within the device chamber. 
[0019] Additional understanding can be obtained With 
revieW of the detailed description of exemplary embodi 
ments, appearing beloW, and the appended draWings illustrat 
ing exemplary embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1A is a front perspective vieW of a biopros 
thetic valve suitable for use in valve devices according to the 
invention. 
[0021] FIG. 1B is a front perspective vieW of an alternate 
bioprosthetic valve suitable foruse in valve devices according 
to the invention. 
[0022] FIG. 1C is a front perspective vieW of an alternate 
bioprosthetic valve suitable foruse in valve devices according 
to the invention. 
[0023] FIG. 2A is a front perspective vieW of an alternate 
bioprosthetic valve suitable foruse in valve devices according 
to the invention. 
[0024] FIG. 2B is a front perspective vieW of an alternate 
bioprosthetic valve suitable foruse in valve devices according 
to the invention. 
[0025] FIG. 2C is a front perspective vieW of an alternate 
bioprosthetic valve suitable foruse in valve devices according 
to the invention. 
[0026] FIG. 2D is a front perspective vieW of an alternate 
bioprosthetic valve suitable foruse in valve devices according 
to the invention. 
[0027] FIG. 3 is a perspective vieW of a valve device 
according to a ?rst exemplary embodiment. 
[0028] FIG. 4 is an end vieW of the valve device illustrated 
in FIG. 3. The bioprosthetic valve of the device is shoWn in an 
open con?guration. 
[0029] FIG. 5 is an end vieW of the valve device illustrated 
in FIG. 3. The bioprosthetic valve of the device is shoWn in a 
closed con?guration. 
[0030] FIG. 6 is a side vieW of a valve device according to 
a second exemplary embodiment. 
[0031] FIG. 7 is a top vieW of the valve device illustrated in 
FIG. 6. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0032] The folloWing detailed description and the 
appended draWings describe and illustrate various exemplary 
embodiments of the invention. The description and draWings 
are exemplary in nature and are provided to enable one skilled 
in the art to make and use one or more embodiments of the 
invention. They are not intended to limit the scope of the 
invention, or its protection, in any manner. 
[0033] The invention provides implantable valve devices 
useful in regulating ?uid ?oW through a body vessel of a 
patient, such as a human or other animal. Valve devices 
according to the invention include a bioprosthetic valve 
attached to a support frame. 

[0034] As used herein, the term ‘valve device’ refers to an 
implantable medical device that includes a bioprosthetic 
valve attached to a support frame. 
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[0035] As used herein, the term ‘bioprosthetic valve’ refers 
to a valve comprising at least one lea?et and a contiguous Wall 
portion harvested from a natural valve, such as a multi-lea?et 
vascular valve harvested from a xenogeneic source. The con 
ti guous Wall portion includes tissue taken from the natural 
valve at a natural attachment margin Where the lea?et attaches 
to a vessel Wall. The siZe and con?guration of the contiguous 
Wall portion varies betWeen valve devices according to 
embodiments of the invention, as described beloW. 

[0036] Us. Non-provisional patent application Ser. No. 
12/252,253, ?led by Dr. Norman Jaffe of Dana Point, Calif. 
on Oct. 15, 2008, and entitled “BIOLOGICAL VALVE FOR 
VENOUS VALVE INSUFFICIENCY,” describes various 
bioprosthetic valves suitable for use in valve devices accord 
ing to the invention. The entire contents of this application are 
hereby incorporated into this disclosure for the purpose of 
describing suitable bioprosthetic valves, and their prepara 
tion, for inclusion in valve devices according to embodiments 
of the invention. 

[0037] FIGS. 1A, 1B, and 1C illustrate three different bio 
prosthetic valves suitable for use in valve devices according 
to embodiments of the invention. The illustratedbiopro sthetic 
valves are described fully in the incorporated 60/980,708 
application and Will only be described brie?y herein. In each 
bioprosthetic valve illustrated in these Figures, the contigu 
ous Wall portion comprises a patch of tissue that extends 
axially, With respect to the source vessel and host vessel, 
above and beloW the lea?et and laterally on both sides of the 
lea?et. Use of this type of bioprosthetic valve might be advan 
tageous in valve devices according to particular embodiments 
of the invention. 

[0038] The bioprosthetic valve 100 illustrated in FIG. 1A 
includes a single lea?et 102 attached to a patch 104 of tissue 
at attachment region 106. The lea?et 102 has a free edge 103 
Which moves in response to differing pressures in the body 
vessel in Which the bioprosthetic valve 100 is disposed to 
open and close the valve 100. 

[0039] The patch 104 extends axially (With respect to the 
source vessel and host vessel) above and beloW the lea?et 102 
to provide upper and loWer regions 108(1)), 108(1)) for attach 
ing the bioprosthetic valve 100 to a support frame in a valve 
device according to embodiments of the invention, as 
described beloW. If the bioprosthetic valve is from an aortic 
valve source, the patch 104 may include a segment of the 
aortic annulus and/or a segment of the aortic Wall. 

[0040] The patch 104 also extends circumferentially on 
either side of the lea?et 102 to provide lateral regions 110(1)), 
110(1)) for attaching the bioprosthetic valve 100 to a support 
frame in a valve device according to embodiments of the 
invention, as described beloW. The regions 110(1)), 110(1)) 
may extend only minimally beyond the region of the lea?et 
102, as shoWn in FIG. 1, or may extend further so as to 
partially or entirely encircle a circumferential support frame 
to Which the bioprosthetic valve 100 is attached and a body 
vessel into Which the bioprosthetic valve 100 is disposed. It is 
noted that, While the contiguous Wall portion 104 extends in 
circumferential directions on either side of the lea?et 102, it 
advantageously does not extend to include a complete cir 
cumferential path on the circumference of the source vessel. 
Indeed, a contiguous Wall portion comprising a non-circum 
ferential portion of the source vessel Wall is considered 
advantageous at least because it reduces the bulk of the result 
ing valve device, as described more fully beloW. 
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[0041] The patch 104 may be generally rectangular, as 
shoWn in FIG. 1, or may have any other suitable shape (such 
as circular, oval, or oblong). The speci?c shape chosen for the 
patch portion of the bioprosthetic valve in a valve device 
according to a particular embodiment of the invention Will 
depend on various considerations, including the shape and/or 
con?guration of the support frame included in the valve 
device. A skilled artisan Will be able to select an appropriate 
shape for the patch based on these and/or other consider 
ations. 

[0042] It is noted that, While illustrated With the regions 
108(1)), 108(1)) and 110(1)), 110(1)) extending substantially 
symmetrically above and beloW and on either side of the 
lea?et 102, the patch 104 can of course extend about the 
lea?et 102 by different lengths in different directions. 
[0043] The bioprosthetic valve 100 and its lea?et 102 may 
be selected and con?gured so that, With the valve 100 attached 
to a support frame in a valve device, as described beloW, and 
in a closed position, the lea?et 102 provides adequate 
obstruction of the host body vessel at the point at Which the 
valve device is disposed. The lea?et 102 need not, hoWever, 
be selected or con?gured to completely obstruct the ho st body 
vessel in the closed position, as some degree of retrograde 
?oW may be acceptable and even desirable. Accordingly, With 
the bioprosthetic valve 100 in a closed position, the free edge 
103 of the lea?et 102 may (but need not) contact an opposing 
portion of an attached support frame and/or an opposing Wall 
of the host body vessel, either partially or continuously along 
the length of the free edge 103. 
[0044] The bioprosthetic valve 100 according to the 
embodiment illustrated in FIG. 1, and indeed all embodi 
ments, may comprise tissue from any suitable xenogeneic 
source, such as porcine, bovine, or equine tissue. Porcine, 
bovine, and equine heart tissue is considered to be advanta 
geous. Porcine heart tissue is considered particularly advan 
tageous at least because of its ready availability and general 
acceptance as a suitable source of xenogeneic tissue. Also, the 
inventors have determined that the lea?ets of porcine heart 
valves have siZes and con?gurations that render them suitable 
for use as venous valves in human patients. 

