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POLYMER COVERED VASO-OCCLUSIVE
DEVICES AND METHODS OF PRODUCING SUCH
DEVICES

[0001] This is a continuation of U.S. patent application
Ser. No. 09/326,188, filed Jun. 4, 1999, entitled “Polymer
Covered Vaso-Occlusive Devices and Methods of Producing
Such Devices”.

FIELD OF THE INVENTION

[0002] This invention relates to a medical device for
forming an embolism within the vasculature of a patient.
More particularly, it concerns an occlusion device compris-
ing an inner core covered with a polymer. The device
encourages cellular attachment and growth while maintain-
ing favorable handling, deployment and visualization char-
acteristics.

BACKGROUND

[0003] Vaso-occlusive devices are surgical implements
that are placed within open sites in the vasculature of the
human body. The devices are introduced typically via a
catheter to the site within the vasculature that is to be closed.
That site may be within the lumen of a blood vessel or
perhaps within an aneurysm stemming from a blood vessel.

[0004] There are a variety of materials and devices which
have been used to create such emboli. For instance, inject-
able fluids such as microfibrillar collagen, various polymeric
foams and beads have also been used. Polymeric resins,
particularly cyanoacrylate resins, have been used as inject-
able vaso-occlusive materials. Both the injectable gel and
resin materials are typically mixed with a radio-opaque
material to allow accurate siting of the resulted material.
There are significant risks involved in use of a cyanoacry-
lates, because of the potential for misplacement. Such a
misplacement would create emboli in undesired areas.
Cyanoacrylate resins or glues are somewhat difficult, if not
impossible, to retrieve once they are improperly placed.

[0005] Other available vaso-occlusive devices include
mechanical vaso-occlusive devices. Examples of such
devices are helically wound coils, ribbons and braids. Vari-
ous shaped coils have been described. For example, U.S.
Pat. No. 5,624,461 to Mariant describes a three-dimensional
in-filling vaso-occlusive coil. U.S. Pat. No. 5,639,277 to
Mariant et al. describe embolic coils having twisted helical
shapes and U.S. Pat. No. 5,649,949 to Wallace et al.
describes variable cross-section conical vaso-occlusive
coils. A random shape is described, as well. U.S. Pat. No.
5,645,082 to Sung et al., describes methods for treating
arrhythmia using coils which assume random configurations
upon deployment from a catheter. U.S. Pat. No. 5,527,338 to
Purdy describes a multi-element intravascular occlusion
device in which shaped coils may be employed. Substan-
tially spherical shaped occlusive devices are described in
U.S. Pat. No. 5,423,829 to Pham and Doan. U.S. Pat. No.
5,690,666 entitled “Ultrasoft Embolization Coils with Fluid-
Like Properties” by Berenstein et al., describes a coil having
little or no shape after introduction into the vascular space.

[0006] There are a variety of ways of discharging shaped
coils and linear coils into the human vasculature. In addition
to those patents which suggest the physical pushing of a coil
out into the vasculature (e.g., U.S. Pat. No. 4,994,069 to
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Ritchart et al.), there are a number of other ways to release
the coil at a specifically chosen time and site. U.S. Pat. No.
5,354,295 and its parent, 5,122,136, both to Guglielmi et al.,
describe an electrolytically detachable embolic device.

[0007] A variety of mechanically detachable devices are
also known. For instance, U.S. Pat. No. 5,234,437, to
Sepetka, shows a method of unscrewing a helically wound
coil from a pusher having interlocking surfaces. U.S. Pat.
No. 5,250,071, to Palermo, shows an embolic coil assembly
using interlocking clasps mounted both on the pusher and on
the embolic coil. U.S. Pat. No. 5,261,916, to Engelson,
shows a detachable pusher-vaso-occlusive coil assembly
having an interlocking ball and keyway-type coupling. U.S.
Pat. No. 5,304,195, to Twyford et al., shows a pusher-vaso-
occlusive coil assembly having an affixed, proximally
extending wire carrying a ball on its proximal end and a
pusher having a similar end. The two ends are interlocked
and disengage when expelled from the distal tip of the
catheter. U.S. Pat. No. 5,312,415, to Palermo, also shows a
method for discharging numerous coils from a single pusher
by use of a guidewire which has a section capable of
interconnecting with the interior of the helically wound coil.
U.S. Pat. No. 5,350,397, to Palermo et al., shows a pusher
having a throat at its distal end and a pusher through its axis.
The pusher sheath will hold onto the end of an embolic coil
and will then be released upon pushing the axially placed
pusher wire against the member found on the proximal end
of the vaso-occlusive coil.

[0008] In addition, several patents describe deployable
vaso-occlusive devices that have added materials designed
to increase their thrombogenicity. For example, fibered
vaso-occlusive devices have been described at a variety of
patents assigned to Target Therapeutics, Inc., of Fremont,
Calif. Such vaso-occlusive coils having attached fibers is
shown in U.S. Pat. Nos. 5,226,911 and 5,304,194, both to
Chee et al. Another vaso-occlusive coil having attached
fibrous materials is found in U.S. Pat. No. 5,382,259, to
Phelps et al. The Phelps et al. patent describes a vaso-
occlusive coil which is covered with a polymeric fibrous
braid on its exterior surface.

