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may be compressed and withdrawn from the aorta. ,
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 side
30 vessels. Most often these ostia regions are subject to sedimented plague 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.

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
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open ends that allow blood to enter one end, flow through the tube and exit
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sized to conpletely fill the lumen of the aorta. Additionally, snowshoe
aortic diverters, which are planar rather than cylindrical, are also
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iatrogenic caused embolization is present, i.e. the physician likely will set free embolic debris from 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

35 practice du to the anatomical structure and position of the afore described access way via the

brachiocephalic artery. The device will have to be very large in order to cover the ostia of the
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at the aortic arch, wherein the protection unit is permanently or releasably (for assembly prior to
introduction into the body) attached to a transvascular delivery unit at a connection point or region, or
an attachment point, provided at the selectively permeable unit, and a first support member for the

30 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 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.

35 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
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in the expanded state.

25 The selectively permeable unit may be non-tubular, extending substantially in form of a flat
umbrella, parachute, or mushroom which opening edge is formed by the first support member and
which opening is devised to be oriented towards the aortic side branch vessels from inside the aortic
arch when the protection unit is positioned in the aortic arch, in the expanded state, and wherein the
delivery unit is at least partly arranged in the left subclavian artery.

30 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
the aortic 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

35 the interior of the aortic arch.



5 The ovale formhas an increasing width towards the distal end of
the device in sone enbodi nents. In sone enbodi nents, the delivery
device is arranged at an angle with the support nenber in a | ongitudinal
direction of the device. 5 In sone enbodi nents, the selectively perneabl e
unit is devised to be repellant to enbolic material. In sone

enbodi nents, the selectively perneable unit is stretched over the first
support nenber, such as a sock, in a double layer configuration. 10In sone
enbodi ments, the protective unit is siz%g and shaped to extend across an
apex of the aortigc arch . In.so nbodi ts, the deyice has a
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to extend gh&Rkdcadich, di stance down into an ascendant and/or descendant aorta

fromthe aortic arch, a n en ortjion thereof,. _
?n some emgod?ments, tﬁe gewrce l\as a peﬂmeter adapted to be arranged towards tissue of

the aortic arch, wherein a tissue protective unit is provided at least partly at the perimeter of the
device. The tissue protective unit may be a cuff that is inflatable via an inflation lumen or self-

15 inflatable; a hollow, porous, spongy, and/or resilient unit; or a soft and/or elastic unit in the form of a
coating or surface layer arranged at least along a portion of the perimeter of the protection device.

In some embodiments, the selectively permeable unit is of a rigid, non-elastic material,
substantially non-flexible, material, whereby the permeable unit is non-conformable to ostia regions
of the side branch vessels.

20 The device may comprise a plurality of struts extending from the support member and
arranged to support the selectively permeable unit in form of a framework. The struts may be resilient.

In some embodiments, the device comprises at least one wing sections shaped to extend a
certain distance down into an ascendant and/or descendant aorta from the aortic arch, at an end
portion thereof.

25 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. _ _

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

30 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.

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

35 a second portion devised to extend in a second direction, opposite to the first direction, towards an



251 n sone enbodi nents, the device conprises a plurality of sub-sections of
the protection device arranged as nulti-layers, wherein a plurality of
peri pheral support units and/or sealing units is provided in series.

The selectively perneable unit nmay conprises a mesh material or fabric
conprising a nesh of strands, and/or a hydrophobic material and/or a

hydr ophobi ¢ agent. The sel ectively perneable unit 30 may be devised to
substantially not trap the enbolic material in the selectively perneable
unit. The selectively perneable unit may be devised to releasably trap at

| east a part of the enpolic erial froma blood flowin the aortic arch.
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protection lé@lt is positioned in the aortic arch, in the expanded state.
In some enB iments, the selectively perneable unit is devised for
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enbodi ment sxtersiodjicshabseporti on of the device is provided in formof an
angl ed extension ; r g : t - f j tion,
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prevent }*hg "@ﬁ'ﬁﬁﬂ ProeedHigt 2 Mpthed of pisianina eBibPirgnalsrialdromeaiady side Sepehovegiels wita bl ood
f1ow Ij rom éloodifiow frem an abrtiobred opatpatent, thet h@hdmedohplﬁkir@mnlbﬁéoﬁﬂ)i pesdasiigaeous| y
i ntroducin - 1.C. P iCe.. ate
nto a per CUpRHly SARAL BloGale Rlibe npy Biigeh 3Bl o Gerfted o8y ARATE gy
branch ves§enmysicationdo g firglesidg beanettvesaskef dhessidetbranehsveassisiiranpvageutpey delieringige t he
col | apsi bl eoliapemn dntholy gétextisr @RicslR\4 GRapbddl stateCifth krRRBAE ash & heipBipRerhiodor ti C

arch vig t i pheral.. bl ood 20 vessel and the fjrst. side branch vessel,
ot o NEss S5 P S e A e 8 ook P R o8 bk Bt Sliifondh S5 HRE
contact wi Bpidingsoriant withiie estiem.and altabred ta atraasvascalasdelivnuini at ashieg@nyoioior t at a
connect i onrgg@hNér & aftRHMEH ol theofa bkRARMMEE B tprdklich ulitharr RO colapataBrbdle a
protection upit of .the collapsi blhe erTRoI ic protection devi cei in the aortic
r ch, wher B0FloRZedSe)S 11 3951 it Wiesl e exnenling omarses summega oendng 8¢
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from t hes cenBged, btatheRtpoint, in a first direction towards a descending aorta of the aortic arch and in
a second direction towards an ascending aorta of the aortic arch; and thus positioning the protection
unit in the aortic arch in the expanded state, and preventing embolic material from passage with a
blood flow into a plurality of aortic side branch vessels at the aortic arch by a selectively permeable
material of the protection unit.
30 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. _
The method may comprises percutaneous transvascular delivery of the embolic protection

