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(57) Abstract: The invention relates to catheter system for introducing an expandable heart valve stent (150) into the body of' a pa-
tient, the catheter system comprising: a catheter tip (10) having a seat portion for accommodating the stent (150) in its collapsed
state and a stent holder (15) for releasably fixing the stent (150), wherein the seat portion is constituted by a first sleeve-shaped
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mitting means (31, 41) arc at Icast partly rcceived within the passageway such as to be moveable relative to the guiding mcans (51),
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Catheter system for introducing an expandable heart valve stent into the body
of a patient, insertion system with a catheter system and medical device for

treatment of a heart valve defect

[0001] The present disclosure concerns a catheter system for introducing an expandable
heart valve stent into the body of a patient. The disclosure further concerns an insertion
system comprising a catheter system and a handle for inserting an expandable heart valve
stent into the body of a patient, as well as a medical device for treatment of a heart valve
defect, in particular a heart valve failure or a heart valve stenosis in a patient, wherein the
medical device has an insertion system and an expandable heart valve stent accommodated

in the catheter tip of the insertion system.

[0002] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

[0003] In medical technology, there has been an endeavour over a long period to close a
heart valve defect, such as an aortic valve insufficiency or an aortic valve stenosis, non-
surgically by means of a transarterial interventional access by catheter, thus technically
without an operation. Various insertion systems and stent systems have been proposed, with
different advantages and disadvantages, which in part can be introduced into the body of a
patient transarterially by means of a catheter insertion system, though a specific system has

not prevailed up to the present.

[0004] The term used here “heart valve stenosis and/or heart valve insufficiency” shall
generally be understood here as a congenital or acquired functional disorder of one or
several heart valves. A valve defect of this type can affect each of the four heart valves,
whereby the valves in the left ventricle (aortic and mitral valve) are certainly more frequently
affected than those of the right heart (pulmonary and tricuspid valve). The functional disorder
can result in narrowing (stenosis) or inability to close (insufficiency) or a combination of the

two (combined cardiac defect).

[0005] With all known interventional systems for implantation of heart valve prosthesis, an
expandable stent system is moved transarterially to an insufficient heart valve. A stent
system of this type consists, for example, of a self-expanding or balloon-expanding

anchoring support (also termed “heart valve stent” or “stent” in the following), to which the
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actual heart valve prosthesis is fastened, preferably at the distal retaining region of the

anchoring support.

[0006] Inthe medical devices previously known from the state-of-the-art, however, it has
become apparent that the implantation procedure of a stent system to which the heart valve
prosthesis is attached is relatively complicated, difficult and expensive. Apart from the
complicated implantation of the heart valve prosthesis as a replacement for an insufficient
native heart valve, there is the fundamental risk of incorrect positioning of the stent or heart
valve prosthesis with the medical devices used up to the present, which cannot be corrected

without more extensive operative intervention.

[0007] The problem addressed by at least one preferred embodiment of the present
disclosure is the fact that medical technology does not currently offer any insertion system in
particular for transarterial or transfemoral implantation of a self- or balloon-expandable heart
valve stent with a heart valve prosthesis attached to it in which, on the one hand, the
insertion system enables a minimally invasive implantation of the heart valve prosthesis in a
predictable manner and, on the other, dispensing with the need to use a heart-lung machine
during the operation on the anaesthetized patient. Consequently the operative intervention
can be designed to be especially cost-effective and, in particular, to reduce the physical and
mental stress on the patient. In particular, there is a lack of a medical device for implantation
of heart valve prostheses that can also be used for patients on whom, due to their age, an

operation cannot be carried out without the aid of a heart-lung machine.

[0008] Because of the increasing number of patients requiring treatment, there is also a
growing need for an insertion system with which a minimally invasive intervention can be
made on a patient for treatment of a heart valve stenosis and/or heart valve insufficiency in a
precisely predictable way, whereby the success of the operation is in particular no longer
significantly dependent on the skill and experience of the heart surgeon or radiologist

carrying out the treatment.

[0009] This situation also applies to operations in which heart valve prostheses with stent

systems are implanted with the aid of a so-called balloon catheter system.

[0010] Itis also regarded as problematic that, when using systems already known from
the state-of-the-art by means of which a heart valve prosthesis can be implanted in the body
of the patient with minimal invasiveness, incorrect positioning of the heart valve prosthesis or

the associated heart valve stent can frequently only be avoided when the heart surgeon or
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radiologist is especially experienced. It is indeed known, for example, to insert a heart valve
stent with a heart valve prosthesis attached to it into the body of a patient as far as the heart
via the aorta, whereby self-expansion or balloon-expansion of the heart valve stent is
initiated by external manipulation when the implantation location is reached, which should
lead to a secure anchorage and precise positioning of the heart valve prosthesis; such heart
valve stents cannot usually be removed in a simple way, however, and their position cannot

usually be corrected once the stent has expanded.

[0011]  Accordingly, there is basically a risk with the known systems that if, for example,
the self-expansion or balloon-expansion of the heart valve stent with the attached heart valve
prosthesis is initiated in a non-optimum position, due to a slip by the doctor carrying out the
treatment or other technical circumstances such as stent foreshortening, this position can
only be corrected appropriately by means of a major, in particular operative, intervention,

which must frequently be carried out on the open heart.

[0012] For example, a heart valve stent for heart valve prosthesis is described in
document WO 2004/019825 A1. With this heart valve stent, distal-end support arches or
hoops and positioning arches or hoops are provided, which can be inserted into the pockets
of the native heart valve of a patient so that the heart valve stent can be positioned by means
of the support hoops. Additional so-called commissural hoops can also be formed on the
known heart valve stent which, together with the support arches, clamp parts of the old heart
valve once the stent has unfolded to that the stent can be positioned and anchored as a

result of this clamping action.

[0013] Although the support arches provided on the anchoring stent enable improved
positioning of the heart valve prosthesis to be implanted, there is nevertheless still a risk of
incorrect implantation and of the heart valve prosthesis being incapable of functioning
correctly or functioning but unsatisfactorily. For example, it may be found during the
intervention that the heart valve prosthesis or the heart valve stent is not optimally
dimensioned for the patient. In such cases, even if only the respective distal support or
positioning arches of the stent are in their expanded state, removal (explantation) or
repositioning of the heart valve stent with the heart valve prosthesis is no longer possible and

there exists an increased mortality risk for the particular patient.

[0014] The aortic arch in the human body represents a further problem for such
interventions, since it has to be accessed during insertion through the aorta. When this is

done, the catheter tip and the respective catheter must undergo a change of direction of
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approximately 180° over a relatively small radius, usually about 50 mm, without causing

injury or damage to the vessel wall.

[0015] Itis an object of the present invention to overcome or ameliorate at least one of the

disadvantages of the prior art, or to provide a useful alternative.

[0016] The object of the invention in at least one preferred form, is to propose a catheter
system for introducing an expandable heart valve stent into the body of a patient and for
positioning the stent at a desired implantation site, wherein the catheter system is designed
to enable the implantation of a heart valve prosthesis attached to a heart valve stent in the

optimum implantation location in a sequence of events defined before the intervention.

[0017] Secondly, the object of the invention in at least one preferred form is to propose a
medical device for treatment of a heart valve stenosis and/or heart valve insufficiency,
comprising a catheter system and an expandable heart valve stent mounted in the catheter
tip of the insertion system and which is designed to reduce the risk to the patient on

implantation of the heart valve prosthesis.

[0018] In one aspect, the present invention provides an insertion system for inserting a
self-expandable heart valve stent into the body of a patient, the insertion system having a
catheter system and a handle connected to the proximal end section of the catheter system,
the catheter system comprising:

a catheter tip having a seat portion for accommodating the stent in its collapsed
state and a stent holder for releasably fixing the stent, wherein the seat portion is constituted
by a first sleeve-shaped member and a second sleeve-shaped member, wherein the sleeve-
shaped members are moveable relative to each other and relative to the stent holder;

a handle; and

a catheter shaft for connecting the catheter tip to the handle, the catheter shaft
comprising:

first force transmitting means with a distal end section connected to the first sleeve-
shaped member and a proximal end section connectable to first operating means of the
handle;

second force transmitting means with a distal end section connected to the second
sleeve-shaped member and a proximal end section connectable to second operating means
of the handle, and

guiding means having a guiding tube with a passageway extending there between,
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wherein the first and second force transmitting means are at least partly received
within the passageway such as to be moveable relative to the guiding tube;

wherein the distal end of the guiding tube terminates proximal to the catheter tip
and wherein the guiding tube has a cross-section less than the cross-section of the catheter
tip; and

wherein the guiding means is releasably connectable to the handle.

[0019] In one aspect, the present invention provides a medical device for treatment of a
heart valve defect, in particular a heart valve failure or a heart valve stenosis in a patient,
wherein the medical device has an insertion system as per the above, and an expandable

heart valve stent accommodated in the catheter tip of the insertion system.

[0020] In accordance with a preferred embodiment, the present disclosure provides a
catheter system for introducing an expandable heart valve stent into the body of a patient,
the catheter system comprising a catheter tip and a catheter shaft. The catheter tip of the
catheter system has a seat portion for accommodating the stent to be introduced into the
patient’s body in its collapsed state. The catheter system has further a stent holder for
realisably fixing the stent to the catheter tip. The seat portion of the catheter tip is constituted
by a first sleeve-shaped member and a second sleeve-shaped member, said sleeve-shaped
members being moveable relative to each other as well as relative to the stent holder of the
catheter tip. The catheter shaft comprises first force transmitting means, second force
transmitting means and guiding means. The distal end section of the first force transmitting
means is connected to the first sleeve-shaped member of the catheter tip and the proximal
end section of the first force transmitting means is connectable to a first operating means of a
handle. The distal end section of the second force transmitting means is connected to the
second sleeve-shaped member of the catheter tip and the proximal end section of the

second force transmitting means is connectable to a second operating means of the handle.

[0021] Preferably, the cross-section of second sleeve-shaped member of the catheter tip
is equal to or less than the cross-section of the first sleeve-shaped member of the catheter
tip. In case the cross-section of second sleeve-shaped member of the catheter tip is less
than the cross-section of the first sleeve-shaped member, the second sleeve-shaped
member is at least partly accommodatable within the first sleeve-shaped memberin a
telescopic manner. This may allow minimizing the cross-section of catheter tip. At the same
time, an expandable heart valve stent may be released from the catheter tip of the catheter
system in a step-wise manner. In case the cross-section of second sleeve-shaped member

of the catheter tip is less than the cross-section of the first sleeve-shaped member, the
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second sleeve-shaped member and the first sleeve-shaped member — once brought together
— can reside on an internal support structure, e.g. a cylindrical insert, resulting in a step and

gap free transition.

[0022] According to one aspect of the present disclosure, the catheter system comprises
guiding means having a guiding tube with a passageway extending there between. The
guiding means serves for guiding of the catheter shaft has a distal end, a proximal end and a
passageway extending there between. The first and second force transmitting means are at
least partly received within this passageway such as to be moveable relative to the guiding
means. The guiding tube of the guiding means has a length such that the distal end of the
guiding means terminates proximal to the catheter tip of the catheter system. Moreover,

guiding tube has a cross-section less than the cross-section of the catheter tip.

[0023] According to another aspect of the present disclosure, the catheter system further
comprises a guide wire suited for guiding the catheter tip of the catheter system to an
implantation site. The guide wire is designed to be advanced into a patient’s vasculature
independently from the catheter system and, in particular, independently from the catheter tip

of the catheter system.

[0024] In accordance with another preferred embodiment, an insertion system for inserting

an expandable heart valve stent is disclosed.

[0025] Whilst the term “vascular” refers to the blood vessels of the patient’s body including
both veins and arteries, in a preferred embodiment, the insertion system is for transarterial
delivery using the arteries, although it is conceivable that in other embodiments transvenous

delivery via a vein could be used.

[0026] In particular, the vascular insertion system comprises a catheter system with a
catheter tip, a catheter shaft and a handle. The catheter tip has a seat portion for
accommodating a stent to be inserted in its collapsed state and a stent holder for releasably
fixing the stent. The proximal end of the catheter system is attached to the handle and the
distal end is attached to the catheter tip. The catheter system comprises the catheter shaft
for connecting the catheter tip to the handle of the insertion system, the distal end section of
the catheter shaft being flexible enough such that the catheter tip and the distal end section
of the catheter shaft may be easily navigated through the anatomy and especially through

the aortic arch during insertion through the aorta of the patient.
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[0027] The handle has at least one first and one second operating means with which the
catheter tip of the insertion system may be appropriately manipulated so that an expandable
stent housed in the catheter tip may be released from the catheter tip in steps or in a defined

or definable sequence of events.

[0028] The catheter tip of the catheter system and at least the distal part of the catheter
shaft are typically inserted into the femoral artery and moved up the descending thoracic
aorta until the catheter tip is positioned in the ascending aorta. The proximal end of the
catheter shaft together with the handle attached thereto remains outside of the patient's
body.

[0029] In accordance with a preferred embodiment, the catheter tip has first and second
housing portions termed “sleeve-shaped members” in the following, that may be manipulated
with the handle. These sleeve-shaped members are used for accommodating specific
portions of the stent. The first sleeve-shaped member is used for accommodating first
functional components of the stent, for example retaining hoops of the stent (or alternatively
positioning hoops of the stent), while the second sleeve-shaped member is used for
accommodating the second functional components of the stent, for example, positioning

hoops of the stent (or alternatively for accommodating retaining hoops of the stent).

[0030] Inrelation to the handle provided for the insertion system, it is preferably provided
that, on one hand, the first operating means cooperate with the first sleeve-shaped member
of the catheter tip so that, on actuation of the first operating means, a previously definable
longitudinal displacement of the first sleeve-shaped member may be effected relative to the
stent holder and the guiding tube of the catheter shaft. On the other hand, the second
operating means cooperates with the second sleeve-shaped member of the catheter tip so
that a previously definable longitudinal displacement of the second sleeve-shaped member

may be affected relative to the stent holder and the guiding tube of the catheter shaft.

[0031] The cross-section of the second sleeve-shaped member is identical to the cross-
section of the first sleeve-shaped member such that the sleeve-shaped members can
completely enclose a stent accommodated in the catheter tip without a gap between the first
and second sleeve-shaped members thereby providing a catheter tip having an atraumatic
shape. In addition, the first and second sleeve-shaped members are movable relative to

each other and relative to the stent holder.
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[0032] For this purpose, first force transmitting means with a distal end section connected
to the first sleeve-shaped member and a proximal end section connected to first operating
means of the handle are provided. In addition, second force transmitting means with a distal
end section connected to the second sleeve-shaped member and a proximal end section
connected to second operating means of the handle are provided. When manipulating the
first and/or second operating means of the handle, the first and/or second sleeve-shaped

members may be moved relative to each other and relative to the stent holder.

