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neck (40) of the aneurysm (36), and through the vessel (28) while the expandable member (16) is held over the neck (40) of the aneurysm

(36).
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REMOVABLE OCCLUSION SYSTEM
FOR ANEURYSM NECK
BACKGROUND OF THE INVENTION

The present invention deals with a system for |
treating an aneurysm. More specifically, the present .
invention deals with a removable occlusion system
deployed in the vasculature containing the aneurysm.

Several methods of treating aneurysms have
been attempted, with varying degrees of success. For
example, open craniotomy is a procedure by which an
aneurysm is located, and treated, extravascularly. This
type of procedure has significant disadvantages. For
example, the patient undergoing open craniotomy must
undergo general anesthesia. Also, the patient undergoes
a great deal of trauma in the area of the aneurysm by
virtue of the fact that the surgeon muét sever various
tissues in order to reach the aneurysm. In treating
cerebral aneurysms extravascularly, for instances, the
surgeon must typically remove a portion of the patient’s
skull, and must also traumatize brain tissue in order to
reach the aneurysm.

Other techniques used in treating aneurysms
are performed endovascularly. Such techniques typically
involve attempting to form a mass within the sac of the
aneurysm. Typically, a microcatheter is used to access
the aneurysm. The distal tip of the micro catheter is
placed within the sac of the aneurysm, and the
microcatheter is used to inject embolic material into
the sac of the aneurysm. The embolic material includes,
for example, detachable coils or an embolic agent, such
as a liquid polymer. The injection of these types of
embolic materials suffer from disadvantages, most of
which are associated with migration of the embolic

material out of the aneurysm into the parent artery.
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This can cause permanent and irreversible occlusion of
the parent artery.

For example, when detachable coils are used to
occlude an aneurysm which does not have a well defined
neck region, the detachable coils can migrate out of the
sac of the aneurysm and into the parent artery.
Further, it is, at times, difficult to gauge exactly how
full the sac of the aneurysm is when detachable coils
are being injected. Therefore, there is a risk of
overfilling the aneurysm in which case the detachable
coils also spill out into the parent artery.

Another disadvantage of detachable coils
involves coil compaction over time. After filling the
aneurysm, there remains space between the coils.
Continued hemodynamic forces from the circulation act to
compact the coil mass resulting in a cavity in the
aneurysm neck. Thus, the aneurysm can recanalize.

Embolic agent migration is also a problem.
For instance, where a liquid polymer is injected into
the sac of the aneurysm, it can migrate out of the sac
of the aneurysm due to the hemodynamics of the system.
This can also lead to irreversible occlusion of the
parent vessel.

Techniques have been attempted in order to
deal with the disadvantages associated with embolic
material migration to the parent vessel. Some such
techniques, commonly referred to as flow arrest
techniques, typically involve temporarily occluding the
parent vessel proximal of the aneurysm, so that no blood
flow occurs through the parent vessel, until a
thrombotic mass has formed in the sac of the aneurysm
which helps reduce the tendency of the embolic material
to migrate out of the aneurysm sac. However, thrombotic
mass can dissolve through normal lysis of blood. Also,
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in certain cases, it is highly undesirable to occlude
the parent vessel even temporarily. Therefore, this
technique is, at times, not available as a treatment
option. In addition, even occluding the parent vessel
may not prevent all embolic material migration into the
parent vessel.

Another endovascular technique for treating
aneurysms involves inserting a detachable balloon into
the sac of the aneurysm using a microcatheter. The
detachable balloon is then inflated using saline and/or
contrast fluid. The balloon is then detached from the
microcatheter and left within the sac of the aneurysm.in
an attempt to fill the sac of the aneurysm. However,
detachable balloons also suffer disadvantages. For
example, detachable balloons, when inflated, typically
will not conform to the interior configuration of the
aneurysm sac. Instead, the detachable balloon requires
the aneurysm sac to conform to the exterior surface of
the detachable balloon. Thus, there is an increased
risk that the detachable balloon will rupture the sac of
the aneurysm. Further, detachable balloons can rupture
and migrate out of the aneurysm.

SUMMARY OF THE INVENTION

A system for treating an aneurysm in a vessel

includes a delivery device having a delivery portion
suitable for delivery of embolic material. The delivery
device is placed in a neck of the aneurysm and an
expandable member is placed proximate the neck. The
expandable member is expanded to overlie substantially
the entire neck. Embolic material is delivered to the
aneurysm with a delivery device. The expandable member
is held over the neck to inhibit movement of the embolic
material out of the aneurysm. Blood is allowed to flow

out of the aneurysm, past the neck of the aneurysm, and
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through the vessel while the expandable member is held
over the neck of the aneurysm.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a portion of a neck |
occlusion device 1in accordance with the present
invention.

FIGS. 2A and 2B are side and end views,
respectively, of the neck occlusion device shown in FIG.
1 in an expanded position.

FIG. 2C is a side view of the device shown in
FIG. 2A in an expanded position.

FIGS. 3-7 illustrate the deployment of the
neck occlusion device shown in FIGS. 1, 2A.and 2B during
treatment of an aneurysm.

FIG. 8 illustrates a second embodiment of the
neck occlusion device in accordance with the present
invention.

FIG. 9 illustrates yet another embodiment of
a neck occlusion device in accordance with the present
invention.

FIGS. 10-11D illustrate two additional
embodiments of a neck occlusion device in accordance
with the present invention.

FIGS. 12-13B illustrate yet another embodiment
of a neck occlusion device in accordance with the
present invention.

FIGS. 14A-141 illustrate additional
embodiments of neck occlusion devices in accordance with
the present invention.

FIGS. 15A and 15B illustrate yet another
embodiment of a neck occlusion device in accordance with

the present invention.
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FIGS. 16A-16D illustrate yet another
embodiment of a neck occlusion device in accordance with
the present invention. ,

FIG. 17 illustrates yet another embodiment of
a neck occlusion device in accordance with the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is a side view of a portion of a neck
occlusion device 10 in accordance with the present
invention. Device 10 includes outer tubular member 12,
inner tubular member 14, and mesh portion 16. Tubes 12
and 14 are preferably coaxially arranged relative to one
another, and are longitudinally slidable relative to one
another. Mesh portion 16 is attached, at its distal end
18, to a distal portion 20 of inner tubular member 14.
Mesh 16 is attached at its proximal end 22 to a distal
portion 24 of outer tubular member 12.