35 tothe aortic arch through one of the aortic side branch vessels that is different from aortic side branch



25 or region, or attachnment point, in a first direction towards a
descending aorta of the aortic arch and in a second direction towards an
ascendi ng aorta of the aortic arch; and thus positioning the protection
unit in the aortic arch.in the expanded state, and preventing enbolic
material from passage with a blood flowinto a plurality of aortic side
branch vessels at the aortic arch by a selectively perneable material of.
the protection unit. 30A second branch vessel, different fromthe branch
vessel through which delivery is made, ks protected fromenbolic materi al
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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 the
aortic wall, but also includes platelet aggregates which form during cardiac surgery, thrombus in
25 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. Specifically,
cerebral embolization contributes significantly to problems such as stroke, lengthy hospital stays, and,
30 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.
A branch vessel is an entirely new vessel branching from a first vessel and typically has a
different name.
35 The present invention addresses the dangers in particular associated with cerebral
embolization. '
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intervention.

The term “off centre” used in the context of the present application means eccentric, or not
35 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
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branch vessel than one of the at | east one branch vessel to be protected.
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attachnent point or connection point that is arranged off centre at the
enbolic protection device. 30The off centre position of the enbolic
protective device offers the possibility to attach it to an introducer
sheet. For exanple if working via an introducer sheet in the subcl avi an
artery the enbolic protective device cogld be in position, protecting t he
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I ntegers, edngidsen@ror gousGRANDE S but 15 does not preclude the presence or
addition of one or nore other features, integers, steps, conponents or

groups thereof. Brief Description of the Dr awi ngs
Brief Description of the Drawings

These and other aspects, features and advantages of which embodiments of the invention
20  are capable of will be apparent and elucidated from the following description of embodiments of the

present invention, reference being made to the accompanying drawings, in which

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 transvascular delivery
unit in its expanded configuration;
25 Fig; 3 is a schematic illustration of a protective device attached to a transvascular delivery
unit in 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 protectivé device attached to a
transvascular delivery unit in its expanded configuration deployed in the aortic arch;
30 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;
Figs. 7A and 7B are schematic illustrations of a collapsed and expanded protective device
35 and an attached delivery unit;



These and ot her aspects, features and advantages of which enbodi nents of
the invention 20 are capable of will be apparent and elucidated fromthe
foll owi ng description of enbodi nents of the present invention, reference
bei ng made to the acconpanying drawings, in which Fig. 1 is a schenmatic
illustration of an aortic arch and side branch vessels; Fig.2 is a
schematic illustration of a protective device attached to a transvascul ar
delivery unit in its expanded configuration; 25Fig. 3 is a schematic

il lustration of a protectlve device attgghed to a transvascular delivery
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cuff; Hly. 9 is a perspective view of another enbodi nent; Fi gs.
10A-C are gegeﬂpmbmy@,mé@yv a plan view and a lateral view of another

enbodi nent; 5FI ecti.ve vie her embodi e
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rotective devic
P 15 are prowded so that this disclosure will be thorough and complete, and will fully convey the scope of

the invention to those skilled in the art. The terminology used in the detailed description of the
embodiments illustrated in the accompanying drawings is not intended to be limiting of the invention.
In the drawings, like numbers refer to like elements.

20 In order to get a better understanding of the anatomical situation in which the present
invention is carried out, Fig. 1 shows a schematic illustration of an aortic arch 100 and a pIuraIity 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
25 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
30 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

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



Fig. 13 is a flow chart illustrating a nmedical procedure. 10 Description of
enbodi nent s Speci fic enbodi nents of the invention will now be
described with reference to the acconpanyi ng drawi ngs. This invention may,
however:, be enbodied i-n many different forns and shoul d not be construed as
limted to the enbodi nents set forth herein; rather, these enbodi nents 15
are provided so that this disclosure will be thorough and conplete, and
will fully convey the scope of the invention to those skilled in the art.
The termnology used in the detailed desgription of the enbodinments
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arteries 118, 117 are protected from embolic material 150 present in the aortic arch 100.
25 The protection unit 140 comprises a selectively permeable material or unit 132 adapted to
selectively prevent embolic material 150 from passage with a blood flow (symbolic arrows in Fig. 3)
into the plurality of aortic side branch vessels 116, 118, 120 at the aortic arch 100. The blood flow into
the side branch vessels is substantially not hindered when passing the embolic protective device 200.
The protection unit 140 is permanently connected to or attached to a transvascular delivery unit 130
30 ata connection point or region, or an attachment point 131 provided at the selectively permeable unit
132. The connection point or region may for instance be provided when the protection unit is integral
with a support element thereof, and not attached thereto, but transiting from the transvascular delivery
unit 130 to the protection unit 140, e.g. at a support member of the protection unit 140, such as
described below.
35 The attachment point may be arranged centrally at the protection device 200, as illustrated

in Fig. 2. Alternatively, the attachment point is in embodiments arranged off-center in relation to a
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I n an expanded state of the device 200, the attachment point 131 is
enclosed by the first 20 support nenber 133. Alternatively, the connection
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of blood in e aor as indicated by the dotted arrow in Fig. 4B.
The expanded devi ce extends generally longitudinally along the aorta at the

apex of the aortwik 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,
35 before further embodiments of the device 200 are described thereafter.



