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(57) ABSTRACT 

The present invention provides an obstruction removing 
device and a method for making the obstruction removing 
device. The method includes two mandrels with an elongate 
element being wound around the first mandrel and then 
wrapped around the second mandrel. The mandrels are 
movable relative to one another so that the second mandrel 
may be moved closer to the first mandrel after winding the 
element around the first mandrel and before winding the 
element around the second mandrel. 
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DEVICES AND METHODS FOR REMOVING 
OBSTRUCTIONS FROMA PATIENT AND 
METHODS FOR MAKING OBSTRUCTION 

REMOVING DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation-in-part of 
application Ser. No. 1 1/250,190, filed on Oct. 13, 2005 
which is a continuation-in-part of application Ser. No. 
10/460,751, filed Jun. 11, 2003 which is a continuation-in 
part of application Ser. No. 10/055,714, filed Jan. 22, 2002 
which is a continuation-in-part of application Ser. No. 
09/891,141, filed Jun. 25, 2001, which is a continuation in 
part of application Ser. No. 09/756,476, filed Jan. 8, 2001, 
which is a continuation-in-part of application Ser. No. 
09/605,143, filed Jun. 29, 2000, the full disclosures of which 
are incorporated herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention is also directed to methods 
and devices for removing obstructions from blood vessels. 
The device may be used to retrieve and remove clots and 
other biological obstructions or to retrieve embolic coils and 
the like which have been misplaced or have migrated to an 
undesirable location. 

0004 Obstruction removal devices are disclosed in U.S. 
Pat. Nos. 5,895,398 and 6,824.545, which are hereby incor 
porated by reference. 
0005 The present invention is directed to methods and 
devices for removing obstructions from blood vessels. The 
device may be used to retrieve and remove clots and other 
biological obstructions. The device may also be used to 
retrieve embolic coils and the like which have been mis 
placed or have migrated to an undesirable location. 
0006. One such obstruction removal device is disclosed 
in U.S. Pat. No. 5,895,398 which is hereby incorporated by 
reference. The device has an expandable engaging member 
which is introduced into the blood vessel to engage the 
obstruction for removal. 

0007. The present invention is also directed to devices, 
systems and methods which use an expandable capture 
element when removing obstructions from a blood vessel. 
One Such system for removing obstructions in a blood vessel 
is described in U.S. Pat. No. 5,102,415 to Guenther et al. The 
system described in U.S. Pat. No. 5,102,415 has a balloon 
catheter and a catheter having an expandable tip which 
receives the obstruction. The balloon catheter is passed 
through the obstruction while the balloon is deflated. The 
balloon is then inflated and the tip of the catheter is 
expanded. The balloon is then moved proximally so that the 
obstruction is pulled into the expanded tip of the catheter. A 
problem with the system of U.S. Pat. No. 5,102,415 is that 
the interaction between the balloon catheter and the leading 
edge of the catheter may tend to shear off portions of the 
obstruction. This can cause obvious problems when working 
in sensitive vascular areas. 

0008. The present invention is directed to additional 
devices and methods for removing obstructions in a blood 
vessel. 
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SUMMARY OF THE INVENTION 

0009. In a first aspect of the present invention, a method 
of forming an obstruction removing element is also 
described. The method includes use of a two part mandrel 
with at least one of the mandrels being movable relative to 
the other mandrel. An elongate element is wrapped around 
the first mandrel and then the second mandrel is moved to a 
position closer to the first mandrel. The elongate element is 
then wrapped around the second mandrel to complete the 
desired shape. The elongate element may be wrapped over 
an end of the first mandrel so that the elongate element 
extends over an apex of the first mandrel and intersects the 
longitudinal axis of the first mandrel. 
0010. In another aspect of the present invention, a device 
and method for removing an obstruction are described. The 
obstruction removing device has at least two loops defining 
a longitudinal axis at a proximal section or distal section or 
both. An intermediate section has two crossing portions 
which intersect the longitudinal axis. The device is intro 
duced into a patient and then used to engage and remove the 
obstruction. 

0011. In accordance with the present invention, device 
and methods for removing obstructions are also provided. In 
a first aspect of the invention, an obstruction removal device 
is provided which has an obstruction engaging element 
extending from an insertion element. The engaging element 
is movable from a collapsed position to an expanded posi 
tion. The engaging element forms coils having varying 
diameter wherein the coils at a distal portion are larger than 
coils at an intermediate portion. The distal portion forms a 
relatively closed structure which prevents the obstruction, or 
any part thereof, from migrating downstream. The distal 
portion is expanded distal to the obstruction while the 
proximal portion engages and holds the obstruction. 
0012. In another aspect of the present invention, another 
obstruction removal device is provided which has at least 
one closed loop and preferably two closed loops. The closed 
loop provides an advantage when advanced through a cath 
eter or sheath in that the closed loop produces opposing 
radial forces on the catheter or sheath through which the 
loop is advanced. In this manner, the obstruction removal 
device can be advanced more easily through the catheter or 
sheath to prevent binding or kinking of the device during 
advancement. In a preferred embodiment, the obstruction 
removal device has two loops of varying diameter with the 
distal loop having a larger diameter. Each of the loops lie in 
a plane with the planes of the two loops preferably being 
perpendicular to one another. 
0013 In another aspect of the invention, another obstruc 
tion removal device is provided which has wound sections 
formed by one or more filaments which are separated by 
sections substantially free of the filaments. The intermittent 
wound sections provide discrete portions where the obstruc 
tion can be engaged. In an embodiment, the wound sections 
can slide on the core element to provide flexibility when 
advancing the obstruction removal device. The wound sec 
tions and sections free of filament are preferably about 1-5 
mm long. The obstruction removal device preferably has at 
least three wound sections and more preferably at least five 
wound sections. 

0014. In still another aspect of the invention, another 
obstruction removal device is provided which has alternat 
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ing large and Small diameter portions. In a preferred embodi 
ment, the obstruction removal device has at least four large 
diameter sections and three Smaller diameter portions. The 
alternating large and Small diameter portions may help to 
engage certain types of obstructions and can also help to 
prevent parts of the obstruction from breaking off and 
migrating downstream. 
0015. Any of the obstruction removal devices described 
herein may also be used with a source of power coupled to 
the obstruction removal device for use as described below. 
The Source of power may simply produce a positive or 
negative charge or may be an RF energy source. The Source 
of power may be used to help the obstruction removal device 
penetrate and engage the obstruction and may also be used 
to adhere the obstruction to the obstruction removal device 
as will be described. In a preferred embodiment, a negative 
charge is provided when advancing the obstruction removal 
device into the obstruction and a positive charge, or RF 
energy, is supplied to adhere the device to the obstruction. 
0016. The devices of the present invention may be manu 
factured in any suitable manner. In another aspect of the 
present invention, the obstruction removal device has a core 
element surrounded by a sheath. A strand, preferably about 
four strands, are positioned between the core element and 
the tube. The strand and the tube prevent any part of the 
obstruction removal device from breaking free should the 
core element fail. The strand and tube will hold the obstruc 
tion removal device together even if the core element breaks. 
The sheath is preferably flexible so that the sheath can 
undergo much larger deflections than the core element. 
0017. The obstruction removal devices of the present 
invention may also be advanced through a guide catheter 
having a flow restricting element which is preferably a 
balloon but may be any other suitable structure. The flow 
restricting element is expanded to reduce blood flow through 
the obstructed vessel to minimize the likelihood that the 
obstruction will migrate downstream. 
0018. In another aspect of the invention, a system is 
provided which has an expandable capture element and an 
obstruction engaging device which together work to remove 
an obstruction from a blood vessel. The capture element is 
advanced through the patient in a collapsed position and is 
expanded when at the desired location. The obstruction 
engaging device preferably has one or more filaments which 
provide a relatively flexible interaction between the engag 
ing device and the capture element. This provides advan 
tages over the use of a balloon catheter as described in 
greater detail below. The obstruction engaging device pref 
erably has 1-4 filaments and more preferably 1-2 filaments. 
Of course, the obstruction engaging device may have more 
filaments without departing from various aspects of the 
invention and, in fact, the device may form a filter which 
further helps to prevent portions of the obstruction from 
being carried downstream. 
0019. The capture element is preferably naturally biased 
toward the expanded position although the capture element 
may also be manually actuated as described below. The 
capture element has a support structure with a flexible cover 
attached thereto. The support structure preferably has a 
closed loop which opens the distal end of the cover. The loop 
is preferably integrally formed and has a number of inte 
grally formed hinges which deflect when the loop is 
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expanded and collapsed. The hinges are preferably V-shaped 
although other shapes may be used. A plurality of Struts 
extend proximally from the loop. 
0020. The capture element may also be expanded by the 
user so that the user may select the appropriate time for 
expansion of the capture element. In this manner, the user 
may advance the capture element to a suitable location for 
expansion. The user may also collapse the capture element 
before withdrawing the capture element into a catheter. The 
capture element has an actuator for opening and closing the 
capture element. The actuator may have a control arm and a 
stable arm although any Suitable actuator may be used. The 
control arm is manipulated to expand and contract a loop at 
the distal end of the capture element. Alternatively, the 
actuator may be a tube which cinches the loop closed. In a 
specific embodiment, the capture element may also evert 
when moving to the expanded position. 

