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ABSTRACT OF THE DIS'C‘LOSURE
A removab!é vascular filter system for capture énd retrieval of emboli
while allowing continuous perfu‘sion of blood, corriprising a porous filter
membrane and a ﬁlfer membrane support structure. This system is useful for
- 5 any percutaneous angioplasty, stenting, thrombolysis br tissue ablation
procedure. The system may minimize the.incidence of stroke, 'my'oca‘rdial
infarction or other clinical complications that may be associated with these

procedures.
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Vascular Fiiter System

Background of the Invention
. Field of the Invention
| The eresent in\ien,tion relates to the treatment of vascular disease by
eithei percutaneoue angioplasty and etenting or surgery. More particularly. the "
~ present im‘zention relates to a system that reduces macro- and micro- |

embolization during the treatment of vascular disease. |

n. Dlseusslon of the Related Art

\ A variety ef surgical and 'noh-surgical angioplasty proeedur’es have been
developed for removing obstnlctions from biood veseels. Balloon angieplasty
utilizes a balloon-tipped cathetelz which may be inserted within a .stenoeed
region of the blood vessel. By inﬂatiori- of the balloon, thesteﬁesed region is
dilated. Stenting involves tl'le'permar_\ent implantatien ofa metallic scaffold in '
- the area of the obstrtletion, following balloon dilatation. ‘The stei'lt is often '
. deliyered on an angioplasty balloen, and is deployed when the balloon is

infiated. Another alternative is the local delivefy of medication via an infusion
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cétﬁeter. Other techniqués, such as atherectomy,‘ have also been proposed.
~ In atherectomy, a rotating'bl-ade is used to shave plaque from an arterial wall.
Finally, other techniques Such as tissue ablation are sometimes performed to
address electrical anomalies in heart rhythm. S-urgei'y_ involves either re.moving
5 the pléquefrom the artery or attaching a graft to the artery so as to bypasé th-e
.obét.ructing plaﬁu’e. - ‘
. - One prbblem common to all of these techniques is thé accidental
releaée-of portions of the plaque or thrombus, resulfin'g in émboli which can
lodge elsewhere in the vascular system. Such emboli may be dangerous to
10 the batient, and may cause severe impairment of the distal circulatofy bed. g
. Depending upon the vessel being treated, this may result in a stroke or
myocardia] infarctioh or limb ischémia.
Vascular ﬁltéfs or embdlism' traps for implantation into the vena cava of
a _paﬁent are well known, being illustrated by, for _exémple, U.; S. Patents Nos.
15 . 4,727,873 énd 4,688,533. Additionally, there is a substéntial émount of '
medical literature describing various desig'ns of vascular filters and reporting
the results of the clinical and experimented use thereof. See, for example, the
article by ‘Eichelter & Schenk entitled “Prophylaxis of Pulmonary Embolism,”
“Archives of Surgery, Vol. 97, August 1968, p.p. 348 et seq. See, also, the -
20 article by Greenfiled, et al., entitied “A New Intracaval Filter Permitting .
Continued Flow and Resolution'of Emboli®, Surgery, Vol. 73, Nlo. 4, pp. 599-
606 (1973). ' | -
'Vascular filters aré used,'often during a postoperative period, when '.
there is a perceived ﬁsk of a patient encountering a puimonary embolus

25 resulting from clots generated at the surgical site. 'Typically, the filter is '
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mounted in the vena cava' to catch large emboli passing from the surgical site
to the lungs. - * -

" The vascular ﬁlters of the prior art are .usually perrnanently implanted in
the venous system of the patient, so that even after the need for the filter has

5 abated the ﬁlter remalns in place for the lifetime of the patient, absent surgical |

removal. U. S Patent No. 3,952,747 describes a stainless steel f' ltenng device

which is permanently implanted transvenously within the inferior vena cava.
- The filtering device is intended to treat recurrent pulrnonary embolism. U.S.
Patent No. 4,873,978 describes a catheter device comprising a catheter body
10  having a strainer mounted at its distal end. The strainer is shiftable between
- an Opened configuration where it extends SUbstantially across the blood vessel
to entrap passing emboli, and a closed conﬁguraticn where it retains the
captured emboli during removal'of the catheter. A mechanism actuable at the
proximate end of the catheter body allomrs selective opening and closing of the
15 strainer. Typically, the strainer is a collapsible cone having an. apex attached
- to a wire running frcm' the distal end to the proximate end of the catheter body.
Permanent implantation may be deemed medially undesirable, but ‘it has
been done because vascular filters are implanted in patients primaril)r in
response to potentrally life threatemng situations. Accordingly, the potentaal
20 dlsadvantages of permanent lmplantatlons of a vascular filter are often
. accepted.
thwrthstandmg the usefulness of the above-descnbed methods a need
: still exusts for an apparatus and method for preventing embollzatlon associated
wrth conventional surgery and m_terventlonal procedu'res. In particular, it would

25 Dbe desirable to provide a device which could be located within the vascular '
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system to collect and retrieve portions of plaque and thrombus which have

- dislodged during the surgery or angioplasty procedure.