Mesh portion 16 1is preferably formed of
braided or woven filaments or fibers which are
relatively flexible. Therefore, when tubes 12 and 14
are moved relative to one another, mesh portion 16 is
deployed radially outwardly relative to the tubes 12 and
14. This is illustrated by FIG. 2A.

FIG. 2A shows similar items to those shown in
FIG. 1, and they are similarly numbered. However, in
FIG. 2A, inner tube 14 has been retracted in the
direction indicated by arrow 26 relative to outer tube
12. This causes the distal end 20 of inner tube 14 to
approach the distal end 24 of outer tube 12. This also,
consequently, causes the central portion of mesh 16 to
deploy radially outwardly relative to the two tubular
members 12 and 14 to form a substantially disk-shaped
(or dish-shaped) configuration. It should also be noted
that a pull wire can be alternatively implemented in
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place of tube 14. FIG. 2B is an end view of device 10
in the deployed position shown in FIG. 2A. However,
FIG. 2B also shows that mesh portion 16 is relatively
porous. This has advantages discussed with respect to
FIGS. 3-7. .

FIG. 2C illustrates device 10 with inner tube
14 even further retracted in the direction indicated by
arrow 26 relative to outer tube 12. This causes mesh
portion 16 to assume a general dish or concave shape.
The present invention contemplates deployment of device
10 in this shape as well as in the other deployed shapes
discussed herein. -

FIGS. 3-7 illustrate the deployment of device
10 in treating an aneurysm. FIG. 3 shows a blood vessel
28 having a main lumen 30 which bifurcates into two
branch lumens 32 and 34 which communicate with lumen 30.
At a region proximate the transition from lumen 30 to
branch lumens 32 and 34, aneurysm 36 has formed in the
vessel wall. Aneurysm 36 has an interior sac portion 38
and a neck region 40. In order to treat aneurysm 36,
FIG. 3 illustrates that device 10 is advanced through
the vasculature, through lumen 30, to a region proximate
the neck 40 of aneurysm 36. In the preferred
embodiment, inner tube 14 has a distal extension portion
42 which extends beyond the distal end of mesh 16.

FIG. 4 illustrates that, once device 10 is
placed in the region of neck 40 in the vasculature, mesh
portion 16 is moved to its deployed (or radially
expanded) position. This is done as described with
respect to FIG. 2A, by moving tubes 14 and 16
longitudinally relative to one another to cause mesh
portion 16 to deploy radially outwardly. FIG. 4 shows
that, in the preferred embodiment, mesh portion 16, when
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deployed, substantially overlies the entire neck portion
40 of aneurysm 36.

FIG. 5 is similar to FIGS. 3 and 4, and
similar items are similarly numbered. However, FIG. 5
illustrates that, once mesh portion 16 is deployed over
the neck region 40 of aneurysm 36, embolic material 44
is placed in the interior sac 38 of aneurysm 36. 1In one
preferred embodiment, the embolic material includes any
suitable embolic material, such as coils, detachable
coils, liquid embolic agents, or other suitable embolic
material. The apertures in mesh portion 36 allow blood
to migrate out of the sac portion 38 of aneurysm 36 upon
being displaced in aneurysm 36 by embolic materials
introduced into aneurysm 36. Also, device 10, when
deployed, preferably has a low enough profile that it
does not block any of lumens 30, 32 or 34. The porous
nature of mesh portion 16 also allows blood to flow
through vessels 30, 32 and 34 through mesh portion 16.

In the embodiment shown in FIG. 4, because
aneurysm 36 is located in a region where lumen 30
bifurcates into lumens 32 and 34, mesh portion 16 may
typically have a larger outer diameter than the inner
diameter of lumen 30. In other words, mesh portion 16,
when deployed, expands radially outwardly and extends
down a portion of lumens 32 and 34. In being so formed,
the outer diameter of mesh portion 16, in the deployed
position, can be larger than the inner diameter of lumen
30. However, since mesh portion 16 collapses to the
position shown in FIG. 3, it can be advanced and removed
through vessel 30, yet still be deployed in a large
enough configuration to substantially block the entire
neck region 40 of aneurysm 36.

FIG. 6 shows another preferred way of placing
embolic material 44 in the sac 38 of aneurysm 36. FIG.
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6 illustrates that a microcatheter 46 has been advanced
through lumen 30 and through the apertures in mesh
portion 16. Of course, microcatheter 46 can also be
placed in the sac 38 of aneurysm 36 prior to the
deployment of mesh portion 16. In that case, when mesh
portion 16 is deployed, it simply deflects a portion of
microcatheter 46 out toward the wall of the neck region
40 of aneurysm 36, but does not exert enough pressure on
microcatheter 46 to pinch off or close the Ilumen
thereof. Therefore, embolic materials can still be
advanced therethrough. It should also be noted that, in
the embodiment shown in FIG. 6, where a separéte
microcatheter 46 is used to introduce embolic material
into the sac 38 of aneurysm 36, the central tube 14 of
device 10 need not be hollow, but can instead be a core
wire device, or another suitable solid elongate member.
FIG. 7 illustrates device 10 as deployed in
treating an aneurysm 36’. Aneurysm 36’ is similar to
aneurysm 36, except that it is offset from the region
where lumen 30 bifurcates into 1lumens 32 and 34.
However, it is only offset by a small distance.
Therefore, device 10 can be maneuvered to have its
distal tip within the sac 38’ of aneurysm 36’. Also, it
is offset by a distance which is small enough that
longitudinal pressure applied to device 10 through tubes
12 and 14 causes deployed mesh portion 16 to abut and
substantially overlie the neck region 40’ of aneurysm
36’. It should be noted that the longitudinal force
applied can cause mesh portion 16 to direct a force
against the neck region 40 either directly, or by the
tubes 12 and 14 backing up against lumen wall 48 which
is substantially directly across from the opening in
neck region 40’ of aneurysm 36'. This causes tubes 12
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and 14 to deflect toward the neck region 40’ of aneurysm
36’ and exert a force thereagainst.

