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Positioning Device and Method

The present invention relates to a device and method for deploy-
ing a delivery device for a medical implant according to the

preamble of the independent claims.

There are numerous medical conditions that are best treated by
minimally invasive treatments. As a consequence, a myriad of im-
plantable devices have been proposed in the prior art, many of
which can be deployed in a minimally invasive way. For example,
closure of a atrial septal defects (ASD) by deploying umbrella-
like implants through a catheter have been disclosed by Lock et
al. (DOI: 10.1161/01.CIR.79.5.1091).

However, minimally invasive treatments are challenging in that
the treatment site is not directly accessible during the treat-
ment. Thus, it is not easily possible for a surgeon to adapt the
position or orientation of a delivery device. Similarly, if ‘a
delivery device comprises multiple parts, it may be challenging
to change the position of one of them while keeping the other at
a constant position relative to an implant site. Furthermore, it

can be difficult to keep the delivery device at a desired site.

Thus, the object of the present invention is to overcome the
drawbacks of the prior art, in particular to provide an easier
way of determining the location of a delivery device, in partic-
ular in such a way that movements of the delivery device or im-
plant are possible without additional measures to locate the de-

vices.

This and other objects are achieved by the positioning device
according to the characterizing portion of the independent

claims of the invention.
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The positioning device according to the invention is particular-
ly adapted for deploying a delivery device for a medical im-
plant. It comprises a distal part that is adapted to be deliv-
ered through a defect, preferably an opening in a ventricular,
atrial, or vessel wall. “Distal” shall be understood, in the
context of the described device, as the direction away from the
operator. It further comprises a mechanism to selectively expand
the distal part, enabling an operator to expand the distal part
at his discretion. Before expansion, the distal part can be de-
ployed through the defect, whereas after expansion it is mechan-
ically prevented from being retracted through the same defect.
Thus, the positioning device is temporarily engaged at the de-
fect site. The distal part is further adapted to be recollapsed
and retracted through the medical implant, such that the posi-

tioning device can be retracted with the delivery device.

In particular, the device according to the invention may be con-
nected to a delivery device for a medical implant in fixed man-

ner.

It will be understood by the person skilled in the art that the
positioning device according to the invention is not designed or
adapted to remain in the patient’s body. Thus, it differs from
medical implants in the prior art in that it is adapted to be
removed in an easy way at any time, but in particular during the
same procedure as its deployment. The positioning device is,
however, of course adapted to be deployed with a medical im-
plant, in particular to facilitate the deployment of a medical

implant as the ones known in the prior art.

By being engaged at the defect, the positioning device provides
or indicates an anchoring point for the delivery device or im-

plant. Thus, if the position of any part of the delivery device
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or implant is known relative to the positioning device, its po-
gsition relative to the defect site can be deduced. In addition,
the anchoring at the defect site makes it unnecessary to monitor
the exact position of the delivery device relative to the defect

site.

Preferably, the positioning device comprises a balloon. In par-
ticular, the balloon may be arranged such that in the deployed
state, the balloon is located on a different site of the defect
than the distal part. In particular, the balloon may be on a

different side of a patent foramen ovale (PFO).

This allows an operator or user to provide a counterforce to the
balloon. For example, if the balloon is used to press a medical
implant against a tissue wall to close the defect, the position-

ing device can provide a counterforce that aids the deployment.

Preferably, the positioning device comprises at least one wire.
The wire has at least a first and a second shape. For example,
the first shape may be adapted to allow for easy transfer
through a defect, whereas the second shape is adapted to allow

for engaging at the defect site.

Preferably, the second shape is substantially planar. This is
particularly advantageous to engage the positioning device at
the implant site and to provide an even counterforce. Addition-
ally or alternatively, the first shape may be substantially lin-

ear to allow for an easy transfer through a defect.

Preferably, the positioning device comprises an actuation mecha-
nism to pull back the distal part of the positioning device in
relation the remaining part of the positioning device. The actu-

ation mechanism may, in particular, be a mechanical actuation
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mechanism. In a particularly preferred embodiment, the actuation
mechanism comprises a pull wire. For example, the pull wire may
be in operable connection with the distal part of the position-
ing device, such that pulling of the pull wire directly pulls
back the distal part relative to the remaining part of the posi-

tioning device.