[0009] Inother attempts to increase thrombogenesis, vaso-
occlusive coils have also been treated with variety of sub-
stances. For instance, U.S. Pat. No. 4,994,069, to Ritchart et
al., describes a vaso-occlusive coil that assumes a linear
helical configuration when stretched and a folded, convo-
luted configuration when relaxed. The stretched condition is
used in placing the coil at the desired site (by its passage
through the catheter) and the coil assumes a relaxed con-
figuration—which is better suited to occlude the vessel—
once the device is so placed. Ritchart et al. describes a
variety of shapes. The secondary shapes of the disclosed
coils include “flower” shapes and double vortices. The coils
may be coated with agarose, collagen or sugar.

[0010] U.S. Pat. No. 5,669,931 to Kupiecki et al. discloses
coils that may be filed or coated with thrombotic or medici-
nal material. U.S. Pat. No. 5,749,894 to Engleson discloses
an aneurysm closure method which involves a reformable
polymer.

[0011] U.S. Pat. No. 5,536,274 to Neuss shows a spiral
implant which may assume a variety of secondary shapes.
Some complex shapes can be formed by interconnecting two
or more of the spiral-shaped implants. To promote blood
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coagulation, the implants may be coated with metal par-
ticles, silicone, PTFE, rubber lattices, or polymers.

[0012] None of the documents described above suggest a
device such as that claimed herein.

SUMMARY OF THE INVENTION

[0013] This invention relates to devices and to methods for
making vaso-occlusive devices typically at least partially
covered by a polymeric fiber. The vaso-occlusive device
often will have a primary shape of a helical coil. In particu-
lar, one variation of the inventive device is a simple wire
wrapped with at least one polymeric fiber. The term poly-
meric fiber used throughout this invention, refers to, for
example, a mono-filament, such as a single filament, or a
multi-filament construction, such as a plurality of single
filaments wound, braided, or otherwise joined together. The
wire is then formed into a primary shape of a helical coil.
The helical coil may be, for example, elongated or substan-
tially spherical. Also, the pitch of the polymeric fiber on the
wire may range from, for example, open to closed, depend-
ing upon the desired density of polymer desired. The pitch
of the fiber may also be consistent or vary along the wire.

[0014] Another variation of the inventive device is a wire
formed into a primary shape of a helical coil with at least one
polymeric fiber that is wound or braided about the helical
coil, thus covering the coil. The helical coil may be, for
example, elongated or substantially spherical. Also, the pitch
of the polymeric fiber on the coil may range from, for
example, open to closed, depending upon the desired distal
density of polymer desired. For example, a fiber with an
open pitch will have spaces between each turn of the fiber,
while a fiber with a closed pitch will not have spaces
between each turn. The proximal pitch of the polymeric fiber
may also be consistent or vary along the coil.

[0015] Another variation of the inventive device is at least
one polymeric fiber braided about the device. The braid
covering the device may be woven with or without openings.
In the case where the braid is woven without openings, the
braid may be, for example, tightly braided.

[0016] Another variation of the inventive device is a
polymer covered vaso-occlusive device having a primary
shape substantially of a helical coil and further having a
secondary shape. This secondary shape of the polymer
covered device may be selected from a variety of shapes and
sizes tailored for the particular use of the inventive vaso-
occlusion device. Such secondary shapes are, for example,
a clover-leaf, figure-8, substantially spherical, flower-
shaped, vortex, ovoid, randomly shaped. The random shape
includes both randomly shaped 2-D and 3-D coils. Other
shapes as required for a particular use of the invention are
also within the scope of this invention.

[0017] An aspect of this inventive device is that the
vaso-occlusive device may be radiopaque, e.g., a radiopaque
inner core wire or the addition of a radiopaque additive
added to the polymeric fiber. The device may also employ a
detachable tip, e.g., mechanically detachable, electrolyti-
cally detachable, etc. Yet another variation of the invention
is the use of an insulative or highly resistive member
proximally of the coil. The resistive or insulating member
may be any suitable material such as inorganic oxides, glues,
polymeric inserts, polymeric coverings, etc. This insulative
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or highly resistive layer or joint appears to focus the current
flow through the sacrificial electrolytic joint and thereby
improves the rate at which detachment of the implant occurs.

[0018] The polymeric material of the inventive device
may be, but is not limited to, protein based polymers,
absorbable polymers, and non-protein based polymers, or a
combination thereof. The wire may be, but is not limited to
gold, rhenium, platinum, palladium, rhodium, ruthenium,
stainless steel, tungsten, and alloys thereof, or any combi-
nation thereof.

[0019] The polymeric material may be a carrier for various
agents, for example, drugs, medicines, growth factors, or
genes.

[0020] Another variation of this invention includes coils
having at least one stretch-resisting member extending
through the interior of the primary shape of the coil. The
stretch resistant member is fixedly attached, directly or
indirectly, to the coil in at least two locations. The stretch-
resisting member is preferably loose within the coil to
prevent binding of the coil during passage of the coil through
turns in the vasculature. A stretch-resisting member may
also be used in a coil with a secondary shape.

[0021] This invention further includes the process of
winding or braiding at least one polymeric fiber about a wire
and shaping the covered wire into a primary shape of, for
example, a helical coil. Again, the polymeric fiber includes,
for example, a mono-filament, such as a single filament, or
a multi-filament construction, such as a plurality of filaments
wound, braided, or otherwise associated or joined together.
As mentioned above, the pitch of the polymeric fiber may
range, for example, from open to closed, or the pitch may
vary, depending upon the desired density of polymer wanted
on the final device.

[0022] Another process variation of the invention includes
the steps of winding or braiding at least one polymeric fiber
about a mandrel, for example, a Teflon mandrel, then apply-
ing heat to the polymeric fiber. Next, the heated polymeric
fiber is removed from the mandrel and attached to the a wire
having a primary shape of, for example, a helical coil.

