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t ube and exit However, the embolic protection devices disclosed in 2004/0215167 have a number of
drawbacks. The device may be difficult to extract from the aortic arch as a stent like design is
devised for permanent implantation and removing a stent may harm the implantation site. The device
also forms along the aorta and may at least partly be pressed against or into the ostia regions of the
30  side vessels. Most often these ostia regions are subject to sedimented plaque on the outside of the
tissue in these ostia regions. When a stent like device is pressed against the plaque, the latter
loosens from the tissue on which it is situated and is washed along the side branch vessels as
debris. However, this debris is an undesired embolic material, which the device should avoid to enter
the branch vessels.
35 In US patent 6,258,120 implantable cerebral protection device is disclosed for diverting
emboli away from the carotid arteries in the aorta. The disclosed devices are aortic diverters that
generally comprise a hollow tube with a substantially cylindrical or conical wall, which is impermeable
to emboli and which has open ends that allow blood to enter one end, flow through the tube and exit
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the ostia of the brachiocephalic artery when using the device. The embolic debris is carried to the
right carotid artery and may lead to cerebral damage.
Moreover, the dome shaped device of US 2008/0065145 appears to be difficult, to work in
practice du to the anatomical structure and position of the afore described access way via the
35  brachiocephalic artery. The device will have to be very large in order to cover the ostia of the
brachiocephalic artery and the left carotid artery. Thus the device will be very voluminous in the
aortic arch.
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WO 2010/ @2 agsbament/paiRt pogidetdt @%electively permeable unit, and a first support member for the
protection unit that is at least partly arranged at a periphery of the selectively permeable unit. In an
expanded state of the device, the connection point is enclosed by the first support member or

30 integral therewith, wherein the transvascular delivery unit is connected off-center to the protection
unit at the connection point . In some embodiments, the connection point or region, or attachment
point, is enclosed by the first support member.

In embodiments the device is devised for percutaneous transvascular delivery to the aortic
arch through one of the aortic side branch vessels that is different from aortic side branch vessels

35  leading to the head or neck of the patient such as the brachiocephalic artery and the left carotid
artery, in a collapsed state.
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The selectively permeable unit may be devised to be arranged at a distance from ostia

regions of the aortic side branch vessels of the aortic arch, when the protection unit is positioned in
30  theaortic arch, in the expanded state.

The first support member may be arranged at a perimeter of the device, and is configured
for tissue apposition in the aortic arch, wherein the shape is ovale, elongate or patient-configured to
the interior of the aortic arch.

The ovale form has an increasing width towards the distal end of the device in some

35  embodiments.

In some embodiments, the delivery device is arranged at an angle with the support

member in a longitudinal direction of the device.
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In some embodiments, the device comprises at least one wing sections shaped to extend a

20  certain distance down into an ascendant and/or descendant aorta from the aortic arch, at an end
portion thereof.

In some embodiments, the device comprises a plurality of sub-sections of the protection
device arranged as multi-layers, wherein a plurality of peripheral support units and/or sealing units is
provided in series.

25 The selectively permeable unit may comprises a mesh material or fabric comprising a
mesh of strands, and/or a hydrophobic material and/or a hydrophobic agent. The selectively
permeable unit may be devised to substantially not trap the embolic material in the selectively
permeable unit. The selectively permeable unit may be devised to releasably trap at least a part of
the embolic material from a blood flow in the aortic arch.

30 In some embodiments, the selectively permeable unit comprises a first portion devised to
extend in a first direction towards a descending aorta of the aortic arch from the connection point,
and a second portion devised to extend in a second direction, opposite to the first direction, towards
an ascending aorta of the aortic arch from the connection point, when the protection unit is
positioned in the aortic arch , in the expanded state.

35 In some embodiments, the selectively permeable unit is arranged to asymmetrically extend
from the connection point in a first direction towards a descending aorta of the aortic arch and in a
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one 9 MMaglectély bétehtd hatefial b tBhroedioRluhid artery are effectively protected.
A second branch vessel, different from the branch vessel through which delivery is made,
is protected from embolic material by the embolic protective device. In particular, by access via the
left arm and the left subclavian artery, one or more of the left or right carotid artery are effectively
protected.

30 The method may comprises percutaneous transvascular delivery of the embolic protection
to the aortic arch through one of the aortic side branch vessels that is different from aortic side
branch vessels leading to the head or neck of the patient such as the brachiocephalic artery and the
left carotid artery, in a collapsed state.

The method may comprises percutaneous transvascular delivery of the embolic protection

35  through one of the aortic side branch vessels different than the aortic side branch vessels temporary
protected by the device when delivered to the aortic arch.
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are defined dependent clains, whereln 15features for the second and
subsequeme‘@éoﬁ@ért@'e%f the invention are as for the first aspect nutatis
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Embolic material generally ranges from 0.02 mm (20/um) to 5 mm in particle size or
diameter.
Embolic material and consists predominantly of atheromatous fragments dislodged from
20  the aortic wall, but also includes platelet aggregates which form during cardiac surgery, thrombus in
general, globules of fat, clumps of bacteria and/or other foreign matter, tumor cells, or any other bits
of tissue. These emboli are transported with the blood stream and enter either the cerebral
circulation or systemic arterial system. Those entering the cerebral circulation obstruct small arteries
and lead to macroscopic or microscopic cerebral infarction, with ensuing neurocognitive dysfunction.
25  Specifically, cerebral embolization contributes significantly to problems such as stroke, lengthy
hospital stays, and, in some cases, death. The term “embolic material” used in the context of the
present application means material in blood having the aforementioned structural properties and/or
effects; broadly, the term refers to any undesired or occluding material in vessels or other body
lumen.
30 A branch vessel is an entirely new vessel branching from a first vessel and typically has a
different name.
The present invention addresses the dangers in particular associated with cerebral
embolization.
The device is intended for usage during cardiovascular procedures/operations within the
35  field of invasive cardiology or cardiac surgery, where protection against embolization of particles into
the head vessels is desired. The device improves patient safety during medical procedures, such as
cardiovascular interventions or cardiac operations where the manipulation of the aorta, coronary
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30 The term “off centre” used in the context of the present application means eccentric, or not
arranged or located in a center. The center is e.g. a center of a circular unit, a focal point of an
elliptical unit, a point on a center line, such as a longitudinal center line of an elongated unit, etc. A
periphery of a unit is located “off centre” as it is arranged at a distance in relation to a center of the
unit.