[0045] FIG. 1B illustrates an alternative bioprosthetic valve 
150 suitable for use in valve devices according to embodi 
ments of the invention. The valve 150 has a single lea?et 152 
attached to a patch 154 at attachment region 156 and has a free 
edge 153 that moves in response to differing pressures in the 
host body vessel to open and close the valve 150. 

[0046] The patch 154 has a generally ovoid shape Which 
extends axially (With respect to the source vessel and host 
vessel) above and beloW the lea?et 152 to provide upper and 
loWer regions 158(1)), 158(1)) for attaching the bioprosthetic 
valve 150 to a support frame in a valve device according to 
embodiments of the invention, as described beloW. Similarly, 
the patch also extends circumferentially on either side of the 
lea?et 152, to provide lateral regions 160(1)), 160(1)) for 
attaching the bioprosthetic valve 150 to a support frame in a 
valve device according to embodiments of the invention, as 
described beloW. 

[0047] FIG. 1C illustrates an alternative bioprosthetic valve 
170 suitable for use in valve devices according to embodi 
ments of the invention. The valve 170 has a single lea?et 172 
attached to a patch 174 at attachment region 176 and has a free 
edge 173 that moves in response to differing pressures in the 
host body vessel to open and close the valve 170. 
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[0048] The patch 174 has a generally lenticular shape 
Which extends axially (With respect to the source vessel and 
host vessel) above and below the lea?et 172 to provide upper 
and loWer regions 178(a), 178(b) for attaching the biopros 
thetic valve 170 to a support frame in a valve device according 
to embodiments of the invention, as described beloW. Simi 
larly, the patch also extends circumferentially on either side 
of the lea?et 172, to provide lateral regions 180(a), 180(b) for 
attaching the bioprosthetic valve 170 to a support frame in a 
valve device according to embodiments of the invention, as 
described beloW. As shoWn in the Figure, the upper and loWer 
regions 178(a), 178(b) may include pointed or angled sec 
tions to facilitate attachment of the bioprosthetic valve 170 to 
a support frame and/or a body vessel into Which a valve 
device including the bioprosthetic valve is disposed. 
[0049] FIGS. 2A, 2B, 2C, and 2D illustrate three alternate 
bioprosthetic valves suitable for use in valve devices accord 
ing to embodiments of the invention. In each bioprosthetic 
valve illustrated in these Figures, the contiguous Wall portion 
comprises a section of tissue having a lateral edge that 
extends along a path similar to the contour of an interface 
betWeen the lea?et and contiguous Wall portion. Also, the 
contiguous Wall portion extends slightly beyond the interface 
to include the natural margins of attachment betWeen the 
lea?et and vessel Wall. 
[0050] The bioprosthetic valve 200 illustrated in FIG. 2A 
includes a single lea?et 202 attached to a contiguous Wall 
portion 204 having an outer edge 205 that extends along a 
path similar to the contour of the interface 207 betWeen the 
lea?et 202 and contiguous Wall portion 204. The lea?et 202 
has a free edge 203 that moves in response to differing pres 
sure in the body vessel in Which the bioprosthetic valve 200 is 
disposed. This movement of the free edge 203 of the lea?et 
202 effects opening and closing of the valve 200. In this 
embodiment, an inner surface 215 of the lea?et 202 and an 
inner surface 217 of the contiguous Wall portion 204 de?ne a 
valve pocket 220 that opens and closes as the free edge 203 
moves. 

[0051] In this embodiment, the contiguous Wall portion 204 
extends to substantially the same axial height, With respect to 
the source and host vessels, as the free edge 203 of the lea?et 
202. This con?guration of the contiguous Wall portion 204 is 
considered advantageous at least because it provides a ?xed 
tissue surface for the lea?et 203 to interact With as it moves 
and avoids interaction With the natural Wall of the host vessel, 
Which may be diseased and/or Weakened. 

[0052] The bioprosthetic valve 250 illustrated in FIG. 2B is 
similar to the valve 200 illustrated in FIG. 2A, except as 
described beloW. Thus, the valve 250 has a single lea?et 252 
attached to a contiguous Wall portion 254 having an outer 
edge 255 that extends along a path similar to the contour of the 
interface 257 betWeen the lea?et 252 and contiguous Wall 
portion 254. The lea?et 252 has a free edge 253 that moves in 
response to differing pressure in the body vessel in Which the 
bioprosthetic valve 250 is disposed. In this embodiment, an 
inner surface 265 of the lea?et 252 and an inner surface 267 of 
the contiguous Wall portion 254 de?ne a valve pocket 269 that 
opens and closes as the free edge 253 moves. 

[0053] In this embodiment, the contiguous Wall portion 254 
extends beyond the axial height of the free edge 253 of the 
lea?et 252. This con?guration is considered advantageous at 
least because it provides the ?xed tissue surface for the lea?et 
to interact With, as in the embodiment illustrated in FIG. 2A, 
but also provides an additional ?xed tissue portion above the 

Apr. 23, 2009 

free edge 253 Which may help to avoid ?uid ?oW that passes 
behind the Wall portion 254 When the lea?et 252 closes. 
Furthermore, the contiguous Wall portion 254 in this embodi 
ment includes substantially all of the tissue that de?nes the 
natural sinus for the lea?et 252. This is considered advanta 
geous at least because the inclusion of the natural sinus facili 
tates ?ushing of the valve pocket 269 formed in the valve 
device 200, Which is expected to enhance overall perfor 
mance of the device 200. 

[0054] The bioprosthetic valve 270 illustrated in FIG. 2C is 
similar to the valve illustrated in FIG. 2A, except as described 
beloW. Thus, the valve 270 has a single lea?et 272 attached to 
a contiguous Wall portion 274 having an outer edge 275 that 
extends along a path similar to the contour 277 of the interface 
betWeen the lea?et 272 and contiguous Wall portion 274. The 
lea?et 272 has a free edge 273 that moves in response to 
differing pressure in the body vessel in Which the biopros 
thetic valve 270 is disposed. In this embodiment, an inner 
surface 285 of the lea?et 272 cooperatively de?nes a valve 
pocket 289 With an inner surface of the host vessel Wall. The 
pocket 289 opens and closes as the free edge 273 moves. 
[0055] In this embodiment, the contiguous Wall portion 274 
comprises a substantially U-shaped section of tissue that 
includes the natural margins of attachment betWeen the lea?et 
272 and Wall portion 274 and extends only slightly beyond the 
interface betWeen the lea?et 272 and Wall portion 274. This 
con?guration is considered advantageous at least because it 
retains the natural attachment margins betWeen the lea?et 272 
and the vessel Wall, Which has advantages, as described 
beloW, While minimiZing the overall amount of tissue 
included in the valve 270. This may minimiZe the bulk asso 
ciated With a valve device that includes the bioprosthetic 
valve 270. 
[0056] The bioprosthetic valve 290 illustrated in FIG. 2D is 
similar to the valve illustrated in FIG. 2A, except as described 
beloW. Thus, the valve 290 has a single lea?et 292 attached to 
a contiguous Wall portion 294 having an outer edge 295 that 
extends along a path similar to the contour 297 of the interface 
betWeen the lea?et 292 and contiguous Wall portion 294. The 
lea?et 292 has a free edge 293 that moves in response to 
differing pressure in the body vessel in Which the biopros 
thetic valve 290 is disposed. In this embodiment, an inner 
surface 298 of the lea?et 292 cooperatively de?nes a valve 
pocket 299 With an inner surface of the host vessel Wall. The 
pocket 299 opens and closes as the free edge 293 moves. 