FIG. 8 illustrates device 10 formed in
accordance with another preferred embodiment of the
present invention. In FIG. 8, a resilient material
layér 50 is disposed over the outer radial surface of
mesh portion 16. Resilient layer 50 is preferably a
stretchy, woven material which has a number of apertures
or perforations formed therein. However, the
perforations are not as large as those which are formed
in mesh portion 16, itself. Layer 50 thus provides the
added advantage that mesh portion 16, when deployed, has
a greater surface area facing neck region 40 of aneurysm
36. This enhances the ability of device 10 to deflect
embolic material introduced into the sac 38 of aneurysm
36 back into aneurysm 36, and to keep it from migrating
through neck portion 40 into the lumens 30, 32 or 34 of
vessel 28. However, the perforations still allow blood
from the sac 38 of aneurysm 36 to flow out into vessels
30, 32 or 34, upon being displaced by embolic materials
introduced into the sac 38 of aneurysm 36.

FIG. 9 illustrates another method of using
device 10 in accordance with the present invention. 1In
the embodiment shown in FIG. 9, device 10 has
substantially the same elements as that shown in FIG. 1.
However, device 10 is configured to form a longer, wider
tubular configuration when deployed radially outwardly,
than that shown in FIGS. 2A, 4, 5 and 7. Thus, device
10 is more suitable for use in treating aneurysms, such
as aneurysm 52, which is formed in a vessel wall that is
not near a bifurcation in the vasculature. In the
preferred embodiment shown in FIG. 9, microcatheter 54
is first introduced through neck region 56 of aneurysm

52 and into the sac of aneurysm 52. Then, device 10 is
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placed proximate neck region 56 and deployed to the
expanded position shown in FIG. 9. Embolic material is
then introduced through microcatheter 54 into aneurysm
52 and device 10 is in place to deflect back into
aneurysm 52 substantially all embolic material which
would otherwise tend to migrate through neck 56 into the
parent vessel.

Alternatively, device 10 can first be
introduced and placed proximate neck portion 56 of
aneurysm 52 and maintained in the collapsed position.
Microcatheter 54 is then introduced into aneurysm 52 and
device 10 is then deployed outwardly. Also, as with the
embodiment described in FIG. 6, mesh portion 16 of
device 10 can be formed of a material having wide enough
apertures that microcatheter 54 can be introduced
therethrough. In that embodiment, it does not matter
whether device 10 1is first deployed, and then
microcatheter 54 is inserted in aneurysm 52, or whether
microcatheter 54 is first inserted in aneurysm 52 and
then device 10 is deployed.

Of course, as with respect to device 10 shown
in FIG. 8, the embodiment of device 10 shown in FIG. 9
can also be covered by a resilient material layer 50.
Substantially the same advantages are achieved by such
a covering layer as those achieved in the embodiment
shown in FIG. 6.

It should further be noted that device 10
shown in FIG. 9 preferably has substantial perforations
or apertures therein, when deployed. This serves two
purposes. First, it allows blood to flow out of
aneurysm 52 as it is displaced by an embolic material.
Also, it allows blood to continue flowing through the
parent vessel, and thus does not tend to cause occlusion
of the parent vessel when deployed in the parent vessel.
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In one preferred embodiment, mesh portion 16
is formed of woven strands of polymer material, such as
nylon, polypropylene or polyester. The polymer strands
can be filled with a radiopaque material which allows
the physician treating the aneurysm to fluoroscopically
visualize the location of mesh portion 16 within the
vasculature. Radiopaque filler materials preferably
include bismuth trioxide, tungsten, titanium dioxide or
barium sulfate, or radiopaque dyes such as iodine. It
should also be noted that mesh portion 16 can be formed
by strands of radiopaque material. The radiopaque
strands allow the physician to fluoroscopically
visualize the location of mesh portion 16, without the
use of filled polymer materials. Such radiopaque
strands may preferably be formed of gold, platinum, or
a platinum/iridium alloy.

In the embodiment in which mesh portion 16 is
formed of radiopaque metal strands, it is preferred to
cover the strands with a polymer coating or extrusion.
The coating or extrusion over the radiopaque wire
strands provides fluoroscopic visualization of mesh
portion 16, but also increases the resistance of the
strands to bending fatigue and may also 1increase
lubricity of the strands. The polymer coating or
extrusion, in one preferred embodiment, is coated or
treated with an agent which tends to resist clotting,
such as heparin. Such clot resistant coatings are
generally known. The polymer coating or extrusion can
be any suitable extrudable polymer, or any polymer that
can be applied in a thin coating, such as teflon or
polyurethane.

In yet another embodiment, the strands of mesh
portion 16 are formed using both metal and polymer
braided strands. Combining the metal strands with the
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polymer strands into a braid changes the flexibility
characteristics of mesh portion 16. The force required
to deploy or collapse such a mesh portion is
significantly reduced over that required for a mesh
portion that includes only metal mesh strands. However,
the radiopaque characteristics of the mesh for
fluoroscopic visualization are retained. Metal strands
forming such a device preferably include stainless
steel, gold, platinum, platinum/iridium or nitinol.
Polymer strands forming the device can preferably
include nylon, polypropylene, polyester or teflon.
Further, polymer strands of mesh portion 16 can be
chemically modified to make them radiopaque, such as by
using gold deposition onto the polymer strands, or by
using ion beam plasma deposition of suitable metal ions
onto the polymer strands.

Mesh portion 16 can also be formed with
filaments or strands of varying diameter and/or varying
flexibility. By varying the size or flexibility of the
polymer strands, the flexibility characteristics of mesh
portion 16, upon deployment, can also be varied. By
varying the flexibility characteristics, both the
deployed and collapsed configuration of mesh portion 16
can be varied or changed to substantially any desired
shape. As with previous embodiments, preferred
materials for the strands include nylon, polypropylene,
polyester and teflon.

Not only can mesh portion 16 be formed of both
polymer strands or filaments and metal strands or
filaments, but it can be formed using filaments of
different polymer materials. For example, different
polymer materials having different  flexibility
characteristics can be used in forming mesh portion 16.
This alters the flexibility characteristics to change
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the resultant configuration of mesh portion 16 in both
the deployed and the collapsed positions.