35 The term “collapsible” used in the context of the present application means that a
dimension of a device is reducible to a lesser dimension such that it is arrangeable in a tubular
delivery unit, such as a catheter. A collapsible unit is expandable when released or pushed out of the
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acconpanynibig itsl expanaegconfigaratien; c h
Fig. 3 is a schematic illustration of a protective device attached to a transvascular delivery
unitin its expanded configuration deployed in an aortic arch;
Figs. 4A and 4B are further detailed illustrations in a view from inside the aortic arch
towards the side branch vessel ostia, and a cross sectional view of protective device attached to a
25  transvascular delivery unit in its expanded configuration deployed in the aortic arch;
Figs. 5A to 5C are schematic illustrations of different stages during transvascular delivery
of a protective device through a side branch vessel into the aortic arch of a patient;
Figs. 6A to 6C are schematic illustrations of different stages during withdrawal a protective
device through a side branch vessel from the aortic arch of a patient;
30 Figs. 7A and 7B are schematic illustrations of a collapsed and expanded protective device
and an attached delivery unit;
Fig. 8 is a detail of an attachment point of a delivery unit to a protective device comprising
a protective cuff;
Fig. 9 is a perspective view of another embodiment;
35 Figs. 10A-C are a perspective view, a plan view and a lateral view of another embodiment;
Fig. 11 is a perspective view of another embodiment;



Fig. 1 is a schematic illustration of an aortic arch and side branch
vessels; Fig.2 is a schematic illustration of a protective device attached
to a tramsoeasuizezsodel ivery 2 Ounit in its expanded conPCHE®RP2400.OMS09

Fig. 3 is a schematic illustration of &0protective device attached to a
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Speci fic enbodi nents of the invention will now be described wth reference

to the acconpanyi ng drawi ngs. This invention nmay, however, be enbodied in
many18i f f er ent Irf @derdo gatd bstten uhdératamding ef th@arstomicati situatidniimwhiehdthe presdng

embodi mery st dafiel But6. 8! Rowd 2LAEhatciEFSiof BRALLFE 3Fch 100 and a plurality of
side branch vessels, including a third side branch vessel 116, a second side branch vessel 118, and
a first side branch vessel 120.
The aortic arch 100 describes a large bend in the ascending aorta 112 after it leaves the

20 heart 110 via the aortic valve. The ascending aorta 112 makes a sweeping, double twisting bend
toward the dorsal surface of the body. The twisting and bending ultimately results in a generalized
180-degree bend or arch, namely the aortic arch 100 that transforms into the descending aorta 114.
The side branch vessels 116, 118, 120 comprise important arteries that supply oxygenated blood to
the neck and head. The side branch vessels 116, 118, 120 have their origin in branches off the aortic

25 arch 100. The opening in the aorta towards a side branch vessel is called ostium.

Normally, three branches of the aorta split off from the trunk of the aortic arch in three
separate ostia 116a, 118a, 120a. The third side branch vessel 116 is called the brachiocephalic
artery, the second side branch vessel 118 is called the left common carotid artery, and the first side
branch vessel 120 is called the left subclavian artery, which usually split from the aortic arch as three

30  separate arterial trunks, arising from different positions on the aortic arch 100. This is illustrated in
detail in Fig. 1.

The brachiocephalic artery 116 is the largest diameter branch of the aortic arch and
normally gives rise to a bifurcation from which extend the right subclavian artery 115, leading blood
e.g. to the right arm, and the right common carotid artery 117 conveying arterial blood towards the

35  neck and head. The left common carotid artery 118 usually branches directly from the aortic arch
100. The common carotid arteries 117, 118 then branch into the external and internal carotid arteries
that supply blood to the neck and head regions.



10are provided so that this disclosure will be thorough and conpl ete, and
wll fully convey the scope of the invention to those skilled in the art.
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bi f ur cat itransvascular detigery uritit30 to the protection unit 140, e.g. at a support member of the protection
unit 140, such as described below.
The attachment point may be arranged centrally at the protection device 200, as illustrated
30 inFig. 2. Alternatively, the attachment point is in embodiments arranged off-center in relation to a
center of the protection device 200, or the selectively permeable material thereof, such as shown in
Fig. 3 or 4A. The attachment point may even be provided on the device 200 in a manner that the
device is arranged in the aortic arch 100 off-center relative to the ostium through which it is
delivered. The attachment point may be arranged such that it is positioned upstream or downstream
35  the delivery ostium in the aortic arch, for instance at a distance from that ostium, e.g. at another
ostium, or for instance in the descending aorta when the protective device is delivered in the aortic
arch. This is for instance illustrated in Fig. 3, Fig. 4B, or Fig. 6A.
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In embodiments of the collapsible embolic protection device, the transvascular delivery unit
is attached off-center to the selectively permeable material at the attachment point. The attachment
point 131 is for instance provided on a different location than the center point of the selectively
35  permeable unit 132 on the first surface 135 thereof, as e.g. illustrated in Fig. 3, in contrast to the