0021. The device of the present invention may be used in 
various different locations and for various different pur 
poses. In one embodiment, the device may be used in 
connection with a guide catheter. When used with the guide 
catheter, the device may be expanded to slow or even stop 
blood flow when performing other procedures downstream 
of the guide catheter Such as removing a clot or placing a 
Stent. 

0022. Alternatively, the device may be passed through a 
conventional guide catheter so that the device may be 
introduced further into the vasculature. In this system, the 
capture element passes through the guide catheter. The 
obstruction engaging device is then used to engage the 
obstruction and move the obstruction into the capture ele 
ment. 

0023 The present invention is also directed to methods 
and devices for removing an obstruction where the obstruc 
tion engaging element has a shape which traps the obstruc 
tion. In one aspect, the element extends proximally and then 
distally to ensnare the obstruction. The element may have 
Such a shape naturally or may be moved into this shape by 
manipulating the element. For example, the element may be 
rotated in one or both directions to ensnare the obstruction. 
The element may have a portion which prolapses to capture 
the element as the element is manipulated. 
0024. In still another aspect of the invention, the capture 
element inverts when the obstruction is moved into the 
capture element. The obstruction is preferably engaged with 
an engaging element having a filament which ensnares the 
obstruction. The obstruction engaging element may be inde 
pendent from the capture element or may be connected to the 
engaging element. The capture element inverts upon appli 
cation of a compressive force to the inverting portion or 
upon any other Suitable actuation force. The capture element 
preferably inverts when the compressive force is applied by 
either the obstruction or the engaging element. 
0025 The present invention is also directed to actuators 
for medical devices. In a first aspect, an actuator is provided 
which has an outer member and a plurality of fingers 
extending from the outer member. The fingers form an end 
that can be opened and closed by bending and straightening 
the fingers. The fingers may be bent by moving an inner 
member coupled to the fingers or by tensioning or releasing 
tension on a filament. The medical devices described above 
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may be used for any Suitable purpose including capture or 
containment of obstructions. For this purpose, the fingers or 
frame may be covered with the cover that forms an enclosure 
to hold the obstruction. 

0026. In another aspect, the medical device may have a 
frame that extends from inner and outer members. The frame 
forms an end that also opens and closes. The frame has a first 
set of connectors coupled to the outer member and a second 
set of connectors coupled to the inner member. The inner and 
outer members are movable relative to one another to open 
and close the end. The frame may be an integral structure 
with the structure being deformed when the end opens and 
closes. In still another aspect, the frame may be made of a 
shape memory material which regains either the closed or 
open position when heated or cooled. For example, the 
frame may be heated using electrical energy or other Suitable 
Source to actuate the frame. 

0027. In still another aspect of the present invention, a 
device and method for removing an obstruction from a blood 
vessel is provided. A strand extends along the elongate 
obstruction removing element and extends between the coils 
of the element. The element may be manipulated to entangle 
the main element with the strand and to entangle the device 
with the obstruction. The strand will become entangled with 
the element at locations dependent upon permitted expan 
sion of the element within the blood vessel. 

0028. In yet another aspect, an intravascular device and 
method for removing material from a vascular site are 
provided. A filament is wrapped around the main element in 
a delivery condition. The filament and main element are then 
rotated relative to one another to cause the two to essentially 
unravel. 

0029. In yet another aspect of the present invention, an 
obstruction removing element is provided which has a 
plurality of expandable structures formed by the elongate 
element. The expandable structures are formed so that 
adjacent structures wind in opposite directions when viewed 
along the longitudinal axis of the device. The expandable 
structures may wind to form a Substantially closed structure. 
To this end, the expandable structure may wind about 360 
degrees when viewed along the longitudinal axis. Of course, 
the expandable structure may wind a bit more or less than 
360 degrees such as 315-405 degrees. 

0030 These and other advantages of the invention will 
become apparent from the following description, drawings 
and claims. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

0031 FIG. 1 shows a system for removing an obstruc 
tion. 

0032 FIG. 2 shows the obstruction removal device in a 
collapsed condition. 

0033 FIG. 3 shows the obstruction removal device with 
a distal portion of the obstruction removal device expanded. 

0034 FIG. 4 shows the obstruction removal device with 
a proximal portion expanded to engage an obstruction. 

0035 FIG. 5 shows another obstruction removal device. 
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0036 FIG. 6 shows yet another obstruction removal 
device. 

0037 FIG. 7 shows still another obstruction removal 
device. 

0038 FIG. 8 is an end view of the obstruction removal 
device of FIG. 7. 

0039 FIG. 9 shows another obstruction engaging ele 
ment. 

0040 FIG. 10 shows the obstruction engaging element of 
FIG. 9 with the element engaging an obstruction. 
0041 FIG. 11 shows the obstruction engaging element of 
FIGS. 9 and 10 with the element having a prolapsed portion. 
0042 FIG. 12 shows another obstruction engaging ele 
ment in an expanded position. 

0043 FIG. 13 shows another device for removing an 
obstruction. 

0044 FIG. 14 shows the obstruction removing device of 
FIG. 13 expanded to engage the obstruction. 

0045 FIG. 15 shows another obstruction removing 
device in an expanded position. 

0046 FIG. 16 shows still another obstruction removing 
device. 

0047 FIG. 17 shows an obstruction removing device 
having independently movable proximal and distal portions. 

0048 FIG. 18 shows still another obstruction removing 
device. 

0049 FIG. 19 is a cross-sectional view of FIG. 18 along 
line I-I. 

0050 FIG. 20 is a cross-sectional view of FIG. 18 along 
line II-II. 

0051 FIG. 21 shows another obstruction removing 
device. 

0052 FIG. 22 is an end view of FIG. 21 showing a larger 
opening between some of the wires. 
0053 FIG. 23 shows another obstruction removing 
device. 

0054 FIG. 24 is a side view of the device of FIG. 23. 
0.055 FIG. 25 shows another obstruction removing 
device. 

0056 FIG. 26 is a side view of the device of FIG. 25. 
0057 FIG. 27 is an alternative side view of the device of 
FIG. 25. 

