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BRAIDED BARBED SUTURE

Field of the Invention

The present invention relates generally to the field of surgical sutures,
and more particularly to a surgical suture assembly having a braided, barbed

configuration.

Background

It is well known that many wounds and surgical incisions are closed
using surgical sutures of some sort. Sutures are also commonly used in
many other surgical applications, such as to repair damaged or severed
muscles, vessels, tissue etc. Typically, the suture is attached at one end to
a needle, and the needle is drawn through the tissue to form one or more
loops holding the tissue together, and subsequently tied off so that the
tissue will remain drawn together. Known surgical sutures include both
monofilament sutures and braided sutures. It is also known to create barbs
in a monofilament suture in an effort to prevent slippage of the suture within
the tissue, an example of which is described in U.S. Patent No. 5,931,855.
These monofilament barbed sutures have been used a variety of cosmetic
procedures including brow and face-lifts.

Monofilament, barbed sutures, however, become increasingly prone
to failure as the required holding strength needed for a particular procedure
increases. Since barbed sutures are typically formed by making cuts or slits
in the suture using a blade of some sort, the slits act as stress concentration
points. In applications where a significant load is placed on the suture, i.e.,
heart valve repair or replacement procedures and orthopedic applications, a
given barb may fail, or begin peeling away from the suture shaft. Once this
occurs, due to the fibrous nature of the suture material the barb may be
stripped off the suture shaft along a significant length of the suture causing
catastrophic failure.
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Monofilament sutures all require one or more knots to be tied to
secure the suture in place. Knot tying is a labor-intensive, and may
significantly contribute to the overall time of a surgical procedure. In
addition, in some surgical procedures the existence of the knot itself may be
disadvantageous. For example, in mitral valve replacement procedures, a
sewing ring surrounds the new valve and is used to sew the valve in place
within the valve annulus. A typical procedure may use up to 20 sutures and
result in up to approximately 160 knot throws. In addition to being time
consuming, this number of knots can adversely affect the profile of the ring,
which can interfere with the valve function.

Thus, it would be desirable to provide a suture having an increased

holding strength and/or reduces or eliminates the need for knot tying.

Summary of the Invention

The present invention provides a suture assembly having a plurality
of unbarbed filamentary elements intertwined with one another and at least
one barbed filamentary element having a longitudinal axis and having
plurality of barbs extending outwardly therefrom in a first direction less than
90 degrees from the longitudinal axis. The at least one barbed filamentary
element is intertwined along its length with the plurality of unbarbed
filamentary elements, and the plurality of barbs extend outwardly beyond the
unbarbed filamentary elements.

Also provided is a suture assembly having a plurality of unbarbed
filamentary elements intertwined with one another and having longitudinal
axis, and at least one barbed filamentary element having a longitudinal axis,
a primary outer periphery, and a plurality of barbs extending outwardly
beyond the primary outer periphery in a first direction less than 90 degrees
from the longitudinal axis thereof. The primary outer periphery of the at least
one barbed filamentary element is contained within the intertwined unbarbed
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filamentary elements, with the plurality of barbs extending through and

outwardly from the plurality of unbarbed filamentary elements.

Yet another suture assembly is provided having a plurality of
unbarbed filamentary elements intertwined with one another, and at least
one barbed filamentary element having a longitudinal axis and a primary
outer periphery, and having a first plurality of barbs extending outwardly
therefrom beyond the primary outer periphery and in a first direction less
than 90 degrees from the longitudinal axis. The unbarbed filamentary
elements substantially surround the primary outer periphery of the at least
one filamentary element, and wherein the plurality of barbs extend outwardly

beyond said unbarbed filamentary elements.

A method for making a suture assembly is also provided including
forming a plurality of barbs in a filamentary element, intertwining a plurality
of unbarbed filamentary elements to form an unbarbed assembly having a
longitudinal axis, and inserting the barbed filamentary element through the
unbarbed assembly to form a suture assembly wherein the plurality of barbs
extend outwardly from the unbarbed assembly.

