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(54) PROTECTIVE DEVICE FOR OPEN HEART AORTIC VALVE REPLACEMENT SURGERY AND 
KIT COMPRISING THE SAME

(57) A protective device for open heart aortic valve
replacement surgery in a patient, comprises a base ele-
ment (2) having, on its proximal side (4), a first coupling
member (10) and, on its distal side (6), a second coupling
member (12). Moreover, the device comprises a longitu-
dinally slidable elongated actuator member (14) distally
provided with a third coupling member (18), a tip element
(20) comprising a fourth coupling member (22) releasably
connectable with the second coupling member (12) and
a fifth coupling member (24) releasably connectable with
the third coupling member (18). A flexible strut arrange-
ment (26) forms a radially external connection between
the base element (2) and the tip element (20), with a
screen element (28) surroundingly attached to the strut
arrangement (26). An elongated handling member (30)
has a distal end (32) provided with a sixth coupling mem-
ber (34) releasably connectable with the first coupling
member (10), the handling member (30) having a longi-
tudinal passageway (36) configured to slidingly receive
the actuator member (14). In a deployed state of the de-
vice, the fourth coupling member (22) is connected with
the second coupling member (12) and the strut arrange-
ment (26) is radially expanded, thereby forming an an-
choring support for attachment to a surrounding arterial
wall segment (W) of the patient. In a movable state of
the device, the fourth coupling member (22) is released
from the second coupling member (12) and the tip ele-
ment (20) is maintained distally displaced from the base
element (2), whereby the strut arrangement (26) is lon-
gitudinally expanded so as to be movable within the sur-
rounding arterial wall segment (W) and through the aortic
valve of the patient.
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Description

Field of the Invention

[0001] The present invention generally relates to a pro-
tective device for open heart aortic valve replacement
surgery. In particular, the device is intended for collecting
and disposing any calcified fragments and tissue rem-
nants falling off as debris during removal of a sclerotic
valve.

Background of the Invention

[0002] Aortic valve replacement is a procedure applied
when a patient’s aortic valve is failing, which can be due
to various causes. The valve can either become leaky,
a condition called aortic insufficiency, or it can be partially
blocked in a condition called aortic stenosis. Current ap-
proaches for aortic valve replacement include open heart
surgery via a sternotomy, minimally invasive cardiac sur-
gery and transcatheter aortic valve replacement.
[0003] Open heart aortic valve replacement is usually
done through a median sternotomy, i.e. incision is made
by cutting through the sternum. After the pericardium has
been opened, the patient is connected to a cardiopulmo-
nary bypass machine which takes over the tasks of
breathing and pumping around the patient’s blood around
while the damaged heart valve is being replaced. Once
the bypass is functional, a cross clamp is applied, fol-
lowed by administration of cardioplegic solution/blood-
cardioplegia either via aorta ascendens and/or selective-
ly via coronary ostiae. After aortotomy is performed, the
surgeon removes the patient’s diseased aortic valve and
replaces it with a suitable mechanical or tissue valve.
After the valve is in place, the aorta can be closed and
the patient can be taken off the cardiopulmonary bypass
machine.
[0004] A complication that can arise in aortic valve re-
placement surgery is caused by small calcified fragments
falling off as debris during sclerotic valve removal e.g. by
using a Rongeur tool. Such fragments and debris can
pass into the left ventricle and thus pose a significant risk
of post-surgical stroke.
[0005] Embolic protection devices are known in the
field of interventional cardiology, but most of them are
inserted in the bloodstream where they act as an implant-
ed sieve.
[0006] DE 10049812 A1 discloses a filter type device
for removing macroscopic particles from the bloodstream
of a patient undergoing minimally invasive aortic valve
surgery. The known device comprises a pair of screen
elements that can be unfolded in umbrella-type manner
so as to form a contained volume therebetween. For the
aortic valve intervention, the device is positioned in such
manner that the valve is enclosed between the two
screen elements. Accordingly, any macroscopic debris
formed during intervention on the aortic valve will be safe-
ly trapped in the contained volume. However, the princi-

ple of this known device is not suitable for open heart
aortic valve surgery which requires that access to the
valve is not hindered by a screen element or the like.
[0007] US 2005/119688 A1 discloses a method and
assembly for distal embolic protection following open
heart aortic valve replacement surgery. US 2017/071720
A1 discloses an apparatus and procedure for trapping
embolic debris. US 2002/161394 A1 discloses an aortic
filter catheter. All of these previously described devices
are based on the filter principle already mentioned above.
In other words, they are configured in such manner as
to trap any debris while allowing for an arterial blood flow
which should be as unhindered as possible.
[0008] In view of the above, there is still a need to pro-
vide an effective embolic protection device that could be
efficiently and safely implemented in currently used open
heart aortic valve replacement surgery.

