
A bulk catalyst composition and a process for
preparing the bulk catalyst composition The invention
relates to a bulk catalyst composition comprising
metal oxidic particles comprising one or more Group
VIII metals and two or more Group VIB metals. The
invention further relates to a process for preparing
the bulk catalyst composition and to a hydroprocessing
process using the bulk catalyst composition. With a
bulk catalyst is meant a catalyst comprising at least
60 wt% of metal oxidic particles (wt% calculated on
the basis of metal oxides relative to the total weight
of the bulk catalyst) as distinguished from supported
catalysts that have metal oxides deposited on a
support material in amounts significantly less than 60
wt%. The bulk catalyst usually is in the form of
shaped particles, for example produced by extrusion of
a composition comprising the metal oxidic particles
and 0 - 40 wt% of additional material, in particular a
binder material. The bulk catalysts generally have a
very high activity in hydroprocessing. The term
"hydroprocessing or hydrotreatment" in this context
encompasses all processes in which a hydrocarbon feed
is reacted with hydrogen at elevated temperature and
elevated pressure, including processes such as
hydrogenation, hydrodesulphurization,
hydrodenitrogenation, hydrodemetallization,
hydrodearomatization, hydroisomerization,
hydrodewaxing, hydrocracking, and hydrocracking under
mild pressure conditions, which is commonly referred
to as mild hydrocracking. Hereafter, when referring to
a high activity of the bulk catalyst according to the
invention, in particular the hydrodesulphurization
activity is implied unless otherwise indicated. WO
00/41810 describes a bulk catalyst comprising bulk
catalyst particles comprising two or more group VIB
metals and one or more group VIII metals (hereafter
also referred to as trimetallic bulk catalysts), in
particular nickel/molybdenum/tungsten based catalysts.
The comparative examples also describe bulk catalyst
comprising only one group VIB metal and one or more
group VIII metals (hereafter also referred to as
bimetallic bulk catalysts). The trimetallic bulk
catalysts have been reported to have a significantly
higher catalytic activity than the bimetallic bulk
catalyst. The trimetallic bulk catalyst particles are
prepared in a process in which the metal compounds are
combined in the presence of a protic liquid and
wherein one or more metal compounds remains at least
partly in the solid state during the entire process.
The process wherein one of the metal compounds remains
at least partly in the solid state and oneother
compound in the solute state is referred to as the
solid-solute process. The process wherein the group
VIB and the group VIII metal compounds remain at least
partly in the solid state is referred to as the
solid-solid process. WO 00/4181 1 describes a
trimetaliic bulk hydroprocessing catalysts and a
process for the 



manufacture thereof comprising the steps of combining
and reacting at least one group VIII metal compound in
solution with at least two group VIB metal compounds
in solution in a reaction mixture to obtain a
precipitate. This process is referred to as the
solute-solute process. The comparative examples also
describe bimetallic bulk catalysts. The trimetaliic
bulk catalysts have a significantly higher catalytic
activity than the bimetallic bulk catalyst. Different
hydroprocessing conditions, different hydroprocessing
feedstock or different hydroprocessing reactor
equipment limitations may require a different
composition of the trimetaliic bulk catalyst
composition. Irrespective of the type of production
process used, from a chemical point of view a
trimetaliic bulk catalyst composition comprising two
or more Group VIB metals is significantly more
difficult to produce than a bimetallic catalyst.
Changes in the composition of the desired bulk
catalyst cannot always be directly translated into
changes in composition of the starting metal compounds
and/or changes in the process conditions. Apart from
that, in the prior art process when switching from one
to another bulk catalyst composition, there is
considerable down time between the production runs
leading to a reduced production capacity. Furthermore,
when switching from one to another bulk catalyst
composition, more waste is produced compared to a
single production run, leading to more environmental
burden and loss of precious metals. The object of the
invention is to provide a process for the manufacture
of a bulk catalyst composition comprising two or more
Group VIB metals and one or more Group VIII metals
that does not have the disadvantages described above.
According to the invention there is provided a bulk
catalyst composition comprising metal oxidic particles
comprising two or more Group VIB metals and one or
more Group VIII metals, which bulk catalyst
composition comprises first metal oxidic particles
comprising one or more first Group VIII metals and one
or more first Group VIB metals and separately prepared
second metal oxidic particles comprising one or more
second Group VIII metals and one or more second Group
VIB metals, wherein the composition of Group VIB and
Group VIII metals in thefirst and second metal oxidic
particles are different, wherein the first and second
oxidic bulk particles are separately shaped to
separate first and second shaped bulk catalyst
particles, which are combined to form the bulk
catalyst composition. In a preferred embodiment the
bulk catalyst composition according to the invention
comprises a blend, preferably a homogeneous blend, of
the first and second shaped bulk catalyst particles,
preferably extruded bulk catalyst particles. The
inventors have surprisingly found that the activity of
the catalyst composition according to the invention is
comparable to or can even be better than the activity
of the prior art trimetallic 



catalysts. This is particularly surprising for the
most preferred mode of the process according to the
invention, in which one or preferably both of the
first and second metal oxidic particles are bimetallic
oxidic particles comprising only one group VIB metal,
because according to the prior art the bimetallic bulk
catalysts have a significantly lower catalytic
activity. This finding allows for a bulk catalyst
composition preparation process that is much less
complex from a chemical point of view and has optimal
flexibility in changing to different bulk catalyst
compositions. The first and second metal oxidic
particles are produced in individually optimised
standard longer production runs allowing an optimised
high-quality of the obtained metal oxidic bulk
catalyst particles and optimised high production
capacity without the necessity of creating frequent
downtime and extra waste when changing to a different
composition of the bulk catalyst composition. One
further advantage of this embodiment is that it is
possible to give the first and second shaped bulk
catalyst different physical properties such that they
can be separated from each other on the basis of said
different physical properties. Different physical
properties can for example be different shape, size,
density etc and physical separation can be done using
that difference for example by sieving. The bulk
catalyst composition further has the distinct
advantage that the group VIB metals can be more easily
recovered in recycling. It is very difficult to
reclaim group VIB metals from spend catalyst and even
more difficult to separate one group VIB metal from
the other. In the bulk catalyst composition one group
VIB metal can be separated from the other by
separating the shaped bulk catalyst particles
comprising the metals. In the bulk catalyst
composition and process for the preparation thereof
according to the invention, the first and second
oxidic bulk particles are separately shaped to form a
separatefirst and second shaped bulk catalyst, which
are then combined to form a bulk catalyst composition,
preferably a shaped bulk catalyst particle blend
composition. Details of the shaping process are
described below. The bulk catalyst composition
according to the invention comprises first and second
shaped bulk catalyst particles having a different
composition, combined in such relative amounts to
reach the desired overall trimetallic composition. The
first and second shaped bulk catalyst particles are
combined in relative amounts based on the envisaged
application of the catalyst, preferably the molybdenum
to tungsten mole ratio in the bulk catalyst
composition is between 1:9 and 9:1. The composition of
Group VIB and Group VIII metals in the first and
second shaped bulk catalyst particles must be
different. Preferably, the Group VIB and/or Group VIII
metals in the first shaped bulk catalyst particles are
different from the Group VIB and/or Group VIII metals
in the second shaped bulk catalyst particles. It is
preferred that the Group VIB metals in the first 



shaped bulk catalyst particles are different from the
Group VIB metals in the second shaped bulk catalyst
particles. The bulk catalyst preferably comprises only
one Group VIII metal, preferably non-noble metals
cobalt, nickel or iron, but optionally may comprise an
additional Group VIII metal. It is further preferred
that the one or more Group VIII metals in the first
oxidic metal particles are the same as in the second
metal oxidic particles. It is preferred that the first
metal oxidic particles comprise Molybdenum as the main
Group VIB metal and the second metal oxidic particles
comprise tungsten as the main Group VIB metal. It is
most preferred that the Group VIII metal in both the
first and second metal oxidic particles is the same,
preferably nickel or cobalt, and the Group VIB metal
in the first oxidic bulk catalyst is substantially
only Molybdenum and in the second oxidic bulk catalyst
is substantially only tungsten. A bimetallic bulk
catalyst can be distinguished from a trimetallic
catalyst in that it comprises less than 10 mole %
(relative to the total amount of Group VIB metals) but
preferably has substantially only one Group VIB metal.
The term "substantially only" implies that the
catalyst most preferably has no other, but may have an
insubstantial amount of another Group VIB or group
VIII metal, preferably less than 5, more preferably
less than 3 and most preferably less than 1 mole %
(relative to the total of the group VIB or group VIII
metals). Most preferably the first and/or second metal
oxidic particles are substantially bimetallic NiMo
and/or NiW oxidic particles respectively. In an
alternative embodiment, the first metal oxidic
particles comprise 2 ormore group VIB metals and one
or more Group VIII metals and wherein the second
oxidic particles comprise substantially only one Group
VIB metal and one or more Group VIII metals,
preferably the first metal oxidic particles are
substantially trimetallic NiMoW particles and the
second metal oxidic particles are substantially
bimetallic NiW and/or NiMo metal oxidic particles. The
bulk catalyst may optionally further comprise
preferably less than 10 %, more preferably les than
9%, even more preferably less than 7%, and most
preferably below 5% (mole % relative to the total of
the Group VIB metals) of an additional other metal, in
particular a Group V metal, preferably Niobium.
Although it is less preferred, the catalyst may
contain minor amounts of other metals. In the most
important embodiment of the bulk catalyst composition
according to the invention the first and second oxidic
bulk particles are both freshly prepared. However, it
is envisaged that the invention can be advantageously
used as a process for changing the catalytic
properties of a previously prepared finished shaped
bulk catalyst to change the properties in view of
different requirements. In particular, in the bulk
catalyst composition the first oxidic bulk particles
can be provided at least in part in the form of spent,
reject or regenerated spent bulk catalyst and the 