[0033] In accordance with the preferred embodiment, the first force transmitting means is
constituted by a first catheter tube defining a first lumen and the second force transmitting
means is constituted by a second catheter tube defining a second lumen. The second
catheter tube has a cross-section less than the cross-section of the first catheter tube. The
first catheter tube is disposed concentrically and coaxially with the second catheter tube and

the second catheter tube is received within the first lumen defined by the first catheter tube.

[0034] Contrary to the first and second sleeve-shaped members of the catheter tip,
however, the stent holder of the catheter tip is not moveable relative to the handle of the
insertion system. Rather, the stent holder is connected to the handle by using a stent holder
tube having a distal end connected to the stent holder and a proximal end connected to a
body of the handle. The stent holder tube has a cross-section less than the cross-section of
the first catheter tube. In particular, the first catheter tube is disposed concentrically and
coaxially with both, the second catheter tube on the one hand and the stent holder tube on
the other hand. Preferably, the stent holder tube has a cross-section less than the cross-
section of the first catheter tube and greater than the cross-section of the second catheter
tube such that the stent holder tube is received within the first lumen defined by the first
catheter tube and the second catheter tube is received within a passageway defined by the
stent holder tube. The passageway defined by the stent holder tube has a diameter sufficient
to accommodate the second catheter tube such that the second catheter tube is moveable

relative to the stent holder tube.

[0035] The second lumen defined by the second catheter tube has a diameter sufficient to
accommodate a guide wire. The second catheter tube is made from a rigid material

including, for example, nitinol, stainless steel or a rigid plastic material. The material of the
distal end section of the second catheter tube may have an increased flexibility compared to
the material of the proximal end section in order to allow the distal end section of the catheter

shaft to pass the aortic arch during insertion of the catheter tip.
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[0036] The distal end section of the second catheter tube terminates in a soft catheter end
tip having an atraumatic shape. The soft catheter end tip is provided with a channel aligned
with the second lumen defined by the second catheter tube such that a guide wire
accommodated within the second lumen of the second catheter tube may pass through the
channel of the soft catheter end tip. The second sleeve-shaped member of the catheter tip is
connected to the soft catheter end tip such that the opened end of the second sleeve-shaped
member faces in the proximal direction opposite to the direction of the soft catheter end tip

and to the second catheter tube.

[0037] The stent holder tube is made of a rigid material, for example, a rigid plastic
material, stainless steel or nitinol. The distal end of the stent holder tube terminates in the
stent holder which is also made of a rigid material, for example, a rigid plastic material or
stainless steel. The passageway defined by the stent holder tube is aligned with a channel
which passes through the stent holder. In this way, the second catheter tube is
accommodated in the passageway of the stent holder tube and the channel of the stent
holder such as to be moveable relative to the stent holder tube and the stent holder. The
stent holder tube is provided for connecting the stent holder to the handle. For this purpose,
the stent holder tube has a distal end connected to the stent holder and a proximal end

connected to a body of the handle.

[0038] The first catheter tube is made of a bendable but inelastic material. For example,
the first catheter tube may be at least partly made of a braided or non-braided catheter tube.
Hence, the first catheter tube has a stiff braid reinforced body similar to the catheter body

described in U.S. Pat. No. 4,665,604 which is incorporated herein by reference.

[0039] The first catheter tube shall be adapted to transfer compression and tension forces
from the first operating means of the handle to the first sleeve-shaped member of the
catheter tip without overly changing of its total length. The distal end of the first catheter tube
terminates at a flared section as the transition to the section defining the first sleeve-shaped
member of the catheter tip. The flared section and the first sleeve-shaped member may be
formed integrally and may be connected to the distal end section of the first catheter tube.
Alternatively, the first sleeve-shaped member and the flared section of the first catheter tube
may be all of the same material and originating from the same raw tube prior to a widening
process so that the flared section and the first sleeve-shaped member are the same

elements.
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[0040] The insertion system according to the preferred embodiment further comprises a
guiding tube having a cross-section greater than the cross-section of the first catheter tube.
The guiding tube defines a passageway and is disposed concentrically and coaxially with the
first catheter tube, the stent holder tube and the second catheter tube such that the first
catheter tube with the stent holder tube and the second catheter tube accommodated therein
is at least partly accommodated within the passageway defined by the guiding tube, wherein
the first catheter tube is moveable relative to the guiding tube. In particular, the guiding tube
terminates proximal to the catheter tip wherein the cross-section of proximal end section of
the guiding tube shall be substantially the same as or less than the cross-section of the flared
section provided at the proximal end of the first catheter tube. The proximal end section of
the guiding tube terminates distal to the handle. The proximal end section of the guiding tube
may be detached/disconnected from the handle so that the handle as well as the first and
second catheter tubes and the stent holder tube together with catheter tip may be moved

relative to the guiding tube.

[0041] The distal end of the guiding tube is formed such that the flared section provided at
the distal end section of the first catheter tube may abut on the distal end of the guiding tube
without abrupt transition. The guiding tube may be of a thin material such as to allow length
deformation of the guiding tube upon transfer of compression and tension forces. The
guiding tube material, however, shall have sufficient stiffness in order to mechanically avoid
kinking of the flexible sections of the distal portion of the catheter shaft during insertion of the

catheter tip.

[0042] The proximal end of the guiding tube is releasably connectable to the body of the

handle. In this way, the guiding tube may have a double-function:

[0043] In case, the proximal end of the guiding tube is connected to the handle, the
guiding tube serves as a distal extension of the body of the handle relative to which the first
and second operating means are moveable for manipulating the first and second sleeve-
shaped members of the catheter tip. Hence, position of the stent holder relative to the native
heart valve of the patient may be changed by moving the guiding tube connected to the

handle.

[0044] In case, the proximal end of the guiding tube is not connected to the body of the
handle, the guiding tube may serve as a portal for passing the catheter shaft of the catheter

system into the patient’s body from proximal of the catheter tip.



11 Jun 2014

2011254893

-11 -

[0045] In any case, the guiding tube has a length and is adapted such that the first
catheter tube and the second catheter tube are moveable relative to each other and relative
to the stent holder independent from any movement or activation of the guiding tube. In
particular, the movement of the sleeve shaped members is independent from the presence
or absence of the guiding tube. The length of the guiding tube is such that the sleeved
shaped members and hence the first and second catheter tubes are moveable relative to
each other and relative to the stent holder without interfering with the distal end of the guiding
tube.

[0046] Aninlet may be provided at a proximal end section of the guiding tube for injection
of fluids into the guiding tube. Furthermore, a check valve may be provided at the proximal

end section of the guiding tube to prevent fluid from leaking out of the guiding tube.

[0047] The guiding tube may have a length sufficient to protect the inner wall of the blood
vessel through which the catheter tip passes. In addition, a separate introducer system (not
belonging to the catheter system) may be provided. The introducer system then may serve
as a portal for passing the complete catheter system from the catheter tip to the catheter

shaft into the patient’s body and up to the heart.

[0048] In addition, the guiding tube reduces the compression force exerted on the first
catheter tube that is inserted through the guiding tube. This increases manoeuvrability of the
first catheter tube throughout the procedure in which the first catheter tube serves as force
transmitting means for manipulating the first sleeve-shaped member of the catheter tip. A
consequence thereof is that the frictional force acting on the first catheter tube is reduced
compared with a catheter design which is not provided with a guiding tube. Moreover,
moving the catheter tip after it has been advanced through the vascular system of a patient,

is greatly improved while at the same time lowering the risk of injury of the patient.

[0049] In accordance with the preferred embodiment, the guiding tube has a cross-section
equal to or less than the cross-section of the catheter tip. In this regard, the guiding tube will
have a length shorter than the length of the first and second catheter tubes such that the
distal end of the guiding tube terminates proximal to the catheter tip. As will be appreciated,
the guiding tube may not be removed from the catheter system in case the proximal end
sections of the first and second catheter tube are connected to the respective operating

means of a handle.
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[0050] The length of the guiding tube depends on the length of the first and second
catheter tubes and will typically be between about 20 cm and 100 cm. Those skilled in the art
will appreciate, however, that all dimensions provided herein are intended as examples only,
and that the guiding tubes and catheter tubes of different dimensions may be substituted for
a particular use. As already indicated, the first and second catheter tubes are moveable
relative to each other and relative to the stent holder independent from the guiding tube. The
movement of the sleeve shaped members is independent from the presence or absence of
the guiding tube. In other words, the guiding tube does not serve for manipulating the sleeve-
shaped members of the catheter tip. In particular, the guiding tube does not block the travel

of the sleeve-shaped members.

[0051] As will be appreciated, the guiding tube will be of a size, i.e. has an outer diameter,
which will permit insertion in a patient’s blood vessel (artery or vein) which is used for moving

the stent transarterially or via a vein to an insufficient heart valve.

[0052] The guiding tube may be capable of traversing tortuous pathways in the body of
the patient without kinking. The guiding tube may include an inner lubricious liner, an outer
polymeric jacket, and a coil reinforcement between the inner and the outer layers. This
guiding tube may provide favourable flexibility without kinking or compression. One or more
radiopaque bands or markers may be incorporated within the guiding tubes material to allow
precise location of the guiding tubes distal end for positioning accuracy. Those skilled in the

art will appreciate that other known materials may also be suitable for a particular purpose.

[0053] In an embodiment disclosed herein, the catheter tip and the catheter shaft
proximally connected to the catheter tip may be inserted into the patient’s body by using a
guide wire. The guide wire serves for guiding the catheter tip of the catheter system to an
implantation site. Once in position above the aortic valve the guide wire may then be
removed. Alternatively, the guide wire remains in the patient’s body during implantation of a
heart valve prosthesis accommodated in the catheter tip. Then, the guide wire is removed

together with the catheter from the patient’s body.

[0054] The guide wire is designed to be advanced into a patient’s vasculature
independently from the catheter tip and the catheter shaft proximally connected to the
catheter tip. In other words, the catheter tip together with at least the distal part of the
catheter shaft and the guide wire are advanced as single units through the vasculature of the

patient, respectively. Once the guide wire is placed, the catheter tip and the catheter shaft
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proximally connected to the catheter tip can be advanced over the guide wire directly to the

particular site in the patient's cardiovascular system.

[0055] In accordance with the present invention, a guide wire is advanced through the
patient's vascular system, its direction being controlled and fluoroscopically monitored by the
surgeon, until its distal end is at the desired location. Preferably, the guide wire is very small
in diameter, thereby not presenting any substantial obstruction to blood flow in the blood
vessel. After inserting the guide wire, the catheter tip together with the catheter shaft
proximally connected to the catheter tip are advanced over the guide wire with the wire being
received in the second lumen which is defined by the second catheter tube of the catheter
shaft. The guide wire thus simply and automatically guides the catheter tip of the catheter
system directly to the intended region, without requiring difficult, time consuming

manipulations.

[0056] In a preferred embodiment of the present disclosure, the guide wire has a diameter
less than the diameter of the second lumen defined by the second catheter tube. This allows
that the guide wire may be at least partly received within the second lumen defined by the
second catheter tube for guiding the catheter tip, at least partly disposed about the guide

wire, to the implantation site.

[0057] In a preferred embodiment of the invention, the second lumen defined by the
second catheter tube of the catheter shaft has a minimum dimension which is just slightly
greater than the diameter of the guide wire. The maximum cross-sectional dimension of the
second lumen is substantially larger than the cross-section of the guide wire. Thus, when the
guide wire is disposed within the second lumen there will be substantial voids through the
second lumen, on opposite sides of the guide wire through which fluids may be administered
to the patient and through which blood pressure measurements may be taken. Such fluids
may be administered and pressure measurements may be taken without removing the guide
wire at all. By way of example, the cross-section of the guide wire preferably is of the order of

no more than about fifty percent of the cross-sectional area of the second lumen.

[0058] In order to implant a heart valve prosthesis accommodated in the catheter tip, the
catheter tip and the catheter shaft proximally connected to the catheter tip are advanced over
the guide wire. As the tip of the guide wire terminates in the left ventricle of the heart,

pushing the guide wire may contact the left ventricular apex.
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[0059] In order to avoid any damage of the left ventricular apex when the guide wire is
inserted, and to avoid any injury or damage to the vessel wall when the guide wire is inserted
(advanced) through a vessel, the guide wire preferably has a flexible bumper at the leading
end of the advancing guide wire, which minimizes the risk of trauma or injury to the delicate
internal surfaces of the artery. The bumper is preferably highly flexible and with a smooth
leading end. For example, the guide wire may terminate in a smoothly surfaced rounded tip,
at the distal end of the guide wire. Alternatively, the distal end of the guide wire may have a j-

hook shape or a hockey-stick shape, thereby reducing the risk of trauma.

[0060] Since the guide wire and the catheter tip together with the catheter shaft proximally
connected to the catheter tip are generally independently advanced into the vasculature, the
guide wire must be sufficiently stiff throughout its length to prevent buckling. Furthermore, the
guide wire shall have sufficient stiffness to track the delivery system (catheter tip and
catheter shaft proximally connected to the catheter tip) around the aortic arch. On the other
hand, at least the distal tip of the guide wire shall be soft enough to prevent puncture of the

heart tissue.

[0061] The guide wire may comprise a distal tip guide section and a proximal pull section.
The pull section allowing for the tip guide section to be pulled out after final positioning of the
catheter tip and having an optimal cross sectional area and size, is generally smaller than

that of the tip guide section so as to assure minimum blood leakage at the insertion site. The

tip guide section is capable of guiding the catheter through a patient’s vasculature.

[0062] The guide wire may, in an exemplary embodiment, be approximately 175
centimeters long so that it may be introduced through the femoral artery and have ample
length to reach the patient's coronary region. The guide wire may include a small diameter
main wire. This rotationally rigid main wire of the guide wire can be solid or tubular, as long
as it is rigid torsionally so that it may transmit fully to the distal end a rotational motion
imparted to the proximal end. The main wire has relatively little twist as its proximal end is
rotated. Practically all rotation applied to the proximal end will be transmitted quickly to the
very distal tip of the guide wire. Alternatively, the guide wire may be formed substantially

from elongate helical springs.

[0063] As already indicated, the aortic arch in the human body may represent a challenge
for transfemoral implantation of a self- or balloon-expandable heart valve stent with a heart
valve prosthesis attached to it, since it has to be accessed during insertion through the aorta.

When this is done, the catheter tip and the catheter shaft proximally connected to the
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catheter tip must undergo a change of direction of approximately 180° over a relatively small
radius, usually about 50 mm, without causing injury or damage to the vessel wall. For aiding
the bending of the catheter tip and the catheter shaft proximally connected to the catheter tip
when passing through the aortic arch and for supporting the catheter tip in accessing the
ascending aorta, the guide wire may have a specific structure such as to make a U turn in
the aortic arch. Hence, the guide wire may be programmed such that the guide wire takes a

U-shape bend.

[0064] In a preferred embodiment of the present disclosure, at least a distal section of the
guide wire has a predefined curved configuration adapted to the curvature of the patient’s
aortic arch. The predefined curved configuration of at least the distal section of the guide wire
is selected such as to push the catheter tip in the direction of the centre of the ascending
aorta when the catheter tip is at least partly disposed about the distal section of the guide

wire and transfemoral inserted into the patient’s body.

