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(57) ABSTRACT 

An ernboli capturing system captures ernboli in a body 
lumen. A ?rst elongate member has a proximal end and a 
distal end. An expandable ernboli capturing device is 
mounted proximate the distal end of the ?rst elongate 
member, and is movable betWeen a radially expanded posi 
tion and a radially contracted position When in the expanded 
position, the ernboli capturing device forms a basket With a 
proximally opening mouth. A second elongate member has 
a proximal and a distal end With a lumen extending ther 
ebetWeen. The lumen is siZed to slidably receive a portion of 
the ?rst elongate member. An expandable delivery device is 
mounted to the distal end of the second elongate member 
and is movable from a radially retracted position to a 
radially, expanded position. The delivery device has a 
receiving end con?gured to receive the ernboli capturing 
device, and retains at least the mouth of the ernboli capturing 
device in a radially retracted position. 
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DISTAL PROTECTION DEVICE AND METHOD 

[0001] This application is a continuation-in-part of co 
pending application serial No. 08/810,825 ?led. Mar. 6, 
1997 entitled DISTAL PROTECTION DEVICE, and 
assigned to the same assignee as the present invention. 

[0002] The following co-pending patent application is 
hereby incorporated by reference US. patent application 
Ser. No. 08/813,794, entitled DISTAL PROTECTION 
DEVICE Which Was ?led on Mar. 6, 1997, and assigned to 
the same assignee as the present application. 

BACKGROUND OF THE INVENTION 

[0003] The present invention deals With an emboli cap 
turing system. More speci?cally, the present invention deals 
With an emboli capturing system and method for capturing 
embolic material in a blood vessel during an atherectomy or 
thrombectomy procedure. 

[0004] Blood vessels can become occluded (blocked) or 
stenotic (narroWed) in one of a number of Ways. For 
instance, a stenosis may be formed by an atheroma Which is 
typically a harder, calci?ed substance Which forms on the 
lumen Walls of the blood vessel. Also, the stenosis can be 
formed of a thrombus material Which is typically much 
softer than an atheroma, but can nonetheless cause restricted 
blood How in the lumen of the blood vessel. Thrombus 
formation can be particularly problematic in a saphenous 
vein graft (SVG). 

[0005] TWo different procedures have developed to treat a 
stenotic lesion (stenosis) in vasculature. The ?rst is to 
deform the stenosis to reduce the restriction Within the 
lumen of the blood vessel. This type of deformation (or 
dilatation) is typically performed using balloon angioplasty. 

[0006] Another method of treating stenotic vasculature is 
to attempt to completely remove either the entire stenosis, or 
enough of the stenosis to relieve the restriction in the bloods 
vessel. Removal of the stenotic lesion has been done, 
through the use of radio frequency (RF) signals transmitted 
via conductors, and through the use of lasers, both of Which 
treatments are meant to ablate (i.e., super heat and vaporiZe) 
the stenosis. Removal of the stenosis has also been accom 
plished using thrombectomy or atherectomy. During throm 
bectomy and atherectomy, the stenosis is mechanically cut 
or abraded aWay from the vessel. 

[0007] Certain problems are encountered during throm 
bectomy and atherectomy. The stenotic debris Which is 
separated from the stenosis is free to How Within the lumen 
of the vessel. If the debris ?oWs distally, it can occlude distal 
vasculature and cause signi?cant problems. If it ?oWs proxi 
mally, it can enter the circulatory system and form a clot in 
the neural vasculature, or in the lungs, both of Which are 
highly undesirable. 

[0008] Prior attempts to deal With the debris or fragments 
have included cutting the debris into such small pieces 
(having a siZe on the order of a blood cell) that they Will not 
occlude vessels Within the problems. For, instance, it is 
dif?cult to control the siZe of the fragments of the stenotic 
lesion Which are severed. Therefore, larger fragments can be 
severed accidentally. Also, since thrombus is much softer 
than an atheroma, it tends to break up easier When mechani 
cally, engaged by a cutting instrument. Therefore, at the 
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moment that the thrombus is mechanically engaged, there is 
a danger that it can be dislodged in large fragments Which 
Would occlude the vasculature. 

