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Device for treatment of an insufficiencv of a heart valve

The invention relates to a device for treatment of insuffi-

ciency of a heart valve.

The heart is anatomically two separate pumps working in series.
While the right half of the heart (right ventricle) pumps the
blood through the lungs against a relatively low pressure, the
left ventricle pumps the blood against a high pressure through
the other part of the body. Both sides consist of an atrium and
a ventricle. The blood enters the heart wvia the atriae and

continues into the respective ventricles.

Between the atrium and the ventricle there is a ring-shaped
valve that prevents the blood from flowing back into the
atrium. The valve on the right side is called the tricuspid
valve and consists of three leaflets, while the mitral valve on

the left side consists of two leaflets.

CONFIRMATION COPY
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Due to the relation to the body one leaflet is called thé ante~
rior leaflet whereas the second one is called the posterior
leaflet. The leaflets are connected to a fibrous ring-structure
called the annulus. This part of the heart is made of a non-
elastic connective tissue whereas the rest of the heart con-

sists of heart muscle, responsible for the pump work.

Figure 1 shows a heart seen from above where the left and most
of the right atrium have been removed. The aortic valve and the

pulmonary valve are marked with (3) and (4) respectively.

The mitral valve (1) consists of the anterior leaflet (la) and
a posterior leaflet (lb) both connected to the annulus (lc).
When blood enters the left ventricle from the atrium the valve
closes during the contraction and prevents the blood from flow-
ing back into the atrium. However, during the course of the
life a small split (ld) between the leaflets may arise and a
small amount of blood will leak backwards but will normally

have no circulatory significance.

Figure 1 also shows the tricuspid valve (2) with its tree leaf-
lets on the right side of the heart. In the atrium above the
valve a vessel called the coronary sinus (5) has its outlet and
function as a collector of the blood passing the heart muscle
itself. The continuation of the vessel is called the great
cardiac vein (vena cordis magna, 6). The coronary sinus follows
a groove between the atrium and the ventricle on the left side
located back on the outside of the heart. The figure also shows
that it basically follows the posterior leaflet of the mitral

valve.
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Exercise results in an increased heart work including indreased
stroke volume and increased blood pressure. Increased stroke
volume depends on an increased filling of the heart before the
blood is ejected. Increased filling also leads to an increased
force of the heart due to a specific property of the heart
called the Frank-Starling mechanism. Also a sick heart makes
use of the same mechanism even at rest. The cause might be a.
heart failure following a big infarction. If the increased
filling of the heart continues over years, it will also have an
impact on the connective tissue where the valve is connected.
The annulus will dilate and the leaflets will become relatively
too small to cover the whole orifice of the mitral valve. While
the left ventricle develops a significantly higher pressure
than the right ventricle, it is almost always the mitral valve
and specifically the back part of the annulus that becomes
dilated.

The result of the dilation is that blood leaks backwards at
every contraction of the heart and the leakage is proportional
to the opening between the two leaflets. Occasionally the open-
ing can be so wide that a greater portion of the blood regurgi-
tates into the atrium and prevents the transport of sufficient

blood into the body.

The result of this is a pump failure that sometimes may be
helped by drugs, but most of the case needs to be surgically

repaired.

A surgical treatment of the mitral valve is a quite big opera-
tion and requires opening of the chest. It is often a guestion

of
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1. Replacing the native valve with a mechanical valve
fitting the size of the annulus.

2. Mitral wvalve repair, for instance in a combination
with a reinforcement of the annulus with help of a

metal ring.

However, some people, mainly elderly are too weak to tolerate

such an operation.

The development in the medical field has created techniques
that miniaturise special treatment options. Several types of
treatment are now possible with help of small catheters that

are inserted into the body.

Narrowings of coronary arteries were earlier exclusively
treated with open-heart surgery, whereas today most of these
diseases are treated with help of small dilating balloon cathe-
ters if possible. The patients can be discharged within a few
days after such treatment. Today there are also efforts made to
try to treat patients with mitral valve leakage with catheter

born technique.

It has earlier been described how the coronary sinus and the
continuation of it, great cardiac vein follow the groove be-
tween the left atrium and ventricle and follow the posterior

leaflet of the mitral valve.

If it were possible to get into that vessel and shorten the
length of it one could imagine that the curvature of the annu-

lus would become shorter. The result would be that the poste-
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rior leaflet would be pushed forward and reduce an eventual

valve leakage.

Technically it is easy to reach the coronary sinus with a
catheter via vessels on the neck or in the groin. This tech-
nique is known and in use in many medical procedures. Therefore
several devices have been invented that are aiming at treating

mitral valve leakage through a placement in the coronary sinus.