[0065] In this respect, the guide wire has a double-function: On the one hand, the guide
wire serves for guiding the catheter tip of the catheter system to an implantation site. On the
other hand, the guide wire serves for positioning the catheter tip in the centre of the
ascending aorta when the catheter tip has accessed the ascending aorta. Then, positioning
arches or hoops of the stent accommodated in the catheter tip may be easily inserted into
the pockets of the native heart valve of a patient so that the heart valve stent can be easily

positioned.

[0066] In a preferred embodiment, at least the distal section of the guide wire exhibits a
first predefinable shape before advancing the guide wire into the patient’'s vasculature and a
second predefinable shape in the advanced state of said guide wire, wherein the second
predefinable shape of the distal section of the guide wire corresponds to the predefined
curved configuration of the distal section of the guide wire. For achieving this, the guide wire
may consist at least partly of a shape memory material such that at least the distal section of
the guide wire can transform from a temporary shape into a permanent shape under
influence of an external stimulus, wherein the temporary shape of the distal section of the
guide wire corresponds to the first shape and the permanent shape of the distal section of

the guide wire corresponds to the second shape.

[0067] A shape memory material, for example Nitinol, may be used as the material for at
least the distal section of the guide wire. Such a shape memory material is preferably

designed such that the guide wire can transform from a temporary shape into a permanent
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shape under the influence of an external stimulus. The temporary shape is thereby the first
shape of the guide wire (i.e. the shape of the guide wire before inserting it into the patient’s
body), while the permanent shape is assumed in the second shape of the guide wire (i.e. in
the inserted state of the guide wire). In particular, use of a shape memory material such as
Nitinol, i.e. an equiatomic alloy of nickel and titanium, allows for a particularly gentle insertion

procedure.

[0068] Itis conceivable of course that other shape memory materials, for example shape-
memory polymers, are used as the material for at least the distal section of the guide wire. At
least parts of the guide wire may be formed by using, for example, a polymer composite
exhibiting a crystalline or semi-crystalline polymer network having crystalline switching
segments. On the other hand, an amorphous polymer network having amorphous switching

segments is also conceivable.

[0069] When manufacturing the guide wire preferably made from a shape memory
material, the permanent shape of the guide wire, i.e. the shape of the guide wire which is
assumed in the inserted state of the guide wire, is formed. Once the desired shape has been
formed, this shape is “fixed”, this process being known as “programming”. Programming may
be effected by heating the guide wire, forming the guide wire into the desired shape and then
cooling the guide wire. Programming may also be effected by forming and shaping the
structure of the guide wire at lower temperature, this being known as “cold stretching.” The
permanent shape is thus saved, enabling the guide wire to be stored and implanted in a
temporary, non-formed shape. If an external stimulus then acts on the stent structure, the

shape memory effect is activated and the saved, permanent shape restored.

[0070] A particularly preferred embodiment provides for the external stimulus to be a
definable switching temperature. It is thus conceivable that the material of the guide wire
needs to be heated to a higher temperature than the switching temperature in order to
activate the shape memory effect and thus regenerate the saved permanent shape of the
guide wire. A specific switching temperature can be preset by the relevant selection of the

chemical composition of the shape memory material.

[0071] Itis particularly preferred to set the switching temperature to be in the range of
between 10°C and the patient's body temperature and preferably in the range of between
10°C and room temperature (22°C). Doing so is of advantage, especially with regard to the
guide wire which needs to be inserted in a patient’s body. Accordingly, all that needs to be

ensured in this regard when inserting the guide wire is that the guide wire is warmed up to
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room temperature or the patient’s body temperature (37°C) at the site of implantation to

activate the shape memory effect of the stent material.

[0072] Alternatively, the guide wire may be made from another material (for example a
platinum-tungsten alloy) which allows that the distal region of the guide wire can be bent
manually by the surgeon and will retain its bent configuration when relaxed. This enables the
guide wire to be controllably steered by rotation of the guide wire to direct the curved distal
end selectively into the aortic arch and into the ascending aorta. Rotational control of the
guide wire may be enhanced by bending the proximal end of the wire to form somewhat of a

handle.

[0073] In use, the surgeon may bend the distal region of the guide wire so that it will be
biased toward and will assume somewhat of a curve when relaxed. When advanced through
the patient's artery the degree of resilience at the distal region of the wire is such that the
wire will straighten and follow the path of the artery quite easily. A progressively increased
flexibility resulting from, for example, a continuous taper at the distal region of the guide wire
may enhance the ability of the guide wire to flex from the pre-bent biased curve and follow

the path of the blood vessel.

[0074] When the distal end of the pre-bent, biased guide wire is at the descending aorta
proximal of the aortic arch, the surgeon can steer it into the aortic arch and thereafter into the

ascending arch by rotation of the guide wire by manipulating it from the proximal end.

[0075] Alternatively, the guide wire may be inserted into the patient’s body by using a
guide catheter. The guide catheter may comprise a guide catheter tube defining a lumen for
receiving the guide wire. The guide catheter may serve for inserting the guide wire. Once the
guide catheter is introduced through the femoral artery and the aortic arch and has reached
the patient's aortic valve region, the guide wire is released from the guide catheter by
removing the guide catheter whereas the guide wire remains in the patient’s body. In this
case, the guide wire exhibits its first predefinable shape before releasing the guide wire from
the guide catheter and its second predefinable shape after releasing the guide wire from the
guide catheter. As already indicated, the second predefinable shape of the distal section of
the guide wire is selected such that the distal section of the guide wire pushes the catheter
tip in the direction of the centre of the ascending aorta when the catheter tip is at least partly
disposed about the distal section of the guide wire and transfemoral inserted into the

patient’s body.
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[0076] According to one aspect of the present disclosure, at least the distal region of the
guide wire is at least partly formed from a material having a high radiopacity. A relatively high
degree of radiopacity of the distal region of the guide wire enhances fluoroscopic imaging of

the guide wire as it is advanced through the patient's artery.

[0077] The procedure for using the guide wire in accordance with the present invention
involves initial placement and location of the guide wire in the femoral artery and the aortic
arch. Once the guide wire is in place the catheter tip with the catheter shaft of the catheter
system then may be advanced over the guide wire to a point where the stent accommodated
in the catheter tip is in the ascending aorta proximal to the native aortic heart valve. This can
be verified fluoroscopically because of the highly radiopaque characteristic of the catheter tip
and/or guide wire and also by injecting radiopaque dye through, for example, a lumen of the
catheter system. For this reason, the catheter tip of the catheter system may be provided
with radiopaque markers which also facilitate fluoroscopic monitoring of its progress and

position.

[0078] In order to treat a heart valve stenosis and/or heart valve insufficiency in a patient,
a medical device is disclosed. The medical device comprises an insertion system and an
expandable heart valve stent accommodated in the catheter tip of the insertion system. While
it is accommodated in the catheter tip of the insertion system, the stent adopts a first
previously definable configuration. Outside the catheter tip or in the implanted state,

however, the stent exists in a second previously definable configuration. The first
configuration of the stent corresponds to the folded-up state, while the stent exists in its

expanded state in the second configuration.

[0079] A heart valve stent is used with the medical device, as described for example in the
European Patent Application No. 07 110 318 or in the European Patent Application No. 08
151 963. In a preferred embodiment of the medical device, a heart valve stent is accordingly
used which exhibits the following:

a first retaining region, to which a heart valve prosthesis can be attached;

an opposing, second retaining region with at least one retaining element, for
example in the form of retaining eyes or in the form of retaining heads, whereby at least one
retaining element of the stent can be put in releasable engagement with the stent holder of
the catheter tip forming part of the insertion system;

at least one retaining hoop, to which a heart valve prosthesis can be fastened; and
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at least one and preferably three positioning hoops, which are designed to
engage in pockets of the native heart valve in the implanted state of the stent, thus to enable

automatic positioning of the stent in the aorta of the patient.

[0080] In particular, an insertion system is proposed, with which an expandable heart
valve stent with a heart valve prosthesis attached to this stent can be advanced to the
implantation site in a particularly simple way, for example via the aorta of a patient being
treated (transarterially or transfemorally). Preferably, during transarterial or transfemoral
access by the catheter system, the whole free cross-section available within the aorta is not
completely filled up, since the catheter tip provided at the distal end region of the catheter
system, in which the stent can be accommodated with the heart valve prosthesis, can be

made sufficiently small with respect to its external diameter.

[0081] The expandable heart valve stent with the heart valve prosthesis attached to it can
be accommodated temporarily during implantation in the folded-up state in the catheter tip of
the insertion system, which is provided at the distal end region of the catheter system. The
catheter system may be of a length sufficient to allow the catheter tip provided at the distal
end region of the catheter system to be guided through the aorta to the patient’s heart by

insertion at the patient’s groin.

[0082] The insertion system designed for transarterial or transfemoral access is therefore
suitable for inserting a heart valve stent with a heart valve prosthesis attached to it,
transarterially or transfemorally into the body of the patient; for example, the catheter system
of the insertion system is inserted with the catheter tip located at the distal end of the

catheter system via puncture of the A. femoris communis (inguinal artery).

[0083] In particular, with the insertion system designed for transarterial or transfemoral
access, the catheter system may be designed so that it is both kink-resistant and flexible
such that a bending radius of up to 4 cm, and preferably up to 3 cm, can be realised, at least

at the distal end region of the catheter system.

[0084] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of

“‘including, but not limited to”.
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[0085] Preferred embodiments will be described with reference to the appended drawings

below.

[0086]  Of these:

[0087] Fig. 1: an embodiment of an insertion system for transfemoral / transarterial

insertion of an expandable heart valve stent in a part-sectioned side elevation;

[0088] Fig. 2: an embodiment of a handle for an insertion system for transfemoral /

transarterial insertion of an expandable heart valve stent in a part-sectioned side elevation;

[0089] Fig. 3a: an embodiment of an insertion system for transfemoral / transarterial

insertion of a heart valve stent in a side elevation;

[0090] Fig. 3b: a side elevation of the transfemoral / transarterial insertion system in

accordance with Fig. 3a with a deflected catheter system;

[0091] Fig. 4: a further embodiment of an insertion system for transfemoral /

transarterial insertion of a heart valve stent in a side elevation;

[0092] Fig. 5: a further embodiment of an insertion system for transfemoral /

transarterial insertion of a heart valve stent in a side elevation;

[0093] Fig.6a-d: side elevations of the transfemoral / transarterial insertion system in
accordance with Fig. 3a in its four previously defined functional states to illustrate the loading

procedure of the insertion system

[0094] Fig. 7a-d: side elevations of the transfemoral / transarterial insertion system in
accordance with Fig. 3a in its four previously defined functional states to illustrate the release

procedure of a stent housed in the catheter tip of the insertion system;

[0095] Fig. 8: an embodiment of a catheter tip for an insertion system for
transfemoral / transarterial insertion of an expandable heart valve stent in a part-sectioned

side elevation;
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[0096] Fig. 9: a further embodiment of a catheter tip for an insertion system for
transfemoral / transarterial insertion of an expandable heart valve stent in a part-sectioned

side elevation;

[0097] Fig. 10a: an exemplary embodiment of a catheter shaft for an insertion system
for transfemoral / transarterial insertion of an expandable heart valve stent in a cross-

sectional elevation;

[0098] Fig. 10b:  a further exemplary embodiment of a catheter shaft for an insertion
system for transfemoral / transarterial insertion of an expandable heart valve stent in a cross-

sectional elevation;

[0099] Fig. 11: a schematic view to illustrate a transfemoral / transarterial implantation

procedure of a heart valve stent;

[00100] Fig. 12a-c. three-dimensional schematic part-sectioned view of the catheter tip of
a transfemoral / trans-apical insertion system in different functional states to illustrate the

implantation procedure of a heart valve stent mounted in the catheter tip;

[00101] Fig. 13a-d: side elevations of a further embodiment of a catheter tip for an
insertion system for transfemoral / transarterial insertion of an expandable heart valve stent
in its four previously defined functional states to illustrate the release procedure of a stent

housed in the catheter tip of the insertion system; and

[00102] Fig. 13e: a side elevation of the embodiment of a catheter tip in accordance with
Fig. 13a-d in its state after releasing a stent housed in the catheter tip and ready to be

removed again from the body of the patient.

[00103] Fig. 11 shows schematically an example of how a transarterial or transfemoral
access can be gained to the heart of a patient. In the illustration in accordance with Fig. 11, a
heart valve stent 150 is advanced with the aid of a insertion system 100 via the femoral
artery to the aortic valve. Embodiments of an insertion system 100, which is suitable for

transarterial or transfemoral access, are described in the following.

[00104] In accordance with a preferred embodiment, an insertion system 100 has a
catheter system 1 and a handle 70 connected to the proximal end section of the catheter

system 1. As depicted, for example, in Fig. 1, the catheter system 1 of the preferred
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embodiment comprises a catheter tip 10 having a seat portion for accommodating a stent to
be inserted in its collapsed state and a stent holder 15 for releasably fixing the stent. The
catheter system 1 further comprises a catheter shaft 30 for connecting the catheter tip 10 to
the handle 70 of the insertion system 100, the distal end section of the catheter shaft 30
being flexible enough such that the catheter tip 10 and the distal end section of the catheter

shaft 30 may pass the aortic arch during insertion through the aorta of the patient.

[00105] The seat portion of the catheter tip 10 comprises a first sleeve-shaped member 11
and a second sleeve-shaped member 21, the cross-section of the second sleeve-shaped
member 21 are preferably identical to each other such that the first and second sleeve-
shaped member 11, 21 can completely enclosed a stent accommodated in the catheter tip
10. In addition, the first and second sleeve-shaped members 11, 21 are movable relative to

each other and relative to the stent holder 15.

[00106] For this purpose, first force transmitting means 31 with a distal end section
connected to the first sleeve-shaped member 11 and a proximal end section connected to
first operating means 71 of the handle 70 are provided. In addition, second force transmitting
means 41 with a distal end section connected to the second sleeve-shaped member 21 and
a proximal end section connected to second operating means 81 of the handle 70 are
provided. When manipulating the first and/or second operating means 71, 81 of the handle
70, the first and/or second sleeve-shaped members 11, 21 may be moved relative to each

other and relative to the stent holder 15.

[00107] As can be seen from Fig. 10a and Fig. 10b, the first force transmitting means 31
may be constituted by a first catheter tube 32 defining a first lumen and the second force
transmitting means 41 is constituted by a second catheter tube 42 defining a second lumen.
The second catheter tube 42 may have a cross-section less than the cross-section of the first
catheter tube 32. The first catheter tube 32 may be disposed concentrically and coaxially with
the second catheter tube 42 and the second catheter tube 42 is received within the first

lumen defined by the first catheter tube 32.

