ARTIFICIAL VALVE FOR IMPLANTATION Background of the invention 5
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 10 and to
perform its function over many years, préferably 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,
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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

20 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.

25  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

30 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, 5 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 férther components. 10 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 theYirsPaPEEed iRy B members face each other so as to form a
sealing contact between the first and second valve members. The first and is

secofqyae b erditiene sriidrvRahirATosRiead Jawaassaas or
extendml%_lfrom the first ,smootp surface tg a second surfacg I.OFEted (\)?Qtlan
eas e

oppo R UIE3? {R& RASSEERRSIVES bR HiTHar&IA At T o
Valvevhifdnioaps iaraepii gelipsls a¥aioadengisprirsbaiinceratives tatfdostter
valvecrrieraligrbéing slidabidathaniiertsddly thabile passage of the second
valve member can be 20 brought into at least partial alignment with the
pass tqe 0 thﬁ first valve. member while mai taining the sealing cqontact

betwtan HE L ANESAISAE AT ERERrS e Phe XS SRIRPLRDS A
to th@ppresEaiplvpbyiond flther CMMPIRIES: a displacing mechanism for the
felative displacement of the valve members so as to bring their blood flow

Passages QAR AL BRich AL IgASTe ZreRaHlighaHEpMEIMphis 1a¥: Bired
flow throu httle valve can be controlled by sliding displacement of the valve
eSS SANEETBRE SRR MRS HEy AARIAG LIRS SaR s B & blood
flow perdaersed, the fspleriid gasandciabn g embetsfrceTars s atbritaospriades e
formiswglihg cedlicigheomtanttandifitafdcietat opesingaberclosmgref dhe valve
i3 perdosmer QY slding dispiacementaldhe fRegH ’ngﬂcf?&ﬁﬁﬁyé’g% to each

other prevent an% fkbr?,sis formation on the seallng su;fac?s. hclljs, the
sealif tending 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
20  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

25  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

30 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 another



efficiency will not deteriorate over time. Furthermore, due to the valve
members being displaced relative to one another 3 in 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 5 present
invention with only two valve members afounts 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
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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
20  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.

25  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

30 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 single



the valve members relative to each other the entire cross sectional area of
the 30 artificial valve may be closed. The valve members may be arranged
S0 as to be slidable back and forth relative to one another in opposite
directions or so as to be slidable in a single 4 direction. 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 5 the valve members
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complete cross sectional overlap of the valve members when the valve is in
its closed position. 25 However, where the artificial valve includes more than
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20  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.

25  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

30 adirection 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 as



of rotation will occur in the valve's closed position even though, when viewed
in 30 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 as 5 to
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
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wherein the center lines are arranged about the common axis at an equal
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e passages into a plurality of ang
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.
20
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
25  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

30 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 the



25 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 30 memtfers 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
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For use in an individual’s blood vessel, the artificial valve is designed such that

20 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/cm?). 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

25  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

30  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 of



sealing capabilities should be sufficient even at minimum axial pressure.
More particularly, the valve members should be mounted so as to barely
contact each 25 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 30 corresponding two sealing
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The maximum roughness and maximum unevenness of ceramics depend on the
production method, but for plates they are normally very good and still within

20  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.

25 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.

30
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 the



The maximum roughness and maximum unevenness of ceramics depend on
the production method, but for plates they are normally very good and still
within 20 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. 25 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.
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15 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

20 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

25  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

30  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 the



pressure change into relative movement of the displaceably arranged valve is
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 upstreamide of the valve and coupled to at
least 20 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
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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
prefeYdi§ 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
20  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
25  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

30  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.



10 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 is formed in'4 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
staton2érmatisitle the kicaageaskebatne e capacitsidesdheoradventrgyraiotge
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capacitor. The accumulator may be rechargeable from outside the blood
vessel by wire or, more preferably, wirelessly. 10 Alternatively, the
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energy source is implanted in a patient's blood vessel, this elecfrical energy

being QBB TBPERERHR (HeeRETE StBPILEFARA 0, 2o R SARREUEly “ror direct

use b’yqlmggeable 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

20  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

25  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

30  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 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 io 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 is patient's skin. Aghin, 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
acculMiia T isereash pon I espatiRpt srimdy st dertjcrpYrirgty energy
sourggteFhatiesler gyesandics maybel sansfansigtvaf aldsitéryniatreerapigcect deem

time [R.lime, WRsrsithe energy source 20 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
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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
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from the energy Storage means to the motor.

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

20 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.

25  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 -
radiation signal. Also, the wireless energy signal may comprise a sound or
ultrasound wave signal. Furthermore, the wireless energy signal may comprise a

30 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 the



5 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 10 in the case of an electromagnetically driven motor, a transforming
device for transforming the wirelessly trhsferred 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 aPASERt HPAdBLR" hethelen theniatsTerranial REIRE SRErdS®esd9rsupply
meanmosisicied kadspadi e 'sreaglystdhegenengyolr atvsonSaioondeviag fashion.
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means to the motor may be adapted to generate an electromagnetic field, as
discu¥&& above in respect of the 20 electromagnetically driven motor.
Aternatively or in addition, the energy transmission device for wireless
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A control signal transmission device may be provided for wireless transmission of
the control signal to the motor. Similarly, a data transmission interface for
20  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
25  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.

