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(57) ABSTRACT 

Correspondence Address; An intravascular ?oW modi?er (IFM) for use in a vessel has 
Robert D_ Buyan an outer layer formed of a strand con?gured as a longitu 
Stout UXa Buyan & Mullins LLP dinally oriented coil of adjacent helical loops extending 
Suite’300 ’ ’ betWeen a ?rst end and a second end of the outer layer. The 
4 Venture outer layer is secured in the vessel by at least some of the 
Irvine, CA 92618 (Us) helical loops pressing against a portion of the interior 

surface of the vessel. The IFM also has an inner layer formed 
of a strand con?gured as a longitudinally oriented coil of 

(73) Assignee; Microvention, Inc” 72 Argonaut, A1150 adjacent helical loops extending betWeen a ?rst end and a 
ViejO, CA 92656 (Us) second end of the inner layer. At least a portion of the outer 

layer surrounds at least a portion of the inner layer so that at 
(21) Appl, No; 09/758,832 least some of the loops of the outer layer overlap and contact 

at least some of the loops of the inner layer. An assembly and 
(22) Filed: Jan. 11, 2001 method for deploying are also disclosed. 
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INSITU FORMABLE AND SELF-FORMING 
INTRAVASCULAR FLOW MODIFIER (IFM), 

CATHETER AND IFM ASSEMBLY, AND METHOD 
FOR DEPLOYMENT OF SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates broadly to an insitu 
formable and self-forming intravascular ?oW modi?er 
(IFM) and/or stent and the delivery and deployment of the 
IFM to a defect in a vessel. More particularly, the invention 
relates to an IFM that may be deployed in previously 
inaccessible vessels to current generation IFMs or stents due 
to the nearly linear pre-deployed con?guration of the IFM 
and a method for controlling the ?nal placement and 
deployed con?guration of the IFM Within a pre-selected 
segment of the vessel. The present invention is particularly 
suited but not limited to use as an intracranial IFM and 
method for deploying the IFM in a vessel. 

[0003] 2. Description of the Related Art 

[0004] Most related art devices cannot be deployed in 
intracranial vessels. Even the devices having a pre-deployed 
con?guration With a substantially reduced diameter com 
pared to their respective deployed con?guration are typically 
too large and too stiff to navigate the tight turn of the carotid 
artery and other small vessels of the body With torturous 
turns. 

[0005] US. Pat. No. 4,512,338 issued to Balko et al. 
discloses a process of deploying a memory metal coil across 
a defect in a vessel. The coil is elongated prior to deploy 
ment and Warmed Within the vessel to substantially revert 
back to its original coil form. 

[0006] None of the related art, including Balko et al., 
discloses an IFM or a stent having the radial strength 
associated With multiple coils Within one another With the 
capability of deploying the IFM or stent With a deployed 
con?guration variably controlled by the relative movement 
of the strand forming the IFM or stent and a catheter through 
Which the strand extends. 

[0007] A need exists for an IFM, a catheter and IFM 
assembly, and a method for deploying the IFM Which can 
provide a coil-in-coil IFM of various deployed con?gura 
tions in previously inaccessible vessels according to the 
judgement of the physician at the time of deployment. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, the present invention is directed to an 
IFM, a catheter and IFM assembly, and a method for 
deploying the IFM that overcomes the limitations and dis 
advantages of the related art. 

[0009] An advantage of the present invention is its simple 
design that is nevertheless capable of providing an IFM that 
may be readily deployed in various con?gurations according 
to the speci?c vessel defect to alter the How dynamics of the 
vessel, to keep an embolus deployed in a Wide neck aneu 
rysm in the aneurysm, or to support and strengthen the 
vessel. 

[0010] Another advantage is that the IFM can access 
vessels through a unique catheter assembly and associated 
technique for delivering the IFM in a manner previously 
unavailable in the related art. 
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[0011] Additional features and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be apparent from the description, or may be learned by 
practice of the invention. The objects and other advantages 
of the invention Will be realiZed and attained by the IFM, the 
catheter and IFM assembly, and the method for deploying 
the IFM particularly pointed out in the Written description 
and claims hereof as Well as the appended draWings. 

[0012] To achieve these and other advantages in accor 
dance With the purpose of the invention, as embodied and 
broadly described, the invention comprises an outer layer 
formed of a strand, Which is con?gured as a longitudinally 
oriented coil of adjacent helical loops extending betWeen a 
?rst end and a second end of the outer layer. The outer layer 
is secured in the vessel by at least some of the helical loops 
pressing against a portion of the interior surface of the 
vessel. The invention also includes an inner layer formed of 
a strand, Which is con?gured as a longitudinally oriented coil 
of adjacent helical loops extending betWeen a ?rst end and 
a second end of the inner layer. At least a portion of the outer 
layer surrounds at least a portion of the inner layer so that at 
least some of the loops of the outer layer overlap and contact 
at least some of the loops of the inner layer. 

[0013] Preferably, the strand of the outer layer and the 
inner layer is a continuous strand, Which is more preferably 
formed of or coated by a biocompatible material. Preferably, 
the strands of the outer and inner layers are formed of a high 
shape memory alloy, such as Nitinol alloy. The strand of the 
outer layer and the strand of the inner layer preferably have 
a circular, oval, rectangle, or triangular cross-section. 
[0014] In one embodiment of the invention, the second 
end of the outer layer is anchored proximal to the ?rst end 
of the inner layer. The second end of the outer layer 
preferably joins the ?rst end of the inner layer. In another 
embodiment of the invention, the ?rst end of the outer layer 
attaches to the second end of the inner layer so that the 
continuous strand forms a loop. 

[0015] The ?rst end of the outer layer and the second end 
of the inner layer may include means for inhibiting the Wire 
strand from penetrating through the interior surface of the 
vessel, such as a loop on the ends. The ?rst end of the outer 
layer and the second end of the inner layer are preferably 
distal ends relative to an insertion point into the vessel. The 
second end of the outer layer and the ?rst end of the inner 
layer are preferably proximal ends relative to an insertion 
point into the vessel. Alternatively, the respective ends of the 
outer and inner layers may be reversed relative to the 
insertion point into the vessel depending upon the method 
used to deploy the IFM. 

[0016] The preferred helical loops of the outer and inner 
layers are substantially circular. Both the helical loops of the 
outer and inner layers Wind in a predetermined direction. 
Preferably, the rotation of the helical loops of the outer and 
inner layers is in the same direction but With the helical 
loops of the outer layer having a alpha helix and the helical 
loops of the inner layer having a beta helix. Of course, the 
outer layer may have the beta helix and the inner layer may 
have the alpha helix. Preferably, the number of helical loops 
of the outer layer is N, Where N is at least tWo, and the 
number of the helical loops of the inner layer is M, Where M 
is at least tWo. 

[0017] In another embodiment of the invention, the outer 
layer is divided into at least a ?rst end portion, a middle 
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portion, and a second end portion along the longitudinally 
oriented coil. The ?rst end, middle, and second end portions 
each have a pitch. The pitch of the middle portion may be 
smaller than the pitch of the ?rst end and second end 
portions. Alternatively, the pitch of the middle portion may 
be larger than the pitch of the ?rst end and second end 
portions. The pitch of the ?rst and second end portions 
preferably provides a gap betWeen the helical loops of 
betWeen 3 and 7 mm (0.118 and 0.276 inches), While the 
pitch of the middle portion preferably provides a gap 
betWeen the helical loops of betWeen 0.5 and 3 mm (0.020 
and 0.118 inches). 

[0018] The diameter of the Wire strand of the ?rst end and 
second end portions of the outer layer may be smaller than 
the diameter of the Wire strand of the middle portion. A 
preferred diameter of the Wire strand of the outer layer is no 
greater than 0.020 inches. A more preferred diameter of the 
Wire strand of the outer layer is betWeen 0.00025 and 0.006 
inches. The diameter of the Wire strand of the outer layer 
comprising the ?rst end and second end portions is more 
preferably betWeen 0.001 and 0.002 inches, and the diameter 
of the Wire strand comprising the middle portion is more 
preferably betWeen 0.003 and 0.004 inches. 

[0019] As With the outer layer, the inner layer may be 
divided into at least a ?rst end portion, a middle portion, and 
a second end portion along the longitudinally oriented coil. 
The pitch of the middle portion may be smaller than the 
pitch of the ?rst end and second end portions. Alternatively, 
the pitch of the middle portion may be larger than the pitch 
of the ?rst end and second end portions. The pitch of the ?rst 
and second end portions preferably provides a gap betWeen 
the helical loops of betWeen 3 and 7 mm, While the pitch of 
the middle portion preferably provides a gap betWeen the 
helical loops of betWeen 0.5 and 3 mm. 

[0020] The diameter of the Wire strand of the ?rst end and 
second end portions of the inner layer may be smaller than 
the diameter of the Wire strand of the middle portion. A 
preferred diameter of the Wire strand of the inner layer is no 
greater than 0.020 inches. A more preferred diameter of the 
Wire strand of the inner layer is betWeen 0.00025 and 0.006 
inches. The diameter of the Wire strand of the inner layer 
comprising the ?rst end and second end portions is more 
preferably betWeen 0.001 and 0.002 inches, and the diameter 
of the Wire strand comprising the middle portion is more 
preferably betWeen 0.003 and 0.004 inches. The helical 
loops of the inner layer preferably have a substantially 
constant inner diameter. 