SUMMARY OF THE INVENTION
5 ‘The present invention provides a vascular filter system useful in the
_surgical or intefvenfional‘treatment of yaScular disease. Macro- and' micro- -
- embolization may occur during percﬁtaneous prdcedures suéh as angioplasty; :
‘whicﬁ increases the risk ﬁf a minor or major stroke.l The sy-stem of the present
- invention for reducing’macro- and micro-embolization is very useful‘ in helping.
10 to prevent the risk of stroke. However, this system would .also be uééful iﬁ any
’ ~ percutaneous angioplasty, stenting, thrombolysis or tissue ablation procedure, .
or surgical 'procedu‘re where ‘embolization is a risk. The vascular filter system
of the present invention may d.ecrease embolism while allowing bram or other
distal tissue, perfusion. The filters may be incorporated into a gu'idewi,re-which
‘15 s used for the entire procedure from crossing a lesion to deploying a stent.

. - An objective of the présent invention is to provide a véécﬁlar filter
system for reducing macro- and micro-embolization. Anbther objective of the
present invention is to provide a vascular filter system which is readily
removable from the véscular system, or else.whére, of a patient when the filter

20 is no Ionger needed. Itis a further objective of the present invention to provide
a vascular filter system Having a conﬁgUration; which does not require hooks to
penetfate and grip the blood vessel walls, so that the implantation resulis in

- less blood vessel injﬁry. it is yet a further objective of the present invention to
provid_e a vascular ﬂlfér system of very low profile which is part of a guidewire '

25 and may be used in small vessels. Itis yet a 'fu,rther objeétive of the invention
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to provide a vascular filter system for angioplasty,- stenting, thrombolysis and/or
electrophysiologic or other ablaﬁve procedures. -
In one exemplary embodiment the filter comprises a thin membrane
~ attached to the guidewire and suppbrted by fine mefal spines. Attachment of
S5 -the filter membrafne to the guidewire allowé expansion\of the filter membrane
with a firm ﬁf inside the artery. The attachment also allows for collapse of tﬁe
fiter membrane at the end of the procedure so it fits tightly against the
guidewire and can be withdrawn thﬁough the guide éatheter. In another
exemplary embodiment, the filter membrane rests upon or is éttached to a
10 - basket-like structure, at least one end of Whiéh is attached to the gﬁidewire..
. The filter membrane has a pore size such that blood flow is hot impeded when
~ the filter membrane is expanded but micro- and macro-eﬁwboliare blocked.
Expanéion .of the filter membrane is aided by the _fohNard flow of blood against
the filter. The filter design results in a very low proﬁle.sothat the initial crossing
; 15 ofthe lesion is minimally traumatic. Also, the small diameter and small proﬂlé
- facilitate use of thé device in small or'larger arteries with minimal or no
obstruction of blood flow. .
In anothér eXemplary-embodiment of the preseht invention,-a dilatation
balloon delivéry system incorporating a vascular filter may be useful td capture
20  thrombus or émboli geherated during a cardiovascular procedure. The
dilatation balloon delivery system comprises a balloon catheter having proximal
and distal ends, the proximél end corﬁprising a hub having pofts; The distal }
- end 'comprises‘an inflatable balloon having a distal end, where a guidewire -
lurhen exte;ids ffom the distal end of the balloon to one of the por_fs in the'hUb. | |

25  The guidewire also extends distally to a vascular filter system. A sheathis
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arranged concentric to the balloon catheter, where the distal end of the sheath
covers the inflatable balloon and the guidewire filter. The sheath proximal end
extends to a point distal tb the hub. .
In another exemplary embodiment of the present invention, a stent
5 delivery sy_stem incorporating a vascular filter may be useful to capture
thrombus or emboli generated during a cardiovascular procedure. The stent
| delivery system. comprises a -ballooh catheter having prokimal and distal encls,- |
the ploximal end comprising a hub having ports. The distal' end comprises an
inflatable balloon having a distal end, where a guidewire lumen extends 'from
10  the distal end of the balloon to one of the ports in the hub. The guidewire- &

‘ lumen also extende proximally to a vascular filter system. An expandable'stent
is positioned annUlarly 'areund the balloon. A sheath is arranged concentric to
the balloon cathetel', where the distal end of the sheath covers the inflatable
ballOon the stent and the guidewire filter. The sheath proximal end extends to

15 a pomt dlstal to the hub. . .

