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Description

Field of the Invention

[0001] The present invention generally pertains to em-
bolic devices and systems. In particular, the present in-
vention relates to embolic devices delivered by intravas-
cular microcatheters to vascular defects.

Background of the Invention

[0002] In treating vascular defects such as aneurysms
and fistulas, which commonly occur in the neurovascu-
lature, a microcatheter is navigated through the patient’s
vasculature until a distal end of the microcatheter is ad-
jacent the defect. An embolic material is then delivered
through the microcatheter and into the vascular defect,
to thereby fill and seal-off the defect. However, because
vascular defects like aneurysms and fistulas often have
irregularly shaped and asymmetrical volumes, it is diffi-
cult to accurately and completely fill the defect with em-
bolic coils, balloons or other embolic devices, which are
typically symmetrically shaped. Although liquid embolic
materials tend to fill irregularly shaped and asymmetrical
volumes more precisely and completely, liquid embolic
materials are often difficult to deliver through a micro-
catheter and are often difficult to contain within the defect.
Accordingly, there is a substantial need for an embolic
material and delivery system that is capable of filling an
asymmetrical and irregularly shaped vascular defect,
that is easy to deliver with a microcatheter, and that is
easy to contain within the defect.
[0003] There is also an ongoing need for improved em-
bolic balloons and associated delivery systems. In par-
ticular, there is a need for detachable embolic balloons
that may be easily delivered and maintained in the vas-
cular defect so as to not protrude into the native vascular
lumen.
[0004] WO 00/71170 discloses an embolic device with
tailored shape.
[0005] US 6 165 193 discloses an embolic device with
high viscosity.

Summary of the Invention

[0006] This need is met by the invention as defined in
claim 1; embodiments of the invention are defined in the
dependent claims.
[0007] The drawings and description hereinafter dis-
close a solid embolic material that is capable of filling
irregularly shaped and asymmetrical vascular defects in
a controlled and predictable manner, without the difficul-
ties associated with delivery with embolic material
through a micro catheter and containment of embolic ma-
terial in a defect. The solid embolic material is inflatable
with a liquid (e.g., liquid embolic material) to further en-
gage the internal walls of the defect and more completely
to fill the irregularly shaped volume of the defect.

Brief Description of the Drawing

[0008]

Figure 1 illustrates a microcatheter, a syringe con-
taining a solid embolic material therein for placement
into a distal end of the microcatheter, and a syringe
containing a fluid for injection into a proximal end of
the catheter,
Figures 2A and 2B illustrate alternative methods of
containing the solid embolic material, and loading
the solid embolic material into the distal end of the
microcatheter; and
Figures 3A - 3C schematically illustrate the delivery
of the solid embolic material into an aneurysm having
an irregular shape.