[0021] An alternative embodiment of the present inven 
tion may include a second inner layer formed of a strand, 
Which is con?gured as a longitudinally oriented coil of 
adjacent helical loops extending betWeen a ?rst end and a 
second end of the second inner layer. At least a portion of the 
?rst inner layer surrounds at least a portion of the second 
inner layer so that at least some of the loops of the ?rst inner 
layer overlap and contact at least some of the loops of the 
second inner layer. 

[0022] The invention also comprises a continuous length 
of Wire strand formed as a longitudinally oriented coil 
surrounding another longitudinally oriented coil. The coils 
form an outer layer of adjacent helical loops surrounding an 
inner layer of adjacent helical loops. The outer layer urges 
against a portion of the interior surface of the vessel. The 
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helical loops of the inner layer urge against the loops of the 
outer layer at crossing points. 

[0023] Another embodiment of the invention for use in a 
cranial vessel comprises an outer layer formed of a strand 
having a ?rst end, a second end opposite the ?rst end, and 
a longitudinally oriented coil of adjacent helical loops 
betWeen the ?rst and second ends. The outer layer is secured 
in the cranial vessel by at least some of the helical loops 
pressing against a portion of the interior surface of the 
vessel. An inner layer formed of a strand of Wire has a ?rst 
end, a second end opposite the ?rst end, and a longitudinally 
oriented coil of adjacent helical loops betWeen the ?rst and 
second ends. At least a portion of the outer layer surrounds 
at least a portion of the inner layer so that at least some of 
the loops of the outer layer overlap and contact at least some 
of the loops of the inner layer. The Wire strand of the outer 
and inner layers is a continuous strand formed of a high 
shape memory alloy. The helical loops of the outer and inner 
layers are substantially circular. The second end of the outer 
layer-joins the ?rst end of the inner layer. The ?rst end of the 
outer layer and second end of the inner layer have distal ends 
relative to an insertion point into the vessel. The second end 
of the outer layer and ?rst end of the inner layer are proximal 
ends relative to an insertion point into the vessel. Addition 
ally, the IFM has an outside diameter of betWeen about 1.5 
and 12 mm (0.059 and 0.472 inches) Yet another embodi 
ment of the invention comprises at least one outer helical 
loop formed of a strand of Wire. The outer loop is secured in 
the vessel by at least some portion of the helical loop 
pressing against a portion of the interior surface of the 
vessel. The invention also comprises at least one inner 
helical loop formed of a strand of Wire. At least some portion 
of the outer helical loop surrounds at least a portion of the 
inner helical loop so that at least some of the outer helical 
loop overlaps and contacts at least some of the inner helical 
loop. Preferably, the outer helical loop overlaps and contacts 
the inner helical loop at a crossing point. More preferably, at 
least one crossing point is adjacent to the defect in the 
interior of the vessel. 

[0024] The invention also includes an assembly for an 
intravascular repair of a defect of a body vessel. The 
assembly comprises an elongated ?rst catheter and an IFM 
having a deployed con?guration When in the vessel at a site 
of the defect and a pre-deployed con?guration for movement 
through the ?rst catheter. The IFM includes an outer layer 
and an inner layer as discussed above. The ?rst catheter has 
a proximal end, a distal end, and a central lumen extending 
axially therethrough. The lumen has a siZe and shape 
complementary to the pre-deployed con?guration of the 
IFM such that the IFM is axially slidable therethrough. A 
preferred ?rst catheter has an outside diameter of betWeen 
about 0.010 and about 0.014 inches and an inside diameter 
of betWeen about 0.004 and about 0.006 inches. 

[0025] The assembly may further include a second cath 
eter having a distal end, a proximal end, and a central lumen 
extending axially therethrough. The lumen of the second 
catheter has a siZe and shape complementary to the ?rst 
catheter such that the ?rst catheter is axially slidable therein. 
At least a portion of the distal end of the ?rst catheter can be 
inserted into the lumen of the second catheter at the proximal 
end and passes through the lumen of the second catheter and 
exits the second catheter at the distal end. Apreferred second 
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catheter has an outside diameter of approximately 1 mm 
(0.03937 inches) and an inside diameter of at least approxi 
mately 0.022 inches. 

[0026] The assembly preferably includes a third catheter 
having a distal end, a proximal end, and a central lumen 
extending axially therethrough. The lumen of the third 
catheter has a siZe and shape complementary to the second 
catheter such that the second catheter is axially slidable 
therein. At least a portion of the distal end of the second 
catheter can be inserted into the lumen of the third catheter 
at the proximal end and passes through the lumen of the third 
catheter and exits the third catheter at the distal end. 

[0027] Another embodiment of the assembly comprises an 
IFM having a deployed con?guration When in the vessel at 
a site of the defect and a pre-deployed con?guration for 
movement through the vessel toWards the site of the defect 
as discussed above. The assembly also includes a means for 
moving and maintaining the IFM When in the pre-deployed 
con?guration. The outer and inner layers of the IFM take the 
deployed con?guration When the moving and maintaining 
means is no longer applied thereto. The moving and main 
taining means preferably comprises an elongated ?rst cath 
eter having a siZe and shape complementary to the respec 
tive siZe and shape of the IFM When in the pre-deployed 
con?guration so that the outer and inner layers are axially 
slidable therein. 

[0028] Alternatively, the assembly may include means for 
disposing the IFM Within the vessel. The disposing means 
preferably comprises an elongated ?rst catheter as With the 
moving and maintaining means above, but also includes an 
elongated second catheter having a siZe and shape comple 
mentary to the ?rst catheter such that the ?rst catheter is 
axially slidable therein. At least a portion of the distal end of 
the ?rst catheter can be inserted into the lumen of the second 
catheter at the proximal end and passes through the lumen of 
the second catheter and exits the second catheter at the distal 
end. 

[0029] The assembly may further include means for selec 
tively varying the gap betWeen the adjacent helical loops of 
the outer and inner layers. The preferred selectively varying 
means includes an elongated ?rst catheter and an elongated 
second catheter as just discussed, but also includes means 
for controlling axial movement of the IFM When in the 
pre-deployed con?guration through the ?rst catheter and out 
of the distal end of the ?rst catheter. The controlling means 
preferably includes means for controlling the axial move 
ment of both the IFM and the ?rst catheter. 

[0030] Finally, the present invention also includes a 
method of forming an IFM having a ?rst portion comprising 
an outer layer of strand and a second portion comprising an 
inner layer of strand at a pre-selected segment of a vessel. 
The method comprises the steps of moving the IFM through 
a catheter up to the pre-selected segment of the vessel; 
manipulating at least one of the outer layer of strand and the 
catheter to deploy the outer layer of strand in the pre 
selected segment of vessel as a longitudinally oriented coil 
of adjacent helical loops; and manipulating at least one of 
the inner layer of strand and the catheter to deploy the inner 
layer of strand in the pre-selected segment of vessel as a 
longitudinally oriented coil of adjacent helical loops Within 
the ?rst portion of the IFM. 

[0031] The step of moving preferably includes the step of 
insulating the IFM Within the catheter. The method may also 
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include the step of inserting the IFM into the catheter prior 
to the step of moving. Further, the method may include the 
step of elongating the IFM prior to inserting the IFM into the 
catheter. The step of elongating the IFM preferably includes 
the step of straightening the IFM to a substantially linear 
con?guration. 

[0032] The preferred catheter used in the step of moving 
has a siZe and shape complementary to the IFM When 
elongated such that the ?rst and second portions of the IFM 
are axially slidable therethrough. The same catheter is 
preferred for used in the step of inserting and may be 
referred to as a micro-catheter. The step of inserting may 
further include the step of providing an elongated guide 
catheter having a siZe and shape complementary to the 
micro-catheter such that the micro-catheter is axially slid 
able therethrough. The guide catheter is preferably posi 
tioned in the vessel With the distal end of the guide catheter 
being oriented near the pre-selected segment of the vessel. 
The method may further include the step of inserting at least 
a portion of the distal end of the micro-catheter into the 
lumen of the guide catheter at the proximal end and passing 
through the lumen of the guide catheter and exiting the guide 
catheter at the distal end prior to the step of moving the IFM. 

[0033] The step of inserting preferably further comprises 
the step of providing an elongated angiographic catheter 
having a siZe and shape complementary to the guide catheter 
such that the guide catheter is axially slidable therethrough. 
The angiographic catheter is preferably positioned in the 
vessel With the distal end of the angiographic catheter 
oriented closer to an insertion point into the vessel than the 
distal end of the guide catheter. The method preferably 
includes the step of inserting at least a portion of the distal 
end of the guide catheter into the lumen of the angiographic 
catheter at the proximal end and passing through the lumen 
of the angiographic catheter and exiting the angiographic 
catheter at the distal end prior to the step of moving the IFM. 

[0034] A method of practicing the method includes the 
step of inserting the angiographic catheter into the vessel 
before inserting the guide catheter containing and the micro 
catheter into the vessel. The method preferably also includes 
the steps of halting the advancement of the angiographic 
catheter into the vessel and continuing to advance the guide 
catheter containing the micro-catheter into the vessel, and 
the steps of halting the advancement of the guide catheter 
into the vessel and continuing to advance the micro-catheter 
into the vessel. 

