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METHOD AND DEVICE FOR FILTERING 
BODY FLUID 

[0001] This application is a divisional of application Ser. 
No. 11/939,859, ?led Nov. 14, 2007, Which is a divisional of 
application Ser. No. 11/006,449, ?led Dec. 6, 2004, noW 
abandoned, Which is a continuation of application Ser. No. 
10/051,492, ?led Jan. 18, 2002, noW U.S. Pat. No. 7,033,375 
B2, issued Apr. 25, 2006, Which is a continuation of applica 
tion Ser. No. 08/748,066, ?led Nov. 12, 1996, noW U.S. Pat. 
No. 6,605,102 B1, issued Aug. 12, 2003, Which is a continu 
ation of application Ser. No. 08/272,425, ?led Jul. 8, 1994, 
noW abandoned, the contents of each of Which are hereby 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to intravas 
cular devices for treating certain medical conditions and, 
more particularly, provides a method of forming intravascular 
devices and certain novel intravascular occlusion devices. 
The devices made in accordance With the invention are par 
ticularly Well suited for delivery through a catheter or the like 
to a remote location in a patient’s vascular system or in 
analogous vessels Within a patient’s body. 

BACKGROUND OF THE INVENTION 

[0003] A Wide variety of intravascular devices are used in 
various medical procedures. Certain intravascular devices, 
such as catheters and guideWires, are generally used simply to 
deliver ?uids or other medical devices to speci?c locations 
Within a patient’s body, such as a selective site Within the 
vascular system. Other, frequently more complex, devices are 
used in treating speci?c conditions, such as devices used in 
removing vascular occlusions or for treating septal defects 
and the like. 

[0004] In certain circumstances, it may be necessary to 
occlude a patient’s vessel, such as to stop blood ?oW through 
an artery to a tumor or other lesion. Presently, this is com 
monly accomplished simply by inserting, e.g. Ivalon par 
ticles, a trade name for vascular occlusion particles, and short 
sections of coil springs into a vessel at a desired location. 
These “emboliZation agents” Will eventually become lodged 
in the vessel, frequently ?oating doWnstream of the site at 
Which they are releasedbefore blocking the vessel. Inpart due 
to the inability to precisely position the emboliZation agents, 
this procedure is often limited in its utility. 
[0005] Detachable balloon catheters are also used to block 
patients’ vessels. When using such a catheter, an expandable 
balloon is carried on a distal end of a catheter. When the 
catheter is guided to the desired location, the balloon is ?lled 
With a ?uid until it substantially ?lls the vessel and becomes 
lodged therein. Resins Which Will harden inside the balloon, 
such as an acrylonitrile, can be employed to permanently ?x 
the siZe and shape of the balloon. The balloon can then be 
detached from the end of the catheter and left in place. 
[0006] Such balloon emboliZations are also prone to certain 
safety problems, though. For example, if the balloon is not 
?lled enough, it Will not be ?rmly ?xed in the vessel and may 
drift doWnstream Within the vessel to another location, much 
like the loose emboliZation agents noted above. In order to 
avoid this problem, physicians may over?ll the balloons; it is 
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not uncommon for balloons to rupture and release the resin 
into the patient’s bloodstream. 
[0007] In still other procedures, it may not be necessary to 
permanently occlude a vessel, but it may be necessary to 
provide a ?lter or the like to prevent thrombi from passing a 
particular location. For example, rotating burrs are used in 
removing atheroma from the lumen of patients ’ blood vessels. 
These burrs can effectively dislodge the atheroma, but the 
dislodged material Will simply ?oat doWnstream With the 
?oW of blood through the vessel unless steps are taken to 
capture the material. 
[0008] Some researchers have proposed various traps or 
?lters for capturing the particulate matter released or created 
in such procedures. HoWever, such ?lters generally have not 
proven to be exceptionally effective in actual use. Such ?lters 
tend to be cumbersome to use and accurate deployment is 
problematic because if they are not properly seated in the 
vessel they can drift to a more distal site Where they are likely 
to do more harm than good. In addition, these ?lters are 
generally capable of only trapping relatively large thrombi 
and are not effective means for removing smaller embolic 
particles from the blood stream. 
[0009] The problems With temporary ?lters, Which are 
intended to be used only during a particular procedure then 
retracted With the thrombi trapped therein, are more pro 
nounced. Even if the trap does effectively capture the dis 
lodged material, it has proven to be relatively dif?cult or 
complex to retract the trap back into the catheter through 
Which it Was delivered Without simply dumping the trapped 
thrombi back into the blood stream, defeating the purpose of 
the temporary ?lter device. For this reason, mo st atherectomy 
devices and the like tend to aspirate the patient’s blood during 
the procedure to remove the dislodged material entrained 
therein. 
[0010] Mechanical emboliZation devices, ?lters and traps 
have been proposed in the past. Even if some of those devices 
have proven effective, they tend to be rather expensive and 
time-consuming to manufacture. For example, some intravas 
cular blood ?lters suggested by others are formed of a plural 
ity of specially-shaped legs Which are adapted to ?ll the vessel 
and dig into the vessel Walls. In making most such ?lters, the 
legs must be individually formed and then painstakingly 
attached to one another, frequently entirely by hand, to 
assemble the ?nal ?lter. Not only does this take signi?cant 
skilled manpoWer, and hence increase the costs of such 
devices, the fact that each item must be made by hand tends to 
make quality control more di?icult. This same dif?culty and 
expense of manufacturing is not limited to such ?lters, but is 
experienced in many other intravascular devices as Well. 
[0011] Accordingly, it Would be desirable to provide a 
method for forming devices for deployment in a patient’s 
vessel Which is both economical and yields consistent, repro 
ducible results. It Would also be advantageous to provide a 
reliable emboliZation device Which is both easy to deploy and 
can be accurately placed in a vessel. Furthermore, there is a 
need in the art for a trap or ?lter Which can be deployed Within 
a vessel for capturing thrombi, Which trap can be reliably 
deployed; if the trap is to be used only temporarily, it should 
be readily WithdraWn from the patient Without simply dump 
ing the trapped thrombi back into the blood stream. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides a method for form 
ing intravascular devices from a resilient metal fabric and 



