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(54) Title: HIGH FLOW EMBOLIC PROTECTION DEVICE

(57) Abstract: The present invention relates to apparatus and methods tor

providing embolic protection in a patient's vascular system, in particular, it
relates to an embolic protection device comprising, in one embodiment,
braided mesh-like tubular embolus collection structure or structures that can
be deployed in a patient's aorta to protect the aortic arch vessels and down-
stream organs from, embolus formation by collecting and removing emboli
from the blood stream. This embolic protection device can be used acutely,
for example for embolic protection during cardiac surgery and intervention-
al cardiology procedures, or it can be implanted for chronic embolic protec-
tion, for example from cardiogenic emboli or emboli front ruptured or vul-
nerable aortic plaque. In one coaxial embodiment, multiple i.e., 20 or more,
braided, mesh-like tubular structures are used. In a farther embodiment mul -
tiple coaxial braided mesh-like tubular structures are used having varying
degrees of porosity, the inner-most tubular structure being most porous and
the outer-most tubular structure being the last porous.
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HIGH FLOW EMBOLIC PROTECTION DEVICE
FIELD OF THE INVENTHIN

{0061]  The present invention relates to apparatus and methods for providing embolic
protection i a patient’s vascular system. In particslar, it relates 1o an embolic protection
device that can be deploved in g patient’s aorta fo protest the aortic arch vessels and
dewnstrosrn organg from potential embol. The embolic protection device can be wsed
acutely, for example for embolic profection during cardise swrgery and interventional
cardiology procedures, or # can be fmplanted for chronie embolic protection, for example

from cardicgenic emboli or eruboll from cuphured or valnerable aortie plagne.

{0082} Cercbral embolism is 8 known complication of cardiag surgery, cardiopulmonary
bypass snd catheter-based intarventional cardiology and electrophysiology procedures such
as, but not Hmited o, teanscatheter aortie valve replacement implantation TAVR/TAVL
Bmbelic particles, which may include thrombus, atheroma and Hpids, may become disledged
by surgical or catheter manipulations and enter the bleodstream, embaolizing in the brain or
other vital organs downstream. Other sourees of potential embolt include cardiogenic emboli,
such as thrombus that resulis from chronic atrial Shrillation, and embeli from ruptured or
vulnerable aortic plague, Cerehral embolism can lead to newopsychologival defivits, stroke
and even death, Other organs downstroam can also be damaged by embolism, resulling In
diminished funetion or orgen fatlure. Frevention of smbolism formution by capture or
collection of sniegrade-flowing cnbolie debris benellls pationts and substargially improves

the outcome of the various procedures with which it is used.

j0003]  Given thet the sowrces of potential emboli can be scute or elwonie, it would he
advantagecus fo provide an aubolic profection device that can either by used avutely, for

cardiology

2,

cxample for ambolic protection during cardine swrgery and intervention
procedures, or that can be implanmted for clyonic embolic protection, for example from
cardivpenic embolt or emabolil from raplured or vulsersble sortic plagoe. A further advantage

would be realizad by providing an embolic protection device that can be implanted withowt



WO 2015/009655 PCT/US2014/046591

interfering with transhuminal sortic asccess for performing futore swrgeries and other
wmterventional or diagnostic procedures. Another advantage would come from providing an
embolie profection device that can be retdeved and removed from the patient afler the
necessity for i has passed. Yot another advantage would come from providing an embalic

protection device that can be deploved and retrieved using mirdmally nvasive technigues.
- fed o ¢

{6084]  The embolic protection device of this application Is characterized s being “High
Flow.” By this # is meant that the device of thix application is particulardy adapted to capture
emboli in vascular or aortic locations where Jarger blood vohumes or higher blood pressure or
both is found, PFor example, a prefired location for deployment of this protestion device
within or adiscent to the sortic arch. Tn such high fow locations this device can filter smboli
from farge volomes of blood with minimal creation of back Bow or back presswee, Back
pressure or back Sow gradiente as are sometime created by emboli protection devices are
generally o be avorded so as not 1o cause the heart 1o work harder to produce the required

cardiac output.

{6005] Previeus devices for preventing cerebral embolism are deseribed in the Rllowing
patenis and patent applications, which are hereby incorporated by reference: 118, Pat. App.
20040215167 Embolic Protection Device, PCT App. WOR2004019817 Embolic Protection
Device, 118, Pat. Noo 6371935 Aorntic Catheter with Flow Divider and Methods for
Preventing Cercbral Embolization, U8, Pat. No. 6,361,343 Perfusion Filter Catheter, U8,
Pat. No. 6354563 Perfusion Shunt Apparstus and Methed, U8, Pat No. 6,139,517
Perfusion Shunt Apparatsy and Method, US. Pal. No, 6,537,297 Methads of Protecting a
Patient from Embolization during Surgery, US. Pat. No. 8499487 Implantable Cerebral
Frotection Device md Methods of Use, UL, Pai. No, 5,760,816 Cannuls with Associated
Filter, U8, Pal. App. 20030100940 Tmplantsble Inteatuminal Protector Device and Method

of Using Same for Stabilizing Atheromas.

BRIEF DESCRIPTION OF THE DRAWINGS

{06l It s o be undersiood that the drawings and the description below are provided

primarily for purposes of facilitating wndeestanding the concepival aspeets of the mvention
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and varicus possible cmbodiments theveof, including what 5 prosently considered to be
preferred embodiments. It is o be forther understoad that the embodiments described are for
purpases of example only, and that the invention 5 capable of heing embodied in other forms
and applications than described heretn as will be suppested 1o one skilled n this art in view
of the present dizclosure, figures, and clatms,

0077 FIGL T shows basio coronary anatomy discussed with respedt to this invention.
[O008]  FIG. 2 shows an smbolie protection devipe of this invention in it tmplanted,
expanded condition.

{09 PG 3 shows the cmbolic protection device of FIG. 2 in an undeploved or
retracted condiion.

fon16y FIG. 4 shows an embolic protection device o an andeployved condition being
inseried into @ petient's sorlic arch,

[0011]  FIG. 5 shows an embolic protection device in a retracted condition for removal
from the patient’s aorta.

0012} PG 6 shows schematically an embodiment of the present embolic protection
device 188 partially deploved into the left subclavian artery 300,

[0013]  FIG. 7 shows the embodiment of FIG, § in which 2 TAVR catheter 382 socesses
the avrtic valve through the present embeolic devive,

{014} FIG 8 shows deployment of g devies of this invention 100" into the descending
aorta.  The arrows 208 show possible directions of blood flow aBler emboli have been
captured or filiered therefrerm by the prosent devive,

[aa1 5] FHG. @ shows the location W the descending sorta where emboli would be
capiured by the device shown in FIG. 3.