[0023] The invention may include, for example, dipping or
extruding a polymeric material upon the wire and then
shaping the wire into a primary shape.

[0024] The invention may also include the step of further
shaping a polymeric covered wire having a primary shape
into a secondary shape. This may be performed, for
example, by pulling a stylet through the primary shape of the
polymeric covered wire. Examples of such secondary shapes
are provided above.

[0025] This invention may also includes the step of further
heating a polymeric covered wire after the polymeric cov-
ered wire is shaped into a secondary shape.

[0026] This invention further includes the process of at
least partially occluding an aneurysm using the inventive
vaso-occlusive device as described above. For, example, the
device may be deployed into the aneurysm by using a
detachable tip. As described above, the detachable tip may
be, for example, an electrolytically detachable or mechani-
cally detachable tip.

[0027] As will become apparent, preferred features and
characteristics of one variation and/or aspect of the inven-
tion are applicable to any other variation and/or aspect of the
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1A shows a partial view of a polymeric
covered occlusive device having a core wire having a
primary shape with at least one polymeric fiber wrapped
about the core wire.

[0029] FIG. 1B shows a partial sectional view of a poly-
meric covered occlusive device having a core wire having a
primary shape with at least one wound polymeric fiber
covering the primary shape of the device.

[0030] FIG. 1C shows a side view, partial cutaway of a
vaso-occlusive coil made according to the invention having
a generally linear fibrous stretch-resisting member.

[0031] FIG. 1D shows a side view, partial cutaway of a
vaso-occlusive coil made according to the invention having
a generally linear wire stretch-resisting member.

[0032] FIG. 1E shows a side view, partial cutaway of a
vaso-occlusive coil made according to the invention having
a generally helical stretch-resisting member.

[0033] FIGS. 1F, 1G, and 1H show side view, partial
cutaways of typical ends of the inventive vaso-occlusive
coils.

[0034] FIGS. 2A-2G illustrate variations of a polymeric
covered occlusion device having secondary shapes.

[0035] FIG. 2A illustrates a variation of a polymeric
covered occlusion device having a secondary shape of that
of a clover leaf.

[0036] FIG. 2B illustrates a variation of a polymeric
covered occlusion device having a secondary shape of that
of a twisted figure-8.

[0037] FIG. 2C illustrates a variation of a polymeric
covered occlusion device having a secondary shape of that
of a flower.

[0038] FIG. 2D illustrates a variation of a polymeric
covered occlusion device having a substantially spherical
secondary shape.

[0039] FIG. 2E illustrates a variation of a polymeric
covered occlusion device having a random secondary shape.

[0040] FIG. 2G illustrates a variation of a polymeric
covered occlusion device having a secondary shape of that
of a vortex.

[0041] FIG. 2H illustrates a variation of a polymeric
covered occlusion device having an secondary shape of that
of an ovoid.

[0042] FIG. 3 illustrates the method of winding or braid-
ing at least one polymeric fiber about a wire.

[0043] FIG. 4 illustrates a method of shaping a secondary
shape by pulling a stylet through a primary shape of a
polymeric wrapped wire.

[0044] FIG. 5A illustrates a method of deploying a poly-
meric covered occlusion device to at least partially occlude
an aneurysm.

[0045] FIG. 5B illustrates a polymeric covered occlusion
device with an mechanically detachable tip.

[0046] FIG. 5C illustrates a polymeric covered occlusion
device with a electrolytically detachable tip.
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[0047] FIG. 5D illustrates a polymeric covered occlusion
device with a electrolytically detachable tip with a highly
resistive or insulative member proximally of the implant.

DESCRIPTION OF THE INVENTION

[0048] This invention involves vaso-occlusive devices
which are at least partially wrapped with polymeric fiber and
methods of producing those vaso-occlusive devices.

[0049] FIG. 1A shows a typical vaso-occlusive device
(100) in which a wire (104) has been wrapped with a
polymer (102) according to the procedures described herein.
Vaso-occlusive device (100) is shown in FIG. 1 to comprise
a primary shape of a helically wound coil (104) having tips
(106) to ease the potential of the component wire to cause
trauma in a blood vessel. The device is made up of a wire
(104) which has been wrapped with a polymeric fiber (102).
In the illustration of FIG. 1A, the fiber (102) is wrapped
about the wire (104) with an open pitch. However, a closed
pitch (not shown) is also contemplated. In this variation, the
polymeric fiber (108) is displayed as a single filament.
However, a multi-filament (not shown), such as a plurality
of filaments joined together is also contemplated. The poly-
meric fiber (108) may be attached to the wire (110) at any (or
all) points on the wire (110). Obviously, the polymeric fiber
is first placed on the wire per se and the combination of fiber
and wire is then made into the secondary shape, i.c., the
helical coil, using one of the procedures described below.

[0050] FIG. 1B shows another variation of the vaso-
occlusive device (100) in which a polymeric fiber (108) has
been placed over a helically wound coil (104) which has
already been formed into its primary shape. In this example,
the primary shape of the device (100) is a helically wound
coil. The device (100) has tips (106) to minimize the
potential of the component wire to cause trauma in a blood
vessel. Again, the pitch of the fiber (108) about the device
(100) is shown to be closed for illustrative purposes only, it
is also contemplated that the pitch may be open.

