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"Catheter delivery system for introducing an expandable heart valve prosthesis
and medical device for the treatment of a heart valve defect"

Description

The present disclosure relates generally to surgical procedures, and more

specifically to devices and methods for minimally-invasive surgery, such as

minimally invasive cardiac surgery. I n more detail, some embodiments of the

disclosure relate to technologies pertinent to heart valve defect treatment, such

as treatment of a heart valve failure or a heart valve stenosis in a patient.

The present disclosure further concerns an operating handle for manipulating a

catheter tip of a catheter delivery system as well as a catheter delivery system

for introducing an expandable heart valve prosthesis into the body of a patient.

In addition, the present disclosure concerns a medical device for the treatment of

a heart valve defect.

Heart valve surgery is used t o repair or replace diseased heart valves. Medical

technology has long since endeavored to correct valvular defects such as, for

example, aortic valve insufficiencies or aortic valve stenosis, without requiring

open heart surgery with minimally invasive methods. During the last decades

minimally invasive forms of treatment have been developed and approved. They

are in particular characterized in that a catheter delivery system is employed in

order to advance to the side inside the body for implantation of a prosthetic

device. Since by employing a catheter delivery system only small incisions are

necessary resulting in a faster patient recovery with less pain and bodily trauma



can be achieved. Furthermore, in particular, in the case of performing a minimal

invasive heart surgery the patient should not be placed on cardiopulmonary

bypass for the duration of the surgery allowing the procedure to be performed

under local anesthesia. This, in turn, may reduce the medical costs and the

overall disruption of the life of a patient.

The term "catheter delivery system" as used herein generally refers to a medical

system with which, for example, a stent system can be advanced in a minimally

invasive fashion to the side of implantation in the patient's heart, for example to

treat an aortic valve stenosis and/or aortic valve insufficiency. A catheter system

thereby allows access by surgical instruments. The process of inserting a catheter

system is catheterization. I n most uses a catheter system is a thin, flexible tube:

a "soft" catheter system; in some uses, it is a larger, solid tube: a "hard" catheter

system.

In the present context, "minimally invasive" implantation procedures are

procedures for treating a patient where, for example, a heart-lung machine is not

needed when performing the procedure on the anaesthetized patient such that

the medical procedure.

The expression "heart valve stenosis and/or aortic valve insufficiency" generally

refers to, for example, a congenital or acquired dysfunction of one or more

cardiac valves. Such valvular disorders can affect any of the four cardiac valves,

whereby the valves in the left ventricle (aortic and mitral valve) are certainly

more frequently affected than thus of the right ventricle (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).

A medical catheter delivery system may comprise a catheter system by which a

stent, as needed with a prosthetic heart valve affixed thereto, can be introduced

into the patient's body in its folded state. The medical catheter delivery system

can, for example, exhibit a catheter tip having at least one manipulatable

receiving area at a distal end region of the catheter system, i.e. closest to the

heart.



It is moreover conceivable for the medical catheter delivery system to exhibit a

operating handle at the proximal end region of the catheter system, i.e. at the

end region of the catheter system furthest from the heart and the catheter tip,

with which the at least one receiving area of the catheter tip can be appropriately

manipulated such that an expandable stent or prosthesis accommodated in the

catheter tip can be incrementally released from the catheter tip according to a

predefined or predefinable sequence of events.

Generally, there are two minimally invasive approaches known for implanting a

prosthetic heart valve. The first approach is the so-called transarterial or

transfemoral approach in which a medical instrument, for example, a catheter tip

with an expandable heart valve prosthesis housed therein, is advanced to the

implantation side via the aorta of a patient. A transarterial or transfemoral

retrograde valve delivery procedure for valve replacement is typically limited by

the sides of the catheter delivery system and is generally not recommended for

patients with an existing peripheral vascular disease.

The second approach is the so-called transapical or transventrical approach,

wherein access to the heart is provided through the apical area of the heart or

through a ventricle of the heart in order to introduce, for example, an expandable

stent system or an expandable heart valve prosthesis. Generally, the apical area

or apex of the heart corresponds to the blunt rounded inferior extremity of the

heart formed by the left and right ventricles. A transapical or transventrical

retrograde delivery procedure is the most direct, shortest, antegrade and

controllable access for transcatheter aortic valve replacement (TAVR).

Transapical or transventrical transcatheter valve implantation techniques typically

involve an incision, for example, a thoracotomy, in order to gain access to the

heart. After reaching the implantation side with the transapical or transventrical

approach, an expandable heart valve prosthesis, for example, a stent with a

prosthetic heart valve affixed thereto, can then be positioned and unfolded. After

unfolding, the heart valve prosthesis can be anchored in the desired position in

the heart, for example, with the aid of anchoring hubs.

A heart valve prosthesis of this type may include, for example, of a self-

expanding or balloon-expanding anchoring support (also termed "heart valve



stent" or "stent" in the following), to which the actual prosthetic heart valve is

fastened, preferably in the inflow area of the stent.

The implantation procedure of conventional heart valve prostheses is relatively

complicated, difficult and expensive. Apart from the complicated implantation of

heart valve prostheses as a replacement for an insufficient native heart valve,

there is a fundamental risk of incorrect positioning of the stent or heart valve

prosthesis with the catheter delivery systems used up t o the present, which

cannot be corrected without more extensive operative intervention.

A problem addressed by the present disclosure is that medical technology does

not currently offer any catheter delivery system in particular for transarterial or

transfemoral implantation of a self- or balloon-expandable heart valve stent with

a prosthetic heart valve attached to it in which, on the one hand, the catheter

delivery system enables a minimally invasive implantation of the heart valve

prosthesis in a predictable manner and, on the other hand, dispensing with the

need to use a heart-lung machine during the operation of the patient. With such

catheter delivery systems, an operative intervention may be cost-effective and, in

particular, to reduce the physical and mental stress on the patient. I n more

detail, there is a lack of a medical device for implantation of heart valve

prosthesis that can also be used for patients on whom, for example, due t o their

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

Because of the increasing number of patients requiring treatment, there is also a

growing need for an improved catheter delivery 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.

This situation also applies to operations in which heart valve prosthesis with stent

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

It is also regarded as problematic that, when using conventional catheter delivery

systems, incorrect positioning of the heart valve prosthesis or the associated



heart valve stent can frequently only be avoided when the heart surgeon or

radiologist is especially experienced. It is indeed known, for example, to insert a

heart valve stent with a prosthetic heart valve attached thereto into the body of a

patient as far as a 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,

however, cannot usually be removed in a simple way, and their position cannot

usually be corrected once the stent has expanded.

Accordingly, there is basically a risk with known catheter delivery systems that if,

for example, a self-expansion or balloon-expansion of the stent with the attached

prosthetic heart valve is initiated in a non-optimum position, due to a slip by the

heart surgeon or radiologist carrying out the treatment or other technical

circumstances such as stent foreshortening, this position can only be corrected

appropriately by way of a major, in particular operative intervention, which is

frequently carried out on the open heart.

A heart valve stent of a heart valve prosthesis is described, for example, in

document WO 2004/019825 Al. With such a conventional heart valve stent,

positioning arches 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

with the positioning arches. Additional so-called commissural hubs can also be

formed in the known heart valve stent which, together with the positioning

arches, clamp parts of the native heart valve leaflets once the stent has unfolded

so that the stent can be positioned and anchored as a result of this clamping

action.

Although the positioning arches provided on the conventional heart valve 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. I n such cases, even if only the respective positioning arches of the

stent are in their expanded state, removal (explantation) or repositioning of the



heart valve stent with a heart valve prosthesis affixed thereto is no longer

possible and there exists an increased mortality risk for the particular patient.

An objective of the disclosure is to provide a catheter delivery system which is

relatively easy to use and which allows for a lower risk and optimized

implantation of an expandable heart valve stent or heart valve prosthesis. One

aspect lies in a simplified handling of the catheter delivery system during

implantation of an expandable heart valve stent or heart valve prosthesis. Hence,

there is a need for an optimized operating handle for manipulating a catheter tip

of a catheter delivery system as well as a catheter delivery system for introducing

an expandable heart valve prosthesis into the body of a patient and for

positioning the heart valve prosthesis at a desired implantation side, wherein the

operating handle and the catheter delivery system are designed to enable the

implantation of the heart valve prosthesis in an optimum implantation location in

a sequence of events defined before the intervention.

A further objective is to propose a medical device for treatment of a heart valve

stenosis and/or heart valve insufficiency, comprising a catheter delivery system

and an expandable heart valve stent mounted in the catheter tip of the catheter

delivery system, wherein the medical device is designed to reduce a risk to the

patient on implantation of the heart valve prosthesis.

According to the one aspect of the disclosure, the invention resides in an

operating handle for manipulating a catheter tip of a catheter delivery system,

wherein the operating handle comprises a cam mechanism and means that

prescribe a pre-set sequence of steps such that each subsequent step is inhibited

until the preceding step has been completed. Ideally the operating handle

includes means that prescribe or enforce a pre-set sequence of steps for staged

release of a heart valve stent or a heart valve prosthesis accommodated in the

catheter tip of the catheter delivery system.

The term "pre-set" refers to steps that have been set of fixed in advance of

operation of the catheter delivery system and, in particular the operating handle

of the catheter delivery system. The steps of operation are pre-conditioned such

that one step must be completed before the next step can be effected. A

predetermined series of steps reduces the risk of incorrect positioning and



requires less skill and expertise on the part of whomsoever performs the

procedure. Thus, the sequence of events which can be determined beforehand

relates to those events or steps of the operation which depend on and, for

example, may be controlled by the operating handle of the catheter delivery

system.

I n this way, a catheter tip of the catheter delivery system may be manipulated

especially reliably with the operating handle and a heart valve stent or a heart

valve prosthesis accommodated in the catheter tip of the catheter delivery system

may be introduced in a particularly simple but nevertheless reliable way into the

body of a patient and optimally positioned at the implantation site in the heart.

While it will be appreciated that such a operating handle may be applied to any

catheter delivery system for which, for example, delivery, accurate positioning

and/or control of medical devices is required, for the purposes of the present

invention, the operating handle is used in conjunction with a catheter delivery

system for introducing a heart valve stent or a heart valve prosthesis into a

patient's body and for positioning the stent or prosthesis at a desired

implantation site.

In particular, the catheter delivery system comprises a catheter shaft and a

catheter tip at a distal end region of the catheter shaft. The proximal end region

of the catheter shaft is attached to the operating handle. According to some

aspects disclosed herein, the catheter tip accommodates the heart valve stent or

heart valve prosthesis to be introduced into the patient's body.

An aspect of some embodiments of the disclosure relates to an operating handle

for manipulating a catheter tip of a catheter delivery system, wherein the

operating handle comprises a hand grip designed t o be held by a user, and

further comprises a manipulating part axially aligned with the hand grip. The

manipulating part of the operating handle is rotatable relative to the hand grip

about a longitudinal axis defined by the operating handle. The operating handle

further comprises at least one sliding member operatively linked with the

manipulating part of the operating handle with a cam mechanism such that, upon

rotation of the manipulating part relative to the hand grip, the at least one sliding

member moves axially in the direction of the longitudinal axis.



Preferably, the cam mechanism is integrated into the operating handle and

transforms a rotary motion of the manipulating part relative to the hand grip into

a linear motion of the at least one sliding member relative to the hand grip.

More preferably, the cam mechanism of the operating handle is provided with

means that transform a rotary motion of the manipulating part relative to the

hand grip into a pre-set sequence of steps of linear (axial) motions of the at least

one sliding member relative to the hand grip.

In preferred embodiments disclosed herein, the at least one sliding member is

operatively connected with at least one manipulatable member of a catheter tip

of a catheter delivery system relative such that, upon rotation of the

manipulating part relative to the hand grip, the at least one manipulatable

member of the catheter tip operatively connected with the at least one sliding

member of the operating handle performs a sequence of steps of axial

movements (strokes) determined beforehand.

More preferably, the at least one manipulatable member of the catheter tip is

manipulated in accordance with a displacement diagram characterizing the cam

mechanism of the operating handle. The displacement diagram of the cam

mechanism reflects the changing position the at least one sliding member (and

the at least one manipulatable member of the catheter tip operatively connected

with the at least one sliding member) would make as the manipulating part of the

operating handle rotates relatively to the hand grip about a longitudinal axis

defined by the operating handle. This diagram may relate angular position to the

radial displacement experienced at that.

By determining the displacement diagram of the cam mechanism beforehand, the

catheter tip of the catheter delivery system may be manipulated especially

reliably with the operating handle and a heart valve stent or a heart valve

prosthesis accommodated in the catheter tip of the catheter delivery system may

be introduced in a particularly simple but nevertheless reliable way into the body

of a patient and optimally positioned at the implantation site in the heart.



An aspect of some embodiments of the disclosure relates to a medical catheter

delivery system for introducing an expandable heart valve prosthesis into the

body of a patient. The medical catheter delivery system is preferably formed as a

catheter system comprising a catheter tip at a distal end thereof, an operating

handle at a proximal end thereof, and a catheter shaft interconnecting the

catheter tip and the operating handle. The catheter tip of the medical catheter

delivery system comprises at least one sleeve-shaped member at a distal end

portion of the catheter delivery system, wherein the at least one sleeve-shaped

member is capable of receiving at least partly a tightly compressed heart valve

prosthesis thereby forming a part of the catheter tip.

For manipulating the at least one sleeve-shaped member, the operating handle of

the medical catheter delivery system is further provided with at least one sliding

member at a proximal end portion of the medical catheter delivery system,

wherein the at least one sliding member is operatively connected with the at least

one sleeve-shaped member. The operating handle of the medical catheter

delivery system, which is disposed at the proximal end portion of the medical

catheter delivery system, comprises a hand grip designed to be held by a user,

and a manipulating part which is preferably axially aligned with the hand grip.

The manipulating part is rotatable relative to the hand grip of the operating

handle about a longitudinal axis defined by the operating handle. The at least

one sliding member, which is operatively connected with the at least one sleeve-

shaped member, is operatively linked with the manipulating part of the operating

handle by way of a cam mechanism such that, upon rotation of the manipulating

part of the operating handle relative to the hand grip of the operating handle, the

at least one sliding member together with the at least one sleeve-shaped member

operatively connected with the at least one sliding member moves axially in the

direction of the longitudinal axis.

Preferably, the cam mechanism is integrated into the operating handle of the

medical catheter delivery system. More preferably, the cam mechanism

transforms a rotary motion of the manipulating part of the operating handle

relative to the hand grip into a linear motion of the at least sliding member and

the at least one sleeve-shaped member operatively connected with the at least

one sliding member.



According to some aspects of the present disclosure, the manipulating part of the

operating handle is a rotating wheel designed to be gripped by a user with one of

its hands, whereas the other hand of the user holds the hand grip of the

operating handle. I n this regard, the cam mechanism of the medical catheter

delivery system preferably comprises a cylindrical member connected with the

manipulating part of the operating handle, wherein the cylindrical member

comprises at least one cam groove.

Moreover, the cam mechanism may further comprise at least one pin member

having a first end portion connected with the at least one sliding member, and a

second end portion opposite to the first end portion. The second end portion of

the at least one pin member preferably engages with the at least one cam groove

of the cylindrical member of the cam mechanism such that, upon rotation of the

manipulating part of the operating handle relative to the hand grip, the at least

one pin member follows a cam profile defined by the at least one cam groove of

the cylindrical member of the cam mechanism.

In order to secure functional reliability of the cam mechanism, the cam

mechanism is provided with means for preventing a rotational movement of the

at least one sliding member relative to the operating handle. I n some

embodiments of the present disclosure, the means for preventing a rotational

movement of the at least one sliding member relative to the operating handle

comprises at least one elongated hole allocated to the at least one sliding

member. The at least one elongated hole extends parallel to the longitudinal axis

defined by the operating handle. Through the at least one elongated hole the at

least one pin member connected with the at least one sliding member extends.

In embodiments of the disclosure, the manipulating part of the operating handle

is a rotating wheel having a diameter greater than the diameter of the cylindrical

member of the cam mechanism.

In accordance with embodiments, the hand grip of the operating handle is formed

as a kind of jacket. The cylindrical member of the cam mechanism is at least

partly disposed concentrically and coaxially with the hand grip, wherein the

cylindrical member of the cam mechanism is rotatable relatively to the hand grip.



I n embodiments of the present disclosure, the cylindrical member of the cam

mechanism is a hollow cylindrical member. The cam mechanism preferably further

comprises a body member disposed concentrically and coaxially with the hollow

cylindrical member. The body member may comprise a cylindrical portion having

a diameter less than an inner diameter of the hollow cylindrical member, the

cylindrical portion of the body member being at least partly received in the

interior of the hollow cylindrical member such that the hollow cylindrical member

is rotatable relatively to the body member.

In some embodiments disclosed herein, the body member of the cam mechanism

may be provided with at least one flange for preventing axial movement of the

manipulating part of the operating handle relative to the body member.

According to embodiments of the operating handle of the medical catheter

delivery system, the body member of the cam mechanism is at least partly

hollow, wherein the at least one sliding member is received within the body

member such that the at least one sliding member together with the at least one

sleeve-shaped member operatively connected with the at least one sliding

member is axially movable relatively to the body member.

In some embodiments of the present disclosure, the operating handle comprises

a cam mechanism for transforming a rotary motion of the manipulating part of

the operating handle into a linear motion of the at least one sliding member and

the at least sleeve-shaped member operatively connected with the at least one

sliding member, wherein the cam mechanism comprises a cylindrical member

connected with the manipulating part of the operating handle, the cylindrical

member comprising at least one cam groove. The cam mechanism may further

comprise at least one pin member having a first end portion connected with the

at least one sliding member, and a second end portion opposite to the first end

portion. The second end portion of the at least one pin member engages with the

at least one cam groove of the cylindrical member of the cam mechanism such

that, upon rotation of the manipulating part of the operating handle relative to

the hand grip, the at least one pin member follows a cam profile defined by the

at least one cam groove.



Preferably, the cylindrical member of the cam mechanism is a hollow cylindrical

member, wherein the cam mechanism further comprises a body member disposed

concentrically and coaxially with the hollow cylindrical member. I n some

preferred embodiments, the body member is at least partly hollow, wherein the

at least one sliding member is received within the body member such that the at

least one sliding member together with the at least one sleeve-shaped member

operatively connected with the at least one sliding member are axially movable

relative to the body member of the cam mechanism.

In some embodiments of the present disclosure, the body member is preferably

provided with at least one elongated hole which runs parallel to the longitudinal

axis of the operating handle. The at least one pin member extends through the at

least one elongated hole. The at least one elongated hole limits the freedom

degree of the at least one pin member such that the at least one pin member

cannot rotate relatively to the body member anymore.

In some embodiments, the body member is fixed to the hand grip of the

operating handle. For this reason, the body member may comprise a portion fixed

to the hand grip. For example, the portion of the body member, which is fixed to

the hand grip, may be a cylindrical portion having a diameter equal to or

substantially equal to the outer diameter of the hollow cylindrical member of the

cam mechanism. Preferably, the hand grip of the operating handle is at least

partly disposed around the cylindrical portion of the body member such as to be

concentrically and coaxially with the cylindrical portion of the body member.

In embodiments of the present disclosure, the operating handle is provided with

a locking mechanism for subdividing a maximal available turning movement of the

manipulating part of the operating handle when the manipulating part is rotated

relatively to the hand grip. The maximum available turning movement of the

manipulating part is defined by the at least one cam groove of the cylindrical

member of the cam mechanism and/or an elongated hole provided in the hollow

body member of the cam mechanism. Preferably, the locking mechanism

comprises at least one locking recess provided in the cylindrical member of the

cam mechanism and at least one engaging piece operatively connected with the

body member of the cam mechanism, wherein the at least one engaging piece is

adapted to releasably engage with the at least one locking recess thereby



preventing rotation or continued rotation of the cylindrical member of the cam

mechanism relative to the body member.

I n some embodiments, the locking mechanism can disengage the engaging piece

when the engaging piece engages with the at least one locking recess. For

example, the engaging piece may be spring loaded, including a spring loaded

push-button operatively connected with the engaging piece, wherein the push

button is designed to be pushed by the user for disengaging the engaging piece.

More preferably, a lever may be connected with the push-button for pressing the

engaging piece down when the push-button is pushed down by the user. I n this

regard, it is preferred that a driving piece having a first end region coupled to the

lever by a pin such as to be pivotable in a plain perpendicular to the direction of

pushing of the push-button, and further having a second end region for pressing

the engaging piece down when the push-button is pushed down by the user.

I n some embodiments of the locking mechanism, the driving piece is coupled to

the lever such that the driving piece swings out relatively to the lever when the

push-button is pushed down by the user and when simultaneously the cylindrical

member of the cam mechanism is rotated relatively to the body member. The

second end region of the driving piece then loses contact with the engaging piece

when the driving piece swings out relatively to the lever arm. Some embodiments

may further comprise centering bias for returning of the driving piece when the

push-button is released.

A locking mechanism of the kind as disclosed herein ensures a step-wise

manipulation of a catheter. I n more detail, the locking mechanism prevents that

the manipulating part of the operating handle can be rotated by the user

relatively to the hand grip through a maximal available angular turning range,

when the push-button is continuously pushed.

In accordance with embodiments of the locking mechanism, the locking

mechanism comprises a plurality of locking recesses provided in the cylindrical

member of the cam mechanism such as t o subdivide the maximal available

turning movement of the manipulating part of the operating handle into a

plurality of consecutive indexing turning movements of the manipulating part. I n



this regard, it is conceivable when the locking mechanism comprises a first

locking recess provided in the cylindrical member of the cam mechanism such

that the at least one pin member of the cam mechanism is at the beginning of

the at least one cam groove of the cylindrical member when the engaging piece

of the locking mechanism engages with the first locking recess.

Moreover, it is conceivable when the locking mechanism comprises at least one

second locking recess provided in the cylindrical member such that the at least

one pin member of the cam mechanism is in a central portion of the at least one

cam groove of the cylindrical member when the engaging piece of the locking

mechanism engages with the at least one second locking recess. Also, it is

conceivable when the locking mechanism comprises a third locking recess

provided in the cylindrical member such that the at least one pin member of the

cam mechanism is at the end of the at least one cam groove when the engaging

piece of the locking mechanism engages with the third locking recess.

According to a further aspect of the present disclosure, the operating handle of

the medical catheter delivery system further includes an operative linkage

between the at least one sliding member and the manipulating part of the

operating handle for selectively separating the sliding member and the

manipulating part.

At least one pin member manipulating element may be operatively connected

with the at least one pin member, the at least one pin member manipulating

element being drivable from a first position, in which the at least one pin member

engages the at least one cam groove of the cylindrical member of the cam

mechanism, into a second position, in which the at least one pin member is

disengaged from the at least one cam groove.

In an embodiment of the operating handle, the first end portion of the at least

one pin member of the cam mechanism is at least partly received in a recess

provided in the at least one sliding member such that the at least one pin

member is movable relatively to the sliding member in a longitudinal direction

defined by sliding this recess.



In accordance with an embodiment of the operating handle, the at least one pin

member manipulating element comprises a lever arm having a first end region

operatively connected with the at least one pin member of the cam mechanism,

in particular with the first end portion of the at least one pin member. The lever

arm of the at least one pin member manipulating element further have a second

end region opposite to the first end region, wherein the second end region of the

lever arm is operatively connected with an operating bar for moving the lever arm

with the at least one sliding member connected thereon.

The at least one pin member is movable by the operating bar and the lever arm

connected therewith from a coupled state, in which the second end portion of the

at least one pin member engages the at least one cam groove of the cylindrical

member of the cam mechanism, into an uncoupled state, in which the second end

portion of the pin member disengages the cam groove and in which the pin

member manipulating element at least partly engages with a further recess

provided in the body member of the cam mechanism thereby blocking an axial

movement of the sliding member relative to the body member upon rotation of

the manipulating part of the operating handle relative to the hand grip.

