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ABSTRACT

A medical device with pre-attached affixation means placed
to minimize the likelihood of adjacent tissues undesirably
adhering to the affixation means. Also, methods of making
and using such a device.
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MEDICAL DEVICE WITH AFFIXATION MEANS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application Ser. No. 60/727,912, filed Oct. 18, 2005, which
is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of medical
devices. More particularly, it relates to medical devices that
are implanted in or attached to a living organism.

BACKGROUND OF THE INVENTION

[0003] Medical devices, including for example, drug
pumps, pacemakers, patching structures, collared heart
valves, and port devices (e.g., Cook Vital-Port® available
from Cook Vascular Corporation, Leechburg, Pennsylvania)
are commonly implanted into or attached to the body of a
patient to treat a medical condition. In most procedures for
device placement, the device is secured with sutures. Cur-
rently available devices commonly have a fabric or ring
structure(s) through which sutures may be secured. Align-
ment and placement of sutures on, in, or through such
structures is another step of procedures that are commonly
complex and time-consuming.

[0004] As one example of medical devices, hernia repair
devices typically consist of sheets of material that are either
woven from filaments or constructed from components
extruded as a sheet. Such a device is introduced to a body
cavity, usually the abdominal cavity, through an open inci-
sion or through a trocar in a laparoscopic surgical procedure.
Laparoscopic introduction is preferable as minimally inva-
sive surgical techniques minimize patient trauma and recov-
ery time. After being introduced, the hernia repair device is
typically pressed up against the inner surface of the body
cavity (e.g., in repairing a ventral abdominal hernia, the
device is placed against the inner surface of the peritoneum).
Tacks and/or sutures are then employed to affix the device to
the inner surface of the body cavity (e.g., by securing the
patch to the abdominal muscles). This is most commonly
accomplished by pushing the sutures or tacks through the
inner surface of the device into the fascia lining the body
cavity. Particularly in laparoscopic surgery, the affixation
process requires extra tools and can impose extra burdens on
the surgeon effecting the hernia repair. Additionally, a sur-
face of the affixation means (e.g. tack, suture) is left exposed
to the inside of the body cavity, resulting in potential
complications. Such complications include abrasion of vis-
cera within the body cavity resulting in inflammation and
patient pain. Other, or further, potential complications
include adhesions forming between the affixation means and
the viscera. This adhesion of the viscera to structures
attached to the body wall can possibly result in lethal
complications, such as bowel ischemia, ileus, and necrosis.

[0005] FIG. 1 shows an example of a prior art hernia patch
100 with sutures 102 disposed thereon, partially rolled up
with the bottom side 104 rolled to the inside. In a typical
hernia repair procedure, the sutures 102 are mounted by a
user from the bottom side 104 through to the top side 106 of
the patch 100 or are looped completely through both layers
beginning from and returning to the top side 106. The typical
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patch has a smooth bottom side 104 comprising, for
example, polytetrafluoroethylene and/or expanded polytet-
rafluoroethylene (PTFE or ePTFE) and a textured top side
106 comprising, for example, polypropylene mesh. In an
application of the illustrated patch device 100, the top side
106 is directed toward the exterior of the patient and is
placed in contact with a mounting surface (e.g., the perito-
neal membrane), while the bottom side 104 faces the
patient’s interior. As mentioned above, the portion of the
suture 102 that is exposed on the bottom side 104 provides
a site where adhesion with underlying viscera (e.g., in the
repair of a ventral hernia) is known to be more likely to
occur than on other areas of the patch.

[0006] Some suture-anchoring devices incorporating pre-
attached sutures are known in the prior art, but pre-attach-
ment of sutures has not been systematically applied to
implantable and other medical devices, in a manner that
minimizes the likelihood of adhesions to the sutures.