[0051] Preferably, the device (100), which may have a
primary shape of a helical coil as shown in the Figures,
comprises a radio-opaque, biocompatible material such as a
metal or a polymer. The device (100) may be, but is not
necessarily, subjected to a heating step to set the wire into
the primary shape. Suitable metals may be selected from
gold, rhenium, platinum, palladium, rhodium, ruthenium,
various stainless steels, tungsten, and alloys thereof. The
preferred alloy is one comprising upwards of 90 percent
platinum and at least a portion of the remainder, tungsten.
This alloy exhibits excellent biocompatibility and yet has
sufficient strength and ductility to be wound into coils of
primary and secondary shape and will retain those shapes
upon placement of the vaso-occlusive device in the human
body. The diameter of the wire typically making up the coils
is often in a range of 0.005 and 0.050 inches, preferably
between about 0.001 and about 0.003 inches in diameter.

[0052] The polymeric material (106, 108) covering the
device may be selected from a wide variety of materials. On
such example is a suture-type material which is for example,
a single mono-filament or multiple filaments braided or
otherwise associated or joined together. Synthetic and natu-
ral polymers, such as polyurethanes (including block
copolymers with soft segments containing esters, ethers and
carbonates), polyethers, polyimides (including both thermo-
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setting and thermoplastic materials), acrylates (including
cyanoacrylates), epoxy adhesive materials (two part or one
part epoxy-amine materials), olefins (including polymers
and copolymers of ethylene, propylene butadiene, styrene,
and thermoplastic olefin elastomers), polydimethyl silox-
ane-based polymers, cross-linked polymers, non-cross
linked polymers, Rayon, cellulose, cellulose derivatives
such nitrocellulose, natural rubbers, polyesters such as lac-
tides, glycolides, caprolactone polymers and their copoly-
mers, hydroxybutyrate and polyhydroxyvalerate and their
copolymers, polyether esters such as polydioxinone, anhy-
drides such as polymers and copolymers of sebacic acid,
hexadecandioic acid and other diacids, orthoesters may be
used. Mixtures, copolymers (both block and random) of
these materials are also suitable. Polyethylene teraphthalate
(PET or Dacron) is a preferred non-biodegradable polymer.
In a preferred variation, the polymeric fiber comprises
materials which are biodegradable and that have already
been approved for use in wound healing in humans. Typi-
cally and preferred biodegradable polymers include polyg-
lycolic and polylactic acids.

[0053] The pitch of the winding of the polymeric fiber
(102, 108) can range from closed to open depending on the
desired density of polymer. The resulting primary coil
diameter typically is in the range of 0.005 to 0.150 prefer-
ably 0.008 and 0.085 inches. Smaller coil diameters are used
for finer problems and larger coil diameters and wire diam-
eters are used in larger openings in the human body. A
typical coil primary diameter is 0.007 and 0.018 inches. The
axial length of a vaso-occlusive device may be between 0.5
and 100 centimeters. The coils are typically wound to have
between 10 and 75 turns per centimeter.

[0054] In the variation detailed in FIG. 1A, at least one
polymeric fiber (102) is first wound over a wire (104). While
this variation discusses winding the fiber (102) over the
wire(104), the invention includes the act of braiding the fiber
(102) about the wire (104) as well. The polymer tends to
flatten onto the wire, taking on a low profile and the
appearance of a ribbon. The covered wire is then formed into
a primary shape, for example a coil, by winding the primary
shape about a cylindrical or conical mandrel. Other suitable
primary shapes include braids, ribbons or the like. Prefer-
ably, the primary shape is formed by using a closed pitch
winding over a mandrel diameter of between about 0.005
and about 0.009 inches. Larger or smaller mandrels and open
pitches may also be employed. The occlusion devices of the
invention may be made using conventional equipment and
procedures.

[0055] The polymer may be made to adhere to the under-
lying wire by melting the polymer or by the use of adhesives
or by other suitable means. The then-secured polymer cov-
ered wire is then rolled into a helical shape.

[0056] FIG. 1B depicts a typical vaso-occlusive device
(100) in which a wire (104) has been formed into the
primary shape of a helical coil. The helical coil is then
covered with a wrapped polymeric fiber (108) using the
procedures described below. Vaso-occlusive device (100), as
shown in FIG. 1B, comprises a helically wound coil having
tips (106) to ease the potential of the component wire to
cause trauma in a blood vessel. The device comprises a wire
(104) wrapped in a closed pitch fashion with a polymeric
fiber (108). Heat may be applied to the wrapped polymeric
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fiber prior to the placement of the fiber (108) on the wire
(104) or subsequent to the placement of the fiber on the
coiled wire (104) to provide some form to the polymeric
fiber.

[0057] FIGS. 1C, 1D, and 1E show side-view partial
cross-sections of variations of the inventive coil with
stretch-resistant members. In these illustrations, the poly-
meric covering (108) is shown to be wrapped about the
primary shape (104) for illustrative purposes only. The use
of a wire wrapped with at least one polymeric fiber (not
shown) is also contemplated with these variations of the
inventive device.

[0058] The variations shown in FIGS. 1C and 1D are
made up of a helically wound outer coil (104) having a first
end (106, 112) and a second end (110, 114). These variations
include a stretch-resisting member (116,118) which is shown
to be fixedly attached both to the first end (106, 112) and to
the second end (110, 114). In certain circumstances, it may
be desirable to attach the stretch-resisting member (116,
118) only to one of the two ends, to at least one site between
the to ends, or to neither of the two ends. Clearly, for
attaining stretch resistance, the stretch-resisting member
must be attached to at least two points on the coil.

