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MEDI CAL PROCEDURE FOR DELI VERY THEREOF Fi el d of the nvention 5This
invention pertains in general to the field of nedical ‘mm“mum“\nedl cal
procedures applying such nedi cal devices. Mre particu “{H nvention

relates to an enbolic protection device preventing undesi _r,ggmgnbol I C
material fromentering one or nore branch vessel s .of. a_maln-—vessel,—such as

the aortic arch, as well as a nethod of deploying such a device in the
aortic arch for cerebral protection. 10 Background of the Invention
Cerebral enbolismis a known conplication of cardiac surgery,

car di opul nonarTGMRRARY EMBRIAC BRATRETION DEMCEANDIMEDISAL BROGEDLRE FARDELIVEROgY and

el ectrophysi ol ogy procedures. Enmbol THERBAFticl es, which may include
thronbus, atheroma and |ipids, nmay become dislodged by surgical or catheter
15 mani pul at i e fvéaatider t he bl oodst Iream :a_nbol W4 nlg |3 Ehe brain or

ot her vitak organ stream . Cerepr ol i.sm can ad . to

neuropsychtg)l 0 ?calsrhggxwtzahp gf,%'"ss{"rQS'l?EPtaﬁ‘a ﬁg‘g@ﬁ"eﬂ@ﬁeﬁ'@sl@?@?}@ﬁflipBFFdYS_?S cer ebral
enbol i sm ben&PAng syshmedicaldevicgs, Morp padiculari e inyrgtiop relates fyan giboliciRetselioplesieedur es.
Vari ous enbolPpre¥eniing gedesired emboliganatedat fomnenteriigrooew more btaneh vasstls of Arnaia visedl,i C

protection dewhasthd oftic srthlss well &ty es a?loﬁn_?%ﬁchfa!a&ic@m Ktle larticPufch for E3ABrall OF
i nstance been el osed in US 2004/ 0215167. This 20 embolic protection

devi ce has[ an expandabl e tubul ar structure supporting a filter mesh
material . 'the embolic protection device is conpressed to a small dianeter
for insertiomatkaroundpfthelnvestion s aorta, and then expanded within the aorta
with the filter mEsiebrafibulisnals apkasintcbipiieatbntop cadidc Qiydn), BffbpliRoneR) bfpassSi de
branch vesselafgy GfREbeds -Fﬂteh@ntisﬁafcaﬁiﬁr n@@%ﬁy&fe&vﬁ&kdﬁg}%bbh‘é p?@c#egr! al rr om
entering thewﬁi&hdrﬁ bnrc nect1mr\n/t§assa§| S Z” evl cecl S %Ilefeo e arll ae i n place
for |ong-ter tar oV dEpepombis. afierama o Pigp, mayipe °B‘é\9| egd; g2 Becletpr essed
and wi t hdr awatRuieNE A eales thebloodsimamambolizing e the besio br athepyital bigarts idomstami ces
di scl osed i nCaretal bARIHUGHT lead toenearopsyshdingical adficitsr stuke ard<sven ddad. RIgvitisor ™Y be
di fficul t tocsaskal bbish bR pARnESHd iipfovedfre But@ge o tale %?Tbeeéﬁe design is devised
0

i armthe i | ant ati on
for permanent i ”p'vﬁrBBsaeHb&Q oo GRY o Fncin itk o, Areob i@ protection device or
site. The device also

side branch vessels of the aortic arch has for instance been disclosed in US 2004/0215167. This
20  embolic protection device has an expandable tubular structure supporting a filter mesh material. The

embolic protection device is compressed to a small diameter for insertion into a patient's aorta, and

then expanded within the aorta with the filter mesh material positioned to allow blood to enter side

branch vessels connected to the aorta and to prevent embolic material from entering the side branch

vessels. The device is deployed and left in place for long-term protection. Alternatively, the device
25 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 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.

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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forms along the aorta and may at |east partly be pressed against or into
the ostia regions of the side 30 vessels. Mdst often these ostia regions
are subject to sedinented plaque on the outside of the tissue in these
ostia regions. Wien a stent |like device is pressed against the plaque, the
| atter | oosens fromthe tissue on which it is situated and is washed al ong
the side branch vessels as debris. However, this debris is an undesired
enbolic material, which the device should avoid to enter the branch

vessel s. In US patent 6,258,120 inplantable cerebral protection
device is disclosed for diverting enbol2 away fromthe carotid arteries in
the aorta. Theemtolald esichchasiepen endsthat allew alooditd entecking e} flow throudhalic t@e ariresd | vy
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conpared to in scul ar including aortic trauma. The devices
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i nserted per ; : 1 w.either via the
fight arteri 2“’%@@{5@ %&%Qqﬁﬁﬁ%ggﬂf%“f D S fenibos U G e el
br achi ocephalPHaBY e Kfrevascyiary mppulatEdyad thus ibyil ikely contacting astiap! i braghipegehidicocephal i ¢
artery and0t [dens i-gtthe side brench yessehotthenadria Jeading e the right camtid ertewi Treis haisk orn any case
a gui de Wi r e iarbgedi\@es8d enbblaton i predamtli waIRI physkign RN vill st 188 GribolRBEbrid Fof the
or achi ¢ epNaloi o fickooothlc SHen) heh Bl e REVRE 3fid GifboR Yo bR AR e i1 S _reans
that, like i r&rt.ge eaf O{Jemﬂan%tl one§ (ﬁl scl osures, the device w 1975 Wevi t abl y be
i nt ravascul afT'S" AR PUTARAGC SFR 908 ¢ will Iikely contact the ostia of
t he brachi ocephal iMereover, 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



30 artery, i.e. the side branch vessel of the aorta leading to the right
carotid artery. Thus a risk for iatrogenic caused enbolizati'on is present,
i.e. the physician likely will set free enbolic debris fromthe ostia of

t he brachi ocephalic artery when using the device. The enbolic debris is
carried to the right carotid artery and may | ead to cerebral damage.

Mor eover, the donme shaped device of US 2008/ 0065145 appears to be
difficult, to work in 35 practice du to the anatom cal structure and
position of the afore described access way via the brachi ocephalic artery.
The device will have to be very large ih order to cover the ostia of the 3
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procedure. Hence protection deV|ce or nethod woul d be
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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