[0057] In this embodiment, the contiguous Wall portion 294 
comprises a substantially U-shaped section of tissue that 
extends into the valve pocket 299 but that does not extend 
beyond the contour 297 of the interface betWeen the lea?et 
292 and contiguous Wall portion 294. While this con?gura 
tion may not include the complete margins of attachment 
betWeen the lea?et 292 and the contiguous Wall portion 294, 
it provides a bioprosthetic valve 290 having less bulk than the 
other embodiments, Which may be desirable in situations in 
Which the overall circumference of a valve device is a point of 
concern, such as valve devices intended for delivery through 
and/or implantation in body vessels having small inner diam 
eters as compared to other body vessels. 

[0058] In all embodiments, the inclusion of a contiguous 
Wall portion that includes tissue taken from the donor vessel 
Wall at an attachment region Where the lea?et attaches to the 
vessel Wall is considered advantageous at least because the 
attachment region includes a unique microstructure that is 
believed to enhance the ruggedness of the bioprosthetic valve 
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in an implantable valve device. Retaining the natural margins 
of attachment betWeen the lea?et and vessel Wall in the con 
tiguous Wall portion is considered particularly advantageous. 
For example, in an aortic valve, the margins of attachment, 
i.e., the lea?et anchorages, are composed nearly exclusively 
of a dense collagenous tissue that provides a durable attach 
ment betWeen the lea?et and Wall, Which is expected to have 
a bene?cial advantage on the longevity of a valve device that 
includes a bioprosthetic valve that includes the margins of 
attachment. 

[0059] Valve devices according to embodiments of the 
invention also include a support frame. A Wide variety of 
support frames are knoWn in the medical technology arts, and 
any suitable support frame can be utiliZed in a valve device 
according to an embodiment of the invention. The support 
frame need only provide a surface to Which the biopro sthetic 
valve can be attached in a manner that alloWs the valve to 
function as described herein. It is understood that the support 
frame need not have any particular structure and/or con?gu 
ration and, indeed, can comprise minimal structure or distinct 
and independent structures attached to the bioprosthetic 
valve. For example, a support structure comprising one or 
more barbs or microbarbs, knoWn to those skilled in the art of 
intraluminal medical devices, can be attached to the biopros 
thetic valve and function as a support frame as contemplated 
herein. 

[0060] As described beloW, the support frame advanta 
geously comprises an expandable support frame having radi 
ally compressed and radially expanded con?gurations. Such 
a support frame can be implanted at a point of treatment 
Within a body vessel by minimally invasive techniques, such 
as delivery and deployment With an intravascular catheter. It 
is noted, though, that valve devices according to embodi 
ments of the invention, regardless of the type and/ or nature of 
the support frame, can be implanted by other techniques, 
including surgical techniques. 
[0061] The support frame can optionally provide additional 
function to the medical device. For example, the support 
frame can provide a stenting function, i.e., exert a radially 
outWard force on the interior Wall of a vessel in Which the 
medical device is implanted. By including a support frame 
that exerts such a force, a valve device according to the 
invention can provide both a stenting and a valving function at 
a point of treatment Within a body vessel, Which may be 
desirable in certain situations, such as When a degree of vessel 
stenosis, occlusion, and/ or Weakening is present. A frame that 
provides an initial stenting function that decreases over time 
can also be used. Examples of such support frames are 
described in United States PatentApplication Publication No. 
20050228486 Al, entitled IMPLANTABLE FRAME WITH 
VARIABLE COMPLIANCE, the entire contents of Which 
are hereby incorporated into this disclosure for the purpose of 
describing suitable support frames for use in valve devices 
according to the invention. 
[0062] The stent art provides numerous support frames 
acceptable for use in the present invention, and any suitable 
stent can be used as the support frame. The speci?c support 
frame chosen Will depend on numerous factors, including the 
body vessel in Which the valve device is being implanted, the 
axial length of the treatment site Within the vessel, the inner 
diameter of the vessel, the delivery method for placing the 
medical device, and other considerations. Those skilled in the 
art can determine an appropriate support frame for use in a 
speci?c valve device according to a particular embodiment 
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based on these and other considerations as they exist in a 
particular body vessel and/or at a particular point of treat 
ment. For example, for a point of treatment at Which primary 
venous insu?iciency is determined, a valve device With mini 
mal support frame structure and minimal outWardly-directed 
radial force, such as the attached barbs and microbarbs 
described above, may be desirable and/or suitable. Other 
points of treatment, such a those at Which a vessel Wall has 
become Weakened, damaged, or both, may require substantial 
support frame structure and/or outWardly-directed radial 
force, such as that provided by a support frame capable of 
serving a stenting function. 

[0063] Both self-expandable support frames and support 
frames requiring an input of force to effect expansion, such as 
balloon expandable support frames, can be used in valve 
devices according to the invention. The structural character 
istics of both of these types of support frames are knoWn in the 
art, and are not detailed herein. Each type of support frame 
has advantages and for any given application, one type may be 
more desirable than other types based on a variety of consid 
erations. For example, in the peripheral vasculature, vessels 
are generally more compliant and typically experience dra 
matic changes in their cross-sectional shape during routine 
activity. Medical devices for implantation in the peripheral 
vasculature should retain a degree of ?exibility to accommo 
date these changes of the vasculature. Accordingly, valve 
devices according to the invention intended for implantation 
in the peripheral vasculature, such as valve devices, advanta 
geously include a self-expandable support frame. These sup 
port frames, as is knoWn in the art, are generally more ?exible 
than balloon-expandable support frames folloWing deploy 
ment. 