second metal oxidic particles is freshly prepared.
Spent, reject or regenerated spent bulk catalysts can
be upgraded to meet the requirements for use in
specific hydrotreatment conditions. The first and
second shaped bulk catalysts comprising first and
second metal oxidic particles can be prepared in
various different ways described in the prior art. The
invention also relates to a process for the
preparation of a bulk catalyst composition according
to the invention said process comprising: providing
first and second shaped bulk particles wherein one or
both of the first and second shaped bulk particles
have been separately prepared in a process comprising
i) Preparing a reaction mixture comprising one or more
first compounds comprising one or more Group VIII
metals, preferably Ni or Co, and one of more second
compound comprising one or more Group VIB metals,
preferably molybdenum or tungsten in the presence of a
protic liquid, ii) reacting the first and second
compounds to form metal oxidic bulk particles, iii)
shaping the metal oxidic bulk particles to shaped bulk
catalyst particles, followed by combining the first
and second shaped bulk catalyst particles to form the
bulk catalyst composition.In view of obtaining a high
catalytic activity of the obtained catalyst and a high
yield it is preferred that the first and second metal
compounds remain at least partly in the solid state
during the entire reaction. The process for preparing
the shaped bulk catalyst particles may further
comprise one or more of the following process steps:
i) compositing of the metal oxidic particles with 0 to
40 wt% of one or more materials selected from the
group of binder materials, conventional
hydroprocessing catalysts, acidic promoters, or
mixtures thereof before, during or after the combining
and/or reacting of the metal compounds, ii)
spray-drying, (flash) drying, milling, kneading,
slurry-mixing, dry or wet mixing, or combinations
thereof iii) drying and/or thermally treating, and iv)
sulphiding. Details of the process steps for the
preparation of the first and second metal oxidic
particles are described in the prior art, in
particular in WO 00/41810 or WO 00/4181 1, which are
herewith incorporated by reference. Although a heat
treatment is not essential, it is essential that the
temperature during heat treatment of the bulk catalyst
composition, in particular the metal oxidic particles
in the bulk 



catalyst composition, is below a temperature where
transition to an inactive structure occurs. This
applies to any and all heat treatment steps in the
production process of the bulk catalyst. The skilled
man can determine the maximum heat treatment
temperature for a given catalyst composition. This
applies in particular also to heat treatment of shaped
bulk catalyst particles after compositing and shaping.
Preferably, the bulk catalyst is heat treated below
450 0C, more preferably below 400cC, even more
preferably below 375C and most preferably below 35O0C.
The shaped bulk catalyst particles comprise at least
60 wt% of metal oxidic particles (wt% calculated on
the basis of metal oxides relative to the total weight
of the bulk catalyst) as distinguished from supported
catalysts that have metal oxides deposited on a
support material in amounts significantly less than 60
wt%. In view of obtaining high catalytic activity it
is preferred that the bulk catalyst according to the
invention comprises at least 70 wt%, morepreferably at
least 75 wt%, even more preferably at least 80 wt% and
most preferably at least 85 wt% metal oxidic
particles. The remaining O to 40 wt% can be one or
more materials selected from the group of binder
materials, conventional hydroprocessing catalysts,
acidic promoters and cracking components. In shaped
bulk catalyst it is preferred to composite the metal
oxidic particles with binder material to improve the
side crushing strength of the shaped particles.
Preferably, the metal oxidic particles are shaped by
extrusion, pilling or pelletising to form shaped bulk
catalyst particles. In this shaping process the metal
oxidic catalyst particles are preferably composited
with a binder. In an alternative embodiment in the
bulk catalyst composition according to the invention
the first and/or second shaped bulk catalyst particles
can be agglomerated or shaped by grinding (directly
after the reaction step or after an agglomeration
step) preferably followed by sieving to a narrow
particle size distribution. In yet another alternative
embodiment the first and second shaped bulk catalyst
particles can be shaped by spray drying, optionally
with a binder and optionally followed by sieving to a
narrow particle size distribution. The ground or spray
dried bulk catalyst composition typically has very
small particle size and can be used in a slurry
hydrotreatment process. The invention also relates to
the use of this particular embodiment in a slurry
hydrotreatment process and to the slurry
hydroprocessing of a hydrocarbon feedstock by a
process comprising contacting the feedstock with
hydrogen in the presence of a catalytically effective
amount of the bulk catalyst composition described
above under catalytic conversion conditions, wherein
the bulk catalyst composition is present in the
feedstock as a slurry. The first and second shaped
bulk catalysts are preferably combined by blending the
particles to a homogeneous mixture. However it is also
envisaged to combine the first and second shaped 



bulk catalyst in at least two consecutive layers
wherein the layers have a different relative amount of
the first and second shaped bulk catalysts or in one
layer having in a direction perpendicular to the layer
a composition gradient along which the relative amount
of the first and second shaped bulk catalysts
gradually changes. The invention further relates to
the bulk catalyst or sulphided bulk catalyst
composition according to the invention, wherein said
catalyst composition comprises at least 50, preferably
more than 60, 65 or even 70% (mole % relative to the
total of Group VIB metals) of tungsten to its use as
hydrodesulphurisation catalyst in hydroprocessing of a
hydrocarbon feedstock and toa hydroprocessing process
using said catalyst composition. It was found that
said tungsten rich catalyst is particularly active in
hydrodesulphurisation. Preferably, this catalyst
composition is used at higher pressure above 20,
preferably more than 40, and even more preferably more
than 50 bar and most preferably more than 60 bar. It
was found that the activity of this catalyst is higher
at higher pressures. Alternatively, the invention
relates to the shaped bulk catalyst or sulphided bulk
catalyst wherein said catalyst comprises at least 50,
preferably more than 60, 65 or even 70% molybdenum
(mole % relative to the total of Group VIB metals) and
to its use as a hydrodenitrogenation catalyst in
hydroprocessing of a hydrocarbon feedstock feedstock
and to a hydroprocessing process using said catalyst
composition. It was found that said molybdenum rich
catalyst is particularly active in
hydrodenitrogenation. The invention also relates to a
sulphided bulk catalyst composition comprising a bulk
catalyst composition as described above that has been
sulphided and to the use of the bulk catalyst
composition or sulphided bulk catalyst composition in
hydroprocessing of a hydrocarbon feedstock comprising
sulphur and nitrogen containing organic compounds. The
invention also relates to hydroprocessing a
hydrocarbon feedstock by a process comprising
contacting the feedstock with hydrogen in the presence
of a catalytically effective amount of the bulk
catalyst composition according to the invention under
catalytic conversion conditions. Further, the
invention relates to the use of bimetallic
Nickel-tungsten or Nickel-molybdenum shaped bulk
catalyst particles in the bulk catalyst composition in
the preparation thereof or in the hydroprocessing
process according to the invention. The invention will
be further illustrated by the Examples and comparative
experiments described below. Comparative Experiment 1
(C1: NiMoW R3) 115.2 g of MoO3 (0.8 mole Mo, ex.
Aldrich) and 200 g of tungstic acid H2WO4 (0.8 mole W,
ex. Aldrich) were slurried in 6400 ml of water
(suspension A) and heated to 9O0C. 282.4 g of nickel 



hydroxycarbonate 2NiCO3*3Ni(OH)2*4 H2O (2.4 mole of
Ni, ex. Aldrich) were suspended in 1600 ml of water
and heated to 9O0C (suspension B). The nickel
hydroxycarbonate used in this and the other examples
had a B. E. T. surface area of 239 m2/g. Suspension B
was added to suspension A in 10 minutes, and the
resulting mixture was maintained at 9O0C for a period
of 16hours (overnight) with continuous stirring. At
the end of this time, the suspension was filtered. The
yield was above 98 % (based on the calculated weight
of all metal components having been converted to their
oxides). The obtained filter cake was wet-mixed with
2.5 wt% of a binder (based on the total weight of the
catalyst composition). The water content of the
mixture was adjusted in order to obtain an extrudable
mix, and the mixture was subsequently extruded. The
resulting solid was dried at 12O0C for 16 hours
(overnight) and calcined at 300 0C for 1 hour. The
catalyst was sulphided and tested using the procedure
from Diesel test procedure D 1 described below and the
conversion results are summarised in Table 3.
Comparative Experiment 2 (C2: Ni1.5W0.5Mo0.5 made from
oxides) A catalyst was prepared by wet mixing of
unreacted oxides of Group VIB and Group VIII metal
components: a catalyst was prepared using 185.6 g
OfWO3 (0.8 mole W, ex. Aldrich), 115.2 g of MoO3 (0.8
mole Mo, ex. Aldrich) and 180 g of NiO (2.4 mole Ni,
ex. Aldrich). The wet oxide mix was mixed with 2.5
wt.% of a binder based on the total weight of the
catalyst composition. The metal oxidic particles were
extruded, dried, calcined and sulphided and
subsequently tested using the procedure from Diesel
test procedure D1 described below. The test results
are summarised in Table 3. Comparative experiment 3
(C3: NH.5W1 R3 cake) A filter cake was prepared as
described in C 1, except that only one Group VIB metal
component was used: a catalyst was prepared using 400
g of tungstic acid (1.6 mole W, ex. Aldrich) and 282.4
g of nickel hydroxycarbonate (2.4 mole Ni). The yield
was about 99%. The metal oxidic particles were
extruded, dried, calcined and sulphided and
subsequently tested using the procedure from Diesel
test procedure D1 described below. The test results
are summarised in Table 3. Comparative Experiment 4
(C4: Ni1.5Mo1 R3 cake) A filter cake was prepared as
described in Comparative Experiment 1 (C1), except
that only one Group VIB metal component was applied: a
catalyst was prepared using 230.4 g of molybdenum
trioxide (1.6 mole Mo, ex. Aldrich) and 282.4 g of
nickel hydroxycarbonate (2.4 mole Ni). The yield was
about 85 %. The metal oxidic particles were extruded,
dried, calcined and sulphided and subsequently tested
using the procedure from Diesel test procedure D 1
described below. The test results are summarised in
Table 3.Example 5 (E5: NM.5W1 + NM.5Mo1 extrudate mix
R3 catalysts) 



The Ni-W shaped catalyst prepared in C3 was blended
with the Ni-Mo shaped catalyst prepared in C4 to
prepare a shaped bulk catalyst particle blend
composition. The amount of the respective catalysts
was adjusted as to obtain the Ni to Mo to W mole ratio
of 1.5 to 0.5 to 0.5 in the final particle blend
(amount corresponding to 341 .6 g (dry base) of Ni-W
cake (C3) and 256 g Ni-Mo cake (dry base, C4)). The
thus obtained shaped bulk catalyst particle blend
composition was sulphided and tested using the
procedure from Diesel test procedure D1. The test
results are summarised in Table 3. Example E5
surprisingly shows, as opposed to the teaching of the
cited prior art, that it is not necessary in a
trimetallic catalyst to have both Group VIB and the
group VIII metal present together during the reaction
of the compounds to the metal oxidic particles.
Moreover, the two group VIB metals do not even need to
be in the same catalyst particle. More surprisingly it
was demonstrated that the bulk catalyst composition
according to the invention has an even higher activity
both in hydrodesulphurisation (HDS) as in
hydrodenitrogenation (HDN). Diesel test procedure D1
The catalysts were tested in a down-flow tubular
reactor. Each reactor tube contained 10 ml of catalyst
mixed with an equal amount of SiC particles and
sandwiched between layers of SiC particles. Before
being tested the catalysts were presulphided via
liquid phase presulphiding using the feed described in
Table 1, which had been spiked with dimethyldisulfide
to a total sulfur content of 3.7 wt.%. The
presulphided catalysts were then tested in the
hydrotreating of a diesel feedstock having the
properties shown in Table 1: Table 1The catalysts were
tested under the two conditions shown in Table 2.
Table 2 The diesel hydroprocessing test results are
given in Table 3 wherein RVA and RWA are relative
volume activity and relative weight activity,
respectively, based on the total catalyst amount
loaded in the reactor. HDN is hydrodenitrogenation and
HDS is hydrodesulphurisation. CBD means compacted bulk
density of the catalyst. R3 indicates the solid-solid
reaction process wherein both the first and second
metal compounds are at least partly solid during the
reaction. The diesel test procedure D1 was performed
using two different temperature and pressure
conditions 1 and 2. The postfix 1 or 2 (as for example
in RWA1 and RWA2) refer to the test condition 1 and 2
respectively. The RWA/RVA values of the reference
catalyst C1 in diesel test procedure D 1 (C1 in Table
3) were defined as 100. All other RWA/RVA values are
calculated relative to this reference
catalyst.ARTIFICIAL VALVE FOR IMPLANTATION Background
of the invention 