Summary of the Invention

[0009] The above and other objects are achieved by
the present invention.
[0010] According to one aspect of the invention, a pro-
tective device for open heart aortic valve replacement
surgery in a patient comprises:

- a base element having a proximal side, a distal side
and a central passage between the proximal side
and the distal side, the base element further com-
prising, on its proximal side, a first coupling member
and, on its distal side, a second coupling member,

- an elongated actuator member longitudinally slida-
ble within the central passage and having a distal
end provided with a third coupling member,

- a tip element comprising:

- a fourth coupling member releasably connecta-
ble with the second coupling member,

- a fifth coupling member releasably connectable
with the third coupling member,

- a flexible strut arrangement forming a radially exter-
nal connection between the base element and the
tip element,

- a screen element surroundingly attached to the strut
arrangement,

- an elongated handling member having a distal end
provided with a sixth coupling member releasably
connectable with the first coupling member, the han-
dling member having a longitudinal passageway
configured to slidingly receive the actuator member,

wherein, in a deployed state of the device, the fourth cou-
pling member is connected with the second coupling
member and the strut arrangement is radially expanded,
thereby forming an anchoring support for attachment to
a surrounding arterial wall segment of the patient, where-
as, in a movable state of the device, the fourth coupling
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member is released from the second coupling member
and the tip element is maintained distally displaced from
the base element, whereby the strut arrangement is lon-
gitudinally expanded so as to be movable within the sur-
rounding arterial wall segment and through the aortic
valve of the patient.
[0011] In the present context, the terms "proximal" and
"distal" will be understood as directed towards and away,
respectively, from an operator holding the device.
[0012] The use of the device in open heart aortic valve
replacement surgery starts after the damaged valve has
been exposed by making a cut in the aorta and applying
a cross-clamp. The device is initially in a movable state,
i.e. in a state in which the the strut arrangement is longi-
tudinally expanded. In this longitudinally expanded state
the tip element is axially displaced from the base element.
Accordingly, the strut arrangement has a corresponding-
ly reduced radial size, analogous to a folded umbrella.
[0013] At this point of the procedure, the third coupling
member and the fifth coupling member are in a connected
state, i.e. the distal end of the elongated actuator member
and the tip element are connected to each other. More-
over, the handling member is connected to the base el-
ement so as to facilitate the positioning of the protective
device in the aorta.
[0014] The device is then driven with its tip region
through the damaged aortic valve and positioned in such
manner that (i) the tip element is located distally from the
aortic annulus and points into the left ventricle and (ii)
the base element is located just slightly distally from the
aortic annulus. This procedure evidently requires that the
distal part of the device that is driven through the dam-
aged aortic valve is sufficiently narrow. For interventions
in adults, the distal part of the device should have an
outer diameter not exceeding about 5 mm.
[0015] After positioning, the device is brought to a de-
ployed state by retracting the tip element in proximal di-
rection by a corresponding retraction of the actuator
member connected thereto. This retraction is continued
until the tip element meets the base element, whereby
the fourth coupling member, which is disposed on the tip
element, is connected with the second coupling member
disposed on the base element. As a consequence of this
retraction, the strut arrangement is radially expanded so
as to form an anchoring support for attachment to a sur-
rounding arterial wall segment, i.e. the aortic annulus.
The radial expansion of the strut arrangement leads to
unfolding of the screen element surroundingly attached
thereto, analogous to opening an umbrella. As a result,
the unfolded screen element is now fixed in a position
below the aortic valve.
[0016] Next, the connection between the third coupling
member and the fifth coupling member is released, i.e.
the distal end of the actuator member is disengaged from
the tip element. This enables retracting, i.e. pulling away
the actuator member so as to clear the central region of
the aortic valve. Moreover, the connection between the
sixth coupling member and the first coupling member is