[0035] In one embodiment of the method, the steps of 
manipulating include the steps of selectively varying the 
spacing betWeen the adjacent helix loops of the outer and 
inner layers, respectively. The method may further include 
the step of expanding the IFM substantially to a pre 
elongated diameter during the steps of manipulating. The 
step of expanding the IFM preferably includes the step of 
Warming the Wire strand of the outer layer and the Wire 
strand of the inner layer. For strands that are not formed of 
temperature responsive memory metals, the catheter Within 
Which the strand is moved mechanically constrains the 
strand from resuming its coiled diameter until released from 
the catheter. Regardless of the material used to form the 
strand, the catheter preferably has the structural character 
istics to permit a user to pull the strand back into the catheter 
prior to ?nal deployment. 
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[0036] The step of manipulating at least one of the outer 
layer and the catheter preferably includes the step of pro 
viding the outer layer With a number of loops Where the 
number is at least tWo. Alternatively, the step of manipulat 
ing at least one of the outer layer and the catheter may 
include the step of providing the outer layer With a single 
loop. The step of manipulating at least one of the inner layer 
and the catheter preferably includes the step of providing the 
inner layer With a number of loops Where the number is at 
least tWo. Alternatively, the step of manipulating at least one 
of the inner layer and the catheter may include the step of 
providing the inner layer With a single loop. 

[0037] The step of manipulating ?rst portion of the IFM 
includes the step of producing the outer layer With the 
portions, pitch, Winding, and gap criteria from the IFM 
discussion above. The step of manipulating the outer layer or 
?rst portion of the IFM preferably includes the step of 
pushing the ?rst portion out of the catheter and into the 
pre-selected segment. More preferably, the step of pushing 
includes pushing the ?rst portion out of the distal end of the 
catheter While pulling the catheter toWards the insertion 
point into the vessel. Alternatively, the step of pushing may 
include pushing the ?rst portion out of the distal end of the 
catheter at a predetermined rate While pushing the catheter 
toWards the pre-selected segment of the vessel at a rate 
sloWer than the predetermined rate of the ?rst portion. 

[0038] The step of manipulating the second portion of the 
IFM includes the step of producing the inner layer With 
portions, pitch, Winding, and gap criteria from the IFM 
discussion above. The step of manipulating the inner layer or 
second portion of the IFM preferably includes the step of 
pushing the second portion out of the catheter and into the 
pre-selected segment. More preferably, the step of pushing 
includes pushing the second portion out of the distal end of 
the catheter at a predetermined rate While pushing the 
catheter toWards the pre-selected segment of the vessel at a 
rate sloWer than the predetermined rate of the second por 
tion. Alternatively, the step of pushing may include pushing 
the second portion out of the distal end of the catheter While 
pulling the catheter toWards the insertion point into the 
vessel. 

[0039] Apreferred method of practicing the present inven 
tion includes the steps of straightening the IFM to a sub 
stantially linear con?guration; providing an angiographic 
catheter, a guide catheter, and a micro-catheter, each of the 
catheters having a distal end, a proximal end, and a central 
lumen extending axially therethrough; inserting the angio 
graphic catheter into the vessel; inserting the micro-catheter 
into the guide catheter, and the guide catheter into the 
angiographic catheter; inserting the IFM into the micro 
catheter; positioning the distal end of the angiographic 
catheter at a predetermined location in the vessel proximal 
to the pre-selected segment of the vessel; advancing at least 
a portion of the distal end of the guide catheter through the 
angiographic catheter and exiting the angiographic catheter 
at the distal end; positioning the guide catheter in the vessel 
With the distal end of the guide catheter being oriented 
betWeen the pre-selected segment of the vessel and the distal 
end of the angiographic catheter; advancing at least a portion 
of the distal end of the micro-catheter through the guide 
catheter and exiting the guide catheter at the distal end; 
moving the IFM through the micro-catheter up to the 
pre-selected segment of the vessel; manipulating at least one 
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of the outer layer of strand and the catheter to deploy the 
outer layer of strand in the pre-selected segment of vessel as 
a longitudinally oriented coil of adjacent helical loops; and 
manipulating at least one of the inner layer of strand and the 
catheter to deploy the inner layer of strand in the pre 
selected segment of vessel as a longitudinally oriented coil 
of adjacent helical loops Within the ?rst portion of the IFM. 

[0040] Another method of practicing the present invention 
includes the steps of straightening the IFM to a substantially 
linear con?guration; providing a guide catheter and a micro 
catheter, each of the catheters having a distal end, a proximal 
end, and a central lumen extending axially therethrough; 
inserting the micro-catheter into the guide catheter; inserting 
the guide catheter into the vessel; inserting the IFM into the 
micro-catheter; positioning the guide catheter in the vessel 
With the distal end of the guide catheter being oriented 
betWeen the pre-selected segment of the vessel and an 
insertion point into the vessel; advancing at least a portion 
of the distal end of the micro-catheter through the guide 
catheter and exiting the guide catheter at the distal end; 
moving the IFM through the micro-catheter up to the 
pre-selected segment of the vessel; and manipulating the 
layer of strand and the catheter to deploy the layer of strand 
in the pre-selected segment of vessel as a longitudinally 
oriented coil of adjacent helical loops. 

[0041] It is to be understood that both the foregoing 
general description and the folloWing detailed descriptions 
are exemplary only, and are not restrictive of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] The accompanying draWings are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of the speci?cation. The 
draWings illustrate several embodiments of the invention 
and together With the description, serve to explain the 
principals of the invention. In the draWings, 

[0043] FIG. 1 is a perspective vieW of an IFM deployed 
in a cutaWay of a vessel according to one embodiment; 

[0044] FIG. 2 is a perspective vieW of an IFM deployed 
in a cutaWay of a vessel according to another embodiment; 

[0045] FIG. 3 is a perspective vieW of an IFM deployed 
in a cutaWay of a vessel according to yet another embodi 
ment; 

[0046] FIG. 4A is a perspective vieW of the outer layer of 
an IFM deployed in a cutaWay of a vessel according to one 

embodiment; 

[0047] FIG. 4B is a perspective vieW of the outer layer of 
an IFM deployed in a cutaWay of a vessel according to 
another embodiment of the invention; 

[0048] FIG. 5 is a perspective vieW of the outer layer of 
an IFM deployed in a cutaWay of a vessel according to yet 
another embodiment; 

[0049] FIG. 6A is a perspective vieW of the inner layer of 
an IFM deployed in a cutaWay of a vessel according to one 

embodiment; 

[0050] FIG. 6B is a perspective vieW of the inner layer of 
an IFM deployed in a cutaWay of a vessel according to 
another embodiment of the invention; 
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[0051] FIG. 7 is a perspective vieW of the inner layer of 
an IFM deployed in a cutaway of a vessel according to yet 
another embodiment; 

[0052] FIG. 8 is a perspective vieW of an IFM deployed 
in a cutaWay of a vessel according to another embodiment; 

[0053] FIG. 9 is a side vieW of the assembly beginning 
deployment of a perspective vieW of the outer layer of an 
IFM in a cutaWay of a vessel according to one embodiment; 

[0054] FIG. 10 is a side vieW of the assembly completing 
deployment of a perspective vieW of the outer layer of an 
IFM in a cutaWay of a vessel according to the embodiment 
of FIG. 9; 

[0055] FIG. 11 is a side vieW of the assembly completing 
deployment of a perspective vieW of the inner layer of an 
IFM in a cutaWay of a vessel according to the embodiment 
of FIG. 9; 

[0056] FIG. 12 is a side vieW of the assembly deploying 
a perspective vieW of a thrombogenic device in a cutaWay of 
a vessel having a defect according to the embodiment of 
FIG. 9; 

[0057] FIG. 13 is a side vieW of the assembly beginning 
deployment of a perspective vieW of the outer layer of an 
IFM in a cutaWay of a vessel according to another embodi 

ment; 

[0058] FIG. 14 is a side vieW of the assembly completing 
deployment of a perspective vieW of the outer layer of an 
IFM in a cutaWay of a vessel according to the embodiment 
of FIG. 13; and 

[0059] FIG. 15 is a side vieW of the assembly completing 
deployment of a perspective vieW of the inner layer of an 
IFM in a cutaWay of a vessel according to the embodiment 
of FIG. 13. 

A DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0060] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. 

[0061] An intravascular ?oW modi?er (IFM) for use in a 
vessel according to the present invention comprises an outer 
layer formed of a strand. The strand is con?gured as a 
longitudinally oriented coil of adjacent helical loops extend 
ing betWeen a ?rst end and a second end of the outer layer. 

[0062] An exemplary embodiment of the IFM of the 
present invention is shoWn deployed in a vessel in FIG. 1 
and designated generally by reference numeral 20. The 
shaded segment of IFM is on the inside of the loop and in 
this embodiment the outer layer has a beta helix and the 
inner layer has an alpha helix. 

[0063] As broadly embodied herein, and referring to FIG. 
1, an IFM 20 has an outer layer 22 formed of a strand. The 
strand is con?gured as a longitudinally oriented coil 24 of 
adjacent helical loops 26 extending betWeen a ?rst end 28 
and a second end 30 of the outer layer 22. The outer layer 
22 is secured in the vessel 32 by at least some of the helical 
loops 26 pressing against a portion of the interior surface of 
the vessel 32. The IFM 20 is typically deployed to alter ?oW 
dynamics and/or to keep an embolus deployed in a Wide 
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neck aneurysm in the aneurysm. The IFM 20 may also 
perform as a typically stent deployed to reinforce or 
strengthen a Weakened or otherWise defective vessel. The 
vessel 32 is depicted With a defect 34, Which is a Wide neck 
aneurysm. While the IFM of the present invention is shoWn 
in use in the attached ?gures spanning an aneurysm, it is 
contemplated and Within the scope of the claimed invention 
to deploy the IFM in any vessel of the body Without regard 
to any particular defect. 