[0009] Another attempt to deal With debris severed from a 
stenosis is to remove the debris, as it is severed, using 
suction. HoWever, it may be necessary to: pull quite a high 
vacuum in order to remove all of the pieces severed from the 
stenosis. If a high enough vacuum is not used, all of the 
severed pieces Will not be removed. Further, When a high 
vacuum is used, this can tend to cause the vasculature to 
collapse. 
[0010] A ?nal technique for dealing With the fragments of 
the stenosis Which are severed, during. atherectomy is to 
place a device distal to the stenosis during atherectomy to 
catch the pieces of the stenosis as they are severed, and to 
remove those pieces along With the capturing device When 
the atherectomy procedure is complete. Such capture 
devices have included. expandable ?lters Which are placed 
distal of the stenosis to capture stenosis fragments. Problems 
are also associated With this technique. For example, deliv 
ery of such devices in a loW pro?le, pre-deployment con 
?guration can be dif?cult. Further, some devices include 
complex and cumbersome actuation mechanisms. Also, 
retrieving such capture devices, after they have captured 
emboli, can be dif?cult as Well. 

SUMMARY OF THE INVENTION 

[0011] An emboli capturing system captures emboli in a 
body lumen. A?rst elongate member has a proximal end and 
a distal end. An expandable emboli capturing device is 
mounted proximate the distal end of the ?rst elongate 
member, and is movable betWeen a radially expanded posi 
tion and a radially contracted position. When in the 
expanded position, the emboli capturing device forms a 
basket With a proximally opening mouth. A second elongate 
member has a proximal and a distal end With a lumen 
extending therebetWeen. The lumen is siZed to slidably 
receive a portion of the ?rst elongate member. An expand 
able delivery device is mounted to the distal end of the 
second elongate member and is movable from a radially 
retracted position to a radially expanded position. The 
delivery device has a receiving end con?gured to receive the 
emboli capturing device, and retains at least the mouth of the 
emboli capturing device in a radially retracted position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs a distal protection device of the 
present invention in a deployed position. 

[0013] FIG. 2 shoWs the distal protection, device shoWn in 
FIG. 1 in a collapsed position. 

[0014] FIG. 3 shoWs an end vieW of a portion of the distal 
protection device shoWn in FIGS. 1 and 2. 

[0015] FIG. 4 shoWs a ;cross-sectional vieW of a portion 
of the distal protection device shoWn in FIGS. 1-3 in the 
deployed position. 
[0016] FIG. 5 shoWs a second embodiment of the distal 
protection device according to the present invention in a 
deployed position. 
[0017] FIG. 6 shoWs an end vieW of the distal protection 
device shoWn in FIG. 5. 



US 2003/0130688 A1 

[0018] FIG. 7 shows a cross-sectional vieW of the distal 
protection device shown in FIGS. 5 and 6 in the collapsed 
position. 
[0019] FIG. 8 shoWs a third embodiment of a distal 
protection device according to the present invention in a 
deployed position. 
[0020] FIG. 9 is a side sectional vieW of an alternate 
embodiment illustrating hoW the expandable members of the 
present invention are attached to a guideWire. 

[0021] FIG. 10 is a sectional vieW taken along section 
lines 10-10 in FIG. 9. 

[0022] FIGS. 11A and 11B shoW a fourth and ?fth 
embodiment, respectively, of a distal protection device 
according to the present invention in a deployed position. 

[0023] FIG. 12 illustrates the operation of a distal protec 
tion device in accordance With the present invention. 

[0024] FIGS. 13A-17B shoW additional embodiments of 
distal protection devices Which expand and collapse based 
on movement of a mechanical actuator. 

[0025] FIGS. 18A-18D illustrate an additional embodi 
ment of a distal protection device Which is deployed and 
collapsed using a rolling ?ap con?guration. 

[0026] FIG. 19 illustrates another embodiment in accor 
dance With the present invention in Which the protection 
device is deployed using ?uid pressure and a movable collar. 

[0027] FIGS. 20A and 20B illustrate another aspect of the 
present invention in Which tWo longitudinally movable 
members used to deploy the distal protection device are 
disconnectably locked to one another. 