35l n enbodi nents the device is devised for percutaneous transvascul ar
delivery to the aortic arch through one of the aortic side branch vessels
that is different fromaortic side branch vessels 4 leading to the head or
neck of the patient such as the brachiocephalic artery and the left carotid
artery, in a collapsed state. I n enbodi nents the device is devised
for percutaneous transvascul ar delivery through one of the aortic side
branch vessels different than the aortic side branch vessels tenporary
protected by 5 the device when delivered to the aortic arch. In enbodi nents
the aortic side branch vessel for the delivery is the |eft subcl avian

artery of thelegding logint head @rneckrus the patient Glick @Cthé YrachoeBiafidtery bfd the BRIGFREr e 1N a
vessel of thearfe®fida BlapRe®ftad. NE patient. I n enbodi nents.the device is
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of the aorii cidsibeiachbeasich theaas@nfon Bl bibs, AR thé HinfbiGNbrand thsdl} isdnedi St ance
to the ostia ﬁa@tﬂicébﬂéicarﬁl»}?h that the selectively per meatm e unit is arranged

to separate a firsﬁ] flu vol une of the aortic side branch vessels froma
second fluid vol une® FHSPR PRI, TaY be prowded i e selactively, pesmeable juihor ah the fiists

posi tioned i r“RPPHEMEAB®t i ¢ arch. 20The connection point may be provided on a
surface of the selTeefrstowbyt npeberemapbeahdped tb aidesitiorss Bsshicdr B GesSl vidf B oft OWVAr dS

the aorti qs sit@eort AdhGhredRashEdngagt Wthd tlg%ia dand \{aﬁels\gﬁ Bo'rtﬁrh%{dc vymg%ggwg Iﬁr%tl g ned in

di stance fro g regions when the praotection ul
the aortic agh d %e%ér 'sqof'ﬂeéjq%eé‘f:'@ce,laip@@'lxp ﬁ&?ﬁ%%?f@eeﬁms'dﬁ kranch vessels it ment
non-t ubul ar, TEPSRINENd Std distanse fohe) optiaeaionsusuch that theselestipdyriediatis @t 8.  25The
sel ectivel y geangedddreparaters fist fuyolinee ohihéraoktio kit branch vesstIERbA aRBcond i t@el @l | Y i N
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ori ent edytZ(?) rds ?&ee&g%gﬁ §°'@?"§2%%P'§H%ﬂ °V/é§§'@F£°ff¢eogﬂeFﬁh%ﬁ ReEmeablsuifor ti ¢ ar ch
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| eft subcl avi an afkesselyctively permeable unit is in embodiment non-tubular, extending substantially planar

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 amanged 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, '




30The sel ectively perneable unit may be devised to be arranged at a

di st'ance fromostia 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 nenber may be arranged at a
perineter of the device, and is configured for tissue apposition in the
aortic arch, wherein the shape is ovale, elongate or patient-configured to
35the interior of the aortic arch. 5 The ovale form has an increasing

wi dth towards the distal end of the device in some enbodi nents. In
sonme enbodi nents, the delivery device i§ arranged at an angle with the
support menber in ghe @ngiokn BisreR|incbaging GidhOtowands ttiehiistatlendi of the dévick i Swere

enbodi ments, fhe,sglectively perneable unit is devised to be repellant to

enbolic materral. ln so nmbodi.ment s he sel ectiv abl e
unit is stretched .B‘f@?e_m%!?’?ept?'ﬁ" dgw’b‘g?"?e 'Wﬁ@%‘#af AN, ihe ‘?pg%tc"%%ﬁvﬁ a
doubl e | ayer i@dohgitudinakdirection of thedlevicesome enbodi ment's, the protective unit is
sized and shaped to extend across an apex of the aortic arch. In

some embodi ments, jhigmeGbbdifentdfe ety piRtRle uRtaRlied td 1 ripellarttd evbgied t owar ds
ti ssue of thegag%Llc arch, wherein a tissue protective unit is provided at

| east partly e perineter of the device, The tissye protective unit my
be a cuff that is emaeEhefiments e selectivgly perneagly Uit sratryichrd o I"F-ﬁ'SEL%JPW? | at abl e;
a hol | ow, por owrsher, syoloas@\sock dmadoatle layersorfigueatian. unit; or a soft and/or elastic

unit in the form ofy mcambdiribits A protcivaGrit isl satPund Ehbped BEREndALods @mgpex 1l ong a
portion of thﬁ Qﬁk%ﬁ?ter of the protection device. In sone
R Sél%6cti v

materi a1 Subst ant rPTSTHEHNET deepica s apap L Rapei e ol el dal i ¢
i S non- conf or thelabrte arch, Weteinz tissigipoiestiveiinit tisrpeovidédchb lepst sartyrat the serigeter. 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 hydrophabic 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 asecond portion devised to extend in a second direction, opposite to the first direction, towards an




20The device may conprise a plurality of struts extending fromthe support
menber and arranged to support the selectively perneable unit in formof a
framewor k. The struts may be resilient. In some enbodi ments, the
device conprises at |east one wing sections shaped to extend a certain
di stance down into an ascendant and/or descendant aorta fromthe aortic
arch, at an end portion thereof. 25In sone enbodinents, the device
conprises a plurality of sub-sections of the protection device arranged as
nmul ti-layers, wherein a plurality of peripheral support units and/or _
sealing units is provided in series. 6 The sel ectively perneable unit
My conpri sesaseendigsirtavhthe adria arciofromftiesrinectianpoipty when e pretecigSibit i9posisohédamn ds ,
and/ or a hydrgpabish  Mte@kdamded 44361/ Or a hydropht)lbi c agent. The sel ec]t ively
ernmeabl e unit 30 b Vi t 0. subst ant i not. trap.the olic
Ironatt erial in the selﬂg%/r??ie\%gc_f ',er;‘)%(ra%é%ﬁfpvgly ﬂeﬁTe[aHe "\'ﬁg aﬁ@ﬁ"é’é‘f ?W@fﬁ?%?’%ﬁ@bl e unit
may be devi seBmg CP@F@%P&B%W firpt diection towarassa degpeqsing poria pf therasrtie Ao p1ddn arat er i al
froma bl odd setopdiiesiort thwearda an 4stendiayraoita of theraostio areh, wiveh tvel prowsibreunit i baditicned ect i vel y
per neabl e uni ik the SRt it Ahe dxphideddtatd?Or t i on devi sed to exthend in ﬁ first y
direction towards | r r rom the connection
point, and 35 a se'ﬁosg é(ﬁgrtimgﬁs’ 3@9{/%62%@% %Q@%%gn%h iqsn%%’%féde%{)ﬁgcu Il"?og%t i on,
opposite to ttf"fE:SV‘stﬁaéPe ¥y, teough Q5 of the SRk e braneh vegselgfe b earta g dracelagsed ¢ he
aortic arch fsam t he connection point, when the protection unit is _
posi tionedoi n the |asdnielembdiinfs, the ipRtebiikdedideamshesd ashidty Bonnectidn HPBeRPOd ment s,

the selecti vq&ogenmﬁzgf%@mcgingizhesg di,qagragrgapged to asymmetrically extend from
t | T

[ t direction towards a descendi ng aorta of the
Rorti o aroh and’ | 4o CRRURIS.A U PHUH o BRAPAS SHHSLE T ALTUHRR of i he
aortic arch, eR®ianEHN$E ot ection unit is positioned in the aortic arch, in
the expanded st at eAccording to anothbmaspeatd tiRNi@slibriTRMHiethod fshoviad et hetRd 6 Her meabl e
unit is deyi Segdicd ocedlf & HEtﬁda%Pdr\ﬁenftiﬁgaeﬂnﬁaﬁé‘:%&éﬁhl%m Qﬁ‘érﬂg"sﬁﬁ f!rFchF'Se‘B%E U«'{tho e of the
aortic side tﬁ aneh fvesseﬂl fﬁ t q} t.he aot_r&|| (r:n [gr chr_,n i|_n rcCtO a sie state. 10I'n
sone enmbodi rne*r?f’(gz {00 90, 28TRaEh @ FALy e Mot foRsiEing percligepis Y i on for
preventing collapsible embolic protection device in a collapsed state into a peripheral blood vessel in fluid
communication to a first side branch vessel of the side branch vessels; transvascularly delivering the
collapsible embolic protection device in a collapsed state into the aortic arch via the peripheral blood
20 vessel and the first side branch vessel, and through an ostium of the first side branch vessel, while
avoiding contact with the ostium, and attached to a transvascular delivery unit at a connection point or
region, or an attachment point thereof; expanding a protection unit of the collapsible embolic
protection device in the aortic arch, wherein the expanding comprises asymmetrically expanding a
first portion of the protection unit and a second portion of the protection unit from the connection point
25  or region, or 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; 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
am 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 to the aortic arch through one of the aortic side branch vessels that is different from aortic side branch