25 arch 100 and at the inside thereof. Regi ons of accunul ated pl aque
316; 318, 320 at the ostia 116a, 118a, 120a are not contacted by the device
200. Thus the plaque rests at its place and it not released. The distal end
of the catheter 160 of the transvascular delivery unit, from which the
protection unit 200 is rel eased, nmay be positioned further into the aortic
arch 100 as illustrated in Fig. 4B, and thus further inprove the 30 _
protection of regions of accunul ated pl aque 320 at the delivery vessel 320,
due to its relative stiffness of the prpyided catheter sheath.
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35 portion 145 of the protection unit and a second portion 146 of the protection unit from the attachment

point 131. The first portion 145 is expanded in a first direction towards the descending aorta 114 of



In the illustrated enbodi ment, the expanding conprises asymmetrically
expanding a first 35 portion 145 of the protection unit and a second
portion 146 of- the protection unit fromthe attachment point 131. The first
portion 145 is expanded in a first direction towards the descending aorta
114 of 15 the aortic arch 100. The second portion 146 is expanded in a
second direction towards the ascending aorta 112 of the aortic arch 100.
The asymmetric arrangenent facilitates the positioning of the device 200

fromthe delivery vessel 120 in relati to the other side branch vessels
116, 118 t rot d. S neth IS |Ilustrated ste 640.
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branch vessel s. ThRimethegthyel previdasdariearpursendy)sepprating|al firss flvicvalumelnf thetaeric 6i9®.
branch vessels from a second fluid volume in the aortic arch when the protection unit 200 is
positioned in the aortic arch 100.
The method may comprise drawing the expanded protection unit 200 into a direction
25 opposite a delivery direction, and thus tensioning and tightening against a vessel tissue portion of the
aortic arch 100 encircling the ostia of the side branch vessels. This embodied method stage is
illustrated by step 690. '
The tightening and sealing around the periphery 180 of the protection unit 200 is further
supported by blood pressure and blood flow in the aortic arch'pressing the protection unit against the
30 vessel tissue portion.
The positioning of the protection unit 200 in the aortic arch may comprise releasably
--engaging the protection unit 200 with tissue of a vessel wall portion of the aortic arch, see step 700.
This may be accomplished by the aforementioned drawing the delivery unit 130 against the delivery
direction. Thus a further improver leakage tight prevention of passage of embolic material into the
35 side branch vessels is accomplished. The tissue of the aorta vessel is not damaged and trauma
thereof is effectively prevented. The first support member 133 may for instance have a rounded
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The tightening and sealing around the periphery 180 of the protection unit
200-i.s further supported by blood pressure and blood flowin the aortic
arch pressing the-protection unit against the 30 vessel- tissue portion. The
positioning of the protection unit 200 in the aortic arch may conprise

rel easably _engaging the protection unit 200 with tissue of a vessel wall
portion of the aortic arch, see step 700. This may be acconplished by the
af orenenti oned drawi ng the delivery unit 130 against the delivery
direction. Thus a further inprover |eakage tight prevention of passage of

enbolic material into the 35 side bran vessel s i s acconpl ished., The
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20 As illustrated in Figs. 6B and 6C, the extracting comprises releasing the protection unit 200
from engagement with the vessel tissue portion of the aortic arch 100 by pushing the transvascular
delivery unit 130 in delivery direction, see step 710.

Embolic material trapped in the protection unit 200 may be released or flushed into a
corporeal blood flow towards the descending aorta 114 from the aortic arch 100, before collapsing the

25 protection unit into the sheath. ‘

Furthermore, extraction continues with sliding the sheath of the catheter 160 over the
protection unit for collapsing the protection unit into the sheath. Then the collapsible embolic
protection device is withdrawn in the sheath throUgh the first side branch vessel 120 and the
peripheral blood vessel out of the patient, see step 720. _

30 The collapsible embolic protection device used in the method is in embodiments a device of
embodiments as described herein.

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 200. In the

35 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



20As illustrated in Figs. 6B and 6C, the extracting conprises releasing the
protection unit 200 from engagenent with the vessel tissue portion of the
aortic -arch 100 by pushing the transvascul ar delivery unit-130 in delivery
direction, see step 710. Enbolic material trapped in the
protection unit 200 nmay be rel eased or flushed into a corporeal blood flow
towards the descending aorta 114 fromthe aortic arch 100, before
col l apsing the 25protection unit into the sheath. Furt her nor e,
extraction continues with sliding the speath of the catheter 160 over the
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certain deg@®wses with inflatablg euftsrase adventaggousiyglelivered in agompaststate.n ot her enbodi rrent s,
t he Thanks to the tissue protective unit the protection device is advantageously leak tight,

without damaging the aorta wall, during delivery thereof or when in position in the aortic arch 100.