H018]  FIGL 10 sllosteates withdrawal of device of this invention containing captored
smboli using a lerge lumen catheter,

{0017]  FIG. 11 shows the device of FIG. 10 with attachment points asserting embualic
protection devies withdrawal,

[00I8]  FIG. 12 shows capture of the emboli-containing device by withdrawsl of same

o the catheter,
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{B919]  FIG. 13 iHustrates a recapture hook 202 which can be used fo assist device
retnieval and withdrawal.

{028} FIG. 14 Hustrates and deseribes a Duther approach o embalic protection device
withdrawal,

{0021} FIG. 15 is g detailed depiction of emboli heing captured by an embolic protection
device of the invention along the wall of the soris.

{90231 TG 16 shows an embodiment of the Invention in which a porous membrane of
pobymer sieve or membrane 204 is deployed within, npon or cutside the smbulic protestion
deviee to capture emboli.

{80231 FIG. 17A shows a detailed schematic sectioned representation of emboli capture
using a friaxial protection devive of thix invention.

{024 FIGS, 178 and 170 show g side and perspeetive view of the tiedal braided mesh
embodiment of this embolic protoction device,

[0028]  FIGS, 17D and 17E chow partially sssemblod exploded views of the deviee
shown in FIGS, 174 through 17C,

{0026}  FIGS. 18z and 18b are side and end view, respectively, fnstrating one forme of
mtralununal device constructed i accordance with the present invention, the doviee being
shievwn 1 iy implanted, expanded condition.

oz FIGS. 192 and 19b are corresponding views bub illustrating the device in ils
coniracted, strossed conditton,

{B828]  FIG. 20 more particularly Hlustrates the braid pattern of FIGS. 18g, 18b and 194,
19h in the expanded condition of the bratded tubs. |

{8029} FIG. 21 illostrates another braid pattern, wherein one filament extending in one
hoboal direction is interwoven over and under two filaments sxtending in the upposte helical
dirgetion,

{88367  FIG. 22 illustrates a further teaid pattern in which two {or more) contiguous
filements extending helically in one direction are interwoven over and under two {or more}
contigaows flaments extending in the opposite direction,

{8831}  FIG. 23 schomatically shows the relationship between the bending rigidity of the

braided tube with respect to the dismeter of the filarments prodiucing the braided tube,
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BRIEF SUMMARY OF THE INVENTION

{832}  The present invention, in one aspect, provides a high-Hlow intrshuninal embolic
protection device implantable 10 a blood vessel, the device comprising: a braided mesh-like
tube of bio-compatible material heving an expanded condition In which the tube diameter s
larger than the dimneter of the blood vessel in which it is o be implanted, the braided mesh-
ke tube having a length sufficient to by anchored o the sowee blood vessel, the bralded
mesh-like twbe being dimensioned and configored to have in ity implanted condition a
porosity index sach as 1o filter or capture stegrade-Howing eavboli but not to unduly redues

the hipod fow,

DETAILED DESCRIPTION QF THE INVENTION

[B033] FIG. 1 shows schematically basic aortic anatomy relevant to one aspect of this
invention Le, when the present embolic protection device or filter &8 employed in
confunction with 2 TAVI or TAVR procedure. 1t is to be understood that the present
invention can be deployed before, during, or after 8 transcatheter procedure in which emboli
may be generated. Oxygenated blood Hows from the heart to the ascending sortg, to the arch
af gorta 1o the right and lefl subelavian arterdes, the right and lefl carotid arteries, and o the
descending morta. FIG. T is used schomatically, generadly in section, to llustrate the foatures

of this invention in several of the FIGs which follow,

{B034]  FYG. 2 shows an ebolie protection device 188 according o the present invention
in an expanded or deploved condition. It will be recognized that device 102 is deployed
within the sortie srch. The embolic protection device 18U hax an spproximately oylindrical
owter stricture 102 made of & bratded mesh-like muterial. Device 100 hag an upsiream snd
148 and downstream end 118, The upstream end 168 of the embolic protection device 100 15
open for blood to flow as indicated by the grrow in FIG. 20 The braided mesh-dike material
{sometimes reforred to as “filter mesh material™) of the oylindrical outer structure 162 may be
made of knitted, woven or nopwoven fibers, filaments or wires and will have a pore size
chosen to prevent ombell above a certain size from passing through. The filier mesh material

may be made of & metal, & polymer or a combination thereof and may optionally have an
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antitﬁmmhag@ni{z coating on He surface. The filler mesh material of the oviindnical outer
structure 102 may have a pore stee in the range of approximately 1 mm o 8.1 mm or even
smaller, depending on whether it Is indended to capture mscroemboli only or microemboli as
well, Alternatively, the filter mesh material of the ovlindrical outer struciure 102 may have a

pore size o stop microsmboli as soall as 8.1 mm.

HII3S] FIG 3 shows the embalic protection device 188 of PHG 1 i an andeploved or
retracted condition. Typloally, delivery catheter 124 will be used, the delivery catheter 124
constructed with an mternal lumen 128 that teominates n o gaidewire port 126 a8 the distal
end of the catheter 124, Optionally, a tebular outer delivery sheath 138 shown in dashed Hoe
raay be used to maintain the embolic protection device 108 in the undeploved condition. The
delivery cathetor 124 may optionally include a shoulder or other rotention structare 128
positioned proximal to the embolic protection device 100 1o maintain the position of the
embolic protection devies 108 on the delivery catheter 124 as the defivery sheath 138 is
withdrawn during deplovment, Alternatively, a pusher catheter (not shown) that fits W
hetween the delivery catheter 124 and the delivery sheath 138 may be wsed o facilitale

deplovment,

[0036]  Optionsily, when the embolic protection device 108 is intended fo be used for
embolic profection during a catheter-based dagnoatic or interventional procedwe, the
delivery catheter 134 may be configured a3 g diagnostic catheter, a goiding catheter, or

therapeutic catheter,

[0837]  The embolic potection device 108 will preferably be selifisupporting in the
deployed condition.  This can be accomplished with a vaviety of different constructions. In
one example, the cvlindrical outer stnwture HI2 can be constructed with a vesilient filter
mesh material that can be compressed inte the andeployed condition and will self-expand
into the deployed condition.  The filler tesh can be resilient, flaceid or plastically

deformabie.