The patent WO 02062270 is based on a construction where one or
more stents are placed in the coronary sinus creating anchoring
points. Between the distal and proximal stent on a stent be-
tween these, wires are connected and a shortening of the wires
are aiming at reduce the length of the curvature and reduce the
radius of the annulus. The result should be that the posterior
leaflet would be pushed forward and closer to the anterior
leaflet and thereby reduce the backward leakage according to

the earlier argumentation.

Document DE 101 61 543 Al discloses a ring consisting of chain
of stiff elements connected by a wire. Each element fits into
the neighbour element and has a central channel in the longitu-
dinal direction. In this channel there is a wire fixed at the
distal element. Through a screw-mechanism in the proximal ele-
ment all elements can be joined together with a high force and
form a solid ring that follows the inner curvature of the coro-
nary sinus. The stiffness of the ring keeps the annulus in
place and prevents the posterior leaflet slide back during the
contraction of the heart and thereby prevents or reduces the

leakage of the valve.
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According to the present invention, a device for treatment of
insufficiency of a heart valve is provided, comprising a longi-
tudinal body that can have at least two different forms, namely
one easily introduced into the coronary sinus or the great
cardiac vein (vena cordis magna) and to the vessel adaptable
form, and a second one the position of the heart valve affect-
ing form, wherein the second form, when the longitudinal body
has been placed into said vein, presses the vessel and thereby
the orifice of the heart wvalve in parallel towards a closed

position.

In contrast to the discussed prior inventions that aim at re-
ducing the radius of the coronary sinus, the present invention

aims at creating a bow consisting of several small elements.

The distal and the proximal elements create the two legs of the
bow whereas the central part is created by the element in the
middle.

The closed position can assume the form of a bow with a mainly
straight central part between two legs that can have more or

less the form of a bow.

Exemplary embodiments of the present invention are illustrated
in the accompanying drawings, and will be described hereinafter

with respect to the drawings, in which:

Fig. 1 schematically shows a top plan view of a heart;
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shows a device for treatment of insufficiency of a
heart valve in an unstressed condition insertable

into the body;
shows the device in Fig. 2 in a stressed condition;

shows another embodiment of a device for treatment of
insufficiency of a heart valve in an unstressed con-

dition insertable into the body;
shows the device in Fig. 4 in a stressed condition;

shows another embodiment of a device for treatment of
insufficiency of a heart valve in an unstressed con-

dition insertable into the body;
shows the device in Fig. 6 in a stressed condition;

shows another embodiment of a device for treatment of
insufficiency of a heart valve in an unstressed con-

dition insertable into the body;
shows the device in Fig. 8 in a stressed condition;

shows a portion of a device for treatment of insuffi-
ciency of a heart valve according to another embodi-
ment, wherein the upper figure shows the elements of
the device in an unstressed condition, and the lower

figure shows the elements in a stressed condition;
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Fig. 11 shows an illustration similar to Fig. 10 of another
embodiment of a device for treatment of insufficiency

of a heart valve;

Fig. 12 shows the device in Fig. 2 and 3 when inserted into

the body in an unstressed condition of the device;

Fig. 13 shows the device in Fig. 12 inserted in the body in

the final stressed condition;

Figs. 14 and 15 show a screw mechanism for stressing a device

according to Figs. 1 through 11;

Fig. 16 shows further details of a screw mechanism for a

device according to Figs. 1 through 11;

Fig. 17 shows another embodiment of a device for treatment of
insufficiency of a heart valve in a lateral side

view;
Fig. 18 shows the device in Fig. 17 in an end side view;

Figs. 19 and 20 show the device in Fig. 17 in a stressed condi-

tion;

Fig. 21 shows the device in Figs. 17 through 20 when inserted

into the body.

With respect to Fig. 13, the proximal leg is fixed at the ori-

fice of the coronary sinus (17) whereas the distal leg is fixed
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distally in the coronary sinus or in the great cardiac vein
(18). The central part of the bow is mainly in parallel to the

opening between the two leaflets.

Figure 2 and 3 show a construction of the bow before it is
inserted into the body whereas figure 12 shows the bow placed
into the coronary sinus before the wire is tightened. Figure 13
shows the bow in the coronary sinus after the wire has been
tightened and shows how the bow exerts a pressure against the
inner curvature of the coronary sinus and thereby against the

posterior mitral valve leaflet.

The bow is built up of separate elements lying in a row (7).
The number of elements between the proximal (7b) and the distal

one may vary.

In a channel through all elements there is a wire (8) that
keeps the elements together like a chain. Figure 2 shows the
wire fixed in the distal element while a screw at the proximal
part of the wire (20) in a screw-mechanism makes it possible to
tighten the elements against each other and create a stiff bow
(Fig. 2, 14, 15). The elements are fitted to each other to form
a solid bow with a smooth surface so that the guiding parts
(13) between them disappear. The proximal and the distal ele-
ment have one or more hooks (11, 12, fig.2) with the intention
to grip on the inner curvature in the coronary sinus in order

to fix the bow.