The selectively permeable unit 132, and thus the protective unit 200 is non-tubular,

25 extending substantially planar in the expanded state. The substantially planar shape includes a flat
cupped, inverted umbrella, mushroom, or parachute shapes, as shown in the Figures.

“Flat” in this context means that the thickness of the device 200 is substantially smaller than
the longitudinal extension thereof. Moreover, “flat” means such dimensions perpendicular to the
longitudinal extension of the protective material, that blood flow through the aortic arch is not hindered

30 by the protective device 200.

The perimeter of the device 200 is configured for tissue apposition in-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.



15 tissue protective unit nmay be a soft and/or elastic material in the form
of a coating or surface |layer of the perineter of the protection device.
The tissue protective unit may be hollow, porous, spongy, and/or resilient.
The tissue protective unit may be nade of a swellable nmaterial that swells
when in contact wth blood. Such swellable materials are for instance

swel | abl e pol yners, such as disclosed in PCT/EP2007/ 061116, which is
incorporated by reference inits entirety herein for all purposes. The 20
degree of swelling is suitably chosen t. provide the protective cushioning
effect. Such devjces, or devices wth inflatable cuffs, are advantageously
delivered in a c-tfﬁﬂg\‘,‘?e @?ya‘ﬁ'és. béprovided '”TY?&W!??O”(Q d{”ﬁ@@ﬂ@gﬁyg&%@@@@@m,@g&um t
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aorta wal |l 4o guggi ng delivery thereof or when in position in the aortic arch
100. The selectively perneable unit 132, and thus the protective unit 200
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subst ant i af ( eri pheral edge is forned by the first support
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The tissue islands are protected from mechanical compression by means of the protection device.
Mechanical compression may for instance arise from other devices that are manipulated in the aortic
arch when the protection device is positioned therein. Other devices comprise transvascular medical
30 instruments, such as surgical instruments, guidewires, catheters, balloons, filters, ablation
instruments, intracardiac electrodes, etc.
As the protection device lies like a cover or lid (planar or in an inverted flat umbrella /
mushroom / parachute shape) over the ostia, at a distance there from, a certain movement towards
the ostia due to mechanical pressure from inside the aorta arch is permitted by the protective device.
35 The protective device may comprise struts across which the selectively permeable material
of the unit 132 is arranged. The struts are configured to provide a counter force, such that the



The selectively permeable unit 132 is devised to be arranged at a distance
fromostia of the aortic side branch vessels of the aortic arch, when the
protection unit 200 is positioned in the aortic arch 100, in the-expanded
state. The selectively perneable unit 132 is in sone enbodinents a rigid,
non-elastic material, 20 substantially non-flexible, material, which is
non-conformable to ostia of the side branch vessels. Alternatively, or in
addition, the support frane of the periphery of the device 200 may provide
this r|g|d|ty to the device. The selectlvely perneable unit 132 may be

stretched b nde state of the device 200.
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a pol ymer i Bolgrintasder 9 subsiantialy sel ttm debieed ehape nithe/dgyise.ylive medical device may include a
25 fastener for attaching to the end of a guide wire or delivery catheter. The shape of the medical device
~may be formed such that the fastener is attached to the metal fabric within a recess formed in the
shape of the medical device. :
The device is capable of assuming both an expanded configuration and a collapsed
configuration. Once expelled out of a delivery catheter the device returns to its expanded
30 configuration, e.g. in either a planar shape, or a generally flat umbrella-shaped configuration, a
generally flat mushroom-shaped configuration, or a generally flat parachuteshaped configuration.
The protective.device may be made of plural layers of fabric, such as_disclosed in
WO07149107A1 of AGA Medical Corporation, which is incorporated by reference in its entirety herein
for all purposes. The collapsible medical protection device is shaped from plural layers of a heat-
35 treatable metal fabric. Each of the fabric layers is formed from a plurality of metal strands and the
assembly is heat-treated within a mold in order to substantially set a desired shape of the device. By