Preferably, the at least one wire 1s brought from its first
shape into its second shape by actuating the actuation mecha-

nism.

Preferably, the second shape is selected from a group comprising

a spiral, a flat disk, and a star.

Preferably, the positioning device comprises a tubular struc-

ture, particularly preferably a hypotube.

A hypotube shall be understood as thin, hollow structure compa-
rable to hypodermic needle. In contrast to a hypodermic needle,
a hypotube does not necessarily comprise a sharp tip. However, a
hypotube may be cannulated throughout as well. A hypotube may
comprise or consist of a variety of materials depending on the
desired mechanical properties. It is particularly advantageous
to use hypotubes made of a biocompatible material. In particu-
lar, hypotubes consisting of metals or polymer are well suited

for the present application.

Preferably, the tubular structure is made of a shape memory ma-

terial, even more preferably Nitinol.

Preferably, the tubular structure comprises at least one slit.
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Preferably, the at least one slit is arranged such that it forms
at least one strut that can extend away from the tubular struc-
ture. The strut can also comprise a first and a second shape and

engage at the defect site in its second shape.

Preferably, the at least one slit is, adapted such that the at
least one wire can be deployed through the sglit. In particular,
the wire may be adapted such that it is arranged within the tub-
ular structure in its first shape and extend away from the tubu-

lar structure in its second shape.

Preferably, the at least one slit extends spirally around the
circumference and a longitudinal axis of the tubular structure.
In such an arrangement, the at least one strut can be extended
away from the tubular structure if a part of the tubular struc-
ture is rotated. In particular, a distal end of the tubular
structure can be rotated around the longitudinal axis of the
tubular structure and relative to the tubular structure and/or

the positioning device, for example by application of a torque.
The invention also relates to a delivery device.

The delivery device according to the invention comprises a posi-
tioning device as described herein. Preferably, the delivery de-
vice is mounted concentrically over the positioning device. They
can be moved axially relative to each other but they share a
common axis, in particular a longitudinal axis. For example,
this can be achieved by arranging the positioning device in a
dedicated tube in the delivery device. This allows for moving
the delivery device along the axis of the positioning device.
The invention further relates to a method of delivering a medi-
cal implant in the human body. The method according to the in-

vention is particularly advantageous to deliver a medical im-
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plant to an opening in a ventricular or atrial wall. The method

comprises the steps of:

- Delivering a positioning device, in particular a positioning
device as described herein, through an opening in tissue,
in particular an opening in an atrial or ventricular wall

- Engaging the positioning device at the opening

- Delivering the medical implant

- Disengaging and removing the positioning device while keep-

ing the implant in the body.

Preferably, the positioning device is retracted trough the medi-

cal implant.

The positioning device may comprise a part with a first and a
second shape. The step of engaging the positioning device at the
opening may comprise bringing said part into its second shape.
Preferably, it may be adapted to be brought back into its first

shape before retraction.

Optionally, the method may further comprise the step of applying
a longitudinal force or a torque, in particular to bring the a
part of the positioning device from a first shape into a second

shape.

In the following, the invention is described in detail with ref-

erence to the following figures, showing:

Fig. 1: a schematic depiction of a positioning device com-

prising a tubular structure.

Fig. 2a-2b: an embodiment of a positioning device in a delivery

state and in the engaging state.



10

15

20

25

30

WO 2021/033004

Fig. 3:
Fig. 4a-4c:
Fig. b5a-5c:
Fig. 6a-6b:
Fig. 7a-7b:
Fig. 8:
Fig. 9:
Fig. 10:
Fig. 11

PCT/1B2019/000915

an alternative embodiment of a positioning device

in the deployment state and in the deployed state.

another alternative embodiment of a positioning de-
vice in the deployment state and in the deployed

state, and in a top view.

different embodiments of a distal part of a posi-

tioning device.

another alternative embodiment of a positioning de-
vice in the deployment state and in the deployed

state.

another alternative embodiment of a positioning de-
vice in the deployment state and in the deployed

state

a detailed view of the distal part of a positioning

device as shown in Fig. 7a-b.

a cross-section along the longitudinal axis of a

distal part of a positioning device.

another alternative embodiment of a positioning de-

vice.

a positioning device in combination with a delivery

device.