In some embodiments of the medical catheter delivery system, the medical

catheter delivery system further comprises at least one catheter tube having a

distal end connected with the at least one sleeve-shaped member, and further

having a proximal end connected with the at least one sliding member.

According to some embodiments, the medical catheter delivery system comprises

a first sleeve-shaped member and a first sliding member operatively connected

with a first sleeve-shaped member, and further comprises a second sleeve-

shaped member and a second sliding member operatively connected with the

second sleeve-shaped member. The first and second sliding members are both

operatively linked with the manipulating part of the operating handle by the cam

mechanism such that, upon rotation of the manipulating part of the operating

handle relative to the hand grip, the first and second sliding members together

with the first and second sleeve-shaped members operatively connected thereto

move independently from each other axial in the direction of the longitudinal

axis.



Preferably, the cam mechanism comprises a cylindrical member connected with

the manipulating part, the cylindrical member comprising a first cam groove and

a second cam groove.

The cam mechanism preferably further comprises a first pin member having a

first end portion connected with the first sliding member, and a second end

portion opposite to the first end portion, the second end portion of the first pin

member engaging with the first cam groove such that, upon rotation of the

manipulating part of the operating handle relative to the hand grip, the first pin

member follows a cam profile defined by the first cam groove.

The cam mechanism preferably further comprises a second pin member having a

first end portion connected with the second sliding member, and further having a

second end portion opposite to the first end portion, the second end portion of

the second pin member engaging with the second cam groove such that, upon

rotation of the manipulating part relative to the hand grip, the second pin

member follows a cam profile defined by the second cam groove.

Preferably, the first sleeve-shaped member and the second sleeve-shaped

member provide a seat portion adapted to receive a heart valve prosthesis which

is at least partly tightly compressed. More preferably, the medical catheter

delivery system may further comprise a stent retaining system at the distal end

portion of the catheter delivery system, the stent retaining system being capable

of releasably fixing a heart valve prosthesis received in the seat portion. For

releasing heart valve prosthesis received by the seat portion constituted by the

first and second sleeve-shaped members, the first and second sleeve-shaped

members are axially movable relatively to each other and relatively to the stent

retaining mechanism to which the heart valve prosthesis is releasably fixed.

In particular, a medical catheter delivery system is disclosed, with which an

expandable heart valve stent with a heart valve prosthesis attached thereto 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 medical catheter delivery

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 medical



catheter delivery system, in which the heart valve prosthesis can be

accommodated, can be made sufficiently small with respect to its external

diameter.

The expandable heart valve stent with the prosthetic heart valve attached thereto

can be accommodated temporarily during implantation in the folded-up state in

the catheter tip of the catheter delivery system, which is provided at the distal

end region of the medical catheter delivery system. The medical catheter delivery

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.

The medical catheter delivery system designed for transarterial or transfemoral

access is therefore suitable for inserting a heart valve stent with a prosthetic

heart valve attached to it, transarterially or transfemorally into the body of the

patient; for example, the medical catheter delivery system is inserted with the

catheter tip located at the distal end of the medical catheter delivery system via

puncture of the A. femoris communis (inguinal artery).

In particular, with the medical catheter delivery system designed for transarterial

or transfemoral access, the medical catheter delivery 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 medical catheter delivery system.

In order to treat a heart valve stenosis and/or heart valve insufficiency in a

patient, a medical device is further disclosed.

The medical device comprises a medical catheter delivery system and an

expandable heart valve stent together with a prosthetic heart valve affixed

thereto. The expandable heart valve stent together with the prosthetic heart

valve forms a heart valve prosthesis and is accommodated in the catheter tip of

the medical catheter delivery system. While it is accommodated in the catheter

tip of the medical catheter delivery 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.

A heart valve prosthesis is used with the medical catheter delivery system, as

described for example in the European patent application No. 07 110 318 or in

the European patent application No. 08 151 963, both of which are incorporated

herein by reference in their entireties. I n an embodiment of the medical device, a

heart valve prosthesis comprising 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 catheter retaining

mechanism, for example in the form of retaining eyes or in the form of

retaining heads, whereby at least one retaining mechanism of the

stent can be put in releasable engagement with the stent holder (stent

retaining mechanism) of the catheter tip forming part of the catheter

delivery system;

at least one retaining arch, to which a heart valve prosthesis can be

fastened; and

at least one and preferably three positioning arches, 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.

The following will make reference to the drawings in providing a more precise

detailing of preferred embodiments of the disclosure.

Fig. 1: illustrates aspects of the human heart anatomy;

Fig. 2a: illustrates schematically a retrograde implantation procedure of a

heart valve stent;

Fig. 2b: illustrates schematically a antegrade implantation procedure of a

heart valve stent;



Fig. 3 : illustrates an exemplary embodiment of a heart valve prosthesis

comprising a heart valve stent and a prosthetic heart valve

attached thereto, said heart valve prosthesis being adapted to

be accommodated in a catheter tip of a medical catheter delivery

system according to the present disclosure;

Fig. 4 : illustrates schematically an exemplary embodiment of a catheter

tip of a medical catheter delivery system for retrograde insertion

of an expandable heart valve prosthesis in a part-sectioned side

elevation;

Fig. 5 : illustrates schematically an exemplary embodiment of a catheter

shaft of a medical catheter delivery system for retrograde

insertion of an expandable heart valve prosthesis in a cross-

sectional elevation;

Figs. 6a t o 6d : illustrate side elevations of an exemplary embodiment of a

catheter tip of a medical catheter delivery system for retrograde

insertion of an expandable heart valve prosthesis in different

previously defined functional states for explaining a release

procedure of a heart valve prosthesis accommodated in the

catheter tip of the medical catheter delivery system;

Figs. 6e, 6f: illustrate side elevations of the catheter tip in accordance with

Figs. 6a t o 6d in two functional state after releasing a heart

valve prosthesis which were accommodated in the catheter tip,

wherein the catheter tip is ready to be removed from the body of

a patient;

Figs. 7a t o 7c: illustrate schematically an exemplary embodiment of a catheter

tip of a medical catheter delivery system for retrograde insertion

of an expandable heart valve prosthesis in different functional

states for explaining an implantation procedure of a heart valve

prosthesis accommodated in the catheter tip;



i l lustrates an exempla ry embod iment of an operati ng hand le of a

med ica l catheter del ivery system for retrog rade insertion of an

expanda ble hea rt valve prosthesis;

i l lustrates an exempla ry embod iment of a ha nd grip of the

operating hand le in accorda nce with Fig . 8;

i l lustrates the hand gr ip in accorda nce with Fig . 9a in a side-

sectiona l elevation;

i l lustrates the exempla ry embod iment of an operati ng hand le in

accorda nce with Fig . 8 without hand gr ip;

i l lustrates schematica lly an exempla ry embod iment of a cam

mecha nism util ized in the exempla ry embod iment of the

operating hand le in accorda nce with Fig . 8;

i l lustrates schematica lly the cam mecha nism in accorda nce with

Fig . 11 in a side-sectiona l elevation;

i l lustrates a f irst component (cyl indrica l mem ber) of the cam

mecha nism util ized in the exempla ry embod iment of the

operating hand le in accorda nce with Fig . 8 in a perspective

elevation;

i l lustrates the f irst com ponent (cyl indrica l member) mem ber of

the cam mecha nism in accorda nce with Fig . 13 in a side

elevation;

i l lustrates a second component (body mem ber) of the cam

mecha nism util ized in the exempla ry embod iment of the

operating hand le in accorda nce with Fig . 8 in a perspective

elevation;

Fig . 16: i l lustrates com ponents (sl id ing mem bers) received with in the

body member of the cam mecha nism uti lized in the exempla ry



embodiment of the operating handle in accordance with Fig. 8 in

a perspective elevation;

Figs. 17a, b : illustrate exemplary embodiments of sliding members adapted to

be utilized in the exemplary embodiment of the operating handle

in accordance with Fig. 8;

Figs. 18a, b : illustrate a cross-sectional view of the operating handle in

accordance with Fig. 8;

Fig. 19: illustrates a rear side (closed) of the exemplary embodiment of

the operating handle in accordance with Fig. 8 in a perspective

elevation;

Figs. 20a t o c : illustrate the open rear side of the operating handle in

accordance with Fig. 19 for explaining an exemplary embodiment

of selectively separating an operative linkage between a sliding

member of the cam mechanism of the operating handle and a

manipulating part of the operating handle;

Fig. 2 1 : illustrates an exemplary embodiment of a locking mechanism of

the operating handle in accordance with Fig. 8 in a perspective

elevation;

Fig. 22: illustrates the locking mechanism in accordance with Fig. 2 1 in a

side-sectional elevation;

Figs. 23a t o c : illustrate an exemplary embodiment of operating the locking

mechanism in accordance with Fig. 21;

Fig. 24: illustrates schematically an exemplary embodiment of a catheter

tip of a medical catheter delivery system for antegrade insertion

of an expandable heart valve prosthesis in a part-sectioned side

elevation;



Figs. 25a t o d : illustrate schematically an exemplary embodiment of a catheter

tip of a medical catheter delivery system for antegrade insertion

of an expandable heart valve stent in different functional states

for explaining a releasing procedure of a heart valve stent

accommodated in the catheter tip of the medical catheter

delivery system;

illustrates an exemplary embodiment of an operating handle of a

medical catheter delivery system for antegrade insertion of an

expandable heart valve prosthesis;

illustrates the exemplary embodiment of the operating handle in

accordance with Fig. 26 without hand grip;

illustrates schematically an exemplary embodiment of a cam

mechanism utilized in the operating handle in accordance with

Fig. 26 in a perspective elevation; and

illustrates schematically the cam mechanism in accordance with

Fig. 28 in a side-sectional elevation.

Both the right and left halves of the human heart consist of a ventricle and

an atrium. These cavities are separated by the septum of the heart, divided

into the atrial septum {septum interatriale) and the ventricular septum

{septum interventriculare).

Blood can only flow in one direction through the chambers of the heart due to the

cardiac valves situated between the atria and ventricles and in the arteries

connected to the ventricles which function like mechanical valves. The superior

and inferior vena cava { vena cava superior et inferior) flow into the right atrium.

They supply the oxygen-depleted (venous) blood from the systemic circulation to

the heart. The tricuspid valve which, like a mechanical valve, prevents a reverse

flow of blood into the atrium upon ventricular contraction (systole) is situated

between the right atrium and the right ventricle. It comprises three segments

which are affixed like flaps to the ventricular musculature by ligaments (hence

also called the "flap valve"). The two pulmonary arteries depart the right



ventricle of the heart via a common trunk {truncus pulmonalis). There is also a

valve between the ventricle and the pulmonary trunk, the so-called pulmonary

valve. This type of valve is also called a semi-lunar valve due t o its shape. The

pulmonary arteries supply the oxygen-depleted blood to the pulmonary

circulation.

Oxygen-rich (arterial) blood then usually flows through four pulmonary veins from

the pulmonary circulation to the left atrium. From there, it reaches the left

ventricle through a further flap valve, the mitral valve. The outflow is carried by

the aorta which, like the pulmonary artery, has a semi-lunar valve (aortic valve).

During a heart cycle, the atria are filled first while the ventricles concurrently

disgorge the blood into the arteries. When the ventricular musculature relaxes,

the flap valves open due t o the drop in pressure in the ventricle and the blood

flows in from the atria {auricular systole). This is supported by a contraction of

the atria. Ventricular contraction follows: the ventricular musculature contracts,

the pressure rises, the flap valves close and the blood can now only flow into the

arteries through the now-opened semi-lunar valves. A reverse blood flow from

the arteries during the relaxation phase (diastole) is prevented by the closing of

the semi-lunar valves such that the direction of flow is determined solely by the

valves.

The four cardiac valves work like mechanical valves in the heart and prevent a

reverse flow of blood in the wrong direction. Each half of the heart has a flap

valve (atrioventricular valve) and a semi-lunar valve. The atrioventricular valves

are situated between the atrium and the ventricle and are called the

bicuspid/mitral valve and the tricuspid valve. The semi-lunar valves are situated

between the ventricle and the vascular outflow and are called the pulmonary

valve and the aortic valve respectively.

A valve defect, i.e. a dysfunction of a cardiac valve's function, can affect any of

the four cardiac valves, although the valves on the left side of the heart (aortic

and mitral valves) are affected considerably more frequently than those on the

right side of the heart (pulmonary and tricuspid valves). Dysfunction can

encompass constriction (stenosis), insufficiency or a combination of the two

(combined vitium).



In medicine, the term "aortic valve insufficiency", or "aortic insufficiency" for

short, refers to the defective closing of the heart's aortic valve and the diastolic

reverse flow of blood from the aorta into the left ventricle as a result. Depending

on the severity of the aortic insufficiency and the extent of resistance to aortic

depletion, the volume of reverse flow can be up to two thirds of the left

ventricle's ejection volume (normal cardiac output: 40 to 70 ml). This results in

characteristically high blood pressure amplitude. This regurgitated blood flow

increases the diastolic filling of the left chamber and leads to a volume overload

of this section of the heart, a consequence of which is eccentric hypertrophy.

Aortic valve stenosis is a valvular heart disease caused by the incomplete

opening of the aortic valve. When the aortic valve becomes stenotic, it causes a

pressure gradient between the left ventricle and the aorta. The more

constricted the valve, the higher the gradient between the left ventricle and the

aorta. For instance, with a mild aortic valve stenosis, the gradient may be

20 mmHg. This means that, at peak systole, while the left ventricle may

generate a pressure of 140 mmHg, the pressure that is transmitted to the aorta

will only be 120 mmHg.

In individuals with aortic valve stenosis, the left ventricle has to generate an

increased pressure in order to overcome the increased afterload caused by the

stenotic aortic valve and eject blood out of the left ventricle. The more severe the

aortic stenosis, the higher the gradient is between the left ventricular systolic

pressures and the aortic systolic pressures. Due to the increased pressures

generated by the left ventricle, the myocardium (muscle) of the left ventricle

undergoes hypertrophy (increase in muscle mass).

Angina in the setting of aortic valve stenosis is secondary to the left ventricular

hypertrophy that is caused by the constant production of increased pressure to

overcome the pressure gradient caused by the aortic valve stenosis. While the

myocardium (i.e. heart muscle) of the left ventricle gets thicker, the arteries that

supply the muscle do not get significantly longer or bigger, so the muscle may

become ischemic (i.e. doesn't receive an adequate blood supply). The ischemia

may first be evident during exercise, when the heart muscle requires increased

blood supply to compensate for the increased workload. The individual may



complain of exertional angina. At this stage, a stress test with imaging may be

suggestive of ischemia.

Mitral valve insufficiency (also called "mitral insufficiency") is a frequent cardiac

valve defect in human medicine and also in at least some animal species. It

involves a closing defect or "leakage" of the heart's mitral valve which leads t o

reverse blood flow from the left ventricle into the left atrium during the ejection

phase (systole).

The mitral valve functions like a mechanical valve between the left atrium and the

left ventricle of the heart. It opens during the filling phase of the ventricle

(diastole) and thus enables the inflow of blood from the atrium. At the beginning

of the ejection phase (systole), the sudden increase in pressure in the ventricle

leads to the closing of the valve and thus to a "sealing" of the atrium. I n so

doing, a pressure of only about 8 mmHg prevails in the atrium, while at the same

time the systolic pressure of about 120 mmHg in the ventricle forces the blood

along its usual path into the main artery (aorta).

In cases of severe mitral insufficiency, however, the regurgitation opening is

larger than 40 mm2 and the regurgitation volume greater than 60 ml, which can

lead t o serious and at times life-threatening changes.

I n the acute stage, with a normal size t o the left ventricle and the left atrium,

there is a considerable increase of the pressure in the atrium and thus also in the

pulmonary veins. This can be up t o 100 mmHg which, given a normal condition to

the pulmonary vessels, leads t o immediate pulmonary oedema. The then

predominantly reverse blood flow can result in insufficient outflow into the aorta

and thus decreased blood flow to all the organs.

To treat a severe narrowed cardiac valve or cardiac valve insufficiency, it is

necessary for a valvular prosthesis (hereinafter also referred as "heart valve

prosthesis") to perform the valve function of the narrowed, diseased or diseased

cardiac valve. Essential in this respect is that the valvular prosthesis is securely

positioned and anchored in the implantation site in the heart; i.e. in the plane of

the (diseased) cardiac valve to be replaced, so that the valvular prosthesis is not



displaced or shifted despite the, at times considerable, forces acting on it. An

effective seal during systole is also important.

Over the past few years, minimally invasive interventional procedures for the

treatment of a severe narrowed cardiac valve or cardiac valve insufficiency have

become an established therapeutic alternative to "conventional" open surgical

procedures. Certain procedures, however, involve placement of relatively large

devices into targeted locations within tissue structures. Procedures such as aortic

valve replacement conventionally have been addressed with open surgical

procedures which are highly invasive. More recently, such procedures have been

attempted using natural lumen excess and catheter delivery systems.

Referring to the human heart anatomy illustrated in Fig. 1, such natural lumen

access and delivery systems typically are configured, for example, to reach the

aortic valve location 212 inside of the heart 202 from an antegrade approach, i.e.

performed in the normal direction of blood flow. An antegrade approach, however,

generally requires navigating instrumentation through the right ventricle 222, the

left atrium, and the left ventricle 220 of the beating heart 202, by way of the

mitral valve 210.

A retrograde approach, i.e. an access performed backward or against the usual

direction of blood flow, is an alternative to reach the aortic valve location 212

inside of the heart 202. A retrograde approach generally requires navigating

instrumentation along the aortic arch, from the descending aorta 204 t o the

ascending aorta 206 and adjacent the aortic valve 212.

A transarterial access t o the heart 202 of a patient as an example for a

retrograde approach is schematically shown in Fig. 2a. I n the illustration in

accordance with Fig. 2a, a heart valve stent 100 is advanced with the aid of a

medical catheter delivery system (only schematically shown) via the femoral

artery to the aortic valve 212.

I n some cases, a retrograde approach cannot be used in patients who have small

or tortuous femoral or iliac vessels or severe peripheral vascular disease such as

persons with previous aortobifemoral grafting. Rather, for such patients, an

antegrade approach, for example a transarterial, transfemoral or transsubclavian



approach, is preferred, whereby the surgeon creates a transcutaneous access t o

the region around the apex 224 of the beating heart 202 with a surgical

thoracotomy, followed by direct access to the left ventricle 220 using a needle or

other puncture device aimed to access the left ventricle 220 around the left

ventricular apex 224.

Aspects of an antegrade (transapical) access procedure are illustrated in Fig. 2b,

wherein the pericardium is opened by using a needle device for puncturing the

muscular heart wall to gain access of the left ventricle 220 around the location of

the left ventricular apex 224. A guidewire 180 may be advanced toward and

through the aortic valve 212 t o assist with diagnostic and interventional aspects of

the procedure. After treatment of the heart 202, the apex 224 is closed, for

example, by using a purse-string suture technique. A purse-string suture is a

continuous suture placed in a circle about a round wound or punctures which

needs t o be closed. The opening is closed by tightly drawing the ends of the

suture together.

An exemplary embodiment of a heart valve prosthesis 150 comprising a heart

valve stent 100 and a prosthetic heart valve 200 affixed thereto is illustrated in

Fig. 3 .

The exemplary embodiment of a heart valve prosthesis 150 as schematically

illustrated in Fig. 3 is adapted for the treatment of a narrowed cardiac valve or a

cardiac valve insufficiency.

The following description will make reference to Fig. 3 to briefly describe the

structure and function of the exemplary embodiment of the heart valve prosthesis

150. The heart valve prosthesis 150 comprises a heart valve stent 100 which

exhibits an expandable structure which is able to transform from a first

predefinable shape, in which the stent 100 is in a collapsed state, into a second

predefinable shape in which the stent 100 is in an expanded state. The heart

valve stent 100 together with a prosthetic heart valve 200 affixed thereto is

introduced in a minimally invasive fashion into the body of a patient in its first

shape using a catheter delivery system. During (antegrade or retrograde)

insertion by way of a catheter delivery system, the prosthetic heart valve 200

affixed to the stent 100 is likewise in a collapsed state.



The exemplary embodiment of a heart valve prosthesis 150 depicted in Fig. 3 is

adapted to be introduced with a retrograde approach or an antegrade approach

by way of a catheter delivery system to be described latter.

Upon reaching the site of implantation in the patient's heart, the stent 100

transforms into its second (expanded) shape in which the valvular prosthesis 200

affixed to the stent 100 also unfolds and expands. The second expanded shape is

a permanent shape that has been set by programming. Fig. 3 shows the

exemplary embodiment of the heart valve prosthesis 150 in a completely

expanded state.

The stent 100 according to the exemplary embodiment of the heart valve

prosthesis 150 depicted in Fig. 3 has a total of three positioning arches 115a,

115b, 115c which assume a function of self-positioning the stent 100 into the

plane of a native pulmonary valve ( valva trunci pulmonalis) or a native aortic

valve ( valva aortae). Each of the positioning arches 115a, 115b, 115c exhibits a

rounded head portion 120 which are designed to engage in the pockets T of a

(diseased) native cardiac valve to be treated during positioning of the stent 100

at the site of implantation in the heart.

Further details regarding the implantation procedure of a heart valve prosthesis

150 of the kind as depicted in Fig. 3 are described below with reference to Figs.

7a t o 7c, which illustrate schematically an exemplary embodiment of a catheter

tip of a medical catheter delivery system for retrograde insertion of an

expandable heart valve prosthesis in different functional states to illustrate a

implantation procedure of a heart valve prosthesis accommodated in the catheter

tip.

As well as providing a symmetry that matches that of the native valve, the

provision of a total of three positioning arches 115a, 115b, 115c also provides

rotational accuracy, symmetry and stability. The stent 100 is of course not limited

to the use of a total of three positioning arches 115a, 115b, 115c.

The head portions 120 of the positioning arches 115a, 115b, 115c, respectively

pointing towards an inflow end region of the stent 100, are rounded so that the



vascular wall will not be damaged when the positioning arches 115a, 115b, 115c

engage in the pockets T of the native cardiac valve to be replaced. To improve

movement and position analysis during the implanting of the stent 100 reference

markers may be provided on or within the head portions 120 of the positioning

arches 115a, 115b, 115c. Radio opaque markers or markers which can be

activated by infrared or ultrasound lend themselves particularly well hereto.

As shown in Fig. 3, the positioning arches 115a, 115b, 115c of the heart valve

stent 100 respectively exhibit an essentially U-shaped or V-shaped structure

which is closed to the inflow end of stent 100. Accordingly, each positioning arch

115a, 115b, 115c has a total of two arms respectively extending from the head

portion 120 of the associated positioning arch 115a, 115b, 115c towards an

outflow end of stent 100. By doing so, each two adjoining arms of two

neighbouring positioning arches 115a, 115b, 115c are connected to one another

via a connecting portion.

For implanting and explanting the stent 100 with a suitable catheter delivery

system, the stent 100 comprises catheter retaining elements 123 preferably at its

outflow end region. The catheter retaining elements 123 may comprise oval-

shaped heads which each may comprise a corresponding oval-shaped eyelet 124.

The shape of the catheter retaining elements 123 complements stent retaining

elements of a crown on the catheter tip of a catheter delivery system used to

implant/explant the stent 100.

Exemplary embodiments of a catheter tip of a catheter delivery system having

stent retaining elements are described below with reference to Fig. 4 and Fig. 24.

I n more detail, Fig. 4 illustrates schematically an exemplary embodiment of a

catheter tip of a medical catheter delivery system for retrograde insertion of an

expandable heart valve prosthesis in a part-sectioned side elevation, whereas an

exemplary embodiment of a catheter tip of a medical catheter delivery system for

antegrade insertion of an expandable heart valve prosthesis in a part-sectioned

side elevation is illustrated schematically in Fig. 24.

I n particular, the stent retaining elements of the catheter tip of a catheter

delivery system (hereinafter also referred as "stent holder") may have protrud



elements that are configured as a negative of the catheter retaining elements 123

provided preferably at the outflow end region of the stent 100.

