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(57) ABSTRACT 

The present invention relates to a medical device, and in 
particular, to a stent-based valve. The valve has a radially 
expandable structural frame having a substantially cylindri 
cal con?guration With ?rst and second open ends and a 
longitudinal aXis extending there betWeen. The structural 
frame is formed from a lattice of interconnected elements 
and has a plurality of distal croWns. A biocornpatible mem 
brane assembly maintaining a substantially cylindrical shape 
about the longitudinal aXis is attached to the structural frame 
such that the structural frame supports the biocornpatible 
membrane assembly in a slack condition betWeen the distal 
croWns. 
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MULTI-LOBED FRAME BASED 
UNIDIRECTIONAL FLOW PROSTHETIC 

IMPLANT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t under 35 U.S.C. 
119(e) of US. Provisional Application Serial No. 60/379, 
604, ?led May 10, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a medical device, 
and more particularly to a multi-lobed frame based unidi 
rectional ?oW prosthetic valve, and the method for fabricat 
ing such valve. 

BACKGROUND OF RELATED ART 

[0003] The human body has numerous biological valves 
that control ?uid ?oW through body lumens and vessels. For 
example the circulatory system has various heart valves that 
alloW the heart to act as a pump by controlling the ?oW of 
blood through the heart chambers, veins, and aorta. In 
addition, the venous system has numerous venous valves 
that help control the ?oW of blood back to the heart, 
particularly from the loWer extremities. 

[0004] These valves can become incompetent or damaged 
by disease, for example, phlebitis, injury, or the result of an 
inherited malformation. Heart valves are subject to disor 
ders, such as mitral stenosis, mitral regurgitation, aortic 
stenosis, aortic regurgitation, mitral valve prolapse and 
tricuspid stenosis. These disorder are potentially life threat 
ening. Similarly, incompetent or damaged venous valves 
usually leak, alloWing the blood to improperly ?oW back 
doWn through veins aWay from the heart (regurgitation 
re?ux or retrograde blood ?oW). Blood can then stagnate in 
sections of certain veins, and in particular, the veins in the 
loWer extremities. This stagnation of blood raises blood 
pressure and dilates the veins and venous valves. The 
dilation of one vein may in turn disrupt the proper function 
of other venous valves in a cascading manner, leading to 
chronic venous insuf?ciency. 

[0005] Numerous therapies have been advanced to treat 
symptoms and to correct incompetent valves. Less invasive 
procedures include compression, elevation and Wound care. 
HoWever, these treatments tend to be someWhat expensive 
and are not curative. Other procedures involve surgical 
intervention to repair, reconstruct or replace the incompetent 
or damaged valves, particularly heart valves. 

[0006] Surgical procedures for incompetent or damaged 
venous valves include valvuloplasty, transplantation, and 
transposition of veins. HoWever, these surgical procedures 
provide someWhat limited results. The lea?ets of some 
venous valves are generally thin, and once the valve 
becomes incompetent or destroyed, any repair provides only 
marginal relief. 

[0007] As an alternative to surgical intervention, drug 
therapy to correct valvular incompetence has been utiliZed. 
Currently, hoWever, there are no effective drug therapies 
available. 

[0008] Other means and methods for treating and/or cor 
recting damaged or incompetent valves include utiliZing 
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xenograft valve transplantation (monocusp bovine pericar 
dium), prosthetic/bioprosthetic heart valves and vascular 
grafts, and arti?cial venous valves. These means have all had 
someWhat limited results. 

[0009] What is needed is an arti?cial endovascular valve 
for the replacement of incompetent biological human valves, 
particularly heart and venous valves. These valves may also 
?nd use in arti?cial hearts and arti?cial heart assist pumps 
used in conjunction With heart transplants. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates to a medical device, 
and in particular, to a frame-based valve. One embodiment 
of the invention comprises a radially expandable structural 
frame having a plurality of distal croWns or lobes. The 
structural frame is formed from a lattice of interconnected 
elements, and has a substantially cylindrical con?guration 
With ?rst and second open ends and a longitudinal axis 
extending there betWeen. A tubular biocompatible mem 
brane is coaxially disposed over at least a portion of the 
structural frame such that the structural frame supports the 
biocompatible membrane assembly in a slack condition 
betWeen the distal croWns. The prosthetic valve may further 
have a valve strut attached to at least one of the distal croWns 
that extends in a distal direction substantially parallel to the 
longitudinal axis. The biocompatible membrane assembly 
may also extend in a distal direction past the distal croWns. 

