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PERCUTANEOUS CATHETER AND 
GUIDEWIRE HAVING FILTER AND 
MEDICAL DEVICE DEPLOYMENT 

CAPABILITIES 

[0001] This is a continuation of application Ser. No. 
121716,375, ?led Mar. 3, 2010, Which is a continuation of 
application Ser. No. 11/206,616, ?led Aug. 18, 2005, noW 
U.S. Pat. No. 7,691,123, Which is a continuation of Ser. No. 
10/400,003, ?led Mar. 26, 2003, noW U.S. Pat. No. 6,964,673, 
Which is a continuation of application Ser. No. 09/679,911, 
?led Oct. 5, 2000, noW U.S. Pat. No. 6,676,682, Which is a 
continuation of application Ser. No. 09/421,138, ?led Oct. 19, 
1999, noW U.S. Pat. No. 6,165,200, Whichis a continuation of 
application Ser. No. 09/287,217, ?ledApr. 5, 1999, noW U.S. 
Pat. No. 6,027,520, Which is a continuation of application Ser. 
No. 09/022,510, ?led Feb. 12, 1998, now US Pat. No. 5,910, 
154, Which is a continuation of application Ser. No. 08/852, 
867, ?led May 8, 1997, noW U.S. Pat. No. 5,911,734. Each of 
the above applications is hereby expressly and fully incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to treating 
plaque deposits and occlusions Within major blood vessels, 
more particularly to an apparatus and method for preventing 
detachment of mobile aortic plaque Within the ascending 
aorta, the aortic arch, or the carotid arteries, and to an appa 
ratus and method for providing a stent and a ?lter in a percu 
taneous catheter for treating occlusions Within the carotid 
arteries. 

BACKGROUND OF THE INVENTION 

[0003] Several procedures are noW used to open stenosed or 
occluded blood vessels in a patient caused by the deposit of 
plaque or other material on the Walls of the blood vessels. 
Angioplasty, for example, is a Widely knoWn procedure 
Wherein an in?atable balloon is introduced into the occluded 
region. The balloon is in?ated, dilating the occlusion, and 
thereby increasing intraluminal diameter. Plaque material 
may be inadvertently dislodged during angioplasty, and this 
material is then free to travel doWnstream, possibly lodging 
Within another portion of the blood vessel or possibly reach 
ing a vital organ, causing damage to the patient. 
[0004] In another procedure, stenosis Within arteries and 
other blood vessels is treated by permanently or temporarily 
introducing a stent into the steno sed region to open the lumen 
of the vessel. The stent typically comprises a substantially 
cylindrical tube or mesh sleeve made from such materials as 
stainless steel or nitinol. The design of the material permits 
the diameter of the stent to be radially expanded, While still 
providing su?icient rigidity such that the stent maintains its 
shape once it has been enlarged to a desired siZe. 
[0005] Generally, a stent having a length longer than the 
target region is selected and is disposed on a catheter prior to 
use. The catheter typically has a ?exible balloon, near its 
distal end, designed to in?ate to a desired siZe When subjected 
to internal pressure. The stent is mounted to the catheter and 
compressed over the balloon, typically by hand, to assure that 
the stent does not move as it passes through the blood vessel 
to the desired location Within the patient. Alternatively, self 
expanding stents may also be used. 
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[0006] The stent is typically introduced into the desired 
blood vessel using knoWn percutaneous methods. The cath 
eter, having the stent securely crimped thereon, is directed to 
the region of the blood vessel being treated. The catheter is 
positioned such that the stent is centered across the stenosed 
region. The balloon is in?ated, typically by introducing gas or 
?uid such as saline solution, through a lumen in the catheter 
communicating With the balloon. Balloon in?ation causes the 
stent to expand radially, thereby engaging the stenosed mate 
rial. As the stent expands, the material is forced outWard, 
dilating the lumen of the blood vessel. 
[0007] Due to substantial rigidity of the stent material, the 
stent retains its expanded shape, providing-an open passage 
for blood ?oW. The balloon is then de?ated and the catheter 
WithdraWn. 
[0008] Because the stent is often constructed from a mesh 
material, the stent typically compresses longitudinally as it 
expands radially. Stenotic material trapped betWeen the stent 
and the vessel Wall may extend into the openings in the mesh 
and may be sheared off by this longitudinal compression to 
create embolic debris free. When this material travels doWn 
stream, it can cause serious complications. For example loose 
embolic material released Within the ascending aorta, the 
aortic arch, or the carotid arteries may travel doWnstream to 
the brain, possibly causing stroke, Which can lead to perma 
nent injuries or even death of the patient. 
[0009] Thus, there is a need for an apparatus and method for 
delivering a stent into an arterial occlusion Which substan 
tially reduces the risk of embolic material escaping to the 
vessel and causing a blockage at a doWnstream location. 
There is also an apparatus and method for substantially pre 
venting detachment of plaque deposited on the Walls of the 
ascending aorta, the aortic arch, the descending aorta, and the 
carotid arteries. In addition, there is a need for an apparatus 
and method to substantially contain loose embolic material 
Within the aorta and the carotid arteries during an interven 
tional procedure, preventing it from reaching the brain. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides an apparatus and 
method for preventing embolic material from escaping a site 
of intervention Within the aorta, the carotid arteries, and other 
arteries generally, thereafter causing damage to vital organs, 
such as the brain. More particularly, the present invention 
involves an apparatus and method for introducing a stent into 
a region of a major blood vessel Within the human body 
having plaque deposits, such as the ascending aorta, the 
descending aorta, aortic arch, common carotid artery, exter 
nal and internal carotid arteries, brachiocephalic trunk, 
middle cerebral artery, anterior cerebral artery, posterior cere 
bral artery, vertebral artery, basilar artery, subclavian artery, 
brachial artery, axillary artery, iliac artery, renal artery, femo 
ral artery, popliteal artery, celiac artery, superior mesenteric 
artery, inferior mesenteric artery, anterior tibial artery, and 
posterior tibial artery, thereby opening occlusions and/or pre 
venting embolic material from breaking free Within the blood 
vessel. 
[0011] In a ?rst embodiment, the invention includes a 
guideWire having an expandable ?lter attached to it, and a 
stent catheter. The catheter has an in?atable balloon mounted 
on or near its distal end, and an in?ation lumen extending 
through the catheter betWeen a proximal region of the catheter 
and the balloon. A stent is provided on the outer surface of the 
catheter, substantially engaging the balloon. Generally, the 
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stent comprises an expandable substantially rigid tube, sheet, 
Wire or spring, but preferably a cylindrical mesh sleeve. See 
PalmaZ, U.S. Pat. No. 4,733,665, incorporated herein by ref 
erence. 

