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A TWISTED PRIMARY COIL FOR VASCULAR THERAPY

CROSS-REFERENCES TO RELATED APPLICATIONS

This application is based on Provisional Application No. 60/956,509 filed
17 August 2007.

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates generally to implantable devices for vascular interventional
therapeutic treatment or vascular surgery, and more particularly concerns a coil with a
twisted pattern that exhibits improved flexibility and/or secondary coil shape capabilities
along the length of the coil, said coil being particularly useful as a primary coil for more

complex shapes used in various vascular interventional therapies.

Description of the Related Art

Vasoocclusive devices can take a variety of configurations, and are generally
formed of one or more elements that are larger in the deployed configuration than when
they are within a delivery catheter prior to placement. One widely used vasoocclusive
device is a helical wire coil having a secondary deployed configuration which may be
dimensioned to obstruct all or a portion of a particular part of the vasculature of interest.
One anatomically shaped vasoocclusive device is known that forms itself into a shape of
an anatomical cavity such as an aneurysm and is made of a pre-formed primary coil of

flexible material such as a platinum alloy.

The vasoocclusive members can be sized and shaped so that in their deployed
configuration they fit within a vascular cavity or vesicle such as for treatment of an
aneurysm or fistula. The vasoocclusive member can be first helically wound in a generally
linear fashion and is then wound around a mandrel or form shaped to conform with the
secondary shape desired, and heat treated to retain the basic shape of the mandrel after

removal from the heated form.
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A variable stiffness coil that will deform more readily along certain predetermined
sections of the coil can be useful for filling aneurysms of various sizes and shapes. A
variable cross section conical vasoocclusive coil is known that can achieve variations in
stiffness of the coil by variation of the diameter in different regions of the coil or variations

in the composition of the coil.

A known method of forming a primary wind coil is to wind a continuous coil of a
metal wire such as a platinum wire, for example, on a cylindrical wire mandrel, typically
about 0.010 inch in diameter. The resulting primary wind coil typically has the same
bending stiffness in all directions because it is formed as a helix about a constant diameter
cylindrical mandrel, so that the coil has a constant bending moment about the longitudinal

axis of the coil in all planes along the longitudinal axis of the coil.

It would be desirable to provide a flexible metal wire coil for use as a structural
element to form a densely packed therapeutic vasoocclusive coil, or clot remover, for
example, that allows for the coil to be flexible prior to deployment and to more completely
fill and occupy a given space, while retaining the softness of a smaller coil and that can
make the delivery of the coil easier. It would also be desirable to provide a primary wind
coil that does not have a specific relaxed shape so that it can more completely fill an area
to be treated than primary wind coils which are currently available. The present invention

meets these and other needs.

SUMMARY OF THE INVENTION

Briefly, and in general terms, the present invention provides for a flexible metal
wire coil that exhibits better packing density in aneurysms or the like than conventional
primary coils, the coil of the invention having a twisted coil pattern, a method of forming

the coil, a mandrel for forming the coil, and a method for forming the mandrel.

In a first currently preferred embodiment, the present invention provides for a
densely packing primary wind coil with a non-circular cross-sectional shape that is
elongated along at least one axis transverse to the longitudinal axis of the coil, with the at
least one transverse axis rotating along the longitudinal axis, to provide the primary wind
coil with at least one bending moment that precesses along the longitudinal axis. The