[0059] The stretch-resisting member (116) of the variation
shown in FIG. 1C is fibrous and desirably polymeric. The
stretch-resisting member (116) may be thermoplastic or
thermosetting and comprise a bundle of strands or a single
strand melted onto, glued, or otherwise fixedly attached to
the vaso-occlusive coil (100).

[0060] In this variation of the invention, the stretch-resist-
ing member is preferably a polymer (natural or synthetic)
which may be heat-set in the secondary form in situ. The use
of heat-treated or heat-formed polymeric strand (single or
multiple) should not affect the secondary shape of the coil
and provides stretch resistance while allowing the selected
form of the device to perform its occlusive function without
interference from the safety component. In some instances,
it may also be desirable to include one or more metallic
strands in the stretch-resisting member (116) to provide
stiffness or electrical conductance for specific applications.

[0061] The stretch-resisting member (118) of the variation
shown in FIG. 1D is a simple wire or “ribbon” which is
soldered, brazed, glued, or otherwise fixedly attached to the
first end (106), second end (110), or to the coil at one or more
locations intermediate to those the ends.

[0062] The variation shown in FIG. 1E includes a stretch-
resisting member (120) which is comprised of a helically
wound coil which is soldered, brazed, glued, or otherwise
fixedly attached to the first end (106) or second end (110) or
in one or more intermediate locations. The stretch-resisting
member (120) in this configuration provides a greater mea-
sure of lateral flexibility than the wire variation (118 in FIG.
1D). It may be wound in either the same direction as is the
outer coil (104) or in the alternate direction. A modest
drawback to this variation is that it will stretch more than the
FIG. 1D variation when axially stressed.

[0063] The materials used in constructing the stretch-
resisting member (116, 118, 120) may be any of a wide
variety of materials; preferably, a radio-opaque material
such as a metal or a polymer is used. Suitable metals and
alloys the stretch-resisting member (116, 118, 120) include
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the Platinum Group metals, especially platinum, rhodium,
palladium, rhenium, as well as tungsten, gold, silver, tanta-
lum, and alloys of these metals. These metals have signifi-
cant radio-opacity and in their alloys may be tailored to
accomplish an appropriate blend of flexibility and stiffness.
They are also largely biologically inert. Highly preferred is
a platinum/tungsten alloy, e.g., 8% tungsten and the remain-
der platinum.

[0064] In some variations of the invention, the ribbon or
coil stretch-resisting members (116, 118, 120) may be of any
of a wide variety of stainless steels if some sacrifice of
radio-opacity and flexibility may be tolerated. Very desirable
materials of construction, from a mechanical point of view,
are materials which maintain their shape despite being
subjected to high stress. Certain “super-elastic alloys”
include various nickel/titanium alloys (48-58 atomic %
nickel and optionally containing modest amounts of iron);
copper/zinc alloys (38-42 weight % zinc); copper/zinc alloys
containing 1-10 weight % of beryllium, silicon, tin, alumi-
num, or gallium; or nickel/aluminum alloys (36-38 atomic
% aluminum). Particularly preferred are the alloys described
in US. Pat. Nos. 3,174,851; 3,351,463; and 3,753,700.
Especially preferred is the titanium/nickel alloy known as
“nitinol”. These are very sturdy alloys which will tolerate
significant flexing without deformation even when used as
very small diameter wire.

[0065] 1If a super-elastic alloy such as nitinol is used in the
device, the diameter of the coil wire may be significantly
smaller than that used when the relatively more ductile
platinum or platinum/tungsten alloy is used as the material
of construction.

[0066] Once the primary coil (104) is wound, the stretch-
resisting member (116, 118, 120) is inserted into the lumen
of the primary coil (104) and secured to the coil as desired.
Ends (106, 112, 110, 114) are preferably of the same
diameter as is the primary coil (104).

[0067] Alternatively, the primary coil is shaped into its
secondary form, and heat treated so that the coil will return
to the secondary form when relaxed. The stretch-resistant
member is then inserted into the lumen of the coil and
secured as desired. The stretch-resisting member does not
substantially affect the shape of the coil when the coil returns
to the secondary form. Preferably, the stretch-resistant mem-
ber is attached to a hook inside the lumen and heat treatment
used to fuse at least parts of the polymer to the coil. The coil
is then allowed to relax to form its secondary form and any
stretch-resistant filaments extending from the coil are heat
sealed to the coil. It is required that there be some amount
of slack in the polymer to allow the coil to pass through the
catheter as described herein and to allow the coil to return to
its secondary form. The secondary coil may be heated
treated. Preferably, heat treatment occurs at a temperature
from at least about the T, of the polymer to a temperature
below the melting point of polymer.

[0068] Suitable polymeric materials for the polymeric
stretch-resisting member (116, 118, 120) can be either
thermosetting or thermoplastic. For this variation of the
invention, however, the polymer should be one for which a
strand may be heat-treated to accept a form corresponding to
the secondary form. Thermoplastics are preferred because
they allow simplification of the procedure for constructing
the device (100) since they may be melted and formed into
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the end or ends (106, 112, 110, 114). Simple devices such as
soldering irons may be used to form the ends. Thermosetting
plastics would typically be held in place by an adhesive.
Suitable polymers include most biocompatible materials
which may be made into fibers but include thermoplastics,
e.g., polyesters such as polyethyleneterephthalate (PET)
especially Dacron; polyamides including the Nylons; poly-
olefins such as polyethylene, polypropylene, polybutylene,
their mixtures, alloys, block and random copolymers; polyg-
lycolic acid; polylactic acid; fluoropolymers (polytetrafluo-
roethylene), or even silk or collagen. The stretch-resistant
polymer may be made from materials used as dissolvable
sutures, for instance polylactic acid or polyglycolic acid, to
encourage cell growth in the aneurysm after their introduc-
tion. Preferred because of the long history of safe and
effective usage in the human body are fibrous PET (sold as
Dacron) and polypropylene. Highly preferred is polypropy-
lene, for instance, in the form of 10-0 and 9-0 polypropylene
suture material. We have found that the diameter of the
polymer is typically between about 0.0001 inches and about
0.01 inches.