30  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 valve



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. 5 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. 10 The control unit'fhay 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 aPaficRaCDaf/@ Pradelsiativedlers esietBPLFENHARYEadRY8l ¢de open
controldinpetbenmoterefraotoroutside the patient's body and may, thus, be
mounted on the patient's skin. The is latter alternative allows for direct

manipulatjon of the control upit by a doctor or by the patient by appropriate
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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

20  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

25  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
30  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.



signal. For instance, when the blood pressure on the upstream side of the
valve 13 has 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 5 therefore comprises a blood
pressure sensor which provides the blood pressure signal, when the system
is installed in a patient. The blood pressiffe 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
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programming unit adapted for programming the control unit may complete

the VElvefs stem.,SucrEEﬁro ramming unit may be 25 mountable on the
patie PESHRCRRRLA 2 tAY'E8htrol unit may be adapted to provide
feedback information. Where the control unit is arranged for implantation in
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preferably wirelessly. The

Figures 2 to 4 show top views of three different designs of the artificial valve
shown in Figure 1 with differently arranged flow passages.

20  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.

25
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

30  concave and convex shape, respectively.

Figure 10 shows an artificial valve in which the valve members are clamped by
resilient means.



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. 14 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 m&functioning within the system. For
instance, the alarm system may 5 comprise a blood pressure sensor which
may be the same as the one mentioned above. If, for instance, the valve
comprizés Ay prexse raedipgs viisplasgnicRlcHamesing aieeapimsent by
the bieadditeastispisesacinthayendicgigngaproper functioning of the valve
and prompt the control unit to activate a motor provided as a safety backup.
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different designs of the artificial valve shown in Figure 1 with differently
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downstream side bejng designed to provide for a laminar blood flow. Figure
9 shdlol S SiRihg &)zéngiev\(f\ﬁ "wo contacting sealing surfaces having a 30
concave and convex shape, respectively. Figure 10 shows an artificial valve
in whidduite @ /slyesae abieicaaraelawhzed ddy energy for the motor is obtained

15 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
20  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.
25

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,

30 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 11 to a second surface 12, and the second



resilient means. 15 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 5
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 af®pen state when the motor is not
energized. 10 Figure 14 shows an artificial valve where the motor is driven
electromagnetically from outside the blood vessel. Figure 15 shows an
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examples of different embodiments of a valve system comprising the artificial

valve_accordin % B’ the &)fresent |nv n 25D tallrﬁd des r| tion of the

drawlng¥ Fighree tf ‘2{}{]?‘8 a‘i(‘/%aIB BBNEiRG fi?%?%?af\/e
memietiranthg a@é@é%%&lﬂ@%ﬁ%@ﬁmm&%ﬁf OIS AR &R PRk,
20b. dndhigghabedimeat,al3€ rieensecondyai\wbsnenalfesr20t fiprmsoahensing
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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 2tsitssebhovihsaatyaerpesgdfdifgre made from ceramics since such

material provides excellent sealing properties between the sealing surfaces 11,
15 21 and 12, 21 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

20  sealing surfaces 11, 21 and 12, 21 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.

25  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

30  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 passages



from a first surface 11 to a second surface 12, and the second 16 valve
member has a blood flow passage 23a, 23b extending from a first inner
surface 21 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 5 the second valve!fember 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 YarREb e gress18dnik A GASItAediISSHRLeRATE PaTAGVEdYmensions
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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
20 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.

25  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

30  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),



with different blood flow passage designs. In Figure 2, the blood flow
passages 17 13, 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 5 and cl8se 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

eachWissn sépherembsTofinetsriacamy msaeivA s MEmBRigular

extension of somewhat less than 90. By this arrangement, rotation of the first
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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
20 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

25 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

30  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 the



30 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 360xn(n+1), 18 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 rjngember 5 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
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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.

20  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

25  polymer, such as polytetrafluoroethylene. A clamp 41 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

30 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.



30 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
the 19 top 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 furtfler subdivided by bridges 24 so as
to form subsections of equal size. Again, the bridges 24 are needed to
prevent any backflow which 5 would otherwise occur between adjacent valve
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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

20  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
25  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
30  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.



halves. A second resilient sealing ring 42 is provided not only to seal the
interior 30 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. 20 Figure 11
shows a mechanical blood-pressure drién 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.
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displaeeahly arranged 10 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
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secoftjectly 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

20 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,
25  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
30 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.