{0038]  Hybrid constructions that combine features of the selfisupporting strocture and

the frame-supported stoctws, Hylwid deployment methods, such as balloon-assisted selft
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expansion can also be wilized. Qptionally, the embolic protection device 10 may nclude
features to assist in retracting the device for refrieval from the patients aorta (See, Fig. §
discussion below). For example, the upstream end 108 and the downstream end 130 of the
embolic protection device 100 may be construcied with reteaction members 116, 120 that are
configured ke purse strings or lassos around the circumforence of the oylindrical outer
stricture 102, A pull loop 132 or other graspable structure near the downstream end 118 of
the embolic protection device 100 s connected 1o the retraction mombers 116, 128 by one or
mare conneciing members 113, Optionally, two sopacate pull foups 122 may be provided for
sufectively retracting the upstream and downstream retraction members 116, 1260 High
sirength magnets could be substituted for pull loops 122 (not shown) thelr opposite polarities
being used © couple the device and a wiraction apparing or retraction member 116, 128
The retraction members 116, 128 and connecting members 113 may be made of suture, wire,
plastie filamont or & combination of these moterials. In an aliernate construction, the sapport
hoops 112, 114 described above may also be configared {o serve as the retraction members
116, 138,

J003% FIG, 4 shows an embelic protection device 188 in an undeploved condition
mounted on a delivery catheter 126 being inserted over a guidewire 142 into a patient's sogtic
arch, Optienally, a delivery sheath 130 may be used to hold the embolic protection devics
168 in the undeploved position. Onee the embolic protection device 180 s at the desired
location, the smbelic protection device 188 is deploved, for example by withdrawing the
delivery sheath 130 and sllowing the embolic profection device 100 to expand, I the
delivery catheter 126 is in the form of o disgnestic or therapeutic catheter, the catheter 126
can be advanced after the embolic protection device 188 is deploved 1o perform a diagnostic
or inderventional procedure. Optionally, the embolic protection device 108 can be retsacted
angd withdrawn with the delivery catheter 126 afier the diagnostic or interventional procedurs
has been completed.  Alternatively, the delivery catheter 126 can be withdrawn, leaving the

embolic protection device 188 in place.

{0040]  FHG. 3 shows an ombolic protection device 180 in a retracted condition for

removal froon the patient's sortee A rotrieval catheter 132 has been inserted intraluminadly
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aver g guidewire 146 to the location of the embolic protection device 108, Optionally, the
guidewire 146 and retrioval catheter 182 may be inseried into the condeal nner stracture 164
andfor through the catheter port 106, A hook 154 on the distal end of an slongated member
136 within the retrleval catheter 152 has engaged the pull loop 122 on the embolic protection
device 188, The hook 154 may engage the pull Joop 122 through a distal port or a side port
158 on the refrieval catheter 182, The hook 134 and the pull loop 122 are withdrawn into the
retrigval catheter 182, pulling on the connecting member 118 and causing the retraction
mombers 116, 120 10 tighien and collapse the cmbolic protection device 108 to 2 smaller
diameter with the eabolic debris 144 tapped inside the retracted embolic protection devies
160,

0041} The winfiated ombolic profection devics 108 may be delivernd inte the patient's
sorta on 8 guidewire or delivery catheter andfor instde of a delivery sheath, Onee, the
embolic protection device 108 18 in the proper position within the aortic arch, the inflatable
support framework 168 is inflated throsgh the inflation tube 170, A¢ least the distal
inflatable toroidal balloon 164, and optionally the poximal inflatable weoidal balloon 162,
makes a seal with the aortic wall when inflated a0 that bload flow will be directed into the
collection chantber 103 and through the filter mesh material to capturs any potential emboli,
If the embolic protection device 100 Is intendded for short term use, the proximal ead of the
inflation tube 178 may be loft exposed at the insertion site,  Alternatively, i the embolie
protection devier HH Iy intended for long torm use, the inflation tube 174 may be detached
from the inflated exbolic protection device 180, As another alternative, the proximal end of
the inflation tube 170 may be buried under the patient’s skin to allow later access for

defiating and withdrawing the awbolie protection device 100,

{B042] When the embolie profection device 188 s no longer needed, the inflatehle
support famework 168 is deflated and the embolic protection device 108 is withdrawn from
the patiend. Preferably, the embolic protection device 100 is configired such that the distal
torotdal balloon 164 on the upstrearn end of the collection chamber 103 deflates first 1o

offectively capture any potentidl emboll inside of the collection chamber 183, Other



WO 2015/009655 PCT/US2014/046591

mechanisms described herein may also be nsed to assist in refracting the embolic protection
device 166,

{0043] - Other mechanisms may be emploved for deploving andéor retrieving the embolic
protection device 1. For example, the embolic protection device 100 can be clongated in
the longhudingl direction to cause it contraet mdially, Releasing the tension on the embolic

protection device 108 allows it to contract in the longiindinad direction and o expand radially
for deployment, A retrioval catheter can be configured o apply longituding! tension @ the
embolic protection device 18 to collapse it radially for withdrawal from the patient.
Altornatively o in addition, the embolic protection device 180 can be twisted or wrapped fo
cause 1t condract radially. Releasing the embolic protection device 180 allows # to untwisted
or unwrapped and to expand radislly for deployment. A retrleval catheter can be configured
to apply torque o the embolic protection device 108 to hwist or wrap it to collapse it radially
for withdrawal from the patient.  These mechanisms may also be used in combination with
the methods described above, such as these using retraction members or an inflatable suppont