[0069] FIGS. 1F, 1G, and 1H show side-view partial
cross-sections of an end of inventive coil (100). Again, in
these illustrations, the polymeric covering (108) is shown to
be wrapped about the primary shape (104) for illustrative
purposes only. The use of a wire wrapped with at least one
polymeric fiber (not shown) is also contemplated with these
variations of the inventive device. FIG. 1F also shows the
helically wound outer coil (104) having an end (110) which
is formed from a formerly molten strand which also makes
up the stretch-resisting member (116). An end of this type
may be considered to have modestly higher vaso-occluding
properties than a metallic end. Other functional equivalents
to this structure include ends (110) formed of glues such as
epoxies and their equivalents, and which are mechanical in
nature.

[0070] FIG. 1G shows an external knot (122) which fixes
the length of the coil member (104) and keeps it from
stretching; FIG. 1H shows a reformed mass of formerly
molten polymer or of glue which is of a diameter larger than
the inner diameter of coil (104) and prevents the coil from
stretching. The knot (122) and block (124) are not shown to
be attached to the coil (104) but may be.

[0071] The vaso-occlusive devices shown are illustrative
of the coils described below.

[0072] FIGS. 2A-2G illustrates a vaso-occlusive device
(100) of this invention having a secondary shape. These
shapes are simply indicative of the various secondary shapes
suitable for this invention. Other shapes may be used as well.
While not shown, the devices illustrated in FIGS. 2A-2G
incorporate the polymeric fiber as provided in FIGS. 1A-1B.
The device (100) may be, but is not necessarily, subjected to
a heating step as known to one skilled in the art to set the
device into a secondary shape. As previously mentioned, the
devices (100) having secondary shapes, may, but are not
limited to including a stretch resisting member.

[0073] FIG. 2A depicts a device (100) having a secondary
shape of a clover leaf. FIG. 2B depicts a device (100) having
a secondary shape of a twisted figure 8. FIG. 2C depicts a
device (100) having a flower-shaped secondary shape. FIG.
2D depicts a device (100) having a substantially spherical
secondary shape. FIG. 2E illustrates a device (100) having
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a random secondary shape. FIG. 2F illustrates a device
(100) having secondary shape of a vortex. FIG. 2H illus-
trates a device (100) having a secondary shape of an ovoid.

[0074] FIG. 3 illustrates the method of wrapping at least
one polymeric fiber (102) about a wire (104) which is
subsequently formed into a primary shape (not shown.) The
wire (104) is rotated and the polymeric fiber (102) is simply
wound onto the rotating wire. As mentioned above, the pitch
of the fiber (102) may be either open or closed. The
polymeric fiber (102) may be made to adhere to the wire
(104) at one or more places. The fiber (102) itself may be
sticky by, e.g., addition of such adhesives as ethylvinylac-
etate (EVA) to the polymer or onto the fiber itself.

[0075] FIG. 4 depicts a method of forming a secondary
shape from the primary polymer covered shape. A stylet,
mandrel, or shaping element (200) having a specific tip
shape (210) is pulled through the inner diameter of the
device (100), thereby mechanically working and shaping the
device (100). In some instances, the mandrel may be used
along with heat to shape the device.

[0076] Not shown is the step of further heating a poly-
meric covered device after the device is formed into a
secondary shape. This additional heating step may be used
to set the polymeric material to the secondary shape of
device (100).

[0077] FIG. 5A illustrates the deployment of the device
(100) into an aneurysm (220). In this instance, the device
(100) is placed in the aneurysm (220) with the aid of a
catheter (222). The catheter (222) is maneuvered to the neck
(224) of the aneurysm (220). In this example, the device
(100) has a random secondary shape, however, the device
(100) may have any shape as the situation requires.

[0078] FIG. 5B illustrates a variation of a device (100)
having a mechanically detachable tip (300). The device is
deployed using a delivery device (304) e.g., a catheter, and
a pusher (306) having a mechanically detachable tip (302).
When the delivery device (304) is withdrawn, the more
proximal mechanically detachable tip (302) is able to sepa-
rate from the mechanically detachable tip (300) lodged on
the coil (100).

[0079] FIG. 5C illustrates a variation of a device (100)
having an electrolytically detachable tip (314). The device
(100) is delivered via a pusher (308) having an electrolyti-
cally detachable tip (312). The device (100) is connected to
the pusher (308) via an electrolytically detachable joint
(310). When the device (100) is placed as desired in the
aneurysm (220), the electrolytically detachable joint (310) is
dissolved via applying an appropriate electrical current to
the pusher (308). The Guglielmi patent described above
provides an expanded explanation of how the electrolyti-
cally severable joint operates.

