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CURABLE FIBER COMPOSITE STENT
AND DELIVERY SYSTEM

Background of the Invention

The present invention relates to an endoluminal stent for supporting a selected region
of a body lumen and to a method of forming and delivering the stent in situ.

Atherosclerosis is commonly treated by means of angioplasty through the use of a
balloon catheter. Balloon angioplasty involves passing a small, balloon-tipped catheter
percutaneously into an artery or vessel and up to the region of obstruction. The balloon is
then inflated to dilate the area of obstruction. However, restenosis or reclosure of the blood
vessel following angioplasty is a common occurrence. Factors contributing, at least in part,
to restenosis include proliferation of smooth muscle cells in the stenosed region and recoil of
the arterial or vessel wall. When luminal narrowing occurs, further coronary difficulties can
be experienced, including strokes, arrhythmia, infarcts and even death.

One approach to the prevention of restenosis following angioplasty has been to insert
a supportive stent into the treated area. This can be done using a conventional balloon
catheter. In particular, the stent is placed over the balloon portion of the catheter in a
contracted or collapsed position. The catheter is then inserted into a blood vessel adjacent to
a stenosis, and the balloon is expanded so that the stent engages and supports the surrounding
vessel wall.

Typically, endovascular stents are made of metals to provide the requisite strength for
maintaining dilation of a stenosed blood vessel region. For example, U.S. patent No.
5,197,978 (Hess et al.) and U.S. patent No. 5,354,308 (Simon et al.) disclose thermally
deformable stents made of nickel and titanium. U.S. Patent No. 5 ,366,504 (Andersen et al.)
discloses a stent made of loosely interlocked knitted loops containing metal wire.

Non-metallic stents have also been used for endovascular support. These devices are
generally cylindrical structures made up of a sheet or sleeve of resilient, elastic material
which can be cured or hardened following delivery of the stent to a selected region of a
vessel. For example, U.S. Patent No. 5,100,429 (Sinofsky) discloses an endovascular stent
having a tubular body formed as a rolled sheet of a biologically compatible material having a
cross-linkable adhesive material between overlapping portions of the rolled sheet.

U.S. Patent No. 5,344,201 (Cowan et al.) discloses an endovascular stent made up of an
expandable sleeve containing a cross-linkable material which can be cured by exposure to
radiation, and a film of biologically compatible material which encapsulates the sleeve.
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U.S. Patent No. 5,344,444 (Glastra et al.) discloses a hollow expandable stent in the form of a
ring, cylinder or sleeve containing a curable material. U.S. Patent No. 5,344,426 (Lau et al.)
and U.S. Patent No. 5,306,286 (Stack et al.) disclose stents made of a flat sheet of material
which is rolled up to form a cylinder and having a plurality of apertures. U.S. Patent No.
5,282,848 (Schmitt et al.) discloses a self-supporting stent having a continuous uniform
surface made up of a woven synthetic material.

Many prior art stent designs suffer from the disadvantage of having a relatively large
diameter in their non-deployed state, making them difficult to deliver and presenting the risk
of causing undue trauma to the vessel Additionally, prior art stents can be somewhat
inflexible so that they fail to closely conform to the surrounding vessel wall when in place.
Moreover, these stents often become a permanent part of the body and do not allow for
significant tissue in-growth or exposure of the lumen wall to circulating blood when in place.

It is therefore an object of the present invention to provide a transformable stent for
supporting and reinforcing a body lumen which is very flexible in its preformed state and
tightly engages the surrounding lumen wall when expanded into place. It is also an object of
the present invention to provide a stent which has a very low profile, so that it is easy to
deliver and does not block a large portion of the lumen flow channel. It is a further object of
the present invention to provide a stent which, following its delivery into a selected region of
a body lumen, is extremely strong so as to effectively support and strengthen the surrounding
lumen wall, yet which allows significant exposure of the supported lumen wall to circulating
blood. It is still a further object of the invention to provide a polymer-based stent which is
bio-resorbable and can be impregnated with a controlled release drug.