[00108] Contrary to the first and second sleeve-shaped members 11, 21 of the catheter tip

10, however, the stent holder 15 of the catheter tip 10 is not moveable relative to the handle

70 of the insertion system 100. Rather, the stent holder 15 is connected to the housing 70’ of
the handle 70 by using a stent holder tube 62 having a distal end connected to the stent

holder 15 and a proximal end connected to a body 70’ of the handle 70.
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[00109] Referring to Fig. 10b, the stent holder tube 62 may have a cross-section less than
the cross-section of the first catheter tube 32. In particular, the first catheter tube 32 may be
disposed concentrically and coaxially with both, the second catheter tube 42 on the one hand
and the stent holder tube 62 on the other hand. Preferably, the stent holder tube 62 has a
cross-section less than the cross-section of the first catheter tube 32 and greater than the
cross-section of the second catheter tube 42 such that the stent holder tube 62 is received
within the first lumen defined by the first catheter tube 32 and the second catheter tube 42 is
received within a passageway defined by the stent holder tube 62. The passageway defined
by the stent holder tube 62 has a diameter sufficient to accommodate the second catheter
tube 42 such that the second catheter tube 42 is moveable relative to the stent holder tube
62.

[00110] The second lumen defined by the second catheter tube 42 has a diameter
sufficient to accommodate a guide wire 180. The second catheter tube 42 may be made from
a rigid material including, for example, nitinol, stainless steel or a rigid plastic material (see
Fig. 10b). The material of the distal end section of the second catheter tube 42 may have an
increased flexibility compared to the material of the proximal end section in order to allow the
distal end section of the catheter shaft 30 to pass the aortic arch during insertion of the
catheter tip 10. For example, the guiding tube 52 may be a 17F-catheter tube and the first
catheter tube 32 may be a 12F-catheter tube.

[00111] As can been seen, for example, from Fig. 9, the distal end section of the second
catheter tube 42 terminates in a soft catheter end tip 25 having an atraumatic shape. The
soft catheter end tip 25 is provided with a channel aligned with the second lumen defined by
the second catheter tube 42 such that a guide wire 180 accommodated within the second
lumen of the second catheter tube 42 may pass through the channel of the soft catheter end
tip 25. The second sleeve-shaped member 21 of the catheter tip 10 is connected to the soft
catheter end tip 25 such that the opened end of the second sleeve-shaped member 21 faces
in the proximal direction opposite to the direction of the soft catheter end tip 25 and to the

second catheter tube 42.

[00112] According to the exemplary embodiment depicted in Fig. 10b, the stent holder tube
62 is made of a rigid material, for example, a rigid plastic material, stainless steel or nitinol.
The distal end of the stent holder tube 62 terminates in the stent holder 15 which is also
made of a rigid material, for example, a rigid plastic material or stainless steel. The
passageway defined by the stent holder tube 62 is aligned with a channel which passes

through the stent holder 15. In this way, the second catheter tube 42 is accommodated in the
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passageway of the stent holder tube 62 and the channel of the stent holder 15 such as to be

moveable relative to the stent holder tube 62 and the stent holder 15.

[00113] The first catheter tube 32 is made of a bendable but inelastic material. For
example, the first catheter tube 32 may be at least partly made of a braided or non-braided
catheter tube. The first catheter tube 32 shall be adapted to transfer compression and
tension forces from the first operating means 71 of the handle 70 to the first sleeve-shaped
member 11 of the catheter tip 10 without overly changing its total length. The distal end of
the first catheter tube 32 terminates at a flared section as a transition to the section defining

the first sleeve-shaped member 11 of the catheter tip 10.

[00114] As can be seen from Fig. 9, the flared section and the first sleeve-shaped member
11 may be formed integrally and may be connected to the distal end section of the first
catheter tube 31. In addition, the flared section may constitute the first sleeve-shaped
member 11 of the catheter tip 10. The first sleeve-shaped member 11 and the flared section
of the first catheter tube 31 may be all of the same material and originating from the same
raw tube prior to a widening process so that the flared section and the first sleeve-shaped

member 11 are the same elements.

[00115] Referring for example to Fig. 1, the insertion system 100 according to the preferred
embodiment further comprises a guiding tube 52 having a cross-section greater than the
cross-section of the first catheter tube 32. The guiding tube 52 defines a passageway and is
disposed concentrically and coaxially with the first catheter tube 32, the stent holder tube 62
and the second catheter tube 42 such that the first catheter tube 32 with the stent holder tube
62 and the second catheter tube 42 accommodated therein is at least partly accommodated
within the passageway defined by the guiding tube 52, wherein the first catheter tube 32 is
moveable relative to the guiding tube 52. In particular, the guiding tube 52 terminates
proximal to the catheter tip 10 wherein the cross-section of proximal end section of the
guiding tube 52 shall be the same as or less than the cross-section of the flared section
provided at the proximal end of the first catheter tube 32 so that a smooth transition from the
first sleeve-shaped member 11 of the catheter tip 10 to the guiding tube 52 may be achieved

(see Fig. 9).

[00116] The proximal end section of the guiding tube 52 terminates distal to the handle 70.
The proximal end section of the guiding tube 52 may be detached / disconnected from the

handle 70 so that the handle 70 as well as the first and second catheter tubes 32, 42 and the
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stent holder tube 62 together with catheter tip 10 may be moved relative to the guiding tube
52.

[00117] The distal end of the guiding tube 52 is formed such that the flared section
provided at the distal end section of the first catheter tube 32 may abut on the distal end of
the guiding tube 52 without abrupt transition. The guiding tube 52 may be of a thin material
such as to allow length deformation of the guiding tube 52 upon transfer of compression and
tension forces. The material of the guiding tube 52, however, shall have sufficient stiffness in
order to mechanically avoid kinking of the flexible sections of the distal portion of the catheter

shaft 30 during insertion of the catheter tip 10.

[00118] The proximal end of the guiding tube 52 is releasably connectable to the body 70’

of the handle 70. In this way, the guiding tube 52 may have a double-function:

[00119] In case, the proximal end of the guiding tube 52 is connected to the handle 70, the
guiding tube 52 serves as a distal extension of the body 70’ of the handle 70 relative to which
the first and second operating means 71, 81 are moveable for manipulating the first and
second sleeve-shaped members 11, 21 of the catheter tip 10. Hence, the position of the
stent holder 15 relative to the native heart valve of the patient may be changed by moving

the guiding tube 52 connected to the handle 70.

[00120] In case, the proximal end of the guiding tube 52 is not connected to the body 70’ of
the handle 70, the guiding tube 52 may serve as an introducer tube, i.e. as a portal for
passing the catheter tip 10 of the catheter system 1 into the patient’s body and up to the

heart.

[00121] As depicted, for example, in Fig. 1, an inlet port 53 may be provided at a proximal
end section of the guiding tube 52 for injection of fluids into the guiding tube 52. Furthermore,
a check valve may be provided at the proximal end section of the guiding tube 52 to prevent

fluid from leaking out of the guiding tube 52.

[00122] A description is given in the following, with reference to Figs. 1 to 10b, of the
components of exemplary embodiments of insertion systems 100, which are suitable for a
transarterial or transfemoral access to the implantation location. During a transarterial or
transfemoral access, the catheter tip 10 of the insertion system 100 is advanced, for

example, via the aorta to the implantation site.
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[00123] Fig. 1 shows a part-sectioned representation of an exemplary embodiment of an

insertion system 100 designed for transfemoral or transarterial access.

[00124] As illustrated in Fig. 1, an insertion system 100 according to the present disclosure
may comprise a catheter system 1 and a handle 70 connected to the proximal end section of
the catheter system 1. The catheter system 1 comprises a catheter tip 10 and a catheter
shaft 30 for connecting the catheter tip 10 to the handle 70. The catheter tip 10 has a seat
portion for accommodating a stent (see Figs. 12a-c) in its collapsed state as well as a stent

holder 15 for releasabily fixing the stent.

[00125] The seat portion of the catheter tip 10 is constituted by a first sleeve-shaped
member 11 and a second sleeve-shaped member 21. As will be explained in more detail with
reference to Figs. 6a-d and Figs. 7a-d, the sleeve-shaped members 11, 21 of the catheter tip

10 are movable relative to each other and relative to the stent holder 15.

[00126] The catheter shaft 30 comprises first force transmitting means 31, second force
transmitting means 41 and guiding means 51. In accordance with the exemplary embodiment
depicted in Fig. 1, the first and second force transmitting means 41 31, 41 of the catheter
system 1 are realized as flexible, elongated catheter tubes 32, 42. Each of the first and
second catheter tubes 32, 42 defines a separate lumen. In addition, the guiding means 51 is
realized as guiding tube 52 defining a passageway within which the first and second catheter

tubes 32, 42 are received such as to be movable relative to the guiding tube 52.

[00127] As can be seenin Fig. 1, the guiding tube 52 has a distal end which terminates
proximal to the catheter tip 10. On the other hand, the first catheter tube 32 has a length
which is the same as, or substantially similar to the length of the second catheter tube 42.
The first catheter tube 32 terminates at its distal end in a flared section as a transition to the
section with wider cross-section defining the first sleeve-shaped member 11 of the catheter
tip 10. In particular, and as can be seen from the illustration in Fig. 9, the wider section of the
first catheter tube 32 is formed integrally with the distal end section of the first catheter tube
32. The wider section has a length greater than the length of a collapsed stent to be

accommodated in the catheter tip 10.

[00128] As already mentioned, in the exemplary embodiment depicted in Fig. 1, the first
force transmitting means 31 of the catheter system 1 is constituted by a first catheter tube 32
defining a first lumen, wherein the second force transmitting means 41 is constituted by a

second catheter tube 42 defining a second lumen. The second catheter tube 42 has a cross-
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section less than the cross-section of the first catheter tube 32, wherein the first catheter tube
32 is disposed concentrically and coaxially with the second catheter tube 42. The cross-
section of the catheter tip 10, however, is greater than or equal to the cross-section of the

guiding tube 52.

[00129] On the other hand, the guiding tube 52 has a cross-section which is greater than
the cross-section of the part of the first catheter tube 32 which is received within the guiding
tube 52. The cross-section of the catheter tip 10, however, is greater than the cross-section
of the guiding tube 52. Hence, the guiding tube 52 cannot be removed from the insertion

system 100 without disconnecting the catheter system 1 from the handle 70.

[00130] At the proximal end section of the guiding tube 52, a check valve may be provided
for preventing fluid from leaking out of the guiding tube 52. Furthermore, an inlet port 53 may
be provided at the proximal end section of the guiding tube 52 for injection of fluids into the
guiding tube 52. Hence, fluids such as saline solution may be injected through the inlet port
52 to flush the interior passageway of the guiding tube 52 and to reduce the incidence of
blood clotting. A stopcock may be attached to the inlet port 53 to maintain the port 53 in a
closed position when the port 53 is not being accessed to flush the passageway of the

guiding tube 52.

[00131] The guiding tube 52 is movable relative to the handle 70 and the first and second
catheter tubes 32, 42. This provides a grip for the user who can hold the catheter shaft 30 at
its proximal end section during positioning of the catheter tip 10 and during manipulation of
the sleeve-shaped element 11 of the catheter tip 10. The user can hold the guiding tube 52,
and in particular the proximal end section of the guiding tube 52 for supporting the movement
of the first sleeve-shaped element 11 of the catheter tip 10 relative to the handle 70 such that

the outer sheath of the catheter system 1 need not be held by the user or kinked.

[00132] Inthe exemplary embodiment of the insertion system 100 depicted in Fig. 1, a
handle 70 is utilized, said handle 70 comprising first and a second operating means 71, 81,
which are connected by means of corresponding first and second force transmission means
31, 41 of the catheter shaft 30 to the first and second sleeve-shaped member 21s 11, 21 of
the catheter tip 10. The first operating means 71 has a first pusher 73 which is functionally
connected to the first slide 74. The first slide 74 is guided in a first guide 72 in the longitudinal
direction L of the handle 70. The distal-side end of the first guide 72 defines the first stop 75
and the proximal-side end of the first guide 72 the second stop 76, which define the overall

longitudinal displacement that can be effected with the first operating means 71. A locking
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element 77’ may be positioned between the distal-side and the proximal-side end of the first

guide 72, which defines the additional stop 77.

[00133] The second operating means 81 of the handle 70 shown in Fig. 1 has a second
pusher 83, which is functionally connected to a second slide 84. The second slide 84 is
guided in a longitudinal guide (second guide 82) between a first stop 85 and a second stop
86. The second slide 84 is connected by means of the second force transmission means 41
with the second sleeve-shaped member 21 of the catheter tip 10. On actuation of the second
operating means 81, the second slide 84 is moved in the longitudinal direction L of the
handle 70 from the first stop 85 to the second stop 86. This movement effects a longitudinal
displacement of the second sleeve-shaped member 21 of the catheter tip 10 connected via

the second force transmission means 41 with the second operating means 81.

[00134] To prevent an unintended displacement of the second slide 84, the second
operating means 81 is equipped with a securing element 89, which may connect the second
slide 84 with the body 70’ of the handle 70 when in use. A longitudinal displacement of the
second slide 84 to the second stop 86 is possible following removal or deactivation of the

securing element 89.

[00135] Fig. 2 shows a further embodiment of a handle 70 of an insertion system 100
designed for transfemoral or transarterial access in a part-sectioned side view. The
construction and mode of operation of the first and second operating means 81 71, 81 of the
embodiment of the handle 70 shown in Fig. 2 is comparable in structural and functional
respects to the handle 70 as previously described with reference to Fig.1. Hence, elements
in Fig. 2 that are generally similar to previously described elements have the same reference
numbers compared with the reference numbers in Fig. 1 previously used for the similar

elements.

[00136] In distinction to the handle 70 described with reference to Fig. 1, however, the
handle 70 in accordance with Fig. 2 is provided with a third operating means 96 in the form of
a wheel, by means of which a flexural link region 34 of the catheter shaft 30 can be
controlled. It is important to note, however, that the catheter shaft 30 is only optionally
provided with such flexural link region 34. Rather, the material of the distal end section of the
catheter shaft 30 may have an increased flexibility compared to the material of the proximal
end section in order to allow the distal end section of the catheter shaft to pass 30 the aortic

arch during insertion of the catheter tip.
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[00137] Inthe exemplary embodiment depicted in Fig. 2, the third operating element 96
preferably has a detent device 100, to allow a set deflection of the flexural link region 34 of
the catheter shaft 30 to be fixed. For example, it is possible to provide a suitable catch
mechanism on the hand wheel of the third operating means 96, which cooperates with the
body 70’ of the handle 70. In particular, it is possible for the flexural link region 34 of the
catheter shaft 30 to be connected to the third operating means 96 by way of a control wire 35
whereby, on an actuation of the third operating means 96 via the control wire 35 a tensile
forces is exerted on the flexural link region 34, which produces the deflection of the flexural

link region 34 (see Fig. 3b).

[00138] However it is also possible, of course, to choose another embodiment as the third
operating means 96 for deflecting a flexural link region 34 of the catheter shaft 30, in case

the catheter shaft 30 is provided with such a flexural link region 34.