[0064] Suitable support frames can be made from a variety 
of materials and need only be biocompatible or able to be 
made biocompatible. Examples of suitable materials include, 
Without limitation, stainless steel, nickel titanium (NiTi) 
alloys, e.g., nitinol, other shape memory and/or superelastic 
materials, molybdenum alloys, tantalum alloys, titanium 
alloys, precious metal alloys, nickel chromium alloys, cobalt 
chromium alloys, nickel cobalt chromium alloys, nickel 
cobalt chromium molybdenum alloys, nickel titanium chro 
mium alloys, linear elastic Nitinol Wires, polymers, and com 
posite materials. Also, resorbable and bioremodellable mate 
rials can be used. As used herein, the term “resorbable” refers 
to the ability of a material to be absorbed into a tissue and/or 
body ?uid upon contact With the tissue and/ or body ?uid. A 
number of resorbable materials are knoWn in the art, and any 
suitable resorbable material can be used. Examples of suit 
able types of resorbable materials include resorbable 
homopolymers, copolymers, or blends of resorbable poly 
mers. Speci?c examples of suitable resorbable materials 
include poly-alpha hydroxy acids such as polylactic acid, 
polylactide, polyglycolic acid (PGA), or polyglycolide; tri 
methlyene carbonate; polycaprolactone; poly-beta hydroxy 
acids such as polyhydroxybutyrate or polyhydroxyvalerate; 
or other polymers such as polyphosphaZines, polyorgano 
phosphaZines, polyanhydrides, polyesteramides, polyor‘thoe 
sters, polyethylene oxide, polyester-ethers (e.g., polydiox 
anone) or polyamino acids (e.g., poly-L-glutamic acid or 
poly-L-lysine). There are also a number of naturally derived 
resorbable polymers that may be suitable, including modi?ed 
polysaccharides, such as cellulose, chitin, and dextran, and 
modi?ed proteins, such as ?brin and casein. 
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[0065] Stainless steel and nitinol are currently considered 
desirable materials for use in the support frame due at least to 
their biocompatibility, shapeability, and Well-characterized 
nature. Also, cold draWn cobalt chromium alloys, such as 
ASTM F562 and ASTM F1058 (commercial examples of 
Which include MP35NTM and ElgiloyTM, both of Which are 
available from Fort Wayne Metals, Fort Wayne, Ind.; MP35N 
is a registered trademark of SPS Technologies, Inc. (Jenkin 
toWn, Pa., USA); Elgiloy is a registered trademark of Com 
bined Metals of Chicago LLC (Elk Grove Village, Ill., USA)), 
are currently considered advantageous materials for the sup 
port frame at least because they are non-magnetic materials 
that provide bene?cial magnetic resonance imaging (MRI) 
compatability, and avoid MRI artifacts typically associated 
With some other materials, such as stainless steel. 
[0066] Suitable support frames can also have a variety of 
shapes and con?gurations, including braided strands, heli 
cally Wound strands, ring members, consecutively attached 
ring members, Zig-Zag members, tubular members, and 
frames cut from solid tubes. 
[0067] Examples of suitable support frames for use in 
medical devices according to the invention include those 
described in US. Pat. No. 6,464,720 to Boatman et al. for a 
RADIALLY EXPANDABLE STENT; US. Pat. No. 6,231, 
598 to Berry et al. for a RADIALLY EXPANDABLE 
STENT; US. Pat. No. 6,299,635 to FrantZen for a RADI 
ALLY EXPANDABLE NON-AXIALLY CONTRACTING 
SURGICAL STENT; US. Pat. No. 4,580,568 to Gianturco 
for a PERCUTANEOUS ENDOVASCULAR STENT AND 
METHOD FOR INSERTION THEREOF; and published 
applications for United States Patent 20010039450 to Pavc 
nik et al. for an IMPLANTABLE VASCULAR DEVICE, 
20040260389 to Case et al. for ARTIFICIAL VALVE PROS 
THESIS WITH IMPROVED FLOW DYNAMICS; 
20070038291 TO Case et al. for INTRALUMINALLY-IM 
PLANTABLE FRAMES; 20070162103 to Case et al. for 
IMPLANTABLE DEVICE WITH REMODELLABLE 
MATERIAL AND COVERING MATERIAL; 20070100435 
to Case et al. for ARTIFICIAL PROSTHESIS WITH PRE 
FERRED GEOMETRIES; and 20070021826 to Case et al. 
for INTRALUMINALLY IMPLANTABLE FRAMES, each 
of Which is hereby incorporated by reference in its entirety for 
the purpose of describing suitable support frames for use in 
medical devices according to the invention. 
[0068] The inclusion of a support frame in the valve devices 
according to embodiments of the invention is considered 
advantageous at least because it facilitates anchoring of the 
valve device at a point of treatment in a body vessel. Addi 
tionally, the support frame is believed to aid in placing the 
bioprosthetic valve in a bene?cial 3D con?guration that 
assists the valve device in achieving the bene?ts provided by 
the bioprosthetic valve. 
[0069] The embodiments illustrated in FIGS. 3 through 8 
include support frames having particularly advantageous 
structural features. 
[0070] FIGS. 3 through 5 illustrate a valve device 300 
according to a ?rst exemplary embodiment. The valve device 
300 includes a support frame 310 and a bioprosthetic valve 
312 attached to the support frame 310. 
[0071] Support frame 310 is described in detail in US. Pat. 
No. 6,508,833 to Pavcnik et al. for a MULTIPLE-SIDED 
INTRALUMINAL MEDICAL DEVICE, Which is hereby 
incorporated by reference in its entirety for the purpose of 
describing suitable support frames for use in valve devices 
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according to the invention. This support frame 310 is 
described brie?y herein as an example of a suitable support 
frame for use in valve devices according to the invention. 
[0072] The support frame 310 is made of resilient material, 
preferably metal Wire formed from stainless steel or a super 
elastic alloy, such as nitinol. While round Wire is depicted in 
the ?gures, other types, such as ?at, square, triangular, 
D-shaped, and delta-shaped Wire, may be used to form the 
frame 310. In the illustrated embodiment, the frame 310 
comprises a single strut 314 con?gured into a closed circum 
ference 316. The closed circumference 316 includes four 
sides 318, 320, 322, 324 of approximately equal length. Alter 
native embodiments include frames With sides of different 
lengths, and frames of any polygonal shape, such as penta 
gons hexagon, and octagon shapes. 
[0073] The sides 318, 320, 322, 324 are interconnected by 
bends, each of Which can comprise a coil 326 in the material 
of the support frame 310, or a simple bend 328. Alternative 
bend embodiments include outWard-proj ecting ?llets and 
inWard-projecting ?llets comprising a series of curves. Fillets 
are Well knoWn in the stent art as a means for reducing stresses 
in bends. 
[0074] The cross-sectional diameter of the Wire selected 
Will depend on the siZe of the medical device and the appli 
cation. Wire that is too stiff can damage the vessel, not con 
form Well to the vessel Wall, and increase the pro?le of the 
device When loaded in a delivery system prior to deployment. 
Wire that is not suf?ciently stiff may not alloW the valve 
lea?et to function as desired. Furthermore, excessive out 
Wardly-directed radial force may not be desirable in certain 
situation and/or at points of treatment having certain charac 
teristics, as described above. The speci?c Wire selected for a 
particular embodiment Will depend on these and other con 
siderations. Advantageously, the Wire selected Will provide 
the desired attachment to the bioprosthetic valve 312 and Will 
alloW a positive healing response to occur in the surrounding 
tissue or at least not inhibit such a response. 

[0075] The single piece of material comprising the frame 
310 is formed into the closed circumference 316 by securing 
the ?rst and second ends 330, 332 With an attachment mecha 
nism 334, such as a metal cannula. The ends 330, 332 are 
inserted into the cannula 334 and secured With a bonding 
element, such as solder, an adhesive, or other suitable bond 
ing element. Also, a mechanical bond can be formed betWeen 
the ends 330, 332 and attachment mechanism 334 by crimp 
ing, deformation of adjacent elements, or any other suitable 
technique. Also, the ends 330, 332 can be joined directly to 
each other Without addition of an attachment mechanism, 
such as by soldering, Welding, or other suitable methods to 
join material. Also alternatively, the frame 310 can be fabri 
cated as a single piece of material by stamping or cutting a 
pattern from a sheet such as With a laser, fabricating from a 
mold, or some similar method of producing a unitary frame. 
Furthermore, the support frame 310 can be constructed to 
include structural elements that facilitate attachment and 
securement of the bioprosthetic valve 312 to the support 
frame 310, such as hooks, barbs, microbarbs, and other means 
for attaching tissue to a support frame, as is currently knoWn 
or hereinafter developed. 

