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(57) ABSTRACT 

An implant valve for implantation in a blood vessel is com 
prised of a flexible tube and a hollow, substantially cylindrical 
Support with a casing, expandable in diameter from an initial 
position to an implantation position. The Support extends 
substantially coaxially over a part of the length of the tube 
along the inner wall of the tube. The casing of the Support 
cooperates with the inner wall of the tube such that, in the 
implantation position, a first part of the tube can be formed 
into a rigid shell, which can be clamped substantially coaxi 
ally along the inner wall of a blood vessel. A second, axially 
contiguous part of the tube can then form a flexible, tubular 
valve body, which can extend substantially clear in the blood 
vessel. In an advantageous embodiment, the flexible tube 
comprises a vein turned inside out and the ends of the tube are 
connected to form a ring embracing the Support. 
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IMPLANT VALVE FOR IMPLANTATION INA 
BLOOD VESSEL 

0001. The invention relates to an implant valve for implan 
tation in a blood vessel. 

0002. Such implant valves are known and are applied for 
regulating the blood circulation through a vascular system, 
Such as the human vascular system. 
0003. The vascular system, in particular the venous vas 
cular system in legs and arms, is, at certain locations, pro 
vided with bag-shaped valves, also called "cusps'. The func 
tion of the valves is to impede the blood flowing against the 
direction of the blood circulation through the vascular sys 
tem. In particular, this function is important in the period of 
relatively low blood pressure in the vascular system, occur 
ring between systoles of the heart. 
0004. In some cases, however, the valves in the vessels of 
the vascular system do not close properly, so that blood can 
flow through the valves against the blood circulation. This 
problem especially occurs when the valves are damaged as a 
result of blood clots (thrombosis). Further, the closing action 
of the valves or cusps can be lost due to the diameter of veins 
increasing, for instance when the elasticity of the veins 
decreases. 

0005. When the blocking action of the valves is insuffi 
cient, the chance exists that the blood circulates insufficiently 
through the vascular system and that accumulation of blood 
occurs at a particular point. In particular in lower body 
extremities such as the ankles, under the influence of gravity, 
this can cause an increased venous blood pressure, which can 
lead to a further dilatation of the venous system and, in veins 
which are located at the surface of the body, even to seriously 
dilated blood vessels and, eventually, to skin defects (ulcers). 
0006. In order to counteract these problems, it is known to 

fit implant valves with artificially formed bag-shaped valves 
in the veins. To avoid Surgical intervention as much as pos 
sible, it has already been proposed to introduce the implant 
valve into a vein at an easily accessible location, for instance, 
at the location of the groin, and to transport the implant valve 
with the aid of an inserter through the vein to a desired 
location, for instance at the location of the lower leg just under 
of above the knee, and there to fix the implant valve in the vein 
by expansion. An implant valve with an expandable Support 
provided with bag-shaped valves and a method for percuta 
neously fitting Such an implant valve in a vein are known from 
NL 1004.827. 