[0064] The IFM 20 of the invention also includes an inner 
layer 36 formed of a strand. The stand is con?gured as a 
longitudinally oriented coil 38 of adjacent helical loops 40 
extending betWeen a ?rst end 42 and a second end 44 of the 
inner layer 36. At least a portion of the outer layer 22 
surrounds at least a portion of the inner layer 36 so that at 
least some of the loops 26 of the outer layer 22 overlap and 
contact at least some of the loops 40 of the inner layer 36. 
The helical loops 40 of the inner layer 36 preferably urge 
against the loops 26 of the outer layer 22 at crossing points. 

[0065] As broadly embodied in FIG. 2, the preferred 
strand of the outer layer 22 and the inner layer 36 is a 
continuous strand, Which is more preferably formed of or 
coated by a biocompatible material. Preferably, the strands 
of the outer and inner layers 22, 36 are formed of a high 
shape memory alloy, such as Nitinol alloy. An alloy such as 
Nitinol is plastically deformable at one temperature and can 
completely recover to their original shape on being raised to 
a higher temperature. Nickel-titanium alloys commonly 
referred to as nitinol are Well knoWn to those skilled in the 
art. The strand of the outer layer 22 and the strand of the 
inner layer 36 preferably have a circular, oval, rectangle, or 
triangular cross-section. 

[0066] Use of the term “Wire” Within this application is not 
intended to limit the claimed invention to metal thread or the 
like. While metal is a preferred material, it is also contem 
plated that plastics, ceramics, glasses, and various compo 
sitions of materials could Work Within the scope of the 
claimed invention. Further, the term “strand” is not intended 
to limit the claimed invention to ?bers or ?laments tWisted 
together to form a rope or braided line. While ?laments 
could be braided together to provide the strand of the 
claimed invention, the term “strand” is used herein to de?ne 
multiple ?laments Working together Whether braided 
together or not, as Well as to de?ne a single ?lament or line 
of material. 

[0067] The preferred strand is a single line ?lament. The 
particular strand may be selected based on the strength, the 
memory, and the diameter needed for the IFM. The diameter 
of the strand is also a factor When the strand may pass over 
a perforating vessel that should not be blocked. In this case, 
the diameter is preferably small enough that even if a 
crossing point betWeen the outer and inner layers is over a 
perforating vessel, complete blockage does not occur. 

[0068] In the embodiment of the IFM 20 shoWn in FIG. 1, 
the second end 30 of the outer layer 22 is anchored proximal 
to the ?rst end 42 of the inner layer 36. As shoWn in the 
embodiment of FIG. 2, the second end 30 of the outer layer 
22 preferably joins the ?rst end 42 of the inner layer 36. In 
another embodiment of the IFM, and referring to FIG. 3, the 
?rst end 28 of the outer layer 22 attaches to the second end 
44 of the inner layer 36 so that the continuous strand forms 
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a loop. In the embodiment depicted in FIG. 3, the outer and 
inner layers 22, 36 are simultaneously deployed as the loop 
is released from the catheter. 

[0069] As shoWn in the embodiment of FIG. 1, the ?rst 
end 28 of the outer layer 22 may include means for inhib 
iting the Wire strand from penetrating through the interior 
surface of the vessel 32, such as a loop 46 provided on the 
?rst end 28 of the Wire strand. The second end 44 of the inner 
layer 36 may include means for inhibiting the Wire strand 
from penetrating through the interior surface of the vessel 
32, such as a loop 48 on the second end 44 of the Wire strand. 
Loops may be added to any eXposed ends of the IFM 20. The 
?rst end 28 of the outer layer 22 and the second end 44 of 
the inner layer 36 are preferably distal ends relative to an 
insertion point into the vessel 32. The second end 30 of the 
outer layer 22 and the ?rst end 42 of the inner layer 36 are 
preferably proXimal ends relative to an insertion point into 
the vessel 32. Alternatively, the respective ends of the outer 
and inner layers 22, 36 may be reversed relative to the 
insertion point into the vessel 32 depending upon the method 
used to deploy the IFM. 

[0070] The preferred helical loops 26, 40 of the outer and 
inner layers 22, 36 respectively are substantially circular. 
Both the helical loops 26, 40 of the outer and inner layers 22, 
36 respectively Wind in a predetermined direction. Prefer 
ably, the rotation of the helical loops 26, 40 of the outer and 
inner layers 22, 36 is in the same direction but With the 
helical loops 26 of the outer layer 22 having a alpha heliX 
and the helical loops 40 of the inner layer 36 having a beta 
heliX. Of course, the outer layer 22 may have the beta heliX 
and the inner layer 36 may have the alpha heliX. Preferably, 
the number of helical loops 26 of the outer layer 22 is N, 
Where N is at least tWo, and the number of the helical loops 
40 of the inner layer 36 is M, Where M is at least tWo. 

[0071] In another embodiment of the invention broadly 
depicted in FIG. 4A, the outer layer 22 is divided into at 
least a ?rst end portion 50, a middle portion 52, and a second 
end portion 54 along the longitudinally oriented coil 24. The 
pitch of the middle portion 52 may be smaller than the pitch 
of the ?rst end and second end portions 50, 54. Alternatively, 
as shoWn in FIG. 4B, the pitch of the middle portion 52 may 
be larger than the pitch of the ?rst end and second end 
portions 50, 52. The pitch of the ?rst and second end 
portions 50, 54 preferably provides a gap betWeen the helical 
loops of betWeen 3 and 7 mm, While the pitch of the middle 
portion 52 provides a gap betWeen the helical loops 26 of 
betWeen 0.5 and 3 mm. 

[0072] As shoWn in FIG. 5, the diameter of the Wire strand 
of the ?rst end and second end portions 50, 54 of the outer 
layer 22 may be smaller than the diameter of the Wire strand 
of the middle portion 52. A preferred diameter of the Wire 
strand of the outer layer 22 is no greater than 0.020 inches. 
A more preferred diameter of the Wire strand of the outer 
layer 22 is betWeen 0.00025 and 0.006 inches. The diameter 
of the Wire strand of the outer layer 22 comprising the ?rst 
end and second end portions 50, 54 is more preferably 
betWeen 0.001 and 0.002 inches, and the diameter of the 
Wire strand comprising the middle portion 52 is more 
preferably betWeen 0.003 and 0.004 inches. 

[0073] As With the outer layer 22, and as shoWn in FIG. 
6A, the inner layer 36 may be divided into at least a ?rst end 
portion 56, a middle portion 58, and a second end portion 60 
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along the longitudinally oriented coil 38. The pitch of the 
middle portion 58 may be smaller than the pitch of the ?rst 
end and second end portions 56, 60. Alternatively, and 
referring to FIG. 6B, the pitch of the middle portion 58 may 
be larger than the pitch of the ?rst end and second end 
portions 56, 60. The pitch of the ?rst and second end 
portions 56, 60 preferably provides a gap betWeen the helical 
loops 40 of betWeen 3 and 7 mm, While the pitch of the 
middle portion 58 provides a gap betWeen the helical loops 
40 of betWeen 0.5 and 3 mm. 

[0074] As shoWn in FIG. 7, the diameter of the Wire strand 
of the ?rst end and second end portions 56, 60 of the inner 
layer 36 may be smaller than the diameter of the Wire strand 
of the middle portion 58. A preferred diameter of the Wire 
strand of the inner layer 36 is no greater than 0.020 inches. 
A more preferred diameter of the Wire strand of the inner 
layer 36 is betWeen 0.00025 and 0.006 inches. The diameter 
of the Wire strand of the inner layer 36 comprising the ?rst 
end and second end portions 56, 60 is more preferably 
betWeen 0.001 and 0.002 inches, and the diameter of the 
Wire strand comprising the middle portion 58 is more 
preferably betWeen 0.003 and 0.004 inches. The helical 
loops 40 of the inner layer 36 preferably have a substantially 
constant inner diameter. 

[0075] Apreferred use for IFM 20 of the present invention 
is for bridging a defect in a cranial vessel. For intracranial 
use the Wire strand of the outer and inner layers 22, 36 is 
preferably a continuous strand to minimiZe the number of 
eXposed ends and potential of puncturing the vessel. The 
strand is preferably formed of a high shape memory alloy to 
readily permit the IFM 20 to be straightened, or at least have 
its coiled diameter reduced for insertion into the vessel, and 
then have it assume its deployed con?guration When 
released from the delivering catheter. The preferred helical 
loops 26, 40 of the outer and inner layers 22, 36 are 
substantially circular. Additionally, the IFM 20 has an out 
side diameter, Which is preferably betWeen about 1.5 and 12 
mm. 

[0076] Yet another embodiment of the invention is broadly 
depicted in FIG. 8. The IFM 20 has at least one outer helical 
loop 62 formed of a strand of Wire. The outer helical loop 62 
is secured in the vessel 32 by at least some portion of the 
helical loop 62 pressing against a portion of the interior 
surface of the vessel 32. The IFM 20 also has at least one 
inner helical loop 64 formed of a strand of Wire. At least 
some portion of the outer helical loop 62 surrounds at least 
a portion of the inner helical loop 64 so that at least some of 
the outer helical loop 62 overlaps and contacts at least some 
of the inner helical loop 64. Preferably, the outer helical loop 
62 overlaps and contacts the inner helical loop 64 at a 
crossing point 66. More preferably, at least one crossing 
point 66 is adjacent to the defect 34 in the interior of the 
vessel 32. The IFM 20 of this embodiment may have an 
arched ?gure eight structure, and preferably has the crossing 
point 66 near the defect 34 of the vessel 32. 