Yet another method for making a suture assembly is provided
including forming a plurality of barbs in a filamentary element, and
intertwining the barbed filamentary element with a plurality of unbarbed
filamentary elements to form a suture assembly, wherein the plurality of

barbs extend outwardly from the unbarbed filamentary elements.

These and other objects, features and advantages of the present
invention will be apparent from the following detailed description of
illustrative embodiments thereof, which is to be read in connection with the

accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a perspective view of one embodiment of a suture assembly
according to the present disclosure;
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Fig. 2a is a side view illustrating one embodiment having staggered
barbs;

Fig. 2b is a side view of an alternate embodiment having aligned
barbs;

Fig. 2c is a side view of another embodiment having two opposed
sets of barbs;

Fig. 3 illustrates cutting dimensions used to create an exemplary
barb;

Figs. 4-8 illustrate various steps of one method that may be used to
create a suture assembly of the present disclosure;

Figs. 9a-9d illustrate various steps in an exemplary heart valve
replacement procedure using a suture assembly of the present disclosure;
and

Figs. 10 and 11 illustrate various embodiments of suture assemblies
according to the present disclosure.

Detailed Description

Referring now to Fig. 1, a preferred embodiment of a suture assembly
1 includes at least one barbed filamentary element 2 and a plurality of
braided or intertwined unbarbed filaments 3 which will be described further
below. The term “braided” is used herein to mean intertwined in any
fashion. The barbed fitamentary element may be made of any suitable
nonabsorbable material such as polypropylene, or any suitable absorbable
material such as poly(glycolide-lactide) or poly(glycolide-e-caprolactone).
Alternatively, the barbed filamentary element could be formed from a shape
memory polymer, such as polyurethane-based polymers, so as to facilitate
deployment of the barbs after exposure to the transition temperature of the
shaped memory polymer. In the iliustrated embodiment, the barbed
filamentary element has a substantially larger cross-section than the
unbarbed filaments, and in a preferred embodiment, the barbed filamentary
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element is formed from a size 0 suture and the unbarbed filamentary
elements, in combination, are size 2/0 sutures. Although the barbed
filamentary element is illustrated with a substantially circular cross-section,
other cross sections may be used as well, such as triangular, rectangular or
the like. The term “primary outer periphery” p is used herein to refer to the
periphery of the cross-section of the suture assembly as if no barbs were
present, such as along line A-A of Fig. 1. As shown in greater detail in Fig.
2a, the barbed filamentary element 2 lies substantially along longitudinal
axis x-x, and has a plurality of barbs 4 extending outwardly therefrom in a
first direction that is at an angle a relative to the longitudinal axis that is less
than 90 degrees.

The barbs 4 may exist along substantially the entire length L of the
filamentary element 2 as shown in Fig. 2a, or along only a portion(s) of the
length. Further, any suitable configuration of the barbs relative to
filamentary element 2 can be used in the suture assembly of the present
invention. For example, the barbs 4 may be staggered around the
circumference of the filamentary element in any way (Fig. 2a) or may be
aligned along the filamentary element as shown in Fig. 2b. A portion of the
length of the filamentary element may also include a second set of barbs 4a
facing in a second direction that is greater than 90 degrees from the
longitudinal axis of the filament as shown in Fig. 2c. A use for which the
configuration of Fig. 2c is advantageous will be described in greater detail
below.

The barbs may be arranged on the monofilament according to any
desired configuration, and can be formed using any suitable method
including those well known in the art. These methods may include injection
molding, stamping, cutting by knife or laser, press forming or the like.
According to a preferred method, the barbs are formed by cutting a
monofilament suture with any suitable cutting blade or knife. The desired
number of acute, angular cuts are made directly into the suture body. Fig. 3
illustrates an exemplary cut, where the cutting blade 30 first cuts into the



WO 2007/005296 PCT/US2006/024186

10

15

20

25

30

monofilament 32 at an angle B of approximately 30 degrees relative to the
longitudinal axis x-x of the monofilament to a depth of approximately 0.08
inches, and subsequently further cuts into the monofilament for a distance of
approximately 0.024 inches at an angle of approximately 0 degrees. To
achieve this cutting, the monofilament is typically placed and held on a
cutting vice or the like in @ manner well known in the art. A template may

also be used to help guide the cutting blade.