25 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 30 blood again, the blébd 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
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the motor M is taken from the blood flow by means of an impeller 80. The
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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

20  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

25  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

30 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.



directly consumed by the motor may be stored in an energy storage means
E, 25 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 30
electric wires 90. Such wires may connéct 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. 22 Furthermore,
in therefidoes imesisbpviorigdigeres EGitbareaigpdonsdizcise qriisot’ Lsutie.
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pressure sensor P is arranged on the exterior surface 105 on the upstream

side gf thery e LAbRHRSTUER FINAIS I COIF LR X RLdisEteniy sent
to the control unit C so that th trol upit C ma fuse the motor M to turn
the ARSI A TRaMOT 0P e FILSSUANS, MHERTEA G ot
the vahge 108G wheaensrariuppesiered \va erdibransaissieaintefaees? adiition
the control signal of the control unit C may relate to a pacemaker signal. In
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syste radlcatlpg ryalfunctlo of the valve when th % ressure on the
ood vessel and controls the energy storage means E 50 as to actwate energy

transfer from the energy storage means E to 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

20 the energy storage means E and 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
25  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.

30



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 25 pacemaker basically replaces the control unit C. Figures
17 to 19 show three of a great number c?f“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
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therefrom. 10 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
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storage means E so as to activate energy transfer from the energy storage

means E to the motor at appropriate times. The
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

20 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-lung-machine.

25
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:

30 - 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,



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 20 the energy storage means E and 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 25 Figure 18 excep>or 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 SRiAABGO 6 §RYRIAS @AY PaMEereRiEhee tiu7 aResNEER S ttEASsform
the rad@atpsteneegydaie &lectiionenerdyrarhstoitdiegedkiytieoany chatar in
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Subsequ%n , e|ther a blood vessel adjoining the
- 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
20 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
25  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

30 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 thorax



20 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-lung-machine. 25 In addition48 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
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bodyplacing the artificial valve according to the invention in the blood vessel.

15 All methods as well as the features of the device may, if appropriate, be

combined in any combination.



Is - 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 20 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 extfa corporal programming unit and
the control unit of the artificial valve which provides the control signal to 25
the motor, or - the step of influencing the control signal by means of the
paceftdMB signal or directly providing the pacemaker signal as the control
signal. A method including the step of free-dissecting the patient's blood
vessel mayh 3aicemprade themtep Dhsperatichtiheapatient's blvadbxessel (200)
abdomen..fmpathted 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 %HE@%[Q%XmBEWQG??nWQ@%&NE VHGS Radsher VQ&R%@QHEQ
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body, msefrtlrE% 8°t mera in oc% g]rs ‘ﬁﬁ\’% sertlgeqr? JSS%:UI’IQSE&OH roug
t |00
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Hcording RBMYRETREHHIShaE 45 emA BRI SN B HE TR RS GhiFastA
method oRE&IARY AURB WD FRritra DIEEdINe S48 SafBstivhtarmiPdso
comprise #8EC8tEpHTEedEr ity amatrbita-AREORABEtiIERS HiRispenteaalve
patient's boeypbfillingheneimbdmaseongithdyas heditieret pasrpdmairgyrieaiers
abdominalscavityzeolacimgtabkedisptreedblpartstiopio trecatem20epvebent's
hody, insetéingen Dansatabiontieaheam el tinse pasc g 43¢ ofitgetealond
through theyfeogalsintheissABBr Al A OA et padivessimepe Wity tihe
blood vesgglsaati13) of the first valve member (10) while maintaining the sealing
contact between the first and second valve members, and

20 - adisplacing mechanism (M; 50-56)for the relative displacement of the
valve members (10, 20), the displaceable arrangement of the valve
members relative to one another being such that the valve members are
continuously slidable in one direction.

25 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,

30 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

35 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 second



placing the artificial valve according to the invention in the blood vessel. is All
methods as well as the features of the device may, if appropriate, be
combined in any combination. 27 CLAIMS 1. An artificial valve (100) for
implantation in a patient's blood vessel (200) comprising: 5 - a first valve
member (10) and a second valve member (20), each of the first and second
valve members having a first smooth sufface (11, 21), the first smooth
surface of the first valve member facing the first smooth surface of the
second valve member so as to form a sealing contact 10 between the first
and secordrnalvehoemirets; aierfuathemeabag atde2t 30nanblbothéohaving
passage (1 Blod3a)awirpeiggrbion hsdipstruriagentena waaranrdhatsdaes(32,
22) locateghon3R OpRARHE Sifleah s Eespective valve member, wherein at
least one (10) of the first and second valve members is arranged so as to be
displaceable relative to the ather (20) valve is member in a slidable manner,
stichthat tHE PHLGRe 1259 o e SiBid Vatved'SE MM Bier'aevibie
brought in6r &t9eash ek iaf ¥alysMeMmbRitH e Vedeag e ehitiechrdtaydife
member (Yalyevinkenheasrateslivghileebgelabing feshtact between the first and
second valve members, and 20 - a displacing mechanism (M; 50-56)for the

relatiye displagaiment efilher\@iye Bemaeis (10vA08 iendispacanialy
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the valve mcgggbesrs are continuously slidable in onedirection. 25 2. The
artificial vava6f tlaim 1, further comprising a third valve member (30) having
a first smooth surface arranged to form a sealing contact with the second

surfage (1Pheotiidctivsyakghef maimide WTRiaribcyalve Membar Aeleeistate
blood flonslidesdage {88) akierfdmddrantetise finsiadutfaoeda af their blood flow

15 passages (13, 23, 33).