Summary of the Invention

According to the present invention, these and other objects and advantages are
achieved by a curable fiber composite stent which, upon formation in sify inside a selected
region of a body lumen, serves to support the lumen without significant obstruction to blood
flow. The stent is made up of a biocompatible fibrous material which is coated, impregnated,
filled, or otherwise treated with a curable material so that the fiber composite can be suitably
shaped to support a portion of a body lumen and then cured to maintain the shape. In one
embodiment of the invention, the fiber composite and the curable material are bioresorbable
so that the stent does not become a permanent part of the body.

The stent has an open, non-continuous structure, allowing for significant exposure of
the lumen wall to circulating blood and for endotheljal overgrowth. In one embodiment of
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the invention, the stent has a helical conformation. In another embodiment, the stent
comprises a number of fibrous strands which are braided to form a porous mesh. The fibrous
strands are treated with a curable material, for example, by saturating the strands with a
photoactivatable cross-linking agent. Alternatively, the strands can be hollow fibers which
are filled with a curable material. The fiber composite can then be coated with a film of a
biocompatible material which insulates the curable material-containing fiber composite from
the lumen wall and circulating blood. Alternatively, the curable material can be
microencapsulated and then contacted with the fibrous material, thereby forming a
biocompatible curable fiber composite.

To deliver the fiber composite stent to a selected region of a body lumen, the stent is
mounted on the head of a deflated balloon catheter while in a flexible, non-cured state, guided
into place, and then expanded by inflation of the balloon so that the stent tightly presses
against the surrounding lumen wall. The stent is then cured so that it forms a rigid support
structure which closely conforms to the lumen wall. In a preferred embodiment of the
invention, the curing is achieved by exposure of the stent to UV light which is delivered
through the balloon via a fiber optic tip. F ollowing curing of the stent, the balloon is deflated
and removed, leaving behind a rigid stent.

The curable fiber composite stent of the invention can be used to widen and support
any body lumen, including, but not limited to vascular, urological, biliary, esophageal,
reproductive, endobronchial, gastrointestinal, and prostatic lumens. The stent can also be
used to deliver therapeutic agents to cells of a lumen wall. In one embodiment of the
invention, the therapeutic agent is incorporated into the stent so that it is pressed into the
surrounding lumen wall upon expansion of the stent. In another embodiment of the
invention, the therapeutic agent is photoreleasably linked to the surface of the stent so that,
upon exposure to light, the agent is released from the stent surface onto the surrounding
lumen wall. The stent of the invention can also be used to treat acute vascular occlusion,
dissection of an artery, or sub-optimal angjoplasty.

The present invention provides the advantage of an endovascular stent which has a
relatively low profile so that it can be easily guided through a body lumen and does not
substantially obstruct blood or air flow when in place. The stent is also very flexible upon
delivery so that it tightly conforms to the surrounding wall when expanded into place. Once
formed in place, the stent is strong so that it supports and strengthens the lumen wall.
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Brief Description of the Drawings

FIG. 1(a) shows a helical fiber composite stent coiled about a deflated balloon
catheter, prior to being cured. Fig. 1(b) shows the helical stent in a fully cured state,
positioned within a stenosed Jumen.

FIG. 2 shows how the stent of Figs. 1(a) and 1(b) is positioned within a stenosed
region of a lumen, expanded on the head of a balloon catheter, and irradiated to effect curing.

Fig. 3(a) shows a braided fiber composite stent placed lengthwise over the head of a
deflated balloon catheter and positioned within a stenosed region of a body lumen. Fig. 3(b)
shows the braided stent in an expanded state, following inflation of the balloon. F 1g. 3(c)
shows the braided stent in a fully cured state, supporting the lumen wall.