Following creation of the barbed monofilament and the intertwined
unbarbed filaments, the suture assembly 1 is formed by joining the barbed
and unbarbed filaments. According to one exemplary method for
accomplishing this, one end 40 of the barbed monofilament is inserted into a
hollow recess 42 in the distal end 44 of a needle (opposite the pointed end
46) as shown in Fig. 4. The end 40 of the suture may be held in place within
the hollow recess of the needle by any suitable means, such as by crimping
the end of the needle around the suture or using adhesive or the like.
Further, as an alternative, the suture end may be inserted into a cannula,
sheath or any other suitable means by which to draw it through a braided
suture as described below. The latter means may additionally function to

protect the barbs as they are drawn through the braided filament.

The needle 50 is then used to draw the barbed monofilament 52
through the core of the intertwined unbarbed monofilaments 54 as shown in
Fig. 5. The needle (or cannula) is then removed leaving the assembly 1 as
shown in Fig. 6. The barbs 4 will tend to extend outwardly from the barbed
monofilament, with some extending outwardly beyond the primary outer
periphery p of the intertwined unbarbed monofilaments. To further enhance
the projection of the barbs, however, it may be desirable to wrap the
assembly over a mandrel 60 as shown in Fig. 7. Tension is then applied as
indicated by the arrows in Fig. 7, which causes the barbs to project fully as
shown in Fig. 8. In order to firmly secure the ends of the barbed
monofilament within the intertwined, unbarbed filaments, heat, pressure,
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and/or adhesive may subsequently be applied to cause bonding between
them.

In an alternate embodiment, the unbarbed monofilaments may be
joined with the barbed filament by braiding directly with the barbed filament,
or braiding directly with a plurality of barbed filaments. To help prevent
loosening of the assembly and/or to facilitate passage of the suture
assembly through tissue or the like, one or more of the monofilaments can
be coated or heat set to hold the assembly together. For example, heat
could be applied at each end of the suture assembly using a heated die or
the like. Exemplary coatings could include polyester resins or polyvinyl
acetate.

The suture assemblies described above are suitable for use in a
variety of surgical procedures, including those in which prosthetic devices
are secured to tissue. Exemplary procedures are heart valve replacement
procedures, one of which will now be described in detail. In current mitral
valve replacement procedures, a surgical incision is made in the patient’s
chest, typically through a full median sternotomy. Cardiopulmonary bypass
is then established, by inserting cannulae into the superior and inferior vena
cavae for venous drainage and into the ascending aorta for arterial
perfusion, with the cannulae being connected to a heart-lung machine.
Once cardiopulmonary bypass and cardiac standstill have been achieved,
the mitral valve is exposed by entering the left atrium and retracting the atrial
tissue away using sutures or retraction devices. The atriotomy (entry
incision) is usually made in the right side of the left atrium, anterior to the

right pulmonary veins, although other approaches may be used.

Once access is obtained and the condition evaluated, valve
replacement is performed using one of several different well known
techniques to secure the prosthesis to the annulus, including interrupted
mattress sutures, a continuous running suture, interrupted simple (non-

mattress) sutures, or specialized clips or staples. The most common
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technique is the interrupted suture technique, with one such technique being
illustrated in Figs. 9a-9d. A plurality of double-needle suture assemblies 900
according to the present invention are used for the repair. As illustrated best
in Fig. 9b, the suture assemblies include a first portion 910 along which a
first set of barbs 912 are formed to face in one direction, and a second
portion 914 along which a second set of barbs 916 face in a second

direction that preferably is towards the first set of barbs.