0058 FIG. 28 shows another obstruction removing 
device. 

0059 FIG. 29 shows another obstruction removing 
device. 

0060 FIG. 30 shows another obstruction removing 
device. 

0061 FIG. 31 is an end view of the obstruction removing 
device. 



US 2007/0208.371 A1 

0062 FIG. 32 shows another obstruction removing 
device. 

0063 FIG. 33 shows another device for removing an 
obstruction. 

0064 FIG. 34 shows the device of FIG. 33 expanded 
within a blood vessel. 

0065 FIG. 35 shows another device for removing an 
obstruction in a collapsed position. 
0.066 FIG. 36 shows one possible configuration for the 
expanded device of FIG. 35. 
0067 FIG. 37 shows another possible configuration for 
the expanded device of FIG. 35. 
0068 FIG. 38 shows a device having more strands and 
loops along the proximal section than along the distal 
section. 

0069 FIG. 39 shows the device having an interlocking 
Strand extending between two strand loops. 
0070 FIG. 40 shows the strand loops interlocking closer 
to the distal and proximal ends in the upper and lower parts, 
respectively. 

0071 FIG. 41 shows the strands positioned within the 
expanded shape of the main element. 
0072 FIG. 42 shows the device positioned proximate to 
an obstruction. 

0073 FIG. 43 shows the device advanced into and 
through the obstruction. 
0074 FIG. 44 shows expansion of part of the main 
element distal to the obstruction. 

0075 FIG. 45 shows expansion of part of the main 
element within the obstruction. 

0.076 FIG. 46 illustrates that rotation of the main element 
causes the strand to become entangled with the main ele 
ment and enhances engagement between the device and the 
obstruction. 

0077 FIG. 47 shows still another device for removing an 
obstruction. 

0078 FIG. 48 shows the device of FIG. 47 with the 
device expanded. 

0079 FIG. 49 shows a distal end of another device for 
removing obstructions from a patient. 
0080 FIG.50 shows a distal end of yet another device for 
removing obstructions from a patient. 

0081 FIG. 51 shows a distal end of still another device 
for removing obstructions from a patient. 
0082 FIG. 52 shows a system for removing an obstruc 
tion which includes an obstruction removing element. 
0083 FIG. 53 shows a perspective view of a distal end of 
an obstruction removing element. 
0084 FIG. 54 shows a side view of the obstruction 
removing element. 

0085 FIG.55 shows another side view of the obstruction 
removing element. 
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0.086 FIG. 56 shows an end view of the obstruction 
removing element. 
0087 FIG. 57 shows a two-part mandrel used to form the 
obstruction removing element. 
0088 FIG. 58 shows an enlarged portion of the mandrel 
at the junction of the two parts. 
0089 FIG. 59 shows the end of the proximal mandrel. 
0090 FIG. 60 shows a side view of the proximal man 
drel. 

0.091 FIG. 61 shows a side view of the distal mandrel. 
0092 FIG. 62 shows another view of the distal mandrel. 
0093 FIG. 63 shows the three sleeves, proximal, keyhole 
and distal. 

0094 FIG. 64 shows an enlarged view of the keyhole 
sleeve positioned over the mandrel. 
0.095 FIG. 65 shows another view of the keyhole sleeve 
positioned over the mandrel. 
0096 FIG. 66 shows a number of strands coupled to the 
obstruction removing element. 
0097 FIG. 67 shows another embodiment with a number 
of Strands coupled to the obstruction removing element. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0098 Referring now to FIGS. 1-4, a system 2 for remov 
ing an obstruction is shown. A guide catheter 4 is advanced 
to a location proximal to an obstruction. When accessing the 
cerebral vasculature, for example, the guide catheter 4 is 
often positioned in the carotid or vertebral artery. Of course, 
the guide catheter 4 may not be necessary or may be 
positioned in any other Suitable location depending upon the 
location of the obstruction. The guide catheter 4 preferably 
has a flow restricting element 6 which restricts or even stops 
blood flow through the vessel as described below. The flow 
restricting element 6 is preferably a balloon 5 coupled to a 
source of inflation fluid 7 which is used to inflate the balloon 
5. 

0099. An obstruction removing device 8 is advanced 
through the guide catheter 4 to the obstruction. A micro 
catheter 10 may also be positioned within the guide catheter 
4 to deliver the obstruction removing device 8 further into 
the vasculature. The obstruction removing device may be 
advanced by itself through the microcatheter 10 or may be 
contained within a sheath 12 which is advanced through the 
microcatheter 10. A source power 14 may also be coupled to 
the obstruction removal device 8 for use in the manner 
explained below. The power source 14 may simply produce 
a positive or negative charge or may be an RF or other 
Suitable power Source. 
0.100 The obstruction removing device 8 has an engaging 
element 16 extending from an insertion element 18. The 
engaging element 16 is movable from a collapsed position 
(FIG. 2) to an expanded position (FIGS. 3 and 4). When the 
engaging element 16 is contained within the sheath 12 or 
microcatheter 10, the engaging element 16 is in a relatively 
straight configuration. The engaging element 16 has a distal 
portion 20, which forms a relatively closed structure, which 
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can catch or trap the obstruction, or any part thereof, to 
prevent migration of the obstruction or part thereof. The 
engaging element 16 has a proximal portion 22 which is 
formed with smaller coils than the distal portion 20. The 
proximal portion 22 engages the obstruction as described 
below. 

0101. An advantage of the obstruction removal device 8C 
is that the loops 50, 52 exert substantially equal and oppos 
ing forces on the sheath 12 or microcatheter 10 through 
which the obstruction removal device 8C is advanced. In this 
manner, kinking or binding of the obstruction removal 
device 8C during advancement can be minimized or reduced 
altogether. Referring to the end view of FIG. 8, the first and 
second loops 50, 52 preferably lie in first and second planes 
58, 60, respectively, which are preferably perpendicular to 
one another. 

0102) Another method of aiding mechanical capture of an 
obstruction is to coat the device and elements of the present 
invention with a material 61 which helps to adhere the 
obstruction, and in particular thrombus, to the device or 
element. The material 61 is preferably fibrin but may be any 
other suitable material. Use of the material 61 may be 
incorporated into any of the devices described herein or 
other suitable device such as the devices shown in FIGS. 
2-8, 22 or 30. 

0103) Referring to FIGS. 9-12, another obstruction 
engaging element 270 is shown. The obstruction engaging 
element 270 includes a filament 272 which forms windings 
or coils 274. The windings 274 may take any suitable shape 
Such as helical. The obstruction engaging element 270 is 
advanced to an obstruction in any manner described herein. 
For example, the obstruction engaging element 270 may be 
contained within the sheath 12 or catheter 10 (FIGS. 1 and 
2) and advanced through the obstruction. The obstruction 
engaging element 270 is then advanced out of the sheath 12 
or catheter 10 (FIGS. 1 and 2) to permit the obstruction 
engaging element 270 to expand. 
0104. When the element initially expands, the coils 274 
do not overlap when viewed along a longitudinal axis L. The 
element 270 is then engaged by manipulating the element 
270. After the obstruction has been engaged, the element 
270 is rotated which tends to open the coils 274. This causes 
one or more proximal coils 274 to prolapse over other coils 
to ensnare the obstruction. Stated another way, the element 
270 initially extends distally in a relatively continuous 
manner. After rotating the element 270, the element extends 
distally, then proximally, then distally again. Stated yet 
another way, the coils are manipulated so that they appear to 
overlap when viewed along the longitudinal axis L. The 
prolapsed or overlapping coils 274 may provide an even 
more secure engagement to the obstruction. The element 274 
may also be formed to have the overlapping or prolapsed 
sections when in the natural, unbiased and expanded posi 
tion as shown in FIG. 11. 