Fig. 1 shows an embodiment of a positioning device 1 according

to the invention. It comprises a tubular structure 5 in the form
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of a hypotube made of a metallic material. Its distal part 8
comprises one laser-cut slit 2. It is of course possible to use
alternative methods to create slits in the hypotube. The slits
allow for the deployment of an anchor (not shown) to engage on
tissue. In the shown arrangement, however, the anchor is ar-
ranged within the hypotube and cannot engage. Thus, the posi-
tioning device can be transferred through an opening in an atri-
al wall. Similarly, retraction of the anchor back into the slit

allows for retraction of the device 1 through the same defect.

Fig. 2a and 2b show an alternative embodiment of a positioning
device 1. The positioning device comprises a polymeric hypotube
5 with six slits 2 oriented spread evenly around the circumfer-
ence of the hypotube 5 and cut along its longitudinal axis L.
Only two of the six slits 2 are visible in the shown perspec-
tive. The slits form six struts 3 in between them. Thus, the
struts 3 and the tubular structure 5 are formed integrally. In
Fig. 2a, the positioning device 1 is in a deployment state,
meaning that its distal part 8 can be deployed through an open-
ing, for example through a PFO. In Fig. 2b, the positioning de-
vice 1 is in its deployed state where its distal part 8 can en-
gage with the tissue to anchor the positioning device. In this
embodiment, a longitudinal force 4 is used as an actuating mech-
anism. Any mechanism that allows for applying such a force 4 can
be used, for example a spring, a pull wire, a screw with a nut,
or even electric or magnetic means. By applying the force 4, the
distal part 8 is moved relative to the remaining part of the po-
sitioning device. The struts 3 thus extend away from the posi-
tioning device, forming a six arms that extend beyond the posi-
tioning device. In this state, the distal part 8 of the posi-
tioning device i1s too large to move through an opening such as a

PFO. Thus, if the force is applied after the deployment through
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said opening, the positioning device 1 is engaged with the wall

and prevented from withdrawing through the opening.

Figure 3a and 3b show an alternative embodiment of a positioning
device 1. The device substantially corresponds to the one de-
scribed and shown in Fig. 2a and 2b in that it comprises a hypo-
tube 5 with slits 2 that form struts 3. However, in the present
embodiment, the slits 2 extend in a spiral shape along the cir-
cumference of the hypotube 5 and its longitudinal axis L. With-
out actuation, the overall shape of the positioning device 1
substantially corresponds to the shape of the hypotube 5 as is
shown in Fig. 3a. The spiral shape of the slits 2 allows for a
rotation 6 of the distal part 8 with respect to the positioning
device 1 to make the struts 3 extend. Thus, instead of a longi-
tudinal force as shown in Fig. 2b, the application of a torque
is the actuation mechanism in this embodiment. Upon rotation 6,
the struts 3 extend an the distal part 8 of the positioning de-

vice 1 thus engages in the opening.

Fig. 4a-4c show yet an alternative embodiment of a positioning
device 1 according to the invention. The device comprises a tub-
ular structure 5, here in the form of a metallic hypotube made
of surgical steel. It further comprises four slits 2 that are
spread evenly around the circumference of the hypotube 5. Four
wires 7 are arranged within the wall of the hypotube such that
they are substantially parallel to and overlap with the slits 2
in the deployment state shown in Fig. 4a. In the present embodi-
ment, the wires consist of a nickel-titanium alloy with shape
memory properties. Thus, for example by an increase in tempera-
ture due to the exposure to human body temperature, the wires 7
are brought into their second shape and extend through the slits
2 away from the positioning device 1 and the hypotube 5. Thus,

the distal part 8 can engage at the wall surrounding the opening
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and anchor the positioning device 1. Fig. 4c shows a top view
(from the distal part in a proximal direction) of the position-
ing device 1 in its deployed state. The wires 7 extend away from
the hypotube 5 and are spread evenly in 90° angles around the

circumference of the positioning device.