also disconnected, so as to allow retracting the handling
member and thus also clear the peripheral region of the
aortic valve. The deployed state of the device is main-
tained by virtue of the connection between the fourth and
second coupling members.
[0017] Subsequently the diseased aortic valve is re-
moved by an appropriate surgical technique. Any debris
formed during this intervention that falls downwards from
the valve region is caught by the unfolded screen ele-
ment.
[0018] Once the aortic valve has been removed, the
device is removed in the following manner. First, the han-
dling member is reconnected to the base element by
bringing together the sixth and the first coupling member.
Second, the elongated actuator member is reinserted
through the longitudinal passageway of the handling
member. The distal end of the actuator member is ad-
vanced until it meets the tip element. At this point the
third coupling member is re-connected to the fifth cou-
pling member of the tip element. Thereafter, the tip ele-
ment is disengaged from the base element by releasing
the connection between the fourth and second coupling
elements. Subsequently, the elongated actuator member
is advanced further, thereby causing an axial expansion
and a corresponding radial collapse of the strut arrange-
ment and screen element. The device thus reaches again
its movable state and is ready to be retracted in its en-
tirety. By the refolding of the screen element it is ensured
that its peripheral portion does not engage in the aortic
wall and that no debris falls off from the screen element.
Finally, an appropriate replacement valve, which can be
a mechanical or tissue valve, is put in place.
[0019] It will be understood that the entire procedure
needs to be conducted in accordance with standard re-
quirements for surgery. Therefore, according to a second
aspect of the invention (claim 15), a kit for open heart
aortic valve replacement surgery comprises a protective
device as defined above which is provided in a sterilized
packaged form.
[0020] Advantageous embodiments of the invention
are defined in the dependent claims and/or are described
hereinbelow.
[0021] In view of its function of collecting debris falling
off during sclerotic valve removal in open heart surgery,
there is no need to ensure an uninterrupted blood pas-
sage. In simple words, the screen element does not work
like a filter or sieve, but rather like a closed trap. Accord-
ingly, the screen element can be made from any suitable
thin and flexible material, wherein "suitable" refers to gen-
eral compatibility with surgical interventions. In one em-
bodiment, the screen element is made from a thin poly-
meric or metallic mesh. In other embodiments (claim 2),
the screen element is made of a non-porous foil or cloth.
[0022] In principle, various embodiments can be con-
templated for the various coupling elements serving to
form releasable connections between parts of the device.
Unless explicitly mentioned otherwise, the term "releas-
able connections" shall be understood in the sense of a
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repeatedly connectable and releasable connection. De-
pending on specific function and configuration of the in-
volved parts, different types of couplings such as thread-
ed connections, snap connections or bayonet-type con-
nections are appropriate.
[0023] According to one embodiment (claim 3), the
second coupling member and the fourth coupling mem-
ber are configured as cooperating snap connections
forming the intended releasable connection between the
tip element and the base element. Such a snap connec-
tion generally requires applying, in an appropriate direc-
tion, an axial force that exceeds a predefined threshold
for being brought into a connected or disconnected state,
respectively. This threshold needs to be sufficiently high
to ensure that the strut arrangement is maintained in its
radially expanded state, but it also needs to be sufficiently
low to enable a safe release of the tip element after com-
pletion of the aortic valve removal without requiring un-
due force. Alternatively or additionally, the radially ex-
panded state is reached and maintained by means of a
fluid actuated expandable structure. Such fluid actuation
may be achieved pneumatically or hydraulically by ap-
propriate fluid delivery means.
[0024] According to another embodiment (claim 4), the
first coupling member and the sixth coupling member are
configured as cooperating threads, i.e. as a first cooper-
ating thread pair, thereby forming a threaded releasable
connection between the distal end of the elongated han-
dling member and the proximal side of the base element.
Advantageously, the elongated handling member is con-
figured as a metallic tube with a smooth external wall,
and the sixth coupling member is formed thereon as an
internal thread. A corresponding external thread is then
provided on the base element, at the proximal side there-
of. Connecting and disconnecting is then achieved by
appropriate rotation. In particular, if the base element is
held in place, e.g. when fixed to an arterial wall region,
such rotation is simply effected on the elongated handling
member.
[0025] According to a further embodiment (claim 5),
the third coupling member and the fifth coupling member
are configured as a second pair of cooperating threads,
thereby forming a threaded releasable connection be-
tween the distal end of the elongated actuator member
and the tip element. Advantageously, the elongated ac-
tuator is configured as a thin metallic rod, and the third
coupling member is formed thereon as an external
thread. A corresponding internal thread is then provided
on the tip element, at the proximal side thereof. Connect-
ing and disconnecting is achieved by appropriate rota-
tion. In particular, if the base element is held in place, e.
g. when fixed to an arterial wall region, such rotation is
simply effected on the elongated actuator member.
[0026] According to an advantageous embodiment
(claim 6), the first cooperating threads and the second
cooperating threads have identical sense of rotation and,
moreover, the elongated actuator member and the elon-
gated handling member are rotationally coupled but lon-