0105 Referring now to FIGS. 13 and 14, still another 
device 280 for removing an obstruction is shown. The 
device 280 may be used in any suitable manner described 
herein. For example, the device 280 may be advanced by 
itself or advanced while contained in a sheath or catheter. 
The sheath or catheter 281 holds the device 280 in a 
substantially straight configuration. The device 280 has an 
elongate element 282, such as a wire 284, which expands to 
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the expanded shape of FIG. 14 similar to other embodiments 
described herein. The elongate element 282 has a distal end 
286 coupled to an insertion element 288. A proximal end 290 
of the elongate element 282 is coupled to a collar 292, which 
slides on the insertion element 288. Sliding of the collar 292 
permits the elongate element 282 to move between the 
collapsed and expanded positions of FIGS. 13 and 14. The 
insertion element 288 also has a stop 294, which prevents 
movement of the collar 292 beyond the position of FIG. 14. 
The device 280 may also have a pull wire 289. The pull wire 
289 may not be needed to hold the element 282 in the 
collapsed position since the catheter 281 may be used to hold 
the element in the collapsed position 282. The pull wire 289 
gives the user the ability to collapse the element 282 if 
needed after deployment. The element 282 may, of course, 
take other shapes such as a double-helix which would 
include the dotted-line structure as well. 

0106 Still another device 300 is shown in FIG. 15. The 
device 300 is similar to many of the other devices described 
herein and may be used in any manner described herein. The 
device 300 is formed by an elongate element 302, such as a 
wire 304, which forms a number of coils 306. The device 
300 has larger coils 308 at a distal portion 310 and smaller 
coils 312 along an intermediate portion 314. The smaller 
coils 312 are preferably stiffer than the larger, distal coils 
308. In this manner, excessive elongate of the device can be 
reduced since the stiffer coils 312 help to resist elongation of 
the element 302 when the element is pulled. The device 300 
is also particularly useful when using the following routine 
to remove an obstruction. The device 300 is positioned in a 
catheter or sheath which is advanced through the obstruc 
tion. The distal coils 308 are expanded distal to the occlusion 
but may be expanded within the obstruction as well. The 
device 300, and catheter if necessary, are then manipulated 
to expose the intermediate portion 314 within the obstruc 
tion. The intermediate portion 314 expands within the 
obstruction and engages the obstruction. The stiffer, inter 
mediate portion 314 resists elongation when withdrawing or 
moving the obstruction so that the device 300 maintains 
good contact with the obstruction. The larger, distal coils 
308 help to trap the obstruction and prevent parts of the 
obstruction from trailing or escaping removal. The device 
300 also has a proximal portion 316, which may be 
expanded proximal to the occlusion so that the occlusion is 
Substantially trapped between the proximal and distal por 
tions 316, 310. 

0107 Referring to FIG. 16, another device 319 is shown 
which is similar to the device of FIG. 15. The device 300 has 
distal, intermediate and proximal portions 318, 320, 322. 
The proximal portion 322 differs from the proximal portion 
316 of FIG. 15 in that the proximal portion 322 winds 
distally, then proximally, then distally again. The back-and 
forth winding of the proximal portion 322 increases the 
stiffness of the proximal portion 322 which may help resist 
elongation of the device during withdrawal of the obstruc 
tion. If the device begins elongating during manipulation of 
the obstruction, the obstruction will engage the proximal 
portion which then helps to resist further elongation of the 
device. The device 319 may be used in the manner described 
above in connection with FIG. 15 in that the intermediate 
portion may be deployed within the obstruction. 
0108) Referring to FIG. 17, still another device 356 is 
shown for removing an obstruction. The device 356 has a 
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proximal obstruction removing element 358 and a distal 
obstruction removing element 360. The elements 358, 360 
are preferably independent so that they may be manipulated 
independently. Each of the obstruction removing elements 
358, 360 may be any of those described herein or any other 
suitable structure. In one aspect of the invention, the distal 
obstruction removing element 360 may be deployed within 
or distal to the obstruction. The other element 358 is 
deployed on the proximal side of the obstruction, or within 
a proximal portion of the obstruction, to provide further 
control and entrapment of the obstruction. The proximal 
obstruction removing element may also be used to resist and 
prevent excessive elongation of the distal obstruction 
removing element 360 when the distal removing element 
360 is pulled to move the obstruction. The elements 358 may 
extend through the same multi-lumen catheter or may be 
provided in separate catheters without departing from the 
Scope of the invention. 
0109 Referring to FIGS. 18-20, still another device 362 
for removing an obstruction is shown. The device 362 has an 
insertion element 364 and struts 366, preferably 2-4, extend 
ing from a distal end of the insertion element 364. Arms 368 
extend from the struts 366 to form a cage-like structure 370. 
The device 362 preferably has at least two arms 368, 
preferably 2-4 arms, extending from the end of each strut 
366. For example, FIG. 64 shows two struts 366 with three 
arms 368 extending from each strut 366. In another example, 
three struts 366 may be used with two arms 368 extending 
from each strut366. The struts 366 are relatively short when 
viewed along the longitudinal axis and may be less than /2. 
and more preferably less than /3, the length of the arms 368. 
The distal end of the arms 368 are coupled together to form 
a tip 372 of the cage-like structure 370. 
0110 Referring now to FIGS. 21 and 22, still another 
device 374 is shown for removing obstructions. The device 
374 has a cage-like structure 376 formed by a number of 
elongate elements 378 such as wires 380. The wires 380 are 
coupled together at proximal and distal ends 382. 384 to 
form the cage-like structure. The wires 380 may be substan 
tially independent and are preferably not braided or woven. 
The elongate elements 378 may be wound helically, 
although other shapes and patterns may be used, with the 
elements 378 all wound in the same direction. Although 
cross-members or cross-elements may be provided, it is 
preferably to omit Such cross-members and cross-elements. 
An advantage of providing the relatively independent ele 
ments 378 is that the entire structure may be collapsed to a 
smaller size than typical woven or braided elements. Refer 
ring to FIG. 22, an end-view of the device 374 shows that a 
larger spacing 386 between two of the wires 380 to permit 
the obstruction to pass into the opening. The other end, Such 
as the distal end, preferably has a more symmetrical pattern 
to minimize the size of the openings and prevent the 
obstruction from escaping through the distal end. The proxi 
mal portion may also form larger coils than the distal section 
so that the obstruction may pass through openings in the 
proximal portion but is prevented from escaping through the 
distal end. 

0111 Referring now to FIGS. 23-32, various other 
devices for removing an obstruction are shown. The devices 
are held in a Substantially straight, collapsed position when 
contained in a sheath or catheter as described herein. Refer 
ring to FIG. 23, an elongate element 392, such as a wire 394, 
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forms a number of discrete structures 396 when permitted to 
expand. The discrete structures 396 may take any shape such 
as a circular structure (FIG. 25), or a flower-petal like 
structure (FIGS. 23 and 28-31). In one aspect, the structures 
396 may be substantially parallel to one another (FIG. 24). 
In another aspect, the discrete structures extend from a side 
of an otherwise straight portion of the wire (FIG. 26) or may 
be centered with respect one another (FIG. 27). The discrete 
structure 396 may also have different sizes (FIGS. 26 and 
27). The discrete structures 396 may also be oriented to 
create an interfering pattern as shown in the end view of 
FIG. 31. The discrete structures 396 may also be formed 
somewhat continuously as shown in FIG. 32. 

0112 Referring to FIGS. 33-41, still another device 902 
for removing an obstruction is shown. The device 902 has a 
main element 904 that may be any suitable element 904 such 
as those described herein. The element 904 is held in a 
Substantially straight, collapsed position within the delivery 
catheter 905 as described above. Similar to the embodiment 
of FIGS. 2 and 3, the element 904 has one or more strands 
906 which extend along the element 904. Of course, the 
strands 90.6 may extend freely alongside the main element 
904 or may be wound helically, interwoven or interlocked 
with the element 904 without departing from the scope of the 
invention. The strands 906 are tied, knotted, looped, sol 
dered, or otherwise attached to the main element 904 at the 
ends of the expandable portion of the main element 904. Of 
course, the strands 90.6 may be looped around or attached to 
the main element 904 at other parts of the main element 904. 
For example, the strand 906 may be attached or coupled to 
the main element 904 several centimeters proximal to the 
expandable portion of the main element 904 without depart 
ing from the scope of the invention. 