Detailed Description

[0009] The following description should be read with
reference to the drawings wherein like reference numer-
als indicate like elements throughout the several views.
The detailed description and drawings illustrate embod-
iments by way of example, not limitation.
[0010] Refer now to Figure 1 which illustrates a micro-
catheter 10, a syringe 40, and a syringe 70. Syringe 40
contains a solid embolic material 50 which may be dis-
posed or injected into the catheter 10 as indicated by
arrow 60. Syringe 70 contains a fluid 80 (e.g., radiopaque
saline solution or liquid embolic agent) for injection into
the catheter 10 as indicated by arrow 90.
[0011] Microcatheter 10 may be used to deliver the
solid embolic material 50 to a vascular defect such as an
aneurysm or fistula having an internal wall defining an
internal volume therein. The solid embolic material 50 is
particularly suitable for filling internal volumes that are
irregular in shape and eccentric relative to the neck or
opening to the native vascular lumen.
[0012] Intravascular catheter 10 is sized (length and
diameter) and designed (pushability and trackability) to
navigate a patient’s vascular system to access vascular
defects in the neurovasculature, coronary vasculature
and/or peripheral vasculature. Intravascular catheter 10
may include one or more lumens and may be designed
to accommodate a guide wire (not shown) and/or to in-
corporate a distally disposed inflatable balloon (not
shown). Although a single lumen intravascular micro-
catheter 10 is illustrated, those skilled in the art will rec-
ognize that a wide variety of intravascular catheters may
be used to deliver solid embolic material 50 to a vascular
defect.
[0013] The basic design and construction of micro-
catheter 10 is conventional in the art, and is provided by
way of example, not limitation. Intravascular microcath-
eter 10 includes an elongate shaft 12 having proximal
end 14 and a distal end 16. A hub assembly 18 is con-
nected to the proximal end 14 of the elongate shaft 12.
A lumen (not visible) extends through the hub assembly
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18 and through the length of the shaft 12 to a distal-facing
opening (not visible) in the distal end 16 of the shaft 12.
Hub assembly 18 facilitates connection to ancillary de-
vices such as syringe 70 for the injection or infusion of
fluids 80 such as contrast media (e.g., radiopaque dye
and saline solution) and liquid embolic agents (e.g., cy-
anoacrylate) into the lumen and out the opening at the
distal end 16. The distal end 16 may be rendered radio-
paque by utilizing radiopaque loading in the polymers of
the distal end 16 of the shaft 12 or by utilizing a radio-
paque marker band 20 disposed thereon. Rendering the
distal end 16 radiopaque allows the tip to be precisely
navigated utilizing x-ray radiographic techniques.
[0014] Solid embolic material 50 defines an initially sol-
id volume when disposed in syringe 40 and when dis-
posed in the lumen at the distal end 16 of the shaft 12.
Sufficient solid embolic material is disposed in the lumen
of the catheter 10 to fill the internal volume or lining of
the targeted vascular defect. Solid embolic material 50
is readily stretchable, viscid and self-sealing such that
the material is able to expand upon injection of a fluid
into the solid volume thereof. Upon injection of a fluid into
the solid volume, the solid embolic material 50 expands
to create an internal volume which self-seals and retains
the fluid therein. Upon expansion, the solid embolic ma-
terial 50 is not elastically biased to its original state, but
rather tends to assume and hold its expanded state with
little or no pressure maintained in the volume created
therein. To this end, the solid embolic material 50 is much
like bubble-gum in its behavior, albeit for substantially
different applications requiring substantially different
compositions and designs.
[0015] The fluid 80 used to inflate the solid embolic
material 50 may comprise a radiopaque liquid or a liquid
embolic material (e.g., cyanoacrylate), for example. The
solid embolic material 50 facilitates containment of the
liquid embolic material in the vascular defect, and the
liquid embolic material may be selected to solidify after
injection into the solid embolic material 50, in order to
assist in-sealing the inflated internal volume of the solid
embolic material 50. To facilitate injection of fluid 80 into
the solid embolic material, a pressurized fluid source
such as a syringe 70 may be connected to the hub as-
sembly 18 of the catheter 10. Such a device 70 may also
be used to pressurize the lumen in the catheter 10 to
urge the solid embolic material 50 out of the distal end
16 of the catheter 10 and into the vascular defect.
[0016] The solid embolic material 50 preferably has
relatively high cohesivity and simultaneously is in a state
capable of plastic deformation at low pressures. In addi-
tion, the solid embolic material 50 preferably has little or
no elastic restoring force that will cause the material 50
to contract after pressure is released subsequent to in-
flation within the defect 100. Further, in order to facilitate
delivery in a compact size and subsequent inflation to a
relatively large size, the solid embolic material 50 will
preferably withstand 1000% elongation or more, for ex-
ample, during inflation. Polymer based materials are

