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(54) Improved radiopaque marker for vascular devices

(57) A marker to assist locating a device such as an
expandable stent within vasculature of a patient, includ-
ing an elongated body formed of a biocompatible radio-
paque material that enhances locating the marker when
using at least one imaging technique. The body has a
first end, a second end, an inner surface, an outer sur-
face, and at least two opposing edges extending between
the first and second ends and establishing a boundary

between the inner surface and the outer surface. The
inner surface of the body defines a passageway extend-
ing between the first and second ends. In a first condition,
the body defines a gap between the at least two opposing
edges, the gap enabling unobstructed communication of
the passageway with the outer surface of the body. In a
second condition, the gap is obstructed to substantially
prevent communication of the passageway with the outer
surface of the body.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Non-Pro-
visional Application No. 11/694,580 filed March 30, 2007.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The invention relates to implants and other de-
vices insertable within body vessels and more particularly
to mechanisms for enhancing tracking and location of
stents and other vascular devices, especially expandable
implants.

2. Description of the Related Art

[0003] Vascular disorders and defects such as aneu-
rysms, embolisms, and other arteriovenous malforma-
tions are especially difficult to treat when located near
critical tissues or where ready access to a malformation
is not available. Both difficulty factors apply especially to
cranial aneurysms. Due to the sensitive brain tissue sur-
rounding cranial blood vessels and the restricted access,
it is very challenging and often risky to surgically treat
defects of the cranial vasculature.
[0004] Alternative treatments include vascular occlu-
sion devices such as stents and embolic coils deployed
using delivery catheters having a distal end positioned
at an occlusion or aneurysm. Several types of stent de-
livery systems are disclosed in U.S. Patent Publication
No. 2005/0049670 by Jones et al., for example. It is crit-
ical to accurately position stents and other vascular de-
vices. Surgeons often seek to confirm correct placement
of vascular devices using one or more imaging systems.
[0005] Typically, a stent-like vascular reconstruction
device is first guided beneath the aneurysm to be treated
using a delivery catheter. One commercially available
reconstruction product is the CODMAN ENTERPRISE®
Vascular Reconstruction Device and System as de-
scribed, for example, in a Navigate Tough Anatomy bro-
chure Copyright 2009 by Codman & Shurtleff, Inc., 325
Paramount Drive, Raynham, Massachusetts. The COD-
MAN ENTERPRISE® stent device is carried by a central
delivery wire and initially held in place on the delivery
wire in a collapsed state by a sheath-type introducer.
Typically, a delivery catheter such as a PROWLER® SE-
LECT® Plus microcatheter, also commercially available
from Codman & Shurtleff and as disclosed by Gore et al.
in U.S. Patent No. 5,662,622, for example, is first posi-
tioned intravascularly with its distal tip slightly beyond the
neck of the aneurysm. The tapered distal tip of the intro-
ducer is mated with the proximal hub of the delivery cath-
eter, and the delivery wire is then advanced through the
delivery catheter.
[0006] The CODMAN ENTERPRISE® stent device