[0011] In another embodiment of the invention, the pros 
thetic valve comprises a radially expandable structural frame 
having a plurality of articulating distal croWns. The struc 
tural frame is formed from a lattice of interconnected 
elements, and has a substantially cylindrical con?guration 
With ?rst and second open ends and a longitudinal axis 
extending there betWeen. A tubular biocompatible mem 
brane is coaxially disposed over at least a portion of the 
structural frame such that the structural frame supports the 
biocompatible membrane assembly in a slack condition 
betWeen the distal croWns. 

[0012] In still another embodiment of the invention the 
prosthetic valve comprises a substantially cylindrical struc 
tural frame that has a hoop structure With a plurality of distal 
croWns. A substantially cylindrical biocompatible mem 
brane assembly is attached to the structural frame such that 
the structural frame supports the biocompatible membrane 
assembly in a slack condition betWeen the distal croWns. 

[0013] A prosthetic valve according to another embodi 
ment of the invention has a radially expandable structural 
frame comprising a cylindrical hoop structure having a 
plurality of distal and proximal croWns, a proximal anchor, 
and one or more connecting members. The proximal anchor 
has a substantially cylindrical con?guration and is formed 
from a lattice of interconnected elements. The one or more 

connecting members has a ?rst and a second end, the ?rst 
end of each connecting member is attached to the proximal 
anchor and the second end of each connecting member is 
attached to the hoop structure. A biocompatible membrane 
assembly is coaxially disposed over the structural frame and 
attached to the proximal anchor, such that the biocompatible 
membrane assembly extends distally along the one or more 
connecting members. 



US 2003/0236568 A1 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 shows a perspective vieW of a prosthetic 
venous valve in the deployed state according to one embodi 
ment of the present invention. 

[0015] FIG. 2A shoWs a perspective vieW of the prosthetic 
venous valve structural frame in the deployed state 

[0016] FIG. 2B shoWs a close-up perspective vieW of a 
loop having inner and outer radii according to one embodi 
ment of the present invention. 

[0017] FIG. 3A shoWs a perspective vieW of a prosthetic 
valve having tWo hoop structures according to another 
embodiment of the present invention. 

[0018] FIG. 3B shoWs a perspective vieW of a structural 
frame having tWo hoop structures according to another 
embodiment of the present invention. 

[0019] FIG. 3C shoWs a perspective vieW of a structural 
frame having tWo hoop structures attached With bridge 
members. 

[0020] FIG. 3D shoWs a perspective vieW of a prosthetic 
venous valve having connecting members connected 
betWeen the sinusoidal structure and proximal anchor 
according to one embodiment of the present invention. 

[0021] FIG. 3E shoWs a perspective vieW of the prosthetic 
venous valve structural frame having connecting members 
connected betWeen the sinusoidal structure and proximal 
anchor in a peak-to-peak con?guration according to one 
embodiment of the present invention. 

[0022] FIG. 4A is a perspective vieW illustrating one 
embodiment of the expanded (deployed) prosthetic venous 
valve assembly in the open position. 

[0023] FIG. 4B is a section vieW illustrating one embodi 
ment of the expanded (deployed) prosthetic venous valve 
assembly in the open position. 

[0024] FIG. 5A is a perspective vieW illustrating one 
embodiment of the expanded (deployed) prosthetic venous 
valve assembly in the closed position. 

[0025] FIG. 5B is a section vieW illustrating one embodi 
ment of the expanded (deployed) prosthetic venous valve 
assembly in the closed position. 

[0026] FIG. 6A is a perspective vieW of a prosthetic valve 
having ?exible distal croWns capable of de?ecting inWard 
during retrograde blood flow. 

[0027] FIG. 6B is a perspective vieW of a prosthetic valve 
according to an embodiment of the present invention. 

[0028] FIG. 6C is a perspective vieW of a prosthetic valve 
having valve struts according to an embodiment of the 
present invention. 

[0029] FIG. 6D is a perspective vieW illustrating a mem 
brane limiting means according to one embodiment of the 
present invention. 

[0030] FIG. 6E is a perspective vieW illustrating a mem 
brane limiting means according to one embodiment of the 
present invention. 
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[0031] FIG. 6F is a perspective vieW illustrating a mem 
brane limiting means according to one embodiment of the 
present invention. 

[0032] FIG. 6G is a perspective vieW of a prosthetic valve 
having valve struts according to an embodiment of the 
present invention. 