cross-sectional shape of the primary wind coil may be oval, oblong, triangular, or some
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other geometric shape, for example. In another presently preferred aspect, the primary
wind coil is formed from a flexible elongated strand of material such as a metal or metal
alloy. In a currently preferred embodiment the metal is a platinum alloy. The flexible
elongated strand of material may have a diameter of approximately 0.0015 to 0.002 inch,
for example. The primary wind coil can be further formed to have a secondary shape, such
as a spherical, spheroidal, conical, or cylindrical secondary shape, for example, or a
combination of such shapes. In another presently preferred aspect, the at least one
precessing transverse axis of the primary wind coil provides the primary wind coil with at
least one precessing bending moment, so that the plane of minimum bending force of the
primary wind coil varies along the length of the primary wind coil, allowing the deployed
shape of the coil to be a highly densely packed configuration, with a higher percentage of
filling and a higher density of packing compared with coils with symmetric cross sections,
when the coil is used as a therapeutic vasoocclusive coil, clot remover, or other therapeutic
device. In another aspect, the primary wind coil defines an interior space, and an axial
element may be disposed in the interior space of the primary wind coil to increase stretch
resistance the additional element extending along the longitudinal axis of the primary wind
coil, so that the primary wind coil may be used as a‘retractable clot remover. The axial
element may be formed of stretch resistant plastic thread or a metal such as nitinol, for

example, and also may be configured to have a secondary shape in its relaxed state.

In the method of forming a mandrel for use in making a vasoocclusive coil
according to the invention, the mandrel is formed to have a non-circular cross-sectional
shape that is elongated along at least one axis that is transverse to the longitudinal axis,
with the at least one transverse axis precessing along the longitudinal axis, that is to say
rotating about the longitudinal axis as it progresses along that axis. In one presently
preferred construction of a mandrel, two or more parallel strands of wire may be twisted
helically about a longitudinal axis to provide a multi-helical mandrel having a external
surface with a multi-helical shape. In a presently preferred aspect, the step of twisting two
or more parallel strands of material involves twisting parallel strands of material about the
longitudinal axis, so as to form the mandrel in the shape of a double helix. Similarly, three
or more strands can be twisted along the longitudinal axis to create a mandrel with
triangular, square, or other cross sections. In another aspect, the plurality of strands of

material that are twisted to form the mandrel are formed of metal wire, such as a spring
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wire, typically a stainless steel wire, for example, although other similar metal or
polymeric materials may also be suitable. The plurality of strands of material may have a
diameter of approximately 0.0035 to approximately 0.055 inch, so that the mandrel may
have a diameter of approximately 0.0070 inch to approximately 0.11 inch. In another
aspect of the invention, the mandrel may be constructed of a single wire with a desired
non-circular cross section, the wire mandrel then t\;risted about its longitudinal axis to form
the final desired shape of the mandrel. Similarly, the mandrel can be found with a variable
longitudinal pitch to create a primary coil with variable binding moment in some portions

of the coil compared to others.

In one presently preferred method of forming the vasoocclusive coil according to
the invention, a flexible metal wire is wound around a length of the mandrel to form the
primary wind coil having a twisted shape corresponding to the multi-helical shape of the
external surface of the mandrel. In another aspect, an axial member may also be inserted
into the interior space of the primary wind coil along the longitudinal axis of the primary
wind coil, to provide stretch resistance or to facilitate the use of the primary wind coil as a

clot remover.

The present invention provides for a structure, method of manufacture, and
manufacturing mandrel for the creation of coils that can be tailored to provide a wide
variety of characteristics which are desirable for the occlusion of body cavities, including
greater filling of the cavity and better behavior in forming secondary shapes, including
"random breaks" in the formation of secondary shaEes to more easily accommodate non-
uniform aneurysms and the like. These and other aéi)ects and advantages of the invention
will become apparent from the following detailed description and the accompanying

drawings which illustrate by way of example the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a schematic diagram illustrating the placement and twisting of a pair of
parallel core strands in a spindle in preparation for making one form of a twisted mandrel

for forming a primary wind coil having a twisted shape according to the present invention.

Fig. 1B is a schematic diagram illustrating winding of a flexible metal coil wire

around a length of the twisted mandrel having a double helical shape of to form a primary
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wind coil having a twisted shape with a transverse axis precessing along the longitudinal

axis according to the present invention.

Fig. 2 is an enlarged view of a length of the twisted mandrel having a double
helical shape of Fig. 1B.