Detailed Description of the Invention

In accordance with one embodiment of the present invention shown in Figs. 1(a) and
1(b), there is provided a stent 4 for supporting a selected region of a body lumen 7. The stent
consists of a fibrous material which is treated with a curable material and then formed into a
helix which engages the surrounding lumen wall 7. The stent is formed in situ, for example,
within a stenosed region of a blood vessel, thereby reducing the risk of injury to the vessel
wall resulting from delivery of a preformed stent.

The stent 4 is formed and delivered using a conventional balloon catheter, as shown in
Fig. 2. Such catheters are well known in the art and generally include an elongated flexible
tube 12 with an expandable balloon 5 attached at the distal end. The catheter also includes at
least one optical fiber 8 for delivering radiation into the balloon 5. At its proximal end, the
optical fiber is connected to a source of radiation 9, such as a laser. Suitable lasers for
delivering radiation are described, for example, in U.S. Patent Application Serial No.
07/598,033, filed October 10, 1990, the disclosure of which is incorporated by reference
herein. The optical fiber 8 extends through the catheter body 12 into the balloon 5 attached
to the distal end. The tip of the fiber is preferably designed to diffuse light outwardly through
the balloon, for example, by tapering the end or by using a diffusive radio-opaque material, as

. 1s well known in the art.

To form and deliver stent 4, a fibrous strand can be saturated or otherwise treated with
a curable material, thereby forming a curable fiber composite. The fiber composite is then
coiled about a cylindrical mandrel or similar device to form a helix. The helical fiber
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composite is then mounted over the head of a deflated balloon catheter 5, as shown in Fig.
1(a), prior to being cured. The catheter is then advanced using guidewire 6 through a body
lumen to selected area 7, such as an obstructed blood vessel. Once adjacent to the region, the
balloon 5 is expanded, so that the flexible stent is pressed tightly against the surrounding
lumen wall 7, as shown in Fig. 2. Radiation is then delivered into the balloon via the optical
fiber(s) 8 or other energy conducting means, causing the curable material in the stent to cross-
link or polymerize and form a rigid support structure which closely conforms to the
surrounding lumen wall 7, as shown in Fig. 1(b). The balloon is then deflated and the
catheter is removed.

In another embodiment of the invention, the stent is made up of a hollow fiber, such
as a polyethylene terephthalate (PET) tube, which encapsulates a curable material. The filled
fiber tubing can be mounted on a balloon catheter and delivered to a selected region of a body
lumen as described in the first embodiment of the invention. However, because the curable
material is encapsulated by the fiber composite, the risk of toxicity from the curable material
is largely reduced.

In yet another embodiment of the invention shown in Figs. 3(a), (b), and (c), the stent
13 is made up of a number of fibrous strands 11 which are braided to form a porous mesh. In
one example, approximately 16 strands of a fiber composite such as polyethylene
terephthalate (Dacron), silk, or carbon are braided and then saturated with a UV curable
material. To deliver stent 13 to a selected region of a body lumen, the flexible braid is pulled
lengthwise over a deflated balloon catheter 5, as shown in Fig. 3(a). The stent is then guided
through the lumen to the target site and expanded via balloon S, as previously described in
the first embodiment of the invention. Following expansion of the balloon, radiation is
delivered into its interior via optical fiber 8, causing the braid to be cured while taking shape
of the surrounding lumen wall 7, as shown in Fig. 3(b). Exposure to the light causes the
curable material in contact with the fibers of the braid to stiffen the braid, resulting in a rigid,
open mesh stent as shown in Fig. 3(c).