0113. The main element 904 may be any suitable element 
904 which is naturally biased toward the expanded position 
such as any of the elements described herein. FIGS. 34, 36 
and 37 show three different embodiments of the main 
element 904 for purposes of illustration. The main element 
904 may form helical coils 907 having varying diameter as 
shown in FIG. 34 or may have coils 907 with the same 
diameter as shown in FIG. 37 or may even have coils 907 
which extend transverse to the longitudinal axis as shown in 
FIG. 36. Of course, any suitable shape may be used for the 
main element 904. 

0114. The strand 906 may be any suitable filament, wire, 
fiber, monofilament and may be made of any Suitable 
material Such as nylon, polypropylene, polyester, polyure 
thane, silicone, latex, a liquid crystal polymer (LCP) Such as 
Vectran or even nitinol or stainless steel. The strand 906 is 
flexible and may not have a predetermined shape with the 
strand 906 being deformed and deflected by the element 904 
as the element 904 expands. The element 904 includes two 
strands 906 which interlock or have interlocking loops 908 
at about the midpoint of the expandable portion of the 
element 904. Stated another way, the strands 906 form two 
loops 908 which interlock at the midpoint as shown in FIG. 
33. The strands 906 and loops 908 are shown in an exag 
gerated state in the collapsed position of FIG. 33 for clarity. 
Of course, one advantage of the invention is that the Strands 
906 are relatively small and flexible and do not take up much 
space in the lumen of the delivery catheter as compared to 
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conventional structures using wires and the like. This feature 
cannot be appreciated, of course, in the exaggerated depic 
tion of FIG. 33. 

0115 Referring to FIG.38, the strands 906 may also form 
more loops 908 on one side than on the other. An interlock 
ing loop 910 extending around the main element 904 may 
also be provided to interlock pairs of loops 908 as shown in 
FIG. 39. The strands 906 or loops 908 may also intersect 
nearer to the proximal or distal ends as shown in the upper 
and lower parts of FIG. 40. Referring to FIG. 41, the strands 
906 may also be positioned generally inside the element 904 
when the element 904 is expanded. The device may be 
loaded by pulling the ends of the element 904 when in the 
position of FIG. 37 to collapse the main element 904 around 
the strands 906. The device is then restrained in the delivery 
catheter 905 and delivered to the obstruction. 

0116 Referring again to FIGS. 34-37, the main element 
904 may have a filament 912, such as platinum coil, wound 
around the expandable portion of the main element 904. The 
filament may help to improve radiopacity and may also be 
sized and configured so that the strand 906 can be held 
between adjacent windings of the filament 912 to enhance 
interlocking engagement between the strand 906 and ele 
ment 904. Alternatively, the filament 912 may only be 
provided at the ends of the expandable portion of the main 
element 904 as shown in FIG. 34 where the Strands 906 are 
coupled to the main element 904. 
0117 Use of the devices 902 of FIGS. 33-41 is now 
described with further reference to FIGS. 42-46. The deliv 
ery catheter 905 is passed through the obstruction so that the 
distal tip is beyond the obstruction as shown in FIG. 43. The 
main element 904 is then expanded so that one or more coils 
are distal to the obstruction as shown in FIG. 44. The 
delivery catheter 905 is then withdrawn further to expose 
more of the expandable portion of the main element 904 as 
shown in FIG. 45. Although it is preferred to position one or 
more coils distal to the obstruction, all or part of the 
expandable portion of the main element 904 may be 
expanded within, distal or even proximal to the obstruction 
without departing from the scope of the invention. 
0118. The device 900 may emerge from the delivery 
catheter 905 with the strands 906 being relatively free of the 
main element 904 between the proximal and distal attach 
ments to the main element. Of course, the strands 90.6 may 
be interwoven, looped around or even somewhat entangled 
with the main element 904 So long as the user may manipu 
late the device to further entangle the strand 906 and element 
904. Rotation of the device causes the strands 906 to become 
entangled with the main element 904 in a manner dictated by 
the geometric restrictions of the vessel and obstruction. The 
device itself may also become more entangled with the 
obstruction during rotation of the main element 904. An 
advantage of using the helical or coiled structures described 
herein is that rotation of the main element 904 not only 
causes the device to engage the obstruction but also causes 
the strand 906 to become entangled with the main element 
904. 

0119) Another aspect of the present invention is that the 
amount of entanglement between the strand 906 and element 
904 may be controlled. For example, the user may first 
attempt to remove the obstruction with little or no rotational 
manipulation of the element 904. The user can then pull on 
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the main element 904 and determine whether the device can 
remove or dislodge the obstruction or whether the main 
element is disengaging or slipping relative to the obstruc 
tion. Disengagement can occur due to excessive elongation 
or distortion of the main element 904 or may be simply due 
to poor engagement between the device and obstruction. The 
user may then rotate or otherwise manipulate the device to 
cause further entanglement between the strand 906 and 
element 904 and between the device itself and the obstruc 
tion. Increasing the entanglement between the strand 906 
and main element 904 may help to reinforce the main 
element which can reduce stretching and distortion of the 
main element 904 when the main element 904 is tensioned. 
The strands 906 also increase the overall surface area of the 
device and generally reduce the size of interstitial spaces in 
the main element 904. Another aspect of the present inven 
tion is that the strand 906 and element 904 may engage one 
another at locations dependent upon the permitted expansion 
of the main element 904 within the vessel. As such, the 
present invention provides advantages over conventional 
mesh-like structures having a predetermined geometry since 
these structures may not perform adequately under a variety 
of different size restrictions in an obstruction. 

0120 Although the strand 906 and element 904 may not 
be substantially entangled when the element is initially 
expanded, the main element 904 and strand 906 may also be 
designed to become entangled with one another during 
expansion of the main element 904. For example, the 
element 904 may naturally begin to twist in a helical manner 
to form coils 908 when expanding. The twisting motion 
causes the Strand 906 to engage, contact and and/or other 
wise entangle itself with the element 904 and obstruction. 
The strand 906 will engage the element 904 at a number of 
locations dependent upon the manner in which the element 
expands within the vessel as described above. Although the 
element 904 generally follows a helical path when expand 
ing, the element 904 may expand in any other manner which 
tends to entangle the strand 906 and element 904. For 
example, the element 904 may rotate one way and then 
another or may be longitudinally displaced or reciprocated. 
Thus, it can be appreciated that the element may expand in 
a number of different ways to cause the strand 906 to 
become entangled with the element. Of course, the element 
may also be rotated or otherwise manipulated to enhance 
entanglement between the strand 906 and element even after 
expansion of the main element to provide the advantages 
described above. 

0.121. After the obstruction has been engaged by the 
device, the main element is pulled to dislodge the obstruc 
tion for removal as describe above. Once the element has 
dislodged the obstruction, the obstruction may be moved 
into a guide catheter 909 or sheath for removal from the 
patient. The guide catheter 909 may have a balloon to 
occlude blood flow during withdrawal of the obstruction. 
0122) Referring to FIGS. 47 and 48, still another device 
920 is shown having at least two filaments 922,924 with one 
being wound around the other. The device 920 may be used 
for any procedure such as those described herein or other 
suitable procedures. The device 920 can be collapsed and 
expanded similar to the other devices described herein. The 
device 920 may take any of the shapes described herein such 
as generally helical with a number of coils 922. The fila 
ments 922,924 may be the same or one of the filaments may 
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be a main filament 922 with a more flexible filament 924 
wound around the main filament 922. 