0007. A drawback of the known implant valve is that it, in 
itself, increases the chance of clotting of blood or thrombosis 
considerably. In particular, the chance exists that in the flow 
direction, directly behind the bag-shaped valve body near the 
location where it abuts the wall of the vein, clotting of blood 
occurs through insufficient circulation. Further, the known 
valve body is provided with a relatively rough and irregular 
Surface, which increases the chance of clotting through adhe 
sion. Also, the flow resistance in the direction of the blood 
circulation is not optimally low. 
0008 Further, the known valve is difficult to manufacture 
because of its complex construction. In particular, the manu 
facture of the valve body from body specific material is a 
problem. 
0009. Additionally, because of the relatively complex con 
struction of the implant valve, it has proved to be a problem to 
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design it with a sufficiently small diameter to move it to body 
extremities such as forearms or lower legs. 
0010. The object of the invention is an implant valve 
which does not have the above-mentioned drawbacks. To that 
end, the invention provides an implant valve for implantation 
in a blood vessel, comprising a flexible tube and a hollow, 
Substantially cylindrical Support with a casing which is 
expandable in diameter from an initial position into an 
implantation position, the Support extending over apart of the 
length of the tube substantially coaxially along the inner wall 
of the tube and the casing of the Support cooperating with the 
inner wall of the tube such that, in the implantation position of 
the support, a first part of the tube can be formed to be a rigid 
shell which can be clamped Substantially coaxially along the 
inner wall of a blood vessel, while a second, axially contigu 
ous part of the tube can form a flexible, tubular valve body 
which can extend substantially free in the blood vessel. 
0011 Thus, it is achieved that the valve has a simple con 
struction, so that it can be relatively easily manufactured with 
a small diameter. Further, the flexible tube of the valve can 
relatively easily be designed from body specific material. 
Additionally, the valve has a relatively low flow resistance, in 
particular when a substantially cylindrical flexible tube is 
applied, and when blood flows through it in the direction of 
the blood circulation from the rigid, tubular part, while cir 
culation in the opposite direction through deformation of the 
tubular flexible valve body is effectively counteracted. Fur 
ther, it is achieved that the chance of blood clotting as a result 
of the valve can be considerably reduced. 
0012. Further advantageous embodiments of the invention 
are described in the subclaims. The invention further relates 
to a method for implanting an implant valve and to a method 
for manufacturing an implant valve. 
0013. It is noted that in this context, for brevity's sake, an 
implant valve is also referred to as valve. The invention will 
be further elucidated on the basis of an exemplary embodi 
ment, represented in a drawing. 
0014. In the drawing: 
0015 FIG. 1 shows a schematic, partly sectional perspec 
tive view of a first embodiment of the implant valve; 
0016 FIG. 1A shows a schematic perspective view of a 
Support in initial position; 
0017 FIG. 1B shows a schematic perspective view of a 
Support in implantation position; 
0018 FIG. 2A shows a schematic perspective view of the 
implant valve of FIG. 1 in implanted condition during a 
systole of the muscle pump; 
(0019 FIG. 2B shows the implant valve of FIG. 2A in the 
diastolic phase between two systoles of the muscle pump; 
0020 FIG. 3 shows a schematic cross section of a second 
embodiment of the implant valve; 
0021 FIG. 4 shows a schematic representation of the 
implantation of the implant valve with the aid of a transport 
device. 
0022. It is noted that the Figures are only schematic rep 
resentations of preferred embodiments of the invention. In the 
Figures, identical or corresponding parts are designated by 
the same reference numerals. 
0023 Referring to FIGS. 1 and 2, there is shown an 
implant valve 1 for implantation in a blood vessel 2. The 
implant valve 1 comprises a flexible tube 3 and a hollow, 
substantially cylindrical support 4. The tube 3 is manufac 
tured from biocompatible material, preferably body specific 
material. The Support 4 has a casing 5, expandable in diameter 