Alternatively, the protruding elements of the stent retaining elements of the

catheter tip may be shaped to be complementary to the eyelets 124 of the

catheter retaining elements 123 provided preferably at the outflow end region of

the stent 100 and are configured as catheter retaining heads. This realization

enables the protruding elements of the crown to form a releasable engagement

with the outflow area of stent 100 t o allow releasable attachment of the stent

100 t o the catheter tip.

Referring back to Fig. 3, the heart valve stent 100 of the exemplary embodiment

of the heart valve prosthesis 150 is further provided with retaining arches 116a,

116b, 116c at which the prosthetic heart valve 200 is fastened in particular by

way of a thread or a thin wire. It is easily recognized that the widening of the

centre area and the inflow end region of the stent 100, at which the prosthetic

heart valve 200 is disposed, achieves spreading of the prosthetic heart valve 200.

Exemplary embodiments of a medical catheter delivery system suitable for

introducing a heart valve prosthesis, for example a heart valve prosthesis 150 of

the kind as shown in Fig. 3, into a body of a patient are described in the

following.

In accordance with some embodiments of the present disclosure, the medical

catheter delivery system for introducing an expandable heart valve prosthesis 150

into the body of a patient is constituted as catheter system having a catheter tip

80-1, 80-2 at a distal end portion of the catheter delivery system. The catheter

tip 80-1, 80-2 is capable of accommodating at least partly a preferably tightly

compressed heart valve prosthesis 150 or heart valve stent 100.

According to some aspects of the present disclosure, the catheter system further

comprises an operating handle 10-1, 10-2 at a proximal end portion of the

catheter system. The operating handle 10-1, 10-2 is configured for manipulating

the catheter tip 80-1, 80-2 which becomes necessary for releasing a heart valve

prosthesis 150 accommodated in the catheter tip 80-1, 80-2, for example, at an

implantation side inside the patient's body.



I n some embodiments of the present disclosure, the operating handle 10-1, 10-2

of the catheter system is operatively connected with the catheter tip 80-1, 80-2

by way of a catheter shaft 90. I n case the catheter system is designed for

retrograde access, preferably at least a distal end portion of the catheter shaft 90

is flexible enough such that the catheter tip 80-1 and the distal end portion of the

catheter shaft 90 may pass the aortic arch, in particular during insertion through

the aorta of a patient.

An exemplary embodiment of a catheter tip 80-1 of a medical catheter delivery

system for retrograde (for example transarterial, transfemoral or transsubclavian)

insertion of an expandable heart valve prosthesis 150 or an expandable heart

valve stent 100 is described in the following with reference to Fig. 4 .

I n more detail, Fig. 4 illustrates schematically an exemplary embodiment of a

catheter tip 80-1 of a medical catheter delivery system for retrograde insertion of

an expandable heart valve prosthesis (not shown in Fig. 4) in a part-sectioned

side elevation. For example, a heart valve prosthesis 150 of the kind as shown in

Fig. 3 could be inserted into the body of a patient by way of the exemplary

embodiment of a catheter tip 80-1 illustrated in Fig. 4 .

I n the exemplary embodiment depicted in Fig. 4, the catheter tip 80-1 has a seat

portion for accommodating a heart valve prosthesis 150 or a heart valve stent

100 t o be inserted in its collapsed state. Furthermore, the catheter tip 80-1 is

provided with stent retaining element 85 for releasably fixing a heart valve

prosthesis 150 or a heart valve stent 100 in the seat portion of the catheter tip

80-1. I n the embodiment illustrated in Fig. 4, the stent retaining element 85

comprises a crown having attachment elements 86 for releasably connecting with

catheter retaining elements 123 of a heart valve prosthesis 150 or a heart valve

stent 100 t o be implanted. Hence, the stent retaining element 85 of the catheter

tip 80-1 functionally serves as a "stent holder".

In accordance with some aspects of the present disclosure, the seat portion of

the catheter tip 80-1 is constituted by at least one sleeve-shaped member. I n the

exemplary embodiment depicted in Fig. 4, the seat portion of the catheter tip 80-

1 comprises a total of two sleeve-shaped members: a first sleeve-shaped member



8 1 and a second sleeve-shaped member 82. As illustrated, the respective cross-

sections of the two sleeve-shaped members 81, 82 are preferably identical to

each other such that the first and second sleeve-shaped members 81, 82 can

completely enclose a heart valve stent 100 or a heart valve prosthesis 150

accommodated in the catheter tip 80-1.

For releasing a heart valve stent 100 or heart valve prosthesis 150

accommodated in the catheter tip 80-1, the first and second sleeve-shaped

members 81, 82 are movable relatively to each other and also relatively to the

stent retaining element 85 (stent holder) used for releasably fixing a heart valve

stent 100 or heart valve prosthesis 150 to the catheter tip 80-1.

For this purpose, a first force transmitting member having a distal end portion

connected to the first sleeve-shaped member 8 1 is provided. The first force

transmitting member is allocated to the first sleeve-shaped member 8 1 of the

catheter tip 80-1 and has a proximal end portion opposite to the distal end

portion, the proximal end portion of the first force transmitting member being

operatively connected to a corresponding (first) sliding member 30 of an

operating handle 10-1, 10-2 of the catheter delivery system. An exemplary

embodiment of an operating handle 10-1 having a corresponding (first) sliding

member 30 for manipulating the first sleeve-shaped member 8 1 of the catheter

tip 80-1 illustrated in Fig. 4 is described below with reference to Figs. 8 to 23.

I n addition, a second force transmitting member having a distal end portion

connected to the second sleeve-shaped member 82 is provided. The second force

transmitting member is allocated to the second sleeve-shaped member 82 of the

catheter tip 80-1 and has a proximal end portion opposite to the distal end

portion, the proximal end portion being operatively connected to a corresponding

(second) sliding member 40 of an operating handle 10-1 of the catheter deliver

system. An exemplary embodiment of an operating handle 10-1 having a

corresponding (second) sliding member 40 for manipulating the second sleeve-

shaped member 82 of the catheter tip 80-1 illustrated in Fig. 4 is described below

with reference to Figs. 8 to 23.

When manipulating the respective sliding members 30, 40 of the operating handle

10-1, the first and/or second sleeve-shaped members 81, 82 may be moved



relatively to each other and relatively to the stent retaining element 85 (stent

holder) of the catheter tip 80-1.

Fig. 5 illustrates schematically an exemplary embodiment of a catheter shaft 90

of a medical catheter delivery system adapted for retrograde (for example

transarterial, transfemoral or transsubclavian) insertion of a heart valve

prosthesis 150.

As can be seen from Fig. 5, the first force transmitting member allocated to the

first sleeve-shaped member 8 1 of the catheter tip 80-1 and operatively connected

with a first sliding member 30 of the operating handle 10-1 may be constituted

by a first catheter tube 9 1 defining a first lumen. The second force transmitting

member allocated to the second sleeve-shaped member 82 of the catheter tip 80-

1 and operatively connected with a second sliding member 40 of the operating

handle 10-1 may be constituted by a further (second) catheter tube 92 defining a

further (second) lumen. I n the exemplary embodiment depicted in Fig. 5, the

second catheter tube 92 has a cross-sectional diameter less than the cross-

sectional diameter of the first catheter tube 91. The first catheter tube 9 1 is

disposed concentrically and coaxially with the second catheter tube 92 and the

second catheter tube 92 is received within the first lumen defined by the first

catheter tube 91.

Contrary to the first and second sleeve-shaped members 81, 82 of the catheter

tip 80-1, however, the stent retaining element 85 (stent holder) of the catheter

tip 80-1 is preferably not axially movable relatively to the operating handle 10-1

of the catheter system. Rather, the stent retaining element 85 is preferably

connected to an anchorage 45 of the operating handle 10-1 by using a further

catheter tube 93 having a distal end portion connected to the stent retaining

element 85, and further having a proximal end portion connected to an

anchorage 45 of the operating handle 10-1. Hereinafter, this further catheter

tube 93 is also referred as "stent holder tube".

Referring again to the exemplary embodiment depicted in Fig. 5, the stent holder

tube 93 may have a cross-sectional diameter less than the cross-sectional

diameter of the first catheter tube 91. I n particular, the first catheter tube 9 1

may be disposed concentrically and coaxially with both, the stent holder tube 93



on the one hand and the second catheter tube 92 on the other hand. Preferably,

the stent holder tube 93 has a cross-sectional diameter less than the cross-

sectional diameter of the first catheter tube 9 1 and greater than the cross-

sectional diameter of the second catheter tube 92 such that the stent holder tube

93 is received within the first lumen defined by the first catheter tube 91. The

second catheter tube 92 is preferably received within a passageway defined by

the stent holder tube 93.

I n the exemplary embodiment schematically illustrated in Fig. 5, the passageway

defined by the stent holder tube 93 has a diameter sufficient to accommodate the

second catheter tube 92 such that the second catheter tube 92 is movable

relatively to the stent holder tube 93.

The second lumen defined by the second catheter tube 92 has preferably a

diameter sufficient to accommodate a guidewire 180. The second catheter tube

92 may be made from a rigid material including, for example, nitinol, stainless

steel or a rigid plastic material. The material of the distal end portion of the

second catheter tube 92 may have an increased flexibility compared to the

material of the proximal end portion in order to allow the distal end portion of the

catheter shaft 90 to pass the aortic arch during insertion of the catheter tip 80-1.

For example, the first catheter tube 9 1 may be a 12F-catheter tube. This

particularly applies for a catheter delivery system designed for retrograde (for

example transarterial, transfemoral or transsubclavian) access.

Reference is made again to the exemplary catheter tip 80-1 for retrograde

insertion of an expandable heart valve prosthesis illustrated schematically in

Fig. 4 .

As can be seen from the exemplary embodiment of the catheter tip 80-1 depicted

in Fig. 4, the distal end portion of the second catheter tube 92 terminates in a

soft catheter end tip 94 which preferably has an atraumatic shape. The soft

catheter end tip 94 is provided with a channel aligned with the second lumen

defined by the second catheter tube 92 such that a guidewire 180 accommodated

within the second lumen defined by the second catheter tube 92 may pass

through the channel of the soft catheter end tip 94.



The second sleeve-shaped member 82 of the catheter tip 80-1 is connected to the

soft catheter end tip 94 such that the opened end of the second sleeve-shaped

member 82 faces in the proximal direction opposite to the direction of the soft

catheter end tip 94, i.e. in the direction of an operating handle 10-1 of the

catheter delivery system.

According to the exemplary embodiment depicted in Fig. 5, the stent holder tube

93 is preferably made of a rigid material, for example, a rigid plastic material,

stainless steel or nitinol. The distal end portion of the stent holder tube 93

terminates in the stent retaining element 85 and, in more detail, in a crown

(stent holder) of the stent retaining element 85. The crown is preferably also

made of a rigid material, for example, a rigid plastic material or stainless steel.

The passageway defined by the stent holder tube 93 is aligned with a channel

which passes through the crown (stent holder) of the stent retaining element 85.

I n this way, the second catheter tube 92 is accommodated in the passageway of

the stent holder tube 93 and in the channel of the crown of the stent retaining

element 85 such as to be movable relatively to the stent holder tube 93 and the

crown (stent holder) of the stent retaining element 85.

I n the exemplary embodiment depicted in Fig. 5, the first catheter tube 9 1 is

preferably made of a bendable but inelastic material. For example, the first

catheter tube 9 1 may be at least partly made of a braided or non-braided

catheter tube. I n more detail, the first catheter tube 9 1 is preferably adapted to

transfer compression and tension forces from corresponding operating

mechanisms (first sliding member 30) of an operating handle 10-1 of the catheter

delivery system t o the first sleeve-shaped member 8 1 of the catheter tip 80-1

without overly changing its total length.

The distal end portion of the first catheter tube 9 1 preferably terminates at a

flared section 83 as a transition to the section defining the first sleeve-shaped

member 8 1 of the catheter tip 80-1.

As can be seen from Fig. 4, the flared section 83 and the first sleeve-shaped

member 8 1 may be formed integrally and may be connected to the distal end

portion of the first catheter tube 91. I n addition, the flared section 83 may

constitute the first sleeve-shaped member 8 1 of the catheter tip 80-1. The first



sleeve-shaped member 8 1 and the flared section 83 of the first catheter tube 9 1

may be all of the same material and originating from the same raw tube prior to

a widening process so that the flared section 83 and the first sleeve-shaped

member 8 1 may be the same elements.

In accordance with some aspects of the present disclosure, a catheter delivery

system designed for retrograde (for example transarterial, transfemoral or

transsubclavian) access comprises a catheter tip 80-1 for accommodating a heart

valve stent 100, with a heart valve prosthesis 150 fastened to it. For example, in

the exemplary embodiment depicted in Fig. 4, the catheter tip 80-1 consists of a

first sleeve-shaped member 81, particularly for accommodating positioning arches

115a, 115b, 115c of a heart valve stent 100, and a second sleeve-shaped member

82, in particular for accommodating retaining arches 116a, 116b, 116c and a

heart valve prosthesis 150 fastened to it.

The catheter delivery system in accordance with some embodiments of the

present disclosure is adapted to release an expandable heart valve prosthesis 150

accommodated in the catheter tip 80-1 of the catheter delivery system in a

previously definable sequence of events in steps. For this reason, the first and

second sleeve-shaped members 81, 82 of the catheter tip 80-1 are movable

relatively to each other and relatively to the stent retaining element 85 (stent

holder) of the catheter tip 80-1. A manipulation of the respective sleeve-shaped

members 81, 82 of the catheter tip 80-1 can be affected on actuation of

respective sliding members 30, 40 of the operating handle 10-1 with which the

sleeve-shaped members 81, 82 of the catheter tip 80-1 are operatively

connected.

In more detail, according to some embodiments of the present disclosure, the

first sleeve-shaped member 8 1 of the catheter tip 80-1 is operatively connected

with a first sliding member 30 of a corresponding operating handle 10-1 by way

of first force transmitting mechanism, for example, a first catheter tube 91. On

the other hand, the second sleeve-shaped member 82 of the catheter tip 80-1 is

operatively connected with a corresponding second sliding member 40 of the

operating handle 10-1 by way of second force transmitting mechanism, for

example, further (second) catheter tube 92. As already indicated, the stent

retaining element 85 (stent holder) of the catheter tip 80-1 is preferably not



movable in the longitudinal direction relatively to the operating handle 10-1.

Accordingly, the stent retaining element 85 is preferably not operatively

connected with a corresponding (manipulatable) sliding member of the operating

handle 10-1. Rather, according to preferred embodiments of the present

disclosure, the stent retaining element 85 of the catheter tip 80-1 is connected,

for example by way of a stent holder tube 93, with an anchorage 45 of the

operating handle 10-1.

In the exemplary embodiment depicted in Fig. 4, the catheter tip 80-1 is

illustrated in a first functional state, in which the catheter tip 80-1 and, for

example a heart valve prosthesis 150 accommodated in it, can be inserted into

the patient transarterially, transfemorally or transsubclavianally and advanced via

the aorta to the implantation side. Accordingly, in the first functional state, the

catheter tip 80-1 is completely closed whereby the respective open end sections

of the two sleeve-shaped members 81, 82 of the catheter tip 80-1 abut against

each other.

Alternatively, the two sleeve-shaped members 81, 82 of the catheter tip 80-1 may

also at least partly overlap telescopically. Accordingly, in the first functional state

of the catheter tip 80-1, the two sleeve-shaped members 81, 82 provide for a

seat portion adapted for accommodating an at least partly preferably tightly

compressed heart valve prosthesis 150.

On reaching an implantation location in the patient's body, the catheter tip 80-1

is transferred from its first functional state into a second functional state by

transferring the first sliding member 30 of the operating handle 10-1 from a first

position into a second position. The longitudinal (axial) displacement stroke

transferred by actuation of the first sliding member 30 to the operatively

connected first sleeve-shaped member 8 1 of the catheter tip 80-1 affects a axial

displacement of the first sleeve-shaped member 8 1 relative to the stent retaining

element 85 (stent holder) and the second sleeve-shaped member 82 of the

catheter tip 80-1 in a proximal direction, thus towards the operating handle 10-1.

The longitudinal (axial) displacement stroke executed on the first sleeve-shaped

member 8 1 of the catheter tip 80-1 during transition from the first functional

state to the second functional state by the first sliding member 30 via a



corresponding first force transmitting mechanism (for example first catheter tube

91) is previously defined so that the first sleeve-shaped member 8 1 is displaced

relatively to the stent retaining element 85 (stent holder) of the catheter tip 80-1

in the proximal direction just so far that only a predetermined portion of a heart

valve prosthesis 150 housed in the catheter tip 80-1 would be released. I n more

detail, the distal end portion of the first sleeve-shaped member 8 1 of the catheter

tip 80-1 is still covering the stent retaining element 85 (stent holder) of the

catheter tip 80-1, so that an engagement between catheter retaining elements

123 provided at a heart valve prosthesis 150 accommodated in the catheter tip

80-1 and the stent retaining element 85 (stent holder) of the catheter tip 80-1

would be secured.

Since the second sleeve-shaped member 82 of the catheter tip 80-1 is not

manipulated during a transition from the first functional state into the second

functional state, the retaining arches 116a, 116b, 116c of a heart valve stent 100

housed in the catheter tip 80-1 with a prosthetic heart valve 200 fastened to it

would continue to be housed in its folded state in the second sleeve-shaped

member 82 of the catheter tip 80-1.

However, the positioning arches 115a, 115b, 115c of a heart valve stent 100

housed in the catheter tip 80-1 are released in the second functional state of the

insertion system. I n more detail, the positioning arches 115a, 115b, 115c radially

expand as a result of the radial forces acting on then and can thus be positioned

in the pockets T of a native heart valve.

Following appropriate positioning of the positioning arches 115a, 115b, 115c of

the stent 100 in the pockets T of the native heart valve, the catheter tip 80-1 of

the catheter delivery system is transferred from the second functional state into a

third functional state. This is done by manipulation of the second sliding member

40 of the operating handle 10-1 which is operatively connected with the second

sleeve-shaped member 82 of the catheter tip 80-1, for example by way of a

second catheter tube 92.

On actuation of the second sliding member 40 of the operating handle 10-1, the

second sleeve-shaped member 82 of the catheter tip 80-1 is axially moved

relatively to the stent retaining element 85 (stent holder) of the catheter tip 80-1



by a previously established longitudinal (axial) displacement stroke in a distal

direction, thus away from the operating handle 10-1. The longitudinal (axial)

displacement stroke acting on the second sleeve-shaped member 82 is chosen so

that the second sleeve-shaped member 82 no longer covers the inflow region of a

heart valve prosthesis 150 housed in the catheter tip 80-1, and thus releases the

inflow region of the heart valve prosthesis 150. Due to the action of radial forces,

the inflow region of the heart valve prosthesis 150 unfolds completely.

Since the first sliding member 30 of the operating handle 10-1 and the associated

first sleeve-shaped member 8 1 of the catheter tip 80-1 are not manipulated

during a transition from the second functional state into the third functional

state, the distal end region of the first sleeve-shaped member 8 1 continues to

cover the outflow end region of the heart valve prosthesis 150 and, in particular,

the stent retaining element 85 (stent holder) of the catheter tip 80-1, so that an

engagement between catheter retaining elements 123 of a heart valve prosthesis

150 housed in the catheter tip 80-1 and the stent retaining element 85 (stent

holder) of the catheter tip 80-1 is secured and the outflow end region of the

heart valve prosthesis 150 is still in its folded state.

The maintained anchorage of the heart valve prosthesis 150 to the catheter tip

80-1 also allows an explantation of the heart valve prosthesis 150 that is already

partially unfolded by returning the catheter tip 80-1 from the third functional

state by appropriate manipulation of the first and second sliding members 30, 40

of the operating handle 10-1, to the second functional state and then by suitable

actuation of the first sliding member transferred to the first functional state.

If an explantation of the heart valve prosthesis 150 is unnecessary, the catheter

tip 80-1 is transferred from the third functional state into a fourth functional

state by moving the first sliding member 30 of the operating handle 10-1 further

from the second position to a third position. The manipulation of the first sliding

member 30 results in a further defined movement of the first sleeve-shaped

member 8 1 of the catheter tip 80-1 relative to the stent retaining element 85

(stent holder) of the catheter tip 80-1 in a proximal direction, thus towards the

operating handle 10-1. The longitudinal (axial) displacement stroke executed on

the first sleeve-shaped member 8 1 is chosen so that the distal end of the first

sleeve-shaped member 8 1 no longer covers the stent retaining element 85 (stent



holder) of the catheter tip 80-1, as a result of which an engagement between

catheter retaining elements 123 of a heart valve prosthesis 150 housed in the

catheter tip 80-1 and the stent retaining element 85 (stent holder) of the

catheter tip 80-1 can be released, which would also lead to a complete release of

the outflow end region of the heart valve prosthesis 150 and a complete

separation of the heart valve prosthesis 150 from the catheter tip 80-1 and

correspondingly to a complete unfolding of the heart valve prosthesis 150.

A further exemplary embodiment of a catheter tip 80-1 of a catheter delivery

system for retrograde (for example transarterial, transfemoral or transsubclavian)

insertion of an expandable heart valve prosthesis 150 is shown in different

functional states in Figs. 6a t o 6f.

In detail, the exemplary embodiment of the catheter tip 80-1 is shown in its first

functional state in Fig. 6a, in which the catheter shaft 90 with the catheter tip 80-

1 and a heart valve prosthesis 150 accommodated in the catheter tip 80-1 can be

inserted into the patient transaterially or transfemorally and advanced, for

example, via the aorta to the implantation side at the heart.

I n the first functional state of the catheter tip 80-1 in accordance with Fig. 6a,

the catheter tip 80-1 is completely closed, whereby the two sleeve-shaped

members 81, 82 of the catheter tip 80-1 abut. According to the exemplary

embodiment of the catheter tip 80-1 depicted in Figs. 6a to 6f, the two sleeve-

shaped members 81, 82 of the catheter tip 80-1 have an equal outer cross-

sectional diameter, thereby not forming a step in the state depicted in Fig. 6a.

The respective inner diameters of the sleeve-shaped members 81, 82 are chosen

so that compressed retaining arches 116a, 116b, 116c of a heart valve stent 100

can be housed in the second sleeve-shaped member 82. Compressed positioning

arches 115a, 115b, 115c of a heart valve stent 100 accommodated in the catheter

tip 80-1 would be housed between the second sleeve-shaped member 82 and the

first sleeve-shaped member 8 1 and would be held together in the compressed

form.

In the first functional state of the catheter tip 80-1 as shown in Fig. 6a, the

retaining region of the stent 100 at the stent's outflow end is fixed with stent

retaining element 85 (stent holder) provided at a proximal end region of the



catheter tip 80-1. For this purpose, catheter retaining elements 123 (e.g.

retaining rings etc.) provided at a corresponding retaining region of the heart

valve stent 100 are engaged with the stent retaining element 85 (stent holder) of

the catheter tip 80-1.

The stent retaining element 85 (stent holder) of the catheter tip 80-1 are covered

by the first sleeve-shaped member 8 1 of the catheter tip 80-1 in the first

functional state shown in Fig. 6a, so that an engagement between catheter

retaining elements 123 provided at a heart valve stent 100 accommodated in the

catheter tip 80-1 and the stent retaining element 85 (stent holder) of the

catheter tip 80-1 would be possible.

The first functional state of the catheter tip 80-1 shown in Fig. 6a is maintained

during a retrograde (for example transarterial, transfemoral or transsubclavian)

insertion procedure. On reaching an implantation location at the patient's heart,

the catheter tip 80-1 is transferred from the first functional state shown in Fig. 6a

to a second functional state shown in Fig. 6b by transferring a first sliding

member 30 of an operating handle 10-1 operatively connected with the first

sleeve-shaped member 8 1 of the catheter tip 80-1 from a first position into a

second position. The longitudinal (axial) displacement stroke transferred by

actuation of the first sliding member 30 t o the first sleeve-shaped member 8 1 of

the catheter tip 80-1 affects a displacement of the first sleeve-shaped member 8 1

relative to the stent retaining element 85 (stent holder) of the catheter tip 80-1

in the proximal direction, thus towards the operating handle 10-1.