Fibrous materials suitable for use in the stent of the present invention include a
variety of multi-filament fabrics and hollow fibers. The term "fibrous material”, as used
herein, encompasses all such fabrics and fibers including, for example, cotton, polyester,
polyethylene terephthalate (Dacron), carbon and metal. The fibers making up the composite
have a very small diameter and can freely move over one another, thereby providing
flexibility when in an uncured state. However, upon bonding the fibers with a curable
material by, for example, exposure to UV radiation, the fibers form a very strong, rigid
support structure.
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The fiber composite is formed into a rigid support structure by bonding the fibers with
a material which can be cured by, for example, exposure to radiation, such as urethanes,
polyurethane oligomer mixtures, acrylate monomers, aliphatic urethane acrylate oligomers,
acrylamides, UV curable epoxies, and other UV curable monomers. Alternatively, the
curable material can be a material capable of being chemically cured, such as silicone-based
compounds which undergo room temperature vulcanization (RTV). Materials which harden
over time can also be used, such as epoxies. The term "curable material", as used herein, is
intended to include any material capable of being cross-linked or polymerized. In one
embodiment, a UV curable polyurethane oligomer mixture, such as Dymax™ (available from
Dymax Corp., Torrington , CT) is used and cross-linked using a Dymax™ UV curing
machine, model PC-3. In another embodiment, UV polymerizable mixture of acrylate
monomers, aliphatic urethane acrylate oligomers, and acrylamides, such as Loctite™ 3301
(available from Loctite Corp., Newington, CT) is used.

When using materials which are cured by exposure to radiation, the type and duration
of radiation will vary according to the particular material used. While UV radiation is
preferred, visible, infrared and thermal radiation can also be used to promote cross-linking of
the fibers making up the stent. Ina preferred embodiment of the invention, UV radiation
having a wavelength ranging from 240-400 nm, is used which is provided by, for example, a
non-coherent UV light source or an excimer source, such as a KtF excimer laser operating at
248 nanometers. Alternatively, a frequency-quadrupled, solid state, Neodymium-doped
YAG laser or the like operating at 266 nm can be used, or an Argon ion laser operating at 257
or 275 or 360 nm can be used.

To reduce the risk of toxicity from the curable material prior to curing, the stent can
further include a layer of a biocompatible material which encapsulates the curable fiber
composite and serves as a barrier between the stent and any circulating blood, and between
the stent and the lumen wall. Suitable biocompatible materials which can be used for this
purpose include, but are not limited to, silicones, waxes, polyacrylamides, polyethylenes,
polystyrenes, polypropylenes, polyolefins, polyurethanes and other thermoplastic elastic
polymers. In one embodiment of the invention, a multifilament fiber (e.g., cotton or carbon)
is saturated with UV curable material and then encapsulated within a polyethylene
terephthalate (PET) shrink tubing.

The stent can also include a therapeutic agent which is incorporated into the fiber
matrix of the stent, or into the biocompatible coating which encapsulates the stent, so that it
can be released onto the cells of the surrounding lumen wall upon expansion and curing of
the stent within a body lumen. For example, the therapeutic agent can be impregnated into
the lumen wall by pressure from expansion of the stent, Alternatively, the therapeutic agent
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can be photoreleasably linked to the surface of the stent so that, upon contact with the
surrounding lumen wall, the agent is released onto the cells of the wall by exposure to
radiation delivered via the optical fiber into the balloon.

Therapeutic agents which can be delivered via the stent of the invention include
any agent or combination of agents that may affect the cells in the vessel wall, including
drugs, chromophores, and nucleic acids. Therapeutic agents also include diagnostics
which will aid in later treatment, such as radiopaque compounds that allow the vessel to
be visualized by fluoroscopy or similar methods. Therapeutic agents may further include
antimicrobial agents, such as antibacterial and antiviral agents.

For restenosis inhibition, it is typically desirable to arrest the proliferation of
smooth muscle cells. Accordingly, drugs which prevent platelet aggregation and
adhesion can be used, such as antiplatelets, antithrombogenics, and anticoagulants. In
addition, receptor blockers, growth factors and other hormones may be used to limit the
normal repair response. The following are groups of particular drugs which can be used
to treat vascular disease, such as atherosclerosis and restenosis: anticoagulants, including
heparin, hirudin, hirulog, tissue plasminogen activator, and fibrinogen,; anti-
inflammatory agents, such as steroids, ibuprofen, aspirin, somatostatin, angiopeptin, and
anti-inflammatory peptide 2; cytotoxins, including colchicine, dexamethasone,
doxorubicin, methotrexate, and psoralen; antibiotics; and enzymes and enzyme
inhibitors, including urokinase, 2,4-dinitrophenol, and thiol protease inhibitor.