The nmesh of strands form ng the protection device nay be made of a heat set
braiding. 15 Here, the expanded configuration of the device is set. The
col | apsed device returns to the-heat set shape upon delivery. This nay be
based on an elastic return or a shape nenory effect. A manufacturing nethod
that may be nodified for protection devices according to the invention, is
di scl osed in W9742878A1 and W991 2478A1 of AGA Medi cal Corporation, which
are incorporated by reference in their entirety herein for all purposes. A
fabric of resilient nmetal fabric naterij? is 20 brought to a desired
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for instanaelesshd@adbf the drtolic mlaltbiiaTHSmfroni the dlosdifioav i lttsdortie afmtwm.iTﬂb emﬂﬂiU\FNihng
that t c - i j i t et shape 5 en
rel eased f ﬁlg%l:l{?ﬁ%?ggﬂ)%@?p?d (r@f) 'll‘?g{} Jeafﬁ.ltéF%EMJPGSO&{%F?P%%@Q%%{'/@_3?'r amewor kK may be
i npl enented in fAltsmatwlytqﬁilrcad_émowheé@eqﬂvebyneawbwumhi?«z ig devisest taibelrapgylantithe
pr Ft eclt i Veeﬁ\bdﬁmﬁ!ﬂ. ;m:s ?ﬁbdlim_lqﬁﬁa bfyidéngf hef §e1bﬁ1ivﬁlfy p%rnﬁa@ﬂ%rugﬁ ¢:(ajzl AN tth@I ha
multi-1Iaye ral st ure, .. rai ding S rounde es a e
bor i pnery MOReRE; Rk, M5 T Fesiditd oRh LB BB 437 REH"Sr MR Ry 1 hor i c
has edges poldetraivocoefiiond RIEE, commeicigy available aeereter®. uni t s, adapted to be
apposi tztspnefl t Otwé%eféé’t,fvﬂy 9erW§éF]ﬂIe Gdit%?%oﬁ%rfs%k%’ﬁrsﬂ%ﬁ'd@ﬁseﬁE@e*t&fdtiﬁ?:;ﬁrst LOA
or irl-na 'V Girektion tov?aré)sré’j1 Idescg%%g aora of thé’ oM Arch {rgmam%’attgdhﬁ\éntspo%mné 8 second
portion devised to extend in a second direction, opposite to the first direction, towards the ascending
aorta of the aortic arch from the attachment point, when the protection unit is positioned in the aortic
arch, in the expanded state. The first and second portions may have different longitudinal extensions.
30 . In embodiments, the selectively permeable unit is arranged to asymmetrically extend from
the attachment point in a first direction towards a descending aorta of the aortic arch and in a second
direction towards an ascending-aorta of the aortic arch, when the protection unit is pos'itioned-in the
aortic arch, in the expanded state.
Further, the selectively permeable unit is devised for percutaneous transvascular delivery
35 through one of the aortic side branch vessels to the aortic arch, in a collapsed state.



The sel ectively perneable unit 132 can conprise a hydrophobic material, or
conpri ses a hydrophobi c agent, or be nade of such a material. This is
particul arly advantageous to prevent 15 trapping of enbolic material in the

selectively perneable unit 132. ' The selectively perneable unit 132
may be devised to substantlally not trap the enbolic material in the
sel ectively perneable unit. Alternatively, or in addition, the
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dimensions can be seen in the Figs. for a specn° ic embodlment

The device illustrated in Figs. 10A-C is also angled (here 106°) and has a crossing 196 of a

wire of the support member 133. The wire has a first branch 197 and a second branch 198. The ovale

35 form has an increasing width towards the distal end of the device. This shape allows for an improved
retraction when retracting the device back into the delivery catheter. |



Fig. 9 is a perspective view of another enbodi nent having a support nenber
133 .in a 20 generally oval configuration. The support nenber 133 is nmade of
a single wire suitably brought into shape by bending. Fig. 9 illustrates

t he expanded configuration of the protective device. Two branches of the

Wi re cross each other at a crossing 196 towards the delivery unit 130. The
wires are joined at attachment point 131, e.g. by clanmping, welding,
gluing. Thus, the delivery device is arranged at an angle with the support
menber 133 in the Iongi tudinal directiog, of the device 200. This
configuration Prg s, for ecjfically e intro ion into t ortic
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distal end as a ne p ectlve vi e anot her
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of the devjpce is provided in
#’ lter may bepprov\lae in a separate rumen of the cathe%r for release in the delivery vessel upstream

30 the ostium of delivery to the aortic arch 100. The trap or filter may for instance be a vascular filter for
positioning in a lumen of the type as disclosed in WO 2007/035885, US 2006/0025806, which are
incorporated by reference herein in their entirety for all purposes. Suitable commercially available
vascular filters, traps or embolic protection devices are e.g. the SpiderFX™ or Fibernet® EP system.
Any embolic material that by accident ends up in the delivery vessel is thus securely trapped and

35 removed when withdrawing the combined device 200 and vascular trap.

The kit may comprise such a vascular particle trap or filter.



20 extension or nose 199. The selectively perneable unit 132 is arranged
substantially planar between the lateral wires 197, 198 extendi ng between
the attachnent point 131 and the nose 199. A typical duration of use of the
device is approxinmately one hour. A kit conprises such a

col | apsi bl e enbolic protection device and a transvascul ar delivery unit
adapted for delivery of the collapsible enbolic protection device through a
side branch vessel of 25 the aortic arch into the aortic arch. In
order to prevent debris fromthe ostiun§§120a in the exenplary Figures)

t hat perhaps, despite, all .caution, is released, during the placenent  of
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"coupl ed” to anotHegresghteni@iition had beeded2fbed iab&@ withl refdéHae & HecifRrenbodimbRg to

t he other elenent or intervening el ements be present .. . used rein,
Lhe rerm - SRENGH oinpleoioriBéns Ba e SockRek: ool 2t soFll PERER i T 5o ab e o
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i . t ood : f di Kill the art to which
Thi's' | nvend PONOBUIESHNEE TTSofef P Bl (UL BAHS. such as

those defined in commonly used dictionaries, should be interpreted as
havi ng a neaning that is consistent with their nmeaning in the 20 context of
the relevant art and will not be interpreted in an idealized or overly:
formal sense unl ess expressly so defined herein. The present
invention has been described above with reference to specific enbodi nents.
However, other enbodi nents than the above descri bed are equally possible
within the scope of the invention. Different method steps than those

descri bed above nay be provided within the scope of the



25 invention. The different features and steps of the invention nmay be
conbi ned in other conbinations than those described. The scope of the
invention-is only limted by the appended patent clains. 24 CLAI M