In another exemplary embedlment of the present lnventlon the vascular
filter is attached to a guidewire having an infusion catheter with infusion holes
for controlled delivery and distribution of medication to the area ef surgical
intervention. The sheath over the gundewnre may control the area of distribution

20 of the medlcatlon by controlling the number of the revealed mfus:on holes in
- the infusion catheter. A locking mechanism on the proximal end of the
apparatus may assure that the sheath does not reveal a larger than neeessary
~ area of the angloplasty, .e., thrombus, to be exposed to the infusion holes
In another exemplary embodiment of the present invention, a vascular

25 filter system may be used to capture thrombus or emboli generated during
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eléctrbphysiology or,anofherabla‘tive.procedure. A guidewire-based .
collapsible filter basket can be édvanced through the fémoral artéry toa
position adjacent the left ventricle. The basket faces the Ventricle, and then the
basket ié collapsed and withdrawn proximally.' Altefnately, a guiding cathete'r.
5 has a distally-extending filter membrane that may be collapsed, for example, by
sliding an outer sheath distally. =
An advantagé of the presentinventipn is that it provides the beneﬁts of
filtration and capture of embolic particulates, temporarily, during a variety of
clinical procedures. . \
10 Give_n the following enabling description of the drawings, thé épparatus

should become evident to a person of ordinary skill in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
' The present invention will be apparent upon bonsideration of the
15 folloWing detailed déscripti’oﬁ, taken in conjunction with the aécompanying
- drawings, in which: the reference characters refer tQ like parts throughout, and
in which: . . '
Fig. 1 illustrates a lateral, partial cross-sectional view of.one eXempIary
embodiment bf the présent invention with the filter mémbrane ih an open
20  position.
Fig. 2 illustrates a lateral, partial cross-séctional view of the exemplafy ‘
embodiment of the present invention in F ig. 1 with the sheath closed.
~ Fig. 3 illustrates a schémat'ic representation ‘of..a portion.of a filter

membrane in accordance with the present invention.
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Fig. 4 illustrates a lateral view of a oore wire in ‘accordance with the
- present invention.
Fig. 5 illustrates a cross-sectional 'view across section iine 5-5 of a
portion of the core wire of Fig. 4. -
5 \ .Fig. 6 illustrates a lateral, cross-sectional view of an alternate basket
structure for the eXemplaiy embodiment of Fig. 1. .
Fig 7 illustrates a laterai, partial cross-sectional view of another
exemolary embodiment of the present invention.
- Fig. 8 illustrates a lateral, partial cross-sectional view of a further
10 exemplary embodiment of the present invention. ‘
. ' Fig. 9 illustrates a schematic, partial cross-sectional view of another
exemplary embodimeot of the present invention where the distal seotion of the
. filter basket is inveried. \
Fig. 10 illustrates a schematic, partial cross-sectional view of the
15 exemplary embodiment shown in Fig. 9 where the filter basket is collapsed.
Fig. 11 illustrates a laterall, pa'rtiel cross-sectional view of one exemplary
embodiment of the invention with the filter mem.branein en open position and
guidewire having infusion holes.
Fig. 12 lllustrates a schematic, partial cross-sectional view, with an
20 eriiarged section, of an exemplary embodiment of the present. invention
-wherein a dilatation delivery sysiem-comprises a vascuiar-ﬁiter.
-F ig. 13 illustrates a schematic, partial cross-sectional view of an
- exemplary embodiment of the present imke-ntion-wherein a stent delivery

system comprises a vascular filter.
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Fig. 14 illustrates a schematic, partial cross-sectional view of an
electrophysiology filter system acc.ording to the present invention. |
. Fig.; 15 illustrates a schematic, partial \crnss-sec‘tional view of a filter
apparatus in accordance with the present invention.- \
5 Fig. 16 illustrates a schematic, partial crdss;sectional view of a guide
‘ cathétér ﬁltef system according to the present invention. '
Fig. 17 illustrates a partial view of an ablation catheter in accordance

 with the present invention.

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS ,'

- ‘The present invention relates to a vascular filter system for use in
percutaneous angiop!asty and stenting and ..provides for the prevention of distal
embolism during endovascular procedures. - Furtner, the filter system of the |
présen‘t invention allows for distal .perfUSion while preventing embolization.

15 . . The system comprises a thin, perforated filter membrane which ié
- capable of blocking emboli and .Which is attached to the distal end of a
guidewire. ‘ln one exémplary embodimént of the invention, a thin, flexible,
perforated membrane is supported by four or more supports that forh a distally
extending basket. At least one end of the basket is attached to the guidewire, .
20 and the other, slidable end may be moved to cause tne‘membrane to open or

Close.