| oosening of the device into the descending aorta. In sone

enbodi nents, a distal portion of the device is provided in formof an
angl ed extension, or a nose. According to another aspect of the invention,
a nethod is provided. The nethod is a 15 nedi cal procedure. A nmethod of
preventing enbolic material fromentering side branch vessels with a bl ood
flow froman aortic arch of a patient, the nmethod conprising percutaneously
i ntroducing a col |l apsible enbolic protection device in a coll apsed state
into a peripheral blood vessel in fluid conmunication to a first side
branch vessel of the side branch vessels; transvascularly delivering the
col | apsi bl e evstsel leedingrtothe bdall omneckeof the @atiem sech @® thb iachREEpRalicdrery iahd e e aortic
arch via the qaetdaRbEnalcollpsePihte?0 vessel and the first side branch vessel,

and t hrough an ost4 I j ranch vessel , whil e avai di ng
contact with the o@? iﬂgﬁrﬁd 'ﬁﬂ;”‘&t‘ {eg eﬁcé%% I} 8“3%’3?%&’!?%@5%81 the empalciPRIERon unit at a
connect i on pdi e ¥ie Of ta& 08 sidedyanch yessels differsptehan the aartieside branchoessels tempaandi ng a

pr ot ect i on Surfratected byitiedevice Whea deliverdd o tieerairtd drah. pr ot ecti on device in the aortic
arch, whe][ ei P},@E he Iexnioaithbritgof @R MRthbE & a&ﬁ&éﬁ@ﬂfrahéh%skl)for?%ém%ﬂ% ROhele | TST
portion of thgycaliamt t r . the pr i on unit
fromthe connect bgni%?ﬂ? ﬁg%htbf? ﬁ&%ﬁ?&ﬁ}e‘%@%@é@g@@gﬁ}%ﬁ@e Bgiv?ﬁsg 0%126@ first

di rection tovvar(i B'kscendi ng aorta of the aortic arch and in a second
direction towards TApmeikad eayicompyisespositigningfthetdémice aextend oveathedstia ohafifst tskoosd

posi ti oni ng tahdthiprobthesdeibanchuessdls, wibreintR RO bncA etk is the leRQubGxRRALSD St ate,

and preventi ng seddhidide Grahth ly&ssd) @lthefle'ﬁgmnﬁ?)ﬂﬁa?ﬁiggrteg 108 1 il 9 Jngﬁl\é\égjel Est 0 a

plurality of G S ranch vessels at the aortic arc el ectively
per meabl e rratﬂ%?fagd'ogecgpéh?%eegpr otection unit. 30A second branch vessel,
di fferent from t hd" Bremkedmeplebe erptectiop usitiig elivenadoff-cantet bywtier transvasculen dediveryi S

protected frombendohregedniicenter athe topnectorpatirbol i ¢ protective device. In
particul ans by aceegmsenbbdinehte ér%utc_p%fe&h@mcetibaméh@{%aﬁH?&L@VAh@d?in%tery’ one
'(I)'L nor e of tQ&C,L\;Efltdnewsucrhlﬂgmeeﬁ%gligt|tdg\%rdtver§iar et. ei thct lc%e z epr,ot ect ed. _
e method may .go ri'ses percutanbots PR S\PaRR 1 e arsticiateh Protectid thene enbol i ¢
protection 3% RUganels- aortic arch t hrough one of the aortic side branch
vessels that is different fromaortic side branch 7 vessels |leading to the
head or neé:k of f[mwa&th%n§Mmbin%ﬁﬁoﬁH@déﬂﬁeﬁ%hﬁe%rﬁ%ﬁtlc{aiﬁs, Lt darildd the left
carotid an}ekym . e, met hod may conpri ses
per cut aneous tr%%%&%%@gﬁl a%geégﬂg?e\é/ée?fgt/h%g‘fleng%'ge@%meﬁﬁstaﬁ?eﬁtt"é' Pﬁ%"‘ﬁ%rough one
of the aortic side™Bl'afaRal, eaealy anggs o 0D mm Relum)tad e int pagicle sigeeorbr anch

vessel s tenp@aBatel. 5 protected by the device when delivered to the aortic

ar ch. | n e Eintotld maRmiblSndxbnsists BredBRinEaFef aﬁ@@naﬁﬁ’d’ﬁagﬁenﬁ i Gagkt ft%m?% r VierS]: S;n ce

for the deli H&ﬂ’c%vail,%yttéﬁ% icfRdes tp@@lgtcégirgdaféywﬂ{hgﬁr@;dg%% ﬁéerd.Tce%%Ergﬁ?%,@f,s Phe

directly c d,via ncture | vessel.
pati ent. ?ﬁesﬁg’?%ﬁu'ﬁa@hgg‘fﬂﬁ’ﬁ P@é%e"w@/mq"ﬁwprﬁg' el termay e ot 29y ether Bilad over the
ostia of a f PitiEsee. These-enibeli atetrapsnetted Withthe blodd stréaem asd eder dithenthe tereb@Belaton  Wher ei n
Lhe f ihr st si ﬂ'eysbm&gﬁd:{a;?&me'fhode%ntériﬂgithé @febraieitatoR¥sRIdt PRIl REks arld REd tﬁgCOBd si ﬂe

ranch vessemadoscobit6t nicstopic SRR , e.third side branc
vessel is th &i I Ir:[a:%:g i .9%' 315: h ,%gbi c aﬂ'ﬁfée@%@mh%&r"& ﬁ{uprénmgﬂtng%@’cﬁ'%gﬁ‘?f%“j%e
protection upt iaogaonee] eﬁtescffgf"-ca'g b arpblests sy as stpke fengtihopnital staygend. ver y uni t
bei ng contfect &eMeapescieath.chhe ferm fembolic Baieriel: tsedin theodontext of 1 mesemt ampfidatoali ment , t he
ermbol i ¢ pr ot weans maeridicv blape having the blerementibnédastraciural BrépeetURdsr efdae Bhoadiy)tht he

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 vesse! and typically has a
different name.