Figs. 5a, Sb, and 5c¢ schematically show different embodiments of
a distal part 8 of positioning device 1. Fig. 5a shows a distal
part comprising a spiral-shaped wire. This arrangement is par-
ticularly advantageous because.the spiral shape allows for a
simple compression within an outer sheath such as a hypotube or
another tubular structure. In particular, if the distal part is
made of an elastic material such a Nitinol, it can be compressed
like spiral spring. In addition, the shape memory properties can
be capitalized on to, for éxample, bring the spiral back into
its first shape such that it can be retracted through the medi-
cal implant and the opening. It will be understood by the person
skilled in the art, however, that the shapes of the distal part
depicted here are not restricted to a particular actuation mech-
anism but merely show different embodiments of a distal part. As
such, the spiral shown in Fig. 5a may also be extended by other
mechanical or electrical forces. Additionally or alternatively,
it may be arranged as a spiral spring wherein the relaxed shape
is the first shape for deployment, and a force is necessary to
extend it. Such an arrangement would regain its original shape
simply by stopping the application of a force, facilitating the

retraction of the distal part 8.

Fig. 5b shows a different embodiment 1 of a distal part 8 with a
star shape. This embodiment offers the advantage that the five
bars forming the star can be mounted rotatably along an axis or-
thogonal to the longitudinal axis of the positioning device 1.

For example, the bars forming the stars can arranged in a paral-
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lel manner to the longitudinal axis while deploying and orthogo-
nally in the deployed state. It may also be made of more or less
bars than the five shown here, depending on the spatial con-

straints of the application it intended for.

Fig. 5c shows yet another embodiment wherein the distal part 8
comprises a flat disk made of a polymer. The polymer may be a
shape memory polymer and/or a flexible polymer for easier de-
ployment. It is of course possible to make the flat disk out of
a different material, for example a metal, with similar mechani-

cal properties.

Figs. 6a and 6b show an embodiment of a positioning device 1
comprising a balloon 10 on its distal end 8. The positioning de-
vice 1 also comprises a tubular structure 5. However, the tubu-
lar structure has a closed ending 13 such that it does not stand
in fluid connection with its surrounding. Instead, the tubular
structure comprises several holes 9 on its side wall. The bal-
loon 10 is arranged around the side walls of the tubular struc-
ture such that all holes 9 are within the balloon. The balloon
is sealed such that its inside is not in fluid connection with
its outside. Fig. 6a shows the deployment state of the device
with a substantially linear outer shape that can be deployed
through an opening such as a PFO. Fig. 6b shows the deployed
state wherein a fluid has been pressed through the holes 9 and
filled ﬁp the balloon 10. The extended diameter of the balloon
prevents it from being retracted through the opening and thus
engages the positioning device. The balloon 10 may be elastic,
leading to more flexibility for the surgeon to fill it up to a
desired size by applying more pressure on the fluid. However, it
is of course also possible to use a non-elastic material. In
this case, the extended size of the balloon 10 cannot be

changed.
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Fig. 7a and 7b show yet another embodiment of a positioning de-
vice 1 according to the invention. The tubular structure 5a, 5b
is divided in two parts, one of which 5b is arranged at the dis-
tal part 8. The two parts of the tubular structure are connected
by four elastic wires 7. Furthermore, a pulling wire 11 is con-
nected to the distal part 8, in particular two the distal part
of the tubular structure 5b. Pulling of the pulling wire moves
the distal part 8 closer relative to the remaining part of the
positioning device 1, thus bending the wires that form partial
loops extending from the positioning device. These partial loops
are adapted to engage the tissue around the opening, thus posi-
tioning the positioning device 1. The positioning device 1 can
easily be brought into the initial position by releasing the
pull wire 11. The elastic force of the bent wires 7 then pushes
the distal part 8 back to its original position. It will be un-
derstood by the person skilled in the art that a pull wire 11 is
a very well suited mechanism to actuate the bending of the wires
7. However, any other mechanism such as a screwing mechanism, a
spring mechanism, a hydraulic mechanism, or electric or magnetic
means may also be employed to move the distal part 8 closer to

the positioning device 1.