[0076] When deployed in a lumen of a vessel, the support 
frame 310 exerts a radially outWard force on the interior Wall 
of the vessel. The bending stresses introduced to the frame 
310 apply force radially outWard against the vessel Wall to 
hold the frame 310 in place and prevent vessel closure. 
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[0077] The bioprosthetic valve 312 includes a single lea?et 
350 and a contiguous Wall portion 352 of adjoining tissue. 
The lea?et 350 is attached to the contiguous Wall portion 352 
at attachment region 354. A free edge 356 of the lea?et 350 
moves in response to differing pressures in the body vessel in 
Which the bioprosthetic valve is disposed to effect opening 
and closing of the bioprosthetic valve 312. 
[0078] In this embodiment, the bioprosthetic valve 312 is 
attached to the support frame by a suture 358 that extends 
along the entire length of the outer edge of the contiguous 
Wall portion 352. While not illustrated in the Figures, addi 
tional connecting struts can be included in the support frame 
310 to provide a full attachment path that extends along the 
entire outer edge of the contiguous Wall portion 352 of the 
bioprosthetic valve 312. 
[0079] The suture 358 advantageously comprises a single 
suture With no breaks or other interruptions along its length. 
The use of a single suture is considered advantageous at least 
because it avoids the presence of unnecessary knots, breaks 
and other structures that may present an impediment to ?uid 
?oW in a body vessel in Which the valve device 300 is 
implanted. It is noted, though, that multiple sutures may be 
used and, indeed, may be desirable in valve devices according 
to particular embodiments. 
[0080] Also advantageously, the suture 358 extends 
through only a partial thickness of the contiguous Wall portion 
352 in at least one pass through the contiguous Wall portion 
352. In particular embodiments, the suture 358 is exposed on 
the external surface of the bioprosthetic valve 310 but, 
because it passes only through a partial thickness of the con 
tiguous Wall portion 352, is not exposed on the internal sur 
face of the valve 310. This is considered advantageous at least 
because it eliminates potential structure that may present an 
impediment to ?uid ?oW and because it reduces the potential 
for thrombus formation on the internal surfaces of the valve 
310, Which is exposed to the blood When the valve device 300 
is implanted in a body vessel. It is considered particularly 
advantageous to have the suture 358 extend through only a 
partial thickness of the contiguous Wall portion 352 in sub 
stantially all of the passes through the contiguous Wall portion 
352. Currently, it is considered mo st advantageous to have the 
suture 358 extend through only a partial thickness of the 
contiguous Wall portion 352 in all of the passes through the 
contiguous Wall portion 352. 
[0081] While FIGS. 3 through 5 illustrate a suture 358, it is 
noted that any suitable attachment element or means for 
attaching tissue to a support frame can be used to attach the 
bioprosthetic valve 312 to the support frame 310, including 
clips, adhesives, tissue solder, and other suitable structures, 
compositions, and techniques knoWn in the art or hereinafter 
developed. 
[0082] FIG. 4 illustrates the valve device 300 in an open 
con?guration. In this con?guration, the free edge 356 of the 
lea?et 350 has moved toWard the contiguous Wall portion 
352, essentially collapsing against it and creating an open 
space 360 Within the valve device 300. The open space 360 
provides an open ?oW path in a body vessel When the valve 
device 300 is implanted therein. 
[0083] FIG. 5 illustrates the valve device 300 in a closed 
con?guration. In this con?guration, the free edge 356 of the 
lea?et 350 has moved aWay from the contiguous Wall portion 
352 in response to a pressure change and/or ?oW reversal. In 
this embodiment, the lea?et 350 and an inner portion 370 of 
the contiguous Wall portion 352 de?ne a valve pocket 380. 
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When the valve device 300 is in this con?guration, the valve 
pocket 380 collects ?uid and substantially prevents ?oW 
through the valve device 300, and through the body vessel, in 
the reverse, or antegrade, direction. It is noted that complete 
prevention of reverse ?uid ?oW is not necessary for the valve 
device 300 to function properly and, as described above, the 
desired degree of prevention can be optimiZed by selection of 
an appropriate lea?et 350 With a siZe that Will enable the 
desired degree of valve closure in operation. 
[0084] FIGS. 6 and 7 illustrate a valve device 400 according 
to a second exemplary embodiment. The valve device 400 
includes a support frame 410 and a bioprosthetic valve 412 
attached to the support frame 410. 

[0085] The support frame 410 is a self-expandable support 
frame comprising proximal 414 and distal 416 portions con 
nected by various connector segments 430, 440. The proxi 
mal portion 414 de?nes a ?rst serpentine path 418 that 
extends around the circumference of the support frame 410. 
The distal portion 416 de?nes a second serpentine path 420 
that also extends around the circumference of the support 
frame 410. Each serpentine path 418, 420 includes straight 
strut portions 422 that are interconnected by bends 424. Each 
serpentine path also includes secondary bends 426 that sub 
stantially mirror bends 424 on the path. The support frame 
410 advantageously includes conventional structural features 
that facilitate anchoring, such as barbs 428, and structural 
features, such as radiopaque markers 429, that facilitate visu 
aliZation of the valve device 400 in conventional or other 
medical visualization techniques, such as radiography, ?uo 
roscopy, and other techniques. 
[0086] In the illustrated embodiment, each of the connector 
segments 430, 440 include ?rst and second struts that are 
substantially straight and disposed substantially parallel to 
each other. This arrangement of struts in the connector seg 
ments 430, 440 is considered advantageous at least because it 
provides a degree of structural redundancy and gives a sec 
ondary attachment point for the bioprosthetic valve 412 along 
the length of the connector segments 430, 440. In embodi 
ments in Which the means for attaching the bioprosthetic 
valve 412 to the support frame 410 extends through only a 
partial thickness of the tissue of the bioprosthetic valve, this 
secondary attachment point can be used at any point along the 
length of the segments 430, 440 When a ?rst attempt to pass 
through a partial thickness of the tissue is unsuccessful. The 
inventors have discovered that this is particularly advanta 
geous in valve devices in Which the bioprosthetic valve is 
attached to the support frame using one or more sutures 480. 

[0087] In the illustrated embodiment, one connector seg 
ment 430 de?nes an outWardly-projecting curve. When the 
valve device 400 is implanted in a body vessel, the curve 
forces a part of the vessel Wall outWard, Which de?nes a sinus 
at the point of implantation. This structural feature is consid 
ered advantageous at least because the provision of a sinus is 
believed to aid in the opening and closing of the bioprosthetic 
valve 412 by creating ?oW patterns that facilitate movement 
of the free edge 476 of the lea?et 470, Which may enhance the 
overall performance of the valve device 400. It is believed to 
be advantageous to attach the contiguous Wall portion 472 of 
the bioprosthetic valve 412 to the connector segment 430 
de?ning the outWardly projecting curve. It is believed to be 
particularly advantageous to form a continuous attachment 
betWeen the contiguous Wall portion 472 and the connector 
segment 430 de?ning the outWardly projecting curve, such as 
by suturing along the length of the curve and/or connector 
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segment, at least because this is expected to ensure a more 
complete de?nition of the sinus region in the valve device 400 
and to enhance securement of the bioprosthetic valve 412 to 
the support frame 410. 

[0088] The embodiment illustrated in FIGS. 6 and 7 include 
a support frame 410 having three connector segments 430, 
440, 450. Connector segment 430 de?nes the curve, as 
described above, and is disposed substantially opposite to the 
inside surface of the lea?et 470 of the bioprosthetic valve 412. 
Connector segments 440, 450 are disposed substantially 
opposite to each other and near the attachment region 474 at 
Which the lea?et 470 is attached to the contiguous Wall por 
tion 472. Also, as best illustrated in FIG. 8, connector seg 
ments 440, 450 lack a curve and are disposed substantially 
parallel to each other. This structural arrangement ensures 
that the valve pocket formed When the bioprosthetic valve 412 
is in the closed con?guration is not shalloWly formed and that 
the lea?et 470 is able to sealingly interact With the vessel Wall. 

[0089] As best illustrated in FIG. 6, the underside of the 
support frame 410, Which represents the side disposed sub 
stantially opposite an exterior surface 478 of the lea?et 470, 
lacks a connector segment. Instead, this side of the support 
frame 410 is largely open. This structural arrangement is 
considered advantageous at least because it enables the free 
edge 476 of the lea?et 470 to interact With the vessel Wall 
during closure of the bioprosthetic valve 412, Which is 
believed to result in better sealing and prevention of ?uid ?oW 
in the reverse direction When the biopro sthetic valve 412 is in 
the closed con?guration. This con?guration is also expected 
to minimiZe Wear of the lea?et edge 476 because it avoids 
abrasion that might result if the edge 476 Were alloWed to 
interact With a portion of the support frame 410. 