[0077] The invention also includes an assembly for an 
intravascular repair of a defect of a body vessel. 

[0078] An exemplary embodiment of the assembly of the 
present invention is shoWn in FIGS. 9-12 and designated 
generally by the reference numeral 68. 

[0079] As broadly embodied herein, and referring to 
FIGS. 9-12, an assembly 68 has an elongated ?rst catheter 
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70 and an IFM 20 having a deployed con?guration When in 
the vessel 32 at a site of the defect 34 and a pre-deployed 
con?guration for movement through the ?rst catheter 70. 
The IFM 20 includes an outer layer 22 and an inner layer 36 
as discussed above. The ?rst catheter 70 has a proximal end, 
a distal end, and a central lumen extending axially there 
through. The lumen has a siZe and shape complementary to 
the pre-deployed con?guration of the IFM 20 such that the 
IFM 20 is axially slidable therethrough. A preferred ?rst 
catheter 70 has an outside diameter of betWeen about 0.010 
and about 0.014 inches and an inside diameter of betWeen 
about 0.004 and about 0.006 inches. The small diameter of 
the catheter permits access to vessels of the body previously 
not available for IFM deployment. 

[0080] The assembly also includes a second catheter 72 
having a distal end, a proximal end, and a central lumen 
extending axially therethrough. The lumen of the second 
catheter has a siZe and shape complementary to the ?rst 
catheter 70 such that the ?rst catheter 70 is axially slidable 
therein. At least a portion of the distal end of the ?rst catheter 
70 can be inserted into the lumen of the second catheter 72 
at the proximal end and passes through the lumen of the 
second catheter 72 and exits the second catheter 72 at the 
distal end. A preferred second catheter 72 has an outside 
diameter of approximately 1 mm and an inside diameter of 
at least approximately 0.022 inches. The small diameter of 
the second catheter permits access to vessels of the body 
previously not available for IFM deployment utiliZing a 
catheter-in-catheter assembly. 

[0081] The assembly further has a third catheter 74 having 
a distal end, a proximal end, and a central lumen extending 
axially therethrough. The lumen of the third catheter 74 has 
a siZe and shape complementary to the second catheter 72 
such that the second catheter 72 is axially slidable therein. 
At least a portion of the distal end of the second catheter 72 
can be inserted into the lumen of the third catheter 74 at the 
proximal end and passes through the lumen of the third 
catheter 74 and exits the third catheter 74 at the distal end. 

[0082] Finally, and referring to FIGS. 9-12, the present 
invention also includes a method of forming an IFM 20 at a 
pre-selected segment of a vessel 32. The method comprises 
the steps of moving the IFM 20 through a catheter 70 up to 
the pre-selected segment of the vessel 32; manipulating at 
least one of the outer layer 22 of Wire strand and the catheter 
to deploy the outer layer 22 of strand in the pre-selected 
segment of vessel 32 as a longitudinally oriented coil 24 of 
adjacent helical loops 26; and manipulating at least one of 
the inner layer 36 of Wire strand and the catheter 70 to 
deploy the inner layer of strand in the pre-selected segment 
of vessel as a longitudinally oriented coil 38 of adjacent 
helical loops 40 Within the ?rst portion of the IFM 20. 

[0083] The step of moving preferably includes the step of 
insulating the IFM 20 Within the catheter 70. When Nitinol 
metal or any other temperature reactive memory materials 
are used for the IFM 20, a user has reduced the IFM 20 
diameter under conditions that cause the IFM 20 to expand 
toWards its initial diameter When reaching a predetermined 
temperature. For example, an IFM could be formed as a coil, 
then straightened into a Wire strand, then upon reaching a 
predetermined temperature in the body of a patient become 
a coil again. To keep the IFM from transforming into a coil 
before being placed in a pre-selected segment of a vessel, the 
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IFM can be insulated from the body by the catheter either 
alone or in conjunction With cooling ?uids and gases. Of 
course, the IFM could be formed of memory metal that does 
not transform at normal body temperatures or at any tem 
perature. 

[0084] Additionally, While memory metals are one pre 
ferred embodiment of the claimed invention, other IFM 
materials may be used in combination With an IFM delivery 
system that mechanically restrains the IFM in a reduced 
diameter pre-deployed con?guration. A single catheter may 
have the structural properties to restrain a coiled IFM that 
has been elongated into a pre-deployed con?guration. Fur 
ther, the assemblies described herein can utiliZe the catheter 
in-catheter arrangement to provide additional structural 
rigidity for mechanically restraining an IFM. 

[0085] The method may also include the step of inserting 
the IFM 20 into the catheter 70 prior to the step of moving. 
Further, the method may include the step of elongating the 
IFM 20 prior to inserting the IFM 20 into the catheter 70. 
The step of elongating the IFM 20 preferably includes the 
step of straightening the IFM 20 to a substantially linear 
con?guration. 

[0086] The preferred catheter 70 may be referred to as a 
micro-catheter due to its relative siZe in the preferred use for 
deploying an intracranial IFM. While the relative siZes of the 
catheters are given in vieW of a preferred use for deploying 
an intracranial IFM, it is contemplated Within the scope of 
the claimed invention that the assembly and method Will be 
used in all vessels of the body. 

[0087] The step of inserting may further include the step 
of providing an elongated guide catheter 72 having a siZe 
and shape complementary to the micro-catheter 70 such that 
the micro-catheter 70 is axially slidable therethrough. The 
guide catheter 72 is preferably positioned in the vessel 32 
With the distal end of the guide catheter 72 being oriented 
near the pre-selected segment of the vessel 32. The method 
may further include the step of inserting at least a portion of 
the distal end of the micro-catheter 70 into the lumen of the 
guide catheter 72 at the proximal end and passing through 
the lumen of the guide catheter 72 and exiting the guide 
catheter 72 at the distal end prior to the step of moving the 
IFM. 

[0088] The step of inserting preferably further comprises 
the step of providing an elongated angiographic catheter 74 
having a siZe and shape complementary to the guide catheter 
72 such that the guide catheter 72 is axially slidable there 
through. The angiographic catheter 74 is preferably posi 
tioned in the vessel 32 With the distal end of the angio 
graphic catheter 74 oriented closer to an insertion point into 
the vessel 32 than the distal end of the guide catheter 72. The 
method preferably includes the step of inserting at least a 
portion of the distal end of the guide catheter 72 into the 
lumen of the angiographic catheter 74 at the proximal end. 
The guide catheter 72 passes through the lumen of the 
angiographic catheter 74 and exits the angiographic catheter 
74 at the distal end prior to the step of moving the IFM 20. 

[0089] A preferred method of practicing the invention 
includes the step of inserting the angiographic catheter 74 
into the vessel 32 before inserting the guide catheter 72 
containing the micro-catheter 70 into the vessel 32. The 
method preferably also includes the steps of halting the 
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advancement of the angiographic catheter 74 into the vessel 
32 and continuing to advance the guide catheter 72 and the 
micro-catheter 70 into the vessel 32. For deployment of an 
intracranial IFM, the angiographic catheter 74 is halted on 
the proximal side of the carotid artery. The angiographic 
catheter 74 is Well knoWn in the art and is only unique in its 
combination With the other elements of the assembly and 
method disclosed herein. Additionally, other knoWn devices 
and methods, such as the use of guide Wires in conjunction 
With catheters may be used With the disclosed assembly and 
method. 

[0090] The method preferably also includes the steps of 
halting the advancement of the guide catheter 72 into the 
vessel 32 and continuing to advance the micro-catheter 70 
into the vessel 32. For deployment of an intracranial IFM, 
the guide catheter 72 is preferably halted on the proximal 
side of the defect. The guide catheter 72 has a structural that 
permits it to navigate the carotid artery and other tiny vessels 
having tight turns. 

[0091] In one embodiment of the method invention, the 
steps of manipulating include the steps of selectively vary 
ing the spacing betWeen the adjacent helix loops 26, 40 of 
the outer and inner layers, 22, 36 respectively. For an 
intracranial IFM, the option of varying the spacing or 
controlling the pitch at various points alone the longitudinal 
coil is especially important. The physician can manipulate 
the relative movement of the IFM and micro-catheter 70 to 
stretch the coil out or bunch it up to avoid blocking perfo 
rating arteries. For example, if the deployed IFM blocks off 
a perforating artery, the brain tissue fed by the blocked artery 
Will be starved of blood resulting in the death of surrounding 
brain cells. Further, the physician can tighten the coil by 
reducing the pitch to more fully obstruct the blood ?oW into 
the aneurysm. 

[0092] The method may further include the step of 
expanding the IFM 20 substantially to a pre-elongated 
diameter during the steps of manipulating. The step of 
expanding the IFM 20 may includes the step of Warming the 
Wire strand of the outer layer 22 and the Wire strand of the 
inner layer 36. 