illustration of Fig. 2.
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may be positioned further into the aortic arch 100 as illustrated in Fig. 4B, and thus further improve
the protection of regions of accumulated plaque 320 at the delivery vessel 320, due fo its relative
stiffness of the provided catheter sheath.
25
With reference to Fig. 13, as well as Figs. 5A-5C and 6A-6C a flow chart illustrating a
medical procedure of positioning the device 200 in the aortic arch is now described in more detail,
before further embodiments of the device 200 are described thereafter.
Figs. 5A to 5C are schematic illustrations of different stages during transvascular delivery
30  ofa protective device 200 through a side branch vessel into the aortic arch 100 of a patient.
In the embodied method 600, the device 200 is positioned in the aortic arch 100 by using a
standard Seldinger technique and fluoroscopy with access through an introducer in the left radial
artery. The protective device 200 is delivered using a catheter that is positioned in the aorta through
the left subclavian artery. Once the collapsible protective device is delivered/released out of the
35  catheter it expands and is placed to cover the left and right carotid arteries, letting through blood but
not embolized particles. When the cardiovascular intervention or cardiac operation is over the device
is retracted into the catheter again.
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positioned in the aortic arch 100, as illustrated in Fig. 3. Figs. 4A and
4B are further detailed illustrations in a view frominside the aortic arch
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will not be wad hepbsitioning the protection unit 200 in the aortic arch 100 comprises appositioning a first
35  support member 133 of the selectively permeable unit 132 of the protective unit 200 to tissue of a
vessel wall portion of the aortic arch 100, as illustrated by step 650. The first support member 133 of
the protection unit 200 is at least partly arranged at a periphery 180 of the selectively permeable unit
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improving these characteristics. The first support member 133 may be provided in form of a

30  peripheral collar or cuff that is atraumatically protecting the vessel tissue of the aorta wall.

The method comprises arranging the permeable unit at a distance from ostia of the side
branch vessels into the aortic arch. The arranging comprises for instance not contacting ostia of the
side branch vessels into the aortic arch.

Triggering of release of embolic material from the ostia, such as debris, is thus effectively

35  prevented by covering all side branch vessels, and not contacting the ostia of the side branch
vessels into the aortic arch.



1 Oat the aortic arch 100 by the selectively pernmeable material of the
protection unit 200, see nethod step 680. The net hod t hus provides
for concuwpentdozemeparating a first fluid volunme of thePavmPR@I®ELHE9 br anch
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Figs. 7A and 7B are schematic illustrations of a collapsed and expanded protective device
and an attached delivery unit.

25 Fig. 8 is a detail of an attachment point of a delivery unit to a protective device 200. In the
illustrated embodiment, the attachment point comprises two arms 171, 172. This embodiment has
improved directional stability facilitating positioning in the aortic arch 100. The two arms 171, 172
may also be arranged off-center or asymmetrically. The arms may have the function of supporting
struts for the selectively permeable unit of the protection device.

30 The attachment point of embodiments of the protection device is in some embodiments
provided on a surface of the selectively permeable unit 132 devised to be oriented towards the aortic
side branch vessels 116, 118, 120 from inside the aortic arch 100 and at a distance from the ostia
116a, 118a, 120a, when the protection unit is positioned in the aortic arch. This is for instance
illustrated in Figs. 3, 4B, GA.

35 A tissue protective unit may be comprised in embodiments of the protection device, such
as shown in Fig. 8. The tissue protective unit is provided at the perimeter of the protection device,
arranged for apposition to tissue of the aortic arch. In Fig. 8 the tissue protective unit is illustrated as
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g 6%0 / 822220L§ﬁ@%@%}%éﬁg%§ev r"250 fs%oﬁf r%é or ﬁs ﬁga&%snuy\?n the aortic arch. The
shape of the perimeter may be circular, oval, elongate, or even patient-configured adapted to the
specific anatomical situation of the patient to be protected by the protective device. Patient-
configured devices may be based on data derived from image modalities like CT, MR or Ultrasound.
25 The device may thus be provided in various longitudinal and transversal extensions, and
symmetries. The device may be adapted to the shape of the side branch vessel ostia, see e.g. Figs.
4A or 5B.
Wing sections of the protective device may be shaped to extend a certain distance down
into the ascendant and/or descendant aorta in order to further improve stability and/or sealing
30 efficiency at the periphery 180 of the protection device 200. Wing sections are e.g. illustrated in Figs.
12A and 12B.
A plurality of sub-sections of the protection device may be arranged as multi-layers inside
each other. In this manner a plurality of peripheral support units and/or sealing units may be provided
in series, in order to further improve stability and/or sealing efficiency at the periphery 180 of the
35  protection device 200.
In an embodiment the selectively permeable unit is non-tubular, extending substantially
planar, which peripheral edge is formed by the first support member 133. The first side of the device
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wires and thus provide the selectively permeability of the selectively permeable unit.
30 The struts keep up and support the selectively permeable material of unit 132,
The struts may be implemented as a plurality of arms 171, 172. The struts are provided as
a protective framework for the selectively permeable unit of the protection device.
In an embodiment the selectively permeable unit 132 is a mesh material comprising a
mesh of strands. The strands may be of a metallic material, such as stainless steel or Nitinol.
35  Alternatively, or in addition, at least some of the strands may be made of a polymeric material, such
as a shape memory polymer.
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or N tinol. The strands of the braiding of the protective device is for instance made of NiTinol. NiTinol
is a superelastic material ensuring that the compressed device reliable returns to its heats set shape
when released from the delivery catheter.
A protective framework may be implemented in from of thicker wires provided within the
30  braiding. The protective framework may be implemented in from of a separate layer of a multi-layer
braided structure.
The braiding may has rounded edges at the periphery 180, similar to that shown in Fig. 8.
Thus, the braided fabric has edges that are provided as tissue protection units, adapted to be
appositioned to the aortic wall tissue without damaging the latter. Alternatively, the braid may have a
35  support frame, e.g. shown in Figs. 10A or 11.
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loosening of the device into the descending aorta 114. The safety connection may comprise a safety
wire, thread, tether, string, strand, or similar. The safety connection may be attached to the delivery
unit or extend all the way through the sheath of the catheter.