[0090] It is noted that, While the illustrated support frame 
410 includes three connector segments 430, 440, 450, any 
suitable number can be used and the speci?c number chosen 
for a particular valve device according to an embodiment of 
the invention Will depend on various considerations, includ 
ing the nature and siZe of the bioprosthetic valve 412 and the 
nature and siZe of the body vessel into Which the valve device 
is intended to be implanted. Also, While the illustrated con 
nector segments are disposed substantially equidistant from 
each other, it is noted that any suitable arrangement can be 
used and the speci?c arrangement chosen for a particular 
valve device according to an embodiment of the invention 
Will depend on various considerations, including the nature 
and siZe of the bioprosthetic valve 412 and the nature and siZe 
of the contiguous Wall portion 472 of the valve 412. 
[0091] In the embodiments illustrated in FIGS. 6 and 7, the 
bioprosthetic valve 412 is attached to the support frame 410 in 
a manner such that the valve is normally open, i.e., the free 
edge 476 of the lea?et 470 is collapsed against the contiguous 
Wall portion, thereby alloWing ?uid ?oW to pass through the 
lumen of the valve device 400 and the vessel in Which it is 
implanted. As best illustrated in FIG. 6, the valve 410 closes 
only When a pressure head develops on an antegrade side of 
the valve 410 that is suf?cient to force the free edge 476 of the 
lea?et 470 aWay from the contiguous Wall portion 472 and 
adjacent Wall of the body vessel and toWard, and potentially 
against, the opposing Wall of the body vessel. In this con?gu 
ration, a valve pocket 490 is formed that ?lls With ?uid until 
the valve 410 returns to its open con?guration, Which can 
occur in response to a change in the ?uid pressure differential 
across the valve 410, a change in ?uid ?oW direction, or both. 

Apr. 23, 2009 

[0092] It is noted that, although the embodiments illus 
trated in FIGS. 3 through 7 include a single lea?et, it is 
expressly understood that a bioprosthetic valve having tWo or 
more lea?ets can be used in the valve devices according to the 
invention. For example, for valve devices intended to be used 
in body vessels having relatively large internal diameters 
(e.g., vessels With diameters greater than 16 mm, such as adult 
human jugular and iliac veins), it may be advantageous to use 
a bioprosthetic valve that includes tWo or more lea?ets 
attached to a contiguous Wall portion. In these embodiments, 
the contiguous Wall portion need not include any commissure 
(s) betWeen the lea?ets. Multi-lea?et bioprosthetic valves are 
advantageously attached to the support frame such that the 
free edges of the lea?ets are able to coapt With each other such 
that the lea?ets can close a valve opening formed inside the 
lumen of the valve device. A multi-lea?et bioprosthetic valve 
can be prepared from a single, xenogeneic valve having mul 
tiple lea?ets by excising tWo or more lea?ets from the valve 
While retaining a contiguous Wall portion With the lea?ets. 
The resulting bioprosthetic valve can then be attached to a 
support frame as described to provide a valve device. Also, a 
bioprosthetic valve can comprise multiple lea?ets selected 
from multiple xenogeneic valves that are attached to the sup 
port frame to form a valve device. In these embodiments, tWo 
or more lea?ets, each having a contiguous Wall portion, are 
selected from tWo or more xenogeneic valves. The lea?ets are 
attached to a single support frame such that the free edges of 
the lea?ets coapt in a manner that closes a valve opening 
formed betWeen the lea?ets. In these embodiments, each 
lea?et is advantageously a noncoronary lea?et, for reasons 
described beloW. For valve devices that include a multi-lea?et 
bioprosthetic valve and a support frame such as that illus 
trated in FIGS. 6 and 7, it is expected to be advantageous to 
eliminate the strutless WindoW portion by including an addi 
tional connector segment, such as segments 430, 440, 450, in 
the frame and to position one or more additional sinus-de?n 
ing structural features, such as connector segment 430, oppo 
site the additional lea?ets. 

[0093] Methods of making valve devices suitable for 
implantation in a patient, such as a human or other animal, are 
also provided. 
[0094] A ?rst step of an exemplary method comprises fab 
ricating a bioprosthetic valve. In one exemplary method, the 
fabrication is done in accordance With the method described 
in incorporated U.S. Non-provisional patent application Ser. 
No. 12/252,253. In this method, a xenogeneic valve is har 
vested and ?xed using suitable techniques, such as by ?xing 
the valve With gluteraldehyde or any other suitable cross 
linking agent. Examples of suitable ?xation techniques are 
described in Us. Pat. No. 4,800,603 to Jaffe for TISSUE 
FIXATION WITH VAPOR; U.S. Pat. No. 5,595,571 to Jaffe 
and Hancock for BIOLOGICAL MATERIAL PRE-FIXA 
TION TREATMENT; US Pat. No. 5,720,777 to Jaffe and 
Hancock for BIOLOGICAL MATERIAL PRE-FIXATION 
TREATMENT; U.S. Pat. No. 5,843,180 to Jaffe and Hancock 
for METHOD OF TREATING A MAMMAL HAVING A 
DEFECTIVE HEART VALVE; and Us. Pat. No. 5,843,181 
to Jaffe and Hancock for BIOLOGICAL MATERIAL PRE 
FIXATION TREATMENT, each of Which is hereby incorpo 
rated by reference in its entirety for the purpose of describing 
suitable techniques for ?xing a xenogeneic valve for inclu 
sion in a valve device according to the disclosure. 

[0095] The use of a ?xed valve is considered advantageous 
at least because the ?xation process renders the tissue resis 
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tant to thrombosis While maintaining desirable compliance 
and mechanical properties of the valve. The use of a ?xed 
valve aids in the handling of the valve during the fabrication 
method and may also enhance the performance of the result 
ing valve device. A fabrication step in Which a xenogeneic 
valve is ?rst ?xed by exposure to gluteraldehyde folloWed by 
an irradiation step is considered particularly advantageous at 
least because the resulting bioprosthetic valve is sterile and 
has desirable compliance properties. 
[0096] Tissue processed using the same procedures used by 
Hancock-Jaffe Laboratories of Irvine, Calif., to fabricate 
prosthetic heart valves may be used in the fabrication of 
bioprosthetic valves foruse in the methods and apparatuses of 
the present invention. 
[0097] In an exemplary fabrication method, a suitable 
xenogeneic valve is provided and a suitable lea?et of the valve 
is selected based on various considerations, including the siZe 
and con?guration of the vessel in Which the valve device Will 
be implanted. When a xenogeneic aortic valve, such as an 
aortic valve, is being used, selecting a lea?et that is associated 
With the noncoronary sinus, also knoWn as the posterior aortic 
sinus, is considered advantageous at least because the Wall 
portion contiguous With this lea?et does not include an open 
ing to a vessel originating from the sinus. While it is preferred 
to select a noncoronary lea?et, it is noted that a coronary sinus 
lea?et can be selected and used and, in some circumstances, 
may even be desired. For example, the opening can be closed 
using appropriate techniques. Alternatively, the opening can 
be used to provide an attachment point at Which the contigu 
ous Wall portion can be attached to the host vessel, if desired. 