The present invention relates to an artificial valve
for implantation in a patient's blood vessel, in
particular an artificial heart valve, and further
relates to a valve system including such an artificial
valve. Artificial heart valves are generally designed
to replace the natural heart valve and to perform its
function over many years, preferably until the person
(or animal) dies. Thus, besides the general
requirement that artificial valves must be made from a
material that is compatible with the patient's blood
and tissue, the valve must furthermore be extremely
reliable. Typical artificial heart valves are strictly
mechanical, such as mechanical monoor bi-leaflet
valves and ball valves. A leaflet valve may for
instance comprise a tilting disc hinged to an annular
ring that is sutured into the blood vessel. The blood
pressure changes of typically between 80 mmHg and 120
mmHg cause the disc to swing between an open and a
closed position. In ball valves, a ball is held in a
cage and allowed to move therein upon blood pressure
changes between a closed position in which it seals an
annular ring sutured into the blood vessel and an open
position in which the ball is at a distance from the
ring, thereby permitting blood to flow around the
ball. While there are many different types of
artificial valves for implantation in a patient's
blood vessel, they all suffer from the draw back of
material fatigue resulting in breakage of parts
thereof. Disfunctioning of the valve is only one
severe consequence thereof. The consequences may be
fatal when broken parts are carried away with the
blood stream and block the blood stream at remote
locations. Another problem arising with artificial
valves implanted in blood vessels is the danger of
generating thromboses as well as fibrosis forming and
growing on the valve elements. Particularly the latter
may prevent complete closing of the valve, thereby
causing valve insufficiency.Summary of the invention
It is therefore an object of the present invention to
provide an artificial valve for implantation in a
patient's blood vessel, in particular an artificial
heart valve, which is mechanically reliable over a
long period of time without its closing efficiency
being substantially affected by fibrosis. It is a
further object of the invention to provide a valve
system comprising such an artificial valve and further
components. Accordingly, the artificial valve of the
present invention comprises a first and a 



second valve member, each having a first smooth
surface. The first smooth surfaces of the first and
second valve members face each other so as to form a
sealing contact between the first and second valve
members. The first and second valve members further
each have at least one blood flow passage extending
from the first smooth surface to a second surface
located on an opposite side of the respective valve
member, wherein at least one of the valve members is
arranged so as to be displaceable relative to the
other valve member in a slidable manner such that the
passage of the second valve member can be brought into
at least partial alignment with the passage of the
first valve member while maintaining the sealing
contact between the first and second valve members.
The artificial valve according to the present
invention further comprises a displacing mechanism for
the relative displacement of the valve members so as
to bring their blood flow passages into and out of
said at least partial alignment. This way, blood flow
through the valve can be controlled by sliding
displacement of the valve members relative to one
another, thereby aligning and disaligning the blood
flow passages, i.e. opening and closing the valve. The
smooth surfaces forming the sealing contact and the
fact that opening and closing of the valve is
performed by sliding displacement of the smooth
surfaces relative to each other prevent any fibrosis
formation on the sealing surfaces. Thus, the sealing
efficiency will not deteriorate over time.
Furthermore, due to the valve members being displaced
relative to one anotherin a sliding fashion, the
forces acting on the valve members are relatively
small, thereby overall reducing problems of fatigue of
the valve member material. The theoretical maximum
flow capacity of an artificial valve according to the
present invention with only two valve members amounts
to only about 50 % of a fully opened natural valve for
the simple reason that each of the two valve members
must have a closed area sufficiently large to cover
and close the flow passage of the respective other
valve member when the valve is in its closed position.
Therefore, according to a preferred embodiment, the
artificial valve comprises three valve members or,
more preferably, even more than three valve members,
arranged in series. The third valve member also has a
first smooth surface which, however, is arranged to
form a sealing contact with the second, preferably
smooth surface of the first valve member and further
has at 



least one blood flow passage extending from its first
smooth surface to a second surface located on an
opposite side of the third valve member. The third
valve member is arranged so as to be displaceable
relative to the first valve member in a slidable
manner such that the passage of the third valve member
can be brought into at least partial alignment with
the passages of the first and second valve members
while maintaining the sealing contact between the
first and third valve members. Similarly, one or more
further valve members may be added, each having a
first smooth surface for sealingly contacting a
preferably smooth second surface of one of the other
valve members and also having a blood flow passage for
at least partial alignment with the passages of the
other valve members. Providing more than two valve
members in the manner described above allows for
enlarging the flow capacity of the artificial valve.
For instance, in the case of three valve members, only
a third of the cross sectional area of each valve
member must be closed, i.e. fluid tight, so that by
appropriate arrangement of the valve members relative
to each other the entire cross sectional area of the
artificial valve may be closed. The valve members may
be arranged so as to be slidable back and forth
relative to one another in opposite directions or so
as to be slidable in a singledirection. In the former
case, the valve members may be arranged so as to be
linearly slidable, such as in a direction
perpendicular to the extending direction of the blood
vessel, so as to allow for the at least partial
alignment of their blood flow passages. More
preferably, however, the displaceable arrangement of
the valve members relative to one another is such that
the valve members are rotatable. This allows for the
at least partial alignment and disalignment of their
blood flow passages either by moving the valve members
back and forth in opposite directions or by
continuously moving them in a single direction. In the
latter case, it is preferred that the blood flow
passages in each of the valve members are identically
arranged about a common axis so as to maximize their
rate of overlap when the valve is in its open
position. As mentioned above, the flow capacity of the
valve can be increased by increasing the number of
displaceably arranged valve members. In the case of
rotatably arranged valve members, the flow passage of
each of the valve members preferably has an angular
extension about the common axis of 



360 x n/(n + 1), where n is the number of the
displaceably arranged valve members. More preferably,
the angular extension is somewhat less than this to
ensure complete cross sectional overlap of the valve
members when the valve is in its closed position.
However, where the artificial valve includes more than
two valve members, e.g. three valve members each
having a blood flow passage with an angular extension
of 240, the blood flow passages of each pair of
adjacent valve members overlap by 120. As a result,
backflow in a plane substantially perpendicular to the
axis of rotation will occur in the valve's closed
position even though, when viewed in a direction along
the axis of rotation, the valve members completely
cover the entire cross section of the valve. To
prevent such backflow, a preferred embodiment of the
invention provides for dividing the blood flow
passages of the valve members into sections by means
of more or less radially extending bridges. These
bridges are located at positions so asto prevent in
the valve's closed position any backflow from the
passage of one valve member through the passage of the
next adjacent valve member to the passage of the next
over adjacent valve member. In the case of three valve
members, it would be sufficient to have such a bridge
at least in the passage of the centrally arranged
valve member so as to separate the passage of the
upper valve member from the passage of the lower valve
member. Thus, where there is only one displaceable
valve member (one or more further valve members being
stationary), no bridge would be required, whereas in
the case of two displaceably arranged valve members,
as in the case of the three valve members discussed
above with one valve member being stationary, at least
one bridge would be required. Generally, the number of
bridges is n - 1, where n is the number of the
displaceably arranged valve members. Of course, the
number of bridges can be larger than n - 1 and this is
even preferred in order to divide the passages into a
plurality of angularly extending sections which can be
equally distributed about the axis of rotation. As a
result, the blood flow through the artificial valve is
distributed more evenly over the valve's cross
section. In that case, the bridges of each valve
member preferably each have a radially extending
center line, wherein the center lines are arranged
about the common 



axis at an equal angular distance and the bridges each
have an angular extension equal to or preferably
somewhat larger than the angular extension of each of
the sections. The advantage of such an arrangement can
be easily appreciated for a valve with only two valve
members, the passages of which each have an overall
angular extension of 180 (or somewhat less), but are
subdivided into e.g. four sections of 45 equally
spaced apart about the common axis. Instead of turning
the valve member by 180 to bring the blood flow
passages of the two valve members into alignment, it
is sufficient to turn the valve members by only 45. At
least two or all of the surfaces together forming a
sealing contact are preferably parallel, i.e. the
sealing surfaces lie in parallel planes. While
thesealing surfaces can be stepped, it is preferable
for reason of easy manufacture that the sealing
contact is overall flat. Alternatively, at least two
or all of the surfaces together forming a sealing
contact may have cooperating concave and convex
shapes. This is particularly suitable for rotatable
valve members and has the advantage that the valve
members are self aligning in response to the blood
pressure acting on their exterior surfaces. Good
performance of the valve's mechanism is obtained when
the valve members are made of a material inert enough
to maintain over time a low friction between the
surfaces forming the sealing contact. This eliminates
the risk of the smooth surfaces sticking to each
other. Most preferably, the valve members are made of
a ceramic material. Ceramic works better than most
metals, which, when mounted together with fine
tolerances between surfaces, will more easily stick
together over time. More particularly, with every
relative sliding movement the sealing properties of
ceramic sealing surfaces will even improve over time.
Preferably, the entire valve is made from ceramics
with one of the valve members forming a housing for
the valve. For use in an individual's blood vessel,
the artificial valve is designed such that the sealing
contact formed by two of the surfaces withstands
without leaking an internal positive diastolic
pressure of at least 80 mmHg ( 1.05 N/cm2). Of course,
the surfaces should not be pressed together with
extensive forces but their sealing capabilities should
be sufficient even at minimum axial pressure. More
particularly, the valve members should be mounted so
as to barely contact each other and preferably so as
to even protected against any axial pressure 