[0012] Alternatively, the stent may be a self-expanding 
sleeve, preferably from nitinol. In this case, the stent catheter 
does not require an in?atable balloon. Instead the stent is 
compressed over the catheter and a sheath or outer catheter is 
directed over the stent to hold it in the compressed condition 
until time of deployment. 
[0013] The guideWire has a ?lter assembly attached at or 
near its distal end, Which includes an expansion frame Which 
is adapted to open from a contracted condition to an enlarged 
condition. Filter material, typically a ?ne mesh, is attached to 
the expansion frame to ?lter undesirable embolic material 
from blood. 

[0014] The guideWire With the expansion frame in its con 
tracted condition is provided through a sheath or cannula, or 
preferably is included directly in the stent catheter. The cath 
eter typically has a second lumen extending from its proximal 
region to its distal end into Which the guideWire is introduced. 
The ?lter assembly on the distal end of the guideWire is then 
available to be extended beyond the distal end of the catheter 
for use during stent delivery. 

[0015] The device is typically used to introduce a stent into 
a stenosed or occluded region of a patient, preferably Within 
the carotid arteries. The catheter is introduced percutaneously 
into a blood vessel and is directed through the blood vessel to 
the desired region. If the ?lter device is provided in a separate 
sheath, the sheath is percutaneously inserted into the blood 
vessel doWnstream of the region being treated, and is ?xed in 
position. 
[0016] The ?lter assembly is introduced into the blood ves 
sel, and the expansion frame is opened to its enlarged condi 
tion, extending the ?lter mesh substantially across the blood 
vessel until the ?lter mesh substantially engages the Walls of 
the vessel. 