[0098] Once a suitable lea?et is selected, tissue is excised 
and/ or trimmed to leave a contiguous Wall portion that 
includes the attachment region Where the lea?et attaches to 
the vessel Wall. As described above, the Wall portion can 
comprise a minimal section of tissue, such as the portion 
illustrated in FIG. 2C, or a larger patch of contiguous tissue 
that extends axially and circumferentially beyond the lea?et. 
Any other suitable siZe and con?guration can be used for the 
contiguous Wall portion and a skilled artisan Will be able to 
select an appropriate siZe and con?guration based on various 
considerations, including the siZe of the valve device being 
made and the vessel in Which the device is to be implanted. At 
a minimum, the Wall portion should include the attachment 
region Where the lea?et attaches to the vessel Wall. As 
described above, it is considered particularly advantageous to 
retain the natural margins of attachment betWeen the lea?et 
and the vessel Wall in the contiguous Wall portion. 
[0099] In an optional step, the thickness of the contiguous 
Wall portion can be reduced folloWing harvesting and prior to 
attachment to a support frame. Any suitable technique for 
reducing tissue thickness can be used, including shaving, 
manual dissection, delamination, and other techniques. Use 
of this step is believed to be advantageous at least because it 
reduces the overall pro?le of the bioprosthetic valve, Which 
can minimize bulk in the resulting valve device, and can 
provide a consistent thickness to the Wall portion. If this step 
is used, at least the margins of attachment betWeen the lea?et 
and vessel Wall should be retained to provide the desirable 
microstructure located in these areas, as described above. 
Also, it is noted that it may be advantageous to reduce the 
thickness of one or more of the axial edges of the contiguous 
Wall portion, With respect to the lengthWise axis of the body 
vessel Within Which the biopro sthetic valve is intended to be 
used, such that a tapered thickness is provided. The edges can 
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be reduced to a minimal thickness that gradually tapers to a 
suitable thickness at the attachment region Where the lea?et is 
attached to the contiguous Wall portion Which substantially 
retains the margins of attachment betWeen the lea?et and Wall 
portion. Reducing the thickness of the one or more axial 
edges of the contiguous Wall portion in this manner is 
believed to be advantageous at least because it may remove 
one or more blunt edges that could provide a surface for clot 
formation or otherWise impede ?uid ?oW once the biopros 
thetic valve is positioned Within a body vessel. 
[0100] A second step of the exemplary method of making 
valve devices suitable for implantation in a patient comprises 
attaching the bioprosthetic valve to a support frame. In exem 
plary methods, the step attaching the biopro sthetic valve to a 
support frame is accomplished by connecting the biopros 
thetic valve to the support frame using a single suture. In 
exemplary methods, a suture or other suitable means for 
attaching is caused to extend through only a partial thickness 
of the contiguous Wall portion in at least one of the passes 
through the contiguous Wall portion. In exemplary methods, 
the suture or other suitable means for attaching is caused to 
extend through only a partial thickness of the contiguous Wall 
portion in substantially all of the passes through the contigu 
ous Wall portion. In exemplary methods, the suture or other 
suitable means for attaching is caused to extend through only 
a partial thickness of the contiguous Wall portion in all of the 
passes through the contiguous Wall portion. 
[0101] Also, in exemplary methods, the contiguous Wall 
portion advantageously is attached to the support frame along 
the entire outer edge of the contiguous Wall portion. In exem 
plary methods, a substantially continuous attachment is 
formed along the entire outer edge of the contiguous Wall 
portion. Also in exemplary methods, the contiguous Wall 
portion is attached to a sinus-de?ning feature of the support 
frame, such as an outwardly-projecting curve or other struc 
tural feature. It is believed to be advantageous to form a 
continuous attachment betWeen the contiguous Wall portion 
and such a structural feature, such as by suturing the Wall 
portion along substantially the entire length of the structural 
feature, or along the entire length of the structural feature at 
least because this is expected to ensure a more complete 
de?nition of the sinus region in the valve device and to 
enhance securement of the bioprosthetic valve to the support 
frame. 

[0102] Another exemplary method of making a valve 
device suitable for implantation in a patient comprises the 
steps of excising a xenogeneic valve from a host; ?xing the 
valve using a suitable ?xation technique, such as exposing the 
valve to gluteraldehyde or other suitable ?xative; attaching 
the valve to a suitable support frame; trimming the valve to 
form a bioprosthetic valve as described herein; placing the 
valve device in a suitable storage medium, such as physi 
ological saline; and irradiating the valve device. It is noted 
that the step of trimming the excised valve can be conducted 
before or after the valve is attached to the support frame. 
Conducting this step before the valve has been attached to the 
support frame is considered advantageous at least because 
doing so eliminates potential interference by the frame during 
the trimming process. 
[0103] The invention also provides methods of treating 
venous insu?iciency. An exemplary method comprises the 
steps of providing a valve device according to an embodiment 
of the invention and implanting the valve device in a body 
vessel of a patient containing at least one insu?icient natural 
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valve. In exemplary methods, the implanting step is accom 
plished by percutaneously delivering the valve device to a 
point of treatment in the body vessel and deploying the valve 
device at the point of treatment. In these exemplary methods, 
the valve device is loaded into a suitable percutaneous deliv 
ery system, Which is then used to delivery the valve device to 
the point of treatment Within the body vessel at Which the 
valve device is to be deployed and implanted. Any suitable 
percutaneous delivery system can be used, and the delivery 
system selected need only be able to accommodate the valve 
device in a compressed con?guration and accomplish the 
desired delivery to the point of treatment Within the body 
vessel. Conventional pusher-type delivery systems that 
include a pusher and/ or dilator With a surrounding sheath and 
that de?ne a chamber into Which the valve device can be 
loaded for delivery are considered suitable. When selecting a 
delivery system, care should be taken to ensure that the deliv 
ery system can accommodate the bulk of the bioprosthetic 
valve When the valve device is loaded into the delivery sys 
tem. 

[0104] Other examples of suitable delivery systems include 
those described in United States Patent Application Publica 
tion No. 20080221656 to Hartley et al. for ENDOVASCU 
LAR DEPLOYMENT DEVICE; 20070088424 to Greenberg 
et al. for ENDOLUMINAL DELIVERY ASSEMBLEY; 
20060004433 TO Greenberg et al. for THORACIC 
DEPLOYMENT DEVICE AND STENT GRAFT; 
20040230287 to Hartley et al. for BRANCH STENT GRAFT 
DEPLOYMENT AND METHOD; 20040098079 to Hartley 
et al. for THORACIC AORTIC STENT GRAFT DEPLOY 
MENT DEVICE; AND 20030225446 to Hartley for MULTI 
PIECE PROSTHESIS DEPLOYMENT APPARATUS, each 
of Which is hereby incorporated by reference in its entirety for 
the purpose of describing suitable delivery systems for use 
With the valve devices described herein. 
[0105] In other exemplary methods, the implanting step is 
accomplished by surgically placing the valve device at a point 
of treatment in a body vessel. 

EXAMPLE 

[0106] Hemodynamic Evaluation of Valve Device 
[0107] To evaluate the hydrodynamic performance and 
lea?et motion characteristics of a venous valve device accord 
ing to the disclosure, several valve devices of various siZes 
Were constructed and tested in the aortic chamber of a pulsa 
tile ?oW heart valve test apparatus. Hydrodynamic perfor 
mance Was observed under a range of conditions typical of the 
upper leg of a human being. Lea?et function (i.e., opening 
and closing) Was con?rmed for all valve devices under all test 
conditions studied. 
[0108] a. Construction of Valve Devices 
[0109] Three unconstrained diameters (10 mm, 12 mm, and 
14 mm) believed to be suitable for valve devices intended to 
be implanted in a human vein Were selected for evaluation. 
For each unconstrained diameter, three valve devices Were 
constructed by attaching a gluteraldehyde crosslinked bio 
prosthetic valve to a support frame by suturing. All specimens 
Were submerged in saline folloWing construction and sub 
jected to irradiation. 
[0110] b. Simulation of Compression for Loading into Per 
cutaneous Delivery System 
[0111] All specimens Were loaded into a delivery catheter 
as shoWn in the Table I, and held in the compressed delivery 
con?guration for at least 60 (sixty) minutes prior to testing. 
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TABLE I 

Valve device unconstrained diameters and delivery sheath 
French size for simulation ofloading compression 

Valve device 
unconstrained 
diameter (mm) Delivery sheath French size (Fr) 

10 14 
12 16 
14 18 

[0112] c. Test System and Parameters 
[01 13] Each valve device evaluated in the aortic chamber of 
a pulsatile ?oW apparatus from ViVitro Systems, Inc. (Victo 
ria, British Columbia, Canada). Each valve device Was 
sutured into a section of silicone tubing siZed so as not to 
constrain the valve device. Arterial pressure Was adjusted to 
achieve the desired static pressure. Table II provides detailed 
conditions under Which the pulsatile ?oW analysis Was con 
ducted for each valve device. 

