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STENT VALVES AND USES OF SAME

Sackground

Technical field of the invention:

The invention includes a medical device arnd more
specifically to s wvalve found generally within a frame.
In preferred devices the frame 1= comprised of a
radially expandable stent which car be delivered

Through a delivery device such as & catherer.

Backyground of the invention:

Lower extremity venous hyperrtension in addition te
venous insufficiency is a major cause of morbidity in
the United States. Symptoms of venous disease include
lower extremity edema, varicesities, skin pigmentation
changes, skin ulceration, and general poer cireulation.

Cne solution to this problem is to replace the
defective valve or the vein with a valve assembly.

Current valves include a pressure regponsive,
pressure directed ball movement valve assemblies. The
proiplem with mechanical pall valves is that mechanical
valves are susceptible te clot formation. Additionally,
there are problems associared with long-term wear and
tear on the device.

Artificial walves such as blologacal valves are
also known. Siclogical valves include homcgraifts,
allografts, and xenografts. Problems assocdiated with

some biclogical valves include the supply of the

JP 2004-500189 A 2004.1.8
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vo ' lves, immunity responze, oo problems associated with
matehing the size with the Geonor.

Tinallv other problems assoclated with valve
repair inclivude placemernt proklems n which the device
cannot be repositioned once it is elected fror the
vlacement catheter, leakage that occurs arcund the
valva, and embeii formation.

—n light of this background, theve remains & nead
for alcernative and improvesd devices and methads for
providing wvalvuiar function within vessels of the body.

The present inventien is addressed to these needs.

JP 2004-500189 A 2004.1.8
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Sumnary of the Inwvention

Disciosed is a medical device comprising a frame
that has & valve generally located withirn. In
preferred forms of the invention, the frame is
comprised of a radially-expandable stent (including
especially a self-expanding stent}, which can be
delivared cthrough a delivery device such as a catheter
and then deployed and expanded at a target site in a
body lumen such as an artery or vein. For example, ia
one preferred use, such a stent and nethod are used to

treat incompetcent veins in the legs or feet.

JP 2004-500189 A 2004.1.8
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20

Brief Description of the Drawings

FIGs. 12 to 3> demcnstrate one enmbodiment of the
invention corprising a stent.

FIGs. 4 o & demonstrale other erbpodiments of the
present invention cemprising the valve.

IGs. 2 to 11 demonstrate embodiments that
illustrate exemplary ways of attaching a plurality of
stants.

FIGs. 12 to 15 demonstrate exemplary embodiments
of the valve configuration in a variety of stent
enbodiments.

P1G. 16 demonstrates cone aspect of the invention
in situ.

FIGs. 17 fo 1Y demonstrate other altermative
enbodiments

FIG. 2C depicts a medical assenbly of the
invention inciuding a stent valve and a delivery device

for the stent wvalve.

JP 2004-500189 A 2004.1.8
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Detailed description of the invention

With reference to FIG. 1%, shown is one embodiment
of the present inwvaention., The invention includes a
frame such as s wire stent that has a lumern extendirng
therethrough. Near one end of the stent is the valve
assembly comprising some leaflets or cusps. & valve
opening is generally located between the lemflets
through which fluid flows. Although shown as a two
leaflet valve, egurally the invention can comprise, in
any embodiment descriked herein, at least one leaflet
zuch as two, three or four leaflets.

With respect to FIGs. 1a, 1B, and 1C, a frame is
partially shown. The frame can comprige a stent 20.
Choices of stent irnclude a self expanding stent or a
non-self expanding stent. In one embodiment of the
present invention stent 20 1s a self expanding stent
such a5 the Glanturca stent available from Cook Inc. of

Bloomington. IN as described in U.S. patent 4,580,568
the entire disclosure of which 1s expressly
incorporated by reference herein. Such stenc can be any
iength, but in one embodiment, the stent is about 15 mm
long. Srent 20 includes a plurality of bends 22,
which generally form the area in wilch the stent struts
24 reverses direction. Bends 22 are generally rounded

to provide an atraumatic conditien. Since the stent 20

"8

s generelly located in a vessel or body lumen of scome
type, the stent 20 car be cylindrical and rherefore has
& stent diameter 21 {(shown in FIG. 3).  In another
embodimens, the stent 20 can also nave a plurality of
connectors 25 that connect adiacent struts 24 One

way to provide a connector 26 1s to dispese a solder

JP 2004-500189 A 2004.1.8
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ra
th

bead between the adjacent strucs. liow - connector 28

can alsoc be a suture, we.d, achesive, rod, clamp, or

other well-known ways to connect adiacent struzs 24.