1. A collapsible enbolic protection device (200) for transvascul ar delivery
to an aortic arch (100) of a patient, and for tenporary protection of at

| east one side branch vessel of said aortic arch 5 fromenbolic materi al
(150), said device having a protection unit (140) conprising a

bl ood perneable unit (132) adapted to pyevent said enmbolic nmaterial (150)
from passaggaifst h a bl ood flow, wherein said protection unit (140) is
connected to a transvascul ar delivery unit (130) at a connection point

131), and a firgst s rt nber (133, Q). for supporting said protection
l(Jni t)(140) that 14 %@%Q@%gmg@@prﬁwﬁm Qev&e@}qg@aﬁa&ﬁva& U%éﬂ?"m%wn@%eyf%f sai d
sel ect i vel y10pef apatiehteandriortteniibRid) protestion sitatleast one side tﬁahclevq&wndfesgid?brat arclof sai d
devi ce (20 ji i i . I - sai irst support
menber (13 %m 8’?@"%%‘%%%2@5(@?1%@35&9 éean|r\(19iagp}3et?drt{§rlslg}ﬂgf4? f?gﬁg%/%gcul ar delivery
unit (130) is conhbieadiaimeablepmit($32hadapted & pieypet syid gmbalic malerial H59) fomuessage sai d
connecL i lonwltmé tidod (13v@ Wheremiagid ﬁrioteptb:a}mit (&Fﬁ) B Cbring@éd/to pgam_bmﬁ dgméry ur(itj(ﬂib)15i n
non-t ubul ag, ntially planar in said expanded state.

2. The dev:étcaec(aﬁé#e&@ﬂg@%(@f%ogrei n said device is devised for percutaneous
transvascul ar ded firstgpppott eqderd 1330 210) dor surpprtinchsaisurjetectiencungf(149hthet inetleast si de
H} anﬁh l\é)esﬁaﬂlﬁarfah@dd dtﬁ péhéﬁf@r(@m of 'éér?]dnse?&%wﬁiycpgﬁﬁéiﬁle Qxhi@(‘lﬁ@)r' mﬁmltre%, |ir\9§rdid”?ht 0
oftcar of PHASRR &Py of e BB Pl g toffBeton pop! (151 < cicossd byalislsipelty
claim1, whnemesr |(113§)adrdj1t&geal/ih_erewiﬂswhmim saititranevasquiar deliveanend (30} is aomseciabieudiiar o
del i very t bnBk@iag BRteefontAt 4 %féalioccoﬁde%nlasiﬁm::hWéﬁiﬁga%gbuefcﬁv%ry@g@gsm@n sai d

aortic side, ch vessel s or ar rotected by sal evi ce
del i vered ‘c"lﬁ@?‘ﬂ "%Wli?aé eétPE‘f‘ﬂg Sﬂgfia."gaﬁﬁﬁla’@é\?isé' expendel st 2 or 3, wherein
said adistic side branch vessel for said delivery is the left subclavian
artery of said i . ! Lrect|: - I in a
vessely of the Ig?1 ?hé;?én\chfoppﬁ@nﬁg@%ﬁts.%gsﬁ#h'ééd%\%ﬁcﬁ%gﬁp &%ﬁﬁéf"’g%&sﬂfﬂ,
wher ei n safidiveseioseif aortiq Jchtaiougt-a9e &f said; aortic sidebranch vassels Higis difigyent fom aortic
asymmet r i csidld brareh vezsak Badingtehe tead@nneek bf taepafient Sich G4 Bd bratHiocephhlicrastery dind ect i on
towards a ﬁgﬁﬁ%(}glid%%rg%é@ol?ﬂse@&étg aortic arch (100) and in a second

owards an ’scencJ

direction I'ng aorta of said aortic arch (100), when said
prot ectZ0on unit (140) is positioned in said aortic arch (100), in said

expanded state. 3, The device of claim 1, wherein said device is devised for percutaneous transvascular
delivery 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.

25 4. The device of claim 2 or 3, 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. '

5. The device of any claims 1-4, wherein said selectively permeable unit (132) is arranged

30 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.

35 6. 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



25 the left subclavian artery, the second side branch vessel (118) is the
| eft comon carotid artery, and the third side branch vessel (116) is the

brachi ocephalic artery. 7. The device of claim1l, wherein said
connection point (131) is provided at said selectively 5 perneabl e unit
(132) or at said first support nenber. 8. The device of claiml