0123. The filaments 922,924 may be twisted relative to 
one another so that they can unwind by manipulating one or 
both filaments as shown in FIG. 48. When the filaments 922, 
924 are unwound, the device has an increased surface area 
and a reduction in Void size. In one mode of operation, the 
filaments 922, 924 are deployed as shown in FIG. 48 after 
the device has been expanded to the position of FIG. 47. The 
filaments 922, 924 may then be-twisted to create gaps 
between the filaments 922, 924. The device may then be 
used in the same manner as other devices described herein 
to remove an obstruction or for some other purpose within 
the patient. 
0124 Referring to FIGS. 49, another obstruction remov 
ing device 500 is shown which is similar to the device of 
FIG. 25. The obstruction removing device 500 also has a 
number of expandable structures 502 formed by an elongate 
element 504. The elongate element 504 may extend to a free 
end similar to other embodiments described herein. The 
obstruction removing device 500 is similar to the obstruction 
removing device shown in FIG. 25 in that the device 500 has 
a number of expandable structures 502 formed one after the 
other by the elongate element 504. Similar to the embodi 
ment of FIG. 25 the adjacent structures 502 are wound in 
opposite directions when viewed along the longitudinal axis 
of the device 500. Each of the expandable structures 502 
winds from 315 to 405 degrees in one direction with the 
device 500 having at least three expandable structures 502. 
The structures 502 may be loop shaped structures similar to 
the circular and petal-shaped structures of FIGS. 23-32. The 
structures of FIG. 49 are formed in a continuous manner as 
compared to the structures of FIG. 32 which are separated by 
Substantially longitudinally extending sections of the elon 
gate element. 
0125 The device 500 may also include a distal section 
506 having one or more loops 508 wound in the same 
direction. The loops 508 may be formed so that residual 
stresses in the material bias the loops 508 toward one 
another. In this manner, the loops 508 preserve a tight pitch 
to engage and even clamp the obstruction as described 
below. The manner in which the loops 508 of the distal 
section 506 interact may also influence the configuration of 
one or more filaments 510 attached to the device 500. 

0126 The device 500 may also have a proximal section 
512 positioned proximal to the expandable structures 502. 
The proximal section 512 may also have one or more loops 
514 wound in the same direction with a relatively tight pitch. 
The proximal section 512 may help to surround the obstruc 
tion and may also pinch or trap the obstruction between 
adjacent loops 514 of the proximal section 512 or between 
the proximal section 512 and one or more of the expandable 
Structures 502. 

0127. Referring now to FIG. 50, yet another device 530 
for removing an obstruction from a blood vessel is shown. 
The device 530 is similar to the devices of FIGS. 32 and 49 
in that the device 530 also forms a plurality of expandable 
structures 532 which wind in one direction and then the 
other. The structures 532 may wind as described above in 
each direction with the device 530 having at least three 
expandable structures 532. Referring now to FIG. 51, still 
another device 540 for removing an obstruction from a 

Sep. 6, 2007 

blood vessel is shown. The device 540 is similar to the 
devices of FIGS. 32, 50 and 51 in that the device 540 also 
forms a plurality of expandable structures 542 which wind 
in one direction and then the other. The expandable struc 
tures 532, 542 of devices 530, 540 have relatively complex 
shapes which not only wind in one direction and then the 
other but also extend proximally and distally when forming 
the structures. 

0128. The devices 500, 530, 540 may also include one or 
more of the filaments 510 coupled to the elongate element 
504. The filaments 510 may be positioned and configured in 
any manner described herein and the features and advan 
tages of the filament 510 described herein and in the 
applications and patents incorporated herein by reference are 
expressly incorporated here. The filament 510 may be made 
of suture, polymer or even metal. The filament 510 may be 
coupled to the devices 500, 530 at any suitable proximal and 
distal location. For example, the filament 510 may be 
attached to the devices 500, 530 at a proximal location with 
the distal location being at a desirable circumferential or 
angular distance from the proximal attachment. The filament 
510 may be sized to be substantially the same length as the 
distance between the proximal and distal locations on the 
elongate element when the elongate element 504 is straight 
ened. 

0129. The devices 500, 530, 540 may be used in any 
manner described or incorporated herein and all such uses 
are expressly incorporated here. One method of using the 
device 500 is now described and it is understood that the 
method applies to devices 500, 530, 540. The device 500 is 
collapsed into a straightened configuration and advanced 
through the patient’s vascular system to the obstruction. The 
device 500 may be maintained in the collapsed condition by 
a delivery catheter or sheath (see FIG. 1) as described above. 
The distal section 506 is expanded distal to the obstruction 
so that the distal section 506 may contact and engage the 
distal portion of the obstruction. Deployment of the distal 
section 506 may also deploy all or part of the filament 510. 
The device 500 and catheter are then moved proximally 
together until the distal section 506 engages the distal 
portion of the obstruction. 

0.130. The catheter is then retracted to expose the expand 
able structures 502. Due to the alternating winding direc 
tions of the expanding structures 502, the tip of the catheter 
does not need to make excessive revolutions around the 
obstruction. Instead, the tip may remain essentially within a 
360 degree range as the device 500 is deployed. In this 
manner, the structures 502 may help wrap the device 500 
around the obstruction without requiring the tip of the 
catheter to wind completely around the obstruction a number 
of times as may be necessary with other devices. The 
structures 502 may also help to push the obstruction away 
from the vessel wall since the structures 502 may cause the 
elongate element 504 to turn radially inward to better secure 
the obstruction. 

0131) Another system 103 for removing an obstruction 
from a patient is shown in FIG. 52. The guide catheter 4 is 
advanced to a location proximal to an obstruction. When 
accessing the cerebral vasculature, for example, the guide 
catheter 4 is often positioned in the carotid or vertebral 
artery. Of course, the guide catheter 4 may not be necessary 
or may be positioned in any other Suitable location depend 
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ing upon the location of the obstruction. The guide catheter 
4 preferably has the flow restricting element 6 which 
restricts or even stops blood flow through the vessel as 
described below. The flow restricting element 6 is preferably 
the balloon 5 coupled to the source of inflation fluid 7 which 
is used to inflate the balloon 5. 

0132) An obstruction removing element 100 is advanced 
through the guide catheter 4 to the obstruction. A micro 
catheter 10 may also be positioned within the guide catheter 
4 to deliver the obstruction removing element 100 further 
into the vasculature. The obstruction removing element 100 
may be advanced by itself through the microcatheter 10 or 
may be contained within a sheath which is advanced through 
the microcatheter 10. 

0133. The obstruction removing element 100 has an 
expandable portion 101 which is naturally biased to the 
expanded position shown in FIGS. 53-55. When the obstruc 
tion removing element 100 is contained within the sheath or 
microcatheter 10, the obstruction removing element 100 is 
in a relatively straight configuration. The obstruction remov 
ing element 100 includes an elongate element 102 which 
may be any Suitable material Such as initinol or any other 
suitable material. 

0134) Referring now to FIGS. 57-62, the elongate ele 
ment 102 has a shape which is best described by showing the 
process, system and tools for forming the obstruction 
removing element 100. The system used to form the obstruc 
tion removing element 100 includes a proximal mandrel 104 
and a distal mandrel 106 around which the elongate element 
102 is wrapped. The proximal and distal mandrels 104, 106 
fit together with a pin 108 extending from the proximal 
mandrel 104 into a hole 110 in the distal mandrel 106. 