Connector 26 provides several non-critical advantages.

Conneciors 25 can attach adjacent struts 24 to
mininize or preven:t flaring oI the ends of the sten:
2C. Furthermore, connecter 26, if placed near the bend
22, can create a hole 28 wherein the boundaries of the
hole are the wires of the stent operating in general
con’unction with the connactor 26. This creates a heole
28 through whichk a thread or suture can run. However,
as shown in FIG. 1€, a separate prefabricated hole can
be created by geparately attaching a nhole assembly,
such as a cap 22 over the bend 2Z. In any case, one
benafil of the comnector 26 oxr cap 29 is that they
increase the radiographic visualization oI the
inventicn. Particularly, if the connector 26 ic a
snlder bead, b has increased radiopacity.

With respect vo FIGs. 2A and 2B, shown is part of
the stent in which connector 24 attaches adijacent
strubks 24. As mention=2a above, a4 thread or suture can
e threaded through the hole 28. & proximal suture 30
=an be sewn through the stent proximal bends 22 or
stent proximal ends 21 of the stent. Similarly, a
digval suture 32 can be sewn through the slent distal
end 33 or the stent distal bends 22 of the stent. COne
way to thread the suture is shown in F1G. 8 wherein

the suture 35 (ganerically any suturel runs over the

strut 24 te enter the hole 28, throu hoin ZB Lo come

behind the same strut 2L, over the scrut 74 and across
to the adjacent strut 24 running over the adjacent

strut 24, pehind che adiacent strut 24 to come from

JP 2004-500189 A 2004.1.8
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behind and through holz 28, and tnen run subseoquently
over adjacent strut 24. Once the struts are connected
via the suture, the suture can be pulled Lo a
predetermined tightness te contreol the overall stent
size. Accordingly, the stent can be so consiructed to
have a predecermined stent perimecer 34. To this end,
the stent lumen 36 will alsc have an appropriate size.
The stenk can be constructed so as te have a different
perimeter length at the proximal or distal ends.

with regard to FIG. 3. shown is a coylindrical
stent. 20 that has the proximal and distal sutures
running khrough the bends 22 or holes 28 of the
proximal and distal ends of the stent. By altering the
tautness of the sutures, the size of the stent lumen
36, the stent diameter 86, and the stent perimeters 34,
can be adjusted. As can be geen, distal perimeter
suture 3Z runs along the stent distal end 33, whereas
proximal perimeter suture 30 runs along the stens
proximal end 31. The respective sutures run through
hole 28 of esach pend 22.

With respect o FIGs. 4 and 5, the valve material

38 is shown, in this exemplary embodiment, as a cheet.

In so constructing the valve 41, the valve material 38
is draped acrosa the sbtent lumen 36 opening (such as
shown on the preximal pertien of the stent) ard then
pushed down inte the stent lumen 36 icself. Zxcess
materizl can be kept oukside the srenr, which will
later becoms a potential fold-over 42. However, the
excess material can alsc be vrimmed off. The valve
material 3B iz connected to the stent, using far
example, distal) valve-stent suture 40, However, any

well koown ways Lo connect the valve to the sten: is
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contemgplated, such as but not limited te, sutures,
adhesives, folds, or the like. In one erbodimant shown
in FIG. 5, the vaive-stent suture 40 can share the hole
28 with distal suture 32 near the stent perimeter 34.

The valve material 3% can be any blocompatible
material such as polyethylene terephalate(PETI,
volypropylens (FP), polytetraflucrethylene{PTFE], or
ary polymer or derivative thereof, and alse includes
commercially knowm materials such as GORE-TEX, DaRCROK,
or any other synthetlc material. The preferred
material 38 will be advantagecusly compliart and
erploved so as to permit effecktive value funciion zs
described herein and in the case of
collapsible/expandable state devices will retain
integrity and functicn when cycled between tehse
states.