wherein said first support nenber (133) is shaped to apposition to tissue
of a vessel wall portion of said aortic arch (100) or rel easably engage
with said tissue of said vessel wall poyd ion, and wherein said first
support ne r.is formed to encircle aplurality of ostia 10 regions (116a,
118a, 120a§ﬁ%§9ﬁ Sygq'%'aagﬁ%%heﬁﬁ@d B¢, pramch\vesseld |l 18) fs thedeft comanon sarefid artery.@nd aj d
aortic ar chhe(tird@ide bramuti vedseld118) is tha beaehidodptaiid attegst i a regi ons (116a, 118a,
120a), such that said selectively perneable unit (132) is arranged to
separate a first_fluid volunme of said aortic side branch vessels (116, 118,
120) from a secohdhd fieyicel ohciin tewhereingsaid gongeetion poini £ 3f) is provided\ahsaid ssigptively
pr ot ect i 0N peredble uhit 0)B2)i of atidaid ififsi S mefbe@ai d aortic arch (100). 15
9. The device of claim1l or 6, erein said connection point (131) is
provided on a surface of said selectively perneable unit (132) devised to
be oriented towad dBe deyiceioflsim 1,avherein saith firalrsupportaemberd 133)Lis hapediie appbgiton t6 r om
i nsi de sai gssa@bftd vessl wall poAiBPdf s3ikd Gordé areh A0SR RRsdbly@iyayawih Sid fisdud § g4i@Ns
(116a, 118aé ][20 %%en S d.npr otfe tion unlé g%lﬁ%) (S @OSII ti tan’ed Ln .sai d
aortic arch sf"id’@ﬁl.o » and wherein spgl firstsuppaid, (Refoer i fored;to prisircie A pluzaiity ok ogtigy
sel ect i Mel 1egjoss (taGe I tBautile) ¢f 58@ poric sideobranch lyedsels (118x118N120igtossaid sbrtintnckal |y i n
form of a {fogt ardribs @bthrite toBKBGAEdons Sﬁed?‘#ﬁia! %@Mmasaeegécm;@g%am%

f h, IS devi to be

formed b T st t d'wh ni |
or 1 ont ecl t BILH 2 FLAEEER 0 Srereh, 5 e BLSHB i B8 St STR O 41 o

sai d aorti ¢20xfrarma §o00) fluidhvelames ii sdid portid &ctt (100) when daid (plodd)ion upit A3P aspokitione@d | n
said aorti : ; in said expanded state, and wherein said delivery
unit (130) ﬁisgiagﬁl(%%gggo%art |y arranged in the | eft subclavian artery.

11. ThelSdevice of claim 1, wherein said selectivel y pernmeable unit (132) is
devi sed to be ar9. angéslicebf oainlil 9t 6)MbEreih saidcandédtion for® (18MNSs frdvided on & s&ace 120a)

f said i€ S | 16, ,3 | f _said aort, h
(100), whey %é'e@@sﬁé%ﬁﬁ%%'xﬁlﬁ?ﬁ?’ga%%% 0t e Tl a0 oo Al i
(100), in ¥spel @4 diMtide0)dromtinside said aortic arch (100) amthet aidistance frerh said adtimregionsher ei n

sai d first (136 n8al1208WAeH sddpraédich B f14altis gosietell MEhie borfld arégooglevi ce, and is
confi gttr?ed for tissue apposition in the aortic arch, wherein said shape is
oval e, “35el ongate or patient-configured to the interior of said aortic
arch. 10. The device of claim 9, wherein said selectively permeable unit (132) is non-tubular,

extending substantially in form of a flat umbrella, parachute, or mushroom which opening edge is
formed by said first support member and which opening is devised to be oriented towards said aortic
side branch vessels (116, 118) from inside said aortic arch (100) when said protection unit (140) is

25 positioned in said aortic arch (100), in said expanded state, and wherein said delivery unit (130) is at
least partly arranged in the left subclavian artery.

11. The device of claim 1, wherein said selectively permeable unit (132) is devised to be

arranged at a distance from ostia regions (116a, 118a, 120a) of said aortic side branch vessels (116,

30 118, 120) of said aortic arch (100), when said protection unit (140) is positioned in said aortic arch
(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,
35 elongate or patient-configured to the interior of said aortic arch.



26 13. The device of claim 12, wherein said ovale form has an
increasing wdth towards the distal end of the device. . 14. The
device of claim1l; wherein the delivery device is arranged at an angle with
the 5 support menmber (133) in a longitudinal direction of the device (200).
15. The device of claim1l, wherein the selectively perneable unit (132) is
devised to be repellant to enbolic material. 1016. The device of claiml,
wherein said selectively perneable unit (132) is stretched over the first
support menber, such as a sock, in a doyple layer configuration.

17. The device o aim1, erein said protective unit is sjzed and shaped
to extend across]iaaﬁ-h%lgtaé’ige(?f %’ﬂﬁa ‘?”bsaéff?,"ﬁle OIS an igcreasing wiath tfﬁ?'gsl'}dli‘é

devi ce of dlistal end of themissicei n sai d devi ce has a perineter adapted to be
arranged towards tissue of the aortic arch (100), wherein a tissue
rotective unit is _provided at |least partly at the perineter of the device.
IC2)019. The devi ce“ofTﬁ%p%‘i'% glaim,, yheren taeydekivary davice israrengad; 3t apgle with hea cuf f
(210) i nf | auppbit memben (138) in @ ohgitudimanditectivr of thedelice 200)sel f - i nfl at abl e; a hol | ow,
porous, spongy, and/or resilient unit; or a soft and/or elastic unit in the
formof a coati n% or surface |layer arranged at | east al‘on% a J)o'rti on of
sai d perineter of> JB&¢ deviseSf eaimi b wheraipithecseleptiyply permeableyenit (¢%) ést devipasd thbe or 8,
wher ei n 'sair@emﬂ'tegmbwehwemr meable unit (132) is of a rigid, non-elastic
material, substantially non-flexible, material, whereby said perneable unit
(132) is non-conformable to ostia regions (116a, 118a, 120a) of said side
branch Wssel s (1618he deve ofighiy 1, wherein said selectivelp permgaile enévi@pissiretehegd oer cl ai m