has a highly flexible, self-expanding closed cell design
with a number of coils of radiopaque wire to serve as
markers at each flared end of the device, similar to the
stent illustrated in the published patent application by
Jones et al., cited above. Manufacture of such markers
is relatively time-consuming and expensive due to the
small size of the stent and the need to wrap the radio-
paque wire multiple times around struts on the stent,
which is especially difficult within closed cells of the stent.
[0007] Stent-like, generally non-deployable devices
are also utilized to treat disorders arising from embolisms
and atherosclerosis. An embolism is the sudden obstruc-
tion of a blood vessel by blood clots, cholesterol-contain-
ing plaques, masses of bacteria and other debris. A blood
clot which obstructs a blood vessel is also referred to as
a thrombus. If the embolic obstruction occurs in the brain,
it can cause a sudden loss of neurological function re-
ferred to as a stroke, in particular an acute ischemic
stroke.
[0008] A number of devices for treating embolic strokes
and atherosclerotic deposits are described for example
in U.S. Patent No. 5,972,019 by Engelson et al. with one
or more radio-opaque coils of wires "to provide a measure
of radio-opacity to the distal tip" and thereby assist track-
ing of the device during use. A method of monitoring po-
sitioning of polymeric stents is disclosed by Sabaria in
U.S. Patent Publication No. 2009/0076594. Other, more
recent neurological devices include the Micrus Revasc™
of Codman & Shurtleff, Inc., the Solitaire™ device of Mi-
crotherapeutics, Inc. d/b/a ev3 Neurovascular, and the
Trevo™ and Merci Retreiver™ devices from Concentric
Medical.
[0009] It is therefore desirable to have an improved
device marking system which assists locating and/or po-
sitioning vascular devices during and/or after insertion to
treat a vascular malformation.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide
a radiopaque marker capable of being placed quickly and
reliably over a strut or other elongated member of a vas-
cular device.
[0011] Another object of the present invention is to pro-
vide a stent or other vascular device with highly visible
radiopaque markers positioned as desired.
[0012] This invention features a marker to assist locat-
ing a device within vasculature of a patient, including an
elongated body formed of a biocompatible radiopaque
material that enhances locating the marker when using
at least one imaging technique. The body has a first end,
a second end, an inner surface, an outer surface, and at
least two opposing edges extending between the first
and second ends and establishing a boundary between
the inner surface and the outer surface. The inner surface
of the body defines a passageway extending between
the first and second ends. In a first condition, the body
defines a gap between the at least two opposing edges,
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the gap enabling unobstructed communication of the
passageway with the outer surface of the body. In a sec-
ond condition, the gap is obstructed to substantially pre-
vent communication of the passageway with the outer
surface of the body.
[0013] In some embodiments, the body is capable of
being deformed to bring the opposing edges into close
proximity with each other in the second condition. In cer-
tain embodiments, the body is formed of malleable radi-
opaque material such as a platinum alloy or tantalum. In
one embodiment, the body is substantially cylindrical in
at least one of the first and second conditions.
[0014] This invention may also be expressed as a com-
bination of at least one marker with a device insertable
within vasculature of a patient. The device includes a
strut extending between at least two supports. The mark-
er includes an elongated body formed of a biocompatible
radiopaque material that enhances locating the marker
when using at least one imaging technique, the body hav-
ing a first end, a second end, an inner surface, an outer
surface, and at least two opposing edges extending be-
tween the first and second ends and establishing a
boundary between the inner surface and the outer sur-
face. The inner surface of the body defines a passageway
extending between the first and second ends. In a first
condition, the body defines a gap between the at least
two opposing edges, the gap enabling unobstructed com-
munication of the passageway with the outer surface of
the body and enabling insertion of the strut into the pas-
sageway. In a second condition, the gap is obstructed to
substantially prevent communication of the passageway
with the outer surface of the body and to prevent unin-
tended removal of the marker from the device, thereby
securing the marker to the device such that the strut se-
curely carries the marker.
[0015] In certain embodiments, the marker is posi-
tioned between two projections which restrict longitudinal
movement of the marker. At least one of the projections
is one of the supports for the strut in some embodiments.
In a number of embodiments, the device is a stent having
a compressed condition during insertion through vascu-
lature and an expanded condition after it is positioned at
a desired location. In one embodiment, the strut carrying
the marker is part of a closed, deformable cell of the stent.
[0016] This invention may be further expressed as a
method of enhancing locatability of a device such as a
stent within vasculature of a patient, including selecting
a device having a strut extending between two supports,
and a marker having an elongated body formed of a bio-
compatible radiopaque material that enhances locating
the marker when using at least one imaging technique.
The body has a first end, a second end, an inner surface,
an outer surface, and at least two opposing edges ex-
tending between the first and second ends and estab-
lishing a boundary between the inner surface and the
outer surface. The inner surface of the body defines a
passageway extending between the first and second
ends. The body initially defines a gap between the at

least two opposing edges, the gap enabling unobstructed
communication of the passageway with the outer surface
of the body. The method further includes inserting the
strut into the passageway, and obstructing the gap to
substantially prevent communication of the passageway
with the outer surface of the body and to prevent unin-
tended removal of the marker from the device, thereby
securing the marker to the device such that the strut se-
curely carries the marker.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In what follows, preferred embodiments of the
invention are explained in more detail with reference to
the drawings, in which:

[00018] FIG. 1 is a schematic perspective view of a
stent illustrating several types of inventive radio-
paque markers;
[00019] FIG. 2 is a detail view of a free end portion
of a strut showing a first inventive marker illustrated
in FIG. 1;
[00020] FIG. 3 is an exploded view of the strut and
radiopaque marker of FIG. 2;
[00021] FIG. 4 is a detail view of a strut forming a
closed, expandable cell for the stent of FIG. 1 with
a marker according to the present invention;
[00022] FIG. 5 is an exploded view of the strut and
radiopaque marker of FIG. 4;
[00023] FIG. 6 is a front elevational view of a strut
having a pair of projections according to an aspect
of the present invention;
[00024] FIG. 7 is a front elevational view of the strut
of FIG. 6 with a marker according to the present in-
vention;
[00025] FIG. 8 is an exploded view of another marker
according to the present invention and another strut
from the stent of FIG. 1;
[00026] FIG. 9 shows the marker of FIG. 8 placed
over a portion of the strut of FIG. 8;
[00027] FIG. 10 shows the marker of FIG. 9 after it
is deformed to bring opposing edges substantially
into abutment to establish a closed seam; and
[00028] FIG. 11 shows the marker of FIG. 10 after
several welds have been applied.

DETAILED DESCRIPTION OF THE PRESENTLY PRE-
FERRED EMBODIMENTS

[0018] This invention may be accomplished by a mark-
er for a vascular implant or other vascular device, where
the terms "vascular" and "vasculature" are utilized in their
broadest meaning to include any duct or tube network in
a human or other animal. A marker according to the
present invention includes an elongated body formed of
a biocompatible radiopaque material that enhances lo-
cating the marker when using at least one imaging tech-
nique. The body has a first end, a second end, an inner
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surface, an outer surface, and at least two opposing edg-
es extending between the first and second ends and es-
tablishing a boundary between the inner surface and the
outer surface. The inner surface of the body defines a
passageway extending between the first and second
ends. In a first condition, the body defines a gap between
the at least two opposing edges, the gap enabling unob-
structed communication of the passageway with the out-
er surface of the body. In a second condition, the gap is
obstructed to substantially prevent communication of the
passageway with the outer surface of the body.
[0019] A stent 10, FIG. 1, is implantable in the vascu-
lature of a patient, preferably within a cranial aneurysm.
Stent 10 is a substantially tubular vascular device in this
construction that is formed of a plurality of interconnected
struts 12 manufactured by laser cutting, water jet cutting,
etching, or other known methods. The struts 12 define a
plurality of cells 14 which are expandable and/or deform-
able to allow the stent 10 to move between a small-di-
ameter "compressed" or "delivery" condition, typically
during manufacture and delivery into a patient, and a
large-diameter "expanded" or "deployed" condition, as
shown in FIG. 1, when a selected treatment site within
vasculature is reached. Stents with markers according
to the present invention are self-expanding in some con-
structions, balloon-expandable in other constructions, or
a combination thereof.
[0020] One strut 16 is illustrated with a radiopaque
marker 18 according to the parent application of the first-
named inventor of the present application, published as
U.S. Patent Publication No. 2008/0243227, incorporated
herein in its entirety, and referred to hereinafter as
"Lorenzo 2007" for its inventorship and filing date of
March 30, 2007. The strut 16 is shown as a free end
portion at a proximal end 20 of the stent 10, but it will be
appreciated that radiopaque markers according to the
present invention may be incorporated into any strut of
a vascular device. A desired number of markers can be
utilized, such as two, three or four markers on each end
of a vascular implant. As described in more detail below,
stent 10 further includes an inventive marker 50 at a cen-
tral region 23 and an inventive marker 100 at a distal end
21 for illustrative purposes.
[0021] The strut 16 and marker 18 are shown in greater
detail in FIGS. 2 and 3. The marker 18 has an inner sur-
face 22 adapted for engagement with the strut 16. Pref-
erably, the curvature of inner surface 22 is similar to that
of the portion of the strut to be engaged, such as generally
"U" or "C"-shaped in this construction, that is, arcuate in
cross-section, to mate with the curved surface 17 of the
strut 16.
[0022] The marker 18 includes an outer surface 24
which is spaced away from the inner surface 22 by a
thickness 26, which is uniform in some constructions and
non-uniform in other constructions. A portion of the outer
surface 24 may be selected or configured for one or more
functions, such as engaging with a delivery or deploy-
ment device.