35 The present invention addresses the dangers in particular associated with cerebral
embolization.



subcl avian artery such that the enbolic protective device is in position in
the aortic arch protecting the carotid arteries. Further embodi nents of the'
invention are defined in the dependent clainms, wherein features 20 for the
second and subsequent aspects of the invention are as for the first aspect
mutatis mutandis. Enbolic material generally ranges from0.02 nm (20/pm to
5 mnmin particle size or dianeter. Enbolic material and consists
predom nantly of atheromatous fragnents dislodged fromthe aortic wall, but
al so includes platel et aggregates which formduring cardi ac surgery,
thronbus in 25 general, globules of fatg clunps of bacteria and/or other

foreign matter, tummerdealid itended fouddge @G cartidvhsaul fprobddeskBeratidid i BEDOI I are
transported Welght ih/ageRbA8shy §rtt,rar‘3l§mu%9rg, whER ErBtecﬁ#qtalaﬁrrst Siizq%&mro?é)arm%lFs ifllo rcul ation
or systenic atfwé eraé‘%lse%ssategg mhose enteri @ 1he cerepral ciFcuratton
obstruct small° Art 6rres & MeLAVE SRRNEPEET 575 cdumte medicl Biesedyyss. U@t ebr al

i nfarction, wadevassiayirlatyentiens b eastipn ioparaiens Wese the aenipwation P the iabaceokdngry cer ebr al
enbol i zat i 6n \essels byfassigess, ariddrihéarts adhes gthetwise panGdaliiem@nbbild4ibh fartiolbd iRkRe | engt hy
hospi tal st aysead @Bdis cﬁQin%]Eh RAEFC RES tSthe BSRITHe mddiSl drdbdlies RAPR! difimdipt €7 i al ™

used in the copLiRtemSed N€ Present "application means material I'n bl ood

havi ng t he aforemeH]tl oned structural properties and/or effects; broadly,
the termrefers to"8H§¥cq AaRRE Rodtined n theroric archby usiag @standard Sekdingesdaskaioue or ot her
body | umen. and fluoroseapywith acchss\tiregiebn intdaer it ratieh o braehidl srRSTHe phfeae hi ng from
ad; irst Velf)ﬁed?ji@rﬁiieﬁvyrﬁc! USRg b dathBBhabis fistidhed e aoﬂﬁtﬂf_@t{gﬂ 615&188%/95 F‘r@@%c% .”VEt”.t' on
addr esses - d.cul ar Wi cerebra i zation.
5 Thee‘“gaﬁ‘%.“‘%i"'? gf‘“.&ﬁ@a‘%%% b SRRTEN B 51t olrbet B e o

pr ocedur es/ oSt P GAE" Bir e Yessti working) 3§ o fock’ rfeting itireuat Blpadi bt retygmbslizet ar di ac
surgery, wherRatiglgsolhes thi eardioxgsetilanisterventidnot dardiat dperations oyeethd dedidedsTetiactédontd he head
vessel s i s delsicataeler agilne devi ce i nproves patient safety during nedical
procedur ess such agmeahed |nf ent | . OF rdi ac operations
wher e the mani pul aﬂ;‘% %{;“;ﬁgisgﬁaﬁ"aén%???X'ﬁﬂi?’y%&ebﬁesas@%g'? BHRED: art's, and
the heart's VERRL LeAkee plgmaqlc palstialiothe rain i effecively Breyestad i on of particles into
the head vessel s cH08PPRgdiments pevidesor agnechaicat protactive funetiorof eeirtain tisfleer cerali cal
procedur es mevygaitsdn the vidinitge thy delvice; iseh viets bdaiBomtrtheR8y. Some embodimdnidf HleNEviee MRy be

posi tioned i nyoifieiodftahde prtetlidn bi¥he 4ota e @rgﬁﬁ @e@éé@rogt{aﬁg! tﬁé atgi&gfsl_aﬁagﬁmgg que and

fl uorosco ess .t hrough an . ntroducer 1 n _ _ brachi al
artery. T%é \g‘r"%F %@E ?ﬁge?sfbmﬁgv%@écﬁ’i "g'era'gf’?\?‘g?"e'&’aﬂ&'f“ﬁba"ﬁa' £9lErien RSgventitat s

posi tioned i PMERR acsess fodheronliaoipgtine;aada sidesel b siraiesl tagis reanipulate@iroae clese o tio| | apsi bl e
protective deticachi Be thele isandeal pratdced serdmahthicad tomplassion B thedn®biic protedtirpands  and
can be pl acedeic. Mahfital EdRPreliRA thay RSRGS MR BBer@svicds &étgfé'?ﬁ'anig&aﬁfi‘in' ng

bl oo - ) rticles. Wepn the cardiovascul ar
} 2[ glrjggnti nqh(%lr%.bﬂk.:aérPc }Vgegrﬁ% leoké?ﬁ%eﬁgﬁ 's‘spof)'{'fgerd thega. @'é@{/?eﬁ'&esf‘gnpfls@tﬁ?"é@fcé'ﬁr into the
cat het er gtSai"?‘?‘."“i'Bsgl‘JPF@ts'é Gisuraicalingtrupients; gpidewirsy eathetesretoor ovi de for a reliable
and safe cerebral Sempehtiodmentsotraide fooa device adaptepicforafeliveryivia lahothemidnet Vedel t 0 t he
brain is eff eahbneelth apeRVRAREE@h vessel to be protected.
Some embodiments provide for less bulky devices, e.g. by having an attachment point or
connection point that is arranged off centre at the embolic protection device.
30 The off centre position of the embolic protective device offers the possibility to attach it to an
introducer sheet. For example if working via an introducer sheet in the subclavian artery the embolic
protective device could be in position, protecting the carotid arteries, when carrying out the
intervention.

The term “off centre” used in the context of the present application means eccentric, or not
35 amanged 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



Some enbodi ments provide for a nmechanical protective function of certain
tissue or certain organs in the vicinity of the device, when at 'its
position in the body. Some enbodi ments of the device provide for instance a
protection of the aorta side branch vessels' ostia, i.e. the tissue islands
of the 20 side branch vessels in the aortic arch, wherein protection neans
mechani cal protection preventing physical access to the ostia fromthe
aorta side, e.g. by surgical tools manipulated in or close to the aortic
arch. The tissue islands are protected from nmechani cal conpression by the
enbolic protection device. Mechanical cenpression may for instance arise

from ot her depdriphesy of duatt isdocsted ol veitg! a8 titscChrrariged 41€ distaricd in GelabdnCdla VAR LS thb1e
protection dey,j,tce is positioned therein. O her devices conprise

QU devi ros, cat het P Gplabe' SeHit hecont b BseRarmitaics reg e S4B evi ce
adapt ed for d#aidgwseys reduaibleyiq Gtlasesr dimensiensvch tal § dsf amerigeable drctutiviar defieeryaint, | east one
branch vessel suttaslaeatiwten tAeallagsible unit is expandable miten egidasad bripeshedsoufdt B Helheryfumit | ess

bul ky devi cesgx F@idﬂ)le chprnE@‘éélm Adbbia g6y W RiMe nﬂﬂbr?@ffe&rano%? Fégﬁeﬁttéla%IgE int that

is arranged o ap&b? l?thgl e- &l@&b@‘?&?&lhb Swa hG {heﬁn}eggm& nd °“F$E‘§?%?"P centre

position of t evice o0 ity to attach
it to an |ntroduce "Eﬁé‘g "“e’l’—“f)Pm"é’ﬁéfﬁﬁF%"“? pdapied: fRrj daliyeny, vigthe, gt F’ﬁ‘taﬂﬁ)tﬂ%}%r sheet
in the subcl awbmareaﬁemag@ntauessewthol ic protective device could be in

position, grotecti Mg&ﬁé%ﬂ@&b&lﬁlﬁ& drteR) ds @ hcBess poMORYS advartdg¥d iNErightertdifons
intervention. g Th@ed QEI{H‘[ Qfstfancgglmlésg angﬁlﬁtﬁ& thdd \Jh%e O%Enﬁ%oca{ng}}f %%ren%{eotéesent