Fig. 3A is a schematic diagram illustrating a'side elevational view of a length of a
primary wind coil shown wound about a twisted mandrel having a double helical shape of
Fig. 1B, shown widely spaced for purposes of illustration, for imparting a twisted pattern
with one transverse axis precessing along the longitudinal axis to the coil according to the

present invention.

Fig. 3B is a side elevational view of a length of a tightly wound primary wind coil
shown wound about the twisted mandrel, with the mandrel removed, and having a twisted
pattern elongated along one transverse axis that precesses along the longitudinal axis

imparted to the coil by the mandrel according to the present invention.

Fig. 4 is a side elevational view of a primary wind coil formed to have a twisted

shape formed into a cylindrical secondary shape.

Fig. 5 is a cross-sectional view taken along line 5-5 of Fig. 3B illustrating the

precessing of the transverse axis of the primary wind coil along the longitudinal axis.

Fig. 6 is a cross-sectional view taken along line 6-6 of Fig. 3B illustrating the

precessing of the transverse axis of the primary wind coil along the longitudinal axis.

Fig. 7 is a cross-sectional view taken along line 7-7 of Fig. 3B illustrating the

precessing of the transverse axis of the primary wind coil along the longitudinal axis.

Fig. 8 is a cross-sectional view taken along line 8-8 of Fig. 3B illustrating the

precessing of the transverse axis of the primary wind coil along the longitudinal axis.

Fig. 9 is a cross-sectional view similar to that of Fig. 5, showing an elongated

strand of material inserted into the inner lumen of the primary wind coil.

Fig. 10 is a side elevational view of a conventional primary wind coil inserted to

fill a generally spherical secondary shaped model of an aneurysm.
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Fig. 11 is a side elevational view of a primdfy wind coil formed to have a twisted
longitudinal shape inserted to fill a generally spherical secondary shape model of an

aneurysm, illustrating the greater filling of the aneurysm with the coil of the invention.

Fig. 12 is a side elevational view of a length of a tightly wound primary wind coil
having a twisted shape elongated along two transverse axes that precess along the

longitudinal axis according to the present invention according to the present invention.

Fig. 13 is a perspective view of the primary wind coil of Fig. 12 having a twisted
shape elongated along two transverse axes that precess along the longitudinal axis

according to the present invention.

Fig. 14 is an end view of the primary wind coil of Fig. 12 having a twisted shape
illustrating the two transverse axes that precess along the longitudinal axis according to the

present invention.

Fig. 15 is a side elevational view of a length of a tightly wound primary wind coil
having a twisted shape elongated along two transverse axes that precess along the
longitudinal axis similar to Fig. 12, illustrating the one wind pitch and cycle pitch of the

primary wind coil.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As is illustrated in the drawings, which are provided by way of illustration and not
by way of limitation, the present invention providesf‘for a primary wind flexible metal wire
coil 10 having a twisted coil pattern, illustrated in Figs. 1B, 3A, and 12-15. Referring to
Figs. 1A and 1B, according to the method of the invention, the twisted coil pattern may be
imparted to the primary wind coil by winding an elongated strand of flexible material, such
as a flexible wire 12, formed of metal or metal alloy, for example, over an elongated multi-
helical or twisted mandrel 14 having a central longitudinal axis 16. In one presently
preferred form illustrated in Fig. 1A, the elongated multi-helical or twisted mandrel may
be formed from a plurality of parallel core strands, such as a pair of parallel core strands of
material 18, 20, that have been wrapped or twisted helically about the longitudinal axis of
the mandrel, thereby giving the mandrel a multi-helical shape, such as a double helix, as

illustrated in Figs. 1B and 2, i.e., when the mandrel is formed as a twisted helix or spiral



10

15

20

25

30

WO 2009/026253 PCT/US2008/073517
7 p

from two parallel core strands twisted about around the longitudinal axis of the mandrel.
As is shown in Figs. 1A and 1B, the opposing ends of the parallel core strands 18 and 20
can be secured to opposing chucks 19 of a spindle and twisted to a provide the mandrel

with a desired twist cycle pitch.