gitudinally decoupled. On the one hand, rotational cou-
pling implies that by applying a single rotational motion
an operator can simultaneously rotate the actuator mem-
ber and the handling member, thereby connecting or dis-
connecting both pairs of cooperating threads. Longitudi-
nal decoupling, on the other hand, allows compensation
for different pitches of the two pairs of cooperating
threads. In certain embodiments, rotational coupling with
longitudinal decoupling is achieved by means of a radially
oriented pin or stick which is firmly connected to one
member and is engaged in a corresponding axial slit or
recess of the other member.
[0027] Appropriate positioning of the device along the
aortic section of interest is of crucial importance for en-
suring proper functioning. In particular, the device shall
be positioned in such manner that the strut arrangement
in its radially expanded state meets a mechanically stable
region of the aorta between the aortic valve and the left
ventricle. Therefore, according to yet another embodi-
ment (claim 7), the handle member comprises a radially
protruding structure configured to define an operational
longitudinal position of the device. In some embodiments,
the radially protruding structure is configured as a collar
formed on a substantially cylindrical wall region. In other
embodiments, the radially protruding structure is formed
by a step-like increase in radial direction.
[0028] Advantageously (claim 8), the protective device
further comprises a longitudinally retractable sheath el-
ement configured to surround the screen element when
the device is in its folded state. Such a sheath element
acts as a mechanical protection for the device. Moreover,
it can be configured with a rounded edge region allowing
for easy passage through the aortic valve to be replaced.
In order to allow retraction of the sheath element in em-
bodiments provided with a radially protruding structure,
the latter can be provided with longitudinal passages
formed as slits, e.g. as segments of a circle. Such pas-
sages are intended to receive a wall region of the sheath
element which is correspondingly configured as longitu-
dinal stripes or ribs.
[0029] For the necessary unfolding and refolding of the
screen element, it is advantageous (claim 9) if the flexible
strut arrangement comprises a plurality of resilient struts,
each one having a proximal strut end connected to a
radial face portion of the base element and a distal strut
end connected to a radial face portion of the tip element.
According to one embodiment (claim 10), the resilient
struts are connected to the base element and to the tip
element in a hinged manner.
[0030] According to an advantageous embodiment of
the base element (claim 11), the latter comprises:

- a distal base ring provided with said radial face por-
tion and said second coupling member, said face
portion having a plurality of lateral connection pasag-
es for receiving respective proximal strut ends,

- a covering ring having a flange region and a protrud-
ing cylindrical collar provided with longitudinal slits
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forming passages for axially sliding the covering ring
over said proximal strut ends,

- a proximal coupling ferrule having a distal cylindrical
part insertable through the covering ring and con-
nectable to the distal base ring, the coupling ferrule
being provided with said first coupling member and
having a radially protruding section for abutment
against a proximal surface of the covering ring,