[00139] The handle 70 of the insertion system 100 designed for transarterial or
transfemoral access may be provided with a pretensioning device, shown in Fig. 2. With such
a pretensioning device, a constant tensile force may be exerted via the second operating
means 81 on the second sleeve-shaped member 21 of the catheter tip 10. As shown in Fig.
2, the pretensioning device may have a compression spring 97, permanently stressed along
its spring axis, which is prestressed between a first stop 97a connected to the body 70’ of the
handle 70 and a second stop 97b connected to the proximal end region of the second
operating means 81. In this respect, a permanent, previously defined or definable tensile

force is exerted on the second sleeve-shaped member 21 of the catheter tip 10.

[00140] The pretensioning device implemented with the spring 97 in the embodiment in
accordance with Fig. 2 may be advantageous when the catheter shaft 30 is bent during the
implantation procedure, for example, when the catheter tip 10 of the insertion system 100 is
inserted through the aorta. When the catheter shaft 30 is bent, the outer fibres of the catheter
shaft 30 are shortened. This can be compensated appropriately with the aid of the
pretensioning device. In detail, on bending of the flexural link region 34 relative to the neutral
fibres of the catheter shaft 30 running along the longitudinal axis L, the outer fibres of the
catheter shaft 30 radially spaced from the neutral fibres are shortened. Since the second
force transmission means 41, which connects the second operating means 81 with the
second sleeve-shaped member 21 in the insertion system 100, normally runs along the
neutral fibre of the catheter shaft 30, a bending contraction inevitably occurs when the

catheter shaft 30 is bent, having the result that, despite fixing of the first operating means 71,
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the first sleeve-shaped member 11 of the catheter tip 10 is displaced relative to the stent

holder 15 in a proximal direction.

[00141] This longitudinal displacement of the first sleeve-shaped member 11 of the
catheter tip 10 that takes place during the bending procedure is compensated with the aid of
the prestressing device (spring 97), since the spring 97 of the prestressing device exerts a
constant tensile force on the second force transmission means 41 and therefore on the
second sleeve-shaped member 21 of the catheter tip 10 and consequently constantly
presses the distal-side end tip 25 of the catheter tip 10 against the distal-side end of the first
sleeve-shaped member 11. This enables the catheter tip 10 to remain completely closed
even during a deflection of the catheter shaft 30 effected, for example, when the catheter tip

10 is inserted through the aorta.

[00142] On actuation of the second operating means 81 of the handle 70, it is necessary to
press the second slide 84 against the prestress supplied by the spring 97 of the prestressing

device on the second stop 86.

[00143] Itis important to note, however, that a prestressing device of the kind as described

above is not mandatory for the insertion system as disclosed herein.

[00144] A further exemplary embodiment of an insertion system 100 designed for
transarterial / transfemoral access is shown in Figs. 3a, b. Elements in Figs. 3a, b that are
generally similar to previously described elements have the same reference numbers
compared with the reference numbers in Figs. 1 and 2 previously used for the similar

elements.

[00145] The insertion system 100 shown in Figs. 3a, b comprises a catheter system 1 of
the kind as previously described with reference to Fig. 1, i.e. a catheter system 1 having a
catheter tip 10 and a catheter shaft 30 which is provided with a first catheter tube 32 acting
as first force transmitting means 31, a second catheter tube 42 acting as second force
transmitting means 41, and a guiding tube 52 acting as guiding means 51. Contrary to the
catheter shaft 30 utilized in the exemplary embodiment of the insertion system 100 depicted
in Fig. 1, however, the catheter shaft 30 of the insertion system 100 shown in Figs. 3a, b is
provided with a flexural link region 34 of the kind as previously described with reference to
Fig. 2.
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[00146] As will be described in the following, the insertion system 100 shown in Figs. 3a, b
is provided with a different embodiment of a handle 70 which is used in order to manipulate

the first and second sleeve-shaped members 11, 21 of the catheter tip 10.

[00147] In relation to the handle 70 used with the insertion system 100 shown in Fig. 3a, it
can be seen that the end region of the handle 70 is in the form of a turning mechanism 98
(rotatable means), with which the second force transmission means 41 of the catheter shaft
30 can be twisted with the distal-side end tip 25 and the second sleeve-shaped member 21
of the catheter tip 10 fastened to it about the longitudinal axis L of the catheter tip 10. The
second sleeve-shaped member 21 of the catheter tip 10 is connected by means of a loose
bearing to the stent holder 15, allowing transmission of a turning moment between the
second sleeve-shaped member 21 and the stent holder 15, without allowing transmission of
any tensile or compression forces acting in the direction of the longitudinal axis L of the
catheter tip 10. Thus, when a turning movement of the second sleeve-shaped member 21 is
induced with the turning mechanism 98, the stent holder 15 also turns correspondingly about

the longitudinal axis L.

[00148] The turning mechanism 98 preferably allows the stent holder 15 to twist through
approximately 120°. Thus the rotation of a stent housed in the catheter tip 10, and
particularly the positioning hoops already released in the second functional state of the
insertion system 100, can be controlled, facilitating precise positioning of the already

expanded positioning hoops of the stent in the pockets of the insufficient, native heart valve.

[00149] Preferably, the rotation movement of the stent holder 15 about the longitudinal axis
L of the catheter tip 10 that can be effected with the turning mechanism 98 exhibits a
previously definable, preferably small delay in reaction to a turning moment initiated by

means of the turning mechanism 98.

[00150] Further, the embodiment of the handle 70 shown in Fig. 3a is equipped with a third
operating means 96 in the form of a wheel, with which a flexural link 34, preferably provided

at the distal end region of the catheter shaft 30, can be deflected.

[00151] The deflection of the distal end region of the catheter shaft 30 that can be effected
with this flexural link region 34 is shown schematically in Fig. 3b. In detail, a device is
provided for force transmission (control wire 35 - see Fig. 8) which is connected on one side

to the flexural link regions 34 preferably provided at the distal end region of the catheter shaft
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30 and, on the other side, to the third operating means 96 of the handle 70 implemented in

the embodiment shown in Fig. 3 as a hand wheel.

[00152] Itis possible to implement the device for force transmission as a control wire 35,
which is passed through the inside of the first transmission means 31 and preferably at the
distal end of the flexural link region 34 or at the proximal end of the catheter tip 10 (see Fig.
8) to have a directed effect on the curvature of the flexural link region 34. With the tensile
forces that can be exerted on the flexural link region 34 with the aid of the control wire 35, it
is possible to obtain a defined curvature of the distal end region of the catheter shaft 30. This
is a particular advantage during transarterial / transfemoral access when navigating the aortic

arch.

[00153] Further exemplary embodiments of an insertion system 100 which is suitable for
transarterial / transfemoral access to the implantation location are shown in Figs. 4 and 5.
Elements in Figs. 4 and 5 that are generally similar to previously described elements have
the same reference numbers compared with the reference numbers in Figs. 1,2 and 3a, b

previously used for the similar elements.

[00154] Compared with the exemplary embodiment depicted in Figs. 1 and 2 as well as
Figs. 3a, b, the embodiments shown in Figs. 4 and 5 differ first and foremost in relation to the

implementation of the corresponding operating means 71, 81 of the handle 70.

[00155] The insertion system 100 in accordance with Fig. 4 has a handle 70 with which the
first operating means 71, which is used for manipulation of the first sleeve-shaped member
11 of the catheter tip 10, is similar to a trigger of a revolver. The user such as a physician
who carries out the treatment may hold the handle 70 at the grip 88, while the first operating
means 71 in the form of a trigger of a revolver is operated with the index finger of the hand

holding it.

[00156] In the insertion system 100 shown in Fig. 5, a handle 70 is used which corresponds
in structural and functional respects to the handle 70 used with the insertion system 100 in

Fig. 3 with the exception of the grip 88 provided in the embodiment in accordance with Fig. 3.

[00157] A description is given in the following, with reference to Figs. 6a-d and Figs. 7a-d,
of the functional coaction of the components of an insertion system 100, which is suitable for
a transarterial or transfemoral access to the implantation location. Elements in Figs. 6a to 6d

and Figs. 7a to 7d that are generally similar to previously described elements have the same
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reference numbers compared with the reference numbers in Figs. 1 to 5 previously used for

the similar elements.

[00158] Reference is made to Figs. 6a to 6d for illustrating the procedure for loading a stent
into the catheter tip 10 of the insertion system 100. In Figs. 7a to 7d, the stepwise release of

a stent mounted in the catheter tip 10 of the insertion system 100 is illustrated.

[00159] Itis important to note, however, that the procedure for loading a stent into the
catheter tip 10 as depicted in Figs. 6a to 6d, as well as the procedure for stepwise releasing
of a stent mounted in the catheter tip 10 as depicted in Figs. 7a to 7d also apply to the other
exemplary embodiments of the transarterial / transfemoral insertion system 100 disclosed

herein.

[00160] The handle 70 for the transarterial / transfemoral insertion system 100 according to
the illustration in Figs. 6 and 7 has a wheel rotatably mounted in the handle 70 which is
functionally connected to the first sleeve-shaped member 11 of the catheter tip 10 associated
with the first operating means 71 via a corresponding first force transmission means 31, so
that force can be directly transmitted from the first operating means 71 in the form of the

wheel to the first sleeve-shaped member 11 of the catheter tip 10.

[00161] In detail, it is provided that, with the first operating means 71 of the handle 70 in
accordance with Fig. 6 and Fig. 7, the first operating means 71 in the form of the wheel can
turn between a first stop and a second stop, in order to execute a definable longitudinal
displacement stroke on the first sleeve-shaped member 11 of the catheter tip 10. The first
operating means 71 of the handle 70 is provided with a additional stop between the first and
second stop which cooperates, on one side with the first stop and on the other up with the
second stop so that, on actuation of the first operating means 71, a longitudinal displacement
of the first sleeve-shaped member 11 of the catheter tip 10 can be effected relative to the

stent holder 15 of the catheter tip 10, consisting of two defined separate steps.

[00162] With the first operating means 71 used in the form of a wheel, the additional stop
associated with the first operating means 71 is in the form of a locking element 77’ positioned
removably in the flow of force between the wheel and the first sleeve-shaped member 11 of
the catheter tip 10, interrupting direct force transmission from the wheel to the first sleeve-
shaped member 11 of the catheter tip 10. Alternatively, however, it is possible for the
additional stop associated with the first operating means 71 to be in the form of a locking

element restricting the free rotation of the wheel between the first and the second stop.
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[00163] However, it is of course also possible in principle for the first operating means 71 of
the handle 70 used with the insertion system 100 designed for transarterial / transfemoral

access not to be a wheel, but to be implemented as a pusher mechanism.

[00164] In relation to the handle 70 that is used with the embodiment of the insertion
system 100, for example in accordance with the illustrations in Figs. 6 and 7, it is provided
that the second operating means 81 has a second slide 84 guided in a second guide 82 and
functionally connected to a second pusher 83. This second slide 84, which is guided in the
interior of the handle 70 and therefore cannot be seen in the view of Figs. 6 and 7, is
functionally connected to the second sleeve-shaped member 21 of the catheter tip 10
associated with the second operating means 81 by means of a second force transmission
means 41 so that, on actuation of the second operating means 81, force is directly
transmitted from the second slide 84 to the second sleeve-shaped member 21 of the catheter
tip 10.

[00165] The second operating means 81 can be displaced between a first position (Pos. 1)
and a second position (Pos. 2) in the longitudinal direction of the handle 70, whereby the
longitudinal displacement stroke that can be thus effected via the second force transmission
means 41 is transferred directly to the second sleeve-shaped member 21 of the catheter tip
10. The first and second positions are each defined with the aid of a first and a second stop
85, 86.

[00166] A securing element 89 is provided, associated with the second operating means
81, which is removably located on the second guide 82 and which blocks longitudinal
displacement of the (second) slide 84 associated with the second operating means 81 when

used.

[00167] The handle 70 which is used with the transarterial / transfemoral insertion system
100 of the embodiment shown in Figs. 6 and 7 further exhibits an optional grip 88, which
facilitates the operability of the handle 70 and in particular the operating conformity of the
handle 70. The grip 88 is preferably releasably connected to the body 70’ of the handle 70
and can optionally be fixed at different positions on the body 70’ of the handle 70.

[00168] In relation to the construction of the catheter tip 10 which is used, for example, with
the insertion system 100 shown in Figs. 6 and 7 and which allows transarterial / transfemoral
access of a stent housed in the catheter tip 10 to the implantation location, it can be seen

from Figs. 6 and 7 that the catheter tip 10 has a stent holder 15 for releasably fixing of, for
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example, the second retaining region of a stent that can be housed in the catheter tip 10. The
retaining elements 16 of the stent holder 15 in the form of a crown are provided at the

proximal end of the stent holder 15.

[00169] Further, the catheter tip 10 of the insertion system 100 designed for transarterial /
transfemoral access comprises a mounting device for mounting a heart valve stent, where
required, with a heart valve prosthesis fastened to it. In detail, the mounting device of the
catheter tip 10 consists of a first sleeve-shaped member 11, particularly for accommodating
the positioning hoops of a stent, and a second sleeve-shaped member 21, in particular for

accommodating the heart valve prosthesis fastened to it, when required.

[00170] The first operating means 71 of the handle 70 co-operates in the embodiment
according to Figs. 6 and 7 with the first sleeve-shaped member 11 of the catheter tip 10 so
that, on actuation of the first operating means 71, by transfer of a defined longitudinal
displacement stroke, a previously definable longitudinal displacement of the first sleeve-
shaped member 11 can be effected relative to the stent holder 15. On the other hand, with
the insertion system 100 according to Figs. 6 and 7, the second operating means 81 of the
handle 70 co-operates with the second sleeve-shaped member 21 of the catheter tip 10 so
that, on actuation of the second operating means 81, by transfer of a defined longitudinal
displacement stroke, a previously definable longitudinal displacement of the second sleeve-

shaped member 21 of the catheter tip 10 relative to the stent holder 15 can be effected.

[00171] The second sleeve-shaped member 21, which is used to house the retaining hoops
of the stent with, where required, the heart valve prosthesis fastened to them, is located at
the distal end region of the catheter tip 10, while the first sleeve-shaped member 11 is

located between the second sleeve-shaped member 21 and the handle 70.

[00172] Inthe insertion system 100 shown in Figs. 6 and 7, the second force transmission
means 41, which connects the second operating means 81 of the handle 70 to the second
sleeve-shaped member 21 of the catheter tip 10, is preferably in the form of an inner catheter
running inside the interior of the catheter or tube system. The first force transmission means
31, which connects the first operating means 71 of the handle 70 to the first sleeve-shaped
member 11 of the catheter tip 10, is in the form of an outer catheter, in the interior of which

the first force transmission means 31 runs in the form of the inner catheter.

[00173] On actuation on the second operating means 81, the second sleeve-shaped

member 21 can be moved relative to the stent holder 15 in the longitudinal direction L of the
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catheter tip 10 in a distal direction, thus away from the handle 70, while, on actuation of the
first operating means 71 of the handle 70, the first sleeve-shaped member 11 of the catheter
tip 10 can be moved relative to the stent holder 15 in the longitudinal direction L of the

catheter tip 10 in a proximal direction, and thus towards the handle 70.