7.  The artificial valve of claim 6, wherein the passages of the valve members
are identically arranged about a common axis (101).

20 8. The artificial valve of claim 6 or 7, 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),
25
where n is the number of the displaceably arranged valve members (10,
30).

9. The artificial valve of any of claims 6 to 8, wherein the passages of at least
30 one of the valve members are divided into angularly extending sections



second surface located on an opposite side of the third valve member, 30
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@eahng contact between the first 35
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 meatactimgdiabe eatwh@8g buidgee(f)one of the other valve
members (10, 20, 30) and further having a blood flow passage for at least

partighaligfogniMetl 6 PareadRs (Wherdih $o)RiibE SH5idRIVRNRMbers.

s 4 The ayjficial (2lve 81 A0y oF s big.u essla e sisplageable
arrangement of the valve mem ers relative to one arother is suc that the

valve members are slidable back and forth. 5. The atrtificial valve of claim 4,

wheréln theYaNEHR ¥ SbFR MG isIidaseieasi brikieshiig) theser
least partighaligrimemrefrttirethdlvocbfonf thastspiecsablyTdreangtfloialvealve of
claim 4, wineneerthe valve members are rotatably slidable so as to allow for
the at least partial alignment of their blood flow is passages (13, 23, 33). 7.
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of claim 6% ereln fe passages omﬁe valve members

|nterrupte&%‘?’ﬂﬂ?rﬁ’@ﬁﬁb?@c?&%GP&%“EB&SHE?BFF@P@%&EtRF‘@FbFé‘Fé}QBYﬁ an
somewhaP SR IRItEBE0NXeaN#£e)or pEferably somewhat larger than the angular
extension of each of the sections of the angularly extending passages.

15
13. The artificial valve of any of claims 1 to 12, wherein at least two of the
surfaces (11, 21) together forming a sealing contact are parallel.

14. The artificial valve of claim 13, wherein the sealing contact is overall flat.
20
15. The artificial valve of any of claims 1 to 12, wherein at least two of the
surfaces (11, 21) together forming a sealing contact have a concave and
convex shape, respectively.

25  16. The artificial valve of any of claims 1 to 15, wherein the valve members
(10, 20) are made of a material inert enough to maintain over time a low
friction between the surfaces (11, 21) forming the sealing contact.

17. The artificial valve of claim 16, wherein the material comprises a ceramic
30 material.



where n is the number of the displaceably arranged valve members (10, 30).
9. The atrtificial valve of any of claims 6 to 8, wherein the passages of at least
30 one of the valve members are divided into angularly extending sections 29
by means of radially extending bridges (24). 10. The artificial valve of claim 9,
wherein the number of bridges (24) is n-1, where n is the number of the
displaceably arranged valve members. 8%1. The artificial valve of claim 9,
wherein the number of bridges (24) is larger than n-1, where n is the number
of the displaceably arranged valve members. 10 12. The artificial valve of
claim'81, Whersiifigh Y esay @4ckhimivetEmpyberaiacheeng eemastline,
wherein theraasntey liwvearkeaiidagad BlhQuj thiehscarisvarhaxideakig egual

angular digianse 3pgneduitaseSariidrayea snamag pxBnsiepgaual to or

preferably somewhat larger than the angular extension of each of the
sections of the angularly extending passages. 15 13. The artificial valve of
any dPelaifhs artdigial vaherefrr @ime st Whereintie Wiaraetses {1122 1daeakher
forming a kealingsaahiestirayedpeaetledch havde rmsitiraiah valgdresclriod é3ough
wherein thg mkm&mp%a&&»@g@'Ht%hg@%f"o@éhﬁ%ﬁmsﬁl valve of any of

claims 1 to 12, wherein at least two of the surfaces (11, 21) together forming

a sealing contact have a concave and convex shape, respectively. 25 16.
The aRificlIeRAVEGH air) o PEIRAT 1Bter 18, wWirsrirthiRdwaRks aseniberd 1] 10,
20) are masieica foratriahio sthaangd ugltder reintaive Qvak Lirmena owvefietion
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valve of cl%im 16, wherejn the material comprises a ceramic
through 'said sealing contact.

21. The artificial valve of any of claims 18 to 20, wherein with respect of the
15 two surfaces (11, 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.

20 22. The artificial valve of any of claims 1 to 21, comprising at least one
pretensioning element (41, 42) by which the valve members are urged
together.

23. The artificial valve of any of claims 1 to 22, wherein an exposed surface
25 (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.