It is preferred to use a biomzterial that serves
a5 a biccompatible scaffold with the ability to remodel
host tissue. Accordingly, a naturally occurring
biematerial is highly desirable. ©One suchk biomatzrial
is collagen and more particularly, a collagen based
bicmaterial called extracellular matrix {(ECHM) .

Exanplez of ECM's include pericardium, stomach
submucosa, liver basement membrans, urinary bladder
submucosa, tissue mucosa, dura mater, and small
intestine submucosa One such biomaterial is the ECH.
such as submucosa, and mere particularly is small
intestine submucesa [SI3). SIS can be made in the
fashion described in Badylak &t al., U3 Parent
4,902,508; Intestinal Collagen Layer described in US
Patent 5,733,337 to Carr and in 17 Nature Bictechnelogy
1083 (Nov. 1995); Cook et al.., WIZD Publication WO

JP 2004-500189 A 2004.1.8
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98722154, dated 2B May 1%%3, which iz the published
application of PCT/US97/14855; Gastric submucosa as
described in WO 58/26291 (PCT/USS7/22729), claiming
priority to US Provisiomal application 60/032, 886;
Liver tissue as gdescribed in WO $8/25617
{PCT/US97/22727), claiming priority to BU/032,680;
Stomach Submucosa as described in WO 98/25634
(PCT/US97/223010). claiming priority zo 60/C32,683; and
Urinary Sladder Submucosa as described in U5 Patent
5,.554,38%; all the disclosures of which are hereby
expressly incorporated by reference. Irrespective of
the origir of the walve material (synthetic versus
naturally occurring), the valve material can be made
thicker by making multilaminate conscructs, for example
SI5 constructs as described in US Patents 5,968,096
5,%55,11G; 5,885,619; and 5.711,96%; the discleosures of
which are entirely and expressly incorporated by
reference.

With respect to FIGs. %4 and 5B, shown is the
cannection of the valve to the stent frame. As
described above, the valve can be sutured at the distal
portion of the stent using distzl valve-stent suture
40. Similarly, the proximal poztion of the valve can
be sutured te proximal portion of the stent, and more
particulariy to proximal perimecer suture 30. Shown is
the wvalve commected to the proximal portion of the
stent at proximal valve-stent suture 44. Suture 44 can
be through a bend 2Z or can attack Lo the proximai
perimeter suture 30. In a vraditlional Gianturco Z-
stent, it is ercher an 8 (bend) point or 10 (bend)
point stent, so one leaflet of the valve can be surcurad

to the four points of an 8 point scent thereby
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comprising one half of the stenn. To provide further
integrity. the wvalve can be satured at the proximal and

distal end to the perimerer sutures themselves, without

actually being sutured te any or all of the stent benas
2Z.

With respect to FIG. 6B, shown is the valve with
the stent frame removed. OQnce the sutures are
generally in place, the valve sheet 38 will form a
valve pocket 46, extending inside the stent lumen in
which the fluid wiil £ill. proximal valve perimgtor 48
wiil have the sutures conrecting the valve to the stentc
{not shown) . Once the distal sutures are in place, the
general shape will likely resemble a pocket with the
pocker having a valve apex 50. There is a par: o the
valwe rhat will form central va.ve porticn 49 that is
not directly sutured to the stent. This valve portion
4% will torm the valwve opening 52 through which fluid
will pasgs. Thus, upen filling of the wvalve pocket 46,
the fluld pressure will exer: outwards causing valve
portion 49 kLo externd ocutward. When it dees, it will
contatt the other leaflets or cusns and feorm & seal to
stop or impeds Eluid flow.