0135 The elongate element 102 essentially takes a shape 
of a groove 112 formed in the proximal and distal mandrels 
104, 106. Thus, it is understood that when the groove 112 
shape or the elongate element 102 shape is described, that 
the shape of the elongate element 102, or the groove 112, is 
also being described. Beginning with the groove 112 in the 
proximal mandrel 104, the groove 112 extends longitudi 
nally until it reaches a coiled section 114 which forms 31/4 
turns to form a proximal coiled section 115 in the elongate 
element 102. The groove 112 then turns distally and forms 
a first arc 116 over an apex 118 of the proximal mandrel 104. 
The groove 112 then forms a curved section 109 which 
winds the element 102 into position to form a second arc 120 
over the apex 118. The groove 112 then turns distally before 
the proximal mandrel 104 is coupled to the distal mandrel 
106. 

0136. The distal mandrel 106 is then engaged with the 
proximal mandrel 104 using the pin 108 and hole 110. The 
groove 112 includes another coiled section 122 having 2/4 
turns which forms a distal coiled section 123 in the elongate 
element 102. Following the coiled section 122, the groove 
112 then turns distally and extends longitudinally to com 
plete the desired shape. 

0137 The first and second arcs 116, 120 form crossing 
sections 117, 121 in the elongate element 102 which inter 
sect the longitudinal axis LA when viewed along the lon 
gitudinal axis as shown in FIG. 56. The longitudinal axis is 
generally defined by the circular shape formed by the 
proximal or distal coiled sections 115, 123. The crossing 
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sections 117, 121 also change direction relative to the 
longitudinal axis (proximal vs. distal) when intersecting the 
longitudinal axis. The crossing sections 117, 121 are posi 
tioned along an intermediate section 125 positioned between 
a proximal section 127, which includes the proximal coiled 
section 115, and a distal section 129, which includes the 
distal coiled section 123. 

0138 Referring to FIGS. 63-65, the elongate element 102 
is guided into the groove 112 using a keyhole sleeve 124. 
The keyhole sleeve 124 extends over the proximal and distal 
mandrels 104, 106 and has a hole 126 through which the 
elongate element 102 extends. The sleeve 124 is essentially 
manipulated in a manner which causes the elongate element 
102 to fall into the grooves 112 of the mandrels 104,106. A 
slot 128 communicates with the hole 126 and is used to feed 
the elongate element 102 into and out of the hole 126 and for 
other maneuvers as described below. The keyhole sleeve 124 
also may help to maintain the coaxial position of the 
mandrels 104,106 during the heat setting. 
0.139. The elongate element 102 is wound around the 
mandrels 104, 106 using the keyhole sleeve 124 in the 
following manner. First, the keyhole sleeve 124 is placed 
over the distal end of the proximal mandrel 104 with the 
elongate element 102 positioned in the hole 126. The 
keyhole sleeve 124 is then manipulated so that the hole 126 
essentially traverses the straight portion of the groove 112 So 
that the elongate element simply falls within the groove 112 
and becomes trapped in the groove 112 by the sleeve 124. 
The keyhole sleeve 124 is then manipulated so that the hole 
126 follows the coiled section 114 of the groove 112 in the 
proximal mandrel 104 to wind the element 102 around the 
mandrel 104. At this point, the groove 112 turns distally and 
forms the first arc 116 over the apex 118 of the proximal 
mandrel 104. When winding the elongate element 102 to 
create the first and second arcs 116120, tension is maintained 
on the elongate element 102 and the keyhole sleeve 124 is 
positioned to permit the elongate element 102 to escape 
through the end of the slot 128. The element 102, which is 
now free from the hole 126 and slot 128 of the sleeve 124, 
is wrapped over the mandrel 104. The sleeve 124 is then 
rotated 180 degrees to align the slot 128 with the end of the 
arc 116, 120 to feed the elongate element 102 back into the 
keyhole sleeve 124. The distal mandrel 106 is then engaged 
with the proximal mandrel using the pin 108 and hole 110 
engagement. The keyhole sleeve 124 is manipulated in 
Substantially the same manner to cause the elongate element 
102 to fall into the coiled section 122 of the groove 112 in 
the distal mandrel 106. Once the elongate element 102 is 
properly positioned in the groove 112, a distal sleeve 134 
and/or proximal sleeve 136 may be advanced over the 
proximal or distal mandrels 104, 106 to help hold the 
elongate element 102 in place during heat forming. 
0140 Use of the obstruction removing element 100 is 
now described. The guide catheter 4 is introduced into the 
patient and delivered proximal to the target vessel Such as to 
the carotid or vertebral artery. The microcatheter 10 is then 
advanced through the guide catheter 4 further into the 
vasculature to a position proximal to, within or distal to the 
obstruction. The obstruction removing element 100 is then 
advanced through the microcatheter 10 either by itself or 
pre-loaded within the sheath 12. The obstruction removing 
element 100 is then advanced to the obstruction. Before 
advancing the obstruction removing element 100 further, the 
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flow restricting element 6 on the guide catheter 4 is 
expanded to reduce and even stop flow through the vessel. 
Stopping flow in the vessel may help prevent the obstruc 
tion, or any parts thereof, from migrating downstream. 
Reducing flow through the vessel may also reduce the 
likelihood that the obstruction is disrupted by a combination 
of flow and the obstruction removal device 8. 

0141. The microcatheter 10 is then advanced into the 
obstruction and the obstruction removing element 100 is 
then positioned so that part of the obstruction removing 
element 100 is within the obstruction while a portion, such 
as the distal coil section 123, are positioned distal to the 
obstruction. The obstruction removing element 100 is then 
moved out of the microcatheter 10 to permit the obstruction 
removing element 100 to expand by withdrawing the micro 
catheter and/or advancing the obstruction removing element 
100. The obstruction removing element 100 is then manipu 
lated to engage and dislodge the obstruction. The obstruction 
may then be removed by applying Suction to the guide 
catheter 4 to hold and/or contain the obstruction for removal 
or with use of another suitable device. 

0142 Referring now to FIGS. 66 and 67, the obstruction 
removing element 100 is shown with a number of strands 
130 similar to the Strand 906 and filaments 510 described 
above and the discussion of the strands 906 and filaments 
510 are equally applicable here. The strands 130 extend 
alongside the element 100 when the element 100 is col 
lapsed similar to the embodiment of FIG. 2. The strands 130 
may be coupled to the element 100 at a proximal Icoation 
and a distal location. The proximal location may be coupled 
to the element by holding the strands 130 with a filament 131 
wrapped around the element 101 as shown in FIG. 66. The 
distal end of the strands 130 may be wrapped or otherwise 
coupled to the distal coils 123. Referring to FIG. 67, the 
proximal end 133 of the strands 130 may also be slidable on 
the element 100 so that the position of the proximal end 133 
may depend on the manner in which the element 100 
expands within the vessel. The distal end 135 of the strands 
130 may be coupled to the element 100 by holding the 
strands 130 with a filament 137 wrapped around the element 
1OO. 

0143. When the element 100 expands within the vessel, 
the element 100 may also expand with the element 100 
temporarily undergoing a rotary or helical motion so that the 
rotary or helical motion causes the Strand to engage the 
element 100 in a manner dependent upon the expansion of 
the element 100. The element 100 of FIGS. 68 and 69 may 
also simply be manipulated to cause the strands 130 to 
become entangled with the element 100. For example, the 
element 100 may be pulled or otherwise manipulated so that 
the strands 130 engage the element at the plurality of 
locations thereby reducing distortion of the element 100. 