[0093] The step of manipulating at least one of the outer 
layer 22 and the catheter preferably includes the step of 
providing the outer layer 22 With a number of loops Where 
the number is at least tWo. Alternatively, the step of manipu 
lating at least one of the outer layer 22 and the catheter may 
include the step of providing the outer layer 22 With a single 
loop. The step of manipulating at least one of the inner layer 
36 and the catheter preferably includes the step of providing 
the inner layer 36 With a number of loops Where the number 
is at least tWo. Alternatively, the step of manipulating at least 
one of the inner layer 36 and the catheter 70 may include the 
step of providing the inner layer 36 With a single loop. In the 
embodiment including a single loop for the outer and inner 
layer 22, 36, the loops of the outer and inner layer 22, 36 
may have their respective ends joined to one another in the 
con?guration of a tWisted loop, such as in a ?gure-eight 
design. 

[0094] The step of manipulating the ?rst portion of the 
IFM 20 includes the step of feeding the outer layer 22 out of 
the catheter 70 to produce the portions, pitch, Winding, and 
gap criteria from the IFM discussion above according to the 
physicians desires. The step of manipulating the outer layer 
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22 or ?rst portion of the IFM preferably includes the step of 
pushing the ?rst portion out of the catheter 70 and into the 
pre-selected segment. More preferably, the step of pushing 
includes pushing the ?rst portion out of the distal end of the 
catheter 70 While pulling the proximal end of the catheter 70 
toWards the insertion point into the vessel 32. The relative 
movement betWeen the strand and the catheter 70 alloWs the 
physician to deploy an IFM speci?cally suited for repair of 
the defect in the vessel. 

[0095] The step of deploying the second portion of the 
IFM 20 includes the step of producing the inner layer 36 
With portions, pitch, Winding, and gap criteria from the IFM 
discussion above. The step of manipulating the inner layer 
36 or second portion of the IFM 20 preferably includes the 
step of pushing the second portion out of the catheter 70 and 
into the pre-selected segment. More preferably, the step of 
pushing includes pushing the second portion out of the distal 
end of the catheter 70 at a predetermined rate While pushing 
the distal end of the catheter 70 toWards the pre-selected 
segment of the vessel 32 at a rate sloWer than the predeter 
mined rate of the second portion. 

[0096] Once the physician has completed Weaving the 
second portion of the IFM Within the ?rst portion of the IFM, 
the strand may be cut in a number of Ways. By Way of 
example, and referring to FIG. 11, a ball 76 and claW 78 are 
depicted cutting the strand. Alternatively, the strand may be 
cut by a controlled electric discharge from the catheter 70 to 
a reduced diameter portion of the strand. Apreferred method 
uses a strand of a pre-selected length, thereby eliminating 
any need for a cutting step. Other devices and methods for 
cutting a strand of an IFM are knoWn to those skilled in the 
art and may be readily adapted to the present invention. 

[0097] Apreferred method of practicing the present inven 
tion includes the steps of straightening the IFM 20 to a 
substantially linear con?guration; inserting the angiographic 
catheter 74 into the vessel 32; inserting the micro-catheter 
70 into the guide catheter 72, and the guide catheter 72 into 
the angiographic catheter 74; inserting the IFM 20 into the 
micro-catheter; positioning the distal end of the angio 
graphic catheter 74 at a predetermined location in the vessel 
32 proximal to the pre-selected segment of the vessel 32; 
advancing at least a portion of the distal end of the guide 
catheter 72 through the angiographic catheter 74 and exiting 
the angiographic catheter 74 at the distal end; positioning the 
guide catheter 72 in the vessel 32 With the distal end of the 
guide catheter 72 being oriented betWeen the pre-selected 
segment of the vessel 32 and the distal end of the angio 
graphic catheter 74; advancing at least a portion of the distal 
end of the micro-catheter 70 through the guide catheter 72 
and exiting the guide catheter 72 at the distal end; moving 
the IFM 20 through the micro-catheter 70 up to the pre 
selected segment of the vessel 32; manipulating at least one 
of the outer layer 22 of Wire strand and the catheter 70 to 
deploy the outer layer 22 of strand in the pre-selected 
segment of vessel 32 as a longitudinally oriented coil 24 of 
adjacent helical loops 26; and manipulating at least one of 
the inner layer 36 of Wire strand and the catheter 70 to 
deploy the inner layer 36 of strand in the pre-selected 
segment of vessel 32 as a longitudinally oriented coil 38 of 
adjacent helical loops 40. 

[0098] Another embodiment of a method of forming an 
IFM 20 at a pre-selected segment of a vessel 32 is illustrated 
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in FIGS. 13-15. This embodiment is similar to the embodi 
ment discussed above except that the step of pushing the ?rst 
portion includes pushing the ?rst portion out of the distal end 
of the catheter 70 at a predetermined rate While pushing the 
catheter 70 toWards the pre-selected segment of the vessel 
32 at a rate sloWer than the predetermined rate of the ?rst 
portion as shoWn in FIGS. 13 and 14, and the step of 
pushing the second portion includes pushing the second 
portion out of the distal end of the catheter 70 While pulling 
the catheter 70 toWards the insertion point into the vessel 32. 
This embodiment of the method has the advantage of having 
catheter 70 already positioned on the distal side of the IFM 
upon completing the outer layer 22. Therefore, the catheter 
70 need only be pulled toWard the insertion point as strand 
is pushed out to form the inner layer 36. Thus, the catheter 
70 cannot be pushed into the outer layer 22 during the step 
of manipulating to deploy the inner layer 36. 

[0099] While the above method and techniques have been 
disclosed in connection With the preferred IFM having an 
outer layer and an inner layer, it is contemplated and Within 
the scope of the claimed method that an IFM and/or stent 
having a single layer or coil may be deployed according to 
the claimed method. The method permits one to manipulate 
and control the ?nal con?guration of the IFM during deploy 
ment. 

[0100] While there has been illustrated and described What 
is at present considered to be a preferred embodiment of the 
present invention, it Will be understood by those skilled in 
the art that various changes and modi?cations may be made, 
and equivalents may be substituted for elements thereof, 
Without departing from the true scope of the invention. 
Therefore, it is intended that this invention not be limited to 
the particular embodiments disclosed herein, but that the 
invention include all embodiments falling Within the scope 
of the appended claims. 

What is claimed is: 
1. An intravascular ?oW modi?er (IFM) for use in a 

vessel, the vessel having an interior surface, the IFM com 
prising: 

an outer layer formed of a strand, said strand being 
con?gured as a longitudinally oriented coil of adjacent 
helical loops extending betWeen a ?rst end and a 
second end of said outer layer, said outer layer being 
secured in the vessel by at least some of said helical 
loops pressing against a portion of the interior surface 
of the vessel; and 

an inner layer formed of a strand, said strand being 
con?gured as a longitudinally oriented coil of adjacent 
helical loops extending betWeen a ?rst end and a 
second end of said inner layer, at least a portion of said 
outer layer surrounding at least a portion of said inner 
layer so that at least some of said loops of said outer 
layer overlap and contact at least some of said loops of 
said inner layer. 

2. The IFM of claim 1, Wherein said strand of said outer 
layer and said inner layer is a continuous strand. 

3. The IFM of claim 2, Wherein said continuous strand is 
made of a biocompatible material. 

4. The IFM of claim 1, Wherein said strands of said outer 
and inner layers comprises a high shape memory alloy. 

5. The IFM of claim 4, Wherein said strands are made of 
a Nitinol alloy. 
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6. The IFM of claim 1, Wherein said strand of said outer 
and inner layers have a cross-section, the cross-section being 
one of circular, oval, rectangle, and triangular. 

7. The IFM of claim 1, Wherein said second end of said 
outer layer is anchored proximal to said ?rst end of said 
inner layer. 

8. The IFM of claim 2, Wherein said ?rst end of said outer 
layer is attached to said second end of said inner layer such 
that said continuous strand forms a loop. 

9. The IFM of claim 1, Wherein said second end of said 
outer layer is joined to said ?rst end of said inner layer. 

10. The IFM of claim 1, Wherein said ?rst end of said 
outer layer includes means for inhibiting said strand from 
penetrating through the interior surface of the vessel. 

11. The IFM of claim 10, Wherein said inhibiting means 
includes a loop on said ?rst end of said strand. 

12. The IFM of claim 1, Wherein said second end of said 
inner layer includes means for inhibiting said strand from 
penetrating through the interior surface of the vessel. 

13. The IFM of claim 12, Wherein said inhibiting means 
includes a loop on said second end of said strand. 

14. The IFM of claim 1, Wherein said ?rst end of said 
outer layer and said second end of said inner layer are distal 
ends relative to an insertion point into the vessel. 

15. The IFM of claim 1, Wherein said second end of said 
outer layer and said ?rst end of said inner layer are proximal 
ends relative to an insertion point into the vessel. 

16. The IFM of claim 1, Wherein said helical loops of said 
outer and inner layers are substantially circular. 

17. The IFM of claim 1, Wherein both said helical loops 
of said outer and inner layers Wind in a predetermined 
direction. 

18. The IFM of claim 1, Wherein the number of said 
helical loops of said outer layer is N, Where N is at least tWo. 

19. The IFM of claim 1, Wherein the number of said 
helical loops of said inner layer is M, Where M is at least 
tWo. 

20. The IFM of claim 1, Wherein said outer layer is 
divided into at least a ?rst end portion, a middle portion, and 
a second end portion along said longitudinally oriented coil, 
said ?rst end, middle, and second end portions each having 
a pitch, the pitch of said middle portion being smaller than 
the pitch of said ?rst end and second end portions. 