FIG. 7 shows a top view of the stest valve. In
this particular non-limiting view, shown is the valve
opening 32 in a slightly cpen coafiguracion. Valwve
pocketns 46 are shown in a slightly distended
corfiguration. The wvalve is comnected, for exampis, by
sutures to the stent perimerer 34 and also forms a
valve perimeter 48. Recause of the opening and closing
of the valve, there may kb increascd wear and tear ab
the valve-stent-opening connecrien. 2t this point, one

embodiment of the present invention provides a
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reinforcement at this point. For example, t

reinforcement car be a piurality of relnforcement
sutures 54, adhesive, another material, or ar other

mechanism that permits increased structural

wegrlity.
FIG. 8 demonstrates a view of the sternt valve once
the distal portion of the valve is sewn to a discal
bend 22 and also shows the proximal portion ¢ the
vaive being connected ta the proximal portion of the
frame with cne suture in the foregroumd, ome suture ir
the background. In addition, the einforcement suture

54 is found in the foreground. Although only two

shtures 44 are geen at the proximal portiom, it
course well-understood that some or each of the
proximal bend of the frame can be compnected Lo the
proximal portion of the valve. Similarly, alzhough
only one distal suture 40 is shown, there may Le as
many distal SULUres necessary to cornect the valve apex

50 or the diztal portion of the valve to the T

i{

AInE . 1t
is well understood that this may be Just one distal

suture or many distazl sutures. Varying the nunm

distal sutures will vary the shape, tightness, and
cversll configuration of the valve, valve pookob 48,
and the valve apex 50.

The valve opening 52 although already described
above, is actually created in the final step o
preparation of the preferred device manufactura. The
construction mentioned above would be repeated an the
ether side of the valve %o create the valwve pockel dé
valve apex 50, and the like on the other slde. At this
peint, though, there is no valve opening

opening 52 is created by creating a slit in t

Lo create the opening. The slit can be sized accarding
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to the interded flow rate of ths passing fluigd.
Accordinaly, a large slit would create a large valve
opening or crifice and permits a large volume of £luid
to pess therethrougn. The BLit can be created by poking
a scalpel through it and running it to the desired
lengthn. However, due te potential fatigue at the
orifice, another set of reinforcements may be added to
the orifice parimeter. Therefore, as shown in FIns. 7
and B, an orifice rainforcement 53 may be created by
any known conventional ways, such as sutures
{resorbable or non-resorbabley, adhesive, string,
staples, rings, or the like.

Therefore, the stent valve as constructed can be
using one stent with the valve material epclossd
therein. Of course in the single stent configuration,
the overall length can be adjusted by elongating the
length of the struts 24. However, devices of the
invention ¢an be built using a plurality of stents to
elongate the overall size of the stent, if desired. n
this regard, it will be preferred that the length of
the dewice 20 iz sufficient to provide an aspect ratio
(length to expanded diameter) sufficiently high to
facilitate propexr alignment of the device 20 within the
vessel, with the axis of the device lumen generally
aligned with the axis of ihe vessel. For example
devices having a ratioc of length:expanded dilamecer of
1:1 or greater, or about 2:1 or grearer, will be
preferred. It will be vnderstood that while such
dimensions will advantageousiy facilitate placementc of
the inventive devices, they are not necessary =a thae
broader aspects of ths invention.

With reference te FLG. 1%, shown is a double sten.,
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stracture with the valve. Returning now to FIG. 3
shown is & first stent 58 and a secend stent 60. For
the purposes of discussion only, fizrst stent 58 is
shown te be atop of the second stent 60, Ultimately as
shown herein by way of example only, the valve will
reside in the firgt stent 58. It should be noted
hewever that the valve can reside in the second stent
60 also as shown in FIG. 17. Furchermare, the overail
length can be increased by joining seversl stent vaives
together as shown in FIGs. 138 ard 39, thereby having a
plurality of stents, such as 2 first stent 58, secand
stent 640, and a thiré stent €1. The valve 41 can be
placed in any or all stents, in any combination, for
example, as shown by the dotted lines. In this regard,
it is suggested and intended thac many stents can be
joined and that each or any stent may house a valve or
plurality of valves. One benefit of naving a plurality
of stents 1s that upon ejection of the placement
device, the invention will provide a self-aligning
feature in the vessel. This is because the pluralicy
of stents is generally lenger with respect to the stent
diameter, or the plurality of valve device(s), as
discusced above.

Manufacture of the multi-stent or multi-valve
davice will generally follow the same construction as
described above. The same considerations in making a
single valve single stent device applies egually Lo the
elongated device.