application r’rfeanﬁe@ccen rran ®nter. The
center is e. g g H@%?"aa?essapmeﬁ rcul ar unit, a focal point of an elliptical
unit, a point on alt seaudebe priphasizeds theththederm "mmpgsies/mibr‘rs'ag wentuesd inithie of an

el ongat ed uni dpecifiedtian is thken® §PEvify B rEEncObf statek Miatures, mbag:a@,mr cpénefiedit re” as it
i s arrangeg agoe@ndillpﬁ,aé’[{acﬁe p@%e'h(%l ﬁtddﬂﬁbn o?)foﬁe Ereﬂ oth@ ? I pw&étrs[ steps, The

term"coll apsclorl%I e tF e context o presen ion’ means
that a di mension °59f?i‘8§/ € is reducible to a | esser dinmension such that
it is arrangeable in a tubular delivery unit, 5 such as a catheter. A

col | apsi bl e LBtietDe'smpéonmmelaiannghen rel eased or pushed out of the delivery

unit. Expandable c b p ef f ect
and/or resilient elast !1%&'{% &B‘%&s fg%ﬁ‘&%waaaﬂaﬁtagfg g”h'crégqbﬁ%mel“g @B’? 'pvg@grfm e for
Wi t hdr awal20; rarecapahle obml be\ﬂemapentmd elucaatdi fromttheddllowingelegogptioneh émbodiments of to me

enbodi ment s i3k iRnthoR FeferentlDéihdrade R &b janﬂ%@gW%cN' a the left armand

the left subdavian artery as an access pol ng the |l eft subclavian
artery as an accesfg pisn saheretisillustriticnit angerts aich andeidd aanch vesstlgr vent i ons as it

offers a shorter diglinaemerndicliilsesish B gobale daiide aitdiRd WhRRsERIRAERH t 0 using
for exanple tfgn ftsee%ﬁd%h ccﬁfg‘hr%ﬁox as an access point.
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 protective 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 vesse! 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;



It shoul d be enphasized that the term' conprises/conprising” when used in
this specification is taken to specify the presence of stated features,

i ntegers, steps or conponents 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 Draw ngs These and ot her
aspects, features and advantages of which enbodi ments of the invention 20
are capable of will be apparent and el ucidated fromthe follow ng
description of enbodiments of the present invention, reference being made
to the acconpanying drawings, in whichiig. 1 is a schematic illustration

of an aortic arch Rg® issidetel dpaincschmenEREN &delivery unit to a prétéciive devicS comprRgi#Mat i ¢
illustration B&edﬁvg% tective device attached to a transvascul ar delivery

unit in its expan configuration 25Fig. 3 is a schematic illustration of
a protective devi cEfg'gfstagﬁrwg%f"etVé?w_ﬁ%?téeﬁ%'\‘f’g@ﬁm' ar delivery unit inits
expanded conf i gur afigsoWAGesIapgreractivevianna reo view end a laigtal view of ancther gribgdimentt A and 4B
are furthers det ai | Bigl 11 ik & pershéctie ivievnsf andtheremtiodiantf r om i nsi de the aortic arch

towards the side bganph A8k difddni p’évspe@tngvif@ls Gf. sg'%nla?m\%/ Eﬁ‘s‘réﬁgﬂg.@*a pl\{é.ﬁ Yo f

rotective deyi tached to a transvasc r r It Its expanded
(F:)onf i gur at i on°’8§%°|’"§y’8“3€°f“r? e ?1'2"2’38?{@?"8&3P@Y?;L{heQWﬂO@%f.theﬁﬁx?pgg8@°gt'?“3‘tss°ihemat i C
i | | ustrati onsth@potfveicead st ages during transvascul ar delivery of a
protective device Eigndsgtwahatilobtrating amelhalpecdied. i nto the aortic arch of a
patient; 19 Figs. 6A to 6C are schematic illustrations of different

stages durin ] r . otective device through a side branch vessel
fromthe aor??e‘é@r&?&ﬁf‘%}@ogﬂerg{i ent igs. 7A and 78 are

: F

schematic illustra Heﬂfﬁse"IR?J?"ae"‘édf Ithe averfions Wil ey b8 rgesabep itk aRfrenceetodtByi ce 35
and an at t achasebmganying/dsawjngsinThis; invertion may, however=begemb@tiddsn mangl @iffaxént fomfs aah
attachnment posheuld raf betord@led ¥Llimted s the eriddiment seiGH hertiR rAlRY theR emBUikAs NY 2
protect i ve;scuff provabdko it this i QR WIRE Hofolf ad c@ﬁ\ﬁle?ef, an%mﬂtfum)? Convey' e gcloprcra%P t

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 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
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 illustrated in
detail in Fig. 1. '



Figs. 10A-C are a perspective view, a plan view and a |ateral view of _
anot her enbodinent; 5Fig. 11 is a perspective view of another embodi nent;
Figs. 12A and 12B are different perspective views of schematic
illustrations of a preparation of an aortic arch fromaninal trials
performed to prove the function of the concept of enbodiments of the
protective device; and Fig. 13 is a flowchart illustrating a nedical
procedure. 10 Description of enbodi nents Speci fic enbodi ments of
the invention will now be described with reference to the acconpanying
drawi ngs. This invention nay, however, e enmbodied in many different for_ms_
and shoul d not be TersdchiotemhaliaSartéry nist i thetiggestdanR@DBEHMBNGS adRtardhOhd h herein;

rat her, thesenoEOfliesTR8 toa blircadntroR WhitH SRk tﬁé)ﬁgﬁtrga;cla\;iéﬂ'aﬁer)dpg,q a8r?g1%o§d Wil be
nd et e, (Ll fully conve he scope. the ™ nvention to
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in Fig. 1. Zhefeof when suitably positioned in the aortic arch 100. Preferably at least the left and right carotid
arteries 118, 117 are protected from embolic material 150 present in the aortic arch 100.
25 The protecticn 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  ataconnection 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. Altematively, the attachment point is in embodiments arranged off-center in relation to a




The brachi ocephalic artery 116 is the |largest dianmeter branch of the aortic
arch and normally gives rise to a bifurcation fromwhich extend the right
subcl avian artery 115, |eading blood e.g. to the right arm and the right
common carotid artery 117 conveying arterial blood towards the neck and
head. The left common carotid artery 118 usually branches directly fromthe
aortic arch 100. 5 The common carotid arteries 117, 118 then branch into
the external and internal carotid arteries that supply blood to the neck
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the aortic arch. This is for instance illustrated in Fig. 3, Fig. 4B, or
Fig. 6A The enbolic protection device 200 further conprises a first
support nenber 133 for the protection unit 140 that is at |east partly
arranged at a periphery 180 of the selectively perneable unit 10 132. The
selectively perneable unit 132 is perneable for blood but inperneable for
enbolic material. The selectively perneable unit 132 is connected or
attached to the first support nenber 133 by in a suitable nanner or by
sui t abl e means, such as gluing, welding, stretching over around the

peri phery, e.g. such as a sock in a double layer, or in a single |ayer.
Alternatively, the selectively perneable unit 132 nay be integral with the
first support menmber 133, e.g. by a suitable braiding technique, |aser




15 perforation or puncturing of a flat sheet being the selectively
pernmeabl e unit, etc. The first support nenber 133 may be provided in form
of a wire. The wire may be of circular diameter or flattened for inproved
tissue friendly apposition. The wire may be integral with the transvascul ar
delivery unit 130, when the latter conprises an elongate wire transiting to
the protection unit 140. In an expanded state of the device 200, the
attachnment point 131 is enclosed by the first 20 support nenber 133.