caused by the blood pressure. Under such
circumstances, the sealing capability of the
contacting sealing surfaces is substantially a
function of the maximum roughness and the maximum
unevenness of the sealing surfaces as well as the
minimum contact length between one of the passages and
an outer border of one of the corresponding two
sealing surfaces, i.e. the minimum distance that blood
particles would have to travel from inside the
passages to outside the valve members. Depending on
the needs of pressure limit for sealing the contact
surfaces, one or more of these parameters may be
changed. Also the leakage may be very low and
unimportant and, therefore, the blood pressure of80
mmHg does not need to be a limit for sealing the
contact surfaces. When improving the sealing
capabilities, producing the contact surfaces with very
little roughness or very good evenness may be more
expensive than increasing the contact length between
the sealing surfaces. Therefore, the two surfaces
forming together said sealing contact should each have
a maximum roughness good enough to substantially avoid
leakage through said sealing contact, taking the other
parameters into account. Furthermore, the two surfaces
forming together said sealing contact should each have
a maximum unevenness over the entire contact area good
enough to substantially avoid leakage through said
sealing contact, taking the other parameters into
account. Finally, with respect of the two surfaces
forming together said sealing contact, the minimum
contact length between one of the corresponding
passages and an outer border of one of the two
surfaces should be large enough to substantially avoid
leakage through said sealing contact, taking the other
parameters into account. The maximum roughness and
maximum unevenness of ceramics depend on the
production method, but for plates they are normally
very good and still within reasonable production
costs. Of course, deviations to the disadvantage of
one of the three aforementioned factors can be
compensated by corresponding deviations to the
advantage of one or both of the respective other two
aforementioned factors. A pretensioning element may be
provided by which the valve members are urged
together. However, the pretensioning force should be
minimal for the reasons mentioned above. Strong
pretensioning forces could increase the friction
between the valve members and, thus, negatively
influence the valve's 



efficiency. Preferably, an exposed surface of the
heart valve on the upstream and/or downstream side of
the heart valve is designed to provide for a laminar
blood flow along substantially the entire surface area
under in vivo conditions so as to prevent the build up
of fibrosis, which tends to build up in dead zones of
theblood flow. Also, blood tends to coagulate in dead
zones, causing an increased risk of thrombosis.
According to the present invention, a displacing
mechanism is provided for the relative displacement of
the valve members. Such displacing mechanism is
preferably mechanically driven by forces exerted by
the blood pressure, so as to be independent of any
external energy. Nevertheless, a motor may be provided
as a safety backup, coming into action e.g. in case of
malfunctioning of the valve, such as blocking of the
valve members. According to a preferred embodiment,
the blood-pressure driven displacing mechanism may
comprise a pressure transforming member arranged for
transforming, when the valve is implanted in a
patient's blood vessel, a blood pressure change into
relative movement of the displaceably arranged valve
members. For instance, the pressure transforming
member may comprise a pressure plate or diaphragm
arranged to be movable by changes of the blood
pressure acting on the valve, and mechanically coupled
to at least one of the displaceably arranged valve
members. Preferably, such pressure plate or diaphragm
is positioned on an upstream side of the valve and
coupled to at least one of the valve members such that
increased blood pressure acting on the valve on the
upstream side of the valve causes the pressure plate
or diaphragm to move in a downstream direction and,
thereby, further causes at least partial alignment of
the valve members. Thus, when the blood pressure on
the upstream side of the valve, such as in a heart
chamber, increases sufficiently to overcome a
counterpressure, such as the blood pressure on the
downstream side or forces exerted by a return spring,
the valve will automatically open by relative
displacement of the valve members. The pressure plate
or diaphragm need not necessarily be positioned on an
upstream side of the valve but may also be positioned
on a downstream side thereof, so that, when the blood
pressure on the downstream side decreases below a
predetermined value, the valve opens automatically.
Most preferably, 



the valve comprises a pressure plate or diaphragm on
both the upstream side and the downstream side of the
valve. The valves opens and closes when thepressure
difference between the pressure acting on the upstream
side and the pressure acting on the downstream side
becomes positive and negative, respectively. This can
be achieved, e.g. by rigidly connecting the pressure
plate or diaphragm on the upstream side of the valve
to the pressure plate or diaphragm on the downstream
side of the valve. Instead of or in addition to being
mechanically blood-pressure driven, the displacing
mechanism may comprise a motor for bringing the blood
flow passages of the valve members into and out of
alignment. Such a motor is preferably incorporated in
the valve so as to be implantable into the blood
vessel along with the valve as a single device. More
preferably, the motor may be contained within a valve
housing which is sealed against blood ingression. The
valve housing may be formed and at the same time
sealed against blood ingression by the valve members.
More particularly, the motor may be incorporated
within a cavity formed in a central area of the valve
members. While the motor may be driven e.g. by
electricity provided to the motor either directly or
indirectly, in a preferred embodiment the motor is
arranged for being driven by an electromagnetic field.
This allows for arrangement of a stator outside the
blood vessel and the rotor inside the valve, the rotor
being connected to one ore more of the displaceably
arranged valve members. As a safety measure, means may
be provided to urge the blood flow passages into at
least partial alignment when the motor is not
energized, so that the valve cannot block in the case
of malfunctioning of the motor. Such means may
comprise a return spring arranged for relative
movement of the valve members so as to bring the flow
passages into at least partial alignment. There are a
number of preferred ways for supplying the motor with
energy. Such an energy source may be a primary energy
source, but it may also or alternatively comprise
energy storage means, such as a battery or an
accumulator, such as a rechargeable battery and/or
capacitor. The accumulator may be rechargeable from
outside the blood vessel by wire or, more preferably,
wirelessly.Alternatively, the rechargeable battery or
capacitor or any other energy storage means may be
charged by energy taken from the blood flow. More
particularly, the energy source for the motor may
comprise a blood flow energy 



transforming device for transforming blood flow energy
into electrical energy when the energy source is
implanted in a patient's blood vessel, this electrical
energy being used for charging the energy storage
means or, alternatively, for direct use by the motor,
or both. For instance, the blood flow energy
transforming means may comprise an impeller arranged
in the blood flow so as to be turned by the blood
flow. The energy source for providing the motor with
energy need not necessarily be part of the valve but
may alternatively be placed outside the blood vessel
either within the patient's body or even outside the
patient's body, such as on the patient's skin. Again,
the energy source may comprise energy storage means
along with or separate from energy supply means, such
as a capacitor, a rechargeable battery and/or any
other type of accumulator, for temporarily storing
energy supplied by a primary energy source. The energy
source may also consist of a battery to be replaced
from time to time. Where the energy source comprises
means for supplying energy from outside the patient's
body, the accumulating energy storing means may be
implanted inside the patient's body, either inside the
blood vessel along with the valve or outside the blood
vessel, preferably under the skin to be easily
accessible or in the abdomen if there are space
constraints. Placing the accumulating energy storing
means inside the patient's body is more comfortable
for the patient for it is not visible or awkward. The
energy transfer from outside the patient's body to the
motor and/or to the energy storage means inside the
patient's body can be performed either wirelessly or
by wire, i.e. via galvanic coupling elements, or both.
For instance, an energy transmission device for
wireless energy transfer from outside the patient's
body to an energy storage means implanted inside the
patient's body may be combined with galvanic coupling
between the energy storage means and the motor,
regardless of whether the energy storage means is part
of thevalve or is placed within the patient's body
outside the blood vessel. Alternatively, the energy
may be transferred wirelessly from the energy storage
means to the motor. The motor may be adapted to
directly transform the wirelessly transferred energy.
Any additional accumulating energy storage means may
serve as a backup, storing surplus energy not
immediately consumed by the motor. 



Instead of directly using the wirelessly transferred
energy by the motor, such as in the case of an
electromagnetically driven motor, a transforming
device for transforming the wirelessly transferred
energy into electric energy may be provided. Such a
transforming device is preferably adapted to be placed
directly under the patient's skin so as to minimize
the distance and the amount of tissue between the
transforming device and the energy supply means
outside the patient's body. The energy transmission
device for wireless energy transfer from the energy
source and/or energy storage means to the motor may be
adapted to generate an electromagnetic field, as
discussed above in respect of the electromagnetically
driven motor. Alternatively or in addition, the energy
transmission device for wireless energy transfer may
be adapted to generate a magnetic field. Also, the
energy transmission device for wireless energy
transfer may be adapted to generate an electrical
field. The wireless energy may be transmitted by the
energy transmission device by at least one wireless
signal. Such signal may comprise an electromagnetic
wave signal, including at least one of an infrared
light signal, a visible light signal, an ultraviolet
light signal, a laser signal, a microwave signal, a
radio wave signal, an X-ray radiation signal and a
g-radiation signal. Also, the wireless energy signal
may comprise a sound or ultrasound wave signal.
Furthermore, the wireless energy signal may comprise a
digital or analog signal or a combination thereof.
Instead of wireless energy transfer from outside the
patient's body into the patient's body, the valve
system may comprise galvanic coupling elements adapted
to connect the energy storage means, when implanted
inside thepatient's body, or the motor to an
extracorporal primary energy source for transmitting
energy to the energy storing means or motor, in
contacting fashion. The extra corporal primary energy
source may form a part of the overall valve system.
The valve system according to the present invention
may further comprise a control unit for controlling
the motor of the valve so as to bring the blood flow
passages into and out of alignment in conformity with
a control signal. The control unit may be adapted for
implantation inside the patient's body either outside
the blood vessel or inside the blood vessel. In the
latter case, the control unit preferably forms an
integral part of the artificial valve. Alternatively, 



the control unit may be adapted for controlling the
motor from outside the patient's body and may, thus,
be mounted on the patient's skin. The latter
alternative allows for direct manipulation of the
control unit by a doctor or by the patient by
appropriate manipulation of the control unit. A
control signal transmission device may be provided for
wireless transmission of the control signal to the
motor. Similarly, a data transmission interface for
wirelessly transmitting data from outside the
patient's body to the control unit inside the
patient's body may be provided. Again, the wireless
control signal and/or data transmission may comprise
one of the aforementioned wave signals, being digital
or analog or a combination thereof. More preferably,
the control signal is transmitted in the same manner
as the energy is transmitted to the motor. For
instance, the control signal may be transmitted by
modulation of an energy signal, the energy signal
thereby serving as a carrier wave signal for the
digital or analog control signal. More particularly,
the control signal may be a frequency, phase and/or
amplitude modulated signal. While it is generally
conceivable that the valve opens and closes according
to a predetermined clock cycle, it is preferable that
the control signal is influenced by external signals,
such as signals depending upon the patient's momentary
constitution. More particularly, the control signal
may relate to a blood pressure signal. For instance,
when the blood pressure on the upstream side of the
valvehas reached a predetermined level, a control
signal causing the valve to open may be sent to the
motor. A preferred embodiment of the valve system
according to the present invention therefore comprises
a blood pressure sensor which provides the blood
pressure signal, when the system is installed in a
patient. The blood pressure sensor is preferably
arranged on an upstream side of the valve and may be
located e.g. in a heart chamber. Most conveniently,
the blood pressure sensor may be fixed to an exterior
surface of the valve. The control signal may
alternatively or additionally relate to a pacemaker
signal. Therefore, the valve system according to the
present invention preferably further comprises a
pacemaker which, when the system is installed in a
patient, provides the pacemaker signal to the control
unit or may even directly provide the pacemaker signal
to the motor. In the latter case the pacemaker may
replace or include the control unit of the valve
system. 