US 2011/0004295 A1 

from an initial position I to an implantation position II. FIG. 
1A shows the support 4 in the initial position I and FIG. 1B 
shows the support 4 in the implantation position II. From the 
initial position I, the Support 4 expands over its entire length 
1 in radial direction in relation to its longitudinal axis A. Such 
that the diameter of the casing 5 of the support 4 increases 
from a first value D1 to a greater value D2. It is noted that, 
normally, the length 1 then decreases to a value 1'. 
0024. The casing 5 of support 4 is preferably built up from 
an interlacement of two cylindrically interwoven, ZigZagging, 
biocompatible metal wires 6. The interlacement can be 
designed to be pushed, with the aid of a balloon catheter, from 
the initial position I into the implantation position II (Balloon 
extendable type), but can also be designed from memory 
metal which, upon expansion, unfolds itself from the initial 
condition into the implantation condition II (Self expandable 
type). Such supports are usually referred to as “stents, and, 
since they are generally known, will not be further elucidated 
here. 
0025. The support 4 extends over a part 1 of the length L of 
the tube 3. The casing 5 of the support 4 is connected to the 
inner wall 3A of the tube 3, for instance in that the wires 6 of 
the casing 5 of the support 4 are sewn to the tube 3, such that 
the inner wall 3A, in the implantation position I, loosely 
envelops the outer casing surface 5A of the support 4. The 
outer surface 5A of the casing 5 cooperates with the inner wall 
3A of the tube 3 such that, in the implantation position, the 
inner wall 3A is pulled taut by the outer surface 5A of the 
support to form a rigid shell 9. The rigid shell 9 extends over 
a first part 1 of the length L of the tube 3. A second part of the 
tube 3 contiguous thereto in axial direction A is not supported 
by the support 4 and forms a flexible, tubular valve body 10. 
0026. In implanted condition in a blood vessel 2, the rigid 
shell 9 extends substantially coaxially along the inner wall 2A 
of the blood vessel, and the outer wall 3B of the tube 3 is 
clamped by the Support 4 in implantation position II, in a 
tubular shape, against the inner wall 2A of the blood vessel 2. 
The second part of the tube 3 contiguous thereto in axial 
direction forms a flexible, tubular valve body 10 extending 
over a part k of the length L of the tube, extending Substan 
tially clear in the blood vessel 2. In particular, the outer wall 
3B of the tube 3 is then substantially clear of the inner wall 2A 
of the blood vessel 2. 
0027. In implanted condition, blood can pass in the direc 
tion of the arrow 11 in the direction of the blood circulation 
through the implant valve 1, for instance upon a systole of the 
muscle pump. The inflow opening 12 of the implant valve 1 
coincides with the beginning of the rigid shell 9, so that the 
blood can flow easily into the implant valve 1. Subsequently, 
the flexible, tubular valve body 10, as a result of the flow of the 
blood in the direction of the arrow 11, is pulled taut, so that 
blood can flow through the implant valve 1, with little flow 
resistance in the direction of the arrow 11, to the exit outflow 
opening 14 of the valve. 
0028. The flexible tube 3 is preferably substantially cylin 
drical, or diverging so that an orifice can be achieved whose 
opening increases or is as constant as possible. In practice, 
with a cylindrical tube 3, the outflow opening 14 can be 
slightly smaller than the inflow opening 12. 
0029 When, during a period between two systoles of the 
muscle pump, the blood tends to flow in the opposite direction 
of the blood circulation, i.e. in the direction of the arrow 13, 
for instance under the influence of gravity, the flexible, tubu 
lar valve body 10 will collapse (FIG. 2B). The flexible, tubu 
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lar valve body 10 is insufficiently rigid to keep the outflow 
opening 14 open. Already under the influence of an initial 
flow against the blood circulation in the direction of the arrow 
13, the flexible, tubular valve body 10 will collapse and cover 
the flow orifice of the rigid shell 9 as a valve and thus impede 
the flow through the valve body 1. 
0030 Upon a subsequent systole, the flexible, tubular 
valve body 10 will be stretched again as a result of a flow in 
the direction of the blood circulation. Since the flexible tubu 
lar valve body 10 in each case virtually abuts the inner wall of 
the blood vessel 2 to subsequently collapse, it is avoided that 
blood can reside between the tubular valve body 10 and the 
inner wall 2A of the blood vessel 2 for a long time. 
0031 Preferably, the ratio of the length of the part 1 to the 
part k is in the interval of 1:2 tot 2:1. Advantageously, the 
length of the part 1 is less than or equal to the length of the part 
k 
0032. To prevent that the valve body 10, under the influ 
ence of a flow in the direction of the arrow 13, folds back into 
the passage of the rigid shell 9, and allows a renewed flow in 
the direction of the arrow 13, the support 4 can be provided 
with Support means extending in the direction of the longitu 
dinal axis A. The Support means Support the inner wall 3A 
along a part P of the circumference over at least a part of the 
length F of the second part k of the tube 3, corresponding to 
the flexible, tubular valve body 10. In the embodiment shown 
in FIGS. 1-2, the Support means are designed as a finger 
shaped extension 17 of the casing 5 of the support 4. Also, 
instead of one finger-shaped extension 17, for instance, two 
finger-shaped extensions 17, situated opposite each other can 
be provided, or three finger-shaped extensions 17 interspaced 
along the circumference of the casing 5. 
0033 Referring to FIG. 3, there is shown a second 
embodiment of the implant valve 1. In this embodiment, the 
tube 3 is folded double so that the inner wall 3A of the tube 3, 
from the outer surface 5A of the casing 5, while forming the 
flexible tubular valve body 10, extends along the inner surface 
5B of the casing of the support 4. Thus, it is achieved that the 
Support 4, along its inner casing 5B, can be smoothly covered, 
which facilitates the circulation through the valve and 