[0007] What is needed therefore is a medical device
suitable for insertion into a patient, such as a hernia repair
device or a graft, that provides integrated or otherwise
pre-placed convenient-to-use affixation means without leav-
ing exposed surfaces of the affixation means to potentially
cause post-operative damage to nearby tissues including
viscera.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention provides a general approach
to the design of medical devices that are implanted in a
patient, where affixation means are pre-attached such that
they are less likely to be associated with deleterious tissue
adhesion. Medical devices of the present invention prefer-
ably include configurations that sequester the affixation
means, e.g., a suture, on at least one side of the medical
device from exposure to a patient’s viscera or other adjacent/
proximate tissues that are preferably not intended for attach-
ment (e.g., adhesion) to the device. In addition, the pre-
attachment aspect of the present invention reduces the steps
to be completed by a physician placing such a device, and
renders the placement easier and faster in contrast to placing
the same device with no pre-attached suture(s).

[0009] In one aspect, the present invention provides a
class of medical devices that include pre-attached sutures for
attachment to or implantation into a body. In preferred
embodiments of this class of medical devices, the sutures are
positioned and/or oriented to reduce the likelihood of adhe-
sions forming between the sutures and designated nearby
tissue and/or viscera.

[0010] In another aspect, the present invention provides a
medical device suitable for tissue repair and including
convenient-to-use integrated affixation means not having
exposed surfaces of the affixation means to potentially cause
post-operative damage to the viscera and/or other proximate
tissue(s). in some embodiments the device may be config-
ured for repair of ventral or other hernias and is also suitable
for repairing other injuries or conditions requiring tissue
openings or wounds to be patched, having integral affixation
means that are not exposed to the non-affixed side of the
device. The integral nature of the affixation means also
provides an advantage of convenience in use. The preferred
affixation means include sutures or tacks, but those of skill
in the art will appreciate that other currently existing or
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future-developed affixation means are appropriate for use
within the scope of the present invention.

[0011] More particularly, in one aspect, the present inven-
tion includes a medical device comprising a biocompatible
material. The medical device has proximal and distal sides,
and at least one affixation means attached to the biocom-
patible material so as to extend from the proximal side
without the affixation means being substantially exposed on
the distal side.

[0012] In another aspect the present invention includes a
method for making a medical device, including the steps of
providing one or more first sheets of a first biocompatible
material, wherein the one or more first sheets have a
proximal side and a distal side; assembling to the sheet a
plurality of sutures, each suture having a first end and a
second end, such that at least one of the first and second end
of each suture is introduced from the distal side to protrude
through the proximal side of the first sheet; and covering
substantially any portion of the plurality of sutures that is
exposed on or at the distal side with a second biocompatible
material, thereby forming a final medical device; wherein
the first biocompatible material and the second biocompat-
ible material can be the same or different.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0013] FIG. 1 is a perspective view of a prior art hernia
patch with sutures disposed thereon;

[0014] FIG. 2 is a longitudinal cross-sectional view of a
multilayered tissue repair device embodiment having
sutures disposed therein.

[0015] FIG. 2A is a perspective view illustrating a girth
hitch;
[0016] FIG. 3 is a perspective illustration of a of a tissue

repair device illustrating one configuration of pre-placed
sutures;

[0017] FIG. 4 is a perspective illustration of an implant-
able venous access port device with pre-attached sutures;