The control unit may be freely programmable so as to
be flexibly adaptable to provide control signals for
the motor according to changing demands. For the sake
of convenience, it is preferred that the control unit
is programmable from outside the patient's body. In
case the control unit is adapted for being implanted
inside the patient's body, the control unit is
preferably programmable by wireless remote control. A
programming unit adapted for programming the control
unit may complete the valve system. Such programming
unit may be mountable on the patient's skin.
Furthermore, the control unit may be adapted to
provide feedback information. Where the control unit
is arranged for implantation in the patient's body,
feedback information can be transferred to the outside
in the same manner as programming from the outside is
performed, i.e. preferably wirelessly. The feedback
information may not only relate to physiological data
of the person, such as blood pressure data, but may
also relate to technical data of the valve
system.Furthermore, the valve system of the present
invention may comprise an alarm system. An alarm may
automatically prompt appropriate action to be taken by
the system, in particular by the control unit, or may
simply alert the patient to any malfunctioning within
the system. For instance, the alarm system may
comprise a blood pressure sensor which may be the same
as the one mentioned above. If, for instance, the
valve comprises a blood-pressure driven displacing
mechanism, an alarm sent by the blood pressure sensor
may indicate improper functioning of the valve and
prompt the control unit to activate a motor provided
as a safety backup. The blood pressure sensor is
preferably arranged on an upstream side of the valve.
Brief description of the drawings Figure 1 shows a
cross section of an embodiment of the artificial valve
according to the present invention with one rotatable
valve member. Figures 2 to 4 show top views of three
different designs of the artificial valve shown in
Figure 1 with differently arranged flow passages.
Figure 5 shows a cross sectional view of another
embodiment of the artificial valve according to the
present invention with two rotatable valve members.
Figures 6 and 7 show top views of different designs of
the artificial valve shown in Figure 5 with
differently arranged flow passages. 



Figure 8 shows an artificial valve with the upstream
and downstream side being designed to provide for a
laminar blood flow. Figure 9 shows an artificial valve
with two contacting sealing surfaces having a concave
and convex shape, respectively. Figure 10 shows an
artificial valve in which the valve members are
clamped by resilient means.Figure 11 shows a valve
member with a mechanical displacing mechanism
including a diaphragm and a return spring. Figure 12
shows an artificial valve with a mechanical displacing
mechanism comprising a diaphragm on both the upstream
and the downstream side of the valve. Figure 13 shows
an artificial valve including a motor and a return
spring intended to urge the valve into an open state
when the motor is not energized. Figure 14 shows an
artificial valve where the motor is driven
electromagnetically from outside the blood vessel.
Figure 15 shows an artificial valve where the energy
for the motor is obtained from the blood flow by means
of an impeller and comprising energy storage means for
temporarily storing at least part of such energy.
Figure 16 shows various aspects of an artificial valve
according to the present invention, including a
pressure sensor on the upstream side of the valve, a
galvanic connection from the motor to an external
energy source and a control device incorporated in the
valve for controlling the motor. Figures 17 to 19 show
examples of different embodiments of a valve system
comprising the artificial valve according to the
present invention. Detailed description of the
drawings Figure 1 shows an artificial valve 100
comprising a first valve member 10 and a second valve
member 20, composed of two halves 20a, 20b. In this
embodiment, the second valve member 20 forms a housing
for the first valve member 10. The first valve member
10 is disc-shaped and arranged within the second valve
member 20 for rotation about an axis 101, while the
second valve member 20 is stationary. The first valve
member 10 has a blood flow passage 13 extending from a
first surface 11to a second surface 12, and the
secondvalve member has a blood flow passage 23a, 23b
extending from a first inner surface 2 1 to a second
outer surface 22. Upon rotation of the first valve
member 10 about the axis 101, the blood flow passage
13 of the first valve 



member 10 may be brought into complete alignment with
the blood flow passage 23a, 23b of the second valve
member 20, thereby establishing flow communication
through the valve 100 from an upstream side 105 to a
downstream side 106 thereof. Figure 1 merely shows the
principle of the artificial valve of the present
invention. The absolute and relative dimensions are
therefore not true to scale and the shape of the valve
members may be chosen differently. Also, means for
monitoring the valve in the blood vessel are not
shown. Preferably, the valve members 10, 20 are made
from ceramics since such material provides excellent
sealing properties between the sealing surfaces 11, 2
1 and 12, 2 1 of the first and second valve members
10, 20, respectively, and since such material is
sufficiently inert. The two halves 20a, 20b of the
second valve member 20 may be joined together by
welding, fusing or bonding. However, best sealing
properties between the sealing surfaces 11, 2 1 and
12, 2 1 will be obtained when the two halves 20a, 20b
of the second valve member 20 are pressed with minimum
pressure against the first valve member 10, as will be
more specifically described below in conjunction with
Figure 10. Centrally arranged within the artificial
valve 100 is a displacing mechanism in the form of a
motor M for displacement of the first valve member 10
relative to the second valve member 20 for turning the
first valve member 10 either back and forth or always
in the same direction. The displacing mechanism is
contained in a cavity 102 which is formed and sealed
against blood ingression by the valve members 10, 20.
Figures 2 to 4 each show a top view of the artificial
valve 100 of Figure 1, but with different blood flow
passage designs. In Figure 2, the blood flow
passages13, 23 each extend over 180 in an angular
direction, more particularly somewhat less than 180 so
as to prevent any flow communication between the blood
flow passages 13, 23 when the valve 100 is in its
closed position. Clearly, the rotatably arranged first
valve member 10 has to be turned by 180 to open and
close the valve. Also, blood flow will be concentrated
at one side of the valve 100. Figure 3 shows a
somewhat improved flow passage design where the blood
flow passages 13, 23 have each been separated to form
two sections, each with 



an angular extension of somewhat less than 90. By this
arrangement, rotation of the first valve member 10 by
only 90 will already bring the blood flow passages 13,
23 of the first and second valve members into complete
alignment. Also, the blood flow through the valve 100
is diverted on two opposing sides of the valve. Figure
4 shows an even further enhanced embodiment with the
flow passages 13, 23 being subdivided into four
sections equally spaced apart, each with an angular
extension of somewhat less than 45. Rotation of the
first valve member 10 by 45 will be sufficient to
bring the flow passages 13, 23 into and out of
alignment. The design in Figures 3 and 4 is
symmetrical and the area between the blood flow
passages of a valve member may be described as forming
bridges, wherein the bridges of each valve member each
have a center line 103 arranged about the common axis
101 with an equal angular distance and having an
angular extension equal to or preferably somewhat
larger than the angular extension of each of the
sections of the blood flow passages. In the
embodiments shown in Figures 2 to 4, the passages 13
and 23 have an overall - interrupted or uninterrupted
- angular extension about the common axis 101 of
exactly or preferably somewhat less than 180. If,
however, more than one displaceably arranged valve
member is provided, the angular extension of their
respective blood flow passages can be extended,
thereby increasing the valve's overall through flow
capacity. This can be expressed by an equation in that
the angular extension of the blood flow passages may
be calculated as 360 x n(n + 1),where n is the number
of the displaceably arranged valve members. Figure 5
shows an embodiment with two displaceably arranged
valve members 10, 30 disposed within a housing formed
by the second, stationary valve member 20. Again, the
valve members 10, 30 are rotatable about a common axis
101 and form a central cavity 102 for accommodating
the displacing mechanism or motor M. Figure 6 shows a
top view of the artificial valve of Figure 5 with the
blood flow passage 23 of the second valve member 20
extending over about 240. In the specific embodiment
of Figure 5, however, the blood flow passage 23 is
subdivided by a radially extending bridge 24 so as to
divide the blood flow 



passage 23 into two sections of equal size. The blood
flow passages 13, 33 of the two rotatable valve
members 10, 30 are also each subdivided by
corresponding bridges so as to form two sections of
equal size. This is needed since the blood flow
passages 23, 13, 33 partially overlap when the valve
is in its closed position and, therefore, backflow in
a transverse direction would occur between three
adjacent valve members if such bridge was not present.
It would actually be sufficient to provide such bridge
only in one of the first and third valve members 10,
30 so as to prevent any flow connection from the blood
flow passage 23 to the blood flow passage of the next
over adjacent valve member. Clearly, where more than
two rotatably arranged valve members are present in
the artificial valve, the number of radially extending
bridges 24 would have to be increased accordingly. As
a general rule, the number of bridges 24 will be n -
1, where n is the number of the displaceably arranged
valve members. However, the number of bridges may be
even larger. This is particularly advantageous where
the blood flow passages are subdivided so as to be
more symmetrically distributed over the cross section
of the artificial valve 100, as has been discussed in
relation to Figures 2 and 3. This is shown in Figure 7
in conjunction with the artificial valve 100 shown in
Figure 5, but seen from thetop similarly to Figure 6.
In this case, the blood flow passage 23 is divided to
form two sections of about 120 equally spaced apart by
relatively wide bridges, and such sections are further
subdivided by bridges 24 so as to form subsections of
equal size. Again, the bridges 24 are needed to
prevent any backflow which would otherwise occur
between adjacent valve members. Figure 8 shows an
embodiment of an artificial valve with both the
exterior surface 105 on the upstream side of the valve
100 and the exterior surface 106 on the downstream
side thereof being designed to provide for a laminar
blood flow along the entire surface area under in vivo
conditions. While in the afore described embodiments
the displaceable valve members 10 and 30,
respectively, are shown as being disc-shaped, this is
not a requirement. Figure 9 shows an embodiment in
which the sealing surfaces 11, 2 1 of the first and
second valve members 10, 20a have a concave and convex
shape, respectively. The sealing surfaces between the
first and third valve members 10, 30 and/or between
the third and second valve members 30, 20b may also 