[0080] FIG. 5D illustrates a variation of the electrolytic
joint with an insulative layer. FIG. 5I) shows a close-up of
the more distal portion of one variation of the invention. This
variation includes the core wire (310) and the attached
implant (320). Typically, core wire (310) will be conductive
but covered with a insulative layer (311) both proximal and
distal of electrolytically severable joint (312). The interior of
core wire (310) is physically attached to implant (320). In
this variation of the invention, implant (320) is a helically
wound coil.
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[0081] In this variation, a highly resistive or insulative
layer or member electrically isolates implant (320) from
core wire (310). In this variation of the invention, the
insulating layer (311) on the core wire (310) is simply
continued to the end of the core wire (310). An optional
bushing (314) is placed on the core wire (310) to further
separate it from implant (320). Optional bushing (314) may
be of any suitable material since it operates merely as a
spacer. Insulating layer (311) may be polytetrafluoroethyl-
ene (e.g., Teflon), polyparaxylxylene (e.g., Parylene), poly-
ethyleneterephthalate  (PET), polybutyleneterephthalate
(PBT), cyanoacrylate adhesives, or other suitable insulating
layer, but preferably is polymeric and most preferably is
PET.

[0082] The devices made according to the procedure of
this invention may be introduced to a selected site within the
body using the procedure such as the one outlined below.
This procedure may be used in treating a variety of maladies.
For instance, in treatment of an aneurysm (220), the aneu-
rysm (220) itself may be filled with the devices made
according to the procedure specified here. Shortly after the
devices are placed within the aneurysm (220), it is thought
that the outer coating causes an irritation at the site. An
emboli begins to form and, at some later time, is at least
partially replaced by highly vascularized material which is at
least partially collagenous. This mass is formed around the
inventive vaso-occlusive devices.

[0083] In general, a selected site is reached through the
vascular system using a collection of specifically chosen
catheters and guide wires. It is clear that should the aneu-
rysm (220) be in a remote site, e.g., in the brain, methods of
reaching this site are somewhat limited. One widely
accepted procedure is found in U.S. Pat. No. 4,994,069 to
Ritchart, et al. It utilizes a fine endovascular catheter such as
is found in U.S. Pat. No. 4,739,768, to Engelson.

[0084] First of all, a so-called “introducer” catheter is
introduced through an entry site in the vasculature. Typi-
cally, this would be through a femoral artery in the groin.
Other entry sites sometimes chosen are found in the neck
and are in general well known by physicians who practice
this type of medicine. Once the introducer is in place, a
smaller but still fairly large catheter, such as a guiding
catheter, is then used to provide a safe passageway from the
entry site to a region near the site to be treated. For instance,
in treating a site in the human brain, a guiding catheter
would be chosen which would extend from the entry site at
the femoral artery, up through the large arteries extending to
the heart, around the heart through the aortic arch, and
downstream through one of the arteries extending from the
upper side of the aorta. The guide catheter would terminate
in the region just above the neck. A guidewire and neurovas-
cular catheter such as that described in the Engelson patent
are then placed through the guiding catheter as a unit. Once
the tip of the guidewire reaches the end of the guiding
catheter, it is then extended using fluoroscopy, by the
physician to the site to be treated. During the trip between
the treatment site and the guide catheter tip, the guidewire is
advanced for a distance and the neurovascular catheter
follows. Once both the distal tip of the neurovascular
catheter and the guidewire have reached the treatment site,
and the distal tip of that catheter is appropriately situated,
¢.g., within the mouth of an aneurysm (220) to be treated, the
guidewire is then withdrawn. The neurovascular catheter
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then has an open lumen to the outside of the body. The
devices of this invention are then pushed through the lumen
to the treatment site. They are held in place variously
because of their shape, size, or volume. These concepts are
described in the Ritchart et al patent as well as others. Once
the vaso-occlusive devices are situated in the vascular site,
the embolism forms.

[0085] In another variation, the polymeric fiber covering
the device are used as a carrier for bioactive molecules.
Non-limiting examples of bioactive materials which
increase cell attachment and/or thrombogenicity include
both natural and synthetic compounds, e.g., collagen,
fibrinogen, vitronectin, other plasma proteins, growth fac-
tors (e.g., vascular endothelial growth factor, “vEGF”),
synthetic peptides of these and other proteins having
attached RGD (arginine-glycine-aspartic acid) residues,
generally at one or both termini. In addition, polynucleotide
sequences encoding peptides (e.g., genes) involved in
wound healing or promoting cellular attachment may also be
used.

[0086] Modifications of the procedure and device
described above, and the methods of using them in keeping
with this invention will be apparent to those having skill in
this mechanical and surgical art. These variations are
intended to be within the scope of the claims that follow.

1. A method for making a vaso-occlusive device, com-
prising:

a) winding at least one polymeric fiber about a wire; and

b) shaping the polymer wrapped wire of step (a) into a

primary shape.

2. The method of claim 1 further shaping the polymeric
covered wire into a secondary shape.

3. The method of claim 2 where the secondary shape is
shaped by pulling a stylet through the primary shape of the
polymeric covered wire.

4. The method of claim 2 wherein the secondary shape is
selected from the group consisting of clover-leaf shaped,
figure-8 shaped, flower-shaped, vortex-shaped, ovoid, ran-
domly shaped, spherical shaped, and substantially spherical.

5. The method of claim 1 wherein the primary shape
comprises an elongated helical coil.

6. The method of claim 1 wherein the primary shape is a
cylindrical helical coil.

7. The method of claim 1 wherein the wire comprises a
metal selected from gold, rhenium, platinum, palladium,
rhodium, ruthenium, stainless steel, tungsten, and alloys
thereof.