The present invention can perhaps be better appreciated by reference
- tothe drawings. Fig. 1 illustrates a lateral, nross-set;ti'onal view of a distal end
of ‘a guidewire 160 with a filter membrane 170 attached thereto. Fig. 1'sh6w$

25 guidewire 160 with a s.hapeable soft “floppy” tip 162 at its extreme distal :end
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which'.provides flexibility and maneuverjability tb guidewire 160. The filter
membrane in Fig. 1 is illustrated in an open position.
Guidewire 160 comprises a core wire 164, Which extends into floppy tip
- 162, and a sheath 166. Filter membr_an‘e 170 is supported by a basket 169
5 comprising two or more filter basket wires.* 168, having distal ends 172 and
proximal ends 174. The distal ends 172 of basket wires 168 are fixedly
- attached by distal radiopaque marker or crimp band 176 to core wire 164, and
' the pfoximal ends 174 of basket wires 168 are attached to proximal radiopaque
marker or crimp band 178, which is slidable over core wire 164, optionally with ‘
' 10  a polymeric, such as polyimide, or metallic sleeve\between' COré wire 164 énd
o proximal-ends 174. Preferably, proximal marker 178 is fixedly attached to -core,
wire 164, and distal‘ mérker 176, with a polymeric or metallic sleeve, is slidable
| over core wire 164. . .
. The flow of blobd in Fig. 1 fstoward the distal end of guidewire 160. As
15  such, the force of the flow of blood pushes on deplbyed filter membrane 170
. and helps to maintain filter membrane ‘170 in the deployed positioﬁ.
A sheath member 180 is attached to the distal end of sheath 166,
~ sheath member 180 having 3 lumen 182 with a diameter and length sufficient
to receive or slide over proximal marker 178.;. Sheéth 166 and sheath member .
20 '180 can be either Sepérate pieces boﬁded tbgether. or a continuous, integral '
structure. Sheath 1_ 66 and sheath mem—ber 180 are'each made ffom low .
friction polymeric material, preferably po'ly'tétraﬂuoroethylene, polyethylene,
~ nylon, or polyurethaﬁe. ‘ .
Filter rﬁembraﬁe 170 may comprise a numb,er' of different non-metallic.

25 permeable membranes having sufficient porosity to facilitate blood flow buf

Y.
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having sufficiently small openings to capture ef_hboli. .F'ilter membrane 170 :s
preferably affixed at least at its distal portion 184 to core wire 164 and/or
basket wire distal ends 172 and, optionally, to basket wires 168. Thé
remainder of filter membrane 170 may be unattachéd or, preferably, attached
-5 to baskef wires 168, such as by a suitablé adhesi{/e. Preferably basket wires
168 are enéapsulated in membrane 170.

Basket 169 may be somewhat cylindricél in its middle with tapered, .
conical, proximal and distal'portions'.. Alternateiy, basket 169 may be slightly
spherical, optionally with a flat, cylindrical middle portion. Préferably baskéf

10 169 is from about five to about forty mm in length _and from about two to about
' thirty mm, or from about two td about twenty mm, in diameter at its widest.
~ The proximal end of the sheath 180 is aﬁac_hed tb control handle or
guidewire torquer _186.\ Control handie 186 has an opening 188 for core.Wire .
164 so that sheath 180 can move slidably over core wire 164. For example,
15 when sheath 180 is moved distally tbward basket wirés 168, ﬁltér membrane
170 collapses. Al?so,- there may be instances_Where sheath 180 will be
" removed proximally so that other catheters or cardiovascular appliances can '
be introduced bver core wire 164. Control handle 186, which functiohs as a
torqde devicé, also pﬁmarily‘functions to lock sheath 1180 to core wiré 164 '
20. during inseﬁion. '

There are.a number of known, commercially available _guidewire '
torquers that may be modified to function as control handle 186. Modification:
includes, but is not limited to, providing é slightly largér céntral Iumeh. . o