thereby providing an easily assemblable, compact con-
struction.
[0031] Advantageously (claim 12), the screen element
comprises an expandable ring element connected to the
strut arrangement and forming a radially external portion
of the screen element. Such a ring element can act as a
cushion-like structure ensuring safe anchoring of the de-
vice against a surrounding arterial wall region. According
to one embodiment, the ring element can be pneumati-
cally or hydraulically actuatable and thereby provide or
assist the unfolding/refolding of the screen element.
[0032] Various further embodiments take into account
the intended application of the protective device for open
heart aortic valve replacement surgery. Generally, the
device can be provided in somewhat different sizes,
which are selected primarily according to the currently
known size ranges of the aortic valve annulus.
[0033] According to one embodiment (claim 13), in the
movable state of the device, a distal part thereof has an
outer diameter not exceeding about 5 mm. This allows
the intended insertion through the aortic valve to be re-
placed. Depending on the specific configuration of the
device, this limiting outer diameter is defined by a retract-
able sheath element or by the radial extension of the strut
arrangement in its longitudinally extended state.
[0034] According to another embodiment (claim 14),
in the deployed state of the device, the screen element
in its unfolded state has an outer diameter of 20 to 35
mm. This should substantially correspond to the inner
diameter of the aortic region against which the device
shall be anchored during the surgical intervention.

Brief description of the drawings

[0035] The above mentioned and other features and
objects of this invention and the manner of achieving
them will become more apparent and this invention itself
will be better understood by reference to the following
description of various embodiments of this invention tak-
en in conjunction with the accompanying drawings,
wherein are shown:

Fig. 1 a first embodiment of a protective device, in
the movable state, partially disassembled, in
a schematic view as a longitudinal section;

Fig. 2 the protective device of Fig. 1, in the deployed
state;

Fig. 3 the device of Fig. 3, with an attached sheath
element;

Fig. 4 a second embodiment of a protective device,
in the movable state, in a schematic view as
a longitudinal section;

Fig. 5 a third embodiment of a protective device, in
the movable state with attached sheath ele-
ment, in a schematic view as a longitudinal
section;

Fig. 6 the protective device of Fig. 5, in the deployed
state;

Fig. 7 the protective device of Fig. 5, shown in an
inserted position abutting against an aortic
valve;

Fig. 8 the protective device of Fig. 7, in the deployed
state;

Fig. 9 a photographic model view of a distal part of
a protective device, in the deployed state;

Fig. 10 a photographic model view of a protective de-
vice, in a transition state between movable
and deployed states;

Fig. 11 a distal part of a fourth embodiment of a pro-
tective device, in the movable state, in a per-
spective view;

Fig. 12 the distal part of Fig. 11, in a partially disas-
sembled state, in a magnified view;

Fig. 13 the distal part of Fig. 11, in a sectional view;

Fig. 14 a screen element of the protective device, in
a perspective view; and

Fig. 15 a fifth embodiment of a protective device, in
the movable state, in a schematic view as a
longitudinal section.

Detailed description of the invention

[0036] It will be understood that the figures are not nec-
essarily drawn to scale. In some instances, relative di-
mensions are substantially distorted for ease of visuali-
zation. Features having identical purpose will generally
be denoted with identical reference numerals also for dif-
ferent embodiments.
[0037] As shown schematically in Figs. 1 and 2, a pro-
tective device for open heart aortic valve replacement
surgery, comprises a base element 2 having a proximal
side 4, a distal side 6 and a central passage 8 between
the proximal side 4 and the distal side 6. The base ele-
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ment 2 further comprises, on its proximal side 4, a first
coupling member 10 configured as an external thread
and, on its distal side 6, a second coupling member 12
configured as a snap connection element. The device
further comprises an elongated actuator member 14
which is longitudinally slidable within the central passage
8 and has a distal end 16 provided with a third coupling
member 18. In the example shown, the third coupling
member 18 is configured as a terminal external thread.
A tip element 20 of the device comprises a fourth coupling
member 22, which in the example shown is configured
as a snap element that is releasably connectable with
the second coupling member 12. Moreover, the tip ele-
ment 20 comprises a fifth coupling member 24 configured
as a proximally situated internal thread which is releas-
ably connectable with the third coupling member 18 of
the actuator member 14.
[0038] The protective device also comprises a flexible
strut arrangement 26 forming a radially external connec-
tion between the base element 2 and the tip element 20
and a screen element 28 surroundingly attached to the
strut arrangement 26. In the example shown, the screen
element 28 is made of a non-porous foil or cloth. More-
over, the device comprises an elongated handling mem-
ber 30 having a distal end 32 provided with a sixth cou-
pling member 34 configured as an inner thread which is
releasably connectable with the first coupling member
10 of the base element 2. In general, the handling mem-
ber 30 has a longitudinal passageway 36 configured to
slidingly receive the actuator member 14. In the sche-
matic example of Figs. 1 and 2 the longitudinal passage-
way 36 is constituted by the inside of a tubular shaped
handling member 30, which in practice will generally be
longer than shown in the figures.
[0039] In a deployed state of the device as shown in
Fig. 2, the fourth coupling member 22 is connected with
the second coupling member 12 and the strut arrange-
ment 26 is radially expanded, thereby forming an anchor-
ing support for attachment to a surrounding arterial wall
segment W. In a movable state of the device as shown
in Fig. 1 with partially disassembled components, the
fourth coupling member 22 is released from the second
coupling member 12 and the tip element 20 is maintained
distally displaced from the base element 2, whereby the
strut arrangement 26 is longitudinally expanded so as to
be movable within the surrounding arterial wall segment
W.
[0040] As also shown in the figures, the handling mem-
ber 30 comprises a radially protruding structure 38, in
this case a ring-like shoulder, which serves to define an
operational longitudinal position of the device.
[0041] As furthermore shown in Fig. 3, the device com-
prises a longitudinally retractable sheath element 40 con-
figured to surround the screen element 28 when the de-
vice is in its folded state. In order to provide easy passage
through the aortic valve to be replaced, the distal edge
region 42 of the sheath element is rounded.
[0042] In the movable state of the device shown in Fig.