Returning now to FIGs. 9 and 18, shown are methods
of connecting the first stent 538 and second s=zent 6C.
Egqually, the censiruction shows from now on also

includes construction of at least twoe stents or at
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least two valves. Tirst stent 538 and secend stert 60
has bends 22 tihat ave adjacent sach other. hown i
TIG. 9 is where the Eirst stent 58 has ivs bends basido
the bends of the second stemt 60 such that they are not
touchiag each other faltihough they may louchl. They
are connecced togetper in tre manner descriped above,
and for example by stent-stent sulure 56. Stenr-stent
suture 58 can be resorbable or non-rescrbable. This
Suture cravels through the distal hends of the first
stent 56 and the proximal bends of the second scent &4,
Tae suturing pattern <an be that described i= TIG. 2B
and the accompanying discussicn. As shown in FrgG. 19
the bends can be juxtaposed over each other to provide
an overlap such that the stent-stert suture 55 will go
through the bends at the zame rime. Therefore, the
censtruction contenplates that the stent bends may
touch, overlad, or not at all.

FIZ. 11 shows one embodiment of the present
invention in which the valve apex 50 is sutured ta ar
least three hends: two bends of the first stent 56 and
one bend of the second stent 60. In this regard, the
valve also oporates to Keep Uhe Cirst stent 56
partialiy comnected to the secord stent 60. From the
bends, a plurality of walve apex sutures 66 ars seen.
These sutures can emanate from the bends and each bhend
can have many valve apex sutures 646 that travel in many
directions. Using multiple valve apsx sutures &6 thart
emgnale in many directicns ané using = pluralisy of
bends {from either stent), generally Tunctions to
minimize any parachuting or inversicon of the vaive
pocket 46.

FIG. 12 democnstrates a top viow of the multi-=tent

JP 2004-500189 A 2004.1.8
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device in which the valve openirg 52 is scon (in a
closed position) and the valve pocket 46 and valve apex
E0 is connected %o three bends. Again it sheould be
understood that many suturss may emanarce from many
bends from any stent.

As described eaxlier, the excess material can
either be trimmed off or folded over the cuter suriace
of tke device. Showa in FIGs. 133 and 133, is the
excess material being folded over the device a=nd
attached at the distai end of the first stent L%
Shown in dotted lines is the first stent 58. FIG. 13B
shows that the fold-over 42 provides a zecond material
cuter sheath so tha: zhe suture passes thxough the
inside and cutside material to increase structural
integrity. Alsc, by tolding over rthe excess material
a smoother surface 1s presented rather than the naked
frame of the Tip of he bend.

In all ermbodiments of the inventien, the eoxternal
surface of the frame can be covered with a sheath that
is not necessarily the sams material as the vaive 41
For example, whiie the wvalve ¢an he a naturally
occurring material, the outer sheatb can bo synthetic
material such as described nerein. The sheath,
therefore, can be the fold-over of the valve material
another type of natieraliy occurring material. or a
synthetic material. Acgordingly,. rthe sheath may
partially or totally cover the frame.

FIG. 14 shows an embocdimernt 153 which hath rhe
first stent 5% and second stent 60 are covered by the
fold over 42. Here, the fold-over 47 ia conngoted to
the distal pertioan of the second stent 0. In this

manney, the ontires device may be covered with an cuterx
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sheath of biomaterial. The benefit of doling so,
especially if using §I5 or other simllar ECMsz, is that
the regrowtkh and endothelialization of the device
enpbeds and encapsulates the frame. Accordingly, there
is a reduced risk of device migration. Furthermore,
due to the remarkable remodeling properties of 518, the
cuter S5IS sheath acts as a condulit for heost tissue to
infiltrate the device and remcdel the valve itself

Over the course of months, the valves are replaced by
hosgt Liseue and the SIS disappears.