Another aspect of the present invention provides a curable fiber composite stent
which is bioresorbable. For example, the fibrous component of the stent can be made of
polyglycolic acid and other materials used in bioresorbable sutures. Due to the open,
noncontinuous structure of the stent, which allows significant exposure of the lumen wall to
circulating blood, the stent is encapsulated by endothelial tissue of the lumen wall by growth
of the tissue over the fibers. The resulting layer of tissue further reinforces and supports the
lumen. However, the stent will be absorbed before the encapsulating tissue thickens to an
undesirable level.

Equivalents

Those skilled in the art will be able to recognize, or be able to ascertain using no more
than routine experimentation, numerous equivalents to the specific compositions and
procedures described herein. Such equivalents are considered to be within the scope of this

invention and are covered by the following claims.
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What is claimed is:

1. A stent for supporting a selected portion of a body lumen, comprising at least
one flexible fiber composite which is formed to engage the wall of a body lumen, wherein the
fiber composite comprises a fibrous material which is treated with a curable material so that
the stent can be positioned within the body lumen and, upon curing of the curable material,
form a rigid support structure.

2. The stent of claim 1, wherein the curable material is impregnated in the
fibrous material.

3. The stent of claim 1, wherein the fibrous material comprises a hollow fiber
which encapsulates the curable material.

4, The stent of claim 1, wherein the fiber composite is further contacted with a
therapeutic agent.

5. The stent of claim 4, wherein the therapeutic agent is an antithrombogenic
agent.

6. The stent of claim 1, wherein the fiber composite has a helical conformation.

7. The stent of claim 1, wherein the fiber composite comprises a plurality of

strands which are braided to form a porous mesh.

8. The stent of claim 1, further comprising a layer of a biocompatible material
which encapsulates the fiber composite.

9. The stent of claim 8, wherein the biocompatible material is selected from the
group consisting of silicones, waxes, polyacrylamides, polyethylenes, polystyrenes,

polypropylenes, polyolefins, and polyurethanes.

10.  The stent of claim 8, wherein the biocompatible material further comprises a
therapeutic agent.

11.  The stent of claim 1, wherein the fiber composite is bioresorbable.
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12. The stent of claim 1, wherein the fibrous material comprises a multifilament

fabric selected from the group consisting of polyester, cotton, polyethylene terephthalate, and
carbon.

13. The stent of claim 1, wherein the curable material is UV curable.

14. The stent of claim 13, wherein the curable material is selected from the group

consisting of epoxies, silicones, urethanes, acrylamides, and polyurethane oligomer mixtures.
15. The stent of claim 1, wherein the curable material is thermally curable.
16.  The stent of claim 1, wherein the curable material is chemically curable.

17. Anapparatus for forming a stent inside a body lumen comprising:

a flexible elongated tube having a light transmitting expandable balloon attached to its
distal end;

at least one fiber composite desposed about the expandable balloon, the fiber
composite containing a curable material;

means for inflating the balloon; and

energy conducting means for transmitting radiation from an outside source to the
interior of the balloon, the radiation being of a sufficient energy to cause curing of the curable
material, thereby rigidifying the fiber composite.

18.  The apparatus of claim 17, wherein the energy conducting means is an optical
fiber.

19. The apparatus of claim 17, wherein the radiation is UV radiation.

20. A method of forming a stent, comprising the steps of:

applying a curable material to a fibrous material, thereby forming a curable fiber
composite;

shaping the fiber composite into a form suitable for insertion inside a body lumen;

mounting the shaped fiber composite over an expandable member;

disposing the expandable member in an unexpanded state inside a body lumen;

locating the expandable member adjacent to a selected region of the body lumen;

inflating the expandable member so as to bring the fiber composite into contact with
the surrounding lumen wall; and

curing the curable material so as to rigidify the fiber composite.
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21.  The method of claim 20, further comprising the step of coating the fiber
composite with a biocompatible material.