[0023] The marker 18 further includes at least one
through-hole 28 according to the invention of Lorenzo
2007. Marker 18 has two through-holes 28 in this con-
struction, as shown in FIG. 3 before a weld 30, FIG. 2,
is applied. Portions 29 and 31 of marker 18 can be
crimped against strut 16 to further secure marker 18 to
strut 16.
[0024] Markers 50 and 100, FIG. 1, according to the
present invention preferably are sized to more fully sur-
round a selected strut 52 and 102 of closed cells 54 and
104, respectively, and do not require a through-hole. As
shown in FIGS. 4 and 5, marker 50 includes an elongated
body 60 formed of a biocompatible radiopaque material
that enhances locating the marker when using at least
one imaging technique. The body 60 has a first end 62,
a second end 64, an inner surface 66, an outer surface
68, and at least two opposing edges 70 and 72 extending
between the first and second ends 62, 64 and establish-
ing a boundary between the inner surface 66 and the
outer surface 68. The inner surface 66 of the body 60
defines a passageway 74 extending between the first
and second ends 62, 64.
[0025] In a first condition shown in FIG. 5, the body 60
defines a gap 76 between the at least two opposing edges
70, 72. The gap 76 enables unobstructed communication
of the passageway 74 with the outer surface 68 of the
body such that strut 52 can be inserted through gap 76
and into passageway 74 to achieve the combination
shown in FIG. 4.
[0026] In a second condition, FIG. 4, the gap 76 is ob-
structed to substantially prevent communication of the
passageway 74 with the outer surface 68 of the body 60.
In this construction, gap 76 is occluded by bring opposing
edges 70 and 72 into substantial abutment to establish
a closed seam, such as by deforming body 60, that is,
by squeezing, clamping or crimping leg portions 80 and
82 together, preferably to clamp marker 50 to strut 52.
In other constructions, at least a portion of gap 76 is oc-
cluded by a weld or other bridging or attachment tech-
nique.
[0027] FIG. 6 is a front elevational view of a strut 32
having a pair of projections 34 and 36 according to an
aspect of the present invention. The projections may take
any number of shapes, including semi-circular, squared,
triangular, or an annular configuration extending along a
perimeter or other portion of the strut 32, or smaller post-
or nipple-like structure extending radially away from the
strut 32. Further, the shapes of projections 34 and 36
may differ from each other. At least one projection is in-
tegrally formed with strut 32 in some constructions and,
in other constructions, is applied as a separate manufac-
turing step. In yet other constructions, one or both of the
projections 32 and 34 are transversely extending support
members connected to strut 32, such as other struts de-
fining a closed cell together with strut 32.
[0028] Projections 34 and 36 define a receiving region
or surface 38 between them, shown in dashed lines in
FIG. 6. A marker 50a according to the present invention
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is shown in FIG. 7 secured to strut 32 with the inner sur-
face 66a lying substantially against receiving surface 38
in a second condition similar to that of marker 50 in FIG.
4. Preferably, the distance between the projections is se-
lected to be substantially equal to the length of marker
50a, FIG. 7, such that marker 50a is held against possible
longitudinal movement along the strut 32 and is held at
a known geometric position within stent 10.
[0029] As illustrated in FIG. 7, the height of each pro-
jection is greater than the thickness of the marker. How-
ever, the height of the projection or projections may be
substantially equal to the thickness of the marker, or even
less than the thickness of the marker, provided that the
projection or projections, when utilized, are at least con-
figured to abut one or both ends of the marker to minimize
or prevent longitudinal movement of the marker.
[0030] Projections are especially useful when marker
50a is secured to strut 32 only by clamping or crimping.
Projections also serve to accurately position markers at
exact locations on struts of a vascular device.
[0031] FIG. 8 is an exploded view of another marker
100 according to the present invention and another strut
102 from the stent of FIG. 1. Marker 100 includes an
elongated body 160 formed of a biocompatible radio-
paque material that enhances locating the marker when
using at least one imaging technique. The body 160 has
a first end 162, a second end 164, an inner surface 166,
an outer surface 168, and at least two opposing edges
170 and 172 extending between the first and second ends
162, 164 and establishing a boundary between the inner
surface 166 and the outer surface 168. The inner surface
166 of the body 160 defines a passageway 174 extending
between the first and second ends 162, 164.
[0032] In one construction suitable for treating cranial
aneurysms, body 160 is substantially cylindrical in at
least one of a first condition and a second condition, is
approximately 0.5mm to 2.0 mm in length, more prefer-
ably approximately 1.0 mm in length, and is preferably
formed from a hypotube having an outer diameter of ap-
proximately 0.008 inch, and inner diameter of 0.004 inch.
One suitable source of such a hypotube, formed of a
platinum alloy or tantalum, is Johnson Matthey Medical
Components (see "www.jmmedical.com"). A gap 176 is
formed in one construction by eliminating a section of the
hypotube by laser cutting, leaving body 160 as substan-
tially cylindrical in a first condition. In another construc-
tion, a thin cut is made to form opposing edges 170 and
172, and then body 160 is deformed to open a gap 176;
body 160 is returned to a cylindrical shape in a second
condition as described below for FIGS. 10 and 11. Mark-
ers according to the present invention, also referred to
as marker bands, can have different cross sections to
optimize imaging profile and/or maximize radiopacity, in-
cluding cross sections which are circular, square, or oval.
[0033] In a first condition shown in FIGS. 8 and 9, the
body 160 defines a gap 176 between the at least two
opposing edges 170, 172. The gap 176 enables unob-
structed communication of the passageway 174 with the