US 2011/0208234 A1 

medical devices Which can be formed in accordance With this 
method. In the method of the invention, a metal fabric formed 
of a plurality of resilient strands is provided, With the Wires 
being formed of a resilient material Which can be heat treated 
to substantially set a desired shape. This fabric is then 
deformed to generally conform to a molding surface of a 
molding element and the fabric is heat treated in contact With 
the surface of the molding element at an elevated temperature. 
The time and temperature of the heat treatment is selected to 
substantially set the fabric in its deformed state. After the heat 
treatment, the fabric is removed from contact With the mold 
ing element and Will substantially retain its shape in the 
deformed state. The fabric so treated de?nes an expanded 
state of a medical device Which can be deployed through a 
catheter into a channel in a patient’s body. 
[0013] In accordance With the method of the invention, a 
distal end of a catheter can be positioned in a channel in a 
patient’s body to position the distal end of the catheter adja 
cent a treatment site for treating a physiological condition. A 
medical device made in accordance With the process outlined 
above can be collapsed and inserted into the lumen of the 
catheter. The device is urged through the catheter and out the 
distal end, Whereupon it Will tend to return to its expanded 
state adjacent the treatment site. 
[0014] Further embodiments of the present invention also 
provide speci?c medical devices Which may be made in 
accordance With the present invention. Such devices of the 
invention are formed of a metal fabric and have an expanded 
con?guration and a collapsed con?guration. The devices are 
collapsed for deployment through a catheter and, upon exit 
ing the distal end of the catheter in a patient’s channel, Will 
resiliently substantially return to their expanded con?gura 
tion. In accordance With a ?rst of these embodiments, a gen 
erally elongate medical device has a generally tubular middle 
portion and a pair of expanded diameter portions, With one 
expanded diameter portion positioned at either end of the 
middle portion. In another embodiment, the medical device is 
generally bell-shaped, having an elongate body having a 
tapered ?rst end and a larger second end, the second end 
presenting a fabric disc Which Will be oriented generally 
perpendicular to an axis of a channel When deployed therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. 1A and 1B each depict a metal fabric suitable 
for use With the invention; 
[0016] FIGS. 2A and 2B are a side vieW and a perspective 
vieW, respectively, of a molding element and a length of a 
metal fabric suitable for use in forming a medical device in 
accordance With the invention, the mold being in a disas 
sembled state; FIG. 3A is a perspective vieW shoWing the 
molding element and metal fabric of FIG. 2 in a partially 
assembled state; 
[0017] FIG. 3B is a close-up vieW of the highlighted area of 
FIG. 3A shoWing the compression of the metal fabric in the 
molding element; 
[0018] FIG. 4 is a cross-sectional vieW shoWing the mold 
ing element and metal fabric of FIG. 2 in an assembled state; 
[0019] FIGS. 5A and 5B are a side vieW and an end vieW, 
respectively, of a medical device in accordance With the 
invention; 
[0020] FIGS. 6A-6C are a side vieW, an end vieW and a 
perspective vieW, respectively, of a medical device in accor 