[0028] FIGS. 21A-21C illustrate another embodiment in 
accordance With the present invention in Which the protec 
tion device is formed With a shape memory alloy frame and 
an attached ?lter or mesh mounted to the frame. 

[0029] FIGS. 22A-22C illustrate another embodiment in 
accordance With the present invention in Which the distal 
protection devices shoWn in FIGS. 21A-21C are delivered 
and deployed. 

[0030] FIGS. 23A-23E illustrate another embodiment in 
accordance With the present invention in Which the distal 
protection devices shoWn in FIGS. 21A-21C are retrieved. 

[0031] FIGS. 24A-24C illustrate another embodiment in 
accordance With the present invention in Which the distal 
protection devices shoWn in FIGS. 21A-21C are retrieved. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] FIG. 1 illustrates protection device 10 in a 
deployed position Within the lumen of a blood vessel 12. 
Protection device 10 preferably includes holloW guideWire 
14 (or a hypotube having the same general dimensions as a 
guideWire) having a coil tip 16, and a capturing assembly 18. 
Capturing assembly 18, in the embodiment shoWn in FIG. 
1, includes an in?atable and expandable member 20 and 
mesh 22. 

[0033] An interior of expandable member 20 is preferably 
coupled for ?uid communication With an inner lumen of 
guideWire 14 at a distal region of guideWire 14. When 
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deployed, in?atable member 20, in?ates and expands to the 
position shoWn in FIG. 1 such that capturing assembly 18 
has an outer periphery Which approximates the inner periph 
ery of lumen 12. 

[0034] Mesh 22 is preferably formed of Woven or braided 
?bers or Wires, or a microporous membrane, or other suit 
able ?ltering or netting-type material. In one preferred 
embodiment, mesh 22 is a microporous membrane having 
holes therein With a diameter of approximately 100 pm. 
Mesh 22 can be disposed relative to in?atable member 20 in 
a number of different Ways. For example, mesh 22 can be 
formed of a single generally cone-shaped piece Which is 
secured to the outer or inner periphery of in?atable member 
20. Alternatively, mesh 22 can be formed as a spiral strip 
Which is secured about the outer or inner periphery of 
in?atable member 20 ?lling the gaps betWeen the loops of 
in?atable member 20. Alternatively, mesh 22 can be formed 
Of a number of discrete pieces Which are assembled onto 
in?atable member 20. 

[0035] HolloW guideWire 14 preferably has a valve 24 
coupled in a proximal portion thereof. During operation, a 
syringe is preferably connected to the proximal end of 
guideWire 14, Which preferably includes a ?uid hypotube. 
The syringe is used to pressuriZe the ?uid such that ?uid is 
introduced through the lumen of holloW guideWire 14, 
through valve 24, and into in?atable member 20. Upon 
being in?ated, in?atable member 20 expands radially out 
Wardly from the outer surface of guideWire 14 and carries 
mesh 22 into the deployed position shoWn in FIG. 1. In this 
Way, capturing assembly, or ?lter assembly, 18 is deployed 
distally of stenosis 26 so that stenosis 26 can be severed and 
fragmented, and so the fragments from stenosis 26 are 
carried by blood ?oW (indicated by arroW 28) into the basket 
or chamber formed by the deployed ?lter assembly 18. Filter 
assembly 18 is then collapsed and removed from vessel 12 
With the fragments of stenosis 26 contained therein. 

[0036] FIG. 2 illustrates protection device 10 With ?lter 
assembly 18 in the collapsed position. Similar items to those 
shoWn in FIG. 1 are similarly numbered. FIG. 2 illustrates 
that mesh 22 is easily collapsible With in?atable member 20. 
In order to collapse ?lter assembly 18, ?uid is preferably 
removed from in?atable member 20 through the lumen of 
holloW guideWire 14 and through tWo-Way valve 24. This 
can be done using the syringe to pull a vacuum, or using any 
other type of suitable ?uid removal system. 