have a concave/convex shape either in the same or in
an opposite direction. Figure 10 shows an embodiment
comprising pretensioning elements 40, 41, 42 by which
the valve members 10, 20 are urged together. In this
particular embodiment, the two halves 20a, 20b of the
second valve member 20 forming the housing for
accommodating therein the first valve member 10 are
separated from each other by a first resilient sealing
ring 40 made from a biocompatible polymer, such as
polytetrafluoroethylene. A clamp 4 1 for clamping
together the two halves 20a, 20b is provided and may
have the form of a bolt, screw or the like extending
through the two halves 20a, 20b, as shown in Figure
10, or extending through only one of the two halves
and fixed to the other of the two halves. A second
resilient sealing ring 42 is provided not only to seal
the interior of the artificial valve 100 against blood
ingression but also to provide a constant
pretensioning means in cooperation with the first
sealing ring 40, which pretensioning should be small
but sufficient to maintain contact between the sealing
surfaces of the valve members.Figure 11 shows a
mechanical blood-pressure driven displacing mechanism
driven by forces exerted by the blood pressure. The
blood flow is indicated by two arrows. A diaphragm 50
is positioned on the upstream side of the valve 100.
The diaphragm 50 may be made from a biocompatible
polymer, preferably with a metal coating, or made only
of metal, such as titanium or stainless steel. The
diaphragm 50 is urged in an upstream direction by
means of a return spring 5 1 via an intermediate
piston 52. Upon blood pressure changes acting on the
diaphragm 50, the piston 52 will move up and down. A
pin 53 radially extending from the piston 52 is guided
in a helical groove 54 of the displaceably arranged
valve member 10 so that the piston 52 turns back and
forth with each up and down movement of the piston 52.
A bottom plate 55 of the piston 52 is connected to the
displaceably arranged valve member 10 in such a manner
that the valve member 10 turns along with the rotation
of the piston 52, thereby aligning and disaligning the
blood flow passage 13 of the first valve member 10
with the blood flow passages 23a, 23b of the halves
20a, 20b of the second valve member 20. Thus, the
blood pressure is transformed into rotational movement
of the first valve member 10. A return spring 5 1
urges the piston 52 against the force exerted by the
blood pressure, thereby causing disalignment of the
blood flow passages 10, 23a, 23b and, thus, closing of
the 



valve 100 when the blood pressure on the upstream side
of the valves decreases below a predetermined value.
Figure 12 shows an artificial valve 100 with a
slightly different mechanical blood-pressure driven
displacing mechanism. Instead of the return spring 51,
a second diaphragm 56 is provided on the downstream
side of the valve so as to be actuated by the
downstream blood pressure. Accordingly, when the
artificial valve is e.g. used as a heart valve and the
blood pressure in the heart chamber exceeds the blood
pressure in the blood vessel downstream of the valve,
the valve will open. In turn, when the heart relaxes
and the heart chamber fills with blood again, the
blood pressure on the downstream side of the valve
will exceed the blood pressure in the heart chamber,
thereby causing return movement of the first valve
member 10 to the closed position shown in Figure
12.Instead of or in addition to a purely mechanical
displacing mechanism, a motor M may be provided, as
shown principally in Figure 1. As shown in Figure 13,
a return spring 60 may be arranged for relative
movement of the valve members 10, 20 so as to bring
the flow passages 13, 23a, 23b into at least partial
alignment. Thus, when the motor M blocks, the return
spring 60 will override the motor. There are various
concepts of how a motor may be designed, arranged and
driven in conjunction with the artificial valve of the
present invention. Figure 14 shows a preferred
embodiment in which the motor M inside the artificial
valve 100 is wirelessly driven by an electromagnetic
field. The stator 70 for creating the electromagnetic
field is positioned outside the blood vessel 200 in
the form of an annular ring surrounding the blood
vessel. Wireless energy transfer to the motor from
outside the blood vessel is preferable. While in the
embodiment shown in Figure 14 the wireless energy is
directly consumed by the motor M, it is also possible
to include in the valve an accumulator, such as a
rechargeable battery and/or capacitor, that allows for
transforming and accumulating wirelessly transferred
energy so as to provide electric energy on demand.
Figure 15 shows an embodiment in which the energy for
the motor M is taken from the blood flow by means of
an impeller 80. The amount of energy not directly
consumed by the motor may be stored in an energy
storage means E, 



such as a rechargeable battery and/or a capacitor
and/or any other type of accumulator so as to be
available upon demand. That way, an energy source
outside the blood vessel can be dispensed with. Figure
16 shows an embodiment in which the motor M is
supplied with energy via electric wires 90. Such wires
may connect the motor M to a primary energy source
and/or to energy storage means outside the blood
vessel and even outside the patient's body. Although
not shown in Figure 16, energy storage means may also
be provided within the artificial valve
100.Furthermore, in the embodiment shown in Figure 16
there is provided a control unit C. While the control
unit C can alternatively be provided separate from the
artificial valve 100 outside the blood vessel either
in the patient's body or even outside the patient's
body, it is preferred to have the control unit C
proximate to the motor M. In Figure 16, the control
unit C is supplied with energy through the wires 90.
The wires 90 may also serve to transfer data to the
control unit C, e.g. during programming operations, to
transfer feed back data in an opposite direction.
Although not shown, transfer of energy and/or data to
and from the control unit C may alternatively be
performed wirelessly. The control unit C controls the
action of the motor M. In Figure 16, a pressure sensor
P is arranged on the exterior surface 105 on the
upstream side of the valve 100. Pressure signals are
continuously or intermittently sent to the control
unit C so that the control unit C may cause the motor
M to turn the displaceable valve member 10 as the
pressure on the upstream side of the valve 100 exceeds
an upper or a lower limit. Alternatively or in
addition the control signal of the control unit C may
relate to a pacemaker signal. In that case, the
pressure sensor P may perform the function of an alarm
system indicating malfunction of the valve when the
pressure on the upstream side of the valve exceeds a
predetermined threshold. In such a case of
malfunction, the control signal of the control unit
will depend on the pressure sensor signal rather than
on the pacemaker signal. Note that the pacemaker
signal can alternatively serve directly as the control
signal, in which case the pacemaker basically replaces
the control unit C. Figures 17 to 19 show three of a
great number of possible arrangements of a valve
system including an artificial valve 100 implanted in
a blood vessel 200. It would unduly lengthen this
specification if all ways of composing and 



combining the individual components of the valve
system were described here in detail. It is therefore
to be understood that the components so far described
and the kind of energy and data transfer to, from and
between these components - be it wireless or not - may
be combined and arranged in any manner as long as it
is not technically contradictive.In Figure 17, energy
storage means Eare arranged inside the patient's body
outside the blood vessel 200. They are galvanically
coupled to the artificial valve 100 and receive energy
by wireless energy transfer through the patient's skin
300. A transmission interface 95 located under the
patient's skin cooperates with a corresponding
transmission interface 96 outside the patient's skin.
Such interfaces 95, 96 may comprise antenna coils.
Antenna coils are not only suitable for energy
transfer but may simultaneously be used for transfer
of data, such as by appropriate modulation of the
energy signal or separately therefrom. In a very basic
embodiment of the invention, the energy storage means
E shown in Figure 17 may be dispensed with and the
valve's valve members are actuated each time when
energy is transferred via the transmission interfaces
95, 96. In Figure 18, the control unit C is implanted
in the patient's body outside the blood vessel and
controls the energy storage means E so as to activate
energy transfer from the energy storage means Eto the
motor at appropriate times. The control unit C
receives data and/or is programmable via the
transmission interfaces 95, 96. Alternatively,
although not shown in Figure 18, one or both of the
energy storage means Eand the control unit C may form
an integral part of the artificial valve 100 or may be
located outside the patient's body, e.g. on the skin.
Figure 19 shows an embodiment of the valve system
similar to the one shown in Figure 18 except for an
alternative transmission interface being used. In this
case, energy and/or data is transmitted by means of a
wave signal, with such a wave signal penetrating
through the patient's skin 300 onto a receiver 97. The
receiver 97 is adapted to transform the radiation
energy into electric energy and to demodulate any data
information that is transmitted along with the
radiation.Implantation of the artificial valve 100 in
a human being or an animal involves the steps of
cutting the patient's skin, free-dissecting the blood
vessel or 



heart200, opening the blood vessel or heart,
surgically affixing the artificial valve in place such
that it forms a flow connection between an upstream
part and a downstream part of the blood vessel or
heart, and suturing the skin. The valve may be fixed
in place by means of suturing, such as by passing a
suture thread through both the artificial valve and a
wall of the blood vessel, e.g. through fixation holes
in a wall of the artificial valve or through an
adapter affixed to the artificial valve and composed
of a biocompatible polymer, such as
polytetrafluoroethylene or polyurethane. Typically,
the defective natural valve will be removed and,
therefore, it will be necessary to dissect around the
defective valve of the blood vessel either before or
after putting into place the artificial valve. As the
valves of main interest are heart valves, in
particular the aortic valve and sometimes the
pulmonary valve, the patient's thorax will have to be
opened to gain access to the heart. Subsequently,
either a blood vessel adjoining the patient's heart,
such as the aorta or pulmonary artery, will be opened
to gain access to the patient's aortic valve and
pulmonary valve, respectively, or an atrium of the
patient's heart will be opened to gain access to
either the right or left atrioventricular valve
(tricuspid valve / bicuspid valve). Furthermore, it
will in most cases become necessary to connect the
patient to a heart-lungmachine. In addition to the
artificial valve, one or more additional components,
as described above, may have to be implanted in the
patient's blood vessel and/or within the patient's
body outside the blood vessel to complete the overall
valve system. Examples thereof are: the energy source
for providing the motor 100 of the artificial valve
with energy from outside the blood vessel, the energy
storage means to provide the motor with energy,
comprising at least one of a battery, a capacitor or a
rechargeable battery,the galvanic coupling elements
between either the energy source or the energy storage
means and the motor for transmitting energy to the
motor in contacting fashion, the coupling elements
adapted to connect either the motor or the energy
storage means or both to an extra corporal primary
energy source for transmitting energy to either the
motor or the energy storage means or both in
contacting fashion, 



the control unit Cfor controlling the motor so as to
bring the blood flow passages of the artificial valve
in and out of alignment in conformity with a control
signal, the data transmission interface 95, 96; 97, 98
for wirelessly transmitting data from outside the
patient's body to the control unit, a wireless
programming interface for programming the internal
control unit from outside the patient's body, - the
pacemaker, and the blood pressure sensor P. As
described previously, the artificial valve system,
when installed on the patient's body, can be
influenced from outside the patient's body. Such
influence may relate to the control signal for
controlling the valve's motor and may include: the
step of providing the control signal from outside the
patient's body, the step of transferring data between
the extra corporal programming unit and the control
unit of the artificial valve which provides the
control signal to the motor, or the step of
influencing the control signal by means of the
pacemaker signal or directly providing the pacemaker
signal as the control signal. A method including the
step of free-dissecting the patient's blood vessel may
comprise the step of opening the patient's thorax or
abdomen. A method of treating a valve disorder in a
blood vessel or heart of a patient may comprise the
steps of inserting a needle-like tube into the thorax
of a patient's body, filling the thorax with gas and
thereby expanding the thoraxcavity, placing at least
two laparoscopic trocars in the patient's body,
inserting a camera into the thorax, inserting a
dissecting tool through the trocars and dissecting an
area of the blood vessel or heart, opening the blood
vessel or heart near a defective valve, positioning
the artificial valve according to the invention to
replace the function of the defective valve. A method
of treating a valve disorder in a blood vessel of a
patient may also comprise the steps of inserting a
needle-like tube into the abdomen of a patient's body,
filling the abdomen with gas and thereby expanding the
abdominal cavity, placing at least two laparoscopic
trocars in the patient's body, inserting a camera into
the abdomen, inserting a dissecting tool through 