decreases the chance of blood clotting. 
0034. The ends 20, 21 of the tube 3 are connected to form 
a ring around the Support. Hence, the tube 3 is connected 
around the Support 4. By placing the connected outer ends 20, 
21 of the tube 3 at the outer surface 5B of the casing 5, it is 
achieved that the ends 20, 21 of the implant valve 1, in 
implanted condition, are pushed against the inner wall 2A of 
the blood vessel 2 and no blood flows around them. Thus, the 
entire surface of the implant valve 1, around which, in 
implanted condition, blood flows, can be smooth, so that the 
flow resistance of the implant valve 1 is further reduced and 
the chance of blood clotting is further reduced. 
0035. In an advantageous manner, the implant valve is 
manufactured from a substantially cylindrical part of a vein. 
By turning the vein inside out, it can beachieved that the outer 
surface 3B of the tube 3 is formed by endothelial cells. In 
particular when the outer ends 20, 21 of the vein, turned inside 
out, are connected in a ring-shape and the outer ends 20, 21 
are situated at the outer surface 5B of the casing 5, as is 
described hereinabove, an implant valve 1 is obtained with a 
very low flow resistance in the direction of the blood stream 
and a very Small chance of it causing blood clotting. 
0036 Preferably, the implant valve 1 is manufactured 
from a part of a body specific vein. For instance, from a 
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patient, a Substantially cylindrical part of a vein situated near 
the surface of the body, can be removed to be subsequently 
applied as a flexible tube 3 for an implant valve 1 which is 
implanted in a deeper vein. Thus, from a patient Suffering 
from thrombosis, a part of a vein situated near the surface of 
the lower leg can be removed to be subsequently applied as a 
flexible tube in an implant valve which is implanted in a 
deeper vein in the lower leg of that patient. 
0037. The implant valve 1 can be manufactured by posi 
tioning the Support 4 with its inner casing 5B around the outer 
wall 3B of the tube-shaped part 3, and turning the tube-shaped 
part 3 inside out by folding the ends 20, 21 of the tube part 
along the outer casing 5A of the Support 4, and connecting the 
ends to each other, thus forming a flexible, tubular valve body 
10 axially contiguous to the support 4. The ends 20, 21 of the 
tube can be connected to each other in a Surgical manner 
known per se, for instance by Stitches 18. In such a manner, 
the inner surface 3A of the tube 3, i.e. the original outer 
Surface of the vein, can be connected to the outer and inner 
surface 5A, 5B of the casing 5, respectively, such that the tube 
3, in implantation position II of the Support 4, is positioned 
tightly along the outer surface 5A of the casing 5. In this 
manner, it can be achieved that only the layer of the tubular 
part of the vein covered in endothelium can contact the blood, 
while the support and any support parts 17 connected thereto 
are covered and protected from the blood. 
0038. The implant valve 1 can be implanted by positioning 
the implant valve 1 with the support 4 in initial position I in a 
blood vessel and transporting it, with the aid of a transport 
device, through the vein to an implantation site (FIG. 4). An 
example of this is the percutaneous or minimally invasive 
insertion of the implant valve in a vein at the location of the 
groin 26 of a person and, after possible removal of badly 
functioning valves present in the vein 26, transporting the 
implant valve 1 through the vein 26 to a part of that vein which 
forms the location of implantation 28, situated just below or 
over the knee 27. The implant valve 1 can then be fixed by 
bringing Support 4 into the implantation position II, so that a 
first part of the tube is clamped as a rigid shell 9 substantially 
coaxially along the inner wall 27A of the vein 27, while a 
second part of the tube 3, contiguous in the direction of the 
axis A, forms a flexible, tubular valve body, extending sub 
stantially clear in the vein. The flexible, tubular valve body 10 
is then, for instance, viewed from the groin 26, situated before 
the rigid shell-shaped part 9, so that a downward flow through 
the valve body 10 against the blood circulation, resulting from 
gravity, is avoided, while an upward flow as a result of the 
systole of the heart in the direction of the blood circulation is 
obstructed as little as possible. 
0039 Preferably, as a transport device, a balloon catheter 
30 can be used. The implant valve, with the support 4 in initial 
position I, is then fitted coaxially around the balloon 31 of the 
balloon catheter 30. The implant valve can be fixed at the 
implantation location 28 by expanding the balloon 3, thus 
bringing the Support 4 into the implantation position II. After 
shrinkage of the balloon 3, the balloon catheter 30 can sub 
sequently, while leaving the implant valve 1 behind, be recov 
ered. Balloon catheters and the manner of operation thereof 
are known to the skilled person and will not be further eluci 
dated here. 
0040. It is also possible to use different types of transport 
devices. For instance, an implant valve can be equipped with 
a support of the “Self-expandable' type, in which the support 
is kept in the initial position by fitting the implant valve into 
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a sleeve. The transport device can then be formed by a sleeve 
which, with the aid of a coaxial cable, can be inserted and 
where, by displacing the cables relative to each other, the 
implant valve can be pushed from the container, after which it 
expands itself. 
0041. It will be clear that the invention is not limited to the 
preferred embodiments discussed here, but that many varia 
tions are possible. In particular, the flexible tube and/or the 
Support can be manufactured from biocompatible plastic 
material. Also, the Support means, in particular the finger 
shaped extensions, can be provided with a protective layer or 
can be made of a somewhat flexible design to reduce the 
chance of damage to the flexible tube during use and to 
increase durability of the implant valve. 
0042. Such variants are understood to fall within the scope 
of the invention as set forth in the following claims. 