Al ternatively, the connection or attachnent point 131 is arranged at a

| ocation being at |east one point of the first support nenber 133.
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sel ectively perneable unit 132 is arranged in the aortic arch 100, also at
a distance fromthe ostia 116a, 118a, 120a of the side branch vessels 116,
118, 120. The device 200 is thus arranged in a flow direction of blood in
the aortic arch, as indicated by the dotted arrowin Fig. 4B. The expanded
devi ce extends generally longitudinally along the aorta at the apex of the
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25 arch, 100 and at the inside thereof. . Regions of accunul at ed

pl ague 316, 318, 320 at the ostia 116a, 118a, 120a are not contacted by the
devi ce 200. Thus the plaque rests at its place and it not rel eased. The

di stal end of the catheter 160 of the transvascul ar delivery unit, from

whi ch the protection unit 200 is rel eased, may 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 plaque 320 at the delivery vessel
320, due to its relative stiffness of the provided catheter sheath.
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35 portion 145 of the protection unit and a second portion 146 of the
protection unit fromthe attachnment 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 asymetric
arrangenent facilitates the positioning of the device 200 fromthe delivery
vessel 120 in relation to the other side branch vessels 116, 118 to be
protected. This nethod stage is illustrated by step 640. 5Alternative
devices may only be expanded in the direction of the second and third
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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



engagi ng 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 branch vessels is acconplished. The
tissue of the aorta vessel is not damaged and trauna thereof is effectively
prevented. The first support nenber 133 nay for instance have a rounded 16
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di fferent st afjisiedaway feq ostiaoHbn aqtinsidedrangh vessaly of teactis aicl ahen the Gotgttionunit i de
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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



Furthernore, extraction continues with sliding the sheath of the catheter
160 over the protection unit for collapsing the protection unit into the
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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.



The selectively perneable unit 132, and thus the protective unit 200°is
non-tubul ar, 25 extending substantially planar in the expanded state. The
substantially planar shape includes a flat cupped, inverted unbrella,
mushroom or parachute shapes, as shown in the Figures. "Flat" in
this context nmeans that the thickness of the device 200 is substantially
smal l er than the |ongitudi nal extension thereof. Mreover, "flat" neans
such di mensi ons perpendi cular to the |ongitudinal extension of the
protective material, that blood flow through the aortic arch is not

hi ndered 30 by the protective device 2008 The perineter of the
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mat eri al, whi gank&d sBRRfkMRfi@RoAbl e to ostia of the side branch vessels.
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state of the bengh weselB®8tia, i®Huestissue istams loftie sitlebranzh sl tin thecaofticiarertis @ovided. certai n
tissue or cer1Ritisbu®isBe Sre ipRtebttiroMi eckbhitay coftpression 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 instuments, 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



25 the device, is provided, when the device is at its position in the body.
A protection of the aorta side branch vessels' ostia, i.e. the tissue

i slands of the side branch vessels in the aortic arch is provided. The
tissue islands are protected from nmechani cal conpression by neans of the
protection device. Mechanical conpression may for instance arise from other
devices that are manipulated in the aortic arch when the protection device
is positioned therein. QG her devices conprise transvascul ar nedi cal

30i nstrunents, such as surgical instrunents, guidew res, catheters,
bal | oons, filters, ablation instrunmentsys intracardi ac el ectrodes, etc.

As the prot ecédegReliRMieate dnit RSiichtly¥@un tCamviftial fasitioh Lpdn b MkdAENRAl cBifiprdséiona®) | Nver t ed

flat umbr el | apdagupli@R b sRALATLER SRR IR in IRk bl @) ocdy il St ance

there from a ce n FENt t ovar 0 € to nechanical pressure
frominside tREeYgPeS arch is permitted by the protective device. 35The
protective devi ce inegsecadthg protection devige beingdnade of aniehtcdat braidingsthe stitsima by

per meabl e rsat igplerAdnte®in frorm 6f thidRértwirskInthd ISaidhg ThE @Malning bFRing niyLbe Tade othisenf | gur ed

to provide a GRUMSs ffict e schUifll defiRboily Bne shibaRfbafilabif iy Permeable unit
resiliently retur nih totq(n Initla ?5‘3"05"?&@0@{’%80@ Tec artur‘]3 al conpression. A
plurality of strut JeTH{F 6% UBpPHSaELne spgeive geRe DalRg\sr 4| 3 fabric of an
unbrel l a. The st rufhg stiiismay e ipplementecasiaipluralift of args Hii144. The struts are providgdgs g ase of

t he pr ot ect i oprotebtveifrarsewbri fonthe selaclieelypkrmeable@eitof thedrotdstionidelicag, t he struts may be
S implenenied in fpammbhdihdht thé@lectivélypBitedbld ubif¥82 9k MbsH imBErial chRBsih sl Ng

br ai di ng nay Qstraﬁﬁ.dﬁw gqan&SMagglea%tglﬁ%a%Fg s&cpgssta?:[?g)svs'tegleor ﬁi{i}sl Rfg §i9ey. vely
perneability of e sel ectl eﬁépermaa e Sunit e struts keep up'and
support the s¥[neadgitiopeat ashigmgabipn frands May be AMadentf a pejymerioymgterial, such as a shapgre sty ut s
may be i npl empemoggpolgneer.a plurality of arns 171, 172. The struts are provided
as a protective fraiaBweH ¢ skabs briafg He bREéiby/@lide mf bERak o a Helt bet Brhidifghe ,
prot ecti on (e £ . edlos AoGHHRRH ERice W\Et HE' ALY Blite BERIEFRhG UAT L 152 15
a nesh naterial 'conprising-a mesh of strands. e strands may be of a

metal |ic nat efPRg| upo GP('!YF’Yagh%f“éY RY based o @oplastiy refym; 9rfoshapeaeriopnefest vl y, or in
addi ti on, at whaafgdurigomeshodfthat imay tetmodified Sorrpevjectior devisebeaceniding tqthé ynmestion.ds mat er i al |
such as a shagsios¥e MVOB7426M8xNEE WOTH 24781 STAGA Medital @dnbeatidnwhith BE intoRkBrated Ot ect i on
devi ce may DeyTogeicol oty fidn B @lpfibige. atibnd Bt REAGHRERAE &
configuratjon o i%e e¥| ce |dsurﬁet i cq@,l ags? devi ce 1returId s to the
heat set sHapXoudy ‘Hﬂ'ﬁ ¢raanged oqiiguration Ry amiouiq)in a Aept FEfingRiocesS Joe MU} 3 n or a
shape nenory @ffecerespopdingdnthe shapaofitheprofetiom dayice i dls expendedsbapspay. the oldnaf or
protecti on deshapess theafat garadhuegmdstrodnt) ér uinbrelie sapeadascribes hetbirs C| osed i n WD9742878A1
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reference in their entirety herein.for a pur es. . abric of resilient
metal fabric 'Pr@f'%?rfieéib siggs%géllyﬁfetgﬁéiﬁsgrefsgapgofhl&#ewcggl%ngwgdé{ﬁ&gwe@amq%&m ation by
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The metal fabric is.far or um ed her
(rEarci v { iy e PR AEI BB o bl 08 S 3002
the device. THREMIWRER: CXce gurpled Puivalya jdplivery Gathelgr the device retums 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
WO007149107A1 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