Fig. 8 shows a more detailed depiction of the distal part 8 of
the positioning device 1 shown in Figs. 7a and 7b. The tubular
structure 5a, S5b comprises two parts connected by four wires 7
and a pull wire 11. In this illustration, an additional feature
of the wires 7 is well visible. In order to facilitate the bend-
ing of the wires 7 upon pulling of the pull wire 11, the wires 7
comprise one groove 12 each. Here, the groove has the form of
tangéntial and spherical cut on the inside of the wires 7. How-
ever, other shapes may also be employed. For example, a triangu-

lar cut may be more suitable for a particular application. Addi-
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tionally or alternatively, a simple cut on the outside of the
wires may also be employed. The grooves 12 reduce the necessary
force to pull the distal part 8 back relative to the positioning
device 1. In addition, they allow for a better control of where
the bending of the wire is most pronounced. By using several
grooves, it 1s also possible to control the shape of the wires 7
upon actuation of the pull wire 11. For example, two grooves 12
per wire 7 may lead to rectangular shape instead of a spherical
shape of the wires 7. The diameter of the positioning device 1
shown here is approximately 1 mm, but may be larger or smaller
based on the defect that is to be treated. The diameter of the
wires 7 i1s 0.15 mm each, and the length of the wires 7 connect-
ing the distal part with the remaining part of the positioning
device 5a is 1 cm. Of course, these values may be changed and
adapted to a particular application and should not be understood

as limiting the invention.

Fig. 9 shows a cross-section of the distal part 8 similar to the
one shown in Figs. 7a, 7b, and 8. In contrast to the devices
shown in those figures, the embodiment shown here comprises
twelve wires 7 instead of four. This allows for a more robust
engaging while less force is applied on the tissue by each indi-
vidual wire 7. Thus, this embodiment is particularly advanta-
geous for sensitive tissue. Beyond the number of wires 7, this
embodiment is identical to the ones described and referenced
above. It also comprises a pull wire 11 to pull back that is
connected to the tubular structure 5. Similarly, the wires 7 are

connected to the tubular structure 5.

Fig. 10 shows a different embodiment of a positioning device 1
comprising a balloon 10. Here, the balloon 10 is arranged such
that in the deployed state, it is on a different side of rela-

tive to the position 14 opening and the wall that is treated
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than the distal part. Here, the distal part 8 is a star-shaped
wire arrangement similar to the one described in Fig. 5b. Howev-
er, the distal part 8 could be any distal part as described
herein, of course. This particular arrangement allows the distal
part 8 to act as a counterforce to the balloon 10. For example,
if the positioning device 1 is used to aid the deployment of a
patch-like medical implant, the balloon 10 could apply a force

onto said medical implant while the distal part pushes it back.

Fig. 11 shows a combination of a delivery device 16 and a posi-
tioning device 1. The delivery device 16 comprises a balloon 10
to which an implant 15 can be attached. Here, the delivery de-
vice 16 comprises an inner tube that extends through the balloon
10 and yields in a hole 17 on the balloon surface. This enables
the deployment and retraction of the positioning device 1 re-
gardless of the inflation state of the balloon. However, it will
of course be understood by the person skilled in the art that
the delivery device can be adapted in any other way to be com-
bined with a positioning device. As such, the shown embodiment
shall not be understood as limiting the invention. The position-
ing device 1 is similar to the one shown in Figs. 2a and 2b. It
comprises a metal tube, in this case made from titanium, and
laser-cut struts 3. On the inside of the tube, there is a pull
wire 11. By pulling of the pull wire 11, the distal part 8 of
the positioning device is moved along the longitudinal axis of
the delivery device 16 in the direction of the balloon 10. This
causes the struts 3 to extend. The shown system is particularly
advantageous to treat a defect in an atrial wall. The position-
ing device is adapted to be delivered through said defect (not
shown) and engages the tissue when the struts 3 extend away from
the longitudinal axis. The area 14 of the positioning device can
be located in said atrial defect during delivery. The implant 15

can be attached to the defect to close it, after which the posi-
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tioning device 1 can be retracting by releasing the pull wire to
bring the positioning device 1 back to a substantially linear

shape and retracting it through the hole 17 in the implant 15.