30 material. 30 18. The artificial valve of any of claims 1 to 17, wherein the
sealing contact formed by two of the surfaces (11, 21) withstands without
leaking an internal positive blood pressure of at least 80 mmHg (1.05
N/cm2). 5 19. The atrtificial valve of claim 18, wherein the two surfaces (11,
21) together forming said sealing contact each have a maximum roughness
good enough to substantially avoid Ieal@dge through said sealing contact. 20.
The artificial valve of claim 18 or 19, wherein the two surfaces (11, 21) 10
together forming said sealing contact each have a maximum unevenness
over e eftratditacyareafandotnigh tashsihetiiltiaa/dishleckage
through saidaraling 6058GE 2Blb8rElicialrvatyveefrnykef lRicASs1S to 20,
wherein with Jiespedt, Afritg: i R auares %@&aeagmgumrm'ng said

sealing contact, the minimum' contact length between one of the
correSé)onding assages and an outer border of one of the two surfaces is

large’enoddfi B EITREAEIR] S8 fe XRREE T PERIPP S REPSLRAG htact. 20
22. The afifeiedi0aMEBRRIEY 6PTRIINRS 2 REEFUre SApHRIMY aMmeasepAranged
pretensiorfirgralshoentn@ Whtd) thy vakvehstimeplaaitas menpeties tirblopd edssel, a
together. Bholiheeastificttavigivintof retitiod alavaschtof2Rewkpleitadly axjaased
surface 25,(JOrekR)Of the heart valve on the upstream and/or downstream
sjde of the heart valve is designed to provide for a laminar blood flow along
the %tireﬁurfac? area nder Ln.viég co ditloqﬁ. 31 24. The %rtificial valvg of
any di°claims 1 1023, Wherain the diplacing MEchanism (50-50) 14 "< oer
blood-pre S8R 7R RTRTER MR MOWHRER RS8N AN AR 8RTL EhPBy o reRle
exerted bypYrH@dIgrsPproedlped Bresurhectngfididheayw s fapimechanighlbyein
the blood-pregsdre dtileast one (10) of the displaceably arranged valve members.

15
27. The artificial valve of claim 26, 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

20 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).

28. The artificial valve of claim 26 or 27, wherein the pressure transforming
25 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 disalighment of the passages of
the valve members (10, 20).
30
29. The artificial valve of claims 27 and 28, wherein the pressure plate or
diaphragm (50) on the upstream side of the valve is rigidly connected to



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. 10 26. The artificial valve of claim 25, wherein the pressure
transforming member comprises a pressure plate or diaphragm (50, 56)
arranged to be moveable by changes ot4he blood pressure acting on the
valve, and mechanically coupled to at least one (10) of the displaceably
arranged valve members. 15 27. The atrtificial valve of claim 26, wherein the
pressure pleteressdieghasgon didphragpoSidiorrethe damsipstine side sificheviine.
valve and coupled to the at least one (10) of the valve members such that
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valve caUS(res th(;,%r%s§ure at% r%rssqjl (ﬁ rgn dowllg%trqg m
direction an 8%ere Xé urt auses at le ]partla ent o tlsﬂl
passages DFHEVER gﬁ%aé}é’ﬁtﬁea 'rﬁ%t %he art|f|C|aI valve of claim 26

or 27, wherein the pressure transforming 25 member comprises a pressure
plate3dr didph patificigh 83 wo sitiameef clrisnsdotersdtrearreidthedibmagiige and
coupled taritehatiteasdropdséd Q)rodtdrg wWabrebmein etis slveh flvad pactessads,

blood pressyig ading\Rmibabaiva 0ot andstieanaiRidast the valve
auses disalignment of the passages of the valve members (10, 20). 30 29.

The %E[IfIC valvg of claims 27 ancé?S wherelF the Pre@ff/ rserpcate or

va ve of claim rein the mo 1
diaphragm Gf fie upstream si € valve is rigidl 2onmeet cf?o 5‘2

the pressufé ﬁﬁ?é‘f@ or dlaphragm (50) on the downstream side of the valve.
30. The artificial valve of any of claims 26 to 29, wherein resilient means (51)
33. The artificial valve of claim 32, wherein the motor is contained within a

15 valve housing formed and sealed against blood ingression by the valve
members.

34. The artificial valve of any of claims 31 to 33, wherein the motor is
arranged for being driven by an electromagnetic field.
20
35. The artificial valve of any of claims 31 to 34, wherein means (60) are
provided to urge the blood flow passages into at least partial alignment
when the motor is not energized.

25  36. The artificial valve of claim 35, 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.

37. The artificial valve of any of claims 31 to 36, wherein the displacing
30 mechanism is provided with an energy source for the motor, said energy



are provided for urging the pressure plate or diaphragm (50) positioned on 5
the upstream side in an upstream direction. 31. The artificial valve of any of
claims 1 to 30, 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. 10 32. The artificial valve of claim 31, wherein the
motor (M) is incorporated in the valve. 33. The artificial valve of claim 32,
wherein the motor is contained within a is valve housing formed and sealed
against blood ingression by the valve members. 34. The artificial valve of

any of claifPly 31 teoPs3mplaeiashntaebipedoierse bateneilTéPe e driven by an

electromagnetic field. 20 35. The artificial valve of any of claims 31 to 34,

whergg) MeRNg(ERLAIRRGVIEEH B WarAR Bloedd'aysAResagem &

least partial alignment when the motor is not energized, 25 36. The artificial
vaive of ETFIEEI B e HEanU 80 CORRAEacs LR Lafig mne
arranged f3Pee [BaVeERsERIcTeRleft @ NP n aieiReRN B8 SIiER) Sthe flow
passages inpteatdaaspairtieltaligoodertsd?. The artificial valve of any of
claims 31 to 36, wherein the displacing 30 mechanism is provided with an

energy source for the motor, said energy 33 source to be implanted in a

plood Ves3BF AR R Hel o 38 THE ARG eCY 18181 37, wherein
the energyr3pHfrEE s dREGRGI8} COBIPHIPSES AMPRIRT -flow energy transforming
gevice (80) for transforming 5 blood flow energy into electrical energy, when

the eRero-R04FGR IR ITHRIRNYEA B89 S hLPaH HRSSRbIAId ReadHigH!
valve of Cli%llgc]ngrS éé’%’th%rfésn atlb gn%'r%?%tﬂ%’é’eegeevrigg (E) for temporarily storing the

transformed electrical energy.