All stitches 904 are placed through the prosthetic valve 906 before
approximation of the prosthesis to the valve annulus 908. Interrupted
mattress stitches using a suture assembly of the present invention,
preferably of alternating color, are used. Compressed Teflon® felt pledgets
902 may be used to strengthen the repair. The mattress stitches are placed
through the sewing ring of the prosthesis and then through the mitral
annulus posteriorly, incorporating the chordae tendineae. The Teflon®
pledgets are then threaded on separately. The initial stitches are preferably
placed superiorly on the annulus, working inferiorly in a counterclockwise

fashion as shown.

Following completion of the sutures on the posterior half of the mitral |
annulus, the valve prosthesis is drawn to the right side, and stitches are
placed through the anterior portion of the annulus beginning superiorly and
working inferiorly in a clockwise fashion as shown in Fig. 9b. The stitches
are taken from the atrial surface through the mitral annulus and then brought
through the sewing ring of the prosthesis. Traction on the sutures provides
exposure for subsequent stitches, and Teflon® pledgets are preplaced
centrally on the double needle sutures. Following placement of all sutures,
strong traction is placed on the sutures as the valve prosthesis is slid over

them into the annulus of the mitral valve as shown in Fig. 9c.

In traditional replacement procedures with prior art sutures, the
sutures are then each tied in the same order in which they were placed,

beginning posteriorly and working in a counterclockwise fashion. The
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anterior sutures are then tied in a clockwise fashion to complete the repair.
Thus, typical mitral valve replacement procedures involve multiple suture
knots, on the order of 12-16 (approximately 60 to 112 knot throws assuming
approximately 5-7 throws per knot), with each knot taking approximately 20-
30 seconds to perform. In addition, each knot must be secure and tightly
fixate the ring to the annular tissue to avoid leakage. By utilizing a barbed
suture or barbed suture assembly as described and illustrated, however, the
valve replacement procedure is greatly simplified in that the time and
difficulty required for knot tying is reduced. As shown, the unbarbed portions
of the suture assembly ensure that the prosthetic valve can easily be
parachuted into position relative to the valve annulus. Upon final positioning
of the ring, however, as the prosthetic valve slides over the barbed regions
of the suture assembly it becomes secure. If desired, an additional bite may

be taken through the sewing ring to further secure the ring.

Fig. 10 illustrates in greater detail a suture assembly of the present
invention that can be used, for example, in the valve replacement procedure
set forth in Figs. 9a-9d. In Fig. 10, the suture assembly 102 extends
between two suture needles 104. A first portion of the length 106 includes a
first set of barbs 108 that extend outwardly in a first direction and a second
length 110 includes a second set of barbs 112 that extend outwardly in a
second direction that is towards the first set of barbs as shown. The braided
suture assembly may be formed in various ways as described above. Fig.
11 illustrates a suture assembly 150 that is attached at only one end to a
single needle 152 and with no unbarbed length at the second end. In a
mitral valve replacement procedure, this design would require that the
surgeon pass the needle down through the sewing ring before biting through
the tissue surrounding the annulus, and then subsequently pass the needle

back through the ring before securing the ring against the tissue.

Test results have demonstrated a significantly improved holding
strength using the suture assembly of the present invention as compared to
a barbed monofilament. The chart set forth below illustrates these results.
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The first bar on the left represents the holding strength of a double-armed
barbed PROLENE suture (a polypropylene suture manufactured by Ethicon,
inc. of Somerville, N.J.), size 0, when drawn straight through (perpendicular
to) a DACRON® sewing ring until the barbs engage the sewing ring. Once
engaged, 2.5 Ibs. (+/0.6) of force were required to dislodge the suture. The
next bar represents the holding strength (4.9 Ibs. +/- 1.0) of a suture
assembly including the same barbed suture as above, within an ETHIBOND,
size 2/0, suture, which is a braided Poly(ethylene, terephthalate) suture also
manufactured by Ethicon, Inc. The third bar represents the increased
holding strength (14.1 +/- 0.2) achieved when an extra bite is taken through
the sewing ring with the described suture assembly. Finally, the last bar to
the right represents the holding strength (12.5 +/- 2.1) of an ETHIBOND,
size 2/0 suture with an 8 throw knot. As can be seen, the braided, barbed
suture assembly has a 96% greater holding strength as compared to the
barbed monofilament, and 188% greater holding strength when one
additional bite is taken. Further, with just one bite, the holding strength is
greater than that of a braided suture with an 8 throw knot. Thus, superior
holding strength is achieved without the time and difficulty involved with
tying multiple knots.