FIGS. 10-14I illustrate the present invention
formed in the shape of a collapsing tube. FIG. 10
illustrates a portion of device 60 in accordance with
the present invention. Device 60 includes inner tube 62
and outer tube 64. Tubes 62 and 64 are preferably
coaxially arranged relative to one another. Collapsing
tube portion 66 is coupled to inner tube 62 and outer
tube 64. Collapsing tube portion 66 can be a separate
member coupled to tubes 62 and 64, or it can be
integrally formed with one or both of tubes 62 and 64.
Collapsing tube portion 66 has a distal end 68 thereof
which is attached to distal portion 70 of inner tube 62.
Collapsing tube portion 66 also has a proximal end 72
which is attached to a distal region 74 of outer tube
64. In the embodiment shown in FIG. 10, collapsing tube
60 has a plurality of notches 76 formed therein. By
forming notches 76, a plurality of struts 78 are defined
therebetween and extend generally from the proximal end
72 of collapsing tube portion 66 to the distal end 68
thereof.

FIG. 11A illustrates device 60 in the deployed
position. Tubes 62 and 64 are preferably longitudinally
moveable relative to one another. Therefore, in order
to deploy device 60, inner tube 62 is pulled in the
direction generally indicated by arrow 80 relative to
outer tube 64. This causes the distal end 74 of outer
tube 64 to advance toward the distal end 70 of inner
tube 62. This movement causes the struts 78 defined by
notches 76 to bow or deploy generally radially
outwardly, away from tubes 62 and 64 to the
configuration shown in FIG. 11A.

PCT/US98/13989
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FIG. 11B illustrates an end view of device 60.
FIG. 11B illustrates that struts 78 deploy radially
outwardly in a flower pedal-like arrangement. Thus,
notches 76 allow for the movement of blood out from
within an aneurysm being tréated by device 60 as it is
replaced by embolic material, but struts 78 form
deflecting surfaces to inhibit migration of the embolic
material out of the aneurysm.

Thus, device 60 can be used in a similar
fashion to device 10 shown in FIGS. 1-10 and discussed
in greater detail above. However, device 60 provides
struts 78 which typically have a larger constant surféce
area than the filaments forming mesh portion 16 of
device 10. Thus, blood clotting may be less likely to
occur around device 60. Also, the profile of device 60
in the collapsed position shown in FIG. 10 is typically
slightly larger than the profile of mesh portion 16 when
in the collapsed position shown in FIG. 1. However,
device 60 is also typically less dense than mesh portion
16 when in the collapsed position and thus allows for
easier blood flow around it during advancement or
retraction in the vasculature.

FIG. 11C illustrates device 60 with a
modification. Thread or suture material 82 is laced or
threaded through struts 78 and across the spaces formed
by notches 76 to create a mesh in notches 76. Suture
material 82 thus provides additional surface area when
device 60 is deployed. This additional surface area
serves to enhance the ability of device 60 to deflect
coils or other embolic material to keep it from
migrating out of the aneurysm being treated. Any
suitable type of polymer, thread, suture material, or
other suitable polymer strands can be used to form
thread 82.
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FIG. 11D shows an end view of device 60 where
outer tube 64 has been rotated with respect to inner
tube 62. This causes the proximal ends of struts 78 to
be rotated relative to the distal ends of struts 78
about the periphery of tubes 62 and 64. This type of
rotation typically reduces the overall outer diameter of
device 60 in the deployed position. It also changes the
spacing between struts 78. In other words, the proximal
ends of struts 78 are rotated to fill in a portion of
the notches 76, when viewed from the distal end of
device 60, to provide additional surface area for
deflection of embolic material. Also, since the
rotation of tubes 62 and 64 relative to one another
changes the overall outer diameter of device 60 in the
deployed position, this feature can be used in order to
accommodate aneurysms having various neck sizes.

FIGS. 12-13B illustrate another embodiment of
a sliced tube device in accordance with the present
invention. FIG. 12 shows device 84 1in a collapsed
position. Device 84 is similar to device 60 in that a
collapsing tube portion 86 has a plurality of struts 88
formed therein. However, instead of struts 88 being
formed between notches or physical voids in tube portion
86, tube portion 86 simply includes a plurality of
longitudinal slices 90 which define struts 88.

In addition, an inner collapsible tube portion
92 is also provided in device 84. 1Inner collapsible
tube portion 92 is similar to outer collapsible tube
portion 86, and 1is preferably coaxially arranged
relative to outer tube'portion 86. The outer tube 86
has an inner diameter which is slightly larger than the
outer diameter of inner tube 92. Inner tube portion 92
also has a plurality of generally longitudinal cuts 94
formed therein to define inner struts 96. Outer
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collapsible tube portion 86 and inner collapsible tube
portion 92 are preferably coupled to one another at
their distal ends and to the distal end of inner tube
62. The proximal ends of inner and outer collapsible
tube portion 86 and 92 are coupled to a distal region 74
of tube 64 and are slidable over inner tube 62.

FIG. 13A shows device 84 in the deployed
position. Inner tube 62 is movable longitudinally
within the interior of inner collapsible tube portion
92. Therefore, withdrawal of tube 62 relative to tube
64 causes both the distal ends of inner and outer
collapsible tube portions 84 and 92 to advance toward
their respective proximal ends. This causes the struts
88 and 96 to deploy radially outwardly as shown in FIG.
13A.

Also, in the preferred embodiment, struts 88
are angularly offset about the outer periphery of device
84 from inner struts 96. Therefore, when device 84 is
deployed, the inner struts 96 deploy outwardly within
the gaps left by the deployed outer struts 88. This is
better illustrated in FIG. 13B which is an end view
taken from the distal end of device 84 shown in FIG.
13A.

Devices 60 and 84 are preferably formed of any
suitable material, such as PVC, polyurethane, low
density polyethylene or nitinol. The design of the
struts in devices 60 and 84 provide a relatively large
and consistent surface area, with also relatively large
amount of space between the deployed struts, when in the
deployed position.