FIG. 15 shows yet another ambodiment of the
present. inventlon. In this demmmstirartion, the wvalwve is
located in the first stent 58, sutured at the proximal
end at the stent perimeter. The valve apex 50 iz sewn
semewhat proximal of the stent-stent suture 56. The
valve apex 30 is sewn at the valve apex sutures 66 to
an intermediate portion of the frame. To minimize
parachuting or inversion, a valve intermediate porcion
75 may be sutured using valive intermediate suture 76 to
connect the valve ¢ the frame. Tn addition, the wvalve
may be so econstructed to extend rhe valve s length to
create an elcongated valve pocket 90 (shown by the
dotted lines). While the extendsad pocket 90 cvan be
connected to the distal perimeter of the sfecond stent
Aistal suture 62, it cen also be coonected to an
intermediate porcion of the second stent.

With further refercnce to TIG. 15, it is seen that
the valve opening 52 1s a slit that extends across the
first stent diameier 21 but terminacos several
millimeters before reaching the edoe., In some
embodiments, this distance could be 1-5 mx from the

edge. OFf course, it is understood that the invention
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conterplates any distance that varies the length of the
sliz. Alsoc, shown in FIG. 15, but egually applies to
any device described herein, is an anchor %2, which can
be anchor barbs 92. These barbs 92 can dig into the
adracent vessel wall to relatively affix the device at
its lincation. 2nchor 92, although shown as barbs, may
irclude hooks., adhesives. knobs, a textursd surface, or
any other treated surface that facilitates reiative
affixation of the device in its locaticn. 3imilarly,
the cuter surface of the fold-over or sheath can be so
configured to provide anchoring.

FIG. 16 demonstrates the device upor implantation
into the patient. Upon implantation the device
generally resides in a vessel 80. For example, the
vessel could be vein, artery or the heart or wherever a
valve is necessary. In one preferred use, the vessel
is an incompetent vein in the leqg or foot of a patient.

The device 27 reduces or prevents retrograde blood
flow, while normal blacd flow is permitted to travel
chrough device 20, Illustrative veins in which the
device 20 may be used include, for example. saphenous
veins, femora. wveins, pop.iteal velns, tibiz] wveins,
and the inferior vena cava.

The vessel 80 has an inner lumenal surface 82 in
which the fluid flows. The fluld flow pazh is showm as
fluid path 70. WVessel 80 aliso has a vessel diameter
8¢, The medical device, upon implantation. will also

have a device outer stenmt diameter 86. The cuter

diameter 86 w pe chosen to permit contasct with the
inner lumenal surface B2. The optimized it will
decrease the ieskage around the device by cantacting

the inner lumenal surface 82. A tignt fit can be
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accomplished by sizing =he stent diameter to ne grearer
than the vessel diameter. For exampls, a stent diameter
that is about 210 percent greater then (i.=2. 1.. times)
the vessel diameter provides a good fit., Expanded

stent diameters of about 10 mm te about 30 mm wiil be

typical in many applications of the present irvention.
Again, while it is shown in this FIG. 1€ that che
valve is located in the (irst stent 58 and onty the
first stent S8 is covered by the fold-over 42 or
sheath, It should be remembersd that the valve could be
locaced in the second stent 6C. Similarly, the eld-
over 42 or sheath could extend onto the second stent
6O .

The standard method of deploying the medical
device 20 in a wvessel 80 invelves the use of a medical
assembly {see FIG. 20} including the device 203 and =
delivery device such ae a percutanecus delivery device,
e.g. a catheter 102. The frame is configured to a
contracted state, e.g. by resiliently forming the frame
into @ contracted configuraticr, to load iato che

delivery device {catheter}!. The catheter can ke

irtroduced into the patient via a2 suitable approach.
for example through the “ugular or femoral vein. To
advance and deploy the device from the diztal end of
the delivery catheter, a pusher 101 is placed inte the

catherer lumen. When the device 20 iz fully doploved,

it assumes the second, expanded configuration within
the wvessel 80 az depicted in F1G. 14. The steat frame,
being made of resilient material, conforms to the shape
of vhe vesset wall such that when viewed on end, the
device 20 has a circular appearance wher deployed in a