The longitudinal (axial) displacement stroke executed on the first sleeve-shaped

member 8 1 of the catheter tip 80-1 during the transition from the first functional

state (see Fig. 6a) to the second functional state (see Fig. 6b) by the first sliding

member 30 via corresponding first force transmitting mechanism is previously

defined so that the first sleeve-shaped member 8 1 is displaced relatively to the

stent retaining element 85 (stent holder) of the catheter tip 80-1 in the proximal

direction just so far that positioning arches 115a, 115b, 115c of a heart valve

stent 100 housed in the catheter tip 80-1 would be released. However, a distal

end of the first sleeve-shaped member 8 1 of the catheter tip 80-1 still covers the

stent retaining element 85 (stent holder) of the catheter tip 80-1, so that the

engagement between catheter retaining elements 123 provided at a retaining



region of the heart valve stent 100 and the stent retaining element 85 (stent

holder) of the catheter tip 80-1 would be secured.

In the second functional state of the catheter tip 80-1 depicted in Fig. 6b, the

first sleeve-shaped member 8 1 of the catheter tip 80-1 has already moved by a

first predetermined amount of movement in a proximal direction, and thus

towards the operating handle 10-1 of the catheter delivery system, leading to a

release of positioning arches 115a, 115b, 115c of a stent 100 accommodated in

the catheter tip 80-1. These positioning arches 115a, 115b, 115c of the stent 100

are positioned - where necessary by a suitable rotation of the stent retaining

element 85 (stent holder) of the catheter tip 80-1 - in the pockets T of the native

heart valve. After positioning of the positioning arches 115 in the pockets T of

the native heart valve is complete, the catheter tip 80-1 of the catheter delivery

system is transferred from its second functional state (see Fig. 6b) into its third

functional state (see Fig. 6c).

Since the first sliding member 30 of the operating handle 10-1 and the associated

first sleeve-shaped member 8 1 of the catheter tip 80-1 are not manipulated

during a transition from the second functional state in accordance with Fig. 6b

into the third functional state in accordance with Fig. 6c, the distal end region of

the first sleeve-shaped member 8 1 continues to cover the stent retaining element

85 (stent holder) of the catheter tip 80-1, so that the engagement between

catheter retaining elements 123 of a stent 100 housed in the catheter tip 80-1

and the stent retaining element 85 (stent holder) of the catheter tip 80-1 is

secure and the outflow region of the stent 100 is still in its folded-up state. This

anchorage of the stent 100 to the catheter tip 80-1 of the catheter delivery

system allows an explantation of a stent 100 that is already partially unfolded by

returning the catheter tip 80-1 from the third functional state, by appropriate

manipulation of the second sliding member 40 of the operating handle 10-1, to

the second functional state and then by suitable actuation of the first sliding

member 30 transfer to the first functional state.

If an explantation of the stent 100 with a prosthetic heart valve 200 attached to

it, is unnecessary, the catheter tip 80-1 is transferred from the third functional

state shown in Fig. 6c into the fourth functional state shown in Fig. 6d, by

turning the first sliding member 30 of the operating handle 10-1 further from the



second position to the third position. This manipulation of the first sliding

member 30 results in a further defined movement of the first sleeve-shaped

member 8 1 of the catheter tip 80-1 relative to the stent retaining element 85 of

the catheter tip 80-1 in a proximal direction, i.e. thus towards the operating

handle 10-1. The longitudinal (axial) displacement stroke executed on the first

sleeve-shaped member 8 1 of the catheter tip 80-1 is chosen so that the distal

end of the first sleeve-shaped member 8 1 no longer covers the stent retaining

element 85 (stent holder), as a result of which an engagement between catheter

retaining elements 123 of a stent 100 housed in the catheter tip 80-1 and the

stent retaining element 85 (stent holder) can be released, which would also lead

to a complete release of the outflow region of the stent 100 and a complete

separation of the stent 100 from the catheter tip 80-1 and correspondingly to a

complete unfolding of the stent 100 with a prosthetic heart valve 200 attached

thereto.

In the exemplary embodiment of the catheter tip 80-1 depicted in Figs. 6a t o 6f,

a stent holder tube 93 is used for connecting the stent retaining element 85

(stent holder) of the catheter tip 80-1 to an anchorage 45 fixed to a body portion

of the operating handle 10-1. The stent holder tube 93 has a distal end

connected to the stent retaining element 85 (stent holder) of the catheter tip 80-

1, a proximal end connected to the body portion of the operating handle 10-1 and

a passageway extending through the stent holder tube 93. I n addition, an

extension portion 93' of the stent holder tube 93 is provided, said extension

portion 93' extending from the distal end of the stent retaining element 85 (stent

holder) to a support section 94. The support section 94 may be a tapered portion

which is completely accommodated in the second sleeve-shaped member 82 of

the catheter tip 80-1 when the catheter tip 80-1 is in its first and second

functional state (see Figs. 6a and 6b).

Preferably, the stent holder tube 93 and its extension 93' have a cross-section

less than the cross-section of the first catheter tube 9 1 and greater than the

cross-section of the second catheter tube 92 (not shown in Figs. 6a to 6f),

wherein the first catheter tube 9 1 is disposed concentrically and coaxially with

the stent holder tube 93 thereby accommodating the stent holder tube 93 such

that the first catheter tube 9 1 is moveable relative to the stent holder tube 93.

The passageway of the stent holder tube 93 may have a diameter sufficient to



accommodate the second catheter tube 92 such that the second catheter tube 92

is moveable relative to the stent holder tube 93.

Fig. 6e shows a side elevation of the embodiment of the catheter tip 80-1 in

accordance with Figs. 6a to 6d, whereby the catheter tip 80-1 is in its state after

releasing a stent 100, which was accommodated in the catheter tip 80-1. I n this

state of the catheter tip 80-1, the second sleeve-shaped member 82 of the

catheter tip 80-1 is moved proximally, i.e. in the direction of the operating handle

10-1, by manipulation of the second sliding member 40 of the operating handle

10-1.

Fig. 6f shows a side elevation of the embodiment of the catheter tip 80-1 in

accordance with Figs. 6e, whereby the catheter tip 80-1 is in its state ready to be

removed again from the body of the patient. I n this state of the catheter tip 80-

1, the first sleeve-shaped member 8 1 of the catheter tip 80-1 is pushed by

manipulation of the first sliding member 30 of the operating handle 10-1 such

that the first sleeve-shaped member 8 1 is in its most distal position, in which the

distal end of the first sleeve-shaped member 8 1 abuts against the proximal end

of the second sleeve-shaped member 82 without any gap or step there between.

For securing this gap- and step-free state, the distal end of the first sleeve-

shaped member 8 1 and the proximal end of the second sleeve-shaped member 82

are supported by the already mentioned support section 94.

An exemplary embodiment of a medical device according to the present

disclosure is described in the following. The medical device is adapted for the

treatment of a heart valve defect, in particular a heart valve failure or a heart

valve stenosis in a patient.

According to some aspects of the present disclosure, the medical device for the

treatment of a heart valve defect comprises a catheter delivery system for

introducing an expandable heart valve prosthesis into the body of a patient. The

catheter delivery system comprises at least one sleeve-shaped member at a distal

end portion of the catheter delivery system, the at least one sleeve-shaped

member being part of a catheter tip of the catheter delivery system and capable

of receiving at least partly a tightly compressed heart valve prosthesis.

Preferably, the catheter tip of the catheter delivery system is provided with a



total of two sleeve-shaped members, as will be described in more detail below

with reference to Figs. 7a to 7c.

I n accordance with some embodiments of the present disclosure, the catheter

delivery system further comprises an operating handle, for example an operating

handle 10-1 of the kind as illustrated in Fig. 8 . The operating handle 10-1 is

disposed at a proximal end portion of the catheter delivery system and is adapted

for manipulating the at least one sleeve-shaped member of the catheter tip. As

described in more detail below, the operating handle may comprise a hand grip

designed to be held by a user, and a manipulating part axially aligned with the

hand grip.

According to some preferred embodiments of the present disclosure, the

manipulating part of the operating handle is rotatable relatively to the hand grip

about a longitudinal axis defined by the operating handle. I n accordance with an

aspect of the present disclosure, the operating handle comprises at least one

sliding member operatively linked with the manipulating part of the operating

handle by way of a cam mechanism such that, upon rotation of the manipulating

part relative to the hand grip, the at least one sliding member moves axially in

the direction of the longitudinal axis .

Reference is made in the following to Figs. 7a t o 7c which illustrate schematically

an exemplary embodiment of a catheter tip 80-1 of a medical catheter delivery

system for retrograde insertion of an expandable heart valve prosthesis 150 in

different functional states for explaining an implantation procedure of the heart

valve prosthesis 150 accommodated in the catheter tip 80-1.

In the exemplary embodiment of the medical device depicted in Figs. 7a to 7c, an

operating handle (not shown in Figs. 7a to 7c) is provided at a proximal end

region of a catheter shaft 90 of a catheter delivery system. The operating handle

preferably comprises a total of two sliding members: a first sliding member

operatively connected to a first sleeve-shaped member 8 1 of the catheter tip 80-

1, and a second sliding member operatively connected to a second sleeve-shaped

member 82 of the catheter tip 80-1.



According to some aspects of the present disclosure and as illustrated in Figs. 7a

to 7c, the medical device for the treatment of a heart valve defect further

comprises an expandable heart valve stent 100 accommodated in the catheter tip

80-1 of the catheter delivery system.

As schematically shown in Figs. 7a to 7c, a prosthetic heart valve 200 may be

attached to the expandable heart valve stent 100 thereby forming a heart valve

prosthesis 150.

Referring to Figs. 7a to 7c, the exemplary embodiment of the medical device

exhibits a catheter delivery system designed for retrograde (for example

transarterial, transfemoral or transsubclavian) access. However, it is also possible

for the medical device to exhibit a catheter delivery system which it is designed

for an antegrade access, as will be described later with reference to Figs. 25a t o

25d.

I n addition to the catheter delivery system, the medical device comprises a self-

expandable heart valve stent 100 mounted in the catheter tip 80-1 of the

catheter delivery system, to which a prosthetic heart valve 200 is fastened. I n a

first functional state, not shown in Figs. 7a to 7c, the heart valve stent 100

exhibits a first previously definable configuration, in which it is in its folded-

together state. On the other hand, the heart valve stent 100 is designed to adopt

a second previously definable configuration in an implanted state, in which it

exists in its expanded state.

Through the use of a catheter delivery system of the kind as disclosed herein,

during the implantation procedure, the heart valve stent 100 is transferred

sequentially, following a previously definable sequence of events in steps from its

first previously defined configuration into its second previously defined

configuration.

In detail, the heart valve stent 100 that is used with the medical device in

accordance with Figs. 7a to 7c exhibits a first retaining region, to which the

prosthetic heart valve 200 is attached. Further, the stent 100 comprises catheter

retaining elements 123, for example, in the configuration of retaining rings, which



can be brought into a releasable engagement with stent retaining element 85

(stent holder) of the catheter tip 80-1.

In addition, the heart valve stent 100 may have a plurality of retaining arches

116 (in the embodiment depicted in Figs. 7a t o 7c, the heart valve stent 100 is

provided with a total of three retaining arches 160) t o accommodate a prosthetic

heart valve 200, and a plurality of positioning arches 115 (in the embodiment

depicted in Figs. 7a to 7c, the heart valve stent 100 is provided with a total of

three positioning arches) for automatic positioning of the stent 100 at the

implantation site, whereby the respective positioning arches 115 of the stent 100

are designed in functional and structural respects to engage the pockets T of the

native heart valve during an implantation procedure and in the implanted state of

the stent 100, in particular from the second functional state of the catheter tip

80-1 of the catheter delivery system. I n detail, each positioning arch 115 and its

associated retaining arch 116 may have an essentially U or V-shaped structure,

which is closed towards the inflow end of the stent 100.

The stent 100 and the prosthetic heart valve 200 attached thereto, which

together with the catheter delivery system forms the basis of the medical device

according to the present disclosure, is especially suitable for insertion into the

body of a patient with minimal invasiveness. The distinctive feature of the heart

valve stent 100 is that the positioning arches 115 of the stent 100 undertake the

function of automatic positioning of the stent 100 with the prosthetic heart valve

200 attached to it in the aorta of the patient. The positioning arches 115 have

radiused head sections, which engage in the pockets T of the insufficient heart

valve to be replaced by the heart valve prosthesis 150 during positioning of the

stent 100 at the implantation site. The provision of a total of at least three

positioning arches 115 takes care of the necessary positioning accuracy in the

rotary direction.

In the state shown in Fig. 7a, the catheter tip 80-1 and the distal part of the

catheter delivery system have been inserted by a puncture of the groin artery of

the patient and the catheter tip 80-1 has been advanced to the implantation site

with the aid of a guidewire 180. I n detail, the catheter tip 80-1 be used is shown

already in its second functional state in Fig. 7a.



As already explained with reference, for example, to Figs. 6a to 6f, in the second

functional state of the catheter tip 80-1, the first sleeve-shaped element 8 1 of

the catheter tip 80-1 has already moved by a first predetermined amount of

movement in a proximal direction, and thus towards an operating handle 10-1 of

the catheter delivery system, leading to a release of the positioning arches 115 of

the heart valve stent 100 accommodated in the catheter tip 80-1. These already

expanded positioning arches 115 of the stent 100 shown in Fig. 7a are positioned

- where necessary by a suitable rotation of the catheter tip 80-1 - in the pockets

T of the native heart valve.

After positioning of the positioning arches 115 in the pockets T of the native

heart valve is complete, the catheter tip 80-1 of the catheter delivery system is

transferred from its second functional state (see for example Fig. 6b) into its

third functional state (see for example Fig. 6c).

The manner in which the catheter tip 80-1 is transferred from its second

functional state into its third functional state has been described previously, for

example with reference to Fig. 6c.

Fig. 7b shows the catheter tip 80-1 of the catheter delivery system in accordance

with Fig. 7a, in which the second sleeve-shaped member 82 of the catheter tip

80-1 has been displaced in a distal direction so that the first retaining region of

the stent 100 with the retaining arches 116 and the prosthetic heart valve 200

attached to them are released. These components (retaining arches 116 and

prosthetic heart valve 200 attached thereto) are opened as a result of radial

forces attacking on them, whereby the leaflets V of the native heart valve are

clamped between the positioning arches 115 and the retaining arches 116 of the

heart valve stent 100.

After functioning of the prosthetic heart valve 200 affixed to the (partly released)

heart valve stent 100 has been checked, the catheter tip 80-1 of the catheter

delivery system is then transferred from its third functional state into its fourth

functional state, as has previously been described, for example with reference to

Fig. 6d.



Fig. 7c shows the effect of a transfer of the catheter tip 80-1 of the catheter

delivery system into its fourth functional state on the prosthetic heart valve 200

and the heart valve stent 100.

I n detail, it can be seen that, in the fourth functional state of the catheter tip 80-

1, the first sleeve-shaped member 8 1 of the catheter tip 80-1 has been displaced

further in a proximal direction, as a result of which the anchorage of the catheter

retaining elements 123 on the outflow end region of the stent 100 is released.

This has the result that that this retaining region (= outflow region) of the stent

100 can also expand and press against the vessel wall.

Finally, the catheter tip 80-1 and the distal portion of the catheter delivery

system are removed again from the body of the patient.

When the heart valve stent 100 is implanted, the leaflets V of the native

(insufficient) heart valve is pressed against the vessel wall at the same time due

to the self-expanding characteristic of the stent 100, as can be seen in particular

in Fig. 7c. I n more detail, the semi-lunar leaflets V of the native heart valve are

clamped between the positioning arches 115 and the retaining arches 116 of the

heart valve stent 100 because of the expansion of the stent 100, in addition to

which the prosthetic heart valve 200 is optimally positioned and is stably

anchored.

Exemplary embodiments of an operating handle 10-1 of a medical catheter

delivery system in accordance with the present disclosure are described in the

following with reference to Figs. 8 to 23.

According to some embodiments of the present disclosure, the operating handle

10-1 comprises a hand grip 11 designed to be held by a user, and a manipulating

part 12 axially aligned with the hand grip 11. Preferably, the manipulating part 12

of the operating handle 10-1 is rotatable relatively to the hand grip 11 about a

longitudinal axis L defined by the operating handle 10-1.

I n some embodiments of the present disclosure, the operating handle 10-1

comprises at least one sliding member 30, 40 operatively linked with the

manipulating part 12 of the operating handle 10-1 by way of a cam mechanism



50 such that, upon rotation of the manipulating part 12 relative to the hand grip

11, the at least one sliding member 30, 40 moves axially in the direction of the

longitudinal axis L.

Preferably, the cam mechanism 50 is integrated into the operating handle 10-1

and is configured for transforming a rotary motion of the manipulating part 12

relative to the hand grip 11 into a linear motion of the at least one sliding

member 30, 40 relative to the hand grip 11.

I n accordance with some embodiments of the present disclosure, the

manipulating part 12 of the operating handle 10-1 is a rotating wheel designed t o

be gripped by a user with one of its hands, whereas the other hand holds the

hand grip 11.

According to some embodiments of the operating handle 10-1 disclosed herein,

the cam mechanism 50 comprises a cylindrical member 5 1 connected with the

manipulating part 12 of the operating handle 10-1, wherein the cylindrical

member 5 1 comprises at least one cam groove 31, 41. I n accordance with some

preferred embodiments of the present disclosure, the cam mechanism 50 further

comprises at least one pin member 32, 42 having a first end portion connected

with the at least one sliding member 30, 40, and a second end portion opposite

to the first end portion, the second end portion of the at least one pin member

32, 42 engaging the at least one cam groove 31, 4 1 such that, upon rotation of

the manipulating part 12 relative to the hand grip 11, the at least one pin

member 32, 42 follows a cam profile defined by the at least one cam groove 31,

41.

Preferably, the hand grip 11 of the operating handle is formed as a jacket.

Moreover, according to some embodiments of the present disclosure, the

cylindrical member 5 1 of the cam mechanism 50 is at least partly disposed

concentrically and coaxially with the hand grip 11, wherein the cylindrical

member 5 1 of the cam mechanism 50 is rotatable relatively to the hand grip 11.

I n accordance with some preferred embodiments of the present disclosure, the

cylindrical member 5 1 of the cam mechanism 50 is at least partly hollow.

Furthermore in some embodiments of the present disclosure the cam mechanism



50 of the operating handle 10-1 comprises a body member 52 disposed

concentrically and coaxially with the hollow cylindrical member 51, wherein the

body member 52 comprises a cylindrical portion 52a having a diameter less than

an inner diameter of the hollow cylindrical member 51, the cylindrical portion 52a

being at least partly received in the interior of the hollow cylindrical member 5 1

such that the hollow cylindrical member 5 1 is rotatable relatively to the body

member 52. Preferably, the body member 52 is provided with at least one flange

53 for preventing axial movement of the manipulating part 12 relative to the body

member 52.

Reference is made in the following in particular to Figs. 8 to 23 for explaining an

exemplary embodiment of an operating handle 10-1 of a medical catheter

delivery system designed for retrograde (for example transarterial, transfemoral

or transsubclavian) insertion of an expandable heart valve prosthesis 150.

I n detail, Fig. 8 illustrates an exemplary embodiment of an operating handle 10-1

of a medical catheter delivery system for retrograde insertion of an expandable

heart valve prosthesis. According to the exemplary embodiment depicted in Fig.

8, the operating handle 10-1 is provided at a proximal end portion of a catheter

delivery system (not shown) and comprises a hand grip 11 designed to be held by

a user. Moreover, the operating handle 10-1 comprises a manipulating part 12

axially aligned with the hand grip 11. The manipulating part 12 is rotatable

relatively to the hand grip 11 about a longitudinal axis L defined by the operating

handle 10-1.

Preferably, the manipulating part 12 is a rotating wheel designed to be gripped

by a user with one of its hands, whereas the other hand holds the hand grip 11.

The operating handle 10-1 according to the exemplary embodiment depicted in

Figs. 8 to 23 further comprises at least one sliding member 30, 40 operatively

linked with the manipulating part 12 of the operating handle 10-1. The at least

one sliding member 30, 40 is operatively connected with a sleeve-shaped member

81, 82 of a catheter tip 80-1 (not shown in Figs. 8 to 23) connected with the

operating handle 10-1.



I n the exemplary embodiment depicted in Figs. 8 to 23, the operating handle 10-

1 is provided with a total of two sliding members: a first sliding member 30 which

is operatively linked with the manipulating part 12 of the operating handle 10-1

and operatively connected with a first sleeve-shaped member 8 1 of the catheter

tip 80-1, and a second sliding member 40 which is operatively linked with the

manipulating part 12 of the operating handle 10-1 and operatively connected with

a second sleeve-shaped member 82 of the catheter tip 80-1.

Figs. 17a, b illustrate exemplary embodiments of sliding members 30, 40 adapted

to be utilized in the exemplary embodiment of the operating handle 10-1 in

accordance with Fig. 8 .

Referring to Fig. 17a, a first sliding member 30 preferably comprises a body

having a first cylindrical portion 30' and a second cylindrical portion 30".

Fig. 16 illustrates how the sliding members 30, 40 are received within the

operating handle 10-1. As can be seen from Fig. 16, the first cylindrical portion

30' of the first sliding member 30 is connected (with of a screw 2) with a

proximal end portion of a first catheter tube 9 1 acting as force transmitting

mechanism. The distal end portion of the first catheter tube 9 1 is preferably

connected with a first sleeve-shaped member 8 1 of a catheter tip 80-1 (not

shown in Fig. 16).

An exemplary embodiment of a second sliding member 40 of the operating handle

10-1 according to some embodiments of the present disclosure is shown in

Fig. 17b. Accordingly, the second sliding member 40 may also comprise a body

having a first cylindrical portion 40' and a second cylindrical portion 40".

Referring to Fig. 16, the first cylindrical portion 40' of the second sliding member

40 is connected (with a screw 3) with a proximal end portion of a second catheter

tube 92 acting as force transmitting mechanism. The distal end portion of the

second catheter tube 92 is preferably connected with a second sleeve-shaped

member 82 of a catheter tip 80-1 (not shown in Fig. 16).

Referring to Fig. 16, the first and second sliding members 30, 40 are respectively

provided with a corresponding pin member 32, 42. Each of the two pin members

32, 42 has a first end portion connected with a corresponding one of the two



sliding members 30, 40, and a second end portion opposite to the first end

portion.

The first and second sliding members 30, 40 are operatively linked with the

manipulating part 12 of the operating handle 10-1 by way of a cam mechanism

50. The cam mechanism 50 is adapted to transform a rotary motion of the

manipulating part 12 of the operating handle 10-1 relative to the hand grip 11

into a linear motion of the first and/or second sliding member 30, 40 relative to

the hand grip 11.

I n more detail, in the exemplary embodiment of the operating handle 10-1

depicted in Figs. 8 to 23, the cam mechanism 50 is integrated into the operating

handle 10-1 and is configured for transforming a rotary motion into a linear

motion.

In the exemplary embodiment illustrated in Figs. 8 to 23, the cam mechanism 50

comprises a cylindrical member 5 1 and a body member 52. An exemplary

embodiment of the cylindrical member 5 1 of the cam mechanism 50 is illustrated

in Figs. 13 and 14, whereas Fig. 15 shows an exemplary embodiment of a body

member 52 of the cam mechanism 50.

Hence, according to the exemplary embodiment depicted in Figs. 13 and 14, the

cam mechanism 50 may comprise an at least partly hollow cylindrical member 5 1

connected with the manipulating part 12 of the operating handle 10-1. Preferably,

the at least partly hollow cylindrical member 5 1 and the manipulating part 12 of

the operating handle 10-1 are formed integrally, i.e., made from one piece. I n an

assembled state of the operating handle depicted in Fig. 8, the cylindrical

member 5 1 of the cam mechanism 50 is at least partly disposed concentrically

and coaxially with the (jacked-like) hand grip 11, wherein the cylindrical member

5 1 is rotatable relatively to the hand grip 11.