The mandrel core strands of material that are twisted together are typically round
metal wire, such as stainless steel spring wire, althdugh the mandrel core strands may also
be made of polymeric material, such as polyethylene, for example. The multi-helical
shaped, twisted mandrel may be pre-formed from a twisted pair of parallel round core
strands, each as small as approximately 0.0035 to 0.005 inch in diameter, resulting in a
mandrel approximately 0.007 to 0.010 inch in diameter, or as large as approximately 0.055

inch in diameter, resulting in a mandrel approximately 0.11 inch in diameter, for example.

A primary wind of a coil may be formed on the twisted mandrel by winding a
flexible elongated strand of material such as a platinum wire, or platinum alloy, such as
platinum-tungsten. For example, the primary wind coil may be formed by a platinum-
tungsten alloy (PT-W) wire having an outer diameter of approximately 0.0015 to 0.002
inch, or a platinum wire having an outer diameter of approximately 0.0015 to 0.002 inch,
for example, wound around a length of the twisted mandrel, typically with about 500 turns
of the flexible metal wire per inch longitudinally along the mandrel. Winding such an
elongated flexible strand about such a multi-helical twisted mandrel results in a primary
wind coil with a generally twisted shape or pattern corresponding to that of the multi-
helical shape of the twisted mandrel, illustrated in Fig. 3B. As is illustrated in Figs. 5-8,
the resulting primary wind coil has a non-circular cross-sectional shape that is elongated
along a transverse axis 21 that is transverse to the longitudinal axis. The transverse axis
precesses along the longitudinal axis, to provide the primary wind coil with a related
bending moment that also precesses about the longitudinal axis. The cross-sectional shape
of the primary wind coil formed in this manner may be oval or oblong, for example. The
twisted shape or pattern of the primary wind coil thus advantageously provides the primary
wind coil with a variable bending moment, herein defined as the plane of minimum
bending force, which thus varies in different directions or planes along the primary wind

coil.
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While not illustrated, it will be understood by those skilled in the art that the
mandrel may also be formed by an oval, triangular, or other cross-sectional wire that is
twisted about its longitudinal axis to provide the characteristics described herein for

mandrels formed entirely by circular cross-sectional wires.

As is illustrated in Fig. 4, a coil with a secondary shape 22, such as a cylindrical
secondary shape, for example, may be formed by winding the primary wind coil about an
appropriate cylindrical mandrel (not shown), for example, and setting the cylindrical shape
of the cylindrical mandrel in the coil using heat. Alternatively, as is illustrated in
illustrated in Figs. 10 and 11, the secondary shape may be a spherical or spheroidal
secondary shape that may be formed by winding the primary wind coil about an
appropriate spherical or spheroidal mandrel (not shown), and setting the secondary
spherical shape from the spherical or spheroidal mandrel in the coil using heat. In
addition, as is illustrated in Fig. 9, an elongated strand of material 23, such as a shaped or
non-shaped wire, such as a nitinol wire for example, or a stretch resistant member formed
of polymeric material such as polyglycolic acid or polypropylene, for example, may be
inserted into the inner lumen of the of the generally tubular shaped primary wind coil, to
reinforce the primary wind coil to provide greater stretch resistance to the coil or to allow

the primary wind coil to be used as a retractable clot remover, for example.