1, the distal part below, i.e. distally from, the radially pro-
truding structure has an outer diameter D1 which should
not exceed about 5 mm. In the deployed state of the
device shown in Fig. 2, the screen element 28 in its un-
folded state has an outer diameter D2 of about 20 to 35
mm so as to form an anchoring against the surrounding
wall segment W.
[0043] In the embodiment shown in Fig. 4, the elongat-
ed handling member 30 has a comparatively larger di-
ameter D3, whereby the protruding structure 38 is formed
by a distal face of the handling member.
[0044] A further embodiment is illustrated in Figs. 5 to
8 in just schematic manner, first showing the protective
device by itself and then showing a distal part of the de-
vice in situ. In particular, Figs. 5 and 7 show the device
in its movable state, wherein the flexible strut arrange-
ment 26 and the screen element 28 are contained within
the sheath element 40. Figs. 6 and 8 show the device in
its deployed state, after removal of the sheath element
40. The anatomic situation is shown in Figs. 7 and 8 in-
cluding a schematic representation of the aortic valve
AV, arterial wall segment W and left ventricular region LV.
[0045] Further illustration of the operating principle is
provided by Figs. 9 and 10. Fig. 9 shows a photographic
model view of a distal part of a protective device in the
deployed state after removal of the handling member.
For comparison, Fig. 10 shows a photographic model
view of a protective device in a transition state between
movable and deployed states. In the situation shown, the
handling member 30 is connected to the first coupling
member 10, the elongated actuating member 14 is par-
tially protruding in distal direction and connected to tip
element 20.
[0046] A fourth embodiment is illustrated in Figs. 11 to
14. Some components of the protective device in the
movable state are shown in Fig. 11. These include the
retractable sheath element 40 with rounded edge region
42, the handling member 30 and the ring-like protruding
structure 38 attached thereto. The sheath element 40
comprises longitudinal ribs 44 separated by longitudinal
slits 46 and in this manner is longitudinally retractable
through the protruding structure 38 via passages 48
shaped as annulus sectors.
[0047] Figs. 12 and 13 show a distal portion of the de-
vice with partially retracted sheath element 40. The base
element generally indicated as 2 comprises, at its distal
end, the second coupling member 12. A covering ring
50, which is not shown in Fig. 12 for better clarity, has a
proximal flange region 52 and a distally protruding cylin-
drical collar 54 with longitudinal slits 56 forming passages
for axially sliding the covering ring over proximal strut
ends 57. The second coupling member 12 comprises a
plurality of cylindrical segments 58 with inward directed
distal snapper ends 60. Also shown in Fig. 12 is the tip
element 20 with fourth coupling member 22 configured
as circumferential recess 62. In order to be releasably
connectable with the second coupling member 12, the
recess 62 is formed to engagingly receive the distal snap-
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per ends 60 and to allow disengagement thereof by hav-
ing an oblique transition zone 64. Moreover, the tip ele-
ment 20 has a radial face portion 66 with connection sites
68 for distal strut ends.
[0048] The base element 2 is made up of several parts,
including a distal base ring 70 having a face portion with
a plurality of lateral connection passages 72 for receiving
proximal ends 57 of resilient struts 74. In Fig. 13 are
shown distal strut ends 76 engaged in connection sites
68 of tip element 20. Base element 2 further comprises
a proximal coupling ferrule 78 having a distal cylindrical
part 80 insertable through the covering ring 50 and con-
nectable to the distal base ring 70. The coupling ferrule
78 is provided at its proximal side with the first coupling
member 10 and has a radially protruding section 82 for
abutment against a proximal surface of the covering ring.
[0049] As shown in Fig. 14, the screen element 28 com-
prises an expandable ring element 84 connected to the
strut arrangement 26 and forming a radially external por-
tion of the screen element. In this example, the ring ele-
ment 84 is configured as a cushion-like element ensuring
safe anchoring of the device against a surrounding arte-
rial wall region not shown in the drawing.
[0050] A fifth embodiment of a protective device is
shown in Fig. 15. It is closely similar to the fourth embod-
iment, and only the most important differences will thus
be described. The first pair of cooperating threads 10 and
34, and the second pair of cooperating threads 18 and
24, have identical sense of rotation. In other words, either
the threads are all right-handed or they are all left-hand-
ed. Moreover, the elongated actuator member 14 and
the elongated handling member 30 are rotationally cou-
pled. For this purpose, a coupling pin 86 is inserted
through a correspondingly dimensioned radial passage
88 in the elongated actuator member 14 and a corre-
spondingly dimensioned radial passage 90 in the elon-
gated handling member 30. In the example shown, the
elongated handling member 30 is provided at its proximal
end with a handling knob 92 rigidly connected thereto.
By applying a rotational motion to handling knob 92, an
operator can simultaneously rotate the handling member
30 and the actuator member 14, thereby either connect-
ing or disconnecting both pairs of cooperating threads
10 & 34 and 18 & 24. Furthermore, the elongated actuator
member 14 and the elongated handling member 30 are
longitudinally decoupled. This allows compensation for
different pitches of the two pairs of cooperating threads
and any further relative longitudinal displacement be-
tween actuator member 14 and handling member 30. In
the example shown, longitudinal decoupling is provided
by having radial passage 90 formed as longitudinal slits,
thus allowing coupling pin 86 and actuator member 14
to slide in longitudinal direction with respect to handling
member 30.