16
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Although illustrative embodiments of the present invention have been
described herein with reference to the accompanying drawings, it is to be
understood that the invention is not limited to those precise embodiments
and that various other changes and modifications may be effected herein by
one skilled in the art without departing from the scope or spirit of the
invention.

11



10

15

20

WO 2007/005296 PCT/US2006/024186

What Is Claimed Is:

1. A suture assembly comprising:

a plurality of unbarbed filamentary elements intertwined with one
another;

at least one barbed filamentary element having a longitudinal axis
and having plurality of barbs extending outwardly therefrom in a first

direction less than 90 degrees from the longitudinal axis;

wherein the at least one barbed filamentary element is intertwined
along its length with the plurality of unbarbed filamentary elements, and
wherein the plurality of barbs extend outwardly beyond the unbarbed
filamentary elements.

2. The suture assembly according to claim 1, wherein the unbarbed
filamentary elements and/or the barbed filamentary element is comprised of
an absorbable material.

3. The suture assembly according to claim 1, wherein the unbarbed
filamentary elements and/or the barbed filamentary element is comprised of
a non-absorbable material.

4. The suture assembly according to claim 1, wherein the plurality of
barbs are positioned along a predetermined portion of the length of the
barbed filamentary element.

12
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5. The suture assembly according to claim 4, wherein the barbed
filamentary element further comprises a second plurality of barbs extending
outwardly therefrom in a second direction that is greater than 90 degrees

and less than 180 degrees from the longitudinal axis.

6. The suture assembly according to claim 5, wherein the second
plurality of barbs are positioned along a second predetermined portion of the
length of the barbed filamentary element.

7. The suture assembly according to claim 6, wherein the first and

second plurality of barbs are directed toward one another.

8. The suture assembly according to claim 1, wherein the plurality of
barbs are staggered around a circumference of the barbed filamentary
element.

9. The suture assembly according to claim 1, wherein selected ones of
the plurality of barbs are aligned with one another around the circumference
of the barbed filamentary element.

10.  The suture assembly according to claim 1, wherein the at least one
barbed filamentary element is further joined with the plurality of unbarbed
filamentary element by heat setting at least first and second ends of the at
least one barbed filamentary element.

13
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11.  The suture assembly according to claim 1, wherein at least one of the
barbed filamentary element and/or unbarbed filamentary elements is coated
with a material selected from the group consisting of polyolefins, polyesters,
polyimides, polyamides, polystyrene, silicones, fluoropolymers,
polyurethanes, polybutilate, expoxies, polyvinyl pyrrolidone,
carboxymethylcellulose, ethylcellulose, methylcellulose, polyethylene glycol,
polyvinyl alcohol, polyvinyl acetate, polybutylene terephthalate, acrylonitrile
butadiene styrene, styrene acrylonitrile copolymer, styrene butadiene

copolymer, and copolymers and combinations thereof.

12.  The suture assembly according to claim 1, wherein the at least one

barbed filamentary element is comprised of a shape memory polymer.

13. A suture assembly comprising:

a plurality of unbarbed filamentary elements intertwined with one

another and having longitudinal axis;

at least one barbed filamentary element having a longitudinal axis, a
primary outer periphery, and a plurality of barbs extending outwardly beyond
the primary outer periphery in a first direction less than 90 degrees from the

longitudinal axis thereof;

wherein the primary outer periphery of the at least one barbed
filamentary element is contained within the intertwined unbarbed filamentary
elements with the plurality of barbs extending through and outwardly from
the plurality of unbarbed filamentary elements.

14
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14.  The suture assembly according to claim 13, wherein the unbarbed
filamentary elements and/or the barbed filamentary element is comprised of

an absorbable material.