The bow can have different shapes according to the requirement
regarding the size and form of the coronary sinus and the pos-

terior leaflet in a specific patient.
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Figure 2 and 3 show a shape of the bow where the distal and the
proximal element deviate only little from the form of a even
curve, whereas the figures 4, 5, 6, 7 and 8, 9 respectively
show a bow where the two element form angled legs in relation

to a straight central part.

Moreover the figures 4, 5, 8 and 9 show a connection between
the proximal and next element and between the distal and the

next element in form of a hinge.

To fix the elements to each other and to increase the strength
of the ring several possibilities exist. Figure 10 shows wedge-
shaped elements whereas figure 11 shows separate elements with

a cone fitting into the previous element.

The final form of the bow depends on the shape of the separate
elements and each separate element can have an individual con-
struction and angle in relation to each other. To increase the
flexibility of the bow and to easier manoeuvre it on the way
from the groin and into the coronary sinus, the number of ele-

ment can be increase.

The inner wire of the device (8) keeps the elements together
and is located in a channel (8”) through all elements, figures
14 and 15.

The wire is fixed (9) at the distal element (fig. 2) and at the

screw-mechanism (10) in the proximal element.

The fixation in the proximal element can be done with help of a

fixation point (19) in a screw (20). Through a counter-clock
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rotation (left) as shown in the figure 14 the screw will move
out of the element as shown in figunre 15. The result is that

the wire will pull the elements together forming the bow.

The wire might be attached to a metal ball (19) that slides
inside the screw to avoid the wire to twist or it can be fixed
to the screw and follow the rotation of it during the employ-

ment.

The screw may contain a groove in which a pivot (23) on a spe-
cial screw-catheter £fits (figure 16). This catheter has a
screw-head (21) with threads that fit into the screw-mechanism.
The screw-head is connected to the distal end of a flexible

shaft (24) located in a flexible sleeve (25).

Because the pivot on the screw-head fits into the groove in the
screw-mechanism both the screw-head and the screw in the screw-
mechanism will rotate when the flexible shaft rotates. The
flexible shaft has its proximal end outside of the body. By
means of the screw-catheter it is possible to rotate the screw
in the screw-mechanism and deploy the device that has been

positioned in the coronary sinus.

Another design is shown in figure 17 and is based on a bow-and-
arrow principle. The body of the bow (26) consists of a rela-
tively flexible material and has a straight shape, but can
easily be bent forming a bow but can also easily be longitudi-
nally twisted. On both ends there is a ring (27, 28) fixed and
square to the body of the bow. On both rings, opposite to the
attachment on the bow the wire of the bow is attached. This

wire has the form of a band with a high longitudinal strength,
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is flexible and can easily be twisted or bent. The distal at-
tachment is fixed to the distal ring (28), whereas the fixation
on the proximal ring (27) can be adjusted to the desgirable
length of the band, with help of a screw-mechanism as shown on

figures 14 and 15.

When the device is outside of the body and the band is tight-
ened, it will change from a straight for to a bow form (fig.
19) while the band will remain straight or light bowed near the.
attachments on the rings. When the device is manoeuvred into a
vessel with the shape of a curve, both the body of the bow and
the band will follow this curve (figures 20, 21).

The rings serve as the fixation points for the band, but also
permit the blood to pass between the bow and the band. When the
device is placed in the vessel, the body of the bow will follow
tﬁe outer curvature and the band will follow the inner curva-

ture of the coronary sinus.

Both rings can be equipped with one or more hooks (30, 31).
These rings serve to grip into the inner curvature of the ves-
sel and to reduce the force that arises between the ring and

the body of the bow.

When the bow is bent the outside of its body will exert a pres-
sure on the outer curvature of the vessel, whereas the band
will exert a pressure against the inner curvature of the vessel
and thereby indirectly push against the back side of the poste-

rior leaflet of the mitral wvalve.
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Arrows in figure 21 show the direction of the forces; the re-
sulting force on the mitral wvalve is indicated with a bold

arrow.

It is possible to use memory metal as a part of the device. A
memory metal has the advantage that it assumes a certain con-
figuration at a certain temperature. It would therefore be
possible to configure the device to assume a certain form at 37
degrees Celsius. A memory metal like for instance nitinol may
be used either in the body of the device or in the screw mecha-
nism to deploy the device in the coronary sinus. An advantage
of the memory metal is that it can reinforce the screw mecha-
nism so that less force is needed for the deployment in the

vessel.