Exemplary dimensions of a coil with a secondary cylindrical shape are provided in

the table below:
Quter Diameter (mm) Length (cm)
6 26
7 30
8 29

Referring now to Fig. 10, the figure illustrates the filling of an exemplary aneurysm
formed in glass when a symmetrical primary coil without a secondary shape is used to fill
the aneurysm. As can be seen from the illustration, the symmetry of the primary coil about
its longitudinal axis results in the coil forming layers within the aneurysm resulting in
voids in the filling of the aneurysm. Fig. 11 illustrates the improved fill ratio of the same

type of aneurysm model when the coil of the present invention is used. The coil of the
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invention has a "random break" characteristic due to the precession of the bending moment
along the longitudinal axis of the coil which results in a greater "fill ratio" of the aneurysm.
This characteristic also allows greater flexibility in the treatment of aneurysms or other
body cavities with irregular shapes while still being able to accomplish treatment with a

single type of coil.

Referring to Figs. 12-15, a twisted coil pattéfn may be imparted to a primary wind
coil 32 by joining a series of a plurality of generally triangular rings 33 with rounded
corners formed of an elongated strand of flexible material 34, or by winding an elongated
strand of flexible material 34, such as a flexible wire, formed of metal or metal alloy, such
as a platinum wire, or platinum alloy, such as platinum-tungsten, for example, over an
elongated multi-helical or twisted mandrel having a central longitudinal axis 16 to provide
the primary wind coil with a twisted shape with a generally triangular cross-sectional
shape and rounded corners that precesses along the longitudinal axis and a desired twist
cycle pitch. For example, the primary wind coil may be formed by a platinum-tungsten
alloy (PT-W) wire having an outer diameter of approximately 0.0015 to 0.002 inch, or a
platinum wire having an outer diameter of approximately 0.0015 to 0.002 inch, for
example, wound around a length of the twisted mandrel, typically with about 20 turns of
the flexible metal wire per inch longitudinally along the mandrel. The primary wind coil
may, for example, have a twist cycle pitch of about 8 to 9 winds per cycle, for a wire for a
wire with a diameter of about 0.0015 inch wrapped with a pitch of about 0.0016 inch, an

angle of rotation of about 13-14 degrees.

As is illustrated in Figs. 13-14, a primary wind coil according to a presently
preferred embodiment has a cross-sectional non-circular shape that is elongated along
transverse axes (36, 38 as examples) that are at an angle to the longitudinal axis of the
primary wind coil. The transverse axes precess along the longitudinal axis, to provide a
primary wind coil with two related bending moments (one more resistant to bending than
the other due to the non-symmetry with the longitudinal axis) that also precess about the
longitudinal axis. The cross-sectional shape of the primary wind coil formed in this
manner is generally triangular, with rounded corners, for example. The twisted shape or
pattern of the primary wind coil thus advantageously provides the primary wind coil with
two bending moments that vary in different directions or planes along the primary wind

coil.
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As described above, the primary wind coil may be formed into a coil with a
secondary shape, such as a cylindrical, conical, spherical, or spheroidal secondary shape,
or combinations thereof, for example, and an elongated strand of material, such as a
shaped or non-shaped wire, such as a nitinol wire for example, or a stretch resistant
member formed of polymeric material such as polyglycolic acid or polypropylene, for
example, may be inserted into the inner lumen of the of the generally tubular shaped
primary wind coil, to reinforce the primary wind coil, aid stretch resistance of the coil, or

allow the primary wind coil to be used as a retractable stent or a clot remover, for example.

While it will be apparent from the foregoing that while particular forms of the
invention have been illustrated and described, various modifications can be made without
departing from the spirit and scope of the invention. Accordingly, it is not intended that

the invention be limited, except as by the appended claims.
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CLAIMS

1. A primary wind coil having a longitudinal axis, comprising:

a flexible metal wire coiled about the longitudinal axis of the primary wind coil,
said primary wind coil being elongated along said longitudinal axis and having a non-
circular cross-sectional shape, an axis of said non-circular cross-sectional shape precessing

along said longitudinal axis to form a repeating twisted coil pattern.

2. The primary wind coil of Claim 1, wherein said single flexible metal wire coil

has the external shape of a double helix.

3. The primary wind coil of Claim 1, wherein said non-circular cross-sectional
shape is selected from the group consisting of oval, oblong and generally triangular with

rounded cornered shapes.