25 fastener for attaching to the end of a guide wire or delivery catheter.
The shape of the medical device may be forned such'that the fastener is
attached to the netal fabric within a recess fornmed in the shape of the
medi cal devi ce. The device is capable of assum ng both an expanded
configuration and a col |l apsed configuration. Once expelled out of a
delivery catheter the device returns to its expanded 30 configuration, e.qg.
in either a planar shape, or a generally flat unbrella-shaped
configuration, a generally flat nushroom shaped configuration, or a
general ly flat parachuteshaped confi gurati on. The protective device

may be made Ohcofpbrating blurti3ayérs A tefius-Ritied Medicaldbiite Afe dBilitp ST tHR AKEe toediRy 74 49107A1
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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 positioned 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 aottic arch, in a collapsed state.




25The sel ectively permeable unit 132 conprises a first portion devised to
extend in a first direction towards a descending aorta of the aortic arch
fromthe attachnent point, and a second portion devised to extend in a
second direction, opposite to the first direction, towards the ascendi ng
aorta of the aortic arch fromthe attachnent point, when the protection
unit is positioned in the aortic arch, in the expanded state. The first and
second portions nmay have different |ongitudinal extensions. 30 In

enbodi ments, the selectively pernmeable unit is arranged to asymetrically
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The device illustrated in Figs. 10A-Cis also angled (here 106) and has a
crossing 196 of a wire of the support nenber 133. The wire has a first
branch 197 and a second branch 198. The ovale 35 form has an i ncreasing
wi dth towards the distal end of the device. This shape allows for an

i nproved retraction when retracting the device back into the delivery
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_ vascular filters, traps or embolic protection devices are e.g. the SpiderFX™ or Fibemnet® 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.



The kit may conprise such a vascular particle trap or filter. 23

Figs. 12A and 12B are different perspective views of schenmatic
illustrations of a preparation of an aortic arch 100 fromaninmal trials
performed to prove the function of the concept of enbodi nents of the
protective device. The device conprises a distal wing portion 139 at the
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artery 120 in the aortic arch. 5 Passage of enbolic material into the
carotid arteries was significantly reduced when the protection device was
in place. As used herein, the singular fornms "a", 'an" and "the
are intended to i nigsdeA dnb &2BRkeldiferbnt heMpBiEiveaRws/gbSchematitilugtafonsof QFr@p%E{icM" stated
otherwise. It ofNarl Fo iearghWOE)h 51 éﬂﬂﬂle{riﬁg %m{e}@ﬁ{ prB\}aethet EIHJéT%l ?f:qtﬁ'ef ﬁolr{gsﬁsof

"conprises,” "inclu and/ or “conpfl.sing,. en used, 1S

speci f i cat i on *MOBEE) ‘i}%ﬁﬁ@gi iﬁ"%esgrﬁ év'c81"°'&’f‘s§fé s q@’é‘?lﬂ?@,”q ftededls, steps,
operations, elkrn8Ative deyiges/wsie secsespfe eesitiened vaithe stbclavian arery 420 inthe aatise@rcpr esence
or addi ti ons oPassaye obembuid matedd i the foar6tid lartezits was BigrigMlySredutdd aien theP@dcihi ONs,

el ements, conpaRewdshpiad)d/ or groups thereof. It will be understood that

when an elenent is 0. I Ng. ..cON ted” or "coupled' to another
el enent, it can be %sﬂsgd(’:’{eﬁ@' %%%@@%’5 %’35 %_r a(r:'oﬂ'gﬁ@ed aIp jntenged t°olf"i|1i@? E%P'gﬂent or
i nterveni ng efoBRPedtt el plpssRpiessilk Slated otheryisa, s b will he festhes understood tatrihe tawms/ or
i ncl udes 15 afincludasd "caprisesd fizludiayt ardios"carprising @ witen used inethio §peiifidatio Sxpeify ithet ed
![ | SLed | It e'IT(Sa presence of statbd ¥efaRes, MbJIRI étép§,%péjﬁi_f)ds,n§éﬂlent§}|at]d/& BdnipBnekts, Bt dg détng

echni cal an i ) use e _sane, _neani ng_as
commonl y undef @@gﬁ@‘e bgrésgnﬁge%ég& %?ndﬁnog? %Pé‘% I%fhg?f%&{r Te "SI ts%psmﬁﬁe@ﬁ%f'hi S
i nventi on bel SATFALS: coppapgnts) angfr groppstigept. {4 Wil be udestngd hal whenian plerent isreferedas t hose
defi ned i n coleres heéing "eopredted ioc ciuplert foi apather génmod iticab e dinadtie cqnneeteat caplediavi ng a
meani ng that  ths otfiép Bierhent o Merviding Blerhdi® imay 1ERRBENDSS Usél heldiR, tRGenk @RIGNAdugs t he

rel evant agg Qﬂ?%d’glllx{mbﬂ&%ns g%ngagn}trrfé{eﬁgﬁeta@gcim ity itbrﬁ's?al i zed or overly formal

sense unl ess expr e®s %n %o , g rej g , , he present invention has
been described aboVHesiioPeWisedeled Al tempsgindlusing tephnical @ndssientiiclerme) useddweider | ot her
enbodi ment s t hexe the Isemeahranies asessomdnly eatlemsioed by poeadflogdingrp sidlli ibthe amvtotwhicinthishe scope
of the i nvent in@ntion Bbidnbe Mewlitbe fRtken Oriderstéoa it tring Buch BOBRe B8R BRFnflade may be
provi ded wi t hisgiofahg, SGRPS irﬁ.{gprété&%s 2in A e éﬁns%%g{v&itﬁ ?Li‘?ﬂéani[nqﬁi%%”es and
st eps of tl&ﬁlnvgnthon may eclg e)n I n, Ot %r_c i nat1ons an t hose
descri bed. *orh®"§ 8L ° TPVt and,WiLaet begprerprateds g, idgafized oreouerly fomal gense ypless ded

pat ent cl ai s ®xpregsly sgdefigen/ferein. 1. A collapsible enbolic protection

devi ce (20021 L or t Marpsesens vehtion hd&b@n\&fcggjﬂ @bo@efwitﬁ@dfdréné‘e t&&&gﬂc(egﬁﬁineﬁi a of
patient, and Héever SFRRmBEMeRS Mhrfe doV8 dBribdd are &SI pcﬁgﬂe withfl She {?gen& g/ESSEL 0
said aortic a , enbol | teral 50) . sail eyl ce Vi a

prot ection un%&%ﬁ% r?@@ﬁ%‘%is{se? Sri‘?j%ose desc"_bgé%’PVS g bﬁé’PH%egH?{'@ thérspope ?f%gZ)

adapt ed t 02%r BYPRISR- Taedlifereatipnirgs andsape pfithg|invenianamay be esmbipeddnseigecombivations bl ood

f1 ow, wher ei nthancthose qesatibedClihe stopewfthe inveritidl3 onlyimikobyriecippeadet patedt dain@nsvascul ar
delivery unit (130) at a connection point (131), and



a first support nmenber (133, 210) for supporting said protection unit (140)
that is at |least 10 partly arranged at a periphery (180) of said

sel ectively perneable unit (132); and wherein, in an expanded state of said
device (200), said connection point (131) is enclosed by said first support
menber (133) or integral therewith, wherein said transvascul ar delivery
unit (130) is connectable off-center to said protection unit (140) at said
connection point (131), wherein said selectively pernmeable unit (132) in
non-t ubul ar, extendi ng substantially planar in said expanded state. 15
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120) from a second volume in said aortic arch (100) when said
protection unit (140) is positioned in said aortic arch (100).