[0037] In?atable member 20 is preferably formed of a 
material having some shape memory. Thus, When in?atable 
member 20 is collapsed, it collapses to approximate the 
outer diameter of holloW guideWire 14. In one preferred 
embodiment, in?atable member 20 is formed of a resilient, 
shape memory material such that it is in?ated by introducing 
?uid under pressure through the lumen in holloW guideWire 
14 into in?atable member 20. When pressure is released 
from the lumen in holloW guideWire 14, in?atable member 
20 is alloWed to force ?uid out from the interior thereof 
through tWo-Way valve 24 and to resume its initial collapsed 
position. Again, this results in ?lter assembly 18 assuming 
its collapsed position illustrated in FIG. 2. 

[0038] FIG. 3 illustrates a vieW taken from the distal end 
of device 10 With mesh 22 removed for clarity. FIG. 3 shoWs 
that, When in?atable member 20 is deployed outWardly, 
mesh 22 (When deployed betWeen the loops of in?atable 
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member 20) forms a substantially lumen-?lling ?lter Which 
allows blood to ?oW therethrough, but Which provides a 
mechanism for receiving and retaining stenosis fragments 
carried into mesh 22 by blood ?oW through the vessel. 

[0039] FIG. 3 also shoWs that in?atable member 20 pref 
erably has a proximal end portion 29 Which is connected to 
the outer periphery of guideWire 14. Although end 29 need 
not be connected to guideWire 14, it is preferably connected 
using adhesive or any other suitable connection mechanism. 
By ?xedly connecting proximal end portion 29 to guideWire 
14, this increases the stability of the ?lter assembly 18 upon 
deployment. 
[0040] FIG. 4 is a cross-sectional vieW of a portion of 
protection device 10. FIG. 4 shoWs protection device 10 
With ?lter assembly 18 in the ,expanded or deployed posi 
tion. FIG. 4 also better illustrates that guideWire 14 is 
holloW and has a longitudinal lumen 30 extending there 
through. Longitudinal lumen 30 is connected in ?uid com 
munication With an interior of in?atable member 20 through 
aperture 32 Which ifs provided in the Wall of guideWire 14. 
FIG. 4 also shoWs that, in one preferred embodiment, a core 
Wire 34 extends through lumen 30 from a proximal end 
thereof Where it is preferably braZed to a portion of a 
hypotube Which may be connected to the proximal portion 
of guideWire 14. The core Wire 34 extends to the distal end 
of guideWire 14 Where it is connected to coil tip 16. In one 
preferred embodiment, coil tip 16 is braZed or otherWise 
Welded or suitably connected to the distal portion of core 
Wire 34. 

[0041] FIG. 4 further shoWs that, in the preferred embodi 
ment, in?atable member 20 in?ates to a generally helical, 
conical shape to form a basket opening toWard the proximal 
end of guideWire 14. FIG. 4 further illustrates, in the 
preferred embodiment, mesh 22 has a surface of guideWire 
14, at a distal region thereof, through adhesive 36 or any 
other suitable connection mechanism. 

[0042] FIG. 5 illustrates a second embodiment of a distal 
protection device 40 in accordance With the present inven 
tion. Device 40 includes holloW guideWire 42, ?lter assem 
bly 44 and coil tip 16. Filter assembly 44 includes a plurality 
of in?atable struts 46 and mesh 47. Each strut 46 has a distal 
end 48 and proximal end 50. In?atable struts 46 also have an 
interior Which is coupled in ?uid communication, through 
distal end 48 thereof, With the lumen in holloW guideWire 42. 
Struts 46 are preferably con?gured such that, upon being 
in?ated, the proximal ends 50 deploy radially outWardly. 
aWay from the outer surface of holloW guideWire 42 to 
assume a dimension Which approximates the inner dimen 
sion of lumen 58 in Which they are inserted. 