the trocars and dissecting an area of the blood
vessel, opening the blood vessel, and placing the
artificial valve according to the invention in the
blood vessel. All methods as well as the features of
the device may, if appropriate, be combined in any
combination.CLAIMS 1. An artificial valve (100) for
implantation in a patient's blood vessel (200)
comprising - a first (10) and a second (20) valve
member each having a first smooth surface ( 1 1, 21)
facing each other so as to form a sealing contact
between the first and second valve members and further
having at least one blood flow passage (13, 23a)
extending from the first surface to a second surface
(12, 22) located on an opposite side of the respective
valve member, wherein at least one (10) of the valve
members is arranged so as to be displaceable relative
to the other (20) valve member in a slidable manner
such that the passage (23a) of the second valve (20)
member can be brought into at least partial alignment
with the passage (13) of the first valve member (10)
while maintaining the sealing contact between the
first and second valve members, and - a displacing
mechanism (M; 50-56)for the relative displacement of
the valve members (10, 20). 2. The artificial valve of
claim 1, further comprising a third valve member (30)
having a first smooth surface arranged to form a
sealing contact with the second surface (12) of the
first valve member (10) and further having at least
one blood flow passage (33) extending from the first
surface to a second surface located on an opposite
side of the third valve member, wherein the third
valve member (30) is arranged so as to be displaceable
relative to the first valve member (10) in a slidable
manner such that the passage (33) of the third valve
member (30) can be brought into at least partial
alignment with the passages (13, 23) of the first and
second valve members (10, 20) while maintaining the
sealing contact between the first and third valve
members (10, 30). 3. The artificial valve of claim 2,
further comprising at least one further valve member
having a first smooth surface for sealingly contacting
a secondsurface of one of the other valve members (10,
20, 30) and further having 



a blood flow passage for at least partial alignment
with the passages (13, 23, 33) of the other valve
members. 4. The artificial valve of any of claims 1 to
3, wherein the displaceable arrangement of the valve
members relative to one another is such that the valve
members are slidable back and forth. 5. The artificial
valve of any of claims 1 to 3, wherein the
displaceable arrangement of the valve members relative
to one another is such that the valve members are
continuously slidable in one direction. 6. The
artificial valve of claim 4, wherein the valve members
are lineally slidable so as to allow for the at least
partial alignment of their blood flow passages. 7. The
artificial valve of claim 4 or 5, wherein the valve
members are rotatably slidable so as to allow for the
at least partial alignment of their blood flow
passages (13, 23, 33). 8. The artificial valve of
claim 7, wherein the passages of the valve members are
identically arranged about a common axis (101). 9. The
artificial valve of claim 7 or 8, wherein the passages
of the valve members have an interrupted or
uninterrupted angular extension of exactly or
preferably somewhat less than 360 x n/(n+1), where n
is the number of the displaceably arranged valve
members (10, 30). 10. The artificial valve of any of
claims 7 to 9, wherein the passages of at least one of
the valve members are divided into angularly extending
sectionsby means of radially extending bridges (24).
11. The artificial valve of claim 10, wherein the
number of bridges (24) is n-1, where n is the number
of the displaceably arranged valve members. 12. The
artificial valve of claim 10, wherein the number of
bridges (24) is larger than n-1, where n is the number
of the displaceably arranged valve members. 13. The
artificial valve of claim 12, wherein the bridges of
each valve member each have a center line, wherein the
center lines are arranged about the common axis at an
equal angular distance and the bridges each have an
angular extension equal to or preferably somewhat
larger than the 



angular extension of each of the sections of the
angularly extending passages. 14. The artificial valve
of any of claims 1 to 13, wherein at least two of the
surfaces ( 1 1, 21) together forming a sealing contact
are parallel. 15. The artificial valve of claim 14,
wherein the sealing contact is overall flat. 16. The
artificial valve of any of claims 1 to 13, wherein at
least two of the surfaces ( 1 1, 21) together forming
a sealing contact have a concave and convex shape,
respectively. 17. The artificial valve of any of
claims 1 to 16, wherein the valve members (10, 20) are
made of a material inert enough to maintain over time
a low friction between the surfaces ( 1 1, 21) forming
the sealing contact. 18. The artificial valve of claim
17, wherein the material comprises a ceramic
material.19. The artificial valve of any of claims 1
to 18, wherein the sealing contact formed by two of
the surfaces ( 1 1, 21) withstands without leaking an
internal positive blood pressure of at least 80 mmHg
(1.05 N/cm 2). 20. The artificial valve of claim 19,
wherein the two surfaces ( 1 1, 21) together forming
said sealing contact each have a maximum roughness
good enough to substantially avoid leakage through
said sealing contact. 21. The artificial valve of
claim 19 or 20, wherein the two surfaces ( 1 1, 21)
together forming said sealing contact each have a
maximum unevenness over the entire contact area good
enough to substantially avoid leakage through said
sealing contact. 22. The artificial valve of any of
claims 19 to 21, wherein with respect of the two
surfaces ( 1 1, 21) together forming said sealing
contact, the minimum contact length between one of the
corresponding passages and an outer border of one of
the two surfaces is large enough to substantially
avoid leakage through said sealing contact. 23. The
artificial valve of any of claims 1 to 22, comprising
at least one pretensioning element (41, 42) by which
the valve members are urged together. 24. The
artificial valve of any of claims 1 to 23, wherein an
exposed surface (105, 106) of the heart valve on the
upstream and/or downstream side of the heart valve is
designed to provide for a laminar blood flow along the



entire surface area under in vivo conditions.25. The
artificial valve of any of claims 1 to 24, wherein the
displacing mechanism (50-56) is a blood-pressure
driven mechanism, which is mechanically driven by
forces exerted by the blood pressure. 26. The
artificial valve of claim 25, wherein the
blood-pressure driven displacing mechanism comprises a
pressure transforming member arranged for
transforming, when the valve is implanted in a
patient's blood vessel, a blood pressure change into
relative movement of the displaceably arranged valve
members. 27. The artificial valve of claim 26, wherein
the pressure transforming member comprises a pressure
plate or diaphragm (50, 56) arranged to be moveable by
changes of the blood pressure acting on the valve, and
mechanically coupled to at least one (10) of the
displaceably arranged valve members. 28. The
artificial valve of claim 27, wherein the pressure
plate or diaphragm (50) is positioned on an upstream
side of the valve and coupled to the at least one (10)
of the valve members such that increased blood
pressure acting on the valve on the upstream side of
the valve causes the pressure plate or diaphragm to
move in a downstream direction and thereby further
causes at least partial alignment of the passages of
the valve members (10, 20). 29. The artificial valve
of claim 27 or 28, wherein the pressure transforming
member comprises a pressure plate or diaphragm (56)
positioned on a downstream side of the valve and
coupled to the at least one (10) of the valve members
such that increased blood pressure acting on the valve
on the downstream side of the valve causes
disalignment of the passages of the valve members (10,
20). 30. The artificial valve of claims 28 and 29,
wherein the pressure plate or diaphragm (50) on the
upstream side of the valve is rigidly connected tothe
pressure plate or diaphragm (50) on the downstream
side of the valve. 31. The artificial valve of any of
claims 27 to 30, wherein resilient means (51) are
provided for urging the pressure plate or diaphragm
(50) positioned on the upstream side in an upstream
direction. 32. The artificial valve of any of claims 1
to 31, wherein the displacing mechanism comprises a
motor (M) for bringing the blood flow passages 



(13, 23) of the valve members (10, 20) into and out of
alignment. 33. The artificial valve of claim 32,
wherein the motor (M) is incorporated in the valve.
34. The artificial valve of claim 33, wherein the
motor is contained within a valve housing formed and
sealed against blood ingression by the valve members.
35. The artificial valve of any of claims 32 to 34,
wherein the motor is arranged for being driven by an
electromagnetic field. 36. The artificial valve of any
of claims 32 to 35, wherein means (60) are provided to
urge the blood flow passages into at least partial
alignment when the motor is not energized. 37. The
artificial valve of claim 36, wherein said means (60)
comprise a return spring arranged for relative
movement of the valve members so as to bring the flow
passages into at least partial alignment. 38. The
artificial valve of any of claims 32 to 37, wherein
the displacing mechanism is provided with an energy
source for the motor, said energysource to be
implanted in a blood vessel along with the valve., 39.
The artificial valve of claim 38, wherein the energy
source for the motor comprises a blood flow energy
transforming device (80) for transforming blood flow
energy into electrical energy, when the energy source
is implanted in a patient's blood vessel. 40. The
artificial valve of claim 39, wherein the blood flow
energy transforming device (80) comprises an impeller.
4 1. The artificial valve of claim 39 or 40, wherein
the displacing mechanism further comprises an energy
storage device (E) for temporarily storing the
transformed electrical energy. 42. The artificial
valve of claim 41, wherein the energy source includes
a capacitor. 43. The artificial valve of claim 38 or
42, wherein the energy source comprises a rechargeable
battery. 44. A valve system comprising the artificial
valve (100) according to any of claims 32 to 43 and
further comprising an energy source for providing the
motor with energy from outside the blood vessel. 45.
The valve system of claim 44, wherein the energy
source is adapted to 



provide energy from outside the patient's body to the
motor for use by the motor at the time the energy is
transferred.) 46. The valve system of claim 44,
wherein the energy source comprises energy storage
means (E).47. The valve system of claim 46, wherein
the energy storage means (E) comprises a battery, a
capacitor, a rechargeable battery and/or any other
type of accumulator. 48. The valve system of claim 46
or 47, wherein the energy storage means (E) is adapted
to be implanted inside the patient's body. 49. The
valve system of claim 48, wherein the energy storage
means (E) is adapted to be implanted inside the blood
vessel. 50. The valve system of claim 48, wherein the
energy storage means (E) is adapted to be implanted
outside the blood vessel. 5 1. The valve system of
claim 45, further comprising an energy transmission
device for wireless energy transfer from the energy
source outside the patient's body to the motor. 52.
The valve system of any of claims 46 to 50, further
comprising an energy transmission device for wireless
energy transfer from the energy storage means to the
motor. 53. The valve system of any of claims 48 to 50
or 52, further comprising an energy transmission
device for wireless energy transfer from outside the
patient's body to the energy storage means to be
implanted inside the patient's body. 54. The valve
system of claim 5 1 or 52, wherein the motor is
adapted to directly transform the wirelessly
transferred energy into kinetic energy. 55. The valve
system of any of claims 5 1 to 53, comprising a
transforming device (97) for transforming the
wirelessly transferred energy into electricenergy. 56.
The valve system of any of claims 5 1 to 55, wherein
the energy transmission device (70) for wireless
energy transfer is adapted to generate an
electromagnetic field. 57. The valve system of any of
claims 5 1 to 56, wherein the energy transmission
device for wireless energy transfer is adapted to
generate a magnetic field. 58. The valve system of any
of claims 5 1 to 57, wherein the energy 