In F-fg. 2 sheath 166 and sheathmember 180 are shown advance_d

25 distally so that basket wires 168 and filter member 170 are 'ca"apsed against '
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core wire 164. -'The distal end 192 of sheath member 180 may optionally be
slightly tapered to provide a better profile for insertion.
In an exemplary embodiment of the present invention, as .shown in Fig.
3, filter membrane 170 comprises a polymeric material such as polyurethane or
5  silicone elastomer that has laser-drilled holes 190. Alternately, the filter
membrane may comprise fabric or non-fabric meshes, such as those used in
~ known hemodialysis filters or heart-lung bypassfmachin—e ﬁlters. Suitable
materials include polymers or physiologically acceotable metals or alloys.
Such holes 190, a pattern for which can be seen in Fig. 3, are preferably
10 only on the conical portion of filter membrane 170. The holes 190 could be
- ~ from about tWenty to about three hundred-microns in diameter. The vertical
row separation of holes 190 may be from about 1.2 to 1.4 times the hole
diameter and the center-to-c‘enter diameter of holes 190 may be from about 1.4
to 1.6 times the hole diameter, or in an exemplary embodiment the vertical and
15 horizontal spacing of the holes is such that the center-to-cénter spacing of the -
- holes is from about 1.2 to 2.0 times fthe hole diameter. Preferably the open .
area of the holes represents from about,tento fifty percent,‘ more preferably
from about ten to forty percent of the filter surface. Alternatively, the hole size
may be variable. The mesh should have pores of a size sufficient to block and
. 20 capture any micro- and macro-emboli which may flow downstream from the site
where the stenosis is berng treated, but large enough such that blood ﬂow IS -
not |mpeded The mesh used in the filter device of the mventlon can have a
pore size of from about twenty to about three hundred microns, preferably from |
about fifty to about one hundred f ifty microns. Moreover, the size of filter

- 25 membrane 170 is such as to allow a firm fit between filter membrane 170 and

.
»
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anartery wall (not shown). The diameter of filter membrane 170 will be difectly
related to the artery being treated, with fypical diametefs ranging fremabout
two mm t'e about forty mm, most preferably from aboUttwo mm to abbut twenty
mm. ' -
5 . Basket wires 168 may comprise a suitable, physiologically acceptable
‘ meial. Stainless steel or nitinol are preferred, 'although titanium or other metal
- alloys could be used. - .
Core wire 164 can be seen better in Fig. 4, Where the proximal and

middle portions 200 and 202 aré substanitially uniform in diameter, and then

10  the distal portion 204 tapers to an end point 206. In fact, distal portion 204

could taper uniformly or, more preferably, non-uniformly, as shown in Fig. 4,
Typieally core wire 164 is from about two -h.undred fifty to three hundred cm in
Iength, with an initial diameter of from about 0.009 to 0.038 inches, preferably

from about 0.014 to 0.018 inches Distal section 204 is typically from about

15 eight to ten cm. With a diameter that tapers to_frem about 0.001 to 0.005

iInches, Core wire 164 may optionally have a _thin polymeric coating 207 'fo‘.r
friction reduction. Preferably end point 206 is a solid, squat cylinder, as shown
in Figs. 4 and 5. '

| Floppy tip 162 preferably comprises a radiopaque helical spring 210 that

20 Is fixedly attached, e.g., by welding, brazing, or soldering, to end point 206 and,

25

optionally, attachment point 208. Optionally spring coil 210 may have a
. polymeric or Iubr_icious coating 212. '
Fig. 6 represents an alternate desigh where basket wires 220 are
sebstantially helical in shape. F iiter member 222 covers or encomp'asses fhe

distal portion of basket wires 220, and the proximal and distal portions of

» dn
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basket wir’es 220 are secured by proxima! radiopaque marker or crimp band
- 224 and distal radiopaque marker or crimp band 226, respectively. Markers
224 and 226 are fixed or slidable on core wire 228 es described above.
 Preferably there are from 4 to 8 basket wires 220. each with a retation of from
5 about forty-five degrees to tﬁree hundred sixty degrees.
Addition‘al exemplery embodimente of the present invention ean be seen
“in Figs. 7 and 8. The schematic representation in Fig. 7 depfcts a ﬁlter
. membrane 280 supported by strut wires 282. The dis'tai ends 284 of strut wires
282 are attached to the distal po.rtio'n of a fubular member 286. A movable
10  core wire 290 extende through a lumen 292 in tubular member 286 to a distal
' - floppy section 294, where a helical spring.coil 296 surrounds the distal portion . .
298 of core wire 290 and is attached to end point 360.‘ There is ae attachment
. point 302 of weld or solder at fhe proximal portion of spring coil 296 where the
distal portion 304 of sheath member 306 is also attached to core wire 290.
15 The lumen 308 of eheath merﬁber.306 is large enough so that as core wire 290
is pulled proximally, or tubular member 28_6 is advanced distally, the distal ends
284 of strut wires 282 move into lumen 308 and .collapse filter membrane 280.
- Moveable core wire. 250 of the structure shown in Fig. 8 comprises a ‘
floppy tip 252 where a helical spring eoil 254 encompasses the distal portion
20 256 ef core wire 250. A basket wire structure component of two or more
ba-sket wires 258 supports a filter membrane 260 on 'the‘distai portion 262 of
the basket structure. Distal ends 264 of the basket wires 258 are -
- encompassed by a radiopaque marker or crii'np band ‘266‘ that is attached te
core wire 250 and/or spring eoi'l 254. The proximal ends 268 of basket wires