The two referred publications mentioned above aim at bringing
about a force along the coronary sinus to reduce the length of
the vessel. This force needs to be relatively strong because of
the high pressure that is created by the left ventricle and
will therefore probably difficult to obtain.

The publication WO 02062270 anchors the stents in a vessel that
anatomically is a vein that usually is thin and easily will

burst when it is exposed to forces.

The present invention does not need to reduce the length of the
coronary sinus. With help of its legs it is fixed to the inner
curvature of the coronary sinus e.g. with help of small hooks

that grips to the inner curvature of the vessel.
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The central part of the device presses against the poéterior
leaflet of the mitral valve and does not need to develop a high

force to do this.

The fixation of the device is made against the inner curvature
of the vessel. This is a great advantage because the vessel
rests against strong muscle and connective tissue. Should a
bleeding happen due to the hooks on the inner curvature, this
would be relatively harmless because the bleeding will occur

inside the vessel.
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Claims

1. A device for treatment of insufficiency of a heart valve
comprising a longitudinal body (7-7) that can have at least two
different forms, namely one easily introduced into the coroﬁary
sinus (5) or the great cardiac vein (vena cordis magna, 6) and
to the vessel adaptable form, and a second one the position of‘
the heart valve affecting form characterized in that the second
form when the longitudinal body (7-7) has been placed into the
said vein presses the vessel and thereby the orifice of the

heart valve in parallel towards a closed position.

2. The device of claim 1, characterized in that the closed
position can assume the form of a bow with a mainly straight
central part between two legs that can have more or less the

form of a bow.

3. The device of claim 1 or 2, characterized in that the body
(7-7) consists of a number of separate preferably stiff ele-~

ments (7).

4. The device of claim 3, characterized in that said elements

are separate from each other.

5. The device of claim 3, characterized in that said elements

are linked and articulated with one another.

6. The device of claim 4, characterized in that said elements
are arranged in a row forming a chain whereby some and prefera-
bly all elements are provided with one to the next element

guiding remedy (16) at their ends.
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7. The device of anyone of claims 3 through 6, characterized
by a wire or the like with help of which the elements (7) can

be pulled against one another.

8. The device of anyone of claims 3 through 7, characterized
in that mainly wedge shaped cavities exist between said ele-

ments (f£ig 4, 5 or 8, 2).

9. The device of claim 8, characterized in that the cavities
within a central part of the longitudinal body of the device
are essentially smaller than certain at the end of the body'’s
positioned cavities, whereby the body through a longitudinal
contraction forms a hoop with mainly a straight section between

two legs that can be more or less formed like a bow.

10. The device of claim 7, characterized in that the wire (8)
ié fixed at the distal element and at the proximal element and
that the proximal element has a tightening arrangement (10,19-
21) by which the length of the wire (8) can be reduced between

said elements.

11. The device of claim 7 or 10, characterized in that the
wire is guided through a guiding arrangement preferably in all

elements (7).

12. The device of claim 11, characterized in that the guiding
arrangement consists of a through the element passing channel
(8").

13. The device of claim 12, characterized in that the channel

(87”) and the wire (8) is such adjusted that only a limited
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torsion possibility between two neighboring elements is possi-
ble for instance through a square form with slightly different

dimensions or an oval form with slightly different dimensions.

14. The device of claim 6 characterized in that the said guid-
ing remedy (13) consists of a conical part in one element fit-
ting into an appropriate cavity (13) in the neighboring element

(figure 3).

15.. The device of anyone of claims 1 through 15, characterized
in that the said wvalve (1) consists of the posterior mitral

valve leaflet (1b).

16. The device of anyone of claims 2 through 15, characterized
in that the two utmost elements (7a, 7b) are provided with a
remedy, by which it can be locked in certain positions in rela-
tion to the coronary sinus and or the great cardiac veins, for
instance hooks (11,12) that can attach to the inner wall of the

vein and underlying tissue.

17. The device of claim 6 characterized in that the guiding
remedy between two neighboring elements at each end or near
their ends are formed like hinges whereby these elements can

form an essentially right angle in relation to each other.

18. The device of anyone of claims 1 through 17, characterized
in that it is constructed like a bow-and-arrow with a bow and a
string which together can be introduced into the coronary sinus
or the great cardiac vein and by separation of the string and
bow influences the internal inner surface of the vein with the

string and the internal outer surface of the vein with the bow.
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19. The device of claim 18 characterized in that the sépara—
tion is accomplished through a remedy for influencing the bow-
and/or the string for instance through shortening or a prolon-

gation.

20. A method for treatment of a heart valve’s insufficiency
characterized in that the heart wvalve leaflets are pressed
against each other with help of a device according to any of

the preceding claims.
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