round vessel.
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FIGs. 17, 1B, and 1Y show other described
emboediments. FIG. 17 demonstrates the valve &1 in the
second stent 8U. In this embodiment, the valve apex 50
is cornected to the second stent's distal perimeter.
FIG. 18 demonstxates at :east two stent frames
connected togsther. In this particular embodiment, the
valve is located in the first sterct 58, with the wvalve
apex 50 being connected at the first stent Sa-second
stent 60 junctiom. In doited lines, however, there may
be many stents, such as first stent 58, second stent
60, and thigd stent 61. The valve 41 may be found in
any of the stents or in all. Similarly, in the three
stent configuration, the valve may begin at the firs:
stent and have the valve apex 50 De generally Iocated
in the third stent £1. FIG. 19 shows another
embodiment of the present invention in which the wvalve
41 begins in the second stent 60 and extends inco the
third stent 61 thereby having the first stent 38 being
emply.

Finzlly, since the device 1s located in a= Jn vivo
envircenment, the device may be treatsd with therapeutic
agents to facilitate healing. For example, the frame
may be treated with therapeutic agerts such as anei-
cancer drugs, plagus tusters, anti-coagulants, or che
like. Similarly. the valve material can be treated with
therapeutics agents such as anll-cancer drugs, plague
busters, auti-coagulants, proteins. growth factors,
protecglycans, and ctne Like. srthermors, radiopague
agents may be added, such as tantalum, barium, bismulh
or the like to increase radiopacity. These ingradiencs

can be bonded to the Irame or the valve wmaterizl such

as rubbing ihe agent in, bonding it, adherinrg It, or
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the like.

While the invention has been illiustrated and
described in detail in the drawings and the foregoing
text, it 1s understood that these are only some
embodiments and tha* the scope of the invention is not
sclely defined by the descripTtion herein put alse by
the zppended claims. ALY modifications and changes
that come within the spirit of the invention are hereby

protected.
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ithat is claimed i=:

1. A stent valve, suitable for placement in a
vessel, the vessel further having & diameter and an
inner Lumenal surface, comprising:

a} @ stent having a diameter., a proximal end, and
a distal end, the stent sized to permit contacr with
the inner lumenal surface of the vessel;

b) a valve having a proximal end and a distal end,
the valve being at least partially located within an
inner portien of the stent, wherein the valve comprises

a biocompatilble material.

2. fThe stent valve of claim ), wherein the stent

iz a self-expanding stent.

3. The stent walve of claim 1, wherein a sheath

parctialily covers the stent.

4. The stent valve of ciaim 3, wherein the sheath
further comprises substantially biocompatible

material.

5. The stent valve of claim 4, wherein the stent

is a self-expanding stent.

6. The stent valve of claim ., wherein the stent

has a diameter greater than the vesssl diametar.

7. The stent walve of claim %, whezre:in the stent
has a diameter 110 percert greater than the vessel

diameter.
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£. The stent valve of claim &, wherein a sheatk

partially covers the stent.

9. The sten: valve of claim B, wherein the sheath

camprises a biological material.

13. The stent valve of claim 9, wherein the
sheath comprises tissus submucosa.

.. The steat valve of claim 10, wherein the
subimcosa ferther comprises at least ope of a gastric
liver, intescinal, urinary. stomach, and genito-urinary

tissue.

1%Z. 7The stent valve of claim 1, wherein the valve
further comprises at least one leaflet, wherein the at
least one leaflet is capable of preventing a backflow

of bicod.

13. The stent valve of claim 1, wherein the valve

proximal end is connected to e stent proximal end.
14d. The stent valve of claiwm 13, wherein the
vzlve proximal end is sutured to the stent proximal

end.
15. The stent valve of claim 13, wherein chse
valve proxiwmal end iu sutured at least 4 tires o the

stent wroximal end

14, The stent valve of claim 13, wherein Inhe
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valve proximal erd is sutured at least 7 times te the

stent proximal end.

17. The sten: valve of claim 1, wherein the valve

distal end is connected to the stent distal end.

18. The stent valwe of claim 1, wherein the valve

distal end is sutured to the stenk distal end.

19. <The stent valive of claim 18, wherein the
valve distal end is sutured at least 2 times to the

stent distal end.

20, The stent valve of claim 18, wherein the
valve distal end is sutured at least 3 times to the

gtent distal end.