According to some embodiments disclosed herein, the cam mechanism 50 further

comprises a body member 52 of the kind as shown in Fig. 15. As illustrated in

Fig. 15, the body member 52 may be at least partly hollow such that the sliding

members 30, 40 of the operating handle 10-1 are accommodatable within the

body member 52 in a manner that the sliding members 30, 40 are axially movable



relatively to the body member 52. The respective sliding members 30, 40 are

preferably designed such as to be guided by an inner surface of the hollow body

member 52.

I n an assembled state of the operating handle 10-1 shown in Fig. 8, the body

member 52 is disposed concentrically and coaxially with the hollow cylindrical

member 51. I n this regard, reference is also made t o Fig. 10, which illustrates

the exemplary embodiment of the operating handle 10-1 in accordance with

Fig. 8 without hand grip wherein 11.

Reference is made t o Fig. 15 which illustrates the body member 53 of the cam

mechanism 50 utilized in the exemplary embodiment of the operating handle 10-1

in accordance with Fig. 8 in a perspective elevation. Accordingly, in the

exemplary embodiment, the body member 52 comprises a cylindrical portion 52a

having a diameter less than an inner diameter of the hollow cylindrical member

51.

Referring to Figs. 11 and 12, in the assembled state of the operating handle 10-1,

the cylindrical portion 52a of the body member 52 is at least partly received in

the interior of the hollow cylindrical member 5 1 such that the hollow cylindrical

member 5 1 is rotatable relatively to the body member 52.

As can be seen from Fig. 15, the body member 52 further comprises a portion

52b which is intended to be fixed to the hand grip 11 of the operating handle 10-

1. I n more detail, the portion 52b of the body member 52, which is fixed to the

hand grip 11 in an assembled state of the operating handle 10-1, is cylindrical

and has at least one portion having a diameter equal to or substantially equal to

the outer diameter of the hollow cylindrical member 51. As can be seen from the

representation of Fig. 8, the (jacket-like) hand grip 11 is at least partly disposed

around the cylindrical portion 52b of the body member 52 such as t o be

concentrically and coaxially with the cylindrical portion 52b.

Referring to Figs. 10 to 14, in the exemplary embodiment of the operating handle

10-1, the cylindrical member 5 1 comprises - for each sliding member 30, 40 of

the operating handle 10-1 - a corresponding cam groove 31, 41. As schematically

illustrated in Figs. 11 and 12, the second end portions of the corresponding pin



members 32, 42 of the sliding members 30, 40 engage with a corresponding cam

groove 31, 4 1 provided in the cylindrical member 5 1 of the cam mechanism 50.

Upon rotation of the manipulating part 12 of the operating handle 10-1 relative to

the hand grip 11, the respective pin members 32, 42 follow a cam profile defined

by the corresponding cam groove 31, 41.

As can be seen in particular from Fig. 11, in the exemplary embodiment of the

operating handle 10-1, the manipulating part 12 of the operating handle 10-1

may be formed as a rotating wheel rotating wheel having a diameter greater than

the diameter of the cylindrical member 5 1 of the cam mechanism 50. On the

other hand, the hand grip 11 of the operating handle 10-1 may be formed as a

jacket (see Figs. 10a and 10b), wherein the cylindrical member 5 1 of the cam

mechanism 50 is at least partly disposed concentrically and coaxially with the

hand grip 11 and wherein the cylindrical member 5 1 of the cam mechanism 50 is

rotatable relatively to the hand grip 11.

I n more detail, the cylindrical member 5 1 of the cam mechanism 50 is preferably

at least partly hollow. The cam mechanism 50 preferably further comprises a

body member 52 serving as an anchorage of the operating handle. As can be

seen from Fig. 16, a proximal end section of a stent holder tube 93 is connected

with the body member 52 of the operating handle, a distal end section of the

stent holder tube being fixed to stent retaining element 85 of a catheter tip 80-1.

In the assembled state of the operating handle 10-1, the body member 52 is

disposed concentrically and coaxially with the hollow cylindrical member 51.

I n order to prevent axial movement of the manipulating part 12 of the operating

handle 10-1 relative to the body member 52, the operating handle 10-1 depicted

in Figs. 8 to 23 is provided with at least one flange 53. I n this regard, reference

is made to Figs. 11 and 12. The at least one flange 53 is connected with the body

member 52 and abuts a rear side 54 of the manipulating part 12. Moreover, the

body member 52 is at least partly hollow, wherein the corresponding sliding

members 30, 40 are received within the body member 52 such that the

corresponding sliding members 30, 40 are axially movable relatively to the body

member 52.



The operating handle 10-1 depicted in Figs. 8 to 23 is adapted for manipulating a

catheter tip 80-1 of a catheter delivery system. I n more detail, the operating

handle 10-1 is designed for manipulating at least one sleeve-shaped member 81,

82 of a catheter tip 80-1 having a seat portion for accommodating a tightly

compressed heart valve prosthesis 150.

I n order to secure functional reliability of the cam mechanism 50, the cam

mechanism is provided with means for preventing a rotational movement of the

sliding members 30, 40 relative to the body member 52.

I n the exemplary embodiment depicted in Figs. 8 to 23, the means for preventing

a rotational movement of the sliding members 30, 40 relative to the body

member 52 comprises at least one elongated hole 33, 43 allocated to the sliding

members 30, 40. I n more detail, in the exemplary embodiment, the body member

52 is provided with a total of two elongated holes 33, 43, each extending parallel

to the longitudinal axis L of the operating handle 10-1. Through each of the two

elongated holes 33, 43 one pin member 32, 42 connected with one of the two

sliding members 30, 40 extends (see Figs. 11 and 12).

The exemplary embodiment of the operating handle 10-1 depicted in Figs. 8 to 23

is further provided with decoupling mechanism for selectively separating an

operative linkage between at least one of the sliding members 30, 40 (preferably

the second sliding member 40) and the manipulating part 12 of the operating

handle 10-1.

An exemplary embodiment of the decoupling mechanism 20 is described in the

following with reference to Figs. 18a, b, Fig. 19 and Figs. 20a to 20c. As will be

described later, Figs. 20a to 20c also show a blocking mechanism for blocking a

rotation movement of the at least one sliding member 30, 40 relative to the body

member 52 upon rotation of the manipulating part 12 of the operating handle 10-

1 relative to the hand grip 11.

I n more detail, Figs. 18a and 18b illustrate a cross-sectional view of the

operating handle in accordance with Fig. 8 for explaining an exemplary

embodiment of decoupling mechanism for selectively separating an operative



linkage between a sliding member 30, 40 of the cam mechanism 50 of the

operating handle 10-1 and the manipulating part 12 of the operating handle 10-1.

Fig. 19 illustrates a rear side (closed) of the exemplary embodiment of the

operating handle 10-1 in accordance with Fig. 8 in a perspective elevation, and

Figs. 20a t o 20c illustrate the (open) rear side of the operating handle 10-1 in

accordance with Fig. 19 for explaining a blocking mechanism for blocking a

rotation movement of the at least one sliding member 30, 40 relative to the body

member 52 upon rotation of the manipulating part 12 of the operating handle 10-

1 relative to the hand grip 11.

Accordingly, the decoupling mechanism 20 comprises a pin member manipulating

element 2 1 operatively connected with one of the two pin members 32, 42 of the

cam mechanism 50. The pin member manipulating element 2 1 is drivable from a

first position, in which the corresponding pin member 32, 42 engages with the

corresponding cam groove 31, 41, into a second position, in which the

corresponding pin member 32, 42 is disengaged from the corresponding cam

groove 31, 41.

I n the embodiment illustrated in Figs. 18a and 18b, the decoupling mechanism 20

is adapted to interact with the second pin member 42 of the cam mechanism 50

which is connected with the second sliding member 40 (see Fig. 16) and which

normally engages with the second cam groove 4 1 provided in the hollow

cylindrical member 5 1 (see Figs. 11 t o 14) such that, upon rotation of the

manipulating part 12 relative to the hand grip 11, the second pin member 42

follows the cam profile defined by the second cam groove 41.

From the illustrations in Figs. 18a and 18b, the engagement between the second

pin member 42 and the second cam groove 4 1 provided in the hollow cylindrical

member 5 1 is recognizable. Accordingly, during normal operation depicted in Fig.

18a, the first end portion of the second pin member 42 is at least partly received

in a recess 22 provided in the second sliding member 40 such that the second pin

member 42 is movable relatively to the second sliding member 40 in a

longitudinal direction defined by the recess 22, i.e. in a radial direction relative to

the hollow cylindrical member 51.



The pin member manipulating element 2 1 comprises a lever arm 23 having a first

end section operatively connected with the second pin member 42 and, in

particular with the first end portion of the second pin member 42. The lever arm

23 of the pin member manipulating element 2 1 further has a second end section

opposite to the first end section. The second end section of the lever arm 23 is

operatively connected with an operating bar 24 for moving the lever arm 23 with

the second pin member 42 connected thereon.

As illustrated in Fig. 16, the operating bar 24 of the decoupling mechanism 20

may be a rod-like element extending through the interior of the operating handle

10-1 and, in more detail, through the first and second sliding members 30, 40,

received within the at least partly hollow body member 52, and also through the

distal front side of the operating handle 12, such that the sliding members 30, 40

are movable relatively to the operating bar 24. At the distal front side of the

operating handle 12 a manipulation knob 25 is provided for manipulating the

operating bar 24 and thus the decoupling mechanism 20. The operating bar 24

preferably has a cross-section which allows a corresponding interaction with the

second end section of the lever arm 23, for example, a rectangular cross-section.

When turning the manipulation knob 25, the operating bar 24 is turned and the

lever arm 23 is transferred from the position illustrated in Fig. 18a into the

position illustrated in Fig. 18b.

I n the exemplary embodiment depicted in Figs. 18a and 18b, the second pin

member 42 is movable by way of the operating bar 24 and the lever arm 23

operatively connected with the operating bar 24 from a coupled state, in which

the second end portion of the pin member 42 engages with the corresponding

cam groove 4 1 (see Fig. 18a), into an uncoupled state, in which the second end

portion of the pin member 40 disengages the cam groove 4 1 and in which the pin

member manipulating element 2 1 at least partly engages with a further recess 49

provided in the body member 52 of the cam mechanism 50 thereby blocking an

axial movement of the sliding member 40 relative to the body member 52 upon

rotation of the manipulating part 12 of the operating handle 10-1 relative to the

hand grip 11.

As illustrated in Figs. 20a to 20c, the operating bar 24 is further provided with a

blocking member 26. When rotating the operating bar 24 for moving the second



pin member 42 from its coupled state into its uncoupled state, the operating bar

24 also manipulates the blocking member 26. I n more detail, the blocking

member 26 moves a stop pin 27 radially outward such that the stop pin 27 abuts

upon a body stop 28 provided at the cylindrical member 5 1 when the

manipulating part 12 with the cylindrical member 5 1 is rotated relatively to the

hand grip 11.

I n the exemplary embodiment depicted Figs. 20a to 20c, the body stop 28 is

formed as a pin axially extending from disc member 29. The disc member 29,

which is part of the manipulating part 12 of the operating handle 10-1, is

disposed at the flange 53 such as to be pivotably around a center pin 13 on the

longitudinal axis L of the operating handle 10-1.

As can be seen from Fig. 16 or Figs. 20a to 20c, the disc member 29 is biased via

two tension springs 14. A screw 4 connected with the manipulating part 12 such

as to extend radially in the interior of the manipulating part interacts with the

body stop 28 upon rotation of the manipulating part 12 relative to the hand grip

11. Accordingly, a continued rotation of the manipulating part 12 relative to the

hand grip 11 is blocked as soon as the decoupling mechanism 20 is activated.

The spring mechanism constituted by the two tension springs 14 serves for

resetting the manipulating part 12 when the manipulating part 12 is rotated

relatively to the hand grip 11. I n more detail, the two tension springs 14 are

stretched as a tension load is applied by means of the screw 4 connected with

the manipulating part 12, when the screw 4 abuts the body stop 28 (see

Fig. 20b) and the manipulating part 12 is further rotated relatively to the hand

grip 11 (see Fig. 20c). The two tension springs 14 are designed to operate with a

tension load applied by the screw 4 . After applying a tension load t o the tension

springs 14 by means of the screw 4, the stretched tension springs 14 reset the

manipulating part 12 of the operating handle into a state depicted in Fig. 20b,

i.e., into a state where the screw 4 begins touching the body stop 28.

When turning the manipulating part 12 of the operating handle 10-1 relatively to

the hand grip 11, the sliding members 30, 40 received within the operating

handle 10-1 are moved axially in the direction of the longitudinal direction L of

the operating handle 10-1. At the same time, corresponding sleeve-shaped



elements 81, 82 of a catheter tip 80-1 operatively connected by way of a catheter

shaft 90 to the operating handle 10-1 are moved axially because these sleeve-

shaped elements 81, 82 are operatively connected by way of force transmitting

mechanism with the corresponding sliding members 30, 40 of the operating

handle 10-1.

In some embodiment disclosed herein, the first sliding member 30 is operatively

connected by way of a first catheter tube 9 1 with a first sleeve-shaped element

8 1 of the catheter tip 80-1, whereas the second sliding member 40 is operatively

connected by way of a second catheter tube 92 with a second sleeve-shaped

member 82 of the catheter tip 80-1. Accordingly, upon rotation of the

manipulating part 12 of the operating handle 10-1 relative to the hand grip 11 of

the operating handle 10-1, the first sliding member 30 together with the

operatively connected first sleeve-shaped member 8 1 of the catheter tip 80-1

may be moved axially. Independent from this axial movement, the second sliding

member 40 together with the operatively connected second sleeve-shaped

member 82 of the catheter tip 80-1 may also be moved axially.

The longitudinal (axial) displacement stroke acting on the first sleeve-shaped

member 8 1 of the catheter tip 80-1 when turning the manipulating part 12 of the

operating handle 10-1 relative to the hand grip 11 is defined by the cam profile

of the first cam groove 3 1 with which the first pin member 32 of the first sliding

member 30 engages. I n a similar way, the longitudinal (axial) displacement

stroke acting on the second sleeve-shaped member 82 of the catheter tip 80-1

when turning the manipulating part 12 of the operating handle 10-1 relative to

the hand grip 11 is defined by the cam profile of the second cam groove 4 1 with

which the second pin member 42 of the second sliding member 40 engages.

Accordingly, by selecting corresponding cam profiles for the first and second cam

grooves 31, 4 1 a predefinable sequence of axial movements of the first and

second sleeve-shaped members 81, 82 of the catheter tip 80-1 is obtainable when

turning the manipulating part 12 of the operating handle 10-1 relative to the

hand grip 11.

In preferred embodiments of the operating handle 10-1 adapted for a catheter

delivery system for retrograde heart valve implantation, the respective cam



profiles of the first and second cam grooves 31, 4 1 are chosen such that the

catheter tip 80-1 is manipulated as follows:

■ when turning the manipulating part 12 of the operating handle 10-1

relative to the hand grip 11 through a first angular range, the first sliding

member 30 together with the first sleeve-shaped member 8 1 of the

catheter tip 80-1 are moved axially relative to the operating handle 10-1 in

the proximal direction, while the second sliding member 40 together with

the second sleeve-shaped member 82 of the catheter tip 80-1 are not

moved relatively to the operating handle 10-1;

■ when turning the manipulating part 12 of the operating handle 10-1

relative to the hand grip 11 through a second angular range following the

first angular range, the second sliding member 40 together with the

second sleeve-shaped member 82 of the catheter tip 80-1 are moved

axially relatively to the operating handle 10-1 in the distal direction, while

the first sliding member 30 together with the first sleeve-shaped member

8 1 of the catheter tip 80-1 are not moved relatively to the operating

handle 10-1; and

■ when turning the manipulating part 12 of the operating handle 10-1

relative to the hand grip 11 through a third angular range following the

second angular range, the first sliding member 30 together with the first

sleeve-shaped member 8 1 of the catheter tip 80-1 are again moved axially

relatively to the operating handle 10-1 in the proximal direction, while the

second sliding member 40 together with the second sleeve-shaped member

82 of the catheter tip 80-1 are not moved relatively to the operating

handle 10-1.

Accordingly, the operating handle 10-1 allows for manipulating a catheter tip 80-

1 operatively connected with the operating handle 10-1 such that the catheter tip

80-1 is transferred in a step-wise manner from its first functional state (see for

example Fig. 6a) into its second functional state (see for example Fig. 6b) by

turning the manipulating part 12 of the operating handle 10-1 relative to the

hand grip 11 through a first angular range, and then from its second functional

state (see for example Fig. 6b) into its third functional state (see for example



Fig. 6c) by turning the manipulating part 12 of the operating handle 10-1 relative

to the hand grip 11 through a second angular range following the first angular

range, and then from its third functional state (see for example Fig. 6c) into its

fourth functional state (see for example Fig. 6d) by turning the manipulating part

12 of the operating handle 10-1 relative to the hand grip 11 through a third

angular range following the second angular range.

In accordance with some embodiments of the operating handle 10, the cam

profiles of the first and second cam grooves 31, 4 1 are selected in a manner such

that the longitudinal (axial) displacement stroke acting on the first sleeve-shaped

member 8 1 of the catheter tip 80-1 when turning the manipulating part 12 of the

operating handle 10-1 relative to the hand grip 11 through a first angular range

is 20 mm t o 34 mm in the proximal direction, preferably 24 mm t o 30 mm in the

proximal direction, and more preferably 26 mm to 28 mm in the proximal

direction.

Moreover, the cam profiles of the first and second cam grooves 31, 4 1 are

preferably selected in a manner such that the longitudinal (axial) displacement

stroke acting on the second sleeve-shaped member 82 of the catheter tip 80-1

when turning the manipulating part 12 of the operating handle 10-1 relative to

the hand grip 11 through a second angular range following the first angular range

is 6 mm t o 18 mm in the distal direction, preferably 9 mm t o 15 mm in the distal

direction, and more preferably 11 mm t o 13 mm in the distal direction.

In addition, the cam profiles of the first and second cam grooves 31, 4 1 are

preferably selected in a manner such that the longitudinal (axial) displacement

stroke acting on the first sleeve-shaped member 8 1 of the catheter tip 80-1 when

turning the manipulating part 12 of the operating handle 10-1 relative to the

hand grip 11 through a third angular range following the second angular range is

6 mm to 18 mm in the proximal direction, preferably 9 mm t o 15 mm in the

proximal direction, and more preferably 11 mm to 13 mm in the proximal

direction.

For subdividing a maximal available turning movement of the manipulating part

12 of the operating handle 10-1 when rotated relative to the hand grip 11 and for

separating the respective angular ranges through which the manipulating part 12



is turnable relatively to the hand grip 11, the operating handle 10-1 according to

some embodiments is provided with a corresponding locking mechanism 70.

I n accordance with some embodiments, the locking mechanism 70 comprises at

least one locking recess 71-1, 71-2 provided in the cylindrical member 5 1 of the

cam mechanism 50. Furthermore, the locking mechanism 70 is provided with at

least one engaging piece 72 operatively connected with the body member 52. The

engaging piece 72 is adapted to releasably engage with the at least one locking

recess 71-1, 71-2 thereby preventing continuous rotation of the cylindrical

member 5 1 relative to the body member 52 of the operating handle 10.

Fig. 2 1 illustrates an exemplary embodiment of the locking mechanism 70 in a

perspective elevation, whereas Fig. 22 illustrates the locking mechanism 70 in

accordance with Fig. 2 1 in a side-sectional elevation.

According to some aspects of the present disclosure, the locking mechanism 70

comprises operating elements for disengaging the engaging piece 72, when the

engaging piece 72 engages with the at least one locking recess 71-1, 71-2.

Figs. 23a t o 23c illustrate an exemplary embodiment of operating elements of the

locking mechanism in accordance with Fig. 21.

I n this embodiment, the engaging piece 72 is spring-loaded and the operating

elements comprises a spring-loaded push-button 73 operatively connected with

the engaging piece 72. The push-button 73 is designed to be pushed by the user

for disengaging the engaging piece 72.

The operating elements further comprises a lever 74 connected with the push

button 73 for pressing the engaging piece 72 down when the push-button 73 is

pushed down by the user. Furthermore, the operating elements comprises a

driving piece 75 having a first end section coupled to the lever 74 by elements of

a pin 76 such as t o be pivotable in a plane perpendicular to the direction of

pushing of the push-button 73, and further having a second end section for

pressing the engaging piece 72 down when the push-button 73 is pushed down

by the user.



The driving piece 75 is coupled to the lever 74 such that the driving piece 75

swings out relatively to the lever 74 when the push-button 73 is pushed down by

the user and when the cylindrical member 5 1 of the operating handle 10-1 is

simultaneously rotated relatively to the body member 52. The second end section

of the driving piece 75 loses contact with the engaging piece 72 when the driving

piece 75 swings out relatively to the lever 74.

The operating elements may further comprise centering elements 77 for returning

the driving piece 75 when the push-button 73 is released. I n preferred

embodiments, the centering elements 76 may comprise at least one spring

member.

A locking mechanism 70 of the kind as disclosed herein ensures a step-wise

manipulation of a catheter tip 80-1. I n more detail, the locking mechanism 70

prevents that the manipulating part 12 of the operating handle 10-1 can be

rotated by the user relatively to the hand grip 11 through a maximal available

angular turning range, when the push-button 73 is continuously pushed.

In the exemplary embodiment depicted in the Fig. 21, the locking mechanism 70

comprises a plurality of locking recesses 71-1, 71-2 provided in the cylindrical

member 5 1 of the cam mechanism 50 such as t o subdivide a maximal available

turning movement of the manipulating part 12 into a plurality of consecutive

indexing turning movements of the manipulating part 12.

I n more detail, in the exemplary embodiment depicted in Fig. 21, the locking

mechanism 70 comprises a first locking recess 71-1 provided in the cylindrical

member 5 1 such that the pin members 32, 42 of the cam mechanism 50 are at

the beginning of their corresponding cam groove 31, 4 1 when the engaging piece

72 of the locking mechanism 70 engages with the first locking recess 71-1.

Furthermore, the locking mechanism 70 comprises at least one second locking

recess 71-2 provided in the cylindrical member 5 1 such that the pin members 32,

42 of the cam mechanism 50 are in a central portion of their corresponding cam

groove 31, 4 1 when the engaging piece 72 of the locking mechanism 70 engages

with the at least one second locking recess 71-2.



Moreover, the locking mechanism 70 comprises a third locking recess provided in

the cylindrical member 5 1 such that the pin members 32, 42 of the cam

mechanism are both at the end of their corresponding cam groove 31, 4 1 when

the engaging piece 72 of the locking mechanism 70 engages with the third

locking recess.

Reference is made in the following to Fig. 24 which illustrates an exemplary

embodiment of a catheter tip 80-2 of a medical catheter delivery system for

antegrade insertion of an expandable heart valve prosthesis in a part-sectional

side elevation.

The catheter tip 80-2 depicted in Fig. 24 is provided with first and second sleeve-

shaped members 81, 82 which define a seat portion of the catheter tip 80-2 for

accommodating a heart valve prosthesis 150, for example a heart valve

prosthesis of the kind as described with reference to Fig. 3 .

The first sleeve-shaped member 8 1 of the catheter tip 80-2 is connected by way

of a first catheter tube 9 1 with a first sliding member 30-2 of an operating handle

10-2 not illustrated in Fig. 24. The second sleeve-shaped member 82 is connected

by way of a second catheter tube 92 with a second sliding member 40-2 of the

operating handle 10-2. The second catheter tube 92 is disposed within a lumen

defined by the first catheter tube 91.

Moreover, stent retaining element 85 comprising a crown having attachment

elements 86 for releasably connecting with at least one catheter retaining

elements 123 of a heart valve prosthesis 150 are provided. The stent retaining

element 85 are connected with an anchorage 45 of the operating handle 10-2 by

way of a stent holder tube 93.