Famework, 1o deploy andfor refriove the ambolic protection device 108,

{0044 Alfernate embodiments of the embolie protection device 188 may combine
features of the embodiments described hercin to acconplish the same ends. For example, an
embolic protection device 100 may be constructed with g single hoop 112 or inflatable
toroidsl balloon 164 on the upstresm end of a cylindrical or conical outer struchure 12 in
contaet with the vessel wall to anchor the device, The downstream end of the cuter structurs
162 may be constructed without a hoop or toroidal balloon, or slternatively with a smaller
diameter hoop or toroidal balloon, as # Is not critical for the downstresm end of the embolic
protection device 188 to contact or make a soal with the vessel walll The embolic protection
device »f the prosent invention can also be wsed for embolic protection of other organ
systems.  Por example, an ambolic profection device can be deploved in the patient's
descending aoria for preventing embelie particles in the aortic blood How from eniering the

renal arteries and embolizing in the paiient's kidneys,

{048} Tho prosent invention, in one aspect, provides 8 hipgh-flow infralominal embolic

profection device i.:"r;pi;mmbi& in a blood vessel, the device comprizing: a braided mesh-like
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tube of bio-compatible material having an expanded condition in which the tubs dlameter is
farger than the diameter of the blood vessel in which it ix to be implanted, the braided mesh-
fike tobe having a longth sufficient t© be apchored to the souree blood vessel, the halded
mesh-Hke tube being dimensioned and configured 1o have in its implanted condition a
porosity index sueh as to filler or capture autegrade-flowing emboli but not {o unduly reduce
the blood flow. The foregoing advantageouns results have been found atfainsble when the
braided mesh-like tube by destgned 1o have, In 13 expanded condition, & porosity index of 55
toS%, preferably 60-75%; windows or openings having an inseribed dismaoter of 30480
wierong, proferably SO-320 microns; andfor a dismeter of wire Rlaments of 10-60 microns,

preforably 20-40 microns; but when the filaments are of rect angular cross-section, A

circomference 40-200 microns,

{048 In the desoribed preforred embodiments, the windows 1o the mesh-like tube
produce a porosity index of proferably 60%6-75%. The porosity ndex {P.L} is defined by the

relation:

3

wherein: "8y" s the achual swface covered by the mesh-Bike tobe | and "5 18 the total
surface area of the mesh-like tube. In the tube devives of the prosent Invention, however, the

porosity index 1y not more than 80%, preferably $5-80%, more preferably 60-75%.

{047 In the deserbed proforred ambodiments, the mesh-hike tube includes windows
having an inscribed diameter of 30-480um, preferably 30-330um, in the implanted condition

of the mesh-like tube.

{048}  According o the deseribed preferred embodiments, the mesh-Hke tube inchudes a
phurality of filaments of bio-conmpatible material extonding helically in an interlaced manner
in oppostte directions so as o form a bratded tube. It §s contemplated, hovever, that other

mesh-like structures could be used, such as woven or kndtied ubes,

049 A maximum porosity index is atiained when the braiding angle, in the implaated

condition of the bralded tube, is 907 Decrcasing the implonted braiding angle below 90°

10
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increnses the radial force applied by the beaided tube against the inner swface of the bload
vessel and decreases the PL Increasing the Implanted braiding angle sbove 90° decreases
the radial force applied by the braided tube apainst the inser surface of the blood vessel and
deereases the PL In cases, where low radial foree i needed, the desirable P.L can thus be
achieved by increasing the implanied braiding angle, as desoribed below with respect to
spevtfic examples. Preferably, the braided tube has a bralding angle in the range of 2%

15095 in the implanted condition of the braided tube,

{0050]  Also in the desceibed preferred embodiments, the Slaments, or ot Jeast most of
them, are of cirenlar cross-section and have g diamcter of 10-30 o, prefieably 20-44 um.
The filaments could also be of non-ciroular eross-section, such as of square or rectangudar
cross-section, i which case i is proforred that they have a circomfersnce of 40-200 wm, N is
alan possible o use cowbination of several flament diameters and filament materials in one
device to achieve structural stability andfor desired radio-opaelly chameteristic. Prefensbly
the braid s formed of 24-144 Hlaments, more preferably 62-120 flaments. The filaments
may be of g suitable ho-compatible material, metal or plastic, and may inchede a drog or

other biological coating or cladding.

{0051} FIG. 6 shows schematically an embodiment of the present embelic protection
device 18 partislly deplayed into the left sobolavian artery 368,

00521 FIG. 7 shows the smbodiment of FIG. & in which a TAVER catheter 302 aocesses
the aortic valve through the present embolic device.

{0U33]  FIG. 8 shows deployment of a device of this invention 108 info the descending
sorta. The amows 00 show possible directions of blood flow after entboli have been
captured or filtered therefrom by the prosent device.

{0054]  FIG. & shows the location in the descending aoris where emboli would be
captured by the devige shown i FIGL &

{0055 FH3. 10 illusteates withdrawal of dovice of this invention comtaining captured
embodi using & large himen catheter,

{086]  FIG. 11 shows the deviee of FIG. 10 with sttachment polns asserting embelic

pretection device withdrawal.

11
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{087 FIG. 12 shows caplure of the emboli-containing device by withdrawal of same
into the cathuter.

{EES FIG. 13 illustrates & recapture hook 202 which can be used to assist device
roirieval and withdrawal,

{00591 FIG. 14 iHustrates and describes a further approach to embelic protection device
withdrawal n which a thread is employed as @ distally kooated (from the perspeative of the
patient} revapture mechanism,

[Q068]  FIGL 1S ix a dotail scotionsl depiction of omboll baing captured by an embolic
profection device of the convention slong the wall of the gonta,

[0061]  FIG. 16 shows an embodiment of the invention in whith a porous membrane of
polymer sieve or membrane 204 i deployved within, upon or astdde the embolie protection
deviee 1o caphare smboli,

8862} FIG, 17A shows adolailed schomatic scctipned reprosentation of embeoll capture
using a triaxial protection device of this invention. In this sectional view, a 3 coaxdal 3 layer
braided mesh-like pmbolic protection device is shown.  Two (2} layer braided veaxial
construction is slso comemplnied. Using 2 3 coaxial 3 layer bratded tube constraction, the
tner-roost bratded, mesh-like structore has the largest porosity, the middie ube has & smaller
porosity and the outer-most braided tube is the least porous. The Inner-most strueture filters
or traps the largest emboli, the middle coaxial braided tobe structure Hltering intermediste-
sized emboli and the puler-most coaxial braided tube structure filiering the smaliest embok.
That construction permits the maximum flivation of emboll from a high fow blood stream
with minimal creation of vessel back pressure or resistance to flow.

{80863]  FIGS. 178 and 170 show a side and perspective view of this {riaxial braided
mesh protection devics 488, FIGS. 17D and 17H show parfially assembled exploded views

oof device 408 pricy 1 assembiy.