4. The primary wind coil of Claim 1, wherein said non-circular cross-sectional
shape is elongated along at least one transverse axis that is at an angle to said longitudinal

axis, and wherein said at least one transverse axis precesses along said longitudinal axis.

5. The primary wind coil of Claim 4, wherein said non-circular cross-sectional

shape is elongated along one transverse axis that is transverse to said longitudinal axis.

6. The primary wind coil of Claim 4, wherein said non-circular cross-sectional
shape is elongated along a first transverse axis of lower bending resistance and a second

transverse axis of higher bending resistance that are at an angle to said longitudinal axis.

7. The primary wind coil of Claim 1, wherein said flexible metal coiled wire is
formed to have a secondary shape selected from the group consisting of cylindrical,

conical, spherical and spheroidal shapes and combinations thereof.

8. The primary wind coil of Claim 1, wherein said primary wind coil has an
interior space along a longitudinal axis of the primary wind coil, and further comprising an
axial strand of material extending through the interior space along the longitudinal axis of

the primary wind coil.
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9. The primary wind coil of Claim 1, wherein said primary wind coil has a variable
bending moment in different planes of the primary wind coil, such that the plane of

minimum bending force varies along the length of the primary wind coil.

10. A secondary wind coil, comprising:

a primary wind coil having a longitudinal axis, said primary wind coil being
formed from a flexible metal wire coiled about the longitudinal axis of the primary wind
coil, said primary wind coil being elongated along said longitudinal axis and having a non-
circular cross-sectional shape, said non-circular cross-sectional shape precessing along

said longitudinal axis to form a repeating twisted coil pattern; and

said primary wind coil being formed to have a secondary shape selected from the
group consisting of cylindrical, conical, spherical and spheroidal shapes and combinations

thereof.

11. The secondary wind coil of Claim 10, wherein said single flexible metal coiled

wire has the external shape of a double helix.

12. The secondary wind coil of Claim 10, wherein said non-circular cross-
sectional shape is selected from the group consisting of oval, oblong and generally

triangular with rounded cornered shapes.

13. The secondary wind coil of Claim 10, wherein said non-circular cross-
sectional shape is elongated along at least one transverse axis that is transverse to said
longitudinal axis, and wherein said at least one transverse axis precesses along said

longitudinal axis.

14. The secondary wind coil of Claim 13, wherein said non-circular cross-
sectional shape is elongated along one transverse axis that lies at an angle to said

longitudinal axis.

15. The secondary wind coil of Claim 13, wherein said non-circular cross-
sectional shape is elongated along a first transverse axis and a second transverse axis that

lie at an angle to said longitudinal axis.
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16. The secondary wind coil of Claim 10, wherein said primary wind coil has an
interior space along a longitudinal axis of the primary wind coil, and further comprising an
axial strand of material extending through the interior space along the longitudinal axis of

the primary wind coil.

17. The secondary wind coil of Claim 10, wherein said primary wind coil has a
variable bending moment in different planes of the primary wind coil, such that the plane

of minimum bending force varies along the length of the primary wind coil.

18. A method of forming a flexible metal wire coil having a twisted coil pattern,

comprising:

providing a mandrel having an external surface with a non-circular cross section,
the axis of said non-circular cross section progressing along the mandrel in a pre-

determined longitudinally twisting pattern; and;

winding a flexible coil wire around a length of the mandrel to form a primary wind
coil having a twisted shape corresponding to the shape of the external surface of the

mandrel.

19. The method of Claim 18, further comprising the step of forming said primary
wind coil to have a secondary shape selected from the group consisting of cylindrical,

conical, spherical and spheroidal shapes.

20. The method of Claim 18, wherein said primary wind coil has an interior space
along a longitudinal axis of the primary wind coil, and further comprising the step of
inserting an strand of material into the interior space of the primary wind along the

longitudinal axis of the primary wind coil.
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