1, conpri sitRgirsbsuhdt rdmbied/ sith ash §dék $n aeefduaeﬁiyémorfﬁpmmoﬁ.ai d support 30 nember
and arranged to support the selectively perneable unit (132) in formof a

f ramewor k. 22. The device of claim?21, wherein said struts are
resilient. 17. The @8ice dfislgime wherein edid prbladtive dnit iscsiveth andsshappd &t exteediadrossne
W ng secti gRgnes BAREShricRr&o8nd a certain 35 distance down into an ascendant
and/ or descen%fznt aorta cﬂon?t he aortic arch (100), at an end portion
t her eof 1
18. The device of claim 1, wherein said device has a perimeter adapted to be arranged
towards tissue of the aortic arch (100), wherein a tissue protective unit is provided at least partly at
the perimeter of the device.
20 19. The device of claim 11, wherein said tissue protective unit is a cuff (210) inflatable via
an inflation lumen (211) or self-inflatable; a hollow, porous, spongy, and/or resilient unit; or a soft
and/or elastic unit in the form of a coating or surface layer arranged at least along a portion of said
perimeter of said protection device.
25 20. The device of claim 1 or 8, wherein said selectively permeable unit (132) is of a rigid,

non-elastic material, substantially non-flexible, material, whereby said permeable 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 claim 1, comprising a plurality of struts extending from said support
30 memberand arranged to support the selectively permeable unit (132) in form of a 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

35 distance down into an ascendant and/or descendant aorta from the aortic arch (100), at an end
portion thereof.



27 24. The device of claim1l, conprising a plurality of
sub-sections of the protection device arranged as nulti-layers, wherein a
plurality of peripheral support units and/or sealing units is provided in
series. 525. The device of claim1, wherein said selectively perneable unit
(132) conprises a nesh material or fabric conprising a nesh of strands.

26. The device of claim1, wherein said selectively perneable unit (132)
conpri ses a hydrophobic material and/or a hydrophobic agent. 10 27.
The device of claim1, wherein said sehfptively perneable unit (132) is
devi sed to substantj all r.appi n c material i.n said

sel ectively per E“eedetﬁ‘/if’ PP‘(I?L@f) gé)mp”g Ing a pIuraFty og@b-smgnsocg\medgot@ﬁﬂorbqied‘cgn 1,
wher ei n saithnged es miulliddygrspwhereimlal uralityi of elipii®ral issppde winitseahdlop sddling usiBsiabl vy
trap at le i%VP&ﬁ&;Of said enbolic material froma blood flowin said
aortic arc %ﬂ d) ' 29. The device of clainms 1-4, wherein said

sel ectively perneable unit (132) conprises a first portion devised to
extend i a firs25 Thededite efitlaimolyavhersin 3aid estavivelyippanealls trik (082) Soripflsed@miesle ar ch

(100) from.saiidoS %ﬂg edgn%%ﬂjeéﬂtof&ga (fs)e and 20a second portion devised to

extend in a secon OpposI to said first direction, towards an
ascending aorta of said aortic arch (100) from said connection point (131),

when sai d prot ecls. Ghe déVide of TAM 1) wheps kdid @él&ftivlep@rTlééBleaj?ﬁtt (132) %rﬁd?lséswg) in

sai d expan tate. evice of claim1l erein sai

sel ectivel 8y 085‘??&{%%‘%'3'&%’9a(%’ﬂe%mf"ga%%b. sed for 25percutaneous

transvaldcul ar delivery through one of said aortic side branch vessels (116,
118, 120) to saig FRd Havice %IBlm( 1.06herein ﬁl@scﬂ'&[n}e@%%a% %ﬁlg‘gw) is dewsed?tc;- The

d f chal
Connoct | onSREB g LRRP R DR ain SRV Y Rhcs cond 1

escendlng aorta
(114). 30 32. The device of claim1, wherein a distal portion of

the device is préBV*rﬁeegevLc? of Qb PlwRRiPGH @e%cwé@gﬁﬁegme WAl (132 ﬁeﬁgws%&%?)

33. Ak |
cl ai ns Ift t %j %aba{rtrap% QS?IStatﬂ*‘ﬁﬁ%??ﬁ@@ﬂ?“g;"%égfﬁ?r{}’ggﬁ?b?fmq"’ "hﬁ?&;ﬁp@ﬁa'%? el i very of

sai d col | apsi bl e enbolic protection device through a side branch vessel
(120) of said aojgt Th(é d@\yi&kbf £I31919)|-4' Weﬂainss%id%elgﬁ(/élyi &rrﬁeragllé' UI‘III(Q% comprises a first
portion devised to extend in a first direction towards a descending aorta of said aortic arch (100) from
said connection point (131), and
20 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.

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

, 31. The device of claim 1, wherein said protective device comprises a safety connection for
preventing loosening of the device into the descending aorta (114).
30
32. The device of claim 1, wherein a distal portion of the device is provided in form of an
angled extension, or a nose (199).

33. A kit of a collapsible embolic protection device according to any of claims 1 to 33 and a
35 transvascular delivery unit 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).



28 34. The kit of claim55, further conprising an introducer unit. 1

28

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