[00174] The manipulations of the respective sleeve-shaped members 11, 21 of the catheter
tip 10 that can be effected on actuation of the respective operating means 71, 81 with the
insertion system 100 of 100 designed for transarterial / transfemoral access in accordance
with Figs. 6 and 7 are described in detail in the following, with reference in particular to Figs.
7ato7d.

[00175] An embodiment of a transarterial / transfemoral insertion system 100 is shown in
its four different functional states in Figs. 7a to 7d. In detail, the insertion system 100 is
shown in its first functional state in Fig. 7a, in which the catheter shaft 30 with the catheter tip
10 and, where required, with the stent accommodated in it can be inserted into the patient

transarterially or transfemorally and advanced via the aorta to the implantation site.

[00176] In the first functional state of the insertion system 100 in accordance with Fig. 7a,
the catheter tip 10 is completely closed, whereby the two sleeve-shaped members 11, 21 of
the catheter tip 10 overlap telescopically. The respective diameters of the sleeve-shaped
members 11, 21 are chosen so that the folded-up retaining hoops of a stent, with the heart
valve prosthesis fastened to them where required, can be housed in the second sleeve-
shaped member 21. The folded-up positioning hoops of the stent housed between the
second sleeve-shaped member 21 and the first sleeve-shaped member 11 are held together

in their folded form.

[00177] The second retaining region of the stent is shown in the first functional state of the
insertion system 100, as shown in Fig. 7a, with the stent holder 15 fixed at the proximal end
of the catheter tip 10. For this purpose, the retaining elements (retaining rings etc.) provided
at the second retaining region of the stent are engaged with retaining elements 16 of the
stent holder 15.

[00178] The retaining elements 16 of the stent holder 15 are covered by the first sleeve-
shaped member 11 of the catheter tip 10 in the first functional state shown in Fig. 7a, so that
an engagement between retaining elements provided on the second retaining region of a

stent and retaining elements 16 of the stent holder 15 would be possible.
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[00179] The first functional state of the insertion system 100 shown in Fig. 7a is maintained
during the transarterial insertion procedure. On reaching the implantation location, the
insertion system 100 is transferred from the first functional state shown in Fig. 7a to the
second functional state shown in Fig. 7b, by transferring the first operating means 71 (shown
in the embodiment of the wheel in Fig. 7) from the first position into the second position. The
longitudinal displacement stroke transferred by actuation of the first operating means 71 to
the first sleeve-shaped member 11 of the catheter tip 10 effects a displacement of the first
sleeve-shaped member 11 relative to the stent holder 15 in the proximal direction, thus
towards the handle 70.

[00180] The longitudinal displacement stroke executed on the first sleeve-shaped member
11 of the catheter tip 10 during the transition from the first functional state (see Fig. 7a) to the
second functional state (see Fig. 7b) by the first operating means 71 of the handle 70 via a
corresponding first force transmission means 31 is previously defined so that the first sleeve-
shaped member 11 is displaced relative to the stent holder 15 in the proximal direction just
so far that the positioning hoops of a stent housed in the catheter tip 10 would be released,
though the distal end of the first sleeve-shaped member 11 of the catheter tip 10 would still
cover the retaining elements 16 of the stent holder 15, so that the engagement between the
retaining elements provided at the second retaining region of the stent and the retaining

elements 16 of the stent holder 15 would be secure.

[00181] Since the second sleeve-shaped member 21 is not manipulated during the
transition from the first functional state into the second functional state, the first retaining
region of a stent housed in the catheter tip 10 with the heart valve prosthesis fastened to it
would continue to be housed in its folded together state in the sleeve-shaped element of the

second sleeve-shaped member 21.

[00182] The positioning hoops of a stent housed in the catheter tip 10 released in the
second functional state of the insertion system 100 are opened as a result of the radial forces
acting on them and can thus be positioned in the pockets of the insufficient native heart
valve. Following appropriate positioning of the positioning hoops of the stent in the pockets of
the native heart valve, the insertion system 100 is transferred from the second functional
state shown in Fig. 7b into the third functional state shown in Fig. 7c. This is done my
manipulation of the second operating means 81, after the securing element 89 associated

with the second operating means 81 has been removed.
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[00183] On actuation of the second operating means 81, the second sleeve-shaped
member 21 of the catheter tip 10 associated with the second operating means 81 is moved
relative to the stent holder 15 by a previously established longitudinal displacement stroke
defined with the second operating means 81 in a distal direction, thus away from the handle
70. The longitudinal displacement stroke acting on the second sleeve-shaped member 21 is
chosen so that the sleeve-shaped member 21 no longer covers the first retaining region of a
stent housed in the catheter tip 10 with the heart valve prosthesis fastened to it, where
required, and thus releases the first retaining region of the stent. Due to the action of the
radial forces, the distal retaining region of the stent with the heart valve prosthesis attached

to it, where required, unfolds completely.

[00184] Since the first operating means 71 of the handle 70 and the associated first sleeve-
shaped member 11 of the catheter tip 10 are not manipulated during the transition from the
second functional state in accordance with Fig. 7b into the third functional state in
accordance with Fig. 7c, the distal end region of the first sleeve-shaped member 11
continues to cover the retaining elements 16 of the stent holder 15, so that the engagement
between the retaining elements of a stent housed in the catheter tip 10 and the retaining
elements 16 of the stent holder 15 is secure and the proximal retaining region of the stent is
in its folded-up state. This anchorage of the stent to the catheter tip 10 of the insertion
system 100 allows an explantation of a stent that is already partially unfolded by returning the
insertion system 100 from the third functional state, by appropriate manipulation of the
second operating means 81 of the handle 70, to the second functional state and then by

suitable actuation of the first operating means 71 transfer to the first functional state.

[00185] If an explantation of the stent with the heart valve prosthesis attached to it, where
required, is unnecessary, the insertion system 100 is transferred from the third functional
state shown in Fig. 7c into the fourth functional state shown in Fig. 7d, by turning the first
operating means 71 of the handle 70 further from the second position to the third position
after removal of the securing element 79 (locking element). This manipulation of the first
operating means 71 that can be effected after removal of the securing element 79 results in a
further defined movement of the first sleeve-shaped member 11 relative to the stent holder
15 of the catheter tip 10 in a proximal direction, thus towards the handle 70. The longitudinal
displacement stroke executed on the first sleeve-shaped member 11 is chosen so that the
distal end of the first sleeve-shaped member 11 no longer covers the retaining elements 16
of the stent holder 15, as a result of which an engagement between the retaining elements of
a stent housed in the catheter tip 10 and the retaining elements 16 of the stent holder 15 can

be released, which would also lead to a complete release of the second retaining region of
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the stent and a complete separation of the stent from the catheter tip 10 and correspondingly

to a complete unfolding of the stent.

[00186] The four functional states of the insertion system 100 designed for transarterial /
transfemoral access, previously described with reference to Figs. 7a to 7d, are shown in
reverse order in Figs. 6a to 6d to clarify the procedure for loading a stent into the catheter tip
10 of the insertion system 100. Comparison between Figs. 6a to 6d and Figs. 7a to 7d show
that the insertion system 100 can be loaded with a heart valve stent by transferring the
insertion system 100, starting from its fourth functional state in accordance with Fig. 6a (see
Fig. 7d), into its third functional state in accordance with Fig. 6b (see Fig. 7c) after a stent
has been positioned between the stent holder 15 on the second sleeve-shaped member 21
with its first retaining region in the direction of the second sleeve-shaped member 21. Then
the remaining functional states of the insertion system 100 are taken up in steps until the
insertion system 100 shown in Fig. 6d is finally in its first functional state with the closed

catheter tip 10.

[00187] Reference is made to Fig. 9 for describing an exemplary embodiment of the
catheter tip 10. Elements in Fig. 9 that are generally similar to previously described elements
have the same reference numbers compared with the reference numbers in Figs. 1to 7

previously used for the similar elements.

[00188] An exemplary embodiment of a catheter shaft 30 is described in the following, with
reference to the illustration in Fig. 9. This catheter shaft 30 can be used with an insertion

system 100 designed for transarterial or transfemoral access.

[00189] In detail, Fig. 9 shows an exemplary embodiment of a shaft for an insertion system

100 in a cross-sectional elevation.

[00190] The catheter shaft 30 exhibits a first force transmission means 31 in the form of a
first catheter tube 32, whereby this first catheter tube 32 is used to connect the first operating
means 71 of the handle 70 to the first sleeve-shaped member 11 of the catheter tip 10. As
can be seen in particular from the illustration in Fig. 1, the first force transmission means 31
implemented as a first catheter tube 32 may be clamped between a screw cap 74" and the
first slide 74 of the first operating means 71 and consequently is permanently connected to
the first slide 74. The distal-side end region of the first catheter tube 32 merges into the first

sleeve-shaped member 11 of the catheter tip 10 in the form of the stent sheath.
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[00191] The second force transmission means 41 of the catheter shaft 30 used with an
insertion system 100 designed for transarterial or transfemoral access is preferably
implemented as a second catheter tube 42. The proximal-side end region of the second
catheter tube 42 is connected to the second operating means 81 of the handle 70. The distal-
side end region of the second catheter tube 42 is connected to the catheter end tip 25 of the
catheter tip 10. The second sleeve-shaped member 21 of the catheter tip 10 is permanently
connected by means of its distal-side end to the end tip 25 of the catheter tip 10 so that, on
actuation of the second operating means 81 via the force transmission means 41 in the form
of the second catheter tube 42, a tensile or compressive force can be transmitted to the

second sleeve-shaped member 21 of the catheter tip 10.

[00192] The exemplary embodiment of the catheter tip 10 further comprises a stent holder
15 at the proximal end section of the catheter tip 10. The stent holder 15 has a passageway
extending there through. The distal end section of the second force transmitting means 41
(second catheter tube 42) passes through the passageway of the stent holder 15 and

terminates at the second sleeve-shaped member 21.

[00193] The respective sleeve-shaped members 11, 21 of the catheter tip 10 can be
manipulated by corresponding operating means 71, 81 of a handle 70 (not shown in Fig. 9).
In detalil, the first sleeve-shaped member 11 of the catheter tip 10 is connected with a first
operating means 71 of a handle 70 by using a first force transmitting means 31. On the other
hand, the second sleeve-shaped member 21 of the catheter tip 10 is connected to a second
operating means 81 of the handle 70 by using a second force transmitting means 41. In a
preferred embodiment of the catheter shaft 30, the first force transmitting means 31 is
constituted by a first catheter tube 32 defining a first lumen, wherein the second force
transmitting means 41 is constituted by a second catheter tube 42 defining a second lumen.
The second catheter tube 42 has a cross-section less than the cross-section of the first
catheter tube 32, wherein the first catheter tube 32 is disposed concentrically and coaxially

with the second catheter tube 42.

[00194] As shown in Fig. 9, the distal end section of the second catheter tube 42 passes
through the opened front face of the second sleeve-shaped member 21 and terminates in a
cone-shaped end tip 25 of the catheter system 1, wherein the base of this cone-shaped end

tip 25 defines the distal front face of the second sleeve-shaped member 21.

[00195] The end tip 25 of the catheter system 1 is preferably a soft catheter end tip, for

example a soft polymeric catheter end tip.
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[00196] Atits distal end, the first catheter tube 32 terminates after an intermediate flared
section in a section with wider cross-section defining the first sleeve-shaped member 11 of
the catheter tip 10. As can be seen from Fig. 9, the flared section is formed integrally with the
distal end section of the first catheter tube 32. The flared section has a length greater than
the length of a collapsed stent to be accommodated in the catheter tip 10, wherein the
difference in the length between the flared section and the stent in its collapsed state

represents the length of the stent holder 15.

[00197] The catheter shaft 30, which is connected to the catheter tip 10 depicted in Fig. 9,
also comprises a guiding tube 52 of the kind as previously described with reference to the

exemplary embodiment depicted in Fig. 1.

[00198] The distal end of the guiding tube 52 terminates proximal to the catheter tip 10.
The guiding tube 52 defines a passageway within which the first and second catheter tube 42

32, 42 are received such as to be movable relative to the guiding tube 52.

[00199] The distal end of the guiding tube 52 may be tapered such that it abuts the first

catheter tube 32 in one of its possible positions on the catheter shaft 30.

[00200] Reference is made to Fig. 10a, which is a cross-sectional view of a catheter shaft

30 according to an exemplary embodiment.

[00201] As can be seen from the illustration in Fig. 10a, the second force transmission
means 41 in the form of the second catheter tube 42 runs along the neutral fibre of the
catheter shaft 30 inside the first catheter tube 32. The space between the first catheter tube
32 and the second catheter tube 42 may be filled with a filler material, so that a filler body 40
is formed. The filler material is preferably a relatively elastic plastic material to allow the
catheter shaft 30 to bend overall. The filler body 40 is used for connecting the stent holder 15
of the catheter tip 10 to the body 70’ of the handle 70.

[00202] Alternatively, a stent holder tube 62 may be used for connecting the stent holder 15
of the catheter tip 10 to the body 70’ of the handle 70. The stent holder tube 62 may have a
distal end connected to the stent holder 15, a proximal end connected to the body 70’ of the
handle 70 and a passageway extending through the stent holder tube 62. Preferably, the
stent holder tube 62 has a cross-section less than the cross-section of the first catheter tube
32 and greater than the cross-section of the second catheter tube 42, wherein the first

catheter tube 32 is disposed concentrically and coaxially with the stent holder tube 62
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thereby accommodating the stent holder tube 62 such that the first catheter tube 32 is
moveable relative to the stent holder tube 62. The passageway of the stent holder tube 62
shall have a diameter sufficient to accommodate the second catheter tube 42 such that the

second catheter tube 42 is moveable relative to the stent holder tube 62.

[00203] As depicted in Fig. 1, the filler body 40 (or the stent holder tube 62) may be
connected by means of a fixing 87 to the body 70’ of the handle 70. The proximal-side end
region of the stent holder 15 attaches at the distal-side end region of the filler body 40 (see
Fig. 8). The connection between the stent holder 15 and the filler body 40 is preferably
chosen so that it allows rotation of the stent holder 15 relative to the filler body 40. This is
especially necessary for control of the rotation of the positioning hoops of the already

partially released stent during the implantation procedure (see Fig. 12a).

[00204] As an alternative, the complete catheter system 1 can be rotated for appropriate
positioning of a stent connected with the catheter tip 10 and, in particular the positioning
hoops of an already partially released stent during the implantation procedure. This is
possible due to an appropriate transmission of torque and the flexibility of the catheter

system 1.

[00205] In case, a stent holder tube 62 is used for connecting the stent holder 15 of the
catheter tip 10 to the body 70’ of the handle 70, the stent holder tube 62 may be rotatable
relatively to the first and second catheter tubes 32, 42 about the longitudinal axis L of the
catheter system 1. This will be described later in more detail with reference to the exemplary

embodiment depicted in Fig. 10b.