25 258 are attached to the distal portion of a sheath 270 that surrounds core wire o

“a

e s
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250. Sheath 270 moves slldably over core wire 250 so that when sheath 270
is pulled proximally into core wire 230, fi lter membrane 250 collapses '
In Fig. 9, a basket 320 comprising from fourto eight strut wires 322 is
secured by a distal fixed grommet 324 and a proximal slidable grommet 326.
5 Grommet 326 is slidable over core wire 328. Filter membrane 330 is attached
\ to or arranged upen basket 320, with the ‘proximal section 332 ef the
membrane 290 being open to flow, represented by arrows 334. The distal
portion 336 of membrane 330 forms a conical shape 340 that extends
proximally. The filter could be deployed by,-for example, a sh'eath or a tube
10 fixed to the proximal slidable crimp band 336. This deSign Is optimized for
perfusibn and emboli collection. For example, as more emboli is collected, it
tends to collect in outer, non-ﬁlter areas, leaving the pores open for perfusion;
Membrane' 330 preferabtyhas holes only in distal section 336/340,
which holes are arranged as described above. ltis believed that under normal,
15 substantially laminar flow conditions debris or emboli 342 will tend.to collect in
annular recesses 344.;
To close and Capture-emboli as shown in Fig. ~'10 slidable grommet 326
Is moved proxrmally to collapse basket 320 and membrane 336. ThIS can be
accomphshed with, for example sheath 350 or a fixed tubular member or other

20  apparatus that is preferably shdable over the core wire.

In an exemplary embodument of the present invention, shown in Fig. 11
a gurdeWIre or rigid mfusaon tubing 360 extends over a core wire 362 that
~ extends to a ﬂoppy tip 364, and a filter membrane 366 IS supported by a filer

basket 368. Tubing 360 extends distally to hub 372. Core wire 362 extends

25 through a lumen in tubing 360 and proximal to hub 372. Hub 372 has»a‘Luer ‘
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fitting 374. Filter membrane 366 supported by filter basket 368 comprises two
- or more filter basket wires 376, having distal ends 378 and proximal ends 380 }
attached to core wire 362 énd operating in a manner described above in
conjunction with the description of Figs. 1-3.
5 ‘The infusion rigid tubing 360 may haVé infusion holes 370 for delivering
and distributing medication through infusion holes 370 as well as through the
: infusion tubing end 382 to an afflicted target area of a .procedure such as a

peripheral thrombolysis.

A sheath 390 is connected to the sheath member 392 at its distal énd '
10 and, optionally with a distal sheath marker 394, énd to a locking hub. 405 of a
. locking mechanism 404 at its proximal end. The sheath Iocki'ng'mechanism
. comprises a Iocking hub 405 and 3 latch 406 which is allowed to slide
 Indeperdently over -th't‘a infusion tubing 360. Sheath 390 may be moved distally
and prox‘imally along the infusion tubing 360 and locked in place to pre\)ent ény
15 further movement along the infusion tubing 360. By sliding sheath 390 ,distally
- and proximally along the infusion tubing 390, a specific number of the infusion
holes 370 may be covered or opened. This covering and uncovering of
‘infusion holes 370 thereby controls the distribution and the amount of
medication along:.- the specific area of operation,' I.e., the location of the
20 exposed infusion holes 370 relative to a fh rombus 396 (or atheroma, stenosis,
embolism, plaque, etc.). Infusion holes 370 may be covered and opened
alternativelyby distally and proximally sliding either only the infusion tubing 360
- along core wjre 362, distally and proximally sliding only sheafh 390 along the .
infusion tubing 360, or manipu'lating both the infusjon tubing 360 along the core