[0033] FIG. 7 is a flow diagram illustrating the steps to 
electro-statically spin a tubular membrane on a structural 
frame according to one embodiment of the present inven 
tion. 

[0034] FIG. 8A is section vieW illustrating the expanded 
(deployed) prosthetic venous valve assembly in the open 
position after some post processing according to one 
embodiment of the present invention. 

[0035] FIG. 8B shoWs a close-up section vieW illustrating 
a portion of the valve assembly after some post processing 
according to one embodiment of the present invention. 

[0036] FIG. 9 is a flow diagram illustrating the steps to 
electro-statically spin a tubular membrane on a structural 
frame according to one embodiment of the present inven 
tion. 

[0037] FIG. 10 is a flow diagram illustrating the steps to 
place a tubular membrane over a structural frame according 
to one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] The stent-based valves of the present invention 
provide a method for overcoming the difficulties associated 
With the treatment of valve insufficiency. Although stent 
based venous valves are disclosed to illustrate one embodi 

ment of the present invention, one of ordinary skill in the art 
Would understand that the disclosed invention can be equally 
applied to other locations and lumens in the body, such as, 
for example, coronary, vascular, non-vascular and peripheral 
vessels, ducts, and the like, including but not limited to 
cardiac valves, venous valves, valves in the esophagus and 
at the stomach, valves in the ureter and/or the vesica, valves 
in the biliary passages, valves in the lymphatic system and 
valves in the intestines. 

[0039] In accordance With one aspect of the present inven 
tion, the prosthetic valve is designed to be percutaneously 
delivered through a body lumen to a target site by a delivery 
catheter. The target site may be, for example, a location in 
the venous system adjacent to an insufficient venous valve. 
Once deployed the prosthetic venous valve functions to 
assist or replace the incompetent or damaged natural valve 
by alloWing normal blood flow (antegrade blood flow) and 
preventing or reducing back?oW (retrograde blood ?oW). 

[0040] Aperspective vieW of a prosthetic venous valve in 
the expanded (deployed) state according to one embodiment 
of the present invention is shoWn in FIG. 1. The prosthetic 
venous valve 100 comprises a structural frame 101 and a 
biocompatible membrane assembly 102. 

[0041] In one embodiment, the membrane assembly 102 is 
comprised of a tubular membrane, valve ?aps and valve 
cusps. The ?aps and cusps may be independent components 
attached to the tubular membrane to form the membrane 
assembly 102, but are preferably part of, and integrated into, 
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the tubular membrane. In a preferred embodiment, the valve 
?aps and valve cusps are formed into the tubular membrane 
by processing techniques as Will be discussed in greater 
detail below. 

[0042] For clarity, a perspective vieW of the structural 
frame 101 according to one embodiment of the present 
invention is shoWn in FIG. 2A. The structural frame 101 
consists of a stent based sinusoidal structure, having a single 
hoop section 200A With one or more proximal and distal 
croWns (lobes) 205, 206 respectively. In a preferred embodi 
ment, at least three distal croWns 206 are utiliZed as illus 
trated. HoWever, this con?guration is not meant to limit the 
scope of the invention. Various other con?gurations having 
one or more distal croWns 206 may be used, and Would be 
understood by one of skill in the art. 

[0043] It should be noted that the terms proximal and 
distal are typically used to connote a direction or position 
relative to a human body. For example, the proximal end of 
a bone may be used to reference the end of the bone that is 
closer to the center of the body. Conversely, the term distal 
can be used to refer to the end of the bone farthest from the 
body. In the vasculature, proximal and distal are sometimes 
used to refer to the How of blood to the heart, or aWay from 
the heart, respectively. Since the prosthetic valves described 
in this invention can be used in many different body lumens, 
including both the arterial and venous system, the use of the 
terms proximal and distal in this application are used to 
describe relative position in relation to the direction of ?uid 
?oW. For example, the use of the term proximal croWn in the 
present application describes the upstream croWn of struc 
tural frame 101 regardless of its orientation relative to the 
body. Conversely, the use of the term distal croWn is used to 
describe the doWn stream croWn on structural frame 101 
regardless of its orientation relative to the body. Similarly, 
the use of the terms proximal and distal to connote a 
direction describe upstream (retrograde) or doWnstream 
(antegrade) respectively. 
[0044] As previously disclosed, in one embodiment of the 
invention, the structural frame is a stent-based structure. 
This con?guration facilitates the percutaneous delivery of 
the prosthetic venous valve 100 through the vascular system 
in a compressed state. Once properly located, the stent-based 
venous valve 100 may be deployed to the expanded state. 