[00206] On the other hand, the second force transmission means 41 in the form of the
second catheter tube 42 can be turned about the longitudinal direction L, for example, by
means of a rotatable cap 98 which may be provided at the proximal end region of the handle
70. This rotary movement is transferred from the second catheter tube 42 direct to the end tip
25 of the catheter tip 10 and thus to the second sleeve-shaped member 21 of the catheter tip
10.

[00207] Itis particularly preferred that the second catheter tube 42 runs through the body of
the stent holder 15 and cooperates with the stent holder 15 with the aid of a suitable toothing,
to transmit a turning moment exerted by means of the rotary cap of the handle 70 on the

second catheter tube 42 to the stent holder 15, while tensile or compression forces acting in
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the longitudinal direction L of the catheter tip 10 are not transmitted from the second catheter
tube 42 to the stent holder 15.

[00208] As can also be seen in the illustration in Fig. 10a, a least one fluid channel 43 may
be provided in the filler body 40 of the catheter shaft 30, connected at its proximal-side end
to an injection adapter 99b (see Fig. 2) and at its distal-side end correspondingly to the
catheter tip 10, consequently ensuring supply of fluid to the catheter tip 10 and draining of

fluid from the catheter tip 10.

[00209] Furthermore, a channel may be provided in the filler body 40 for accommodating a
control wire (control wire 35 — see Fig. 8), with an operating means may cooperate with a
flexural link region, in case the catheter shaft 30 is provided with such a flexural link region
(see Fig. 3 and Fig. 2). In the illustration in Fig. 8, the distal-side end of a control wire 35 is

fixed to the proximal-side end region of the stent holder 15.

[00210] Reference is made to Fig. 10b, which is a cross-sectional view of a catheter shaft

30 according to an alternative exemplary embodiment.

[00211] According to the embodiment depicted in Fig. 10b, the first force transmitting
means 31 may be constituted by a first catheter tube 32 defining a first lumen and the
second force transmitting means 41 is constituted by a second catheter tube 42 defining a
second lumen. The second catheter tube 42 may have a cross-section less than the cross-
section of the first catheter tube 32. The first catheter tube 32 may be disposed concentrically
and coaxially with the second catheter tube 42 and the second catheter tube 42 is received

within the first lumen defined by the first catheter tube 32.

[00212] A stent holder tube 62 is provided for connecting the stent holder 15 to the handle
70, said stent holder tube 62 having a distal end connected to the stent holder 15 and a

proximal end connected to a body 70’ of the handle 70.

[00213] As can be seen from Fig. 10b, the stent holder tube 62 may have a cross-section
less than the cross-section of the first catheter tube 32. In particular, the first catheter tube 32
may be disposed concentrically and coaxially with both, the second catheter tube 42 on the
one hand and the stent holder tube 62 on the other hand. Preferably, the stent holder tube 62
has a cross-section less than the cross-section of the first catheter tube 32 and greater than
the cross-section of the second catheter tube 42 such that the stent holder tube 62 is

received within the first lumen defined by the first catheter tube 32 and the second catheter
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tube 42 is received within a passageway defined by the stent holder tube 62. The
passageway defined by the stent holder tube 62 has a diameter sufficient to accommodate
the second catheter tube 42 such that the second catheter tube 42 is moveable relative to
the stent holder tube 62.

[00214] The second lumen defined by the second catheter tube 42 has a diameter
sufficient to accommodate a guide wire 180. The second catheter tube 42 may be made from
a rigid material including, for example, nitinol, stainless steel or a rigid plastic material. The
material of the distal end section of the second catheter tube 42 may have an increased
flexibility compared to the material of the proximal end section in order to allow the distal end
section of the catheter shaft 30 to pass the aortic arch during insertion of the catheter tip 10.
For example, the guiding tube 52 may be a 17F-catheter tube and the first catheter tube 32

may be a 12F-catheter tube.

[00215] According to the exemplary embodiment depicted in Fig. 10b, the stent holder tube
62 is made of a rigid material, for example, a rigid plastic material, stainless steel or nitinol.
The distal end of the stent holder tube 62 terminates in the stent holder 15 which is also
made of a rigid material, for example, a rigid plastic material or stainless steel. The
passageway defined by the stent holder tube 62 is aligned with a channel which passes
through the stent holder 15. In this way, the second catheter tube 42 is accommodated in the
passageway of the stent holder tube 62 and the channel of the stent holder 15 such as to be

moveable relative to the stent holder tube 62 and the stent holder 15.

[00216] The embodiments of the insertion system 100 designed for transarterial /
transfemoral access may have a first injection adapter 99a at the proximal end of the handle
70. This first injection adapter 99a is used for flushing the insertion system 100 and as outlet
of a guide wire 180, with the aid of which the actual introduction of the catheter shaft 30 with
the catheter tip 10 provided at the distal end of the catheter shaft 30 into the body of the
patient is simplified. The catheter shaft 30, the catheter tip 10 and the handle 70 are thereby
threaded into the guide wire 180 and pushed along it, for example into the aorta and to the

heart of the patient.

[00217] Inthe embodiments of the insertion system 100 designed for transarterial /
transfemoral access, a second injection adapter 99b may further be provided, by means of
which a liquid coolant etc. can be passed, for example, via the fluid channels 43 (see Fig.
10a) formed in the interior of the catheter shaft 30 to the catheter tip 10. With the aid of such

a liquid coolant, a stent accommodated in the catheter tip 10 can be appropriately cooled
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while the catheter tip 10 is being advanced to the implantation location, as long as the
insertion system 100 is in its first functional state, in which the catheter tip 10 is completely

enclosed by the telescopically arranged sleeve-shaped members 11 and 21.

[00218] The provision of cooling that can be produced with the second injection adapter
99b for the stent accommodated in the catheter tip 10 is a particular advantage when a
shape memory material is used as stent material and when the stent can deform under the
effect of an external stimulus from a temporary form to a permanent form, whereby the
temporary form exists in the first configuration of the stent (in the folded-up state, when the
stent is accommodated in the catheter tip 10) and the permanent form exists in the second
configuration of the stent (in the expanded state of the stent after release of the stent from
the catheter tip 10).

[00219] Inthe embodiments of the insertion system 100 previously described, the guiding
tube 52 is preferably made from a material allowing the guiding tube 52 to be capable of
traversing a tortuous pathway in the body of the patient without kinking. For example, the
guiding tube 52 may include an inner lubricious liner, an outer polymeric jacket, and a coil
reinforcement between the inner and outer layers. In addition, it is preferred when at least on
radiopaque band or member is incorporated within the guiding tube’s material to allow

precise location of the distal end of the guiding tube 52 for positioning accuracy.

[00220] On the other hand, the first and second catheter tubes 32, 42 of the catheter shaft
30 are preferably made from flexible, sterilizable materials. These materials may include, for
example, polyurethane, silicone, polyvinyl chloride (PVC) nylon and/or polyether block
amide, e.g. Pebax®. Furthermore, the first catheter tube 32 and/or second catheter tube 42
are/is at least partly made from a less rigid material than the guiding tube 52. In an
exemplary embodiment, the first catheter tube 32 and/or the second catheter tube 42 are/is
at least partly made of a braided wire construction. In addition, the stent holder tube 62 may

also be at least partly made of a braided wire construction.

[00221] Individual features of different embodiments of this disclosure may be combined in

any suitable manner.

[00222] A preferred embodiment of a medical device for treatment of a heart valve stenosis
and/or heart valve insufficiency in a patient is described in the following with reference to

Figs. 12a to 12c. As depicted, the medical device exhibits an insertion system 100 designed
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for transarterial / transfemoral access, as has been described in detail previously, for

example, with reference to Figs. 1 to 10.

[00223] In addition to the insertion system 100, the medical device has an expandable
heart valve stent 150 mounted in the catheter tip 10 of the insertion system 100, to which a
heart valve prosthesis 160 to be implanted is fastened. In the first functional state, not
shown, the stent 150 exhibits a first, previously definable configuration, in which it is in its
folded-together state. On the other hand, the stent 150 is designed to adopt a second
previously definable configuration in the implanted state, in which it exists in its expanded

state.

[00224] Through the use of the insertion system 100 described above, during the
implantation procedure, the stent 150 is transferred sequentially, following a previously
definable sequence of events in steps from its first previously defined configuration into its

second previously defined configuration.

[00225] In detail, the stent 150 that is used with the medical device in accordance with the
depiction in Figs. 12a to 12c¢ exhibits a first retaining region, to which the heart valve
prosthesis 160 is attached. Further, the stent 150 comprises a second retaining region with
three retaining elements 151, each in the configuration of retaining rings, which can be
brought in to a releasable engagement with the retaining elements 16 of the stent holder 15

provided in the catheter tip 10.

[00226] In addition, the stent 150 has three retaining hoops 153 to accommodate the heart
valve prosthesis 160 and three positioning hoops 154 for automatic positioning of the stent
150 at the implantation site, whereby the respective positioning hoops 154 of the stent 150
are designed in functional and structural respects to engage the pockets 170 of the native
heart valve during the implantation procedure and in the implanted state of the stent 150, in
particular from the second functional state of the insertion system 100. In detail, each
positioning hoop 154 and its associated retaining hoop 153 has an essentially U or V-shaped

structure, which is closed towards the distal end of the stent 150.

[00227] The stent 150, which together with the insertion system 100 forms the basis of the
medical device, is especially suitable for insertion into the body of a patient with the aid of the
insertion system 100 with minimal invasiveness. The distinctive feature of the stent 150 is
that the three positioning hoops 154 of the stent 150 undertake the function of automatic

positioning of the stent 150 with the heart valve prosthesis 160 attached to it in the aorta of
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the patient. The positioning hoops 154 have radiused head sections, which engage in the
pockets 170 of the insufficient heart valve to be replaced by the heart valve prosthesis during
positioning of the stent 150 at the implantation site. The provision of a total of three
positioning hoops 154 takes care of the necessary positioning accuracy in the rotary

direction.

[00228] In this state shown in 12a, the catheter tip 10 and the catheter shaft 30 of the
transarterial or transfemoral insertion system 100 has been inserted by a puncture of the
groin artery of the patient and the catheter tip 10 has been advanced to the implantation site
with the aid of a guide wire 180. In detail, the insertion system 100 to be used is shown
already in its second functional state in Fig. 12a. The second functional state of the insertion
system 100 designed for transarterial or transfemoral access has been described previously,

for example with reference to Fig. 7b.

[00229] Inthe second functional state, the first sleeve-shaped member 11 of the catheter
tip 10 has already moved by a first predetermined amount of movement in a proximal
direction, and thus towards the handle 70, leading to a release of the positioning hoops 154
of the stent 150. These already expanded positioning hoops 154 of the stent 150 shown in
Fig. 12a are positioned - where necessary by a suitable rotation of the stent holder 15 of the
catheter tip 10 - in the pockets 170 of the native heart valve position. After positioning of the
positioning hoops 154 in the pockets 170 of the native heart valve is complete, the insertion
system 100 is transferred from its second functional state (see Fig. 7b) into its third functional

state (see Fig. 7¢).

[00230] The manner in which the insertion system 100 is transferred into its third functional
state has been described previously, for example with reference to Fig. 7c. Fig. 12b shows
the insertion system 100 in accordance with Fig. 12a, in which the second sleeve-shaped
member 21 has been displaced in a distal direction so that the first retaining region of the
stent 150 with the retaining hoops 153 and the heart valve prosthesis 160 attached to them
are released. These components are opened as a result of the radial forces attacking them,
whereby the old heart valves are clamped between the positioning hoops 154 and the

retaining hoops 153.

[00231] After the functioning of the heart valve prosthesis 160 has been checked, the
insertion system 100 is then transferred from its third functional state into its fourth functional

state, as has previously been described, for example with reference to Fig. 7d. Fig. 12 shows
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the effect of the transfer of the insertion system 100 into its fourth functional state on the

heart valve prosthesis 160 and the stent 150.

[00232] In detail, it can be seen that, in the fourth functional state of the insertion system
100, the first sleeve-shaped member 11 of the catheter tip 10 has been displaced further in a
proximal direction, as a result of which the anchorage of the retaining elements 151 on the
second retaining region of the stent 150 is released. This has the result that that the second

retaining region of the stent 150 can also expand and press against the vessel wall.

[00233] Finally, the catheter tip 10 and the catheter shaft 30 of the insertion system 100 are

removed again from the body of the patient.

[00234] When the heart valve stent 150 is implanted, the old (insufficient) heart valve is
pressed against the vessel wall at the same time due to the self-expanding characteristic of
the stent 150, as can be seen in particular in Fig. 12¢. In particular, the semilunar heart
valves of the insufficient, native heart valve are clamped between the positioning hoops 154
and the retaining hoops 153 because of the expansion of the stent 150, in addition to which
the heart valve prosthesis 160 located on the first retaining region of the stent 150 is

optimally positioned and is stably anchored.

[00235] The disclosed solutions provide an improved insertion system 100 with the stent
mountable in the catheter tip 10 of the insertion system 100. The stent may be inserted
transarterially by the special insertion system 100 and can be optimally positioned, so that a
heart valve prosthesis sewn on the first retaining region of the stent can undertake the
function of the insufficient or stenosed native heart valve. The radial forces developed due to
the self-expanding characteristic of the stent ensure a secure anchoring in the area of the
aorta. The catheter system 1 of the insertion system 100 is preferably an 18 to 21F
introducer, which is compatible with 21F-insertion tubes and a 0.035” guide wire 180. The
length of the catheter system 1 for transarterial access should be at least 100 cm. The
optionally provided flexural link region at the distal region of the catheter system 1 is

preferably approximately 30 cm.

[00236] A further embodiment of a catheter tip 10 for an insertion system for transfemoral /
transarterial insertion of an expandable heart valve stent is shown in its four different
functional states in Figs. 13a to 13d. In detail, the catheter tip 10 is shown in its first

functional state in Fig. 13a, in which the catheter shaft with the catheter tip 10 and, where
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required, with the stent accommodated in it can be inserted into the patient transarterially or

transfemorally and advanced via the aorta to the implantation site.

[00237] In the first functional state of the catheter tip 10 in accordance with Fig. 13a, the
catheter tip 10 is completely closed, whereby the two sleeve-shaped members 11, 21 of the
catheter tip 10 abut. In this embodiment, the two sleeve-shaped members 11, 21 of the
catheter tip 10 have an equal outer cross-section diameter, thereby not forming a step in the
state depicted in Fig. 13a. The respective inner diameters of the sleeve-shaped members 11,
21 are chosen so that the folded-up retaining hoops of a stent, with the heart valve
prosthesis fastened to them where required, can be housed in the second sleeve-shaped
member 21. The folded-up positioning hoops of the stent housed between the second
sleeve-shaped member 21 and the first sleeve-shaped member 11 are held together in their

folded form.

[00238] In the first functional state of the catheter tip 10, as shown in Fig. 13a, the second
retaining region of the stent is fixed with the stent holder 15 at the proximal end of the
catheter tip 10. For this purpose, the retaining elements (retaining rings etc.) provided at the
second retaining region of the stent are engaged with retaining elements 16 of the stent
holder 15.