{0064 FIGS. 18a and 18b Hlustrate g defatled view of an intralominal device, therein
generally designated 2, constructed in secordance with the prosent invention in ity implanted

condition which It assumes i a blood vessed after deplovment thereln.
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{0065]  FIGS. 19 and 19b illustraie the intralunsingd device 2 of FIGK, 182 and 1Rb in the
contracted or stressed condition of the device which It assumes to facilitate #ts manipulation

theough the blood vessel to the deployment site,

{B606] As shown particplaly in FIG, 18a, the intraluming! embolie protection deviee
mcludes a pluratity of filaments of dlastic or non-elastic bo-compatible material, metal or
plastic, extending helically in an herlaced manner 1o define & bradded tube. Thas, shown in

i 182 1 2 frst group of flamends 3 ovending helically in one direction, and a second
group of flaments 4 extending helically in the opposite direction, with the two groups of
filaments belng interwoven such that a filament 3 pverlies 8 filament 4 &t some points as

shown at 5, and underlies a Blament 4 at other points as shown at 6,

{867 Fuaments 3 and :i thus define # brasded woven tube having a plumlity of windows
7. The inscribed dzamm’azr and the lengih of coch window are shown &t Wy and Wy,
respectively, in the implanted condition of the braided tube. These characteristios depend on,
among other factors meluding the number of filamends; the cross seetion of the Hlaments;

Wt

and the implanted angle “g” at the cross-over poiats of the two groups of filaments 3, 4. liis
understoad by those skilled in the art that the above dimensions describe the dimensions In
the implanted condition of the braided whe, The dimensions in the fully expanded
untmplanted condition will be somewhat different, with the angle "¢” ‘a\m*l W typically being
larger than, and Wy typieally being smaller than, the equivalent e espective dimensions in the

wnplantod state,

{0068 FIG. 20 more particuladdy illustrates the shove-described beald pattern in the fudly
expanded comiition of the braided tebe. Thus, as shown i FIG. 26, exch fHlament la
extending helically in one direction i3 interwoven with one Rlament 4g extending belivally in

the uppostie direction. Such s braid pattom i sometimes called & “one over one® paitem,

{0069]  FIG. 21 ilustrates @ "one over two” pattern, in which each filament 3% extending

X,

hehically in one direction is inferwoven with two filaments 45 extending heliv ally in the

opposite direction,

13
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{0078 FIG. 22 tlostates o forther bradd pstiom that may be used, in which two {or
more} contiguons flaments 3e extending helically In one direction are interwover with twe

{or more} contiguous filamens de extending helically in the oppostie direction,

{0071 The braid pattern Hlustrated In FIG. 20 is of highest flexibility, whereas that

Hustrated in FIG, 32 is of lower fexibitity but of hgher strength.

{88721 Braided-tabe iniraluminal devices are nsed v other systems, for example as
deseribed i Wallsten et al, UR, Pat. No. 5,001,275 and Wallsten UK Fat. No. 4,534,126,
the contents of which are ncorporated hevein by reference. They are generally used as sients
for providing support to a wall of a bood vessel, for implanting 2 grafl, e.g., to treat an
aneurysm (FIG. & of the latter petiust), or for other purposes. In other contexts, the braided
inbe sometimes is shows o have an expanded, snimplanted condition having & diameter
stightly larger than the dizmeter of the Intended blood vessel in which 1t 18 to be implanted so
that when the device s deployed 8 bocomes firmly embedded in the wall of blood vessel.
The braided tube is capable of being stressed into 8 contemeted condiiion, as shown in FIGS.
192 and 19, wherein the diameler of the braided tubg is decreased, and its length Increased,
o permit manipulation of the braided tube duwough the blood vessel to the site of

tplantation.

b

{00731 Futher information concerning the construction and deplovment of such braided-
tube intralumingl devives is available in the sbove-cited paients, and also fn US paent
apphication Ser. No, 10/311,876, filed on Dec. 26, 2002, entitled “hmplantable Braided Stroke
Preventing Device and Method of Manudaoturing . the contents of which are incorporated

herein by refercnce.

{0074]  Acconding to the present invention, the constituent element making up the mesh-
like tube are of a sufficiently small size in cross-section and define windows of a size such
that the mesh-like tube, when in its contracied condition, is sufficiently flexible so as to be
eastly manipulatable throngh the blood vessel to be tmplanted in e.g., an artery; and when in

s implanted condition anchoring itself to both the source blood vesselartery and

filtering/capturing emboli flowing therethrongh, The skewing s caused by e flow of Meod

14



WO 2015/009655 PCT/US2014/046591

*

through the walls of the mesh-like tube, and the amount of skew 15 2 fnclion of the
predetermined implanted porosity index. In an exemplary embodiment, in which the mesh-
Hke tube i3 constituted of braided filaments, the windows defined by the filaments of the
braided tube are such as to filter emboli from the blood, but does not unduly reduce the hlood
flow to the branch vessels to the degree likely 1o cause darnage to tissues supplied with blood

by sugh vessels.

{0078]  FIG. 23 schematically iHusteates how the bending rigidity or fexibility of &
braided tube varkee with the dismeter of the flaments, Region A in FIG. 23 illustrates typleal
diameters in conventional stents used for supporting blood vessels, which rogion usually
starts above 60 pm and exiends to several bundred pm. Region B in FIG. 23 Hustrates the
region of filament diameters for use in constrivting braided tubes in accordance with the
present invention. The flament disnetors in this reglon would be sipnificantly smaller than

i region A, preforably being 10-50 pm, more profirably 20-40 pm,

{0876]  The foregoing dimensions apply o the diameters of filaments of circudar crosse
section. Where the filaments are of non-circular cross-section, such as of rectanpular or
square cross-section, the flaments would preferably have a cirvwmiference of 40-200 um.
The ciroumderence is defined in macro seale, The chroumforence can be enfarged at the
micra-zoute fevel by adding roughness to the wire, in order to control the neolntinal growth
and making the ciraumforence in mioro scale longer while keeping the macro scale the same.
In this case the surfiee cross soetion of the filament would be in the range 733000 wm
preferably 300-1300 %

{0771 Ax indicsted earlior, the windows formed in the braided mesh-like tube would
alse be proforably within @ predetermined range such as to HHer the Bood-flow, but maintain
sufficient bood flow in or to the branch vessels, Proferably the langth of the window, i, its
ong dimension as shown at W in FIG. 18, would be within the range of 30-480 pm, more
proferably 30-320 pm, in the implanted condition of the braided tube. Also, the implanted
angle {0, FIG. 18a) would preferably be within the rangs of 20°-158°, more preferably 40-
8(° for high radial foroe and 100-140° for low radial force, in the implanted condition of the

braided tube, In yet another preferred embodinsent the braid angle in the implanted condition
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is approximately 90°%, preforably in the range of 70%-110°, The diameter and length of the
braided twbe in #s normal, implanted condition will vary according to the location and
suatomical dirnensions af the particular site of the implantation.  Preferably, the windows are

preferably globally (bud not necessary focally) unitorm in size.