0144) While the above is a description of the preferred 
embodiments of the invention, various alternatives, Substi 
tutions and modifications may be made without departing 
from the scope thereof, which is defined by the following 
claims. Thus, the preferred embodiments should not be 
taken as limiting the scope of the invention. For example, 
although all of the obstruction removal devices described 
herein are self-expanding structures, the obstruction removal 
devices may also have actuating mechanisms for moving the 
engaging element between the expanded and collapsed 
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positions. Furthermore, the present invention is directed to a 
number of separate inventions and each of these inventions 
may be claimed independently of one another. Each feature, 
aspect and advantage of the invention may be claimed 
independent of one another without departing from the 
Scope of the invention. 
What is claimed is: 

1. A method of forming an obstruction retrieving element, 
comprising the steps of: 

providing a first mandrel and a second mandrel, at least 
one of the first and second mandrels being movable 
relative to the other mandrel so that the first and second 
mandrels are movable relative to one another between 
a first position and a second position, the first and 
second mandrels moving toward one another when 
moved from the first position to the second position; 

wrapping an elongate element around the first mandrel 
with the first and second mandrels in the first position; 

moving the at least one of the first and second mandrels 
to the second position after wrapping the elongate 
element around the first mandrel; 

wrapping the elongate element around the second mandrel 
after the moving step. 

2. The method of claim 1, wherein: 
the wrapping step is carried out with the elongate element 

intersecting a longitudinal axis of the mandrel. 
3. The method of claim 1, wherein: 
the wrapping step is carried out with the elongate element 

being wrapped around the first mandrel So that the 
elongate element extends back toward a proximal end 
of the mandrel after intersecting the longitudinal axis. 

4. The method of claim 1, wherein: 
the wrapping step is carried out with the elongate element 

being wrapped around the first mandrel to form at least 
one loop which extends around the longitudinal axis. 

5. The method of claim 1, wherein: 
the moving step is carried out with the first and second 

mandrels each terminating at an end, the ends being 
moved toward one another during the moving step. 

6. The method of claim 5, wherein: 
the wrapping step is carried out with the elongate element 

being wrapped over the end of the first mandrel; and 
the moving step is carried out with the second mandrel 

being moved to a position which covers a portion of the 
elongate element which is wrapped over the end of the 
first mandrel. 

7. The method of claim 6, wherein: 
the wrapping step is carried out with the end of the first 

mandrel having a convex shape with an apex, the 
elongate element being wrapped at least two times over 
the apex of the first mandrel before wrapping the 
elongate element around the second mandrel. 

8. A method for removing an obstruction from a cerebral 
vessel, comprising the steps of 

providing an obstruction removing device having an 
elongate element, the elongate element being movable 
from a collapsed position to an expanded position and 
being naturally biased toward the expanded position, 
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the elongate element having a proximal section, a distal 
section and an intermediate section, the intermediate 
section being positioned between the distal and proxi 
mal sections, at least one of the proximal and distal 
sections forming at least two loops having a longitu 
dinal axis, the intermediate section having a first cross 
ing portion which intersects the longitudinal axis and a 
second crossing portion which also intersects the lon 
gitudinal axis; 

introducing the obstruction removing device into a patient 
with the elongate element being in the collapsed posi 
tion; 

expanding the elongate element after the introducing step; 
engaging an obstruction with the elongate element; and 
removing the obstruction with the elongate element. 
9. The method of claim 8, wherein: 
the providing step is carried out with the proximal section 

and the distal section both having at least two loops. 
10. The method of claim 8, wherein: 
the providing step is carried out with the first and second 

crossing sections being Substantially perpendicular to 
one another when viewed along the longitudinal axis. 

11. The method of claim 8, wherein: 
the providing step is carried out with the at least two loops 

forming a circle when viewed along the longitudinal 
axis, the first and Second crossing sections extending 
diametrically across the circle when viewed along the 
longitudinal axis. 

12. The method of claim 8, wherein: 
the providing step is carried out with the first crossing 

portion having a part which extends in one direction 
and a part which extends in the other direction relative 
to the longitudinal axis. 

13. The method of claim 12, wherein: 
the providing step is carried out with the first crossing 

portion changing direction when crossing the longitu 
dinal axis. 

14. The method of claim 8, wherein: 
the providing step is carried out with the at least one 

strand extending along the obstruction removing ele 
ment when in the collapsed position. 

15. The method of claim 14, wherein: 
the expanding step is carried out with Strand extending 

between the proximal and distal sections dependent 
upon the permitted expansion of the obstruction remov 
ing element. 

16. The method of claim 8, wherein: 
the providing step is carried out with the Strand being 

coupled to the obstruction removing element at a 
proximal location and a distal location, wherein at least 
of the proximal and distal locations is slidable relative 
to the obstruction removing element. 

17. The method of claim 16, wherein: 
the providing step is carried out with the at least one of the 

proximal and distal locations being slidable relative to 
the obstruction removing element in a manner depen 
dent upon the permitted expansion of the obstruction 
removing element. 
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18. The method of claim 14, wherein: 
the expanding step is carried out with the element expand 

ing in a helical motion so that the helical motion causes 
the strand to engage the element at a location dependent 
upon expansion of the element. 

19. The method of claim 14, wherein: 
the expanding step is carried out with the element rotating 

as it emerges from the catheter, wherein rotation of the 
element causes the strand to become entangled with the 
element at locations dependent upon expansion of the 
element. 

20. The method of claim 19, wherein: 
the expanding step is carried out with the strand being 

coupled to the element at a proximal location and a 
distal location, at least one of the proximal and distal 
locations being slidable relative to the obstruction 
removing element in a manner dependent upon the 
permitted expansion of the obstruction removing ele 
ment. 

21. The method of claim 14, further comprising the step 
of: 

manipulating the element to entangle the element with the 
strand and to entangle the element with the obstruction. 

22. The method of claim 21, wherein: 
the manipulating step is carried out by pulling the elon 

gate element, wherein the strand engages the element at 
the plurality of locations thereby reducing distortion of 
the element when the element is pulled. 

23. The method of claim 14, wherein: 
the providing step is carried out with a plurality of strands 

coupled to the elongate element. 
24. The method of claim 22, wherein: 
the manipulating step is carried out with the strand 

contacting the element at locations dependent upon 
permitted expansion of the element within the blood 
vessel. 

25. An obstruction retrieving element for removing 
obstructions from a vascular location, comprising: 

a proximal section; 
a distal section, at least one of the proximal and distal 

sections forming at least two loops having a longitu 
dinal axis, and 

an intermediate section positioned between and coupled 
to the distal and proximal sections, the intermediate 
section having a first crossing portion which intersects 
the longitudinal axis and a second crossing portion 
which also intersects the longitudinal axis. 

26. The device of claim 25, wherein: 
the providing step is carried out with the proximal and 

distal sections both having at least two loops. 
27. The device of claim 25, wherein: 
the first and second crossing sections are substantially 

perpendicular to one another when viewed along the 
longitudinal axis. 

28. The device of claim 25, wherein: 

the at least two loops form a circle when viewed along the 
longitudinal axis, the first and second crossing sections 
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extending diametrically across the circle when viewed 
along the longitudinal axis. 

29. The device of claim 25, wherein: 
the first crossing portion has a part which extends gener 

ally in one direction and a part which extends generally 
in the other direction relative to the longitudinal axis. 

30. The device of claim 29, wherein: 

the first crossing portion changes direction when inter 
secting the longitudinal axis. 

31. The device of claim 25, further comprising: 
at least one strand extending along the elongate obstruc 

tion removing element when in the collapsed position. 
32. The device of claim 25, wherein: 

the at least one strand is coupled to the element at a 
proximal location and a distal location. 
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33. The device of claim 32, wherein: 
the strand contacts the element at a plurality of locations 
when the element expands, the plurality of locations 
being dependent upon the permitted expansion of the 
element within the vessel. 

34. The device of claim 33, wherein: 
the strand becomes naturally entangled with the element 

as the element expands. 
35. The device of claim 33, wherein: 
the element has a rotary motion when expanding so that 

the strand naturally becomes entangled with the ele 
ment. 

36. The device of claim 32, wherein: 
at least one of the proximal and distal locations of the 

strand are slidable on the element. 

k k k k k 