8. The method of claim 1 wherein the polymeric fiber is
selected from the group consisting of protein-based poly-
mers, absorbable polymers, and nonprotein based polymers.

9. The method of claim 1 where the polymeric fiber
comprises a mono-filament.

10. The method of claim 1 where the polymeric fiber
comprises a multi-filament comprised of a plurality of
filaments.

11. The product made by the method of claim 1.

12. A method for making a vaso-occlusive device, com-
prising:

a) shaping a wire into a primary shape;

b) winding at least one polymeric fiber about a mandrel;
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¢) applying heat to the at least one polymeric fiber;

d) removing the at least one polymeric fiber from the
mandrel; and

e) attaching the at least one polymeric fiber about the

primary shape of the wire.

13. The method of claim 12 further comprising the step of
heating the wire to further shape the wire into a secondary
shape prior to the step of attaching the at least one polymeric
fiber about the primary shape of the wire.

14. The method of claim 12 further shaping the polymeric
covered device into a secondary shape.

15. The method of claim 1 where the secondary shape is
shaped by pulling a stylet through the primary shape of the
polymeric covered wire.

16. The method of claim 12 further heating the polymeric
covered wire.

17. The method of claim 12 wherein the primary shape
comprises an elongated helical coil.

18. The method of claim 12 wherein the primary shape is
a cylindrical helical coil.

19. The method of claim 12 wherein the wire comprises
a metal selected from gold, rhenium, platinum, palladium,
rhodium, ruthenium, stainless steel, tungsten, and alloys
thereof.

20. The method of claim 12 wherein the polymeric fiber
is selected from the group consisting of protein-based poly-
mers, bio-absorbable polymers, and non-protein based poly-
mers.

21. The method of claim 12 wherein the secondary shape
is selected from the group consisting of clover-leaf shaped,
figure-8 shaped, flower-shaped, vortex-shaped, ovoid, ran-
domly shaped, and substantially spherical.

22. The method of claim 12 where the polymeric fiber
comprises a mono-filament.

23. The method of claim 12 where the polymeric fiber
comprises a multi-filament comprised of a plurality of
filaments.

24. The product made by the process of claim 12.

25. A method of at least partially occluding an aneurysm
comprising:

a) making a polymer covered coil according to the method
of claim 4; and

b) deploying the polymer covered coil into the aneurysm.

26. The method of claim 25, wherein the polymer covered
coil includes an electrolytically detachable tip and is
deployed using an electrical current.

27. The method of claim 25, wherein the polymer wrapper
coil includes a mechanically detachable tip and is deployed
using a mechanical detachment.

28. A vaso-occlusive device comprising a wire formed
into a primary shape wherein said primary shape is covered
with a non-woven wrap.

29. The vaso-occlusive device of claim 28 where the wrap
comprises at least one polymeric fiber.

30. The vaso-occlusive device of claim 28 where the wrap
is helically wound about the primary shape.

31. The vaso-occlusive device of claim 28 where the wrap
is wound about the wire with a closed pitch.

32. The vaso-occlusive device of claim 28 where the wrap
is wound about the wire with an open pitch.

33. The vaso-occlusive device of claim 28 where the
device is radiopaque.
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34. The vaso-occlusive device of claim 33 where the wrap
further comprises a radiopaque additive.

35. The vaso-occlusive device of claim 33 where the wire
is radiopaque.

36. The vaso-occlusive device of claim 28 further having
a detachable tip.

37. The vaso-occlusive device of claim 36 where said
detachable tip is an electrolytically severable joint attached
to the device, said electrolytically severable joint being
relatively more susceptible to electrolysis in an ionic solu-
tion than is the device, wherein the device is electrically
isolated from said electrolytically severable joint.

38. The vaso-occlusive device of claim 28 where said
primary shape is a substantially helical coil.

39. The vaso-occlusive device of claim 38 where said
wire has a secondary shape.

40. The vaso-occlusive device of claim 39 where said
secondary shape is selected from the group consisting of
clover-leaf shaped, figure-8 shaped, flower-shaped, vortex-
shaped, ovoid, randomly shaped, and substantially spherical.

41. The vaso-occlusive device of claim 28 where the wrap
comprises a mono-filament.

42. The vaso-occlusive device of claim 28 where the wrap
comprises multi-filament comprised of a plurality of fila-
ments.

43. The vaso-occlusive device of claim 39 further com-
prising a stretch-resisting member having a first end and a
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second end, the stretch-resisting member extending through
at least a portion of an interior of said primary shape, said
stretch-resisting member not substantially affecting the
shape of said wire when said wire is in said secondary shape,
and said stretch-resisting member being attached to said
device in at least two locations.

44. The vaso-occlusive device of claim 28 where the wrap
is a biodegradable polymer.

45. The vaso-occlusive device of claim 44 where the
biodegradable polymer is comprised of at least one polymer
selected form group consisting of: lactide, glycolide, and
caprolactone polymers and their copolymers; hydroxybu-
tyrate and polyhydroxyvalerate and their block and random
copolymers; a polyether ester; anhydrides, polymers and
copolymers of sebacic acid, hexadecandioic acid; and
orthoesters.

46. The vaso-occlusive device of claim 45 where the
biodegradable polymer comprises polydioxinone.

47. The vaso-occlusive device of claim 44 where the
biodegradable polymer is comprised of at least one polymer
selected from the group consisting of: polyglycolic and
polylactic acids, their block and random copolymers.