{078 The flaments of the exemplary beaided meshelike tube embodiment can be made
of any suitable muterial which are blo-compatible sl which can be worked indo » teaid
Bio-compatible herein includes any material that can be safely introduced and implanted in
human or animal bodies for indefinite perods of Hme without causing any significamt
physiclogicnl damage. Preferably, the filaments are made of & material selected frony among
the 316L stainfoss steel, tantalum, and super elustic Nitlaol, cobalt base alloy, polymer or any

ather suitable metal or metal combination.

{79] Filoments also can be coated with blo-compatible coatings [Ulrich Sigwan,
“Endohuning] Stenting”, W, B Ssunders Company Litd., London, 1996], It is possible to use
a combination of several Hlument muaterials in one device and combinations of soveral
matenals in ope Hlament. The above embodiments bave been described in relation © a
bratded mesh-like tube, however this is not meant to be imiting in any way., Other mesh-like
structures, such as woven or knifted tubes exhibiling similar porosity snd Sexibility can be

ased withouot exceeding the scope of the invention,

[BBB0]  In some situations, 1t may be desired to implant the device in a2 portion of & humen,

&8 an artery, varving significantly in dismeter along is length. As will be approciated, ifa

constant diameter brafded tube dovice is nserted info such a variable-diameter lumen, this
may result i g defective anchoring of the device &t the larger diameter portion of the lemen,
angd in & possible risk of the migeation of the device within the lumen, This problem can be
eastly overcome in soversl ways, &8, by creating bratded devices with variable diameters
slong their longitudingd axdy, or varying the plich along the longitudinal axis, as deseribed in
the above-ciled U8, patent application Ser. No. 10311876 &s incorporated hersin by

eisrenee.
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LU Uintted States Patents 8414482 o Beloon and 7942921 1 Yodfar of all are
specifically tncorporated herein in their enfireties.

{8082} While the prosent invention has been desoribed herein with respect to the
exermplary embodiments and the best mode for practicing the invention, it will be apparant to
ene of ordinary skill in the art that many modifications, Improvements and subcombinations
of the varions embodiments, adepiations snd varistions can be made o the nvention withowt

departing from the spirit and scope thereof,
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CLAIME

What is clatmed:
1. An gmbolic protection device, comprising:

g filter comprising & heaided meshodibe tube defining 8 collection chamber for
eaptured emboli, the filler having 1 deploved condition wherein an owter periphory of

the filter contacts & blood vessel wall to divect blood How and filters antegrade-

Howing potential emboll from the blood flow and direct them into the collection

chamber,
2 The embolic protection deviee of elaim 1, a catheter port which permits the passage

of 8 catheter into the filter.

Rt

An embolic protection device, comprising:

aun approximately oyvlindrical outer sbructure made of o braided, mesh-Jike material

whereing

an upstream end of the embeolic profection device is open for bleod fo flow into the

cylindrical outer stracture which defines collection chamber for captured emboli,

4, The embelic protection device of cladm 3, wherein the braided mesh-like materiad of
the eylindrical outer structare 13 made from ¢ meshelike falric of knitted or woven filaments
or wives and with a pore size chosen o prevent emboli over 8 predetermined size from

passing therethrough,

] The embolic profection device of cluim 3, wherein the woven mesh-like material of

the cylindrical outer structure iy made of a metal, & polymer or g combination thereof,

&, The embolic protection device of claim 3, wherein the woven mesh-like material of

the evlindrical outer stracture has an antithrombogenic coating on #ts surface,

18
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»

7. The smbolic protection device of claim 3, wherein the woven mesh-lke meterinl of

the cylindrical outer stracture has a pore size in the range of approximately | nam to 0.1 mm

8. The embolic protection device of elaim 3, wherein the embaolic protection device has

an undeployed refracted condition and @ deploved expanded condition.

9, The embolic protection device of claim 8, further inchuding o delivery catheter
configured to deliver the embolic protection device into 8 blood vessel of a patient in the

undeploved, refracted condition.

. The embolic protection device of claim 9, further comprising & whular outer delivery
sheath to maintain the embolic protection device in the wndeploved retracted condition prior

to deployment,

1L The ambolic protection device of olaim §, whereln the woven mesh-like matedal of
the cylindrical outer structure ¥s o resiliont mumerial that cun be vompressed inlo the
undeployed refracted condition and that will selfexpand into the deployed expended

condition,

13, The embolic prowetion device of claim 3, Ruther comprising at least one refraction

member enctreling the cireumference of the eylindrical outer structure,

13, The embolic protection device of cladm 12, futher comprising a ma foop or other
graspable structare near the downstream end of the embaolic protedtion device connested to

the retraction members.

4. The embolic protection device of cladm 3 wherein the ambelic protection device i

refractable for retrievad from a patient’s blood vessel,

15 An intrehaninal emboli cpliection device Implantable in a Bood vessel comprising:
a braided mesh-like tube of bip-compatible material having an expanded condition in which
the {ube diameter is larger than the dismeler of the bload vessel In which &t is o be
inplanted, and having @ length sufficient to be anchored at both ends  said Mood vessel;

said braided mosh-like tube belng constitmted of 24-144 fHoments, and being designed ©
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1

have in iis implanted condition a porosity index of 60-75% and windows having au inscribed

disvacter of 34-320 pm.

16, The intralomingl device according o claim 15, whersin said bradded mesh-Bke tube is
constituted of nmbtiple tubular meshes, lying one above the other in laver-like formations, in

the implanted condition of the braided mesh-like tnbe.

17, A method of treating an ancwrysm In g blood vessel, comprising: uplanting in the
tood vessel & braided mesh-like tube of Mo-compsfible meferial having an expanded
condition iy which the tabe diameter is larger than the diameter of the bood vessel In which
it i 1o be implanted, and having a length sufficient to be anchored at both ends to said blood
vessel; sald braided mesh-like tube buing constituted of 24-144 filamments, and being designed
to have in it implasted condition a porosity Index of 60-75% and windows having an

insoribed diameter of SO0-320 pm,

18, The method according to claim 17, wherein each of said Hlaments has a civeular

cross~seation has 8 dismeter of 10-50 pm,

19, The method according to olatm 17, wherein said braided mesh-like tube is formed of

§2-120 filaments of bio-compatible material,

20, The method according o olsim 17, whereln said braided mesh-like tube is consiituted

of a single tubolar mesh.