15.  The suture assembly according to claim 13, wherein the unbarbed
filamentary elements and/or the barbed filamentary element is comprised of

a non-absorbable material.

16.  The suture assembly according to claim 13, wherein the plurality of
barbs are positioned along a predetermined portion of the length of the

barbed filamentary element.

17.  The suture assembly according to claim 16, wherein the barbed
filamentary element further comprises a second plurality of barbs extending
outwardly therefrom in a second direction that is greater than 90 degrees

and less than 180 degrees from the longitudinal axis.

18.  The suture assembly according to claim 17, wherein the second
plurality of barbs are positioned along a second predetermined portion of the
length of the barbed filamentary element, and wherein the first and second

plurality of barbs are directed toward one another.

19.  The suture assembly according to claim 13, wherein the plurality of
barbs are staggered around a periphery of the barbed filamentary element.

15



10

15

20

25

WO 2007/005296 PCT/US2006/024186

20. The suture assembly according to claim 13, wherein selected ones of
the plurality of barbs are aligned with one another around the circumference
of the barbed filamentary element.

21.  The suture assembly according to claim 13, wherein the at least one
barbed filamentary element is further joined with the plurality of unbarbed
filamentary element by heat setting at least first and second ends of the at

least one barbed filamentary element.

22.  The suture assembly according to claim 13, wherein at least one of
the barbed filamentary element and unbarbed filamentary elements are
coated with a material selected from the group consisting of polyolefins,
polyesters, polyimides, polyamides, polystyrene, silicones, fluoropolymers,
polyurethanes, polybutilate, expoxies, polyvinyl pyrrolidone,
carboxymethylcellulose, ethylcellulose, methylcellulose, polyethylene glycol,
polyvinyl alcohol, polyvinyl acetate, polybutylene terephthalate, acrylonitrile
butadiene styrene, styrene acrylonitrile copolymer, styrene butadiene
copolymer, and copolymers and combinations thereof.

23.  The suture assembly according to claim 13, wherein the at least one

barbed filamentary element is comprised of a shape memory polymer.

24. A suture assembly comprising:

a plurality of unbarbed filamentary elements intertwined with one
another;

16
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at least one barbed filamentary element having a longitudinal axis
and a primary outer periphery, and having a first plurality of barbs extending
outwardly therefrom beyond the primary outer periphery and in a first

direction less than 90 degrees from the longitudinal axis;

wherein the unbarbed filamentary elements substantially surround the
primary outer periphery of the at least one filamentary element, and wherein
the plurality of barbs extend outwardly beyond said unbarbed filamentary
elements.

25.  The suture assembly according to claim 24, wherein the plurality of
barbs are positioned along a predetermined portion of the length of the
barbed filamentary element.

26. The suture assembly according to claim 25, wherein the barbed
filamentary element further comprises a second plurality of barbs extending
outwardly therefrom in a second direction that is greater than 90 degrees

and less than 180 degrees from the longitudinal axis.

27. The suture assembly according to claim 26, wherein the second
plurality of barbs are positioned along a second predetermined portion of the
length of the barbed filamentary element, and wherein the first and second
plurality of barbs are directed toward one another.

28.  The suture assembly according to claim 27, wherein the first and

second predetermined portions of the barbed filamentary element are

17
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separated by a third predetermined portion of the length of the barbed

filamentary element having no barbs projecting outwardly therefrom.

29. A method for making a suture assembly, comprising:
forming a plurality of barbs in a filamentary element;

intertwining a plurality of unbarbed filamentary elements to form an
unbarbed assembly having a longitudinal axis; and

inserting the barbed filamentary element through the unbarbed
assembly to form a suture assembly wherein the plurality of barbs extend
outwardly from the unbarbed assembly.

30. A method for making a suture assembly, comprising:
forming a plurality of barbs in a filamentary element;

intertwining the barbed filamentary element with a plurality of
unbarbed filamentary elements to form a suture assembly wherein the

plurality of barbs extend outwardly from the unbarbed filamentary elements.