FIGS. 14A, 14B and 14C illustrate another
embodiment of the present invention. FIG. 14A is a side
sectional view of device 100 and FIG. 14B is simply a

side view of device 100 showing a plurality of strips
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102 and 104. FIG. 14C illustrates device 100 in the
radially deployed position. Device 100 is similar to
devices 60 and 84. However, device 100 includes a
plurality of strips or struts 102 which are formed, not
by making longitudinal cuts or notches in the outer and
inner tubes, but rather by adhering a pluraiity of
discrete strips to the tubes.

In the embodiment shown in FIG. 14A, device
100 includes outer strips 102 and inner strips 104.
Strips 102 are illustrated by the solid lines and strips
104 are illustrated by the dashed lines in FIG. 14B. It
can be seen that strips 102 are radially located outside
of, or over, strips 104 relative to the longitudinal
axis of the inner tube 62. Strips 102 are adhered at
distal ends thereof to inner strips 104 which are offset
angularly relative to strips 102. Distal ends of strips
102 and 104 are not only connected to one another, but
they are also connected to the distal end of inner tube
62. The proximal ends of strips 102 and 104 are not
only adhered to one another, but are also adhered to the
distal end of outer tube 64. Therefore, when tubes 62
and 64 are moved longitudinally relative to one another
to bring their distal ends closer to one another, device
100 deploys radially outwardly as shown in FIG. 14C.

It should also be noted that, instead of flat
strips of material, device 100 can be formed of threads
or wires or other filamentous or fibrous material
adhered or connected in the same manner as strips 102
and 104. As with the embodiment shown in FIGS. 12-13B,
the preferred material for forming strips 102 and 104
includes PVC, polyurethane, low density polyethylene or
nitinol. In the embodiment in which the strips are
formed of wires or other filamentous material, any
suitable monofilament polymer, suture material, nitinol
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or stainless steel, or any other suitable material, can
be used. It should also be noted that the proximal and
distal ends of strips 102 and 104, or the threads or
fibers forming the struts, can be anchored around the

- tubes 62 and 64 using any suitable adhesive or other

suitable connection technique.

Further, strips 102 and 104, or the wires
forming those struts, can have their distal ends
angularly offset about the circumference of tubes 62 and
64 relative to their proximal ends, and adhered that
way. Such a device is shown in the collapsed position
in FIG. 14D. This results, upon deployment, in device
100 substantially assuming the configuration shown in
FIG. 11D, where the tubes are rotated relative to one
another upon deployment of device 60. However, this
configuration is obtained without the requirement of
rotating tubes 62 and 64 relative to one another.

Devices 60, 84 or 100 can also be covered with
the same type of resilient material as layer 50 shown in
FIG. 8. Further, devices 84 and 100 can also have
thread, suture material, polymer strands, or other
suitable material laced therethrough to form a mesh,
such as that shown in FIG. 11C.

It should also be noted that, in accordance
with the present invention, the expandable devices can
pe formed having different characteristics along their
length. For example, FIG. 14E illustrates a device 110
similar to device 100, which is formed by adhering
strips of material 112 to tubes 62 and 64. The distal
ends of the strips 112 used to form device 110 are
solid, while the proximal ends thereof are perforated.
As shown in FIG. 14F, device 110 thus has a proximal end
which has significant additional perforations therein to
allow blood flow therethrough in the parent vessel, yet
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has a distal end which has significantly fewer gaps or
apertures therein to provide significantly more surface
area for deflecting embolic material back into the sac
of the aneurysm being treated.

However, the distal end of device 110 also has
spaces between the strips or struts 112 to allow for the
escape of blood from the aneurysm upon the insertion of
embolic material therein.

This same type of affect can be accomplished
using strips of material having different overall
configurations. For example, FIGS. 114G and 14H
illustrate strips 114 and 116 having a configuration
wherein the distal ends 122 and 123. have a greater
surface area than the proximal ends 124 and 125. Thus,
devices formed with strips 114 or 116 yield a similar
advantage to device 110. The distal end of the device
formed with strips 114 or 116 has gaps or apertures
therein which are smaller than those at the proximal
end. This allows substantial additional blood flow
through the proximal end but provides a greater
deflecting surface at the distal end. It should also be
noted that any of the strips 112, 114 or 116 can be
partially or entirely perforated to provide substantial
additional blood flow throughout the entire longitudinal
length of a device formed by such strips.

FIG. 141 illustrates yet another embodiment of
the present invention. In FIG. 14I, wires or
filamentous strands 132 are used to form a device 130.
The wires 132 have distal ends thereof attached to the
inner tube 62 and proximal ends thereof attached to the
outer tube 64. Wires 132 have different lengths.
However, when tube 62 is fully extended within tube 64,
such that the distal ends of the two tubes are separated

from one another, wires 132 lay substantially flat
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agaiﬁst the outside of tubes 62 and 64 to approximate
the outer diameters thereof. When tube 62 is retracted
within tube 64 such that the distal ends approach one
another, wires 132 deploy radially outwardly as shown in
FIG. 14I. ’

FIGS. 15A-16D illustrate devices in accordance
with yet another aspect of the present invention. The
devices illustrated in these figures are self-expanding
devices for treating an aneurysm. In general, the shape
of the device is restrained in the collapsed (generally
tubular) form for insertion into the vasculature and is
then released to deploy radially outwardly.

FIG. 15A illustrates device 140 in a deployed
position. Device 140 includes inner tube 62 and outer
tube 64. Polymer or metal wires or strands, or
segments, 142 are set into a curved configuration and
are attached at the proximal ends thereof about the
outer circumference of inner tube 62. When
unconstrained, wires 142 deploy radially outwardly as
shown in FIG. 15A. Outer tube 64 has an inner diameter
which approximates the outer diameter of tube 62. FIG.
15B shows that device 140 is retained in a collapsed,
generally tubular shape, by outer tube 64 being advanced
over wires 52 about inner tube 62. This urges wires 142
to straighten and lie generally flat against the outer
surface of inner tube 62.

Strands 142 are preferably formed of any
suitable material, such as nylon, teflon, polypropylene,
nitinol, or stainless steel, and outer and inner tube 62
and 64 are also preferably formed of any suitable
material, and can be formed of latex or polyurethane, or
other suitable materials.