[0017] The catheter is inserted through the region being 
treated until the stent is centered across the plaque deposited 
on the Walls of the blood vessel. Fluid, preferably saline 
solution, is introduced through the in?ation lumen, in?ating 
the balloon, and expanding the stent radially outWardly to 
engage the plaque. The stent pushes the plaque aWay from the 
region, dilating the vessel. The balloon is de?ated, and the 
catheter is WithdraWn from the region and out of the patient. 
The stent remains substantially permanently in place, open 
ing the vessel and trapping the plaque beneath the stent. 
[0018] When the stenosed region is opened, embolic mate 
rial may break loose from the Wall of the vessel, but Will 
encounter the ?lter mesh and be captured therein, rather than 
traveling on to lodge itself elseWhere in the body. After the 
stent is delivered, the expansion frame is closed, containing 
any material captured in the ?lter mesh. The ?lter assembly is 
WithdraWn back into the sheath or the catheter itself, Which is 
then removed from the body. 
[0019] If a self-expanding stent is used, the stent catheter 
With the compressed stent thereon is inserted into a sheath, 
Which restrains the stent in a compressed condition. The 
catheter is introduced into the patient’s blood vessel and 
directed to the target region. Once the stent is localiZed across 
the stenosed region and the ?lter assembly is in position, the 
sheath is draWn proximally in relation to the catheter. This 
exposes the stent, Which expands to engage the Wall of the 
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blood vessel, opening the lumen. The ?lter assembly is then 
closed and the catheter WithdraWn from the patient. 
[0020] The ?lter assembly has a number of preferred forms. 
For example, the expansion frame may comprise a plurality of 
struts or arms attached to and extending distally from the 
distal end of the guideWire. The struts are connected to each 
other at each end and have an intermediate region Which is 
biased to expand radially. Filter mesh is attached typically 
betWeen the intermediate region and the distal ends of the 
struts, thereby de?ning a substantially hemispherical or coni 
cal shaped ?lter assembly. 
[0021] To alloW the ?lter assembly to be inserted into the 
lumen of the sheath, the intermediate region of the expansion 
frame is compressed. When the ?lter assembly is ready to be 
introduced into a blood vessel, the guideWire is pushed dis 
tally. The expansion frame exits the lumen, and the struts 
automatically open radially. This expands the ?lter mesh to 
substantially traverse the vessel. After the stent is delivered, 
the guideWire is pulled proximally to WithdraW the ?lter 
assembly. The struts contact the Wall of the ?lter lumen, 
forcing them to compress, closing the frame as the ?lter 
assembly is pulled into the sheath. 
[0022] In another embodiment, the expansion frame 
includes a plurality of struts attached to the distal end of the 
sheath. The struts extend distally from the sheath and attach to 
the distal end of the guideWire Which is exposed beyond the 
sheath. At an intermediate region, the struts are notched or 
otherWise biased to fold out radially. Filter mesh is attached to 
the struts betWeen the intermediate region and the distal end 
of the guideWire. 
[0023] The ?lter assembly is directed into position in the 
blood vessel, either exposed on the end of the sheath or 
preferably Within a second sheath Which is WithdraWn par 
tially to expose the ?lter assembly. With the sheath ?xed, the 
guideWire is pulled proximally. This compresses the struts, 
causing them to bend or buckle at the intermediate region and 
move radially outWardly, expanding the ?lter mesh across the 
blood vessel. After use, the guideWire is pushed distally, 
pulling the struts back doWn and closing the ?lter mesh. 
[0024] In an alternative to this embodiment, the struts 
attached to the distal end of the sheath and to the distal end of 
the guideWire are biased to expand radially at an intermediate 
region. The ?lter mesh is attached to the struts betWeen the 
intermediate region and the distal end of the guideWire. Prior 
to introduction into a patient, the guideWire is rotated torsion 
ally in relation to the sheath, tWisting the struts axially around 
the guideWire and compressing the ?lter mesh. Once in posi 
tion in the blood vessel, the guideWire is rotated in the oppo 
site direction, unWinding the struts. The struts expand radi 
ally, opening the ?lter mesh. After use, the guideWire is 
rotated once again, tWisting the struts and closing the ?lter 
mesh for removal. 
[0025] In yet another embodiment, the ?lter assembly com 
prises a plurality of substantially cylindrical compressible 
sponge-like devices attached in series to the guideWire. The 
devices have an uncompressed diameter substantially the 
same as the open regions of the blood vessel. They are su?i 
ciently porous to alloW blood to pass freely through them but 
to entrap undesirable substantially larger particles, such as 
loose embolic material. 
[0026] The devices are compressed into the lumen of the 
sheath prior to use. Once in position, they are introduced into 
the blood vessel by pushing the guideWire distally. The 
devices enter the vessel and expand to their uncompressed 


