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



15 9. The device of claim1l or 6, wherein said connection point
(131) is provided on a surface of said selectively permeable unit (132)
devised to be oriented towards said aortic side branch vessels (116, 118,
120) frominside said aortic arch (100) and at a distance fromsaid ostia
regions (116a, 118a, 120a) when said protection unit (140) is positioned in
said aortic arch (100). 20 10. The device of claim9, wherein said
sel ectively perneable unit (132) is non-tubul ar, extending substantially in
formof a flat unbrella, parachute, or nushroom whi ch openi ng edge is
formed by said first support nenber andashich opening is devised to be
oriented towatheftsubtlehian aeryl e Sebal@ sidebraneh vesss $138) listhe(lkebmmoh kéhbtid aftedaridnsi de

sai d aortic akgkhid JfBhnAN&L it (140) is 25 positioned in
said aortic ar chI 100 e in sg%ggggﬁg&?ag}gﬁ and wherein said delivery

unit (130) is at Ieast partly arranged in the left subclavian artery.
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permeable ynit (132) is devi sed to be repellant to enbolic material. 1016.
The devi ce of C|alﬁH% ereln said selectively perneable unit (132) is
stretched over the it $VceqlHRB £ Grieesitysaid eqpagtio poink (1313 isjerovided o2 syEfarB | e | ayer
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adapted to,pe arranged )t owar d gr t}ssue( gh 60%1('30 eaort'?g ar 8ﬁﬁ JIOO) wherein a

tissue protective unit is provided at |east partly at the perineter of the
devi ce. 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.



2019. The device of claim1l, wherein said tissue protective unit is a cuff
(210) inflatable via an inflation lunmen (211) or self-inflatabl'e; a holl ow,
porous, spongy, and/or resilient unit; or a soft and/or elastic unit in the
formof a coating or surface |layer arranged at |east along a portion of
said perinmeter of said protection device. 2520. The device of claim1l or 8,
wherein said selectively perneable unit (132) is of a rigid, non-elastic
material, substantially non-flexible, material, whereby said perneable unit
(132) is non-conforrmable to ostia regions (116a, 118a, 120a) of said side
branch vessels (116, 118, 120). 26 21. The device of any of claim
1, conprising a pl usathk teicObf chimr 1af whei 80 6Vale Bmf Kad BR HdéaSinSWdIPBRArdsHe member
and arranged tdgtmgmgggev%gje sel ectively perneable unit (132) in formof a
f ramewor k. 22. The device of claim?2l, wherein said struts are
resilient. 23. The device of claim1, conprising at |east one

wi ng sections shapdé Tthe device efrpitimy1, waereim ihe deliwrycevieedn arangdd wraniangleowith theas cendant
and/ or desc&ndeppdrt reeobérdd 38)incatonbitodinabdiredtibnoof g delice(20000) , at an end portion

t hereof. 27 24. The device of claim1, conprising a plurality of
sub-sections of th LN ' rr d as nmulti-layers erein a
plurality of perj ﬁ%%ﬁhegﬁﬁ)fggl{ndﬁﬁlbe&n tgens % gggys%ag'fef%egu"ﬁlﬂ?é)éy‘ﬁé'seﬂlm\(l)@i ded in
series. 525. m@'afg@\?mf&cmfeﬂe'i aim1, wherein said selectively permeable unit
(132) conprises a nesh material or fabric conprising a nesh of strands.

26. The de\mﬁe of qe.apmeshcet M’Gﬁiﬁua!%e%;ﬂ'sﬂd &%ktﬁg‘ﬂe?ﬁi’ekﬁge_ mm@ﬁ?lré?%wv& (132)
conprises a [ obi ¢ agent.

27. The devi cé‘%@ggagrﬁﬁ"{%;&'s\%‘eaggefon'gg;aé’blgg%cﬁa@%m;i perneable unit (132) is
devi sed to substantially not trapping said enbolic material in said

sel ectivel y per nmeal-&hadsyige of cla@p, wherein said protective unii8sizedmg sthgaditwetenfacrodsai m 1,
wher ei n sai d aedpexdsihy &t aiepiooRabl e unit (132) is devised to 15 rel easably
trap at least a part of said enbolic material froma blood flowin said
aortic arch (100). . 29. The devjce of clains 1-4, wherein said

sel ectively perneabidufhiee f(ffg' 1'8%%%%%8?‘%“?%ar@f'm%ﬂapts%w&ee@@d to
extend in a f o tigsup alths agc e b wheseinjelisaue mwlestive waid istpevided atlesihadlpatt i ¢ ar ch
(100) from sathd perimeteretthd davicepoi nt (131), and 20a second portion devised to
extend in a second direction, opposite to said first direction,

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 member and 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.



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 claim1
wherein said selectively perneable unit (132) is devised for 25

per cut aneous transvascul ar delivery through one of said aortic side branch
vessel s (116, 118, 120) to said aortic arch (100), in a coll apsed state.
31. The device of claim1, wherein said protective device conprises a
safety connection for preventing | oosening of the device into the
descendi ng aorta (114). 30 32.2The device of claim1, wherein a

di stal portion of t2heThel@aviceef clai 1ptampiisihgd piuralitf 6frsub-sadtiorddf B protegtionadéticdnsi on, or

a nose (199). arranged as multl-la eiff ial pifidiity 3 G&hbleRPSipiok GG Ealfy GRERL T ON
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devi ce accordin alnms 1 a 35 transvasc elivery
uni t adapted P8ﬁd8@I y of said coIIapS|bIe enbolic protectlon devi ce
t hrough a side branch vessel (120) of said aortic arch (100) into said
aortic archs(100). 25.78e dedi¢k. of ddine 1, lnhéreiodaidblectively pésmeablel aritl32) compriges & meshg an

i ntroducer UNinaterial or fabric comprising a mesh of strands.

26. The device of claim 1, wherein said selectively permeable unit (132) comprises a
hydrophobic material and/or a hydrophobic agent.
10
27. The device of claim 1, wherein said selectively permeable unit (132) is devised to
substantially not trapping said embolic material in said selectively permeable unit (132).

28. The device of claim 1, wherein said selectively permeable unit (132) is devised to
15 releasably trap at least a part of said embolic material from a blood flow in said aortic arch (100).

29. The device of claims 1-4, wherein said selectively permeable unit (132) 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).
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34, The kit of claim 55, further comprising an introducer unit.