22.  The method of claim 20, further comprising the step of braiding the fiber
composite to form a porous mesh.

23.  The method of claim 20, further comprising the step of impregnating a
therapeutic agent into the fiber composite.

24.  The method of claim 20, wherein the step of curing the curable material
comprises cross-linking or polymerizing the curable material by irradiation.

25.  The method of claim 24, wherein the irradiation comprises UV radiation.



WO 96/40000

PCT/US96/08891

1/3

4

\ N
- \ A — ,

T R R T R o R L T 2T T s 2o I Ty ST
Fi
ig. 1(a)
A ERAIAI R AN “"(""-‘ ‘?#'J 1'»'.‘?#"-'# f RTINS
PR -, /\’l/\—_\/\”/ s 1 N N2 - -\ N2 -
- \ -

N~ RN

N

\ -,
- N

c" WEAS (’.’r"«i }‘d’.fc{ f(’.’r"c:&)‘ ,';'c("') 7 "" Jéi)‘e’ A f‘(',',rr'f\éxf P

Fig. 1(b)

SUBSTITUTE SHEET (RULE 26)



WO 96/40000

2/3

(D"\“

RADIATION
SOURCE

oA
-:J,\_\ 73 ©
A, FAS
Booad.
A g N \
lg\-’ N \
SO s~z 7
EN - ) &
b‘-J’\ AN
-'l.’ 1~ - _/"‘ $}.
Rowy » v '27 ’ AL\
o ! \ IS,
Aoy N 7 N =T \ -.L‘\-\'
-’Q ) \ I / N ‘] \ ~ N\,
O [ NRYY
A AT S
i & L o ‘J'J‘;
RN Nt
N> NN AR AR SRR
,“:‘7\ ~/ ¢ Uy ) ‘:\hr;
5 - N
!bn\ NN AN 2
NN - TR
v R ot :4-‘5;‘
w- . N ! '
L2 - N - \ SAL
2o+ SR AN NN m\
0L _..\\ Vo ! VoA
o ~ s,
RO O R
e YRS
» - N -
;’f‘n\ N A ‘,‘J‘,K’)‘
Ol N '
R ~ N A
/
2o, BRI Gl
PNy - AN I ¢
B N RS20t
By 7 - v RS
e <N - \ “J""
{:’3.‘\ AR N RS
SEN A SRR S
N
X, INEATNEN ro AAG
iy Pl R
B 1R
R N < RS
sy - P 1 Lo o
S~ _ 4 Ny, D%
iy NIN ~ T PERS
Pt B TR A SN
REAY -1 - AR
% ’ o
f\\'J 1 .\%‘
QC}\“ S
> e 13

SUBSTITUTE SHEET (RULE 26)

PCT/US96/08891

Fig. 2



WO 96/40000

3/3

PCT/US96/08891

VAU UV A SIUETIEA S

/ /
/N - S_M_2N S oSN
‘ - -

~ 7 -
\ Ny g N
13 < <

\

4 ’ -
AN AN RSN
w.v

S e T e O T o TS S 7

1

6
L

7

o LA RT3 I A 8 o T3 ke T B T ok,

XD aY.t

T kA1 RO AT

Fig. 3(a)

(e NI g N T X FERN IIT{ £ I\F}’ YR \lﬂ/ ¥4
NN N

¥ -“1\'—;{ L0 N Il o N T g
: LI

XU
S
PSS
RO A1
XS
S
5 X%
S

Q000

XS 7

A ) 1 7 T 7 \ T
NS L X b R D X A AT LY SETIAR 0. Y/ A K ILD VS Y 4 £ TS0 V4L 7 c /
T A A T T ST T L7 P

Fig. 3(b)