FIGS. 16A-16D illustrate another embodiment of
a device 150 in accordance with the present invention.
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FIG. 16A illustrates that device 150 is formed of an
inner tube 62 and an outer tube 64. Outer tube 64 has
a distal end thereof split to form a plurality of
expandable members 152, which are attached by a hinge
connection 154 to the proximal portion of outer tube 64.
Inner tube 62 has a radially enlargéd hub 156 attached
to the distal end thereof. Hub 156 has an annular,
proximally extending ring 158. Ring 158 has a proximal
end 160 which forms a retaining surface. Expandable
members 152 of outer tube 64 each have a corresponding
surface 162 at the distal end thereof. Surfaces 162 and
surface 160 mate such that the distal ends of expandable
members 152 are captured and retained in a radially
collapsed position by surface 160 of hub 158.

In order to deploy device 150 into the
radially expanded position, inner tube 62 (as shown in
FIG. 16B) is advanced longitudinally with respect to
outer tube 64 in the direction generally indicated by
arrow 164. This causes surface 160 of hub 156 to come
out of engagement with surfaces 162 of expandable
members 152. Members 152 are preferably heatset at an
outward angle relative to inner tube 62. Therefore,
when surface 160 comes out of engagement with surfaces
162, the distal ends of expandable members 152 expand
radially outwardly as shown in FIG. 16B.

FIG. 16C shows that once surfaces 160 and 162
are out of engagement with one another, and once members
152 have expanded radially outwardly as shown in FIG.
16B, inner tube 62 is withdrawn longitudinally relative
to outer tube 64. This causes the annular ring
terminating surface 160 to contact interior surfaces 166
of expandable members 152. By continuing to pull tube
62 in the direction indicated by arrow 165, hub 158
causes expandable members 152 to expand radially
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outwardly to the configuration shown in FIG. 16C. FIG.
16D is an end view of device 150 in the deployed
position taken from the distal end of device 150.

In order to remove device 150 from the
vasculature, inner tube 62 is agéin advanced distally
with respect to outer tube 64 so that annular hub 156 is
advanced to such a degree that surface 160 is out of
engagement, and clear of, the interior surfaces 166 of
expandable members 152. In this way, expandable members
152 can expand back radially inwardly with respect to
tube 62 during removal of device 150 from the
vasculature. |

In the embodiment shown in FIGS. 16A-16D,
inner shaft 62 is preferably formed of a suitable
material, such as nylon, polyurethane or polyethylene.
Outer tube 64 is preferably formed of any suitable
material, such as latex or polyurethane.

FIG. 17 illustrates one additional aspect in
accordance with the present invention. FIG. 17
illustrates that substantially any of the devices
disclosed herein can be fully or partially covered with
a perforated elastomeric sheath. FIG. 17 illustrates
device 10 (shown in greater detail with respect to FIGS.
1-6) covered with elastomeric sheath 170. In the
preferred embodiment, elastomeric sheath 170 creates
additional surface area to deflect coils or other
embolic material placed in the aneurysm being treated.
In the preferred embodiment, elastomeric sheath 170 can
be formed of any suitable material, such as latex or
polyurethane.

As discussed above, inner tube 62 and outer
tube 64 can be formed of any suitable material.
However, inner tube 62, when used to deliver embolic

material, preferably has an inner lumen with a
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polytetrafluoroethylene (PTFE) inner liner to provide
lubricity for wire and coil movement therethrough. The
PTFE inner liner is preferably applied by dipping the
tube or extruding the liner onto the tube.

In addition, in one embodiment, tubes 62 and
64 are formed of a round or flat stainless steel coil
which includes a dipped or extruded polymer jacket or
overcoat layer with the PTFE inner liner. The coil can
also be formed of round or flat platinum or
platinum/iridium, gold or other suitable material.

Also, fiber braiding can optionally be
substituted for, or used in addition to, the coil wire
layer. Also, the braid or the wire coils may be .
interspersed at various locations along the longitudinal
length of the tubes. This provides variable stiffness
and flexibility zones along the longitudinal length of
the tubes.

In addition, any wire coils which are used in
the device can have centerless ground areas so that the
wires themselves have multiple diameter zones smaller
than the original diameter. This tapered wire is then
wound to form the coil to provide variable stiffness
zones along the longitudinal length of the catheter.
This same type of grinding technique can be used with
square or rectangular flat metal wire to provide the
same benefits.

It has been found that metal coil layers add
pushability, kink resistance, increased radiopacity, and
increased burst strength to a composite tube material.
The use of flat wire as compared to round wire improves
the pushability, kink resistance and burst strength of
the catheter or tube, but may cause the tube to be less
flexible. Suitable polymer jacket materials for the
tubes include nylon, polyurethane and polyethylene.
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Further, the tubes 62 and 64 can be formed of
multiple-polymer shafts consisting of a stiffer polymer
in the proximal region and a more flexible polymer in
the distal region. Additionally, different combinations
of metal or polymer coils or braids, and different
combinations of outer and inner jackets and sheaths can
be employed to obtain different flexibility segments
throughout the length of the tubes, as desired.
Polyfusion extrusion techniques can also be used.

It should be noted that the devices described
herein can be coated with a number of suitable coatings.
Among the coatings which could be applied are grthh
factors. A number of suitable growth factors include
vascular endothelial growth factor (VEGF), platelet
derived growth factor (PDGF), vascular permeability
growth factor (VPF), basic fibroblast growth factor
(bFGF), and transforming growth factor beta (TGF-beta).

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1.

A system for treating an aneurysm in a vessel,

the aneurysm having a neck communicating with the

vessel, the system comprising:

2.

"a first elongate member;

second elongate member longitudinally

movable relative to the first elongate
member ;

an expandable member radially expandable and

contractible in response to longitudinal
movement of the first and second
elongate members relative to 6ne
another; and

wherein the expandable member is configured,

when overlying the neck of the aneurysm,
to allow delivery of embolic material to
the aneurysm, to inhibit the embolic
material from moving out of the aneurysm
into the vessel, and to allow blood to
flow through the vessel and to flow out
of the aneurysm during delivery of the

embolic material into the aneurysm.

The system of claim 1 wherein the first and

second elongate members are arranged coaxially with one

another.

3.