I n the catheter tip 80-2 depicted in Fig. 24 which is designed for an antegrade

access, the first sleeve-shaped element 8 1 of the catheter tip 80-2 is in form of a

stent funnel, whose opening points in the direction of the distal end of the

catheter tip 80-2. The retaining arches 116 of a heart valve stent 100 can be

mounted in the interior of the first sleeve-shaped member 81. The first sleeve-

shaped member 8 1 in the form of the stent funnel can be telescopically

accommodated by the second sleeve-shaped member 82 which is preferably in



the form of a stent sheath, when the catheter tip 80-2 is in a closed state (see

Fig. 24). I n this way, positioning arches 115 of a heart valve stent 100

accommodated in the catheter tip 80-2 are located between the outer

circumferential surface of the stent funnel and the inner circumferential surface

of the stent sheath when the heart valve stent 150 is mounted in the catheter tip

80-2.

In relation to the operating handle 10-2 of the antegrade insertion system, it is

provided that this has a first sliding member 30 associated with a first sleeve-

shaped member 8 1 of the catheter tip 80-2 and a second sliding member 40

associated with a second sleeve-shaped member 82 of the catheter tip 80-2. The

first sliding member 30 cooperates with the first sleeve-shaped member 8 1 of the

catheter tip 80-2 so that, on actuation of the first sliding member 30, a previously

definable longitudinal displacement of the first sleeve-shaped member 8 1 can be

effected relative to the stent holder. I n addition, the second sliding member of

the operating handle cooperates with the second sleeve-shaped member of the

catheter tip 80-2 so that, on actuation of the second sliding member, a previously

definable longitudinal displacement of the second sleeve-shaped member of the

catheter tip 80-2 can be effected relative to the stent retaining element 85 (stent

holder) of the catheter tip 80-2.

A procedure for implanting a heart valve stent carried out antegradely is

described in more detail in the following with reference to Figs. 25a to 25d.

I n detail, Figs. 25a to 25d illustrate schematically an exemplary embodiment of a

catheter tip 80-2 of a medical catheter delivery system for antegrade insertion of

an expandable heart valve prosthesis 200 in different functional states for

explaining a releasing procedure of a heart valve stent 100 accommodated in the

catheter tip 80-2 of the catheter delivery system.

The distal end region of the catheter delivery system with a corresponding

catheter tip 80-2 is shown in detail in the representation in Fig. 25a, whereby the

catheter tip 80-2 is in its first functional state. An expandable heart valve stent is

housed in the catheter tip 80-2.



I n the representation of Fig. 25a, the catheter tip 80-2 is in its first functional

state, in which catheter retaining elements 123 of the heart valve stent 100 are

in engagement with stent retaining element 85 (stent holder) of the catheter tip

80-2, while retaining arches 116 of the heart valve stent 100 are housed in the

first sleeve-shaped member 8 1 (stent funnel) of the catheter tip 80-2.

Positioning arches 115 of the heart valve stent 100 in the first functional state of

the catheter tip 80-2 are between the second sleeve-shaped member of the

catheter tip 80-2 and the first sleeve-shaped member 8 1 of the catheter tip 80-2,

whereby the two sleeve-shaped members 81, 82 are arranged to overlap

telescopically. I n particular, the second sleeve-shaped member 82 of the catheter

tip 80-2 covers the following components: the catheter retaining arches 116 of

the heart valve stent 100, the positioning arches 115 of the heart valve stent

100, and the first sleeve-shaped member 8 1 of the catheter tip 80-2.

The inflow region of the heart valve stent 100 remote from the catheter retaining

element 85 of the stent 100 is housed in the first sleeve-shaped member 8 1 of

the catheter tip 80-2. The catheter tip 80-2, in the state shown in Fig. 25a, is

advanced to the native heart valve antegradely, e.g. by approaching from the

apex of the heart.

When the catheter tip 80-2 with the heart valve stent 100 accommodated in the

catheter tip 80-2 has been advanced to the desired implantation location, the

second sleeve-shaped member 82 of the catheter tip 80-2 is moved in the distal

direction by manipulating the second sliding member 40 of the operating handle

10-2. As a consequence, the positioning arches 115 of the heart valve stent 100

are released, following a suitable stepwise release of the heart valve stent 100

from the catheter delivery system. This is achieved by transferring the catheter

tip 80-2 from its first functional state to its second functional state by moving the

second sleeve-shaped member 82 of the catheter tip 80-2 relatively to the stent

retaining element 85 (stent holder) in the distal direction, and thus away from

the operating handle 10-2, by manipulating the second sliding member 40 of the

operating handle 10-2.

The longitudinal displacement stroke of the second sleeve-shaped member 82 of

the catheter tip 80-2 that is effected relative to the stent holder has a result that



the positioning arches 115 of the heart valve stent 100 are not longer surrounded

and held by the second sleeve-shaped member 82 of the catheter tip 80-2. As a

consequence of the self-expanding characteristic of the positioning arches 115 of

the stent 100, these are opened because of the radial forces acting on them in a

radial direction. The opened positioning arches 115 are then positioned in the

pockets T of the native heart valve.

The catheter tip 80-2 can turn together with the catheter delivery system about

the longitudinal axis L of the catheter tip 80-2, facilitating the positioning of the

unfolded positioning arches 115 of the stent 100 in the pockets T of the native

heart valve.

After positioning of the partially expanded heart valve stent 100 in the pockets T

of the native heart valve, the catheter tip 80-2 is transferred from its second

functional state in accordance with Fig. 25b into its third functional state in

accordance with Fig. 25c.

I n more detail, the first sleeve-shaped member 8 1 of the catheter tip 80-2 is

moved relatively to the stent retaining element 85 (stent holder) in the proximal

direction by manipulating the first sliding member 30 of the operating handle 10-

2 . Then, the retaining arches 116 of the heart valve stent 100 are released. Due

to the radial forces acted on them in the radial direction, a prosthetic heart valve

200 attached to the retaining arches 116 of the stent 100 unfolds like an

umbrella.

The function of the already unfolded prosthetic heart valve 200 can then be

checked in the state depicted in Fig. 25c. After the functioning of the prosthetic

heart valve has been demonstrated, the catheter tip 80-2 can then be transferred

- by further manipulating of the second sliding member of the operating handle

10-2 - from its third functional state (see Fig. 25c) into its fourth functional state

(see Fig. 25d).

In more detail, by manipulating the second sliding member 40 of the operating

handle 10-2, the second sleeve-shaped member 82 of the catheter tip 80-2 is

moved in the distal direction, and thus away from the operating handle 10-2. As a

consequence, the second sleeve-shaped member 82 of the catheter tip 80-2 no



longer covers the stent retaining element 85 (stent holder) of the catheter tip 80-

2 . Thus, the (outflow) region of the stent 100 facing the catheter end tip 94 of

the catheter tip 80-2 is released from the catheter tip 80-2, so that the outflow

region of the stent 100 also expands, consequently leading to a complete

unfolding of the heart valve stent 100.

I n contrast, if it is found that the implanted prosthetic heart valve 200 cannot or

can only adequately fulfill its function during the check of function of the already

unfolded prosthetic heart valve 200 in the third functional state of the catheter

tip 80-2, in accordance with Fig. 25c, or if the heart valve stent 100 is not

optimally positioned or cannot be optimally positioned in the implantation side,

there is the possibility of retracting the catheter tip 80-2 back into the second

and then into the first functional state, by moving the corresponding sleeve-

shaped members 81, 82 of the catheter tip 80-2 in the appropriate opposite

direction. This allows the already released and expanded components of the heart

valve stent 100 t o be retracted back again into the respective sleeve-shaped

members 81, 82 of the catheter tip 80-2, so that the stent 100 housed in the

catheter tip 80-2 can be removed from the body of the patient.

As shown in Fig. 25d, the retaining arches 116 of the heart valve stent 100 open

in their radial direction on implantation of the heart valve stent 100, whereby the

radial forces acting on the retaining arches 116 and also on the inflow region of

the heart valve stent 100 result in the stent being pressed against the vessel

wall, on the one hand ensuring that the heart valve stent 100 with a prosthetic

heart valve 200 attached thereto is securely anchored at the implantation side

and, on the other hand, that the heart valve stent 100 is reliably sealed in the

inflow region of the stent 100.

An exemplary embodiment of an operating handle 10-2 of a medical catheter

delivery system for antegrade insertion of an expandable heart valve prosthesis

150 is shown in Figs. 26 t o 29. From a structural and functional point of view, the

operating handle 10-2 of the antegrade catheter delivery system mostly

corresponds to the operating handlelO-1 of the transfemoral catheter delivery

system previously described with reference to Figs. 8 to 23; however, the shape

of the two cam grooves 32, 42 is now different.



As shown in Fig. 26, the operating handle 10-2 for antegrade insertion comprises

a hand grip 11 designed to be held by a user, and a manipulating part 12 axially

aligned with the hand grip 11. The manipulating part 12 of the operating handle

10-2 is rotatable relatively to the hand grip 11 about a longitudinal axis L defined

by the operating handle 10-2. I n more detail, in the embodiment depicted in Figs.

26 to 29, the manipulating part 12 of the operating handle 10-2 is a rotating

wheel designed to be gripped by a user with one of its hands, whereas the other

hand holds the hand grip 11.

As illustrated schematically in Figs. 28 and 29, the operating handle 10-2 further

comprises a first and second sliding member 30, 40 of the kind as already

described with reference to Figs. 17a and 17b. The first and second sliding

members 30, 40 are operatively linked with the manipulating part 12 of the

operating handle 10-2 with a cam mechanism 50 such that, upon rotation of the

manipulating part 12 relative to the hand grip 11, the at least one sliding member

30, 40 moves axially in the direction of the longitudinal axis L.

Referring to Figs. 28 and 29, the first sliding member 30 is operatively connected

with a proximal end section of a first catheter tube 91, said first catheter tube 9 1

also having a opposite distal end section operatively connected with a first

sleeve-shaped member 8 1 of a catheter-tip 80-2 such that manipulation of the

first sliding member 30 of the operating handle 10-2 results directly in a

corresponding manipulation of the first sleeve-shaped member 8 1 of the catheter

tip 80-2. Also, the second sliding member 40 is operatively connected with a

proximal end section of a second catheter tube 92. The second catheter tube 92

has a distal end section opposite to the proximal end section, said distal end

section of the second catheter tube 92 being operatively connected with a second

sleeve-shaped member 82 of a catheter-tip 80-2 such that manipulation of the

second sliding member 40 of the operating handle 10-2 results directly in a

corresponding manipulation of the second sleeve-shaped member 82 of the

catheter tip 80-2.

Preferably, the cam mechanism 50 is integrated into the operating handle 10-2

and transforms a rotary motion of the manipulating part 12 relative to the hand

grip 11 into a linear motion of the at least one sliding member 30, 40 relative to

the hand grip 11.



As illustrated in Fig. 27, the cam mechanism 50 of the operating handle 10-2 for

antegrade insertion comprises an at least partly hollow cylindrical member 5 1

connected with the manipulating part 12 of the operating handle 10-2. The at

least partly hollow cylindrical member 5 1 is provided with a first cam groove 3 1

allocated to the first sliding member 30 and with a second cam groove 4 1

allocated to the second sliding member 40.

As illustrated schematically in Figs. 28 and 29, the cam mechanism 50 of the

operating handle 10-2 for antegrade insertion further comprises two pin members

32, 42, each of them having a first end portion connected with a corresponding

one of the two sliding members 30, 40. Each of the two pin members 32, 42 have

also a second end portion opposite to the corresponding first end portion. The

second end portion of each of the two pin members 32, 42 engages with a

corresponding one of the two cam grooves 31, 4 1 such that, upon rotation of the

manipulating part 12 relative to the hand grip 11, the pin member 32, 42 follows

a cam profile defined by the corresponding am groove 31, 41.

Preferably, the hand grip 11 of the operating handle 10-2 for antegrade insertion

is formed as a jacket (see Figs. 9a and 9b). Also, the cylindrical member 5 1 of

the cam mechanism 50 is at least partly disposed concentrically and coaxially

with the hand grip 11, wherein the cylindrical member 5 1 of the cam mechanism

50 is rotatable relatively to the hand grip 11.

As schematically illustrated in Figs. 28 and 29, the cylindrical member 5 1 of the

cam mechanism 50 is at least partly hollow. Furthermore, the cam mechanism 50

of the operating handle 10-2 comprises a body member 52 disposed

concentrically and coaxially with the hollow cylindrical member 51.

When turning the manipulating part 12 of the operating handle 10-2 relatively to

the hand grip 11, the sliding members 30, 40 received within the operating

handle 10-2 are moved axially in the direction of the longitudinal direction L of

the operating handle 10-2. At the same time, corresponding sleeve-shaped

elements 81, 82 of a catheter tip 80-2 operatively connected by way of a catheter

shaft 90 to the operating handle 10-2 are moved axially because these sleeve-

shaped elements 81, 82 are operatively connected by way of force transmitting



member with the corresponding sliding members 30, 40 of the operating handle

10-2.

In some embodiment of the antegrade catheter delivery system as disclosed

herein, the first sliding member 30 of the operating handle 10-2 is operatively

connected with a first catheter tube 9 1 to a first sleeve-shaped element 8 1 of the

catheter tip 80-2, whereas the second sliding member 40 is operatively connected

by means of a second catheter tube 92 with a second sleeve-shaped member 82

of the catheter tip 80-2. Accordingly, upon rotation of the manipulating part 12 of

the operating handle 10-2 relative to the hand grip 11 of the operating handle

10-2, the first sliding member 30 together with the operatively connected first

sleeve-shaped member 8 1 of the catheter tip 80-2 may be moved axially.

Independent from this axial movement, the second sliding member 40 together

with the operatively connected second sleeve-shaped member 82 of the catheter

tip 80-2 may also be moved axially.

The longitudinal (axial) displacement stroke acting on the first sleeve-shaped

member 8 1 of the catheter tip 80-2 when turning the manipulating part 12 of the

operating handle 10-2 relative to the hand grip 11 is defined by the cam profile

of the first cam groove 3 1 with which the first pin member 32 of the first sliding

member 30 engages. I n a similar way, the longitudinal (axial) displacement

stroke acting on the second sleeve-shaped member 82 of the catheter tip 80-2

when turning the manipulating part 12 of the operating handle 10-2 relative to

the hand grip 11 is defined by the cam profile of the second cam groove 4 1 with

which the second pin member 42 of the second sliding member 40 engages.

Accordingly, by selecting corresponding cam profiles for the first and second cam

grooves 31, 4 1 a predefinable sequence of axial movements of the first and

second sleeve-shaped members 81, 82 of the catheter tip 80-2 is obtainable when

turning the manipulating part 12 of the operating handle 10-2 relative to the

hand grip 11.

In preferred embodiments of the operating handle 10-2 adapted for a catheter

delivery system for antegrade heart valve implantation, the respective cam

profiles of the first and second cam grooves 31, 4 1 are chosen such that the

catheter tip 80-2 is manipulated as follows:



■ when turning the manipulating part 12 of the operating handle 10-2

relative to the hand grip 11 through a first angular range, the second

sliding member 40 together with the second sleeve-shaped member 82 of

the catheter tip 80-2 are moved axially relative to the operating handle 10-

2 in the distal direction, while the first sliding member 30 together with

the first sleeve-shaped member 8 1 of the catheter tip 80-2 are not moved

relatively to the operating handle 10-2;

■ when turning the manipulating part 12 of the operating handle 10-2

relative to the hand grip 11 through a second angular range following the

first angular range, the first sliding member 30 together with the first

sleeve-shaped member 8 1 of the catheter tip 80-2 are moved axially

relatively to the operating handle 10-2 in the proximal direction, while the

second sliding member 40 together with the second sleeve-shaped member

82 of the catheter tip 80-2 are not moved relatively to the operating

handle 10-2; and

when turning the manipulating part 12 of the operating handle 10-2

relative to the hand grip 11 through a third angular range following the

second angular range, the second sliding member 40 together with the

second sleeve-shaped member 82 of the catheter tip 80-2 are again moved

axially relatively to the operating handle 10-2 in the distal direction, while

the first sliding member 30 together with the first sleeve-shaped member

8 1 of the catheter tip 80-2 are not moved relatively to the operating

handle 10-2.

Accordingly, the operating handle 10-2 for antegrade insertion allows for

manipulating a catheter tip 80-2 operatively connected with the operating handle

10-2 such that the catheter tip 80-2 is transferred in a step-wise manner from its

first functional state (see for example Fig. 25a) into its second functional state

(see for example Fig. 25b) by turning the manipulating part 12 of the operating

handle 10-2 relative to the hand grip 11 through a first angular range, and then

from its second functional state (see for example Fig. 25b) into its third

functional state (see for example Fig. 25c) by turning the manipulating part 12 of

the operating handle 10-2 relative to the hand grip 11 through a second angular



range following the first angular range, and then from its third functional state

(see for example Fig. 25c) into its fourth functional state (see for example

Fig. 25d) by turning the manipulating part 12 of the operating handle 10-2

relative to the hand grip 11 through a third angular range following the second

angular range.

In accordance with some embodiments of the operating handle 10-2, the cam

profiles of the first and second cam grooves 31, 4 1 are selected in a manner such

that the longitudinal (axial) displacement stroke acting on the second sleeve-

shaped member 82 of the catheter tip 80-2 when turning the manipulating part

12 of the operating handle 10-2 relative to the hand grip 11 through a first

angular range is 20 mm t o 34 mm in the distal direction, preferably 24 mm to

30 mm in the distal direction, and more preferably 26 mm to 28 mm in the distal

direction.

Moreover, the cam profiles of the first and second cam grooves 31, 4 1 are

preferably selected in a manner such that the longitudinal (axial) displacement

stroke acting on the first sleeve-shaped member 8 1 of the catheter tip 80-2 when

turning the manipulating part 12 of the operating handle 10-2 relative to the

hand grip 11 through a second angular range following the first angular range is

6 mm to 18 mm in the proximal direction, preferably 9 mm t o 15 mm in the

proximal direction, and more preferably 11 mm to 13 mm in the proximal

direction.

In addition, the cam profiles of the first and second cam grooves 31, 4 1 are

preferably selected in a manner such that the longitudinal (axial) displacement

stroke acting on the second sleeve-shaped member 82 of the catheter tip 80-2

when turning the manipulating part 12 of the operating handle 10-2 relative to

the hand grip 11 through a third angular range following the second angular

range is 6 mm t o 18 mm in the distal direction, preferably 9 mm t o 15 mm in the

distal direction, and more preferably 11 mm t o 13 mm in the distal direction.

For subdividing a maximal available turning movement of the manipulating part

12 of the operating handle 10-2 when rotated relative to the hand grip 11 and for

separating the respective angular ranges through which the manipulating part 12

is turnable relatively to the hand grip 11, the operating handle 10-2 for antegrade



insertion is preferably also provided with a corresponding locking mechanism 70

of a kind as previously described with reference to Figs. 2 1 t o 23.

Also, the operating handle 10-2 for antegrade insertion is preferably also

provided with a corresponding decoupling mechanism 20 of a kind as previously

described with reference to Figs. 19 and 20.

I n accordance with some embodiments of catheter delivery systems for antegrade

or retrograde insertion of heart valve prostheses, the catheter shaft 90

connecting the operating handle 10-1, 10-2 with the catheter tip 80-1, 80-2 is

constituted by a plurality of catheter tubes 91, 92, 93 which are at least partly

telescopically disposed. At least some of the plurality of catheter tubes 91, 92, 93

of the catheter shaft 90 is preferably made from flexible, sterilizable materials.

These materials may include, for example, polyurethane, silicone, polyvinyl

chloride (PVC), nylon, polyimide, PEEK, PET and/or polyether block amide, e.g.

Pebax®. I n some preferred embodiments, at least one inner catheter tube 92, 93

of the catheter shaft 90 is made from nitinol or stainnless steel or a rigid plastic

material.

Furthermore, the catheter tubes 91, 92, 93 are preferably least partly made of a

braided wire construction. I n this regard, the catheter shaft 90 constituted by the

catheter tubes 91, 92, 93 is adapted to transfer compression and tension forces

from the operating handle 10-1, 10-2 and, in particular, from a corresponding

operating mechanisms of the operating handle 10-1, 10-2 (sliding members 30,

40) to the catheter tip 80-1, 80-2 without overly changing its total length.

I n some embodiments of catheter delivery systems for antegrade or retrograde

insertion of heart valve prostheses, the catheter shaft 90 is constituted by a

plurality of catheter tubes 91, 92, 93 which are at least partly telescopically

disposed, wherein the most outer catheter tube (first catheter tube 91) has at

least partly a cross-sectional diameter which corresponds to the cross-sectional

diameter of the catheter tip 80-1, 80-2 and, in particular, the cross-sectional

diameter of a proximal sleeve-shaped member (first sleeve-shaped member 81)

of the catheter tip 80-1, 80-2, thereby avoiding any gap or step between the

catheter shaft 90 and the catheter tip 80-1, 80-2.



In preferred embodiments, the medical device for the treatment of a heart valve

defect comprises a catheter delivery system adapted for antegrade or retrograde

introducing a heart valve prosthesis 150 into the body of a patient, wherein the

heart valve prosthesis comprises a heart valve stent 100 as disclosed, for

example, in document WO 2010/086460 Al (Int. Appl. No. : PCT/EP2010/052429)

which is incorporated herein by reference. Moreover, the heart valve prosthesis

150 preferably comprises a prosthetic hear valve 200 as disclosed, for example,

in document WO 2011/147849 Al (International Appl. No. : PCT/EP2011/058506)

which is also incorporated herein by reference.

In accordance with some embodiments disclosed, the operating handle 10-1, 10-2

is provided with a cam mechanism 50 comprising a cylindrical member 5 1 having

at least one cam groove 31, 41. The cylindrical member 5 1 is connected with the

manipulating part 12 the operating handle 10-1, 10-2 such as to be rotatable

relatively to the hand grip 11 of the operating handle 10-1, 10-2 and also

relatively to a body member 52 connected with the hand grip 11. At least one

sliding member 30, 40 is received within the body member 52 such that the at

least one sliding member 30, 40 is axially movable relatively to the body member

52. The cam mechanism 50 further comprises at least one pin member 32, 42

having a first end portion connected with the at least one sliding member 30, 40,

and further having a second end portion opposite to the first end portion, the

second end portion of the at least one pin member 32, 42 engaging with the at

least one cam groove 31, 4 1 such that, upon rotation of the manipulating part 12

relative to the hand grip 11, the at least one pin member 32, 42 follows a cam

profile defined by the at least one cam groove 31, 41.

The cam profile defined by the at least one cam groove 31, 4 1 is chosen such

that a displacement diagram characterizing the cam mechanism 50 of the

operating handle 10-1, 10-2 provides a step-wise changing of an axial position of

the at least one sliding member 30, 40 as the manipulating part 12 of the

manipulating handle 10-1, 10-2 together with the cylindrical member 5 1

therewith rotates relatively to the hand grip 11 of the operating handle 10-1, 10-

2 about a longitudinal axis L defined by the operating handle 10-1, 10-2.

Preferably, the operating handle 10-1, 10-2 is also provided with a locking

mechanism 70 for subdividing a maximal available turning movement of the



manipulating part 12 when rotated relatively to the hand grip 11. The locking

mechanism 70 comprises a plurality of locking recesses 71-1, 71-2 provided in

the cylindrical member 5 1 of the cam mechanism 50 such as t o a subdivide the

maximal available turning movement of the manipulating part 12 into a plurality

of consecutive indexing turning movements of the manipulating part 12.

The cam profile defined by the at least one cam groove 31, 4 1 is preferably

chosen in accordance with the plurality of consecutive indexing turning

movements of the manipulating part 12 defined by the locking mechanism 70 in

such a manner that each of the consecutive indexing turning movements of the

manipulating part 12 defined by the locking mechanism 70 corresponds to a step

wise changing of an axial position of the at least one sliding member 30, 40 as

the manipulating part 12 of the manipulating handle 10-1, 10-2 together with the

cylindrical member 5 1 therewith rotates relatively to the hand grip 11 of the

operating handle 10-1, 10-2.