31. The method according to claim 30, wherein the intertwining step
comprises braiding the barbed filamentary element with the plurality of
unbarbed filamentary elements.

32. The method according to claim 30, wherein the barbed filamentary
element has a primary outer periphery with the barbs extending outwardly
beyond the primary outer periphery, and wherein the intertwining step

18
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comprises intertwining the plurality of unbarbed filamentary elements around
the barbed filamentary element so as to substantially surround the primary
outer periphery of the barbed filamentary element, but wherein the plurality
of barbs extend through the unbarbed filamentary elements and outwardly

5 therefrom.

19



WO 2007/005296 PCT/US2006/024186

1/9
>
|
< | <
o~ | T
™ \A |
g

L | ’

| l

|

13p)
13 )

N




PCT/US2006/024186

WO 2007/005296







PCT/US2006/024186

WO 2007/005296




WO 2007/005296 . PCT/US2006/024186

5/9




PCT/US2006/024186

WO 2007/005296

6/9

<X
(K
PR XK F T TR KA X >
00 0.0.0.9.9.0.0.0.9.0.90.90.9,9
RREIARAILRRALAKES

/4

0s

v "Old



PCT/US2006/024186

WO 2007/005296

7/9

FIG. 6

s

AA _A

N

N

\J

A

\

)
©

/

vav SIS
éQéAQ‘Qb‘jgsskh

6X/
NVERIRIRHRLRRARRRRRARKD

Natere
Y
K
950
&
0% RRH KK
IRRRLRKKLK Y —>

(AT
9,0.0.9.0.
A %% l020 020 0 0 0l020 0202

FIG. 8

ASAAN

AT




WO 2007/005296

PCT/US2006/024186




WO 2007/005296 PCT/US2006/024186

9/9

104\@\ ({104‘

FIG. 10 | e

112 106

BN
152%
FIG. 11 | o




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/024186

CLASSIFICATION OF SUBJECT MATTER

A.
INV. A61B17/06

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

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation 1o the exient that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where praclical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

figure 4

figures ba-c,19a-d,20

[IT]; ACCARDO CIRO [IT])
15 June 2006 (2006-06-15)

figures 10,11

page 1, line 25 - page 12, line 29;

Y US 5 964 783 A (GRAFTON R DONALD [US] ET 1-28,
AL) 12 October 1999 (1999-10-12)
column 3, Tine 44 - line 56; figure 4

30-32

Y US 2003/149447 Al (MORENCY STEVEN DAVID 1-28
[US] ET AL) 7 August 2003 (2003-08-07)
paragraph [0008] - paragraph [0057];

Y WO 03/017850 A2 (QUILL MEDICAL INC [US]; 30-32
GENOVA PERRY A [US]; WILLIAMS III ROBERT C
[US) 6 March 2003 (2003-03-06)

P,Y WO 2006/061868 A (PROMOITALIA INTERNAT SRL 1-28,

30-32

[:l Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the ari 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 1o 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 undetiying the
invention

"X* document of patticular 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 ane or more other such docu—
me'r]ns, such combination being obvlous to a person skilied
in the art,

*&" document member of the same patent family

Dale of the actual completion of the international search

13 November 2006

Date of mailing of the international search report

24/11/2006

Name and mailing address of the 1ISA/

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

Oen, Petter

Form PCT/ISA/210 (second sheat) (April 2005)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2006/024186
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5964783 A 12-10-1999  NONE
US 2003149447 Al 07-08-2003  NONE
WO 03017850 A2 06-03-2003 BR 0212050 A 17-08-2004
CA 2457384 Al 06-03-2003
CN 1547455 A 17-11-2004
EP 1429664 A2 23-06-2004
JP 2005500119 T 06-01-2005
MX  PA04001717 A 31-05-2004
NZ 531262 A 23-12-2005
US 2004237736 Al 02-12-2004
US 2003041426 Al 06-03-2003
WO 2006061868 A 15-06-2006  NONE |

Form PCT/AISA/210 (palent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report