The system of claim 2 wherein the expandable

member comprises:

a first collapsible tube generally coaxially

arranged with the first and second
elongate members, having a first end
connected to the first elongate member
and a second end connected to the second
elongate member and being configured
such that longitudinal movement of the
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first and second elongate members
relative to one another causes variation
in a distance between the first and
second ends of the first collapsible
tube.
4, The system of claim 3 wherein the first
collapsible tube comprises:

a first plurality of struts having distal
ends coupled to one of the first and
second elongate members and proximal
ends coupled to another of the first and
second elongate members, the first
struts being configured such that
movement of the proximal and distal ends
thereof toward one another causes the
first struts to bow radially outwardly
relative to the first and second
elongate members.

5. The system of claim 4 wherein the first and
second elongate members are rotatable relative to one
another and configured such that an outer diameter
defined by the first struts, when bowed outwardly, is
adjustable based on rotation of the first and second
elongate members relative to one another.

6. The system of claim 4 wherein the first struts
are configured such that the distal ends of the first
struts are angularly offset from the proximal ends of
the first struts about an outer periphery of the first
and second elongate members.

7. The system of claim 4 wherein the expandable
member comprises:

a second collapsible tube generally coaxially
arranged with the first collapsible tube

having a first end operably connected to
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the first elongate member and a second
end operably connected to the second
elongate member and being configured
such that longitudinal movement of the
first and second elongate members
relative to one another causes variation
in a distance between the first and
second ends of the second collapsible
tube.

8. The system of claim 7 wherein the second

collapsible tube comprises: _

a second plurality of struts having distal
ends coupled to one of the first and
second elongate members and proximal
ends coupled to another of the first and
second elongate members, the second
struts being configured such that
movement of the proximal and distal ends
thereof toward one another causes the
second struts to bow radially outwardly
relative to the first and second
elongate members.

9. The system of claim 8 wherein the second
struts are angularly offset from the first struts about
the periphery of the first and second elongate members.
10. The system of claim 4 and further comprising:

a thread-like member connected to the first
struts and configured to reside in
spaces between the first struts when the
first struts are expanded.

11. The system of claim 4 wherein the first struts
have distal regions with a larger surface area than
proximal regions thereof.
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12. The system of claim 11 wherein the proximal
regions of the first struts are perforated.
13. .The system of claim 4 and further comprising:

a perforated covering disposed about the
first struts and configured to be
carried radially outwardly with the
first struts.

14. The system of claim 1 wherein the expandable
member comprises:

an expandable mesh disposed about an outer
periphery of the first and second
elongate members.

15. The system of claim 14 wherein the mesh has at
least one aperture therein sized to receive a delivery
device therethrough for delivering embolic material.
16. The system of claim 1 wherein the expandable
member comprises:

a self expanding'device biased to be retained
in a collapsed position in response to
the first and second elongate members
being maintained in a first longitudinal
position relative to one another.

17. The system of claim 16 wherein the self-
expanding device comprises:

a plurality of biased members biased to an
expanded position relative to the
elongate members and configured such
that when the elongate members are in
the first position relative to one
another, the biased members are held in
a radially contracted position closely
approximating an outer diameter of at
least one of the first and second

elongate members and when the elongate
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members are in a second position
relative to one another, the second
position being longitudinally offset.
from the £first position, the biased
members are allowed to expand radially
outwardly.
18. The system of claim 17 wherein the first
elongate member includes a hub with a retaining rim, and
wherein the second elongate member includes the biased
members, the retaining rim and the biased members having
cooperable surfaces such that when the first and second
elongate members are in the first position, the
retaining rim engages the biased members retaining them
in a collapsed position, and when the first and second
elongate members are in the second position, the
cooperable surfaces are out of engagement with one
another allowing the biased members to deploy to a
radially expanded position.
19. The system of claim 1 and further comprising:
a third elongate member cooperable with the
first and second elongate members and
having a delivery portion proximate a
distal end thereof and configured to
deliver embolic material to the
aneurysm.
20. The system of claim 1 wherein one of the first
and second elongate members includes a delivery portion
for delivering the embolic material to the aneurysm.
21. A method of treating an aneurysm having a neck
communicating with a vessel, comprising:
providing a delivery device having a delivery
portion suitable for delivery of embolic

material;
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placing the delivery device in the neck of
the aneurysm;
placing an expandable member proximate the
neck;
expanding the expandable member to overlie
substantially the entire neck;
delivering embolic material to the aneurysm
with the delivery device; and
holding the expandable member over the neck
to inhibit movement of the embolic
material out of the aneurysm, while
allowing flow of blood through the
vessel past the neck of the aneurysm.
22. The method of claim 21 wherein holding the
expandable member over the neck comprises:
allowing blood to flow out of the aneurysm
during delivery of the embolic material
to the aneurysm.
23. The method of claim 22 wherein the expandable
member is provided on a first elongate member and
wherein holding the expandable member over the neck
comprises:
pushing longitudinally on the first elongate
member such that the expandable member
engages a wall of the vessel about the
neck of the aneurysm.
24, The method of claim 21 wherein placing an
expandable member proximate the neck comprises:
providing a first elongate member and a
second elongate member longitudinally
movable relative to the first elongate
member, wherein the expandable member is
operably coupled to a distal region of
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the first and second elongate members;

and

wherein expanding the expandable member

includes longitudinally moving the first
and second elongate members relative to
one another such that the expandable
member  moves between an expanded
position and a contracted position.

The method of claim 24 wherein placing an

expandable member proximate the neck comprises:

26.

providing a first collapsible tube generally

coaxially arranged with the first and
second elongate members, having a first
end connected to the first elongate
member and a second end connected to the
second elongate member; and

wherein expanding the expandable member

includes longitudinally moving the first
and second elongate members relative to
one another to cause variation in a
distance between the first and second
ends of the first collapsible tube.