15 41. The artificial valve of claim 40, wherein the energy source includes a

capacitor.

42. The artificial valve of claim 37 or 41, wherein the energy source comprises
a rechargeable battery.
20
43. A valve system comprising the artificial valve (100) according to any of
claims 31 to 42 and further comprising an energy source for providing the

motor with energy from outside the blood vessel.

25 44, The valve system of claim 43, 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.)

45. The valve system of claim 43, wherein the energy source comprises energy

30 storage means (E).



transforming device (80) comprises an impeller. 10 40. The artificial valve of
claim 38 or 39, wherein the displacing mechanism further comprises an
energy storage device (E) for temporarily storing the transformed electrical
energy. is 41. The artificial valve of claim 40, wherein the energy source
includes a capacitor. 42. The artificial valve of claim 37 or 41, wherein the
energy source comprises a rechargeab@é battery. 20 43. A valve system
comprising the artificial valve (100) according to any of claims 31 to 42 and
further comprising an energy source for providing the motor with energy from

outside théhsigalys/assem oEciMMie Warlei R {Recaes CIErMeEInadieEin the
energy sousepisadapiedty JtapadiroenergyHiayvabli diatectiyaniiteniy body
to the motgyfogiuse By fhgrmotor at the time the energy is transferred.) 45.
The valve system of claim 43, wherein the energy source comprises energy
30 storage means (E). 34 46. The valve system of claim 45, wherein the
enerdy-stamRyhR aES(E PLedipr e dhavaieia baFacHs! St regharRjealie
battery anid/adapoydainbe ityplarntaocideutaipatied’s Bdwy valve system of
claim 45 or 46, wherein the energy storage means (E) is adapted to be
implanted_inside the patient's body, 48. The valve system of claim 47, .
wher i NS FAAGE SRR PRt A SR T RS PRAR e the
blood ves3€pried49 beHmrlanedsipsiaeiist elepth\gvelvherein the energy
sjorage means (E) is adapted to be implanted outside the blood vessel.

49. The valve system of claim 47, wherein the energy storage means (E) is
adapted to be implanted outside the blood vessel.

50. The valve system of claim 44, further comprising an energy transmission
15 device for wireless energy transfer from the energy source outside the

patient’s body to the motor.

51. The valve system of any of claims 45 to 49, further comprising an energy
transmission device for wireless energy transfer from the energy storage
20 means to the motor.

52. The valve system of any of claims 47 to 49 or 51, 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

25 patient’s body.

53. The valve system of claim 50 or 51, wherein the motor is adapted to

directly transform the wirelessly transferred energy into kinetic energy.

30 54. The valve system of any of claims 50 to 52, comprising a transforming

device (97) for transforming the wirelessly transferred energy into electric



50. The valve system of claim 44, further comprising an energy transmission
is device for wireless energy transfer from the energy source outside the
patient's body to the motor. 51. The valve system of any of claims 45 to 49,
further comprising an energy transmission device for wireless energy
transfer from the energy storage 20 means to the motor. 52. The valve
system of any of claims 47 to 49 or 51, fitther 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 25 patient's
body. 53. dimegyalve system of claim 50 or 51, wherein the motor is adapted
to directly transform the wirelessly transferred energy into kinetic energy. 30

54. The vartrr@v%r&é%m@mryaﬂt BHURARG P, cmar%ﬁm @rigaggsforming
device (9 r transf(%rer\nltcn %Z {wrlr\eﬂ(r-:-e?gl)é ;[Erraen rred ner Alne e(l)e etrrr'é::r§15
energy. 5 e valve s stern any o claims 0 05 éJ nergy
tPansmlssi?fheeeec\;f(?@?%%%rf Wifeless energy transfer is adapted to generate
5 an electromagnetic field. 56. The valve system of any of claims 50 to 55,
wherbfn thinemealngysystensofissyorf devisedfotobireldsyeindhg\etergsfer is
adapted targesneissich aemagfoetiarkades didyy.tidnefwalyadystenoaicasatf a
claims 50 . 8twhigin the energy transmission device for wireless energy
transfer is adapted to generate an electrical field. is 58. The valve system of

any q)j clatms to 57 wh rein tlfwe ener%/ tr sm|SS|on devrce 98) for
s em o anl)f,| claims to , where e
wrreless energy STer transmits energ Ieast one Wirdiess signal.
transmtssmn device for wireless energy transfer is adapted to generate an

electrical field.