21. The IFM of claim 20, Wherein the pitch of said ?rst 
end portion provides a gap betWeen said helical loops of 
betWeen 3 and 7 mm, the pitch of said middle portion 
provides a gap betWeen said helical loops of betWeen 0.5 and 
3 mm, and the pitch of said second end portion provides a 
gap betWeen said helical loops of betWeen 3 and 7 mm. 

22. The IFM of claim 20, Wherein said strand of said outer 
layer has a diameter, the diameter of said strand of said ?rst 
end and second end portions is smaller than the diameter of 
said strand of said middle portion. 

23. The IFM of claim 22, Wherein the diameter of said 
strand of said outer layer is no greater than 0.020 inches. 

24. The IFM of claim 23, Wherein the diameter of said 
strand of said outer layer comprising said ?rst end and 
second end portions is betWeen 0.001 and 0.002 inches, and 
the diameter of said strand comprising said middle portion 
is betWeen 0.003 and 0.004 inches. 

25. The IFM of claim 1, Wherein said outer layer is 
divided into a ?rst end portion, a middle portion, and a 
second end portion along said longitudinally oriented coil, 
said ?rst end, middle, and second end portions each having 
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a pitch, the pitch of said middle portion being larger than the 
pitch of said ?rst end and second end portions. 

26. The IFM of claim 1, Wherein said inner layer is 
divided into at least a ?rst end portion, a middle portion, and 
a second end portion along said longitudinally oriented coil, 
said ?rst end, middle, and second end portions each having 
a pitch, the pitch of said middle portion being smaller than 
the pitch of said ?rst end and second end portions. 

27. The IFM of claim 26, Wherein the pitch of said ?rst 
end portion provides a gap betWeen said helical loops of 
betWeen 3 and 7 mm, the pitch of said middle portion 
provides a gap betWeen said helical loops of betWeen 0.5 and 
3 mm, and the pitch of said second end portion provides a 
gap betWeen said helical loops of betWeen 3 and 7 mm. 

28. The IFM of claim 26, Wherein said strand of said inner 
layer has a diameter, the diameter of said strand of said ?rst 
end and second end portions is smaller than the diameter of 
said strand of said middle portion. 

29. The IFM of claim 28, Wherein the diameter of said 
strand of said inner layer is no greater than 0.020 inches. 

30. The IFM of claim 29, Wherein the diameter of said 
strand of said inner layer comprising said ?rst end and 
second end portions is betWeen 0.001 and 0.002 inches, and 
the diameter of said strand comprising said middle portion 
is betWeen 0.003 and 0.004 inches. 

31. The IFM of claim 26, Wherein said helical loops of 
said inner layer have a substantially constant inner diameter. 

32. The IFM of claim 1, Wherein said inner layer is 
divided into a ?rst end portion, a middle portion, and a 
second end portion along said longitudinally oriented coil, 
said ?rst end, middle, and second end portions each having 
a pitch, said pitch of said middle portion being larger than 
the pitch of said ?rst end and second end portions. 

33. The IFM of claim 1, further including a second inner 
layer formed of a strand, said strand being con?gured as a 
longitudinally oriented coil of adjacent helical loops eXtend 
ing betWeen a ?rst end and a second end of said second inner 
layer, at least a portion of said inner layer surrounding at 
least a portion of said second inner layer so that at least some 
of said loops of said inner layer overlap and contact at least 
some of said loops of the second inner layer. 

34. An intravascular ?oW modi?er (IFM) for use in a 
vessel, the vessel having an interior surface, the IFM com 
prising: 

a continuous length of strand formed as a longitudinally 
oriented coil surrounding another longitudinally ori 
ented coil, said coils forming an outer layer of adjacent 
helical loops surrounding an inner layer of adjacent 
helical loops, said outer layer urging against a portion 
of the interior surface of the vessel, said helical loops 
of said inner layer urging against said loops of said 
outer layer at crossing points. 

35. An intravascular ?oW modi?er (IFM) for use in a 
vessel, the vessel having an interior surface, the IFM com 
prising: 

an outer layer formed of a strand having a ?rst end, a 
second end opposite said ?rst end, and a longitudinally 
oriented coil of adjacent helical loops betWeen said ?rst 
and second ends, said outer layer being secured in the 
vessel by at least some of said helical loops pressing 
against a portion of the interior surface of the vessel; 
and 
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an inner layer formed of a strand having a ?rst end, a 
second end opposite said ?rst end, and a longitudinally 
oriented coil of adjacent loops betWeen said ?rst and 
second ends, at least a portion of said outer layer 
surrounding at least a portion of said inner layer so that 
at least some of said loops of said outer layer overlap 
and contact at least some of said loops of said inner 
layer, 

said strand of said outer and inner layers being a continu 
ous strand formed of a high shape memory alloy and 
having a cross-section, the cross-section being one of 
circular, oval, rectangle, and triangular, said helical 
loops of said outer and inner layers being substantially 
circular, said second end of said outer layer joining said 
?rst end of said inner layer, said ?rst end of said outer 
layer and said second end of said inner layer being 
distal ends relative to an insertion point into the vessel, 
said second end of said outer layer and said ?rst end of 
said inner layer being proximal ends relative to an 
insertion point into the vessel, said helical loops of said 
outer and inner layers Wind in a predetermined direc 
tion. 

36. An intracranial intravascular ?oW modi?er (IFM) for 
use in a cranial vessel, the vessel having an interior surface, 
the IFM comprising: 

an outer layer formed of a strand having a ?rst end, a 
second end opposite said ?rst end, and a longitudinally 
oriented coil of adjacent helical loops betWeen said ?rst 
and second ends, said outer layer being secured in the 
vessel by at least some of said helical loops pressing 
against a portion of the interior surface of the vessel; 
and 

an inner layer formed of a strand having a ?rst end, a 
second end opposite said ?rst end, and a longitudinally 
oriented coil of adjacent helical loops betWeen said ?rst 
and second ends, at least a portion of said outer layer 
surrounding at least a portion of said inner layer so that 
at least some of said loops of said outer layer overlap 
and contact at least some of said loops of said inner 
layer, 

said strand of said outer and inner layers being a continu 
ous strand formed of a high shape memory alloy, said 
helical loops of said outer and inner layers being 
substantially circular, said second end of said outer 
layer joining said ?rst end of said inner layer, said ?rst 
end of said outer layer and second end of said inner 
layer being distal ends relative to an insertion point into 
the vessel, said second end of said outer layer and ?rst 
end of said inner layer being proximal ends relative to 
an insertion point into the vessel, said IFM having an 
outside diameter of betWeen about 1.5 and 12 mm. 

37. The IFM of claim 36, Wherein said outer layer is 
divided into a ?rst end portion, a middle portion, and a 
second end portion along said longitudinally oriented coil, 
said ?rst end, middle, and second end portions each having 
a pitch, the pitch of said middle portion being smaller than 
the pitch of said ?rst end and second end portions, and said 
inner layer is divided into a ?rst end portion, a middle 
portion, and a second end portion along the longitudinally 
oriented coil, said ?rst end, middle, and second end portions 
each having a pitch, the pitch of said middle portion being 
smaller than the pitch of said ?rst end and second end 
portions. 
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38. An intravascular ?oW modi?er (IFM) for use in a 
vessel, the vessel having an interior surface having a defect, 
the IFM comprising: 

at least one outer helical loop formed of a strand, said 
outer loop being secured in the vessel by at least some 
portion of said helical loop pressing against a portion of 
the interior surface of the vessel; and 

at least one inner helical loop formed of a strand, at least 
some portion of said outer helical loop surrounding at 
least a portion of said inner helical loop so that at least 
some of said outer helical loop overlaps and contacts at 
least some of said inner helical loop. 

39. The IFM of claim 38, Wherein said outer helical loop 
overlaps and contacts said inner helical loop at a crossing 
point, at least one crossing point being adjacent the defect in 
the interior of the vessel. 

40. An assembly for an intravascular repair of a defect of 
a body vessel, the vessel having an interior surface, the 
assembly comprising: 

an elongated ?rst catheter; 

an IFM having a deployed con?guration When in the 
vessel at a site of the defect and a pre-deployed 
con?guration for movement through said ?rst catheter; 

said IFM including an outer layer formed of a strand, said 
adjacent helical loops extending betWeen a ?rst end and 
a second end of said outer layer, once deployed said 
outer layer being secured in the vessel by at least some 
of said loops urging against a portion of the interior 
surface of the vessel, and an inner layer formed of a 
strand, said strand being con?gured as a longitudinally 
oriented coil of adjacent helical loops extending 
betWeen a ?rst end and a second end of said inner layer, 
once deployed in the vessel at the site of the defect at 
least a portion of said outer layer surrounding at least 
a portion of said inner layer so that at least some of said 
loops of said outer layer overlap and contact at least 
some of said loops of said inner layer; and 

said ?rst catheter having a proximal end, a distal end, and 
a central lumen extending axially therethrough, said 
lumen having a siZe and shape complementary to the 
pre-deployed con?guration of said IFM such that said 
IFM is axially slidable therethrough. 

41. The assembly of claim 40, further comprising a 
second catheter having a distal end, a proximal end, and a 
central lumen extending axially therethrough, said lumen of 
said second catheter having a siZe and shape complementary 
to said ?rst catheter such that said ?rst catheter is axially 
slidable therein, and such that at least a portion of said distal 
end of said ?rst catheter can be inserted into said lumen of 
said second catheter at said proximal end and passes through 
said lumen of said second catheter and exits said second 
catheter at said distal end. 