1. An implant valve for implantation in a blood vessel, 
comprising a flexible tube and a hollows. Substantially cylin 
drical Support with a casing which is expandable in diameter 
from an initial position into an implantation position, the 
Support extending over a part of the length of the tube Sub 
stantially coaxially along the wall of the tube, the casing of the 
support cooperating with the wall of the tube and, in the 
implantation position, forming a first part of the tube into a 
rigid shell which, in use, is clamped Substantially coaxially 
along the inner wall of a blood vessel, while a second, axially 
contiguous part of the tube forms a flexible tubular valve 
body, which in use extends substantially clear in the blood 
vessel, characterized in that the casing of the Support coop 
erates with the inner wall of the tube and in that the support is 
provided with axially extending Support means for Support 
ing, along a part of its circumference, the inner wall of the 
second part of the tube of the flexible, tubular valve body 
formed in the implantation position. 

2. An implant valve according to claim 1, wherein the 
Support means comprise a finger-shaped extension of the 
casing of the Support. 

3. An implant valve according to claim 2, wherein the 
Support means comprise two or three finger-shaped exten 
sions interspaced along the circumference of the casing. 

4. An implant valve according to claim 1, wherein the tube 
is folded double so that the inner wall of the tube extends from 
the outer Surface of the casing while forming the second tube 
part to the inner Surface of the casing of the Support. 

5. An implant valve according to claim 4, wherein the ends 
of the tube are connected to form a ring Surrounding the 
Support. 

6. An implant valve according to claim 5, wherein the 
connected ends of the tube are situated at the outer surface of 
the casing. 

7. An implant valve according to claim 6, wherein the tube 
comprises a part of a vein which has been turned inside out, 
such that the endothelium of the vein forms the outer surface 
of the tube. 

8. A Support, such as a stent, comprising a hollow, Substan 
tially cylindrical Support with a casing expandable in diam 
eter from an initial position to an implantation position, the 
Support being provided with axially extending Support means 
comprising a finger-shaped extension of the casing of the 
Support. 

9. A method for implanting an implant valve according to 
claim 1, wherein the implant valve, with the support in initial 
position, is placed in a blood vessel and wherein the implant 
valve, with the aid of a transport device, is transported 
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through the blood vessel to a location of implantation, 
wherein, Subsequently, the diameter of the casing of the Sup 
port is brought into the implantation position, so that a first 
part of the tube is clamped as a rigid shell, Substantially 
coaxially along the inner wall of the blood vessel, and a 
second, axially contiguous part of the tube forms a flexible 
tubular valve body extending substantially clear in the blood 
vessel. 

10. A method for manufacturing an implant valve for 
implantation in a blood vessel, preferably an implant valve 
according to claim 7, from a tubular part of a vein and a 
hollow, Substantially cylindrical Support with a casing 
expandable in diameter from an initial position to an implan 
tation position, wherein the part of the vein is turned inside 
out and wherein the ends of the tube are connected to form a 
ring embracing the Support, and wherein the original outer 
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wall, while forming a flexible, tubular valve body, axially 
contiguous to the Support, is connected to the inner Surface 
and the outer Surface of the casing. 

11. A method for manufacturing an implant valve for 
implantation in a blood vessel, preferably an implant valve 
according to claim 8, from a tubular part of a vein and a 
hollow, Substantially cylindrical Support with a casing 
expandable in diameter from an initial position to an implan 
tation position, wherein the part of the vein is turned inside 
out and wherein the ends of the tube are connected to form a 
ring embracing the Support, and wherein the original outer 
wall, while forming a flexible, tubular valve body, axially 
contiguous to the Support, is connected to the inner Surface 
and the outer Surface of the casing. 
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