<
X
SO

Xl
IR

IR

A A <
I T RS T koA A Tk Y WA e AT

Q000
<ﬁﬁ§00

O
%900

<>

¢

-
D .

o N
L I AT 2

Fig. 3(c)

SUBSTITUTE SHEET (RULE 26)

LD



INTERNATIONAL SEARCH REPORT

Interr  1al Application No

PCT/US 96/08891

?. CLASSIFICATION OF SUBJECT MATTER

PC 6 ABLF2/06

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

B. FIELDS SEARCHED

IPC 6  A61F

Minimum documentation searched (classification system followed by classification symbols)

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

Electronic data base consulted during the international search (name of data base and, where practical, 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.
X EP,A,0 617 930 (INDUSTRIAL RESEARCH B.V.) 1-3,7,
5 October 1994 13,14
see column 2, line 31 - line 45
see column 5, Tine 33 - line 41; figures
1-4B,13A-138B
Y 4-6,
8-12,15,
16
Y US,A,5 334 201 (COWAN KEVIN P) 2 August 4,5,
1994 8-10,12
see column 2, line 25 - line 42
see column 3, line 54 - line 58
see column 4, line 6 - line 12; figures
6-9
A 13,14,
17-19
- / -

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 international
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)

“0" document referring to an oral disclosure, use, exhibition or
other means

“P* document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

25 October 1996

Date of mailing of the international search report

06. 11. 36

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax (+31-70) 340-3016

Authorized officer

Chabus, H

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Intent 1al Application No

PCT/US 96/08891

C.(Continuaion) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropnate, of the relevant passages Relevant to claim No.
Y EP,A,0 649 637 (SLEPIAN MARVIN J) 26 April 6,11,15
1995
see column 8, line 12 - line 17
see column 12, line 19 - line 24
see column 13, line 19 - line 22; figure 7
X 17-19
Y US,A,5 344 444 (GLASTRA HENDRIK) 6 16
September 1994
cited in the application
see column 2, line 60 - line 67
see column 3, line 48 - line 63
see column 4, line 34 - line 50; figures
1,8,13
X 17-19
A 3,13

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




Ir’ -national application No.

INTERNATIONAL SEARCH REPORT PCT/US 96/ 08891

Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

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

1. m Claims Nos.: 20-25
because they relate to subject matter not required to be searched by this Authority, namely:

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

2. [] Claims Nos.:
because they relate to parts of the International 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 International Searching Authority found multiple inventions in this international application, as follows:

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

2. I:] As all searchable claims could be searches without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

w

As only some of the required additional search fees were timely paid by the applicant, this International 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.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 1992)




INTERNATIONAL SEARCH REPORT

wnformation on patent family members

Interr

1l Application No

PCT/US 96/08891

Patent document Publication Patent family Publication
cited in search report date member(s) date
EP-A-617930 05-10-94 NL-A- 9300500 17-16-94
CA-A- 2115957 23-09-94
JP-A- 6296701 25-10-94
US-A- 5464419 07-11-95
US-A- 5529653 25-06-96
US-A-5334201 02-08-94 NONE
EP-A-0649637 26-04-95 AT-T- 121954 15-05-95
AU-A- 4191989 23-03-90
CA-A- 1336755 22-08-95
DE-D- 68922497 08-06-95
DE-T- 68922497 14-09-95
EP-A- 0431046 12-06-91
JP-T- 4501670 26-03-92
WO-A- 9001969 08-03-90
US-A- 5213580 25-05-93
US-A-5344444 06-09-94 NL-A- 9101159 01-02-93
AT-T- 121923 15-05-95
CA-A,C 2072336 04-01-93
DE-D- 69202308 08-06-95
DE-T- 69202308 07-09-95
EP-A- 0521573 07-01-93
ES-T- 2072086 01-07-95
JP-A- 5184685 27-07-93

Form PCT/1SA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