I n preferred embodiments of the operating handle 10-1, 10-2, the locking

mechanism 70 comprises at an engaging piece 72 operatively connected with the

body member 52 of the cam mechanism, the engaging piece 72 being adapted to

releasably engage with the a locking recess 71-1, 71-2 provided in the cylindrical

member 5 1 of the cam mechanism 50 thereby preventing continuous rotation of

the cylindrical member 5 1 relative to the body member 52.

According to a preferred embodiment of the operating handle 10-1, 10-2, the

locking mechanism 70 comprises a first locking recess 71-1 provided in the

cylindrical member 5 1 such that the at least one pin member 32, 42 of the cam

mechanism 50 is at the beginning of the at least one cam groove 31, 4 1 when the

engaging piece 72 of the locking mechanism 70 engages with the first locking

recess 71-1. Furthermore, the locking mechanism 70 comprises a second locking

recess 71-2 provided in the cylindrical member 5 1 such that the at least one pin

member 32, 42 of the cam mechanism 50 is in a first central portion of the at

least one cam groove 31, 4 1 when the engaging piece 72 of the locking

mechanism 70 engages with the second locking recess 71-2. A transfer of the at

least one pin member 32, 42 from the beginning of the at least one cam groove

31, 4 1 to the first central portion of the at least one cam groove 31, 4 1 results in

a previously defined first axial displacement stroke acting on the at least one pin



member 32, 42. This previously defined first axial displacement stroke acting on

the at least one pin member 32, 42 may initiate a first step when releasing a

heart valve stent or a heart valve prosthesis accommodated in a catheter tip 10-

1, 10-2 (see Fig. 7a or Fig. 25b).

Moreover, the locking mechanism 70 preferably comprises a further second

locking recess provided in the cylindrical member 5 1 such that the at least one

pin member 32, 42 of the cam mechanism 50 is in a second central portion of the

at least one cam groove 31, 4 1 when the engaging piece 72 of the locking

mechanism 70 engages with the further second locking recess 71-2. When

transferring the at least one pin member 32, 42 from the first central portion of

the at least one cam groove 31, 4 1 to the second central portion of the at least

one cam groove 31, 41, the at least one pin member 32, 42 is axially moved with

a previously defined second axial displacement stroke acting on the at least one

pin member 32, 42. This previously defined second axial displacement stroke

acting on the at least one pin member 32, 42 may initiate a second step when

releasing a heart valve stent or a heart valve prosthesis accommodated in a

catheter tip 10-1, 10-2 (see Fig. 7b or Fig. 25c).

In the preferred embodiment of the operating handle 10-1, 10-2, the locking

mechanism 70 preferably comprises a third locking recess provided in the

cylindrical member 5 1 such that the at least one pin member 32, 42 of the cam

mechanism 50 is at the end of the at least one cam groove 31, 4 1 when the

engaging piece 72 of the locking mechanism 70 engages with the third locking

recess. When transferring the at least one pin member 32, 42 from the second

central portion of the at least one cam groove 31, 4 1 to the end of the at least

one cam groove 31, 41, the at least one pin member 32, 42 is axially moved with

a previously defined third axial displacement stroke acting on the at least one pin

member 32, 42. This previously defined third axial displacement stroke acting on

the at least one pin member 32, 42 may initiate a third step when releasing a

heart valve stent or a heart valve prosthesis accommodated in a catheter tip 10-

1, 10-2 (see Fig. 7c or Fig. 25d).

The solution in accordance with the disclosure is not limited to the embodiments

described in the attached drawings. It is contemplated that combinations of the

individual features described in detail are also possible.



Claims

1. Operating handle (10-1, 10-2) for manipulating a catheter tip (80-1, 80-2)

of a catheter delivery system, the operating handle (10-1, 10-2)

comprising :

- a hand grip (11) designed to be held by a user, and

- a manipulating part (12) axially aligned with the hand grip (11),

wherein the manipulating part (12) is rotatable relatively to the hand grip

(11) about a longitudinal axis (L) defined by the operating handle (10-1,

10-2), and wherein the operating handle (10-1, 10-2) comprises at least

one sliding member (30, 40) operatively linked with the manipulating part

(12) via a cam mechanism (50) such that, upon rotation of the

manipulating part (12) relative to the hand grip (11), the at least one

sliding member (30, 40) moves axially in the direction of the longitudinal

axis (L).

2 . Operating handle (10-1, 10-2) according to claim 1,

wherein the cam mechanism (50) is integrated into the operating handle

(10-1, 10-2) and is configured to transform a rotary motion of the

manipulating part (12) relative to the hand grip (11) into a linear motion

of the at least one sliding member (30, 40) relative to the hand grip (11).



3 . Operating handle (10-1, 10-2) according to claim 1 or 2,

wherein the manipulating part (12) is a rotating wheel designed to be

gripped by a user with one of its hands, whereas the other hand holds the

hand grip (11).

4 . Operating handle (10-1, 10-2) according to one of the claims 1 to 3,

wherein the cam mechanism (50) comprises a cylindrical member (51)

connected with the manipulating part (12), the cylindrical member (51)

comprising at least one cam groove (31, 41), and

wherein the cam mechanism (50) further comprises at least one pin

member (32, 42) having a first end portion connected with the at least one

sliding member (30, 40), and a second end portion opposite to the first

end portion, the second end portion of the at least one pin member (32,

42) engaging the at least one cam groove (31, 41) such that, upon

rotation of the manipulating part (12) relative to the hand grip (11), the at

least one pin member (32, 42) follows a cam profile defined by the at least

one cam groove (31, 41).

5 . Operating handle (10-1, 10-2) according to claims 3 and 4,

wherein the rotating wheel has a diameter greater than the diameter of

the cylindrical member (51) of the cam mechanism (50).

6 . Operating handle (10-1, 10-2) according to claim 4 or 5,

wherein the hand grip (11) is formed as a jacket,

wherein the cylindrical member (51) of the cam mechanism (50) is at least

partly disposed concentrically and coaxially with the hand grip (11), and

wherein the cylindrical member (51) of the cam mechanism (50) is

rotatable relatively to the hand grip (11).

7 . Operating handle (10-1, 10-2) according to one of the claims 4 to 6,

wherein the cylindrical member (51) of the cam mechanism (50) is at least

partly hollow, and

wherein the cam mechanism (50) further comprises a body member (52)

disposed concentrically and coaxially with the hollow cylindrical member

(51), wherein the body member (52) comprises a cylindrical portion (52a)

having a diameter less than an inner diameter of the hollow cylindrical



member (51), the cylindrical portion (52a) being at least partly received in

the interior of the hollow cylindrical member (51) such that the hollow

cylindrical member (51) is rotatable relatively to the body member (52).

8 . Operating handle (10-1, 10-2) according to claim 7,

wherein the body member (52) is provided with at least one flange (53)

for preventing axial movement of the manipulating part (12) relative to the

body member (52).

9 . Operating handle (10-1, 10-2) according to claim 7 or 8,

wherein the body member (52) is at least partly hollow, and

wherein the at least one sliding member (30, 40) is received within the

body member (52) such that the at least one sliding member (30, 40) is

axially movable relatively to the body member (52).

10. Operating handle (10-1, 10-2) according to claims 4 and 8,

wherein the body member (52) is provided with at least one elongated

hole (33, 43) parallel to the longitudinal axis (L) of the operating handle

(10-1, 10-2), wherein the at least one pin member (32, 42) extends

through the at least one elongated hole (33, 43).

11. Operating handle (10-1, 10-2) according to one of the claims 7 to 10,

wherein the body member (52) further comprises a portion (52b) fixed to

the hand grip (11).

12. Operating handle (10-1, 10-2) according to claim 11,

wherein the portion (52b) fixed to the hand grip (11) is cylindrical and has

a diameter equal to or substantially equal to the outer diameter of the

hollow cylindrical member (51),

wherein the hand grip (11) is at least partly disposed around the

cylindrical portion (52b) of the body member (52) such as to be

concentrically and coaxially with the cylindrical portion.

13. Operating handle (10-1, 10-2) according to one of the claims 7 to 12,

wherein guiding means are provided for guiding an axial movement of the

at least one sliding member (30, 40) relative to the body member (52).



14. Operating handle (10-1, 10-2) according to one of the claims 1 to 13,

wherein the operating handle (10-1, 10-2) is provided with a locking

mechanism (70) for subdividing a maximal available turning movement of

the manipulating part (12) when rotated relatively to the hand grip (11).

15. Operating handle (10-1, 10-2) according to one of the claims 7 to 13 and

claim 14, wherein the locking mechanism (70) comprises at least one

locking recess (71-1, 71-2) provided in the cylindrical member (51) of the

cam mechanism (50), and further comprises at least one engaging piece

(72) operatively connected with the body member (52), the at least one

engaging piece (72) being adapted to releasably engage with the at least

locking recess (71-1, 71-2) thereby preventing continuous rotation of the

cylindrical member (51) relative to the body member (52).

16. Operating handle (10-1, 10-2) according to claim 15,

wherein the locking mechanism (70) comprises operating means for

disengaging the engaging piece (72) when the engaging piece (72)

engages with the at least one locking recess (71-1, 71-2).

17. Operating handle (10-1, 10-2) according to claim 16,

wherein the engaging piece (72) is spring-loaded, and

wherein the operating means comprises a spring-loaded push-button (73)

operatively connected with the engaging piece (72), the push-button (73)

being designed to be pushed by the user for disengaging the engaging

piece (72).

18. Operating handle (10-1, 10-2) according to claim 17,

wherein the operating means further comprises a lever (74) connected

with the push-button (73) for pressing the engaging piece (72) down when

the push-button (73) is pushed down by the user.

19. Operating handle (10-1, 10-2) according to claim 18,

wherein the operating means further comprises a driving piece (75) having

a first end section coupled to the lever (74) by means of a pin (76) such as

to be pivotable in a plane perpendicular to the direction of pushing of the



push-button (73), and further having a second end section for pressing the

engaging piece (72) down when the push-button (73) is pushed down by

the user.

20. Operating handle (10-1, 10-2) according to claim 19,

wherein the driving piece (75) is coupled to the lever (74) such that the

driving piece (75) swings out relatively to the lever (74) when the push

button (73) is pushed down by the user and when the cylindrical member

(51) is simultaneously rotated relatively to the body member (52), wherein

the second end section of the driving piece (75) loses contact with the

engaging piece (72) when the driving piece (75) swings out relatively to

the lever (74).

21. Operating handle (10-1, 10-2) according to claim 20,

wherein the operating means further comprises centering means (77) for

returning the driving piece (75) when the push-button (73) is released.

22. Operating handle (10-1, 10-2) according to one of the claims 15 t o 21,

wherein the locking mechanism (70) comprises a plurality of locking

recesses (71-1, 71-2) provided in the cylindrical member (51) of the cam

mechanism (50) such as to a subdivide the maximal available turning

movement of the manipulating part (12) into a plurality of consecutive

indexing turning movements of the manipulating part (12).

23. Operating handle (10-1, 10-2) according to one of the claims 15 t o 22,

wherein the locking mechanism (70) comprises a first locking recess (71-1)

provided in the cylindrical member (51) such that the at least one pin

member (32, 42) of the cam mechanism (50) is at the beginning of the at

least one cam groove (31, 41) when the engaging piece (72) of the locking

mechanism (70) engages with the first locking recess (71-1).

24. Operating handle (10-1, 10-2) according to one of the claims 15 t o 23,

wherein the locking mechanism (70) comprises at least one second locking

recess (71-2) provided in the cylindrical member (51) such that the at

least one pin member (32, 42) of the cam mechanism (50) is in a central

portion of the at least one cam groove (31, 41) when the engaging piece



(72) of the locking mechanism (70) engages with the at least one second

locking recess (71-2).

25. Operating handle (10-1, 10-2) according to one of the claims 15 to 24,

wherein the locking mechanism (70) comprise a third locking recess

provided in the cylindrical member (51) such that the at least one pin

member (32, 42) of the cam mechanism (50) is at the end of the at least

one cam groove (31, 41) when the engaging piece (72) of the locking

mechanism (70) engages with the third locking recess.

26. Operating handle (10-1, 10-2) according to one of the claims 1 to 25,

wherein the operating handle (10-1, 10-2) further comprises decoupling

means (20) for selectively separating an operative linkage between the at

least one sliding member (30, 40) and the manipulating part (12).

27. Operating handle (10-1, 10-2) according to claim 26,

wherein the cam mechanism (50) comprises a cylindrical member (51)

connected with the manipulating part (12), the cylindrical member (51)

comprising at least one cam groove (31, 41),

wherein the cam mechanism (50) further comprises at least one pin

member (32, 42) having a first end portion connected with the at least one

sliding member (30, 40), and further having a second end portion opposite

to the first end portion, the second end portion of the at least one pin

member (32, 42) engaging with the at least one cam groove (31, 41) such

that, upon rotation of the manipulating part (12) relative to the hand grip

(11), the at least one pin member (32, 42) follows a cam profile defined by

the at least one cam groove (31, 41), and

wherein the decoupling means (20) comprises at least one pin member

manipulating element (21) operatively connected with the at least one pin

member (32, 42), the at least pin member manipulating element (21)

being drivable from a first position, in which the at least one pin member

(32, 42) engages with the at least one cam groove (31, 41), into a second

position, in which the at least one pin member (32, 42) is disengaged from

the at least one cam groove (31, 41).



28. Operating handle (10-1, 10-2) according to claim 27,

wherein the first end portion of the at least one pin member (32, 42) is at

least partly received in a recess (22) provided in the at least one sliding

member (30, 40) such that the at least one pin member (32, 42) is

movable relatively to the sliding member (30, 40) in a longitudinal

direction defined by the recess (22).

29. Operating handle (10-1, 10-2) according to claim 27 or 28,

wherein the at least one pin member manipulating element (21) comprise

a lever arm (23) having a first end section operatively connected with the

at least one pin member (32, 42), in particular with the first end portion of

the at least one pin member (32, 42), and further having a second end

section opposite to the first end section, the second end section of the

lever arm (23) being operatively connected with an operating bar (24) for

moving the lever arm (23) with the at least one sliding member (30, 40)

connected thereon.

30. Operating handle (10-1, 10-2) according to one of the claims 27 t o 29,

wherein the cylindrical member (51) of the cam mechanism (50) is at least

partly hollow,

wherein the cam mechanism (50) further comprises a body member (52)

disposed concentrically and coaxially with the at least partly hollow

cylindrical member (51), wherein the body member (52) comprises a

cylindrical portion having a diameter less than an inner diameter of the at

least partly hollow cylindrical member (51), the cylindrical portion being at

least partly received in the interior of the at least partly hollow cylindrical

member (51) such that the at least partly hollow cylindrical member (51) is

rotatable relatively to the body member (52), and

wherein the at least one pin member (32, 42) is movable by means of the

operating bar (24) and the lever arm (23) connected therewith from a

coupled state, in which the second end portion of the at least one pin

member (32, 42) engages with the at least one cam groove (31, 41), into

an uncoupled state, in which the second end portion of the pin member

(32, 42) disengages the at least one cam groove (31, 41) and in which the

lever arm (23) engages with a recess (49) provided in the body member

(52) of the cam mechanism (50) thereby blocking a rotation movement of



the at least one sliding member (30, 40) relative to the body member (52)

upon rotation of the manipulating part (12) of the operating handle (10-1,

10-2) relative to the hand grip (11).

31. Catheter delivery system for introducing an expandable heart valve

prosthesis (150) into the body of a patient, the catheter delivery system

comprising :

- at least one sleeve-shaped member (81, 82) at a distal end portion of

the catheter delivery system, the at least one sleeve-shaped member

(81, 82) being part of a catheter tip (80-1, 80-2) of the catheter

delivery system and capable of receiving an at least partly a

compressed heart valve prosthesis (150); and

- an operating handle (10-1, 10-2) according to one of the claims 1 to

30, the operating handle (10-1, 10-2) being disposed at the proximal

end portion of the catheter delivery system,

wherein the at least one sliding member (30, 40) of the operating handle

(10-1, 10-2) is operatively connected with the at least one sleeve-shaped

member (81, 82) of the catheter tip (80-1, 80-2).

32. Catheter delivery system according to claim 31,

wherein the catheter delivery system further comprises at least one

catheter tube (91, 92) having a distal end connected with the at least one

sleeve-shaped member (81, 82), and further having a proximal end

connected with the at least one sliding member (30, 40).

33. Catheter delivery system according to claim 3 1 or 32,

wherein the catheter tip (80-1, 80-2) comprises:

- a first sleeve-shaped member (81) operatively connected with a first

sliding member (30, 40) of the operating handle (10-1, 10-2); and

- a second sleeve-shaped member (82) operatively connected with a

second sliding member (30, 40) of the operating handle (10-1, 10-2),

wherein the first and second sliding members (30, 40) are both operatively

linked with the manipulating part (12) of the operating handle (10-1, 10-2)

by means of the cam mechanism (50) such that, upon rotation of the

manipulating part (12) relative to the hand grip (11), the first and second



sliding members (30, 40) move independently from each other axially in

the direction of the longitudinal axis (L).

34. Catheter delivery system according to claim 33,

wherein the cam mechanism (50) of the operating handle (10-1, 10-2)

comprises a cylindrical member (51) connected with the manipulating part

(12) of the operating handle (10-1, 10-2), the cylindrical member (51)

comprising a first cam groove (31, 41) and a second cam groove (31, 41),

wherein the cam mechanism (50) further comprises a fist pin member (32,

42) having a first end portion connected with the first sliding member (30,

40) , and further having a second end portion opposite to the first end

portion, the second end portion of the first pin member (32, 42) engaging

with the first cam groove (31, 41) such that, upon rotation of the

manipulating part (12) relative to the hand grip (11), the first pin member

(32, 42) follows a cam profile defined by the first cam groove (31, 41),

and

wherein the cam mechanism (50) further comprises a second pin member

(32, 42) having a first end portion connected with the second sliding

member (30, 40), and further having a second end portion opposite to the

first end portion, the second end portion of the second pin member (32,

42) engaging with the second cam groove (31, 41) such that, upon

rotation of the manipulating part (12) relative to the hand grip (11), the

second pin member (32, 42) follows a cam profile defined by the second

cam groove (31, 41).

35. Catheter delivery system according to claim 34,

wherein the cam profiles defined by the first and second cam grooves (31,

41) are respectively chosen such that a rotary motion of the manipulating

part (12) relative to the hand grip (11) is transformed into a linear motion

of the first sliding member (30, 40) and, independently therefrom, into a

linear motion of the second sliding member (30, 40), thereby allowing a

predetermined sequence of axial movements of the first and second

sleeve-shaped members (81, 82) of the catheter tip (80-1, 80-2) relative to

each other.



36. Catheter delivery system according to one of the claims 33 to 35,

wherein the first sleeve-shaped member (81) and the second sleeve-

shaped member (82) of the catheter tip (80-1, 80-2) constitute a seat

portion adapted to receive a heart valve prosthesis (150),

wherein the catheter tip (80-1, 80-2) further comprises a stent holder (85)

capable of releasably fixing a heart valve prosthesis (150) received in the

seat portion.

37. Catheter delivery system according to claim 36,

wherein the first sleeve-shaped member (81) and the second sleeve-

shaped member (82) are axially movable relatively to each other and

relatively to the stent holder (85).

38. Catheter delivery system according to claim 36 or 37,

wherein the stent holder (85) comprises a crone having stent retaining

means (86) for releasably connecting with catheter retaining means (123)

provided at a heart valve prosthesis (150) to be introduced into the

patient's body by means of the catheter delivery system.

39. Catheter delivery system according to one of the claims 36 to 38,

wherein the stent holder is operatively connected with an anchorage (45)

of the operating handle (10-1, 10-2).

40. Catheter delivery system according to claim 39 in connection with one of

the claims 7 to 13, wherein the anchorage (45) of the operating handle

(10-1, 10-2) is affixed to the body member (52) of the cam mechanism

(50).

41. Catheter delivery system according to one of the claims 36 to 40,

wherein the catheter delivery system comprises:

- a first catheter tube (91) defining a first lumen and having distal end

connected with the first sleeve-shaped member (81), and further

having a proximal end connected with the first sliding member (30,

40);

- a stent holder tube (93) defining a passageway and having a distal end

connected with the stent holder (85), and further having a proximal



end connected to an anchorage (45) of the operating handle (10-1, 10-

2); and

- a second catheter tube (92) defining a second lumen and having a

distal end connected with the second sleeve-shaped member (82), and

further having a proximal end connected with the second sliding

member (30, 40).

Catheter delivery system according to claim 41,

wherein the second catheter tube (92) has a cross-sectional diameter less

than a cross-sectional diameter of the first catheter tube (91), and wherein

the first catheter tube (91) is disposed concentrically and coaxially with

the second catheter tube (92).

Catheter delivery system according to claim 4 1 or 42,

wherein the third lumen defined by the second catheter tube has a

diameter sufficient to accommodate a guidewire (180).

Catheter delivery system according to one of the claims 4 1 to 43,

wherein the first catheter tube (91) terminates at its distal end in a flared

section (83), the flared section (82) defining a transition to the first

sleeve-shaped member (81).

Catheter delivery system according to claim 44,

wherein the flared section (83) is preferably formed integrally with a distal

end portion of the first catheter tube (91).

Catheter delivery system according to one of the claims 4 1 to 45,

wherein the stent holder tube (93) has a cross-sectional diameter less than

a cross-sectional diameter of the first catheter tube (91) and greater than

a cross-sectional diameter of the second catheter tube (92),

wherein the first catheter tube (91) is disposed concentrically and coaxially

with the stent holder tube (93) thereby accommodating the stent holder

tube (93) such that the first catheter tube (91) is axially movable relatively

to the stent holder tube (93), and wherein the passageway defined by the

stent holder tube (93) has a diameter sufficient to accommodate the



second catheter tube (92) such that the second catheter tube (92) is

axially movable relatively to the stent holder tube (93).

47. Catheter delivery system according to one of the claims 42 to 46,

wherein the stent holder tube (93) is rotatable relatively to the first and

second catheter tubes (91, 92).

48. Catheter delivery system according to one of the claims 4 1 to 47,

wherein the first catheter tube (91) and/or the second catheter tube (92)

are/is made from a bendable material adapted to transfer compression and

tension forces, and wherein at least a proximal end section of the first

catheter tube (91) and/or at least a proximal end section of the second

catheter tube (92) are/is preferably made of a braided wire construction.

49. Catheter delivery system according to claim 48,

wherein the bendable material include polyurethane, silicone,

polyvinylchlorid (PVC), nylon and/or polyether-block-amide, in particular

Pebax® .

50. Catheter delivery system according to one of the claims 4 1 to 49,

wherein a catheter end tip (94) is connected to the distal end section of

the second catheter tube (92) distal to the second sleeve-shaped member

(82) in order to ease entry of the catheter tip (80-1, 80-2) into the

patient's body.

51. Catheter delivery system according to claim 50,

wherein the catheter end tip (94) preferably is a soft catheter end tip,

more preferably a soft polymeric catheter end tip having an atraumatic

shape.

52. Catheter delivery system according to one of the claims 4 1 to 51,

wherein the first catheter tube (91) and/or the second catheter tube (92)

are/is at least partly made of a braided wire construction.

53. Catheter delivery system according to one of the claims 3 1 to 52, further

comprising a guidewire (180) suited for guiding at least the distal end



portion of the catheter delivery system to an implantation side, the

guidewire (180) being designed to be advanced into a patient's vasculature

independently from the catheter delivery system and, in particular,

independently from the distal end portion of the catheter delivery system.

54. Medical device for the treatment of a heart valve defect, in particular a

heart valve failure or a heart valve stenosis in a patient, wherein the

medical device comprises:

a catheter delivery system in accordance with one of the claims 3 1 to

53; and

an expandable heart valve stent (100) accommodated in the catheter

tip (80-1, 80-2) of the catheter delivery system.