[00239] The retaining elements 16 of the stent holder 15 are covered by the first sleeve-
shaped member 11 of the catheter tip 10 in the first functional state shown in Fig. 13a, so
that an engagement between retaining elements provided on the second retaining region of a

stent and retaining elements 16 of the stent holder 15 would be possible.

[00240] The first functional state of the catheter tip 10 shown in Fig. 13a is maintained
during the transarterial insertion procedure. On reaching the implantation location, the
catheter tip 10 is transferred from the first functional state shown in Fig. 13a to the second
functional state shown in Fig. 13b, by transferring the first operating means of the handle
(first operating means 71 shown in the embodiment of the wheel in Fig. 7) from the first
position into the second position. The longitudinal displacement stroke transferred by
actuation of the first operating means 71 to the first sleeve-shaped member 11 of the
catheter tip 10 effects a displacement of the first sleeve-shaped member 11 relative to the

stent holder 15 in the proximal direction, thus towards the handle 70.

[00241] The longitudinal displacement stroke executed on the first sleeve-shaped member

11 of the catheter tip 10 during the transition from the first functional state (see Fig. 13a) to
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the second functional state (see Fig. 13b) by the first operating means 71 of the handle 70
via a corresponding first force transmission means 31 is previously defined so that the first
sleeve-shaped member 11 is displaced relative to the stent holder 15 in the proximal
direction just so far that the positioning hoops of a stent housed in the catheter tip 10 would
be released, though the distal end of the first sleeve-shaped member 11 of the catheter tip
10 would still cover the retaining elements 16 of the stent holder 15, so that the engagement
between the retaining elements provided at the second retaining region of the stent and the

retaining elements 16 of the stent holder 15 would be secure.

[00242] Since the second sleeve-shaped member 21 is not manipulated during the
transition from the first functional state into the second functional state, the first retaining
region of a stent housed in the catheter tip 10 with the heart valve prosthesis fastened to it
would continue to be housed in its folded together state in the sleeve-shaped element of the

second sleeve-shaped member 21.

[00243] The positioning hoops of a stent housed in the catheter tip 10 released in the
second functional state of the catheter tip 10 are opened as a result of the radial forces
acting on them and can thus be positioned in the pockets of the insufficient native heart
valve. Following appropriate positioning of the positioning hoops of the stent in the pockets of
the native heart valve, the catheter tip 10 is transferred from the second functional state
shown in Fig. 13b into the third functional state shown in Fig. 13c. This is done my
manipulation of the second operating means 81 of the handle, after the securing element 89

associated with the second operating means 81 has been removed.

[00244] On actuation of the second operating means 81 of the handle, the second sleeve-
shaped member 21 of the catheter tip 10 associated with the second operating means 81 is
moved relative to the stent holder 15 by a previously established longitudinal displacement
stroke defined with the second operating means 81 in a distal direction, thus away from the
handle 70. The longitudinal displacement stroke acting on the second sleeve-shaped
member 21 is chosen so that the sleeve-shaped member 21 no longer covers the first
retaining region of a stent housed in the catheter tip 10 with the heart valve prosthesis
fastened to it, where required, and thus releases the first retaining region of the stent. Due to
the action of the radial forces, the distal retaining region of the stent with the heart valve

prosthesis attached to it, where required, unfolds completely.

[00245] Since the first operating means 71 of the handle 70 and the associated first sleeve-

shaped member 11 of the catheter tip 10 are not manipulated during the transition from the
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second functional state in accordance with Fig. 13b into the third functional state in
accordance with Fig. 13c, the distal end region of the first sleeve-shaped member 11
continues to cover the retaining elements 16 of the stent holder 15, so that the engagement
between the retaining elements of a stent housed in the catheter tip 10 and the retaining
elements 16 of the stent holder 15 is secure and the proximal retaining region of the stent is
in its folded-up state. This anchorage of the stent to the catheter tip 10 of the insertion
system 100 allows an explantation of a stent that is already partially unfolded by returning the
catheter tip 10 from the third functional state, by appropriate manipulation of the second
operating means 81 of the handle 70, to the second functional state and then by suitable

actuation of the first operating means 71 transfer to the first functional state.

[00246] If an explantation of the stent with the heart valve prosthesis attached to it, where
required, is unnecessary, the catheter tip 10 is transferred from the third functional state
shown in Fig. 13c into the fourth functional state shown in Fig. 13d, by turning the first
operating means 71 of the handle 70 further from the second position to the third position
after removal of the securing element 79 (locking element). This manipulation of the first
operating means 71 that can be effected after removal of the securing element 79 results in a
further defined movement of the first sleeve-shaped member 11 relative to the stent holder
15 of the catheter tip 10 in a proximal direction, thus towards the handle 70. The longitudinal
displacement stroke executed on the first sleeve-shaped member 11 is chosen so that the
distal end of the first sleeve-shaped member 11 no longer covers the retaining elements 16
of the stent holder 15, as a result of which an engagement between the retaining elements of
a stent housed in the catheter tip 10 and the retaining elements 16 of the stent holder 15 can
be released, which would also lead to a complete release of the second retaining region of
the stent and a complete separation of the stent from the catheter tip 10 and correspondingly

to a complete unfolding of the stent.

[00247] Inthe embodiment of the catheter tip 10 depicted in Figs. 13a-e, a stent holder
tube 62 is used for connecting the stent holder 15 of the catheter tip 10 to the body 70’ of the
handle 70. The stent holder tube 62 has a distal end connected to the stent holder 15, a
proximal end connected to the body 70’ of the handle 70 and a passageway extending
through the stent holder tube 62. In addition, an extension portion 62’ of the stent holder tube
62 is provided, said extension portion extending from the distal end of the stent holder 15 to
a support section 63. The support section 63 may be a tapered portion which is completely
accommodated in the second sleeve-shaped member 21 when the catheter tip 10 is in its

first and second functional state (cf. Figs. 13a, b).
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[00248] Preferably, the stent holder tube 62 and its extension 62’ have a cross-section less
than the cross-section of the first catheter tube 32 and greater than the cross-section of the
second catheter tube 42 (not shown in Figs. 13a-€), wherein the first catheter tube 32 is
disposed concentrically and coaxially with the stent holder tube 62 thereby accommodating
the stent holder tube 62 such that the first catheter tube 32 is moveable relative to the stent
holder tube 62. The passageway of the stent holder tube 62 shall have a diameter sufficient
to accommodate the second catheter tube 42 such that the second catheter tube 42 is

moveable relative to the stent holder tube 62.

[00249] Fig. 13e shows a side elevation of the embodiment of the catheter tip 10 in
accordance with Fig. 13a-d, whereby the catheter tip 10 is in its state after releasing a stent
housed in the catheter tip 10 and ready to be removed again from the body of the patient. In
this state of the catheter tip 10, the first sleeve-shaped member 11 is pushed by manipulation
of the first operating means 71 of the handle 70 such that the first sleeve-shaped member 11
is in its most distal position, in which the distal end of the first sleeve-shaped member 11
abuts against the proximal end of the second sleeve-shaped member 21 without any gap or
step there between. For securing this gap and step free state, the distal end of the first

sleeve-shaped members 11 is supported by the already mentioned support section 63.
[00250] The disclosed solution is not limited to the preferred embodiment described in the
attached drawings. On the contrary, combinations of the individual features described in

detail are also possible.

[00251] List of reference numerals

1 catheter system
10 catheter tip
11 first sleeve-shaped member

15 stent holder

16 retaining elements

21 second sleeve-shaped member
25 catheter end tip

30 catheter shaft

31 first force transmission means
32 first catheter tube

34 flexural link region

36 channel

35 control wire

40 filler body

41 second force transmission means
42 second catheter tube

43 fluid channels

51 guiding means
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52
53
62
62’
63
70
70
71
72
73
74
74
75
76
77
77
79
81
82
83
84
85
86
87
88
89
96
97
97a
97b
98
99a
99%b
100
150
151
153
154
160
170
180

guiding tube

inlet port

stent holder tube
extension of stent holder tube
support means

handle

body of the handle

first operating means
first guide

first pusher

first slide

screw cap

first stop

second stop

additional stop

locking element
securing element
second operating means
second guide

second pusher

second slide

first stop

second stop

fixing

grip

securing element

third operating means
compression spring

first stop

second stop

turning mechanism / rotatable cap
first injection adapter
second injection adapter
insertion system

stent

retaining elements
retaining hoops
positioning hoops

heart valve prosthesis
pockets of native heart valve
guiding wire

longitudinal direction of insertion system 100

-53-
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CLAIMS

1. An insertion system for inserting a self-expandable heart valve stent into the body
of a patient, the insertion system having a catheter system and a handle connected to the
proximal end section of the catheter system, the catheter system comprising:

a catheter tip having a seat portion for accommodating the stent in its collapsed
state and a stent holder for releasably fixing the stent, wherein the seat portion is constituted
by a first sleeve-shaped member and a second sleeve-shaped member, wherein the sleeve-
shaped members are moveable relative to each other and relative to the stent holder;

a handle; and

a catheter shaft for connecting the catheter tip to the handle, the catheter shaft
comprising:

first force transmitting means with a distal end section connected to the first sleeve-
shaped member and a proximal end section connectable to first operating means of the
handle;

second force transmitting means with a distal end section connected to the second
sleeve-shaped member and a proximal end section connectable to second operating means
of the handle, and

guiding means having a guiding tube with a passageway extending there between,

wherein the first and second force transmitting means are at least partly received
within the passageway such as to be moveable relative to the guiding tube;

wherein the distal end of the guiding tube terminates proximal to the catheter tip
and wherein the guiding tube has a cross-section less than the cross-section of the catheter
tip; and

wherein the guiding means is releasably connectable to the handle.

2. The insertion system according to claim 1,

wherein the cross-section of second sleeve-shaped member is equal or less than
the cross-section of the first sleeve-shaped member such that the second sleeve-shaped
member is at least partly accommodatable within the first sleeve-shaped memberin a

telescopic manner.

3. The insertion system according to 1 or 2,
wherein at least one radiopaque band or member is incorporated within the guiding
tube’s material to allow precise location of the proximal end of the guiding tube for positioning

accuracy.
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4 The insertion system according to one of the claims 1 to 3,
wherein an inlet is provided at a proximal end section of the guiding tube for

injection of fluids into the guiding tube.

5. The insertion system according to one of the claims 1 to 4,
wherein the sleeve-shaped members of the catheter tip are moveable relative to
each other and relative to the stent holder independent from the distance of the guiding tube

to the sleeve-shaped members.

6. The insertion system according to one of the claims 1to 5,

wherein the first force transmitting means is constituted by a first catheter tube
defining a first lumen and the second force transmitting means is constituted by a second
catheter tube defining a second lumen, the second catheter tube having a cross-section less
than the cross-section of the first catheter tube;

wherein the first catheter tube is disposed concentrically and coaxially with the

second catheter tube.

7. The insertion system according to claim 6,
wherein the first catheter tube terminates at its distal end in a flared section, said

flared section defining a transition to the first sleeve-shaped member of the seat portion.

8. The insertion system according to claim 6 or 7,
further comprising a stent holder tube having a distal end connected to the stent
holder, a proximal end connectable to the handle and a passageway extending through the

stent holder tube and the stent holder.

9. The insertion system according to claim 8,

wherein the stent holder tube preferably has a cross-section less than the cross-
section of the first catheter tube and greater than the cross-section of the second catheter
tube,

wherein the first catheter tube is disposed concentrically and coaxially with the
stent holder tube thereby accommodating the stent holder tube such that the first catheter
tube is moveable relative to the stent holder tube, and

wherein the passageway of the stent holder tube has a diameter sufficient to
accommodate the second catheter tube such that the second catheter tube is moveable

relative to the stent holder tube.
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10. The insertion system according to one of the claims 6 to 9,

wherein the first catheter tube and the second catheter tube are moveable relative
to each other and relative to the stent holder independent from any movement of the guiding
tube and, in particular, independent from the distance of the guiding tube to the sleeve-

shaped members.

11. The insertion system according to one of the claims 1 to 10,

further comprising a guide wire suited for guiding the catheter tip of the catheter
system to an implantation site, said guide wire being designed to be advanced into a
patient’s vasculature independently from the catheter system and, in particular,

independently from the catheter tip of the catheter system.

12. The insertion system according to claim 11,

wherein the guide wire has a diameter less than the diameter of the second lumen
defined by the second catheter tube, and wherein the guide wire is adapted to be at least
partly received within the second lumen defined by the second catheter tube for guiding the

catheter tip, at least partly disposed about the guide wire, to the implantation side.

13. The insertion system according to claim 11 or 12,
wherein at least a distal section of the guide wire has a predefined curved

configuration adapted to the curvature of the patient’s aortic arch.

14. The insertion system according to claim 13,

wherein the predefined curved configuration of at least the distal section of the
guide wire is selected such as to push the catheter tip in the direction of the centre of the
ascending aorta when the catheter tip is at least partly disposed about the distal section of

the guide wire and transfemoral inserted into the patient’s body.

15. The insertion system according to claim 13 or 14,

wherein at least the distal section of the guide wire exhibits a first predefinable
shape before advancing the guide wire into the patient’s vasculature and a second
predefinable shape in the advanced state of said guide wire, wherein the second
predefinable shape of the distal section of the guide wire corresponds to the predefined

curved configuration of the distal section of the guide wire.

16. The insertion system according to claim 15,

wherein the guide wire consists at least partly of a shape memory material such
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that at least the distal section of the guide wire can transform from a temporary shape into a
permanent shape under influence of an external stimulus, wherein the temporary shape of
the distal section of the guide wire corresponds to the first shape and the permanent shape

of the distal section of the guide wire corresponds to the second shape.

17. The insertion system according to one of the claims 11 to 16,
wherein the guide wire is configured such as to be inserted into the patient’s body
by using a guide catheter which comprises a guide catheter tube defining a lumen for

receiving the guide wire.

18. The insertion system according to one of the claims 1 to 18,

wherein the handle comprises first operating means connected to the proximal end
section of the first force transmitting means of the catheter shaft, and second operating
means connected to the proximal end section of the second force transmitting means of the
catheter shaft, said first and second operating means being adapted to manipulate the first
and second sleeve-shaped members of the catheter tip so that a stent accommodated in the
catheter tip can be released in steps in a previously defined or definable sequence of events

from the catheter tip.

19. The insertion system according to claim 18,
wherein the stent holder of the catheter tip is rigidly fixed to the distal end of a stent
holder tube, and wherein the proximal end of the stent holder tube is rigidly fixed to an

anchorage of the handle.

20. Medical device for treatment of a heart valve defect, in particular a heart valve
failure or a heart valve stenosis in a patient, wherein the medical device has an insertion
system in accordance with one of the claims 1 to 19 and an expandable heart valve stent

accommodated in the catheter tip of the insertion system.

21. An insertion system for inserting a self-expandable heart valve stent into the body
of a patient substantially as herein described with reference to any one of the embodiments

of the invention illustrated in the accompanying drawings and/or examples.
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