transmission device for wireless energy transfer is
adapted to generate an electrical field. 59. The valve
system of any of claims 5 1 to 58, wherein the energy
transmission device (98) for wireless energy transfer
transmits energy by at least one wireless signal. 60.
The valve system of claim 59, wherein the wireless
energy signal comprises an electromagnetic wave
signal, including at least one of an infrared light
signal, a visible light signal, an ultra violet light
signal, a laser signal, a micro wave signal, a
microwave signal, an X-ray radiation signal, and a
gamma radiation signal. 61. The valve system of claim
59, wherein the wireless energy signal comprises a
sound or ultrasound wave signal. 62. The valve system
of any of claims 59 to 61, wherein the wireless energy
signal comprises a digital or analog signal or a
combination thereof. 63. The valve system of any of
claims 44 to 50, further comprising galvanic coupling
elements (90) between either the energy source or the
energystorage means and the motor for transmitting
energy to the motor in contacting fashion. 64. The
valve system of any of claims 46 to 50 or 63, further
comprising galvanic coupling elements adapted to
connect the energy storage means, when implanted
inside the patient's body, to an extra corporal
primary energy source for transmitting energy to the
energy storage means in contacting fashion. 65. The
valve system of claim 64, further comprising the extra
corporal primary energy source. 66. A valve system
comprising an artificial valve according to any of
claims 32 to 65 and further comprising a control unit
(C) for controlling the motor (M) of the valve (100)
so as to bring the blood flow passages into and out of
alignment in conformity with a control signal. 67. The
valve system of claim 66, wherein the control unit is
adapted for controlling the motor from outside the
patient's body. 68. The valve system of claim 66,
wherein the control unit is adapted for implantation
inside the patient's body outside the blood vessel.
69. The valve system of claim 66, wherein the control
unit is adapted for 



implantation inside the blood vessel. 70. The valve
system of claim 69, wherein the control unit is
integrated in the artificial valve. 71. The valve
system of any of claims 66 to 70, further comprising a
control signal transmission device for wireless
transmission of the control signal.72. The valve
system of claim 71, comprising a data transmission
interface (95, 96; 97, 98) for wirelessly transmitting
data from outside the patient's body to the control
unit inside the patient. 73. The valve system of claim
7 1 or 72, wherein the wireless control signal and/or
data transmission comprises an electromagnetic wave
signal, including at least one of an infrared light
signal, a visible light signal, an ultra violet light
signal, a laser signal, a microwave signal, a radio
wave signal, an X-ray radiation signal, and a gamma
radiation signal. 74. The valve system of claim 7 1 or
72, wherein the wireless control signal comprises a
sound or ultrasound wave signal. 75. The valve system
of any of claims 7 1 to 74, wherein the wireless
control signal comprises a digital or analog signal or
a combination thereof. 76. The valve system of any of
claims 66 to 75, adapted to transmit the control
signal in the same manner as energy is transmitted to
the motor. 77. The valve system of claim 76, adapted
for transmitting the control signal by modulation of
an energy signal. 78. The valve system of any of
claims 66 to 77, adapted to provide the control signal
as a frequency, phase and/or amplitude modulated
signal. 79. The valve system of any of claims 66 to
78, wherein the control signal is influenced by
external signals. 80. The valve system of claim 79,
wherein the control signal relates to a blood pressure
signal.8 1. The valve system of claim 80, further
comprising a blood pressure sensor (P), said blood
pressure sensor providing the blood pressure signal,
when the system is installed on a patient. 82. The
valve system of claim 81, wherein the blood pressure
sensor (P) is arranged on an upstream side (105) of
the valve. 83. The valve system of claim 82, wherein
the blood pressure sensor (P) is provided for being
located in a heart chamber. 84. The valve system of
any of claims 8 1 to 83, wherein the blood pressure 



sensor (P) is fixed to the valve (100). 85. The valve
system of any of claims 79 to 84, wherein the control
signal relates to a pacemaker signal. 86. The valve
system of claim 66 or 85, further comprising a
pacemaker, said pacemaker, when the system is
installed on a patient, providing the pacemaker signal
according to claim 85 or directly providing the
control signal according to claim 66. 87. The valve
system of any of claims 66 to 85, wherein the control
unit is freely programmable so as to be flexibly
adaptable to provide control signals for the motor
according to changing demands. 88. The valve system of
claim 87, wherein the control unit is programmable
from outside the patient's body. 89. The valve system
of claim 88, wherein the control unit is adapted for
implantation inside the patient's body and is
programmable by wireless remote control.90. The valve
system of claim 87 or 88, comprising a programming
unit adapted for programming the control unit. 9 1.
The valve system of any of claims 66 to 90, wherein
the control unit is adapted to provide feedback
information. 92. The valve system of claim 91, wherein
the feedback information relates to physiological data
of the person, such as blood pressure data. 93. The
valve system of claim 9 1 or 92, wherein the feedback
information relates to technical data of the valve
system. 94. A valve system comprising an artificial
valve for implantation in a patient's blood vessel
according to any of claims 1to 43 or the valve system
of any of claims 44 to 93, further comprising an alarm
system. 95. The valve system according to claim 94,
wherein the alarm system comprises a blood pressure
sensor (P). 96. The valve system of claim 95, wherein
the blood pressure sensor (P) is arranged on an
upstream side (105) of the valve. 97. The valve system
of claim 96, wherein the blood pressure sensor (P) is
provided for being located in a heart chamber, when
the system is installed on a patient. 98. The valve
system of any of claims 95 to 97, wherein the blood
pressure 



sensor (P) is fixed to the valve (100).99. A method of
treating a human being or an animal by implanting the
artificial valve (100) of any of claims 1 to 43 in a
patient's body, comprising the steps of - cutting the
skin, - free-dissecting a patient's blood vessel or
heart (200), - opening the blood vessel or heart, -
affixing the artificial valve in place by surgery such
that it forms a flow connection between an upstream
part and a downstream part of the blood vessel or
heart, - suturing the blood vessel or heart, and -
suturing the skin. 100. The method of claim 99,
wherein the step of affixing the valve to place
involves the step of passing a suture thread through
both the artificial valve and a wall of the blood
vessel. 101. The method of claim 100, wherein the step
of passing the suture thread through the artificial
valve includes passing the thread through fixing holes
in a wall of the artificial valve. 102. The method of
claim 100, wherein the step of passing the suture
thread through the artificial valve includes passing
the thread through an adapter of biocompatible polymer
affixed to the artificial valve. 103. The method of
any of claims 99 or 102, comprising the step of
dissecting around a defective valve of the blood
vessel and removing the defective valve. 104. The
method of any of claims 99 to 103, wherein the step of
free-dissecting the patient's blood vessel comprises
the step of opening the patient's thorax. 105. The
method of claim 104, wherein the step of opening the
blood vessel comprises one of the following steps: (a)
opening an atrium of thepatient's heart to gain access
to the right or left atrioventricular valve or (b)
opening a blood vessel adjoining the patient's heart
to gain access to the patient's aortic valve and the
pulmonary valve, respectively. 106. A method of
treating a valve disorder in a blood vessel or heart
of a patient, comprising the steps of claims 99 to 103
and further comprising the steps of 



- inserting a needle-like tube into the thorax of a
patient's body, - filing the thorax with gas thereby
expanding the thorax cavity, - placing at least two
laparoscopic trocars in the patient's body, -
inserting a camera into the thorax, - inserting a
dissecting tool through the trocars and dissecting an
area of the blood vessel or heart, - opening the blood
vessel or heart near a defective valve, and - placing
the artificial valve to replace the function of the
defective valve. 107. The method of any of claims 99
to 103, wherein the step of free-dissecting the
patient's blood vessel comprises the step of opening
the patient's abdomen. 108. A method of treating a
valve disorder in a blood vessel of a patient,
comprising the steps of any of claims 99 to 103 and
further comprising the steps of - inserting a
needle-like tube into the abdomen of a patient's body,
- filling the abdomen with a gas, thereby expanding
the abdominal cavity, - placing at least two
laparoscopic trocars in the patient's body, -
inserting a camera into the abdomen, - inserting a
dissecting tool through the trocars and dissecting an
area of the blood vessel, - opening the blood vessel,
and - placing the artificial valve in the blood
vessel.109. The method of any of claims 104 to 108,
further comprising the step of connecting the patient
to a heart-lung-machine. 110. The method of any of
claims 99 to 109, further composed of placing within
the patient's body one or more of the following
elements: - an energy source for providing a motor
(100) of the artificial valve with energy from outside
the blood vessel, - energy storage means (E) to
provide the motor with energy, composes of at least a
battery, a capacitor or a rechargeable battery, -
galvanic coupling elements (90) between either the
energy source or the energy storage means and the
motor for transmitting energy to the motor in
contacting fashion, 



- wireless coupling elements adapted to connect either
the motor or the energy storage means or both to an
extra corporal primary energy source for transmitting
energy to either the motor or the energy storage means
or both in non-contacting fashion, - a control unit
(C) for controlling the motor so as to bring into and
out of alignment the blood flow passages of the
artificial valve in conformity with a control signal,
- a data transmission interface (95, 96; 97, 98) for
wirelessly transmitting data from outside the
patient's body to the control unit, - a wireless
programming interface for programming the internal
control unit form outside the patient's body, - a
pacemaker, and - a blood pressure sensor (P). 11. A
method of treating a human being or an animal by means
of the artificial valve system of any of claims 66 to
85, with the artificial valve system being installed
in the patient's body, comprising the step of
influencing from outside the patient's body the
control signal for controlling the motor.112. The
method of claim 111, wherein the step of influencing
the control signal comprises the step of providing the
control signal from outside the patient's body. 113.
The method of claim 111, wherein the step of
influencing the control signal comprises the step of
transferring data between an extra corporal
programming unit and an implanted control unit of the
artificial valve. 114. A method of treating a human
being or an animal by means of the artificial valve
system of claim 86, with the artificial valve system
being installed in the patient's body, comprising the
step of influencing the control signal by means of a
signal of the pacemaker or directly providing a signal
of the pacemaker as the control signal. 