42. The assembly of claim 41, further comprising a third 
catheter having a distal end, a proximal end, and a central 
lumen extending axially therethrough, said lumen of said 
third catheter having a siZe and shape complementary to said 
second catheter such that said second catheter is axially 
slidable therein, and such that at least a portion of said distal 
end of said second catheter can be inserted into said lumen 
of said third catheter at said proximal end and passes through 
said lumen of said third catheter and exits said third catheter 
at said distal end. 

43. The assembly of claim 40, Wherein the vessel is a 
cranial vessel, and said IFM has a deployed diameter of 
betWeen about 1.5 and 12 mm. 

Sep. 19, 2002 

44. The assembly of claim 40, Wherein said strand of said 
outer and inner layers has a diameter of no greater than about 
0.020 inches. 

45. The assembly of claim 40, Wherein said ?rst catheter 
has an outside diameter of betWeen about 0.010 and about 
0.014 inches. 

46. The assembly of claim 40, Wherein said ?rst catheter 
has an inside diameter of betWeen about 0.004 and about 
0.006 inches. 

47. The assembly of claim 41, Wherein said second 
catheter has an outside diameter of approximately 1 mm. 

48. The assembly of claim 41, Wherein said second 
catheter has an inside diameter of at least approximately 
0.022 inches. 

49. An assembly for an intravascular repair of a defect of 
a body vessel, the vessel having an interior surface, the 
assembly comprising: 

an IFM having a deployed con?guration When in the 
vessel at a site of the defect and a pre-deployed 
con?guration for movement through the vessel toWards 
the site of the defect; 

said IFM including an outer layer formed of a strand, said 
strand being con?gured as a longitudinally oriented coil 
of adjacent helical loops extending betWeen a ?rst end 
and a second end of said outer layer, once deployed said 
outer layer being secured in the vessel by at least some 
of said loops urging against a portion of the interior 
surface of the vessel, and an inner layer formed of a 
strand, said strand being con?gured as a longitudinally 
oriented coil of adjacent helical loops extending 
betWeen a ?rst end and a second end of said inner layer, 
once deployed in the vessel at the site of the defect at 
least a portion of said outer layer surrounding at least 
a portion of said inner layer so that at least some of said 
loops of said outer layer overlap and contact at least 
some of said loops of said inner layer; and 

a means for moving and maintaining said IFM When in the 
pre-deployed con?guration, the outer and inner layers 
of said IFM taking the deployed con?guration When the 
moving and maintaining means is no longer applied 
thereto. 

50. The IFM of claim 49, Wherein the moving and 
maintaining means comprises an elongated ?rst catheter 
having a proximal end, a distal end, and a central lumen 
extending axially therethrough, said lumen having a siZe and 
shape complementary to the respective siZe and shape of 
said IFM When in the pre-deployed con?guration such that 
said outer and inner layers are axially slidable therein. 

51. The IFM of claim 49, further comprising means for 
disposing said IFM Within the vessel. 

52. The IFM of claim 51, Wherein the disposing means 
comprises: 

an elongated ?rst catheter having a proximal end, a distal 
end, and a central lumen extending axially there 
through, said lumen having a siZe and shape comple 
mentary to the respective siZe and shape of said IFM 
When in the pre-deployed con?guration such that said 
IFM is axially slidable therein; and 

an elongated second catheter having a proximal end, a 
distal end, and a central lumen extending axially there 
through, said lumen having a siZe and shape comple 
mentary to said ?rst catheter such that said ?rst catheter 
is axially slidable therein, and such that at least a 
portion of said distal end of said ?rst catheter can be 
inserted into said lumen of said second catheter at said 
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proximal end and passes through said lumen of said 
second catheter and exits said second catheter at said 
distal end. 

53. The IFM of claim 49, and further comprising means 
for selectively varying the gap betWeen said adj acent helical 
loops of said outer and inner layers. 

54. The IFM of claim 53, Wherein said selectively varying 
means comprises: 

an elongated ?rst catheter having a proximal end, a distal 
end, and a central lumen extending axially there 
through, said lumen having a siZe and shape comple 
mentary to the respective siZe and shape of said IFM 
When in the pre-deployed con?guration such that said 
IFM is axially slidable therein; 

an elongated second catheter having a proximal end, a 
distal end, and a central lumen extending axially there 
through, said lumen having a siZe and shape comple 
mentary to said ?rst catheter such that said ?rst catheter 
is axially slidable therein, and such that at least a 
portion of said distal end of said ?rst catheter can be 
inserted into said lumen of said second catheter at said 
proximal end and passes through said lumen of said 
second catheter and exits said second catheter at said 
distal end; and 

means for controlling axial movement of said IFM When 
in the pre-deployed con?guration through said ?rst 
catheter and out of said distal end of said ?rst catheter. 

55. The IFM of claim 54, Wherein said controlling means 
includes means for controlling the axial movement of said 
IFM and said ?rst catheter. 

56. An assembly for an intravascular repair of a defect of 
a cranial vessel, the vessel having an interior surface, the 
assembly comprising: 

an elongated ?rst catheter; 

an IFM having a deployed con?guration When in the 
vessel at a site of the defect and a pre-deployed 
con?guration for movement through said ?rst catheter; 

said IFM including an outer layer formed of a strand, said 
strand being con?gured as a longitudinally oriented coil 
of adjacent helical loops extending betWeen a ?rst end 
and a second end of said outer layer, once deployed said 
outer layer being secured in the vessel by at least some 
of said loops urging against a portion of said interior 
surface of the vessel, and an inner layer formed of a 
strand, said strand being con?gured as a longitudinally 
oriented coil of adjacent helical loops extending 
betWeen a ?rst end and a second end of said inner layer, 
once deployed in the vessel at the site of the defect at 
least a portion of said outer layer surrounding at least 
a portion of said inner layer so that at least some of said 
loops of said outer layer overlap and contact at least 
some of said loops of said inner layer, said IFM having 
a deployed diameter of betWeen about 1.5 and about 12 
mm; 

said ?rst catheter having a proximal end, a distal end, and 
a central lumen extending axially therethrough, said 
lumen having an inside diameter of betWeen about 
0.004 and about 0.006 inches to receive the pre 
deployed con?guration of said IFM such that said IFM 
is axially slidable therethrough; and 

a second catheter having a distal end, a proximal end, and 
a central lumen extending axially therethrough, said 
lumen of said second catheter having an inside diam 
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eter of at least about 0.022 inches to receive said ?rst 
catheter such that said ?rst catheter is axially slidable 
therein, and such that at least a portion of said distal end 
of said ?rst catheter can be inserted into said lumen of 
said second catheter at said proximal end and passes 
through said lumen of said second catheter and exits 
said second catheter at said distal end. 

57. A method of forming an intravascular ?oW modi?er 
(IFM) at a pre-selected segment of a vessel, said IFM having 
a ?rst portion comprising an outer layer of strand and a 
second portion comprising an inner layer of strand, the 
vessel having an interior surface, the method comprising the 
steps of: 

moving said IFM through a catheter up to the pre-selected 
segment of the vessel; 

manipulating at least one of said outer layer of strand and 
said catheter to deploy said outer layer of strand in the 
pre-selected segment of vessel as a longitudinally ori 
ented coil of adjacent helical loops; and 

manipulating at least one of said inner layer of strand and 
said catheter to deploy said inner layer of strand in the 
pre-selected segment of vessel as a longitudinally ori 
ented coil of adjacent helical loops Within said ?rst 
portion of said IFM. 

58. The method of claim 57, Wherein the step of moving 
includes the step of insulating said IFM Within said catheter. 

59. The method of claim 57, further comprising the step 
of inserting said IFM into said catheter prior to the step of 
moving. 

60. The method of claim 59, further comprising the step 
of elongating said IFM prior to inserting said IFM into said 
catheter. 

61. The method of claim 60, Wherein the step of elongat 
ing said IFM includes the step of straightening said IFM to 
a substantially linear con?guration. 

62. The method of claim 60, Wherein said catheter used in 
the step of moving has a proximal end, a distal end, and a 
central lumen extending axially therethrough, said lumen 
having a siZe and shape complementary to said IFM When 
elongated such that said ?rst and second portions of said 
IFM are axially slidable therethrough. 

63. The method of claim 5 9, Wherein said catheter used in 
the step of inserting includes an elongated micro-catheter 
having a proximal end, a distal end, and a central lumen 
extending axially therethrough, said lumen having a siZe and 
shape complementary to said IFM When elongated such that 
said IFM is axially slidable therethrough, and the step of 
inserting further comprises the step of providing an elon 
gated guide catheter having a distal end, a proximal end, and 
a central lumen extending axially therethrough, said guide 
catheter being positioned in the vessel With said distal end of 
said guide catheter being oriented near the pre-selected 
segment of the vessel, said lumen of said guide catheter 
having a siZe and shape complementary to said micro 
catheter such that said micro-catheter is axially slidable 
therethrough. 

64. The method of claim 63, further including the step of 
inserting at least a portion of said distal end of said micro 
catheter into said lumen of said guide catheter at said 
proximal end and passing through said lumen of said guide 
catheter and exiting said guide catheter at said distal end 
prior to the step of moving said IFM. 

65. The method of claim 64, Wherein the step of inserting 
further comprises the step of providing an elongated angio 
graphic catheter having a distal end, a proximal end, and a 
central lumen extending axially therethrough, said angio 