2. The method secerding o claim 17, whereln said hraided mesh-like tube Is constituted
of multiple tubular meshes, Iving one above the other in laverdike formations, in the
tmplanted condition of the bradded mesh-Hke tube.

A3 Anassembly for implanting an intrahuming! device in a selected site of a blood vessel,
the assembly comprising: an intralumingl device, which comprises a braided mesh-like tube
of bio-compatible matertal having an expanded condition in which the tube diameter is larger
than the diameter of the blood vessel fn which it is to be implanted, and having 8 length

sufticient 1o be anchored ot hoth ends 1o said blood vessel; suid braided mesh-like tube being
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constiinied of 34-144 flaments, and being designed o have In its implanted condition a
porosity index of 60-75% and windows having an inscribed dameter of S0-320 um, and &
microcatheter for delivering soid intraluminal device to said selected site in the blood vessel

and for implanting it therein.

23, The assembly according to clsim 22, wherein each of said filements hes a clronlay

oross-section having a diameter of 1050w,

f

24 The assembly according o claim 22, wherein said bratided mesh-fike tube s formed

af 62120 filementy of bio-compaitble material,

AN The assembly according to colaima 22, wherein sald bmaided mesh-like tube &

coustituted of a single tubudar mesh.

28, The assembly sccording to clabm 22, wherein sald braided mosh-like fube i

constitnted of multiple tubnlar meshes, ving one sbove the other o coaxtal laver-lke

formations, in the implanted condition of the braided mesh-like tube.

21



PCT/US2014/046591

WO 2015/009655

BASIC AORTIC ANATOMY

LEFT COMMON
CARQTID ARTERY
= LEFT

- SUBCLAVIAN

RIGHT COMMON
ARTERY

CARQTHIARTERY

RIGHT
SUBCLAVIAN

sRTERY T

BRACHIOCEPHALID

ARTERY ;

e U

A Ve U

ASCENDING
ACGRTA

- DESECENDING
ADRTA

b

=,

HEART =

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/046591

WO 2015/009655

-,
iy,
o,
e,
=
fn e

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/046591

WO 2015/009655

e Aan s

W B e e A W VY AV T VY AV PR WV VS WA AR e A Ay aas aaar

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/046591

WO 2015/009655

-

49

¥

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/046591

WO 2015/009655

Ty o
'f}t'f,volﬁ

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/046591

%

624

£

WO 2015/009655

ESG

3

RADIAL &

EMBOLIC
\ PROTECTION

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655 PCT/US2014/046591

.
EMBOLE CAPTURED
N SUBGLAVIAN
PORTION GF DEVICE

AORTIC VALVE .
BLOOD ALLOWER TG

SUBCLAVIANS o (.
AND DESCENDING | YR CATHETER

AQRTA

;
FLOW CARQTIDS, g
|
E
|

|
i; Il (OR EQUIVALENT)
| Il || euNcHEs:
i\ | || THROUGH DEVICE
|| 7 TOACCESS
f AORTIC VALVE

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/046591

WO 2015/009655

822

3&

FEMORALACCE

- BEMBGLIC
P FROTECTION

DEVIOE

AQRTIC VALVE

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/046591

WO 2015/009655

L%
g

5

SNV

.

S
vy
&gy &
ﬁ,ﬁm )
< Z oy
Q%WN
A%<y
= \fs..«,w“s‘m}
ik L g 3

ALLOWED

BLOGD

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655

Fig. 10

PCT/US2014/046591

DELIVERY METHOD CATHETER
DELIVERY AND ATTACHMENT

gy /{ 3 e
‘\‘;“l * ,.l"') 1
; .»\/\/ \.;\E
¥V

5 9 ST
:fj,‘}}a\ '{P %
A ~,
f( R
$ R

5 s R
<3 DR P

|

G EMROLL CAPTURE

TAVR SYSTEM ORI ST B TN
EQUIVALENT, ~—HL A2 L PS

EMBOL DEVICE ATTACHED

1 - TO LARGE LUMEN
|| CATHETER THAT EXITS

et 2 b >
e T O " A
@ k4 4 b9

i,

ACCESS LOTUATION, TAVR
(OR EQUIVALENT) TO BE
INGERTED THROUGH
LARGE LUMEN EMBOL

~ " i,

DEVICE. CATHETER ALGD
SERVES AS DELWERY TC
EXFAND EMBOLIC
FROTECTION DEVICE
INAGRTA.

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655 ) PCT/US2014/046591
3 ? 70y Y

DELIVERY METHOD
CATHETER DELIVERY & NO ATTACHMENT

REVICE 1S STRETCHER
AND ATTACHER TO A

WIRE (NG CATHETER)

THE DEVICE HAR 2 GR
MORE ATTACHMENT
POINTS AND RELEASED

N A SEQUENTIAL

DROER ELECTROLYTICALLY
TO DEPLOY THE DEVICE

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655 PCT/US2014/046591

12022

LISING THIS TEOHNIQUE,
THE SAME CATHETER THAT
1S USED TO DEPLOY THE
SYSTEM (FIG. 10} IS USED
TO CAPTURE THE DEVICE
8Y PULLING THE DEVICE
BACK INTO THE

CATHETER WHILE
ADVANCING THE
CATHETER FORWARD,

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655

¢
2

PCT/US2014/046591

AN EXTENRION OF
THE DEVICE 18 LEFT

T HANG IROWNSTREAMD
TG BE RECGAFTURED.

THig COULD BE DONE

FORVWARD,

SUBSTITUTE SHEET (RULE 26)

CWITH A HOGK, LASED

T OR MAGNETIC SYSTEM.
A CATHETER WQULD
STHL BE USEDR TQ
PULL THE SYSTEM IN
WHILE ADVANCING

THE CATHETER



WO 2015/009655 PCT/US2014/046591

14782

Fig. 14

RECAPTURE METHQD

ATETHER OR (THREALX:

OF NON-THROMBOGENES
MARTERIAL IS LEFT

GOUMING OUT OF THE
AGCESS SITE FOR (UICK
AGGESS TO THE DEVICE.