In practical implementations, the device has a substantially oval form, approximately 6-10

30  cmin the longitudinal direction and approximately 3-6 cm in the transversal direction. Wings, or
multi-layer structures, as described above, may be provided in addition.

A mesh size or pore size of a material of the selectively permeable unit 132 may be in the
range of 20um to 100um, such as 30-90pm or 60-80um. In this manner embolic material is
effectively hindered from passing into the side branch vessels, whereas a passage of blood is not

35  substantially hindered. However, as explained above, trapping of embolic particles, i.e. a collection
and accumulation thereof, is primarily not provided by the selectively permeable unit 132.
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|mproved retraction when retracting the device back into the delivery catheter.
25 At the distal end of the device, a tongue 199 is arranged. The tongue 199 is made by
suitably bending the wire of the support member 133. The tongue has a width B. The tongue 199
facilitates introduction of the device into the delivery catheter by bending the two branches 197, 198
towards each other while pushing the distal end into a proximal catheter lumen opening. The width B
is preferably as large as, or smaller as, the inner diameter of the lumen of the catheter. Thus, the
30  tongue 199 is easily introduced into the catheter and the remaining device is pushed into the
catheter in an advantageous manner.
The tongue 199 further is arranged at an angle deviating longitudinally from the protection
plane of the permeable unit 132 extending between the expanded lateral branches 197, 198, see
Figs. 10A, and 10C. This angled arrangement provides for the tongue 199 to be arranged in the
35  aortic arch in smooth apposition to the vessel wall thereof, without damaging the latter.
In alternative embodiments such a tongue may be attached to the distal end as a separate

element.
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Passage of embolic material into the carotid arteries was significantly reduced when the protectlon
30  device was in place.
As used herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unless expressly stated otherwise. It will be further understood that the terms
“includes," "comprises," “including" and/or "comprising," when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/or components, but do not
35  preclude the presence or addition of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. It will be understood that when an element is referred

to as being "connected" or "coupled” to another element, it can be directly connected or coupled to
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enbolic material into the carotid arteries was significantly reduced when
the protection
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delivery unit ecti o
delivery through one of sald aortlc side branch vessels different than said aortic side branch vessels

temporary protected by said device when delivered to said aortic arch.

4. The device of claim 2 or 3, wherein said aortic side branch vessel for said delivery is the
25  left subclavian artery of said patient, for instance directly accessed via a puncture in a vessel of the
left arm of the patient.

5. The device according to claim 4, wherein said device is devised to extend over the ostia

of a first, second and third of said side branch vessels, wherein said first side branch vessel (120) is

30 theleft subclavian artery, the second side branch vessel (118) is the left common carotid artery, and
the third side branch vessel (116) is the brachiocephalic artery.

6. The device of claim 1, wherein said connection point (131) is provided at said selectively
permeable unit (132) or at said first support member.
35
7. The device of claim 1, wherein said first support member (133) is shaped to apposition
to tissue of a vessel wall portion of said aortic arch (100) or releasably engage with said tissue of
said vessel wall portion, and wherein said first support member is formed to encircle a plurality of



a first support nmenmber (133, 210) for supporting said protection unit (140)
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7. The device of claim1, wherein said first support nenber (133) is shaped
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25 (100), in said expanded state.

12. The device of claim 1, wherein said first support member is arranged at a perimeter of
the device, and is configured for tissue apposition in the aortic arch, wherein said shape is ovale,
elongate or patient-configured to the interior of said aortic arch.

30

13. The device of claim 12, wherein said ovale form has an increasing width towards the

distal end of the device.

14. The device of claim 1, wherein the delivery device is arranged at an angle with the
35  support member (133) in a longitudinal direction of the device (200).



10(116a, 118a, 120a) when said protection unit (140) is positioned in said
aortic arch (100). 9. The device of claim1, wherein said
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pl anar in said expanded state. 1510. The device of claim9, wherein said
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formed by said first support nmenber and which opening is devised to be

ori gnt ed t owar d5. Thaideviceaf tlaim ’swvgaehnmmcmWedma?lémgg(132)&)defvisedmmez i de
said aortj n said protection unit (140) is positioned in
sai d aorﬁ%%mgﬁ@%nk%@%éqﬁﬁﬁ sai d expanded state, and wherein said delivery
unit (130) is at 2 Oleast partly arranged in the |eft subclavian artery.