TABLE II 

Pulsatile ?oW test conditions 

Parameter Condition 

Test solution Physiological saline maintained at 37 1 10 C. 
Cycle rate 30 bbm 
Cardiac output 1.2 L/min 
Static pressure 15 mmHG : 1, 35 mmHG : 1, 50 mmHg 1 1, 

100 mmHG : 1 

Single stroke Wave 70% With lea?et in open position, 30% With lea?et 
form in closed position 

[0114] d. Results 
[0115] The valve devices Were observed and visually 
recorded on video taken from the out?oW aspect of the valve 
device. Con?rmation of opening and closing of the lea?et of 
each valve device Was made through visual revieW of video 
recordings of the pulsatile ?oW test. Table III presents a sum 
mary of the visual con?rmations. 

TABLE III 

Lea?et ?mction based upon review of video recording of 
pulsatile ?oW test 

Valve Diameter Lea?et opening and closing con?rmed 

device No. (mm) 15 mmHG 35 mmHG 50 mmHg 100 mmHg 

1 10 yes yes yes yes 
2 10 yes yes yes yes 
3 10 yes yes yes yes 
4 12 yes yes yes yes 
5 12 yes yes yes yes 
6 12 yes yes yes yes 
7 14 yes yes yes yes 
8 14 yes yes yes yes 
9 14 yes yes yes yes 

[01 1 6] e. Conclusion 
[0117] Based on these results, it Was concluded that the 
valve devices made in accordance With the disclosure and 
tested as detailed above demonstrated acceptable lea?et func 
tion over the range of hemodynamic conditions evaluated. 
[0118] The foregoing detailed description provides exem 
plary embodiments of the invention and includes the best 
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mode for practicing the invention. The description and illus 
tration of embodiments is intended only to provide examples 
of the invention and not to limit the scope of the invention, or 
its protection, in any manner. 
What is claimed is: 
1. A valve device for implantation in a recipient vessel, said 

valve device comprising: 
an expandable support frame; and 
a bioprosthetic valve attached to the support frame, the 

bioprosthetic valve comprising a single lea?et and a 
contiguous portion of a vessel Wall harvested from a 
multi-lea?et vascular valve, the contiguous portion 
including the natural margins of attachment betWeen the 
lea?et and the vessel Wall. 

2. The valve device according to claim 1, Wherein the 
contiguous portion of the vessel Wall comprises at least a 
portion of a natural sinus formed in the vascular valve adja 
cent the lea?et. 

3. The valve device according to claim 1, Wherein the 
contiguous portion of the vessel Wall includes the entire natu 
ral sinus formed in the vascular valve adjacent the lea?et. 

4. The valve device according to claim 1, Wherein the 
bioprosthetic valve comprises a lea?et and contiguous por 
tion of a vessel Wall harvested from a xenogeneic valve 
selected from porcine valves, ovine valves, and equine valves. 

5. The valve device according to claim 1, Wherein the 
bioprosthetic valve comprises a lea?et and contiguous por 
tion of a vessel Wall harvested from a porcine valve. 

6. The valve device according to claim 5, Wherein the 
bioprosthetic valve comprises a lea?et and contiguous por 
tion of a vessel Wall harvested from a non-aortic valve. 

7. The valve device according to claim 5, Wherein the 
bioprosthetic valve comprises a lea?et and contiguous por 
tion of a vessel Wall harvested from an aortic valve. 

8. The valve device according to claim 7, Wherein the 
lea?et comprises a noncoronary lea?et of the aortic valve. 

9. The valve device according to claim 1, Wherein the 
support frame includes one or more struts and de?nes a Win 
doW portion substantially free of the one or more struts and 
positioned to alloW the lea?et to close against a portion of an 
inner Wall of said recipient vessel. 

10. The valve device according to claim 1, Wherein the 
support frame includes one or more struts that de?nes an 
outWardly projecting curvilinear portion con?gured to create 
a sinus region in said recipient vessel upon implantation 
therein. 

11. The valve device according to claim 1, Wherein the 
bioprosthetic valve is attached to the support frame along an 
attachment pathWay With at least one attachment element. 

12. The valve device according to claim 11, Wherein the at 
least one attachment element passes through only a partial 
thickness of the contiguous Wall portion at at least one point 
on the attachment pathWay. 

13. The valve device according to claim 11, Wherein the at 
least one attachment element passes through only a partial 
thickness of the contiguous Wall portion at substantially all 
points along the attachment pathWay. 

14. The valve device according to claim 11, Wherein the at 
least one attachment element passes through only a partial 
thickness of the contiguous Wall portion at all points along the 
attachment pathWay. 

15. The valve device according to claim 11, Wherein the at 
least one attachment element comprises a single suture 
extending along the entire attachment pathWay. 

16. The valve device according to claim 1, Wherein the 
contiguous portion of a vessel Wall harvested from a multi 
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lea?et vascular valve comprises a non-circumferential por 
tion of a vessel Wall harvested from a multi-lea?et vascular 
valve. 

17. The valve device according to claim 1, further compris 
ing a second bioprosthetic valve attached to the support 
frame, the second bioprosthetic valve comprising a second 
single lea?et and a second contiguous portion of a vessel Wall 
harvested from a multi-lea?et vascular valve, the second con 
tiguous portion including the natural margins of attachment 
betWeen the second single lea?et and the vessel Wall; 

Wherein the ?rst and second bioprosthetic valves are 
attached to the support frame such that the single lea?et 
and the second single lea?et are able to coapt With each 
other to close a valve opening formed betWeen the single 
lea?et and the second single lea?et. 

18. A valve device for implantation in a recipient vessel, 
said valve device comprising: 

a bioprosthetic valve comprising a lea?et and a contiguous 
portion of a vessel Wall harvested from a multi-lea?et 
vascular valve, the lea?et having a base portion attached 
to the contiguous Wall portion; and 

an expandable support frame comprising one or more 
struts de?ning an outWardly projecting curvilinear por 
tion con?gured to outWardly de?ect a portion of the 
inner Wall of the recipient vessel upon implantation 
therein; 

Wherein the bioprosthetic valve is attached to the support 
frame and the base portion of the lea?et is positioned 
substantially adjacent the outWardly projecting portion 
such that a valve sinus region is formed betWeen the 
outWardly de?ected portion of the inner Wall of the 
recipient vessel and the lea?et. 

19. The valve device according to claim 18, Wherein the 
contiguous portion of a vessel Wall harvested from a multi 
lea?et vascular valve comprises at least a portion of a natural 
sinus formed in the vascular valve adjacent the lea?et. 

20. The valve device according to claim 18, Wherein the 
contiguous portion of a vessel Wall harvested from a multi 
lea?et vascular valve includes the entire natural sinus formed 
in the vascular valve adjacent the lea?et. 

21. The valve device according to claim 18, Wherein the 
contiguous portion of a vessel Wall harvested from a multi 
lea?et vascular valve comprises a non-circumferential por 
tion of a vessel Wall harvested from a multi-lea?et vascular 
valve. 
22.A delivery system forpercutaneously delivering a valve 

device to a desired point of treatment in a recipient vessel, 
said delivery system comprising: 

an elongate member having a proximal end, a distal tip 
adapted for insertion into and navigation through said 
recipient vessel, and a length from the proximal end to 
the distal tip, the elongate member including a device 
chamber adapted to receive an expandable medical 
device therein; 

a sheath disposed about the elongate member and over the 
device chamber, the sheath adapted to slidably move 
along the length of the elongate member; and 

a valve device for implantation in said recipient vessel, the 
valve device disposed Within the device chamber and 
comprising a support structure and a bioprosthetic valve 
attached to the support structure, the biopro sthetic valve 
comprising a single lea?et and a contiguous portion of a 
vessel Wall harvested from a multi-lea?et vascular valve, 
the contiguous portion including the natural margins of 
attachment betWeen the lea?et and the vessel Wall. 

* * * * * 