15 58. The valve system of any of claims 50 to 57, wherein the energy
transmission device (98) for wireless energy transfer transmits energy by at
least one wireless signal.

59. The valve system of claim 58, wherein the wireless energy signal comprises
20 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.

25  60. The valve system of claim 58, wherein the wireless energy signal comprises
a sound or ultrasound wave signal.

61. The valve system of any of claims 58 to 60, wherein the wireless energy
signal comprises a digital or analog signal or a combination thereof.
30
62. The valve system of any of claims 43 to 49, further comprising galvanic
coupling elements (90) between either the energy source or the energy



59. The valve system of claim 58, wherein the wireless energy signal
comprises 20 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. 25 60. The valve system of claim 58, wherein
the wireless energy signal comprises a¥ound or ultrasound wave signal. 61.
The valve system of any of claims 58 to 60, wherein the wireless energy
signal comprises a digital or analog signal or a combination thereof. 30 62.
The valve stystgmmetsnandftbiamosod Sorot st tingrerengpiisithg galta@ric
coupling edengitiag(B3hbatween either the energy source or the energy 36
storage means and the motor for transmitting energy to the motor in
contagfingr{asiien- Sl Te YRS SStemOl Ry el aime 45049 01,52
further comprising ?S anic goupcl elements a 16 connect t%e
ehergy stéAFInEY é‘”%ﬁt%'ﬁ?ﬂ‘ib%?%&&%&&%"ﬂ’?&t H’ﬁ«SHF%BH&?a%S A &rtra
corporal pHRfArMRARR, 8YdedTmtiaNsaig terferEY td P eRERSMSrage
means in eengactingddehioamstoteng Thersiatodsystergycttetags réSfuither
comprisingditaeexigazoig@oral primary energy source. 65. A valve system
comprising an artificial valve according to any of claims 31 to 64 and further
COMPISING 99%9 &Qhﬁ %‘F)c %Cé%“ttﬁ Hing e gt Rg N g2 5 oralve
(100) so as to brin t eb oo flow passages into out of alignment in
conformltf With™ Toneroi sl S|gnal 66. The valve system of claim 65, wherein

the control unit is adapted for controlling the motor from outside the patient's
body620 A valve system comprising an artificial valve according to any of claims 31

to 64 and further comprising a control unit (C) for controlling the motor (M)
15 of the valve (100) so as to bring the blood flow passages into and out of
alignment in conformity with a control signal.

66. The valve system of claim 65, wherein the control unit is adapted for
controlling the motor from outside the patient’s body.
20
67. The valve system of claim 65, wherein the control unit is adapted for
implantation inside the patient’s body outside the blood vessel.

68. The valve system of claim 65, wherein the control unit is adapted for
25 implantation inside the blood vessel.

69. The valve system of claim 68, wherein the control unit is integrated in the
artificial valve.

30 70. The valve system of any of claims 65 to 69, further comprising a control
signal transmission device for wireless transmission of the control signal.



67. The valve system of claim 65, wherein the control unit is adapted for
implantation inside the patient's body outside the blood vessel. 68. The valve
system of claim 65, wherein the control unit is adapted for 25 implantation
inside the blood vessel. 69. The valve system of claim 68, wherein the control
unit is integrated in the artificial valve. 30 70. The valve system of any of
claims 65 to 69, further comprising a coAfrol signal transmission device for
wireless transmission of the control signal. 37 71. The valve system of claim
70, comprising a data transmission interface (95, 96; 97, 98) for wirelessly
transitting @l 484 & oYFL e i Féaife’ BatAPY HSHR dasat Ha rsaritrnunte 376 the
patient. 5 3&. IThesjahrensistasty af elaiitifg astdXrouheueitldéhaaniselesss body
control signal, ARHALORR Hasnissigndemprises 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
stgnalZan Xeaplradiation Sigham dA@/daniinE aHansreerentrel 78nathe
valve systerd /of claiartra@satiséibnebereirethe wicetesaostiohsignsibnal,

comprises,a 3AHRG LY 3R YR WANE-SIDRGH: iandlhg MalME RYRISIEhAT 3Ry of
claims 70 t? 73,,(\ghereln the \Klre ess cont[o is. signal comprises iéj%gltal or

: | ; : )
analog sigharor &% olAbinSHan Hateoteha) PRGN SyEaH 81 Aty BFtfaims
65 to 74, &t#apteantd-tRAH3AtipResitatrANS Ry BRINRatFRABA IR SiRRMNer as
energy is transmitted to the motor. 20 76. The valve system of claim 75,

adapigd foi, ransmiiag e GaRired Siona! Wik e dklanea ak 2B erewpnsignal.
77. The valve sglystem of grr%ﬁ{ claims 65 to 76, adapted to provide the

control siéﬂ'gP §e57r%°(i'l? Bﬁ%’é‘é‘da‘ﬁa)'(?rs litude modulated signal. 25

74. The valve system of any of claims 70 to 73, wherein the wireless control

15 signal comprises a digital or analog signal or a combination thereof.