25 wire 362 and the sheath 390 along the infusion tub'ing 360 simultaneouély.
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Sheath 390, sheath member 392 and locking hub 405 may be either
separate pieces bonded together or a eontinuous, integral strueture. | atch 406 ,
Is a separ‘ete piece of tubing of\thesame diameter as sheath 390 slidable
distally a’n‘d proximally a'lo_ng the infusion tUbing 360; However, in
5 coUnterdistinction of sheath 390, latch 406 has a tight fit over the infusion
tubing 360, enabiing‘ sheath 390 to be secured in a secured position when -
locking mechanism 404 is engaged or locked.
The wires, membrane, and other materials of this exemplary
embodiment are consistent with those described above. -
10 In an exemplary embodiment of the invention shown in 'Fig. 12 a
dilatation balloon delivery system 360:~comprises a deployment sheath 362 and
a hub 364. A balloon shaft 366 extends from hub 364 to ihe distal section 368
- of deployment’sheeth 362, where the distal portion of balloon shaft 366
comprises an inflatable dilatation balloon 370. The interior 372 of balloon 370
' 15 is in fluid eommunication with inflation lumen 374 in balloon shaft 366 and an'
inﬂation pert 376 in hub 364. Balloon shaft '366' ‘alsocomprises a guidewire
lumen 378 in ﬂuud communlcatlon wnth a guldew:re port 380 in hub 364 and |
-extending through balloon 370 to a vascular fi lter or emboll capture dewce 382,
as described above. The ends of a filter basket 384 are secured in a fixed
20 grommet 386 and a slidable.grOrnmet_ 388. '
During insertion of the dilatation balloon delivery system accordingto
' the present invention, deployment sheath 362 is ‘advanced through a patient’s
| vascdlar system to a desired location. During this stage of the procedure ‘
balloon 370 is collapsed and vascular fi Iter 382 Is somewhat compressed.

25  After balloon 370 is in position, deployment sheath 362 is pulled in the proxnmal

a Yy
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direction, and then balloon 370 is expanded to dilate a vessel. Vascular filter -
382 expands as grommet 388 slides in the proximal direction.
Once the dilatatioh balloon 370 is collapsed, sheath 362 may be
advanced distally to collapse vascular filter 382. After vascular ﬁlter 38 2 IS
5 collapsed, sheath 362, collapsed balloon 370, and collapséd vascular filter 382
may be withdrawn together in the pr_oximal direction. - '
~ In an exemplary embodiment of the invention shown in Fig. 13, a stent
' .delivéry system 360 compﬂséé a deployment sheath 362 and a hub 364. A
balloon shaft 366 extends from hub 364 to the distal section 368 of deployment
'10 sheath 362, Where the distal portion of inflatable balloon catheter sh.aft 366
' comprises an expandable balloon 370. The interior 372 of balloon 370 is in.
fluid communicatioh with an inflation lumen 374 in balloon catheter shaft 366
' and an inflation port 376 in hub 364. Balloon Is.haft 366 also corr;nprises a
| . guidewire lumen 378 i'n fluid communication with a guidewire port 380 in hub
15 364 and extending through balloon 370 to a vascular filter or emboli capture
. device 382, as d.escribed abové. The ends of a filter basket 384 are secured in -
a fixed grommet 386 and a slida’blé gromrﬁet 388. An ekpandable stent 390 is
positioned annularly adjacent to balloon 370. .
During insertion of the stent delivery éysfem according to the present
20  invention, deployment sheath 362 is advanced through a patient's vascular
system to a desired location. During this stage of the procedLIre balloon 370 is
either collapsed or expanded only so -far as to hold stent 386 in pbéition; and
vascular filter 382 is SOmewhat Qompressed. After stent 390 is in position,

deployment sheath 362 is pulled in the proximal direction, and then balloon

40
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370 is expanded to secure stent 390 in position. Vascular filter 382 expands
as grommet 388 slides In the proximal direction. '
Once stent 390 is in position, sheath 362 may be advanced distally to
collapse vascular filter 382. After vascular filter 382 is collapsed, sheath 362
-5 ‘and vachIar ﬁlter 382 can be withdrawn together in the proximal'direction.
In a variation of the exemplary embodiment of the invention shown in
Fig. 13, stent 390 could be a self-expanding stent that is releasably positioned
on a delivery catheter. See, for exgmple, U.S. Patent Nos. 5,246,445 and -
- 5,372,600. The stent delivery catheter would comprise a lumen for releage
10 wires, etc., as well as a ‘Iumen for a guidewire lumen in conneCtion witha
‘ vascular filter system.
" In an exemplary embodiment of the invention shown in Fig; 14, vaSculaf ,
filter system comprises a guideWire 360 with a core wire 362 extending distaily
Into floppy tip 364. Vascular filter 366 comprises a filter membrane 368
15 positioned in a distally facing manner on filter basket 370 comprised of 6 to 8 -
- struts or wires '37:2;. The distal 374 and proximal 376 ends of basket wires 372
are held by proximal grommet 378 and distal sliding grommet 380. Optioﬁally,
filter baskét 370 has radiopaque markers 382. A' sheath 388 with expanded
distal sheath section 390 is arranged concentrically around guidewire 360.
20 Consistent with fhe invéntiOn the vascular filter system will be Inserted
- through a guide catheter in a patient’s femoral' artery and then advanced
through the aorta to a po‘s‘ition .adjacent the patient’s left ventricle. During
| electrophysiology or another ablation proceddré in the left ventricle, any emboli .
or.thrombu;s produced will be captured in filter membrane 368. When the .