The method of claim 25 wherein providing a

first collapsible tube comprises:

providing a first plurality of struts having

distal ends coupled to one of the first
and second elongate members and proximal
ends coupled to another of the first and
second elongate members; and

wherein expanding the expandable member

includes manipulating the first and
second elongate members relative to one
another to cause movement of the

proximal and distal ends of the first
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plurality of struts toward one another
causing the first struts to bow radially
outwardly relative to the f£first and .
second elongate members.
27. The method of claim 26 wherein the first and
second elongate members are rotatable relative to one
another and wherein expanding the expandable member

comprises:
rotating the first and second elongate
members relative to one another to
adjust an outer diameter defined by the
first struts, when bowed outwardly.
28. The method of claim 26 wherein placing the

expandable member proximate the neck comprises:
providing a second collapsible tube generally
coaxially arranged with the first
collapsible tube having a first end
operably connected to the first elongate
membef and a second end operably
connected to the second elongate member;
and
wherein expanding the expandable member
includes longitudinally moving the first
and second elongate members relative to
one another to cause variation in a
distance between the first and second
ends of the second collapsible tube.
29. The method of claim 28 wherein providing a
second collapsible tube comprises:
providing a second plurality of struts having
distal ends coupled to one of the first
and second elongate members and proximal
ends coupled to another of the first and

second elongate members; and
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wherein expanding the expandable member
includes moving the proximal and distal
ends thereof toward one another to cause
the second struts to bow radially
outwardly relative to the first and
second elongate members.
30. The method of claim 29 wherein the second
struts are angularly offset from the first struts about
the periphery of the first and second elongate members
and wherein expanding the expandable member includes
causing the first and second struts to bow outwardly
such that radially outwardly displaced portions of the
second struts reside in spaces between radially
outwardly displaced portions of the first struts.
31. The method of claim 21 wherein a first portion
of the expandable member, when expanded, has apertures
therein such that the first portion has a first surface
area per unit of area, and wherein a second portion of
the expandable member, when expanded, has apertures
therein such that the second portion has a second
surface area per unit of area, the second surface area
being smaller than the first surface area, and wherein
holding the expandable member over the neck comprises:
holding the first portion of the expandable
member over the neck while retaining the
second portion in the parent vessel.
32. The method of claim 24 wherein the expandable
member comprises an expandable mesh disposed about an
outer periphery of the first and second elongate members
and wherein expanding the expandable member comprises:
manipulating the first and second elongate
members to move the expandable mesh to

the expanded position.
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33. The method of claim 32 wherein the mesh has at
least one aperture therein sized té receive a delivery
device therethrough for delivering embolic material; and
wherein delivering embolic material comprises:
delivering the embolic material with the
delivery device through the at least one
aperture.
34. The method of claim 33 wherein delivering the
embolic material with the delivery device comprises:
delivering the embolic material through a
delivery portion in one of the first and
second elongate members.
35. The method of claim ‘24 wherein placing an
expandable member proximate the neck comprises:
providing a first elongate member and a
second elongate member longitudinally
movable relative to the first elongate
member, wherein the expandable member is
operably coupled to a distal region of
at least one of the first and second
elongate members; and
providing a self expanding device biased to
be retained in a collapsed position in
response to the first and second
elongate members being maintained in a
first longitudinal position relative to
one another; and
wherein expanding the expandable member
comprises moving the first and second
elongate members out of the first
longitudinal position.
36. The method of claim 35 wherein providing the

self-expanding device comprises:
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providing a plurality of biased members
biased to an expanded position relative
to the elongate members and configured
such that when the elongate members are
in the first position relative to one
another, the biased members are held in
a radially contracted position closely
approximating an outer diameter of at
least ohe of the first and second
elongate members; and

wherein expanding the expandable member
comprises moving the elongate members to
a second position relative to one
another, the second position being
longitudinally offset from the first
position, such that the biased members

are allowed to expand radially
outwardly. _
37. The method of claim 36 wherein the first

elongate member includes a hub with a retaining rim, and
wherein the second elongate member includes the biased
members, the retaining rim and the biased members having
cooperable surfaces such that when the first and second
elongate members are in the f£first position, the
retaining rim engages the biased members retaining them
in a collapsed position; and
wherein expanding the expandable member
includes moving the first and second
elongate members to the second position
such that the cooperable surfaces are
out of engagement with one another
allowing the biased members to deploy to
a radially expanded position.
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38. The method of claim 21 wherein the delivery
device comprises a third elongate member cooperable with
the first and second elongate members and wherein.
delivering embolic material to the aneurysm comprises
moving a delivery portion of the third elongate member
into the aneurysm and delivering the embolic material to
the aneurysm with the third elongate member.
39. The method of claim 21 and further comprising:
allowing the embolic material to remain in
the aneurysm for a time period while
holding the expandable member over the
neck; and
removing the expandable member from the

vessel.
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A. CLASSIFICATION OF SUBJECT MATTER

IPC 6 A61B17/12

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

IPC 6 A61B

Documentation searched other than minimum documentation to the extent that such documents are inciuded in the fields searched

Electronic data base consulted during the intemationai h (name of data base and, where practicai, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y EP 0 664 104 A (MICRO THERAPEUTICS, INC.) 1-3,
26 July 1995 14-17,
19,20
see the whole document
Y US 5 370 660 A (WEINSTEIN ET AL.) 1-3,
6 December 1994 14-17,
19,20
see abstract; figures
see column 4, line 11 - column 5, line 10
A US 4 921 484 A (HILLSTEAD) 1 May 1990 1,19,20
see abstract; figures
A WO 96 18343 A (MICRO INTERVENTIONAL 1-3,
SYSTEMS, INC.) 20 June 1996 14-17
see abstract; figures

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the intemationai
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
|ater than the priority date claimed

*T* later document published after the international filing date
or priority date and not in confiict with the appiication but
cited to understand the principle or theory underiying the
invention

*X* document of particular ret ; the ol
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone
*Y* document of particular rel ; the ol inventi
t be idered to involve an inventive step when the
dooument is combined with one or more other such docu-
ments, such combination being cbvious to a person skilled
in the art.

*&* document member of the same patent family
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Box | Observations where certain claims were found unsearchabie (Continuation of item 1 of first sheet)

This international Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

21-39
because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

2. D Claims Nos.:
because they relate to parts of the intemational Application that do not comply with the prescribed requirements to such
an extent that no meaningful international Search can be carried out, specifically:

3. L__] Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This Intermnational Searching Authority found multiple inventions in this intemnational application, as follows:

-

As all required additional search fees were timely paid by the applicant, this International Search Report covers ali
searchable claims.

2. As ali searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.
3. As only some of the required additional search fees were timely paid by the applicant, this Inteational Search Report

covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.
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