outer surface 168 of the body such that strut 102 can be
inserted through gap 176 and into passageway 174 to
achieve the combination shown in FIG. 9, with marker
100 placed over a portion of the strut of FIG. 8 between
projections 134 and 136.
[0034] In a second condition, FIG. 10, the gap 176 is
obstructed to substantially prevent communication of the
passageway 174 with the outer surface 168 of the body
160. In this construction, gap 176 is occluded by bring
opposing edges 170 and 172 into substantial abutment
to establish a closed seam 198, such as by deforming
body 160, that is, by squeezing, clamping or crimping leg
portions 180 and 182 together, preferably to clamp mark-
er 100 to strut 102. In other constructions, at least a por-
tion of gap 176 is occluded by a weld or other bridging
or attachment technique. FIG. 10 shows the marker of
FIG. 9 after it is deformed to bring opposing edges sub-
stantially into abutment.
[0035] Projections 134 and 136 include opposing pairs
of stops 190, 192 and 194, 196 as shown most clearly in
FIG. 8. The spacing between pairs of stops or other pro-
jections can be altered at different geometric locations
within and about stent 10 or other vascular device to ac-
commodate markers of different diameters and lengths.
Further, a support such as another strut 106 can replace
one or both projections, such as strut 106 obviating the
need for projection 136 for a marker having a longitudinal
length greater than that of marker 100.
[0036] FIG. 11 shows the marker of FIG. 10 after sev-
eral optional welds 200, 202 and 204 have been applied.
Markers according to the present invention can be sol-
dered, glued or welded to further secure the marker to
the stent or other vascular device.
[0037] Thus, while there have been shown, described,
and pointed out fundamental novel features of the inven-
tion as applied to a preferred embodiment thereof, it will
be understood that various omissions, substitutions, and
changes in the form and details of the devices illustrated,
and in their operation, may be made by those skilled in
the art without departing from the spirit and scope of the
invention. For example, it is expressly intended that all
combinations of those elements and/or steps that per-
form substantially the same function, in substantially the
same way, to achieve the same results be within the
scope of the invention. Substitutions of elements from
one described embodiment to another are also fully in-
tended and contemplated. It is also to be understood that
the drawings are not necessarily drawn to scale, but that
they are merely conceptual in nature. It is the intention,
therefore, to be limited only as indicated by the scope of
the claims appended hereto.
[0038] Every issued patent, pending patent applica-
tion, publication, journal article, book or any other refer-
ence cited herein is each incorporated by reference in
their entirety.
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Claims