[0045] The sinusoidal stent based structural frame illus 
trated in FIG. 2A is shoWn having an S shaped pattern. This 
con?guration is shoWn for the purpose of example, and is 
not meant to be construed as limiting the scope of the 
invention. One of ordinary skill in the art Would understand 
that other stent geometries having similar croWns may be 
used. 

[0046] The sinusoidal stent based structural frame 101 
comprises a tubular con?guration of structural elements 
having proximal and distal open ends and de?ning a longi 
tudinal axis 106 extending there betWeen. The structural 
frame 101 has a ?rst diameter (not shoWn) for insertion into 
a patient and navigation through the vessels, and a second 
diameter D2 for deployment into the target area of a vessel, 
With the second diameter being greater than the ?rst diam 
eter. The structural frame 101, and thus the stent based 
venous valve 100, may be either a mechanical (balloon) or 
self-expanding stent based structure. 

[0047] The structural frame 101 comprises at least one 
hoop structure 200A extending betWeen the proximal and 
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distal ends. The hoop structure 200A includes a plurality of 
longitudinally arranged strut members 208 and a plurality of 
loop members 210 connecting adjacent struts 208. Together, 
these strut members 208 and loop members 210 form the 
proximal and distal croWns 205, 206 respectively. Adjacent 
struts 208 are connected at opposite ends in a substantially 
S or Z shaped pattern so as to form a plurality of cells. As 
previously discussed, one of ordinary skill in the art Would 
recogniZe that the pattern shaped by the struts is not a 
limiting factor, and other shaped patterns may be used. The 
plurality of loops 210 have a substantially semi-circular 
con?guration, having an inner radii 212 and outer radii 214, 
and are substantially symmetric about their centers. The 
inner and outer radii 212, 214 respectively, are shoWn in a 
close-up perspective vieW illustrated in FIG. 2B. 

[0048] The embodiment of the invention illustrated in 
FIGS. 1 and 2 shoW a structural frame 101 having a single 
hoop structure 200A. HoWever, it should be understood that 
this con?guration is not meant to be construed as a limiting 
feature, and other con?gurations having a plurality of hoop 
structures are also contemplated by the present invention. 

[0049] FIGS. 3A through 3C illustrate a structural frame 
101 having tWo hoop structures 200A and 200B according to 
another embodiment of the present invention. FIG. 3A 
shoWs a complete prosthetic valve 300 in the expanded 
(deployed) position, illustrating both the structural frame 
101 and membrane assembly 102. For clarity, FIG. 3B is an 
illustration of just the structural frame 101 Without the 
membrane assembly 102. In the illustrated embodiment, the 
hoop structures 200A and 200B are rigidly attached at 
complimentary points along their respective outer radii of 
the loops 210. 

[0050] In an alternate embodiment shoWn in FIG. 3C, the 
hoop structures 200A, 200B may be attached With one or 
more bridge members 305. Each bridge member 305 com 
prises tWo ends 316A, 316B. One end 316A, 316B of each 
bridge 305 is attached to one loop on one hoop. Using hoop 
sections 200A and 200B for example, each bridge member 
305 is connected at end 316A to loop 210 on hoop section 
200A at a point 320. Similarly, the opposite end 316B of 
each bridge member 314 is connected to loop 210 on hoop 
sections 200B at a point 321. 

[0051] In any of the above described con?gurations, the 
connections betWeen the hoop structures 200A, 200B etc. 
may be made at every loop member 210 around the circum 
ference of the structure; or alternatively, at a subset of the 
loop members 210 around the circumference of the struc 
ture. In other Words, connected loop members 210 alternate 
With unconnected loop members in some de?ned pattern. 

[0052] Depending on the location of the implanted valve, 
it may be desirable to attach the hoop structures to an anchor 
by means of one or more connecting members. This con 
?guration may add to the stability of the implanted valve. 
The anchor may be in the form of another sinusoidal stent 
based structure, such as the structures depicted in FIGS. 1 
through 3C. HoWever, any radially expandable structural 
frame that can aid in anchoring prosthetic valve is contem 
plated by the present invention. These anchors may be 
located doWnstream (proximal) or upstream (distal) from the 
lobed valve. 

[0053] FIG. 3D illustrates a prosthetic lobed valve 300 
incorporating a proximal anchor and connecting members 




