7 WOULD BE ADHERED
TOTHE ACCESS LOTATION,
WHEN DEVICE IS READY
FOR REMOVAL A
RECAPTURE SYSTEMWIHLL
BE INSERTED OVER TETHER
TCRECAPTURE THE SYSTEM,

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655 PCT/US2014/046591

Fig. 15

EMBOLIC FILTRATION MECHANIEM

WIRES OF THE BRAID
AQRTAWALL

\\-
o

NN

i
53
AN
R Vo——

SN

AOOMED VERSION

e e “s}l  ISACRUSS-SECTIONAL
N \‘\ | o YL VIEW OF THE FILTER

BLOODFLOWAAY | ALONG WALL OF AORTA
/ ' ¥l THE BLACK DOTS
| © REPRESENT THE WIRES

© OF THE BRAID, THE
T - UIRGLEDS REPRESENT
w0 THE EMBOU BEING
N CAPTURED BY THE
YVH FHTER MESH.
§
i

O &
W, © %y
&

oY
e,

—

o,

vs x/ -, a Y

e 2n e, e
TR

g -

=rareegey » . o i -4
——im ;_“'A"‘“:;‘q'«;w . W it o a0 ERE S
“"""‘W-!‘_ s e ey - o L7 iR SN 4=
gl o, e R . L A A fre et B
e et e, e oo S ¥ o o
. . - ¥ e, v S50,
. ; Lo v
i o
g:
k3
e

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655
16722

Fig. 16

PCT/US2014/046591

EMBOLIC FILTRATION MECHANISM

Vi

&

-

_

AD
T )

BLOODFLOW [~

e

%
o

-

%

RN

L

RTAWALL

{

/“‘_

/:_
. o &
P

ZODMED VERSION
15 A CROSS-SECTIONAL
VIEW OF THE FILTER
ALONG WALL OF AQRTA,
THE DOTS REPRESENT
THE WIRES OF THE
BRAID, THE DASHES
BETWEEN DOTS
REPRESENT A MEMBRANE
204 WITH PORES THAT
ACT AS FILTER. EMBOLI
WOULD §TILL BE
CAPTURED (NOT
DEPICTED IN THIS
FIGURE).

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655

Zﬁxm_\:w A s
; % o - :‘:. : o <,-.( ’ j“. .__ o ~ :
1 D SRR R Ec i S o S
b it i s .
&
<
s,
g,

PCT/US2014/046591

AQRTAWALL

»
[

L

4

S

S RLOOD FLOW
§ SVRCLVARIDUS SIZES)
& WIRES OF THE BRAID

o e e R

S ZOONED VERSION ISA
/ CROSS-SECTIONAL VIEW
U OF AMULTIPLE WALL FITER

ALONG WALLFRTER ALL ?\EL
WALL OF ADRTA THE DOTE
REPRESENT THE WIRES OF
THE BRAID, THE ARROWS
SHOW THE DIRECTION OF
BLOQD FLOWAND THE
LARGER DOTR 208
REPRESENT EMBOLIOF
V*\?{E(}& SIZES BEING
CAPTURED AT THE VARIQUS
i.f«\‘{&.h&s OF THE FILTER

yUBSTITUTE SHEET (RULE 26)



WO 2015/009655 PCT/US2014/046591

A0 S
< cevvnd .
e TN TN

e,
e R -,\

PSRN N
¥ RN %

——T

.

(.v-“‘—\--\m\?\ “*_m_m‘m‘\-.} ﬁ

v, o
e

MIDDLE MESH

s QUTER MESH

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655 PCT/US2014/046591

3 l‘e‘} 4‘}
18/88

\"&ﬁi{&m“\“ R o ?
Rrte o~ > - " REH T
= . S R
o R
& RN
;: ; !
; PO e
R — ?,*’@Q’
3 S e
& X 5 “’ 5
= S 2 Ned RS
e ——— > = S
- RN T )

Wk
TRRROMORRTI
e %

f

o
T e RN -

|
.}
é‘ﬁfﬁﬁi’a@’?‘%’; i

i
gg
,

v

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655

Y

&
{0y
&

e‘{’&\ s’}"‘

i
\} 4
'\

SR\ 4 ﬁ\j** 3 \
\E}\}i‘g&f i \X\“fg y /‘;'aﬂ':‘\& 55‘ \ éx{\g Ve
/ \\}‘f*}’}\g\v’ﬁ ‘\\é""g}\ / 3@\\5«? \\9}) WA y«:‘,&?

- T ‘W {

N A X «‘:’(}s‘ A A ‘& if

"\\{f \‘?’e{ \g{ss X '::'( 'g;’ # ;! "Q

*\‘ "' f' ‘ '» : H i‘
AR AR A

»\\ 1"})&\%\}\%}\{@ W

&Y Sy P
h{‘:}f"’sxg

PCT/US2014/046591

9‘:’ ey
AN
,-;jf: T,
,f N\
7 \
fff + ,
T

% ("(?
N, ¢
§\ e (‘:}
“N, f.r
e

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655 PCT/US2014/046591

3
& “ o $
A

SUBSTITUTE SHEET (RULE 26)



WO 2015/009655 PCT/US2014/046591

22022

FILAMENTS DIAMETER

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2014/046591

A. CLASSIFICATION OF SUBJECT MATTER
AG1F 2/01(2006.01)i, A61B 17/22(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

AGIF 2/01; A61F 2/06; A61B 17/221; A61B 17/22; A61B 17/00

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: embolic protection device, braided mesh, aortic arch

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See the whole document .

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2012-0109182 Al (BELSON, A.) 03 May 2012 1-16,22-26
See abstract; claims 1-15; paragraphs [0020]-[0036]; and figures 1-11.

A US 7306624 B2 (YODFAT, O. et al.) 11 December 2007 1-16,22-26
See abstract; claims 1-13; columns 4-5; and figures 3-6.

A EP 1923019 Al (STOUT MEDICAL GROUP LP) 21 May 2008 1-16,22-26
See abstract and claims 1-30; and columns 5-6.

A WO 2013-082555 Al (COX, B. J. et al.) 06 June 2013 1-16,22-26
See the whole document .

A US 2011-0295304 A1 (JONSSON, A.) 01 December 2011 1-16,22-26

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:;

1. m Claims Nos.: 17-21
because they relate to subject matter not required to be searched by this Authority, namely:

Claims 17-21 pertain to methods for treatment of the human body by therapy or surgery, and thus relate to a subject matter
which this International Searching Authority is not required, under PCT Article 17(2)(a)(i) and PCT Rule 39.1(iv), to search.

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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