11. The devi Ce19fTh§|d@\9@&clawméﬁln%ﬁlpgeléﬁibéf éé?ﬁ@élﬁ'e Ut éf‘?ﬁ gﬁetHﬁ?gv&mz) i's

devised to be arran ed regl on 120a)
of sabd éfl?rfﬁtéu@mé‘eﬂ‘lb%[n%}ﬁh@é§§%qks'n@ﬁ@'@'e lavies configeistiogf said aortic arch
(100), when said protection unit (140) is positioned in sald aortic arch
25(100), in sai anded state, . . 12. The deyic laim1, wherein
aai d 11 st " suppor e Retsa opb b Sherrigedd s isaPl el o0 or BBURE, and | s
confi guredroémnapeseﬂjleemntmcasdmm@ﬁ). in the aortic arch, wherein said shape is
oval e, elongate or patient-configured to the interior of said aortic arch.
30 13. The device of claim 12, wherein said ovale form has an

i ncré@si ng w dtl8 Thewavieef claign tiwserain said devide hape padvsteradapted to be aranged 14, The

devi ce of i f le with
Che! Ge oV lubof e E“ﬁé B frch [YeOr fhortif e e HioRAMNRITANARA aftashibriel © 1
WO 2010/ d%a’fﬂ@ﬁ@‘r? ¥88-061509 26 15. The device of claim1,

wherein the selectively perneable unit (132) is devised to be repellant to
enbolic nmateri g},. , : 16, The .device of.clajm1 e aid
Select | vely. peraleeissa paimzyneah o Bhe nBhu@uRLEnLur G TaRnR I
nmenbed, sodtiates lunead2H) oi self-aflateblélaencllawy poroes sfangy) mad/oraesilient unit; or a safr . The

devi ce of n(‘f/!)raélég'tléunltVWfﬁé i oisé%d%tl FSGRck ¥ hgeiSi Bht rﬁJ?\ao?g
il R B et 31 5o Hhnc Y

extend acros he aor cC arc vice 0 cI aim
1, vvherelpﬁl’"ﬁ%{@rd)f%d/i’l’@tﬁdwaﬁe\&ceper| meter adapted to be arranged t owar ds
tissue of the aortic arch (100), wherein a tissue protective unit is

rovi ded at | east rt. eri meter of the
vl co o ol ar o TR Sb e ot AL 8 Fhesdt sa st Reemebia it 632 s gl dB ) |

i nf | 2ab ablnen-glastic hiatmial, su‘bbahtiaﬁylndnhﬂmble(rﬁdtér)al whersla’g} $aid pefrhedbizlnit (132) iedr- ow,
porous, %Bﬁg%ble%n&/tlg gloﬁghllé a, ,?ﬁota oPdaichi dsecbrénch vessels (116, 118, 120).

21. The device of any of claim 1, comprising a plurality of struts extending from said
support member and arranged to support the selectively permeable unit (132) in form of a
25  framework.

22. The device of claim 21, wherein said struts are resilient.

23. The device of claim 1, comprising at least one wing sections shaped to extend a certain
30  distance down into an ascendant and/or descendant aorta from the aortic arch (100), at an end
portion thereof.

24. The device of claim 1, comprising a plurality of sub-sections of the protection device
arranged as multi-layers, wherein a plurality of peripheral support units and/or sealing units is
35  provided in series.



and/or elastic unit in the formof a coating or surface |ayer arranged at
| east along a portion of said perineter of said protection device.

20. The owoizew/mb246l ai m 1 or 8, wherein said sel ectivel pCpaPawabsouni t
(132) is of a rigid, 20non-elastic material, substantially non-flexible,
material, whereby said perneable unit (132) is non- conformable to ostia
regions (116a, 118a, 120a) of said side branch vessels (116, 118, 120).

21. The device of any of claiml1l, conprising a plurality of struts

ext endi ng fr om25aihd deviges tibine whereinaaid seledtiasippaimbablesunitiyts2) cdnipeisesed raeshi vel y

01 i m o1 el L e et Fellordndnle T 23, The devi oo of

claim1l1, conprising at | east one w ng sections shaped to extend a certain

30di stance downsi1hb edth ARERIAIARLeANIctFEF SERHe A1) Lapiibase aor i c

arch |g)loo), at an end port : evice of claimi1l,
conpr Psi mydrephebia materighanglpr ashydropaehiG aghat of the protection device arranged as
mul ti-layers, wherein a plurality of peripheral support units and/or

sealing units i 5provi ded. | eries. 010/ 026240PCT/ EP2009/ 061509 27
35 The devi e 25 IERANRAS el bBF AN SE se 60y ALOTORTY WU MEABIERIS (232)
conpr i sesulstaméally notettappingdaicoemtfolidmateriat mrsaidissliectiyelp peresablobnitg 132unds.

26. The device of claim1l, wherein said selectively perneable unit (132)
conprises a 5hydrophobic nmaterial and/or a hydrophobi c agent. 27.
The Hevi ce of &Bdihamdaviceelpigi h where sgiéiselectivelepgrmpablaitty] &2) wevised1d2) is
devi sed icakd ; Ii ' i ; bavkic i hd

el ot 1 Ve e e s R B P o S B 4 B i s
selectively perneable unit (132) is devised to releasably trap at | east a

part of said enpdihtdevige ot tiaitls 1£4, aherainBhio eéledtilepermesbits whit&1B2} éotnphisesia (100) .
29. The ie!\i C{S of .c%ﬁi rr% 1d-.4 V\,E(gr eti n saiq% sqel ec'&.i vel %Oger.(geagal e u(n' (132)
compri sedShHPYHNLEVIRLTD EEACRE MStdrefion IgWads 4 dercending iutte ofp ¢ et ¥ ds a
descebdi frgmaeidtcannettion @didt (48t)tand ar ch ( 100)
a second portion devised to extend in a second direction, opposite to said first direction,
towards an ascending aorta of said aortic arch (100) from said connection point (131), when said
protection unit (140) is positioned in said aortic arch (100), in said expanded state.

20 30. The device of any of claims 1 to 4, wherein said selectively permeable unit (132) is
arranged to asymmetrically extend from said connection point (131) in a first direction towards a
descending aorta of said aortic arch (100) and in a second direction towards an ascending aorta of
said aortic arch (100), when said protection unit (140) is positioned in said aortic arch (100), in said
expanded state.