1. A marker to assist locating a device within vascula-
ture of a patient, comprising:

an elongated body formed of a biocompatible
radiopaque material that enhances locating the
marker when using at least one imaging tech-
nique, the body having a first end, a second end,
an inner surface, an outer surface, and at least
two opposing edges extending between the first
and second ends and establishing a boundary
between the inner surface and the outer surface;
the inner surface of the body defining a passage-
way extending between the first and second
ends;
in a first condition, the body defining a gap be-
tween the at least two opposing edges, the gap
enabling unobstructed communication of the
passageway with the outer surface of the body;
and
in a second condition, the gap being obstructed
to substantially prevent communication of the
passageway with the outer surface of the body.

2. The marker of claim 1 wherein the body is capable
of being deformed to bring the opposing edges into
close proximity with each other in the second condi-
tion.

3. The marker of claim 1 wherein the body is formed of
a malleable radiopaque material.

4. The marker of claim 1 wherein the body is substan-
tially cylindrical in at least one of the first and second
conditions.

5. A combination of at least one marker with a device
insertable within vasculature of a patient, compris-
ing:

the device including a strut extending between
at least two supports;
the marker including an elongated body formed
of a biocompatible radiopaque material that en-
hances locating the marker when using at least
one imaging technique, the body having a first
end, a second end, an inner surface, an outer
surface, and at least two opposing edges ex-
tending between the first and second ends and
establishing a boundary between the inner sur-
face and the outer surface;
the inner surface of the body defining a passage-
way extending between the first and second
ends;
in a first condition, the body defines a gap be-
tween the at least two opposing edges, the gap
enabling unobstructed communication of the

passageway with the outer surface of the body
and enabling insertion of the strut into the pas-
sageway; and
in a second condition, the gap being obstructed
to substantially prevent communication of the
passageway with the outer surface of the body
and to prevent unintended removal of the marker
from the device, thereby securing the marker to
the device such that the strut securely carries
the marker.

6. The combination of claim 5 wherein the body is de-
formed to bring the opposing edges into close prox-
imity with each other in the second condition.

7. A method of enhancing locatability of a device within
vasculature of a patient, comprising:

selecting a device including a strut extending
between at least two supports;
selecting a marker including an elongated body
formed of a biocompatible radiopaque material
that enhances locating the marker when using
at least one imaging technique, the body having
a first end, a second end, an inner surface, an
outer surface, and at least two opposing edges
extending between the first and second ends
and establishing a boundary between the inner
surface and the outer surface, the inner surface
of the body defining a passageway extending
between the first and second ends, the body in-
itially defining a gap between the at least two
opposing edges, the gap enabling unobstructed
communication of the passageway with the out-
er surface of the body;
inserting the strut into the passageway; and
obstructing the gap to substantially prevent
communication of the passageway with the out-
er surface of the body and to prevent unintended
removal of the marker from the device, thereby
securing the marker to the device such that the
strut securely carries the marker.

8. The combination of claim 5 or the method of claim 7
wherein obstructing the gap includes deforming the
body to bring the opposing edges into close proximity
with each other in the second condition.

9. The combination of claim 5 or the method of claim 7
wherein the body is formed of a malleable radio-
paque material.

10. The combination of claim 5 or the method of claim 7
wherein the body is substantially cylindrical in at least
one of the first and second conditions.

11. The combination of claim 5 or the method of claim 7
wherein the gap is obstructed at least in part by at
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least one weld.

12. The combination of claim 5 or the method of claim 7
wherein the opposing edges are brought into sub-
stantial abutment with each other to obstruct the gap.

13. The combination of claim 5 or the method of claim 7
wherein the marker is positioned between two pro-
jections which restrict longitudinal movement of the
marker.

14. The combination of claim 5 or the method of claim 7
wherein the device is a stent having a compressed
condition during insertion through vasculature and
an expanded condition after it is positioned at a de-
sired location.

15. The combination or the method of claim 14 wherein
the strut carrying the marker is part of a closed, de-
formable cell of the stent.
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