55. Medical device according to claim 54,

wherein the expandable heart valve stent (100) comprises catheter

retaining means (85, 86) configured to engage with stent retaining means

(123) of the catheter tip (80-1, 80-2) for releasably connecting the

expandable heart valve stent (100) with the catheter tip (80-1, 80-2).

56. Medical device according to claim 54 or 55,

wherein the expandable heart valve stent (100) comprises a plurality of

positioning arches (115, 115a, 115b, 115c) configured to be positioned

within a plurality of pockets (T) of the patient's native heart valve and to be

positioned on a first side of a plurality of native heart valve leaflets (V), and

further comprises a plurality of retaining arches (116, 116a, 116b, 116c)

configured to be positioned on a second side of the plurality of native heart

valve leaflets (V) opposite the first side.

57. Medical device according to one of the claims 54 to 56

wherein a valvular prosthesis (200) is connected to the expandable heart

valve stent (100).

58. Medical device according to claim 57,

wherein the valvular prosthesis (200) is made from pericardium.



AMENDED CLAIMS
received by the International Bureau on 30 September 2013 (30.09.2013)

1. Operating handle (10-1, 10-2) for manipulating a catheter tip (80-1, 80-2)

of a catheter delivery system, the operating handle (10-1, 10-2)

comprising:

- a hand grip (11) designed to be held by a user, and

- a manipulating part (12) axially aligned with the hand grip (11),

wherein the manipulating part (12) is rotatable relatively to the hand grip

(11) about a longitudinal axis (L) defined by the operating handle (10-1,

10-2), and wherein the operating handle (10-1, 10-2) comprises a first and

a second sliding member (30, 40) each being operatively linked with the

manipulating part (12) via a cam mechanism (50)

wherein the cam mechanism (50) comprises a cylindrical member (51)

connected with the manipulating part (12), the cylindrical member (51)

comprising a first cam groove (31), and a second cam groove (41)

wherein the cam mechanism (50) further comprises a first pin member

(32) having a first end portion connected with the first sliding member

(30), and a second end portion opposite to the first end portion, the

second end portion of the first pin member (32) engaging the first cam

groove (31) such that, upon rotation of the manipulating part (12) relative

to the hand grip (11), the first pin member (32) follows a cam profile

defined by the first cam groove (31),



wherein the cam mechanism (50) further comprises a second pin member

(42) having a first end portion connected with the second sliding member

(40), and a second end portion opposite to the first end portion, the

second end portion of the second pin member (42) engaging the second

cam groove (41) such that, upon rotation of the manipulating part (12)

relative to the hand grip (11), the second pin member (42) follows a cam

profile defined by the second cam groove (41),

wherein the cam profile defined by the first cam groove (31) and the cam

profile defined by the second cam groove (41) are chosen such that, upon

rotation of the manipulating part (12) relative to the hand grip (11)

independently from each other, the first and second sliding members (30,

40) are axially moved in the direction of the longitudinal axis (L).

2. Operating handle (10-1, 10-2) according to claim 1,

wherein the cam mechanism (50) is integrated into the operating handle

(10-1, 10-2) and is configured to transform a rotary motion of the

manipulating part (12) relative to the hand grip (11) into a linear motion

of the at least one sliding member (30, 40) relative to the hand grip (11).

3. Operating handle (10-1, 10-2) according to claim 1 or 2,

wherein the manipulating part (12) is a rotating wheel designed to be

gripped by a user with one of its hands, whereas the other hand holds the

hand grip (11).

4. Operating handle (10-1, 10-2) according to claim 3,

wherein the rotating wheel has a diameter greater than the diameter of

the cylindrical member (51) of the cam mechanism (50).

5. Operating handle (10-1, 10-2) according toone of the claims 1 to 4,

wherein the hand grip (11) is formed as a jacket,

wherein the cylindrical member (51) of the cam mechanism (50) is at least

partly disposed concentrically and coaxially with the hand grip (11), and

wherein the cylindrical member (51) of the cam mechanism (50) is

rotatable relatively to the hand grip (11).



6. Operating handle (10-1, 10-2) according to one of the claims 1 to 5,

wherein the cylindrical member (51) of the cam mechanism (50) is at least

partly hollow, and

wherein the cam mechanism (50) further comprises a body member (52)

disposed concentrically and coaxially with the hollow cylindrical member

(51), wherein the body member (52) comprises a cylindrical portion (52a)

having a diameter less than an inner diameter of the hollow cylindrical

member (51), the cylindrical portion (52a) being at least partly received in

the interior of the hollow cylindrical member (51) such that the hollow

cylindrical member (51) is rotatable relatively to the body member (52).

7. Operating handle (10-1, 10-2) according to claim 6,

wherein the body member (52) is provided with at least one flange (53)

for preventing axial movement of the manipulating part (12) relative to the

body member (52).

8. Operating handle (10-1, 10-2) according to claim 6 or 7,

wherein the body member (52) is at least partly hollow, and

wherein the at least one sliding member (30, 40) is received within the

body member (52) such that the first and second sliding member (30, 40)

is axially movable relatively to the body member (52).

9. Operating handle (10-1, 10-2) according to claim 8,

wherein the body member (52) is provided with a first and a second

elongated hole (33, 43) each being parallel to the longitudinal axis (L) of

the operating handle (10-1, 10-2), wherein the first pin member (32)

extends through the first elongated hole (33) And the second pin member

(42) extends through the second elongated hole (43)

10. Operating handle (10-1, 10-2) according to one of the claims 6 to 9,

wherein the body member (52) further comprises a portion (52b) fixed to

the hand grip (11).

11. Operating handle (10-1, 10-2) according to claim 10,

wherein the portion (52b) fixed to the hand grip (11) is cylindrical and has

a diameter equal to or substantially equal to the outer diameter of the



hollow cylindrical member (51),

wherein the hand grip (11) is at least partly disposed around the

cylindrical portion (52b) of the body member (52) such as to be

concentrically and coaxially with the cylindrical portion.

12. Operating handle (10-1, 10-2) according to one of the claims 6 to 11,

wherein guiding means are provided for guiding an axial movement of the

at least one sliding member (30, 40) relative to the body member (52).

13. Operating handle (10-1, 10-2) according to one of the claims 1 to 12,

wherein the operating handle (10-1, 10-2) is provided with a locking

mechanism (70) for subdividing a maximal available turning movement of

the manipulating part (12) when rotated relatively to the hand grip (11).

14. Operating handle (10-1, 10-2) according to one of the claims 6 to 12 and

claim 13, wherein the locking mechanism (70) comprises at least one

locking recess (71-1, 71-2) provided in the cylindrical member (51) of the

cam mechanism (50), and further comprises at least one engaging piece

(72) operatively connected with the body member (52), the at least one

engaging piece (72) being adapted to releasably engage with the at least

locking recess (71-1, 71-2) thereby preventing continuous rotation of the

cylindrical member (51) relative to the body member (52).

15. Operating handle (10-1, 10-2) according to claim 14,

wherein the locking mechanism (70) comprises operating means for

disengaging the engaging piece (72) when the engaging piece (72)

engages with the at least one locking recess (71-1, 71-2).

16. Operating handle (10-1, 10-2) according to claim 15,

wherein the engaging piece (72) is spring-loaded, and

wherein the operating means comprises a spring-loaded push-button (73)

operatively connected with the engaging piece (72), the push-button (73)

being designed to be pushed by the user for disengaging the engaging

piece (72).



17. Operating handle (10-1, 10-2) according to claim 16,

wherein the operating means further comprises a lever (74) connected

with the push-button (73) for pressing the engaging piece (72) down when

the push-button (73) is pushed down by the user.

18. Operating handle (10-1, 10-2) according to claim 17,

wherein the operating means further comprises a driving piece (75) having

a first end section coupled to the lever (74) by means of a pin (76) such as

t o be pivotable in a plane perpendicular to the direction of pushing of the

push-button (73), and further having a second end section for pressing the

engaging piece (72) down when the push-button (73) is pushed down by

the user.

19. Operating handle (10-1, 10-2) according to claim 18,

wherein the driving piece (75) is coupled to the lever (74) such that the

driving piece (75) swings out relatively to the lever (74) when the push¬

button (73) is pushed down by the user and when the cylindrical member

(51) is simultaneously rotated relatively to the body member (52), wherein

the second end section of the driving piece (75) loses contact with the

engaging piece (72) when the driving piece (75) swings out relatively to

the lever (74).

20. Operating handle (10-1, 10-2) according to claim 19,

wherein the operating means further comprises centering means (77) for

returning the driving piece (75) when the push-button (73) is released.

21. Operating handle (10-1, 10-2) according to one of the claims 14 t o 20,

wherein the locking mechanism (70) comprises a plurality of locking

recesses (71-1, 71-2) provided in the cylindrical member (51) of the cam

mechanism (50) such as to a subdivide the maximal available turning

movement of the manipulating part (12) into a plurality of consecutive

indexing turning movements of the manipulating part (12).

22. Operating handle (10-1, 10-2) according to one of the claims 14 t o 21,

wherein the locking mechanism (70) comprises a first locking recess (71-1)

provided in the cylindrical member (51) such that the at least one pin



member (32, 42) of the cam mechanism (50) is at the beginning of the at

least one cam groove (31, 41) when the engaging piece (72) of the locking

mechanism (70) engages with the first locking recess (71-1).

23. Operating handle (10-1, 10-2) according to one of the claims 14 to 22,

wherein the locking mechanism (70) comprises at least one second locking

recess (71-2) provided in the cylindrical member (51) such that the at

least one pin member (32, 42) of the cam mechanism (50) is in a central

portion of the at least one cam groove (31, 41) when the engaging piece

(72) of the locking mechanism (70) engages with the at least one second

locking recess (71-2).

24. Operating handle (10-1, 10-2) according to one of the claims 14 to 23,

wherein the locking mechanism (70) comprise a third locking recess

provided in the cylindrical member (51) such that the at least one pin

member (32, 42) of the cam mechanism (50) is at the end of the at least

one cam groove (31, 41) when the engaging piece (72) of the locking

mechanism (70) engages with the third locking recess.

25. Operating handle (10-1, 10-2) according to one of the claims 1 to 24,

wherein the operating handle (10-1, 10-2) further comprises decoupling

means (20) for selectively separating an operative linkage between the at

least one sliding member (30, 40) and the manipulating part (12).

26. Operating handle (10-1, 10-2) according to claim 25,

wherein the cam mechanism (50) comprises a cylindrical member (51)

connected with the manipulating part (12), the cylindrical member (51)

comprising at least one cam groove (31, 41),

wherein the cam mechanism (50) further comprises at least one pin

member (32, 42) having a first end portion connected with the at least one

sliding member (30, 40), and further having a second end portion opposite

to the first end portion, the second end portion of the at least one pin

member (32, 42) engaging with the at least one cam groove (31, 41) such

that, upon rotation of the manipulating part (12) relative t o the hand grip

(11), the at least one pin member (32, 42) follows a cam profile defined by

the at least one cam groove (31, 41), and



wherein the decoupling means (20) comprises at least one pin member

manipulating element (21) operatively connected with the at least one pin

member (32, 42), the at least pin member manipulating element (21)

being drivable from a first position, in which the at least one pin member

(32, 42) engages with the at least one cam groove (31, 41), into a second

position, in which the at least one pin member (32, 42) is disengaged from

the at least one cam groove (31, 41).

27. Operating handle (10-1, 10-2) according to claim 26,

wherein the first end portion of the at least one pin member (32, 42) is at

least partly received in a recess (22) provided in the at least one sliding

member (30, 40) such that the at least one pin member (32, 42) is

movable relatively t o the sliding member (30, 40) in a longitudinal

direction defined by the recess (22).

28. Operating handle (10-1, 10-2) according to claim 26 or 27,

wherein the at least one pin member manipulating element (21) comprise

a lever arm (23) having a first end section operatively connected with the

at least one pin member (32, 42), in particular with the first end portion of

the at least one pin member (32, 42), and further having a second end

section opposite to the first end section, the second end section of the

lever arm (23) being operatively connected with an operating bar (24) for

moving the lever arm (23) with the at least one sliding member (30, 40)

connected thereon.

29. Operating handle (10-1, 10-2) according to one of the claims 26 to 28,

wherein the cylindrical member (51) of the cam mechanism (50) is at least

partly hollow,

wherein the cam mechanism (50) further comprises a body member (52)

disposed concentrically and coaxially with the at least partly hollow

cylindrical member (51), wherein the body member (52) comprises a

cylindrical portion having a diameter less than an inner diameter of the at

least partly hollow cylindrical member (51), the cylindrical portion being at

least partly received in the interior of the at least partly hollow cylindrical

member (51) such that the at least partly hollow cylindrical member (51) is

rotatable relatively to the body member (52), and



wherein the at least one pin member (32, 42) is movable by means of the

operating bar (24) and the lever arm (23) connected therewith from a

coupled state, in which the second end portion of the at least one pin

member (32, 42) engages with the at least one cam groove (31, 41), into

an uncoupled state, in which the second end portion of the pin member

(32, 42) disengages the at least one cam groove (31, 41) and in which the

lever arm (23) engages with a recess (49) provided in the body member

(52) of the cam mechanism (50) thereby blocking a rotation movement of

the at least one sliding member (30, 40) relative to the body member (52)

upon rotation of the manipulating part (12) of the operating handle (10-1,

10-2) relative to the hand grip (11).

30. Catheter delivery system for introducing an expandable heart valve

prosthesis (150) into the body of a patient, the catheter delivery system

comprising:

- at least one sleeve-shaped member (81, 82) at a distal end portion of

the catheter delivery system, the at least one sleeve-shaped member

(81, 82) being part of a catheter tip (80-1, 80-2) of the catheter

delivery system and capable of receiving an at least partly a

compressed heart valve prosthesis (150); and

- an operating handle (10-1, 10-2) according t o one of the claims 1 to

29, the operating handle (10-1, 10-2) being disposed at the proximal

end portion of the catheter delivery system,

wherein the at least one sliding member (30, 40) of the operating handle

(10-1, 10-2) is operatively connected with the at least one sleeve-shaped

member (81, 82) of the catheter tip (80-1, 80-2).

31. Catheter delivery system according to claim 30,

wherein the catheter delivery system further comprises at least one

catheter tube (91, 92) having a distal end connected with the at least one

sleeve-shaped member (81, 82), and further having a proximal end

connected with the at least one sliding member (30, 40).

32. Catheter delivery system according to claim 30 or 31,

wherein the catheter tip (80-1, 80-2) comprises:



- a first sleeve-shaped member (81) operatively connected with the first

sliding member (30) of the operating handle (10-1, 10-2); and

- a second sleeve-shaped member (82) operatively connected with the

second sliding member (40) of the operating handle (10-1, 10-2),

wherein the first and second sliding members (30, 40) are both operatively

linked with the manipulating part (12) of the operating handle (10-1, 10-2)

by means of the cam mechanism (50) such that, upon rotation of the

manipulating part (12) relative to the hand grip (11), the first and second

sliding members (30, 40) move independently from each other axially in

the direction of the longitudinal axis (L).

33. Catheter delivery system according to claim 32,

wherein the cam mechanism (50) of the operating handle (10-1, 10-2)

comprises a cylindrical member (51) connected with the manipulating part

(12) of the operating handle (10-1, 10-2), the cylindrical member (51)

comprising a first cam groove (31, 41) and a second cam groove (31, 41),

wherein the cam mechanism (50) further comprises a fist pin member (32,

42) having a first end portion connected with the first sliding member (30,

40), and further having a second end portion opposite to the first end

portion, the second end portion of the first pin member (32, 42) engaging

with the first cam groove (31, 41) such that, upon rotation of the

manipulating part (12) relative to the hand grip (11), the first pin member

(32, 42) follows a cam profile defined by the first cam groove (31, 41),

and

wherein the cam mechanism (50) further comprises a second pin member

(32, 42) having a first end portion connected with the second sliding

member (30, 40), and further having a second end portion opposite to the

first end portion, the second end portion of the second pin member (32,

42) engaging with the second cam groove (31, 41) such that, upon

rotation of the manipulating part (12) relative to the hand grip (11), the

second pin member (32, 42) follows a cam profile defined by the second

cam groove (31, 41).

34. Catheter delivery system according to claim 33,

wherein the cam profiles defined by the first and second cam grooves (31,

41) are respectively chosen such that a rotary motion of the manipulating



part (12) relative to the hand grip (11) is transformed into a linear motion

of the first sliding member (30, 40) and, independently therefrom, into a

linear motion of the second sliding member (30, 40), thereby allowing a

predetermined sequence of axial movements of the first and second

sleeve-shaped members (81, 82) of the catheter tip (80-1, 80-2) relative to

each other.

35. Catheter delivery system according to one of the claims 32 to 34,

wherein the first sleeve-shaped member (81) and the second sleeve-

shaped member (82) of the catheter tip (80-1, 80-2) constitute a seat

portion adapted to receive a heart valve prosthesis (150),

wherein the catheter tip (80-1, 80-2) further comprises a stent holder (85)

capable of releasably fixing a heart valve prosthesis (150) received in the

seat portion.

36. Catheter delivery system according to claim 35,

wherein the first sleeve-shaped member (81) and the second sleeve-

shaped member (82) are axially movable relatively to each other and

relatively to the stent holder (85).

37. Catheter delivery system according to claim 35 or 36,

wherein the stent holder (85) comprises a crone having stent retaining

means (86) for releasably connecting with catheter retaining means (123)

provided at a heart valve prosthesis (150) to be introduced into the

patient's body by means of the catheter delivery system.

38. Catheter delivery system according to one of the claims 35 to 37,

wherein the stent holder is operatively connected with an anchorage (45)

of the operating handle (10-1, 10-2).

39. Catheter delivery system according to claim 38 in connection with one of

the claims 6 to 12, wherein the anchorage (45) of the operating handle

(10-1, 10-2) is affixed to the body member (52) of the cam mechanism

(50).



40. Catheter delivery system according to one of the claims 35 to 39,

wherein the catheter delivery system comprises:

- a first catheter tube (91) defining a first lumen and having distal end

connected with the first sleeve-shaped member (81), and further

having a proximal end connected with the first sliding member (30,

40);

- a stent holder tube (93) defining a passageway and having a distal end

connected with the stent holder (85), and further having a proximal

end connected to an anchorage (45) of the operating handle (10-1, 10-

2); and

- a second catheter tube (92) defining a second lumen and having a

distal end connected with the second sleeve-shaped member (82), and

further having a proximal end connected with the second sliding

member (30, 40).

41. Catheter delivery system according to claim 40,

wherein the second catheter tube (92) has a cross-sectional diameter less

than a cross-sectional diameter of the first catheter tube (91), and wherein

the first catheter tube (91) is disposed concentrically and coaxially with

the second catheter tube (92).

42. Catheter delivery system according to claim 40 or 41,

wherein the third lumen defined by the second catheter tube has a

diameter sufficient to accommodate a guidewire (180).

43. Catheter delivery system according to one of the claims 40 to 42,

wherein the first catheter tube (91) terminates at its distal end in a flared

section (83), the flared section (82) defining a transition t o the first

sleeve-shaped member (81).

44. Catheter delivery system according to claim 43,

wherein the flared section (83) is preferably formed integrally with a distal

end portion of the first catheter tube (91).

45. Catheter delivery system according to one of the claims 40 to 44,

wherein the stent holder tube (93) has a cross-sectional diameter less than



a cross-sectional diameter of the first catheter tube (91) and greater than

a cross-sectional diameter of the second catheter tube (92),

wherein the first catheter tube (91) is disposed concentrically and coaxially

with the stent holder tube (93) thereby accommodating the stent holder

tube (93) such that the first catheter tube (91) is axially movable relatively

to the stent holder tube (93), and wherein the passageway defined by the

stent holder tube (93) has a diameter sufficient to accommodate the

second catheter tube (92) such that the second catheter tube (92) is

axially movable relatively to the stent holder tube (93).

46. Catheter delivery system according to one of the claims 4 1 to 45,

wherein the stent holder tube (93) is rotatable relatively to the first and

second catheter tubes (91, 92).

47. Catheter delivery system according to one of the claims 40 to 46,

wherein the first catheter tube (91) and/or the second catheter tube (92)

are/is made from a bendable material adapted to transfer compression and

tension forces, and wherein at least a proximal end section of the first

catheter tube (91) and/or at least a proximal end section of the second

catheter tube (92) are/is preferably made of a braided wire construction.

48. Catheter delivery system according to claim 47,

wherein the bendable material include polyurethane, silicone,

polyvinylchlorid (PVC), nylon and/or polyether-block-amide, in particular

Pebax® .

49. Catheter delivery system according to one of the claims 40 to 48,

wherein a catheter end tip (94) is connected to the distal end section of

the second catheter tube (92) distal to the second sleeve-shaped member

(82) in order to ease entry of the catheter tip (80-1, 80-2) into the

patient's body.

50. Catheter delivery system according to claim 49,

wherein the catheter end tip (94) preferably is a soft catheter end tip,

more preferably a soft polymeric catheter end tip having an atraumatic

shape.



51. Catheter delivery system according to one of the claims 40 to 50,

wherein the first catheter tube (91) and/or the second catheter tube (92)

are/is at least partly made of a braided wire construction.

52. Catheter delivery system according to one of the claims 30 to 51, further

comprising a guidewire (180) suited for guiding at least the distal end

portion of the catheter delivery system to an implantation side, the

guidewire (180) being designed to be advanced into a patient's vasculature

independently from the catheter delivery system and, in particular,

independently from the distal end portion of the catheter delivery system.

53. Medical device for the treatment of a heart valve defect, in particular a

heart valve failure or a heart valve stenosis in a patient, wherein the

medical device comprises:

a catheter delivery system in accordance with one of the claims 30 to

52; and

an expandable heart valve stent (100) accommodated in the catheter

tip (80-1, 80-2) of the catheter delivery system.

54. Medical device according to claim 53,

wherein the expandable heart valve stent (100) comprises catheter

retaining means (85, 86) configured to engage with stent retaining means

(123) of the catheter tip (80-1, 80-2) for releasably connecting the

expandable heart valve stent (100) with the catheter tip (80-1, 80-2).

55. Medical device according to claim 53 or 54,

wherein the expandable heart valve stent (100) comprises a plurality of

positioning arches (115, 115a, 115b, 115c) configured to be positioned

within a plurality of pockets (T) of the patient's native heart valve and to be

positioned on a first side of a plurality of native heart valve leaflets (V), and

further comprises a plurality of retaining arches (116, 116a, 116b, 116c)

configured to be positioned on a second side of the plurality of native heart

valve leaflets (V) opposite the first side.



56. Medical device according to one of the claims 53 to 55

wherein a valvular, prosthesis (200) is connected to the expandable heart

valve stent (100).

57. Medical device according to claim 56,

wherein the valvular prosthesis (200) is made from pericardium.



Statement under Art. 19 PCT

Independent claim 1 of the redrafted claims filed in accordance with Art. 19 PCT

mostly corresponds to claim 1 as originally filed; however, the deficiencies

addressed in the Written Opinion of the International Searching Authority have led

to corresponding amendments. I n detail, the subject-matter of claim 1 has been

defined more precisely by incorporating the features of original claim 4. Moreover,

we incorporated the following clarifications into independent claim 1: i) the

operating handle comprises a first and a second sliding member (30, 40), ii) the

cylindrical member of the cam mechanism comprises a first a second cam groove

(31, 41), and iii) the cam mechanism comprises a first and a second pin member

(32, 42). Support for these amendments can be found in the specification as

originally filed, for example, on page 54, line 37 to page 55, line 5.

Finally, we incorporated the additional feature into claim 1, according to which

independently from each other the first and second sliding members (30, 40) are

axially moved in the direction of the longitudinal axis upon rotation of the

manipulating part relative to the hand grip. This additional feature is originally

disclosed on page 60, lines 7 to 17 of the original specification.

Claims 2 and 3 of the claims filed in accordance with Art. 19 PCT correspond to

claims 2 and 3 as originally filed; claims 4 to 57 of the redrafted claims set

correspond to claims 5 to 58 as originally filed.
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