25
31. The device of claim 1, wherein said selectively permeable unit (132) is devised for
percutaneous transvascular delivery through one of said aortic side branch vessels (116, 118, 120)
to said aortic arch (100), in a collapsed state.
30 32. The device of claim 1, wherein said protective device comprises a safety connection for

preventing loosening of the device into the descending aorta (114).

33. The device of claim 1, wherein a distal portion of the device is provided in form of an
angled extension, or a nose (199).
35



15from sai d connection point (131), and a second portion devised to

extend in a second direction, opposite to said first direction, towards an

ascendi ngvaantw2ef40sai d aortic arch (100) from sai d conmeTtEPRIVIPoISNE (131),
when said protection unit (140) is posiéBioned in said aortic arch (100), in
sai d expanded state. 2030. The device of any of clains 1 to 4, wherein said
sel ectively perneable unit (132) is arranged to asymetrically extend from

said connection point (131) in a first direction towards a descendi ng aorta
of said aorti c 34richethdddd preaerding embolis eaterial frdmreatztingdt |dasiene disle aranceeesuts Ng

posi 1 ondlt PeREbtIEFRED bR e o PRV E bR g Bl 4ol a5
The devi @etient, satl sietod compiieingi n sai d sel ectively pernmeable unit (132) is

devi sed for pe %@ﬁg??éf%m%d%gﬁ@{ @g&lg%lﬂ)%le Sedd d(‘,’ Erf)ﬁécﬁohrde\ﬂémn??@lgﬁéted%?a'téintﬁort' c

si de branch ve aorti
col | apsed %E‘@E@' b'%@sseﬁ'ﬁéu'ééWf@@'Qﬁt'OfblpéhfFﬁt gide byargheessesdrq) Obfiadﬁ%fiﬁ ive

devi ce ccbfgh&h@@,§e|§(1$@f1¢3>42@)0nnect| on for preventing | ooseni ng of the device
into the descendin ce of claim1l wherein

L star orer BnsdsRRny Gulsnae i cotonsiteibocpreiafan i s a iRl Srtane: o,
or a noséntd Sdgartic VD (2000 Via G216 RARETEN HideR 0eBend S8 firdBside branch véssel (F0jret hod of

h |
0 ol s P8 pf oftRh ¥1208| or b0 FoEteraryl g B iy pEELARRAG T (PSS
fromi@an &6fum, enchattamecico)a))ransﬂasaulpractein@munltgtaa @Dnﬁ@qtlnrwplrdmﬁmgreﬁg
per cut aneousl y ek HhGiREIY GloRBtidR UAR| 14815 5R4 €o||§§§iHPé rﬁbol?é E?h QBViEt8Y siadrft @

col I apsed state Into 5a peri he&al bl ood vesse comuni cation to a
first si @N8t%hch vessel (120) of said side branch vessel s (116, 118,120);

trftlnsvascul ar Wh@\@lnlsu@rekmdua@ccinm@és}&pﬁmbth@llyeestmhdmg anﬁr@ttp@mbm ofsaidevice in a
col | apse

vessel - anpechrtiny 1, 58 heliidnsinThEaicbiel o (R Fork S GRERon Gty
(120a) of(1Hgiroa firstrdgection tevatuls adescendggsmita ofdaid srtaamhd! (parciomé aedontvi t h sai d
10ost | umﬂ?ﬂﬂ?nhﬁ%rﬁg B Ssch iy atoFté‘Brsséﬁ‘Jsa%HubﬁFch g@bb\éﬁé t}ﬁué%s |or?qg4sgjo°p9§15'&8rﬁ I on

poi nt sal d

col | apsi tunlé(1é%rb$aldcaq5m@bﬂp@)nn R panded siols wdazswenwgaembnhcmamel from
wher ei n ?)aséa @Wﬂ?é"@lbd@ﬁﬂoww raé):n%ﬁt y BFACRIERIdE ibFALH Vesgé@@wnm& 1QO)fa't §did agd@y tion

of said it n sai d protection unit
(140) f r@Fﬁ §§q%51!) ?ﬁ'ﬂer-?@ﬁ'yé’ﬁr bﬁtun'ié@iﬁgfa'gpﬁteét'oﬂu%ﬁ“@i rection towards a
descendi ng aorta of said aortic arch (100) and in a second direction
towards an asc i n [ ti rch ; : sitioning
said protecti Oﬁ?.ﬂl‘ﬁp&eﬁ%fblqﬁ}ﬁ 32%0%@3%{9(%@0@;@%3ér%rgsg%SCplﬁp(gegfe@}’ @Q% nded
st at e, aremqu'rcemmuiiom@ seiffotic arcintirapgh ane df saidragticsidegisanch vessels Biabie differentw i nt o
o 2 B 8k m&%%&&mge  HERER @ néye bafini digfhe @it Sl d aortic
(140). brachlocephallc artery and the lett carotid artery, in a collapsed state
25
36. The method of claim 34, comprising percutaneous transvascular delivery of said
embolic protection through one of said aortic side branch vessels different than said aortic side

branch vessels temporary protected by said device when delivered to said aortic arch.

30 37. The method of claim 35 or 36, wherein said aortic side branch vessel for said delivery
is the left subclavian artery of said patient, for instance directly accessed via a puncture in a vessel
of the left arm of the patient.

38. The method according to claim 37, wherein said device is positioned to extend over the
35  ostia of afirst, second and third of said side branch vessels, wherein said first side branch vessel
(120) is the left subclavian artery, the second side branch vessel (118) is the left common carotid
artery, and the third side branch vessel (116) is the brachiocephalic artery.