List or reference numerals

[0051]

2 base element
4 proximal side of 2
6 distal side of 2
8 central passageway of 2
10 first coupling member of 2
12 second coupling member of 2
14 elongated actuator member
16 distal end of 14
18 third coupling member of 14
20 tip element
22 fourth coupling member of 20
24 fifth coupling member of 20
26 strut arrangement
28 screen element
30 elongated handling member
32 distal end of 30
34 sixth coupling member of 30
36 longitudinal passageway of 30
38 radially protruding structure of 30
40 sheath element
42 distal edge region of 40
44 longitudinal ribs of 40
46 longitudinal slits of 40
48 passages of 38 for 46
50 covering ring
52 proximal flange region of 50
54 protruding cylindrical collar of 50
56 longitudinal slits of 52
57 proximal strut ends of 74
58 cylindrical segments of 12
60 snapper ends of 58
62 circumfrerential recess of 20
64 oblique transition zone of 62
66 radial face of 20
68 connection sites of 66
70 distal base ring of 2
72 lateral connection passages of 70
74 resilient struts
76 distal strut ends of 74
78 proximal coupling ferrule
80 distal cylindrical part of 78
82 radially protruding section of 82
84 expandable ring element
86 coupling pin
88 radial passage of 14
90 radial passage of 30
92 handling knob of 30

Claims

1. A protective device for open heart aortic valve re-
placement surgery in a patient, comprising:

- a base element (2) having a proximal side (4),
a distal side (6) and a central passage (8) be-
tween the proximal side (4) and the distal side
(6), the base element (2) further comprising, on
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its proximal side (4), a first coupling member (10)
and, on its distal side (6), a second coupling
member (12),
- an elongated actuator member (14) longitudi-
nally slidable within the central passage (8) and
having a distal end (16) provided with a third
coupling member (18),
- a tip element (20) comprising:

- a fourth coupling member (22) releasably
connectable with the second coupling mem-
ber (12),
- a fifth coupling member (24) releasably
connectable with the third coupling member
(18),

- a flexible strut arrangement (26) forming a ra-
dially external connection between the base el-
ement (2) and the tip element (20),
- a screen element (28) surroundingly attached
to the strut arrangement (26),
- an elongated handling member (30) having a
distal end (32) provided with a sixth coupling
member (34) releasably connectable with the
first coupling member (10), the handling mem-
ber (30) having a longitudinal passageway (36)
configured to slidingly receive the actuator
member (14),

wherein, in a deployed state of the device, the fourth
coupling member (22) is connected with the second
coupling member (12) and the strut arrangement
(26) is radially expanded, thereby forming an anchor-
ing support for attachment to a surrounding arterial
wall segment (W) of the patient,
whereas, in a movable state of the device, the fourth
coupling member (22) is released from the second
coupling member (12) and the tip element (20) is
maintained distally displaced from the base element
(2), whereby the strut arrangement (26) is longitudi-
nally expanded so as to be movable within the sur-
rounding arterial wall segment (W) and through the
aortic valve of the patient.

2. The protective device according to claim 1, wherein
the screen element (28) is made of a non-porous foil
or cloth.

3. The protective device according to claim 1 or 2,
wherein the second coupling member (12) and the
fourth coupling member (22) are configured as co-
operating snap connections.

4. The protective device according to one of claims 1
to 3, wherein the first coupling member (10) and the
sixth coupling member (34) are configured as first
cooperating thread pair (10 & 34).

5. The protective device according to one of claims 1
to 4, wherein the third coupling member (18) and the
fifth coupling member (24) are configured as second
cooperating thread pair (18 & 24).

6. The protective device according to claims 3 and 4,
wherein the first cooperating thread pair (10 & 34)
and the second cooperating thread pair (18 & 24)
have identical sense of rotation and wherein the
elongated actuator member (14) and the elongated
handling member (30) are rotationally coupled but
longitudinally decoupled.

7. The protective device according to one of claims 1
to 6, wherein the handling member (30) comprises
a radially protruding structure (38) configured to de-
fine an operational longitudinal position of the device.

8. The protective device according to one of claims 1
to 7, further comprising a longitudinally retractable
sheath element (40) configured to surround the
screen element (28) when the device is in its folded
state.

9. The protective device according to one of claims 1
to 8, wherein the flexible strut arrangement (26) com-
prises a plurality of resilient struts (74), each one
having a proximal strut end (72) connected to a radial
face portion of the base element (2) and a distal strut
end (76) connected to a radial face portion (66) of
the tip element (20).

10. The protective device according to claim 9, wherein
the resilient struts (74) are connected to the base
element (2) and to the tip element (20) in a hinged
manner.

11. The protective device according to claim 9 or 10,
wherein the base element (2) comprises:

- a distal base ring (70) provided with said radial
face portion and said second coupling member
(12), said face portion having a plurality of lateral
connection passages (72) for receiving respec-
tive proximal strut ends (57),
- a covering ring (50) having a flange region (52)
and a protruding cylindrical collar (54) provided
with longitudinal slits (56) forming passages for
axially sliding the covering ring over said proxi-
mal strut ends (72),
- a proximal coupling ferrule (78) having a distal
cylindrical part (80) insertable through the cov-
ering ring (50) and connectable to the distal base
ring (70), the coupling ferrule being provided
with said first coupling member (10) and having
a radially protruding section (82) for abutment
against a proximal surface of the covering ring
(50).
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12. The protective device according to one of claims 1
to 11, wherein the screen element (28) comprises
an expandable ring element (84) connected to the
strut arrangement (26) and forming a radially exter-
nal portion of the screen element.

13. The protective device according to one of claims 1
to 12, wherein, in the movable state of the device, a
distal part thereof has an outer diameter (D1) not
exceeding 5 mm.

14. The protective device according to one of claims 1
to 13, wherein, in the deployed state of the device,
the screen element in its unfolded state has an outer
diameter (D2) of 20 to 35 mm.

15. A kit for open heart aortic valve replacement surgery,
comprising a protective device according to one of
claims 1 to 14 in a sterilized packaged form.
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