probably the best candidates for this application. How-
ever there are a number of material classes that might
be used, and within each class, there are a large number
of possible formulations that may have suitable proper-
ties. Accordingly, although specific examples are given,
the examples are illustrative only.
[0017] In one embodiment, for example, the solid em-
bolic material 50 may comprise a medium to high molec-
ular weight polymer in a semi-swollen or highly plasti-
cized state. An example of such a polymer comprises
poly(vinyl acetate) dissolved in ethanol/ethyl lactate. An-
other example of such a polymer comprises alkyl meth-
acrylate (the alkyl side-chain being greater than C4) dis-
solved in a plasticizer (e.g., fatty acid ester, di-alkyl cit-
rate, or triglyceride). Many other combinations of poly-
mers with molecular weights greater than 100 KDa and
blended with solvents and/or plasticizers may be appli-
cable in this embodiment as well. The types and concen-
trations of the polymer/solvent mixture may be selected
to optimize the desired characteristics. As an alternative,
one of the components of the polymer solution/mixture
may melt at a temperature slightly above body temper-
ature and act as a plasticizer for the other component.
In this alternative embodiment, a localized heat source
may be used to heat the first component to a temperature
above body temperature (37C).
[0018] Other embodiments of polymers suitable for the
solid embolic material 50 include polymers that can be
transformed to a low modulus state in-situ by small lo-
calized temperature changes. Examples of such poly-
mers include non-cross linked polymers having semi-
crystalline and amorphous phases (or possessing dis-
crete liquid-crystalline phases) which have first or second
order thermal transitions slightly above maximum body
temperature (42C), such as long hydrocarbon side-chain
acrylic copolymers. Such a polymer may utilize localized
heating preferably during inflation and may incorporate
tissue adhesive properties when heated.
[0019] Other examples of polymers that can be trans-
formed to a low modulus state in situ by small localized
environment (e.g. temperature) changes include high
molecular weight linear polymers, copolymers or blends
in a swollen gel or dissolved state which have a sharp
decrease in solubility/swelling within the incorporated
solvent in response to changes in temperature, ionic
strength, or pH, such as poly(n-isopropyl acrylamide) co-
polymer/blend hyrogels. Such polymers may utilize lo-
calized cooling during inflation which causes the polymer
to change from a solid or dense gel at body temperature
to a swollen or loose hydrogel material capable of defor-
mation at lower temperatures.
[0020] If a mixture of a polymer and a solvent is used,
it may be important to ensure that the polymer remains
mixed with the solvent until the time of use, in order for
the solid embolic material 50 to retain its desired char-
acteristics. For example, the polymer and solvent may
be kept in separate containers and manually mixed just
prior to use, using a syringe 40 to inject the mixture into
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the distal end 16 of the catheter 10 as shown in Figure 1.
[0021] Alternatively, a container 110 may contain a
pre-mix of the polymer/solvent which may then be directly
injected into the distal end 16 of the catheter 10 as shown
in Figure 2A. In this particular embodiment, the container
110 may be rolled, squeezed or shaken to ensure a ho-
mogenous mix, opened by removal of a cap (not shown),
placed over the distal end 16 of the catheter 10, and
manually squeezed (as indicated by arrows 112) to inject
the mixture therein (as indicated by arrow 114).
[0022] As a further alternative, a short tubular contain-
er 120 containing a pre-mix of the polymer/solvent may
be attached to the distal end 16 of the catheter 10 as
shown in Figure 2B. In this particular embodiment, the
container 120 has a sealed distal end 122 that may be
cut to provide an opening, and a proximal end 124 sealed
by cover 126. The proximal end 124 is sized to snuggly
fit over and attach to the distal end 16 of the catheter 10.
The container 120 may be rolled, squeezed or shaken
to ensure a homogenous mix, opened by removal of the
cover 126 (as indicated by arrow 125), attached to the
distal end 16 of the catheter 10 by sliding the proximal
end 124 thereon (as indicated by arrow 127), and the
distal end 122 cut (as indicated by arrow and dashed line
129) to provide a distal opening.
[0023] With reference to Figures 3A- 3C, the solid em-
bolic material 50 may be used to treat a vascular defect
100 such as an aneurysm or fistula. The vascular defect
100 includes an internal wall 102 defining an internal vol-
ume 104. Although described herein with reference to
the treatment of a vascular defect 100, the solid embolic
material 50 may also be used to occlude vessels for ther-
apeutic purposes.
[0024] After preparing the catheter 10 with the solid
embolic material 50 disposed in the distal end 16 thereof
as described above, the catheter 10 may be navigated
through a patient’s vascular system until the distal end
16 is disposed adjacent the opening 106 to the vascular
defect 100 as seen in Figure 3A.
[0025] The solid embolic material 50 may then be
urged from the lumen at the distal end 16 of the catheter
10 and into the vascular defect 100 as seen in Figure 3B.
This may be accomplished by applying fluid pressure in
the catheter lumen proximal of the solid embolic material
50 using syringe 70 connected to the hub assembly 18.
[0026] The solid embolic material 50 may then be fur-
ther urged into the vascular defect until the solid embolic
material substantially conforms to the internal wall 102
and substantially fills the internal volume 104 as seen in
Figure 3C, despite the irregular shape of the wall 102
and volume 104. This may be accomplished by applying
more fluid pressure in the catheter lumen proximal of the
solid embolic material 50 using syringe 70 connected to
the hub assembly 18, to cause the fluid 80 to be injected
into the solid embolic material 50 and to inflate the same.
The solid embolic material 50 may be inflated to varying
degrees to conform to vascular defects 100 of varying
size and shape.

[0027] After the defect 100 is substantially filled as con-
firmed by x-ray fluoroscopy, the solid embolic material
50 in the defect 100 may be detached from the distal end
16 of the catheter 10 (and any solid embolic material 50
remaining in the distal end 16) by rotating the catheter
10 and/or by pulling the catheter 10 proximally.