20 35. The nethod of claim 34, conprising percutaneous transvascul ar
delivery of said enbolic protection to said aortic arch through one of said
aortic siwe 2brizneirovessel s that is different from aorti ®CIiERROMOaIFON
vessel s |l eading to the head or neck of2Phe patient such as the

brachi ocephalic artery and the left carotid artery, in a collapsed state.
25 36. The nethod of claim 34, conprising percutaneous transvascul ar
delivery of said enbolic protection through one of said aortic side branch
vessels different than said aortic side branch vessels tenporary protected

ol aim 35 or 36 RErHeb bR a8 SRR SR Gl il ber PRI, Very i s
t he | ef t sgidlrenssedcalar cetivasy ynitgt 303 being qeandctadiof-cerier at said eonoection pati(13f).accessed

via a puncture in a vessel of the left armof the patient. 38. The nethod

according to claim 37, wherein said device is positioned to extend over the
35 osbia of a fPribe meted ehdeim st Wh@f@’tﬁ%ﬁenﬁﬁl'@@tﬁ@%e pRvicRiyatigeedde @ wherein

said fir %ttroauc@esr#éétarmmb sUbtfaﬁmh afteky Sch ittt thB emb@it brotdehel RViL@R irdgosisVin tHehe

second Sld ﬁ p 3@61 oﬁ 5@ Is the |l eft common carotid artery, and the
third si @gr B?r& RieGUNgRg Catd @5EES: t he brachi ocephalic artery. WO
2010/ 026240PCT/ EP2009/ 061509 29 39. The nethod of cI a| m 34, wherein

S B ot et o ik ekt B Sl b Ao RGBSl LdoFRasEC

delivery unit connec PLETd con i on poi nt
(1310 S@OFtICEmb Wékc}@mpms claim 34, wherein said enbolic pr ot ective device

i s attached t0aéﬁbsltl&ﬁw&%bpp%ﬂ‘ﬁ%‘mbbfbf%ms§é€ﬂ9ély%/énﬂé‘ab%rdnﬁé%2§é’f%5ﬁdthat the

enbolic protective d osition in agrtic ar protecting the
carotid ARFARHysaditio tissue of a vessel W%Port'fr’h%f spdepdgeash 180k m 34, wherein said
positioning said protection unit (140) in said 10aortic arch (100)
conpri ses posi tipning,a first
per meabl e uni t ‘g3 eReY QBN et spi T Sf¥obr TETB S pL Sag SRleGieB Saf Gy
portibn dn‘atmstd)aal@atrartgeaatapeﬂpjm)) of said selectively permeatie unitliE32jreftshid groddctiad ai m 41,
wherein L LSt 1 Pl is at
| east %fh 64@ a enélgﬁrgffn an£X é} Qéte g?éa;ﬂjad% %gﬁlélg [ 3%{{abb%‘étr QQQBY %aé:ﬁum t
(132) of f@éﬂt@p@f@@f@@tﬁ on un|t (140) and enclosing, in an expanded state of
sai d device, sai d connection point (131)by said first support rrerrber
43. The net hod claim4 encir gl ural é

(/1& %el s

ostia regions (4 1%‘8 methog Oillci #“ %%ﬁ?o 'S'Eé?'gc'f%gﬁup ragR/g)éosg
(11620118184 22)a) bfishid asAit dudabrramm/eesfedsm 161018, 120) into s adrtfciarchit(10O)pittosaid menber ,
(116n. " T lopgRhber A BSinitg sé‘fia%te%vs%ﬁ@%%éo@s@%ﬁe b sgfd%s%f%ibﬁsiﬁ g ons

conpri si lg8aan2Gapgi ng sai d sel ectively perneable unit

44. The method of claim 41 or 42, comprising arranging said selectively permeable unit
25 (132) for separating a first fluid volume of said aortic side branch vessels (116, 118, 120) from a
second fluid volume in said aortic arch (100) when said protection unit (140) is positioned in said
aortic arch (100).

45. The method of claim 34, wherein said positioning said protection unit (140) in said
30  aortic arch comprises releasably engaging said protection unit (140) with tissue of a vessel wall
portion of said aortic arch (100).

46. The method of claim 34,, comprising preventing triggering of release of embolic
material from said ostia regions (116a, 118a, 120a), such as debris by covering all side branch
35  vessels (116, 118, 120), and not contacting ostia regions (116a, 118a, 120a) of said side branch
vessels (116, 118, 120) into said aortic arch (100).



25 (132) for separating a first fluid volune of said aortic side branch
vessel s (116, 118, 120) froma second fluid volune in said aortic arch
(100) whewo=aiodh2pa4ot ection unit (140) is positioned in farEPA@INGISOAr ch
(100). 45. The nmethod of claPth 34, wherein said positioning said
protection unit (140) in said 30aortic arch conprises rel easably engagi ng
said protection unit (140) with tissue of a vessel wall portion of said
aortic arch (100). 46. The net hod of cl aim 34" conprising preventing
triggering of WelThas®tholl okodimI34 ccomprising atanbing vais percheatsd urdt (320 aterdistdntd 6a,

118 120) sl e R fRabieR R T F By ?%f%%zs%a{ﬂ%aﬂ25?%@55?%?”@51 d'si de
branch vegbd!®).(116, 118, 120) into said aortic arch (100). WO