dance With another embodiment of the invention; 
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[0021] FIG. 7 is a side, cross sectional vieW of a molding 
element suitable for forming the medical device shoWn in 
FIGS. 6A-6C; 
[0022] FIG. 8 is a schematic illustration shoWing the device 
of FIGS. 6A-6C deployed in a channel of a patient’s vascular 
system to occlude a Patent Ductus Arteriosus; 
[0023] FIGS. 9A and 9B are a side vieW and an end vieW, 
respectively, of a medical device in accordance With yet 
another embodiment of the invention; 
[0024] FIG. 10A is a side vieW of one molding element 
suitable for forming the invention of FIGS. 9A and 9B; 
[0025] FIG. 10B is a cross-sectional vieW of another mold 
ing element suitable for forming the invention of FIGS. 9A 
and 9B; 
[0026] FIG. 10C is a cross-sectional vieW of still another 
molding element suitable for forming the invention of FIGS. 
9A and 9B; 
[0027] FIG. 11A is a schematic side vieW of yet another 
medical device made in accordance With the invention shoW 
ing the device in a collapsed state for deployment in a 
patient’s vascular system; 
[0028] FIG. 11B is a schematic side vieW of the medical 
device of FIG. 11A in an expanded state for deployment in a 
patient’s vascular system; 
[0029] FIG. 12A is a schematic side vieW of an alternative 
embodiment of the invention of FIG. 11A shoWing the device 
in a collapsed state Within catheter for deployment; 
[0030] FIG. 12B is a schematic side vieW of the device of 
FIG. 12A shoWing the device deployed distally of the cath 
eter; 
[0031] FIG. 13 is a schematic perspective vieW shoWing a 
medical device in accordance With yet a further embodiment 
of the invention collapsed Within a catheter for deployment in 
a channel in a patient’s body; 
[0032] FIG. 14 is a schematic side vieW of the device of 
FIG. 13 in a partially deployed state; 
[0033] FIG. 15 is a schematic side vieW of the device of 
FIG. 13 in a fully deployed state; and 
[0034] FIG. 16 is a cross-sectional vieW of one molding 
element suitable for forming the invention of FIGS. 11A, 
11B, 12A, and 12B. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] The present invention provides a reproducible, rela 
tively inexpensive method of forming devices foruse in chan 
nels in patients’ bodies, such as vascular channels, urinary 
tracts, biliary ducts and the like, as Well as devices Which may 
be made via that method. In forming a medical device via the 
method of the invention, a metal fabric 10 is provided. The 
fabric is formed of a plurality of Wire strands having a prede 
termined relative orientation betWeen the strands. FIGS. 1A 
and 1B illustrate tWo examples of metal fabrics Which are 
suitable for use in the method of the invention. 
[0036] In the fabric of FIG. 1A, the metal strands de?ne tWo 
sets of essentially parallel generally helical strands, With the 
strands of one set having a “hand”, i.e. a direction of rotation, 
opposite that of the other set. This de?nes a generally tubular 
fabric, knoWn in the fabric industry as a tubular braid. Such 
tubular braids are Well knoWn in the fabric arts and ?nd some 
applications in the medical device ?eld as tubular fabrics, 
such as in reinforcing the Wall of a guiding catheter. As such 
braids are Well knoWn, they need not be discussed at length 
here. The pitch of the Wire strands (i.e. the angle de?ned 




