[0043] Mesh 47, as With mesh 22 shoWn in FIG. 1, is 
deployed either on the outer or inner surface of in?atable 
struts 46, such that, When the in?atable struts 46 are 
deployed radially outWardly, mesh 47 forms a generally 
conical basket opening toWard the proximal end of holloW 
guideWire 42. As With the embodiment shoWn in FIG. 1, 
mesh 47 can be applied to either the outer or the inner 
surface of struts 46. It can be applied to struts 46 as one 
unitary conical piece Which is adhered about distal ends 48 
of struts 46 using adhesive (or about the distal end of 
guideWire 42 using adhesive) and secured to the surface of 
the struts 46 also using adhesive. Alternatively, mesh 44 can 
be individually or simultaneously secured to, and extend 
betWeen, struts 46. 
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[0044] FIG. 6 is an end vieW of distal protection device 40 
shoWn in FIG. 5 taken from the distal end of distal protec 
tion device 40. When struts 46 are deployed outWardly, mesh 
47 forms a substantially lumen-?lling ?lter Which alloWs 
blood to ?oW therethrough, but Which provides a mechanism 
for receiving and retaining stenosis fragments from stenosis 
56 carried into mesh 47 by blood ?oW through the vessel. 

[0045] FIG. 7 is a cross-sectional vieW of a portion of 
distal protection device 40 shoWn in FIGS. 5 and 6. FIG. 
7 shoWs ?lter assembly 44 in the collapsed position in Which 
it approximates the outer diameter of guideWire 42. FIG. 7 
Also shoWs that, in the preferred embodiment, the distal 
ends 48 of struts 46 are in ?uid communication With an inner 
lumen 52 in holloW guideWire 42 through apertures 54 in the 
Wall of guideWire 42. 

[0046] FIG. 8, illustrates another embodiment of a distal 
protection device 60 in accordance With the present inven 
tion. Distal protection device 60 is similar to those shoWn in 
other ?gures, and similar items are similarly numbered . 
HoWever, distal has a lumen in ?uid communication With an 
interior of a pair of, in?atable, struts 62. In?atable struts 62 
have an inner surface 64 Which is generally concave, or 
hemispherical, or otherWise appropriately shaped such that 
it extends about a portion the outer surface of holloW 
guideWire 63. Mesh portions 66 extend betWeen the in?at 
able struts 62 so that in?atable struts 62 and mesh portions 
66, When deployed outWardly as shoWn in FIG. 8, form a 
basket shape Which opens toWard the proximal end of 
holloW guideWire 63. 

[0047] FIG. 9 illustrates another system for attaching 
in?atable struts to a holloW guideWire for a distal protection 
device 70 in accordance With the present invention. Distal 
protection device 70 is similar to the distal protection 
devices shoWn in the previous ?gures in that a plurality of 
in?atable struts 72 provided and preferably have a mesh 
portion extending therebetWeen. For the sake of clarity, the 
mesh portion is eliminated from FIG. 9. HoWever, it Will be 
understood that, When deployed, distal protection device 70 
forms a generally basket-shaped ?lter assembly Which opens 
toWard the proximal end of holloW guideWire 74. 

[0048] In the embodiment shoWn in FIG. 9, holloW 
guideWire 74 has a distal end 75 Which is open. An endcap 
76 is disposed about the distal end 75 of holloW guideWire 
74 and de?nes an internal chamber or passageWay 78. 
Endcap 76 has a proximal end 80 Which has openings therein 
for receiving the ends of in?atable struts 72. Thus, in order 
to in?ate in?atable struts 72, the operator pressuriZes ?uid 
Within the lumen of holloW guideWire 74 forcing ?uid out 
through distal end 75 of holloW guideWire 74, through 
passageWay 78, and into in?atable struts 72. In order to 
collapse distal protection device 70, the operator draWs a 
vacuum Which pulls the ?uid back out of in?atable struts 72, 
through passageWay 78 and, if necessary, into the lumen of 
holloW guideWire 74. 

[0049] FIG. 10 is an end vieW of endcap 76 taken along 
lines 10-10 in FIG. 9. FIG. 10 shoWs that proximal end 80 
of endcap 76 preferably includes a ?rst generally central 
aperture 82 for receiving the distal end of holloW guideWire 
74. Aperture 82 is siZed just larger than, or approximating, 
the outer diameter of holloW guideWire 74 such, that it ?ts 
snugly over the distal end 75 of holloW guideWire 74. 
Endcap 76 is then ?xedly connected to the distal end 75 of 






