21. The stent valve of claim 1, wherein an
inrermediate porcion of the valve is connected to an

intermediate portion of the stent.
22. The stent valve of claim 1, wherein an
intermedinte portion of the valve iz connected teo the

stent distal end.

23. The sten: valve of claim 1. wherein a valve

openlng extends substantialiy across stent

dilameter.

24, The stent valve of claim 23, wherein the
valve opening terminates at least 1 mm from a stepn:t

perimecer.
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25. fThe stent valve of claim 23, wherein a
reinforcement
is generally located at a valve opening and a stent

perineter.

26. The stent valve of claim 1, wherelin said
stent is a
radially expandable stent, szid radially expandable
stent having a first configuration adaptsd for delivery
through a lumen of & delivery device, and a second

r wall of a

configuration for conforming te an inte
body vessel.
27. The stent device of claim 2&, whoerein khe
body wvessel

is & vein.

28. A medical device, suitable for placement in a
vessel.
the vessel further having a diameter and an inner
lumenal surface, comprising:

a) at least one stent, the at least one stent
having a proximal end., a distal end, and a lumen
extending therethrough:

b} a valve naving a proximal end and a distal end,
the valve generally located within the lumen of the at
least one stent;

¢) the valve distal end being secured to an
intermediate partion of the at least one stent; and

d) the valve further comprising a blolzglcal

material.
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29%. A medical device, suitable for placemsnt in a
vesgel, the vessel further having a diaweter and an
imner lumenal surface, comprising:

a) at leaar one stent, the at least onz stent
having a proximal end, 2 distal end, and a lumen
extecding therethrough;

D) a valve having a proximal end and a d4isctal end.
the valve generally lccated within the lumen of the at
least ane stent;

¢) the valve distal end heing secured to an
intermadiate portion of cthe at least one stent; and

Ad] the valve further having a valve opening, the
valve opening also further comprising a reinforcement

digposed on the valve opening.

30. A medical device, suitable for placement in a
vessal, the vessel further having a diameter and an
inner lumenal surface, comprising:

a) abt least cne stent, the at least one stent
having a proximal end, a distal end, and a lumen
extending cherethrough;

b) at least one valve having a proximal end and a
¢iztal end, the valve generally leocated within che
lumen of the ar least one stent

<) the at least one valve distal end being
parciallv secured to an inper portion of the at least
one stent: and

) the valve farther comprising 3 biologica

marerial.

31, & radially-expandable stent valve device for

placenent in a body vessel, comprising:

JP 2004-500189 A 2004.1.8
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a gelf-expanding stent frane, sald self-cxpanding
stant frame conformaile o a first, comiracted state
adapted for delivery through a lumen of & delivery
device, and a second, expanded state for conforrming a

5 lumen of the vessel:

a valve attached to salid frame and Zunctiocnal to
resist fluid flow in a firat direction through said
stent frame and permit [luid flow in a second direction
through said stent frame opposite said first direction;

(] zaid valve comprising a comoliant biocompatible
mareria’ defining at leamt one pocket member within
said frame, said pockelt member having an cpening for

receiving fluid flowing in said first direction and

adapted to thereupon expand, sald pocket membe:r rurcther
13 adapted To contract upor impingement with fluid Slowing
in said second direction; and
said biccompatible material sufficiently compliant
and sald pocket member defined wherein said valve
remains functional after contraction of said stent
0 frame to said first, contracted state and expansion of

said stent frame to said second, cxpanded sLats.

32. The stent valive device of claim 31, wherein
said valve comprises at least two of said pocket

25 members.

33. & medical assembly, conprising a stent valve

device of any o!f claims Z, %, 26 and 2% recexved
a lumer. of a delivery device.
30
34. & method tor providing a valve in a body

lumen, comprizming:
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providing a delivery device neving & lum=n having
received therein a stent valve device of any of claims
2, &, 26 and 29;

deploying saild stent vaive device from sald

delivery device within said body lumen.

35. The method of claim 34, wherein szaid body

lumen is & venous lumen.

16. The methoed of claim 35, wherein said venous
lumen is within a veln selected from a saghencus vein,
a popliteal vein, a femoral vein, a tibial veln, and

the inferier vena cava.
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