75. The valve system of any of claims 65 to 74, adapted to transmit the control
signal in the same manner as energy is transmitted to the motor.

20 76. The valve system of claim 75, adapted for transmitting the control signal

by modulation of an energy signal.

77. The valve system of any of claims 65 to 76, adapted to provide the control
signal as a frequency, phase and/or amplitude modulated signal.
25
78. The valve system of any of claims 65 to 77, wherein the control signal is

influenced by external signals.

79. The valve system of claim 78, wherein the control signal relates to a blood

30 pressure signal.



78. The valve system of any of claims 65 to 77, wherein the control signal is
influenced by external signals. 79. The valve system of claim 78, wherein the
control signal relates to a blood 30 pressure signal. 38 80. The valve system
of claim 79, further comprising a blood pressure sensor (P), said blood
pressure sensor providing the blood pressure signal, when the system is
installed on a patient. 5 81. The valve syStem of claim 80, wherein the blood
pressure sensor (P) is arranged on an upstream side (105) of the valve. 82.
The valve system of claim 81, wherein the blood pressure sensor (P) is
provided forbeaks RyERBPir@iRett LREIRDEIMPOEE TROAHRIESSYSEPRSOF
any of claifPis 80dt6182] pressiainstradnlpadipiiesgureladnsess(iPy kscfixedvt@ihe

valve (100} B4Eheivaluatusiam pfddwy.of claims 78 to 83, wherein the

control signal is relates to a pacemaker signal. 85. The valve system of claim
65 or 84, further comprising a pacemaker, said pacemaker, when the system
IS ins@élle& b @ panesierped wdinySthevisaeerikbloshprasatesansry (B dtaim
84 or direciiyapgoyichng e teeatreid@ 0185y naltkeealding to claim 65. 86. The
valve system of any of claims 65 to 84, wherein the control unitis freely

progr, m ble o as to be xlbly tahle to provide control s S, for
the midtor L SN AP EEHOAID SN 55 SE SRS SR Ol
86, WhereRTQHé@ofﬂfréﬁufﬁltqgab?égﬂmmeé‘afﬁ@ﬁﬁ outside the patient's body.
88. The valve system of claim 87, wherein the control unit is adapted for 30

implagiatiendn3ide JiecRAIEIS AN ANSh B PIABEIRBIE B YU HIESSre

sensor (P) is fixed to the valve (100).

84. The valve system of any of claims 78 to 83, wherein the control signal

15 relates to a pacemaker signal.

85. The valve system of claim 65 or 84, further comprising a pacemaker, said
pacemaker, when the system is installed on a patient, providing the
pacemaker signal according to claim 84 or directly providing the control

20 signal according to claim 65.

86. The valve system of any of claims 65 to 84, wherein the control unit is
freely programmable so as to be flexibly adaptable to provide control
signals for the motor according to changing demands.

25
87. The valve system of claim 86, wherein the control unit is programmable

from outside the patient’s body.

88. The valve system of claim 87, wherein the control unit is adapted for
30 implantation inside the patient’s body and is programmable by wireless

remote control.



remote control. 39 89. The valve system of claim 86 or 87, comprising a
programming unit adapted for programming the control unit. 90. The valve
system of any of claims 65 to 89, wherein the control unit is 5 adapted to
provide feedback information. 91. The valve system of claim 90, wherein the
feedback information relates to physiological data of the person, such as
blood pressure data. 10 92. The valve s§ tem of claim 90 or 91, wherein the
feedback information relates to technical data of the valve system. 93. A
valve system comprising an artificial valve for implantation in a patient's
bloodPYesIEF LS AR AR Safh8/1 (omrisngrerrasianypiie i df any is
of claims 43ddet&P{dupkoeracanipgigisga@anralamm.system. 94. The valve system
according to claim 93, wherein the alarm system comprises a blood pressure
sensgr (P).,20 95. The valve system of claim 94, wherein the blood pressure
enod ()8 YE% T P ) ST D EooA STV R B e vatve
system of ¥JanriedLP pRsids {apdabdrf Praadere sensor (P) is provided for
being located in a heart chamber, when the system is installed 25 on a

patiegy. 9% LRavaeSYSER MAhaty Yh&eiMedfLlanl Whehaititre Qlaad o

ressure sensoQr Is fixed to the valve (100).
pressure Shymso ong lgataeo tt?e pgrson, sugi as)blood pressure data.

10 92. The valve system of claim 90 or 91, wherein the feedback information

relates to technical data of the valve system.

93. A valve system comprising an artificial valve for implantation in a patient's
blood vessel according to any of claims 1 to 42 or the valve system of any

15 of claims 43 to 92, further comprising an alarm system.

94. The valve system according to claim 93, wherein the alarm system
comprises a blood pressure sensor (P).

20 95. The valve system of claim 94, wherein the blood pressure sensor (P) is

arranged on an upstream side (105) of the valve.

96. The valve system of claim 95, wherein the blood pressure sensor (P) is
provided for being located in a heart chamber, when the system is installed

25 on a patient.

97. The valve system of any of claims 94 to 96, wherein the blood pressure

sensor (P) is fixed to the valve (100).