25  procedure is complete, sheath 388 and filter basket 370 are moved relative to

4 M
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one another so that the distal section 390 of sheath 388 causes filter basket '
370 to collapse, whereupon filter basket 370 and captured material are
withd rawn with the sheath.
In another exemplary embodiment of the vascular filter system, the
51 apparattis of Fig. 9 could be modiﬁed, as shown in Fig. 15. A basket 400
| comprised of from four to eight strut wires 402 is secured by a proximal fixed -
grommet 404 and a distal slidable grommet 406. Grommet 2106 is slidable over
. core .wire 408. Filier membrane 410 is attached to or arrang.ed upon hasket
412, with the proximal section 414 of the membrane 410 being open to flow, .
10 represented by arrow 416. The proximal portion 414 of membrane 41 O forms a
- conical shapethat extends distally. The tilter may be deployed by, for
example, a sheath,' a tube, or a wire fixed to the distal slidable crimp band 406.
Membrane 410 preferably has holes only in proximal section' 414, which '
holes are arranged as described above. .lt IS believed that under normal,
- 15 substantially Iarninar flow conditions debris or emboli 418 will tend to collect in |
annular recesses 420. ' . .

Fig. 16 depicts a guide catheter 430 comprising a' catheter shaft 432
having a dlstal end 434. A filter membrane 436 havmg a flexible support or
structure is arranged distally facing, on sald distal end 434. The proxmal

20  portion of filter membrane 436 is secured at band 438. A sheath 440 is
arranged concentncally around gurde catheter shaft 432 so that when sheath
440 is advanced dlstally, t' lter membrane 436 collapses It is contemplated

‘ that other means may be devised for collapsing filter membrane 436, such as a ' .
wire. Guide catheter'430 will preferably have a lumen 442 capable of receiving '

25 another device, such as an ablation catheter (not Shown)'.
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In accordance with the present inventiori, the distal portion of the‘guide
catheter will be advanced through the femoral 'artery into the left ventricle. '

" In another exemplary e'm,bod_'iment of the invention, as shown ln Fig. 1 7‘,
cn ablation catheter 450 may have a ﬁlter’ membrahe-.452 arranged proximal tc
-5 | the distal.end of catheter 450-by means dfsccssed above, such as a shéath o
concentric tc the catheter cr a wire, or other means. .

‘ The preceding speciﬂc exemplary embodiments are illustrative of the
practice of the invention. It is to be understood, however, that other expediehts
known to those skilled in thc art or disclosed herein, may be cmployed withcut ', '

10 departing from the spirit of the invention or the scope of the appendéd claims.

21
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The embodiments of the invention in which an exclusive property or privilege

is claimed are defined as follows:

1. A removable percutaneous vascular filter system for blocking emboli in
a vessel while allowing continued perfusion of blood comprising:

a guidewire having distal and proximal ends,

a filter comprising

(a) a non-metallic, porous, filter membrane having a distal

portion and a proximal free end portion, wherein the pore size of the

porous filter membrane is in the range of from about 20 to about 300

um, and

(b) a filter membrane support structure extending from the

flexible filter membrane distal portion to the flexible filter membrane

proximal portion, wherein said filter membrane distal portion is pivotaily

attached to the guidewire near said distal end of the guidewire and

wherein the filter membrane proximal free end portion is substantially

parallel to the guidewire in a collapsed state;

deploying means operatively connected to the filter to cause the filter
membrane proximal free end portion to move from a position substantially
parallel to the guidewire to a position removed from the longitudinal axis of the
guidewire to cause the flexible filter membrane to form a substantially conical
shape, and to form a generally sealing relationship with the wall of said
vessel;

an infusion catheter having a proximal end and a distal end, and at
least one infusion hole for causing medication to be delivered to a site, with
said infusion catheter coaxially disposed around said guidewire, and said at
least one infusion hole positioned proximal to said filter; and

a sheath having a proximal end and a distal end, disposed around said
infusion catheter, wherein said sheath may be moved distally and proximally
along said infusion catheter thereby covering or opening said at least one

infusion hole.

2. A system as claimed in claim 1, wherein the distal end of said sheath
further comprises a sheath marker

22
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3. A system as claimed in claim 1 or 2, further comprising a locking
mechanism at the proximal end of said sheath.

4, A system as claimed in claim 3, wherein the locking mechanism
comprises a locking hub and a latch, wherein the latch can slide distally and

proximally over said infusion catheter.

5. A system as claimed in any one of claims 1 to 4, wherein the pore size
of the porous filter membrane is variable.

23
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