2010/ 026240PCT/ EP2009/ 061509 30 47. The nethod of claim 34"

conprising arranging said perneable unit (132) at a distance from ostia
regi obs (116a, 4815 methagy clgim daiseid sirangingcampisingagieaniacting oafia ragiens (1t9e) i nt o

sai d aor t118a, 320 of(shRQlde bRhEh vesIdre(1MB 11 h@d 20finte bad sorfdarciS@@. ar r angi ng
conpri sing not contacti ng ostia regions (116a, 118a, 120a) of said side

branch vessels (116, 118, 120) into said aortic arch (100). 49. The
met hod of cl ai #9.3dhe msthed ef chaira 3t d/vherewsardt;irm@ntemmmblcc nmeagrial fromd erfteringsidat eri ng

o1 de br aehcl BRSaL g8 116156 iy o128 b i 1 s LMY of L ARADoARIEL 2 eh

(100) of ard ostia
regi ofs (116a direxcgeg enltm@maf@malQ@ﬁtaa@@aﬂtauregmséﬂéG@r1é8mﬂn2Gaégf§@|d§0(twee 118,

120) of $ineh v'i’é%%élé §1@r1%‘ 1(2@3)@%ald ﬁdrﬂf&ctﬁﬂéﬂg déléh&? sBface F ShiPg) Bl g}va y

per meabl e unit evi se or1 ent fromaostia regions (116a,

118a, 1208yneaple yaif d3AGpyised & peiriepied Avay Rassendp 569(%&@166113386 1208) 0lspids aj d
aortic amngfic éudt@@r)anchvvé@aelss(mem 13 m0¢@1ts1atmraoma 'atch(ﬁ)@P)Nhe@saRD@‘btb(tt@ﬁamt (1 40)$2i d

t h 50. Th t hod of
2F2u |mc32r 8%"5%&@?'?160@?%ﬂﬁgéﬁﬁﬁa‘a&% ﬁ%ﬂg%at%r otection unit ((3128) |Ont8 a
di retbi on opposite a delivery direction thus tenS|on|ng and tightening

i nst t
ogi ons (11ea, Dlags By Bt oA, ot o Ahaie) %&t@%’i@%b Agy=' ©
wher eby slisecion erpasiterd detiverysdireetion iheis t@ﬁ'@@i@ﬁ Qf‘@dlght?nlmﬂ 09nse @ssalifissuepritios| ood
flow in gpifl PRk %@éﬁd?clhé@% rBGiGHEH 168, H84 QZGH)%fﬁFdéld%%réH&hK/es(sélé@lﬁG

agai nst s essel S cl ai m 34,
conpri si r@é g)% r‘éi@r?W@a@Zlbjwe’ﬁPgdf @EF%WP%%A @&9959 p@é%%a%ﬁ%oglﬂawﬂséquvascul ar
del i wery aortic tircR{ 100y préssing s3I0 pdtegtiqnl unit eBYdgainft saidivesspirtieu@gortiom. uni t (140) for
said preventing enbolic material fromentering side branch vessels (116,
118, 120). 25 52. The nethod of claimb51, wherein said extracting
conpri ses rel easilhg mséiod omlaﬂnéétdompriahgiaxtrqdiﬂg)gaid‘ pfotmtienga@emymeam aflsaig

vessel tir%ﬁéélgscg% &éngé%%t e adteﬁ\g(fr r'y‘blaé‘érﬁ%t éfjsgfa)pr&?é/ctl&ﬂgh éf@éﬁ)ﬁé

transvascu Ing a sheath
over sai @reypingembelin ”@Fﬁ“@' fr@f[‘éﬁ(!?)e“f‘g)\‘f“d%mﬂcﬁﬁ@fisﬁ@ (K4 H8pt%-ection unit (140)
i ntopsaid sheath, and wi thdrawi ng said col | apsible enbolic

52. The method of claim 51, wherein said extracting comprises releasing said protection
unit (140) from engagement with a vessel tissue portion of said aortic arch (100) by pushing said
transvascular delivery unit in delivery direction, and sliding a sheath over said protection unit (140)
for collapsing said protection unit (140) into said sheath, and withdrawing said collapsible embolic

30  protection device in said sheath through said first side branch vessel (120) and said peripheral blood
vessel.

53. The method of claim 52, further comprising releasing embolic material trapped in said
protection unit (140) into a corporeal blood flow towards a descending aorta from said aortic arch
35  (100), before collapsing said protection unit (140) into said sheath.



30protection device in said sheath through said first side branch vessel
(120) and said peripheral blood vessel. 53. The nethod of claim
52, furthwo0omasidei ng rel easi ng enbolic material trappedTiRP2@io61509
protection unit (140) into a corporeal 3blood fl ow towards a descendi ng
aorta fromsaid aortic arch 35(100), before collapsing said protection unit
(140) into said sheath. WD 2010/ 026240PCT/ EP2009/ 061509 31 54. The
nmet hod of claim 34, wherein said collapsible enbolic protection device is a
de?/: ce acfor di lﬁg.lﬁhe niethod of clqimaﬂ,gmleﬂeirtsaidi;'éllapgi_ble embolic prcﬁ&:ti?rﬁdefvic_b iscdf dleaice a3

col I apsi n devi ce according to any of clains to

and a 5t %8%@'2@@3%‘@?%@@@?6@?@ unit adapted for delivery of said collapsible
enbolic protection device through a side branch vessel (120) of said aortic

arch (1100) i nt asSayichs Qeélfa §bA@5rﬁt§bllé E{B@:ﬁOf Glevice accordfig to @ ofdidim®] %33 hSS:

further conprisi ng an in
5 transvascular elivery unlt adapted for delivery of said collapsible embolic protection device through

a side branch vessel (120) of said aortic arch (100) into said aortic arch (100).

56. The kit of claim 55, further comprising an introducer unit.
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