Claims

1. An embolic device, comprising an elongate catheter
(10) having a proximal end (14), a distal end (16)
and a lumen extending there through, wherein an
embolic material is disposed (50) in the lumen at the
distal end (16) of the catheter (10), and a fluid is
disposed in the lumen of the catheter proximate to
the embolic material wherein the embolic material
comprises a polymer or a polymer and a solvent mix-
ture defining an initial volume such that the embolic
material (50) is able to retain a fluid (80) injected into
the initial volume, wherein the embolic material (50)
is readily stretchable, viscid and self-sealing, and
adapted to expand upon injection of the fluid (80)
into the initial volume to conform with an irregular-
shaped internal wall (io2) of a vascular defect (100)
into which the distal end (16) of the catheter (10) has
been inserted and to create an internal volume which
self-seals and retains the injected fluid therein, and
wherein, upon expansion, the embolic material (50)
is adapted to plastically deform, and assume and
hold its expanded state to thereby maintain the in-
ternal volume created therein.

2. The embolic device as in claim 1, wherein the em-
bolic material (50) further comprises a pre-polymer.

3. The embolic device as in claim 1 or 2 wherein the
distal end is adapted to receive the embolic material
from a container (110).

Patentansprüche

1. Eine embolische Vorrichtung, welche einen langge-
streckten Katheter (10) umfasst, der ein proximales
Ende (14) und ein distales Ende (16) und ein sich
dadurch erstreckendes Lumen aufweist, wobei ein
embolisches Material (50) in dem Lumen an dem
distalen Ende (16) des Katheter (10) angeordnet ist
und ein Fluid in dem Lumen des Katheters nahege-
legen des embolischen Materials angeordnet ist, wo-
bei das embolische Material ein Polymer oder ein
Polymer und eine Lösungsmittelmischung umfasst,
so dass das embolische Material (50) in der Lage ist
ein Fluid zurückzuhalten, welches in ein anfängli-
ches Volumen eingespritzt wird, wobei das emboli-
sche Material (50) leicht dehnbar, zähflüssig und
selbstabdichtend ist und zur Expansion in das ur-
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sprüngliche Volumen nach Einspritzen des Fluides
(80) ausgebildet ist, um sich einer ungleichmäßig
geformten inneren Wand (102) eines Gefäßdefekts
(100) anzupassen, in den das distale Ende (16) des
Katheters (10) eingeführt wurde und ausgebildet ist,
um ein inneres Volumen zu bilden, welches das ein-
gespritzte Fluid selbstabdichtet und zurückhält, und
wobei das embolische Material (50) dazu ausgebil-
det ist, sich nach Expansion plastisch zu deformieren
und einen expandierten Zustand zu erreichen und
zu halten, um somit das darin erzeugte innere Volu-
men aufrechtzuerhalten.

2. Die embolische Vorrichtung gemäß Anspruch 1, wo-
bei das embolische Material (50) weiterhin ein Vor-
polymer umfasst.

3. Die embolische Vorrichtung gemäß Anspruch 1 oder
2, wobei das distale Ende zum Empfangen des em-
bolischen Materials von einem Container (110) aus-
gebildet ist.

Revendications

1. Dispositif embolique comprenant un cathéter allon-
gé (10) possédant une extrémité proximale (14), une
extrémité distale (16) et une lumière s’étendant entre
les deux, dans lequel une matière embolique (50)
est disposée dans la lumière à l’extrémité distale (16)
du cathéter (10) et un fluide est disposé dans la lu-
mière du cathéter à proximité de la matière emboli-
que,
dans lequel la matière embolique comprend un po-
lymère ou bien un polymère et un mélange de sol-
vants définissant un volume initial de telle sorte que
la matière embolique (50) est capable de retenir un
fluide (80) qui a été injecté dans le volume initial ;
dans lequel la matière embolique (50) est aisément
extensible, visqueuse et autoscellante, et est conçue
pour se déployer, après injection du fluide (80), dans
le volume initial pour épouser la configuration d’une
paroi interne de forme irrégulière (102) d’un défaut
vasculaire (100) dans lequel l’extrémité distale (16)
du cathéter (10) a été insérée, et pour créer un vo-
lume interne qui s’obture de manière automatique
et qui retient le fluide qui y a été injecté ; et
dans lequel, après son déploiement, la matière em-
bolique (50) est conçue pour subir une déformation
plastique, et prendre et conserver son état déployé
pour ainsi maintenir le volume interne qui y a été
créé.

2. Dispositif embolique selon la revendication 1, dans
lequel la matière embolique (50) comprend en outre
un prépolymère.

3. Dispositif embolique selon la revendication 1 ou 2,

dans lequel l’extrémité distale est conçue pour rece-
voir la matière embolique à partir d’un récipient
(110).
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