[0018] FIG. 5 depicts an implantable drug pump with
pre-attached sutures; and

[0019] FIG. 6 shows an implantable aortic valve device
with pre-attached sutures.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] In one aspect, the present invention includes a
medical device having a pre-attached affixation means,
wherein the affixation means is asymmetrically disposed on
the medical device. The affixation means extends preferably
from one or more surfaces of the medical device, thereby
providing the means to draw that surface or surfaces of the
medical device close to a surface or surfaces within the
patient’s body. The surface or surfaces of the medical device
of the present invention that are designed to be affixed
directly to a tissue, such as a site of treatment in or on a
patient, are referred to herein as the proximal surface or
surfaces. Other surfaces of the medical device that are
designed to not be directly affixed to any tissue in or on a
patient are referred to herein as the distal surface or surfaces.
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The affixation means can include, for example, a suture or
other attachment structure (e.g., flanged anchor, staple,
ferromagnetic affixation structure) that extends from a proxi-
mal surface of the medical device and serves to secure and
hold fast that face of the medical device to tissue that is on
or within the body. Within the scope of the present invention,
“affixation means” is intended to include any structure now
in use or developed in the future that is used to affix a
medical device in or on a patient. Further contributing to the
asymmetric nature of the medical device with respect to the
affixation means, the affixation means preferably has no
other point protrusion from the medical device apart from
that extending out on the face designed to preferably be in
contact with a tissue of the patient (i.e., in a preferred
embodiment, the affixation means extends out from the
proximal surface(s) of the medical device, but not from any
of its other surfaces).

[0021] In another aspect, the present invention includes a
medical device with one or more first layers comprising a
first biocompatible material; one or more second layers
comprising a second biocompatible material; and one or
more sutures disposed on the first layer(s), the second
layer(s), or both. The medical device includes one or more
proximal sides and one or more distal sides, which proximal
and distal sides relate to one or more tissue surfaces to which
the medical device is sutured when employed in treating a
patient. Specifically, with reference to the terminology
herein when a device of the present invention is employed
in treating a patient, the proximal side(s) refer to those
portions of the device that are preferably adjacent to and/or
in contact with one or more tissue surfaces to which the
device may or should adhere (e.g.. by tissue in-growth/
incorporation). In contrast, the distal side(s) refer those
portions of the device that may be adjacent to and/or in
contact with one or more tissue surfaces to which the device
most preferably will not adhere. Preferably, the one or more
sutures are disposed such that at least one end of each suture
extends from the one or more proximal sides and substan-
tially none of the one or more sutures is exposed on the one
or more distal sides.

[0022] Presented herein is a series of preferred embodi-
ments of the present invention. While reference is made to
tissues included herewith, the particular embodiments so
illustrated and described should not limit the scope of the
present invention. Those skilled in the art will readily
perceive alternative materials and designs usefully
employed in the context of the invention disclosed here.

[0023] FIGS. 4-6 illustrate general embodiments of the
present invention, including examples of devices with pre-
attached sutures (the sutures are not drawn to scale, and
alternatively may be embodied as barbed sutures). FIG. 4
illustrates an implantable venous access port device 400
including pre-attached sutures 402. The suture attachment
sites 404 include a biocompatible material (e.g., silicone or
PTFE) presenting a generally smooth surface and at least
partially covering the sutures 402 to lessen the likelihood
that nearby tissue will ingrow or otherwise adversely adhere
to the venous access port device 400. FIG. § depicts an
implantable drug pump 500 with pre-attached sutures 502.
The suture attachment sites 504 include a biocompatible
material presenting a generally smooth surface and at least
partially covering the sutures 502 to lessen the likelihood
that nearby tissue will ingrow or otherwise adhere to a
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portion of the implantable drug pump 500 that is not
desirable. FIG. 6 shows an implantable aortic valve device
600 with pre-attached sutures 602.

[0024] Some other examples of devices contemplated
include cardiac management devices, drug pump devices,
support slings, wound repair devices for internal and/or
external use, monitoring devices, radio frequency identifi-
cation devices, transponder devices, MRI-compatible
implantable devices, catheter devices, shunt devices, bone
support devices, joint replacement devices, allograft
devices, organ replacement structures, and communication
devices. Such devices will typically incorporate biocompat-
ible material(s) such as extracellular matrix material, syn-
thetic polymer, biological polymer, alloy,-or some combi-
nation thereof. Those of skill in the art will appreciate that
pre-attached sutures within the scope of the present inven-
tion may be appropriate for many other medical devices.
Likewise, those of skill in the art will appreciate that
variations and combinations beyond those expressly illus-
trated are within the scope of the present invention.

[0025] One example of a medical device is illustrated in
FIG. 2, which is a longitudinal cross-sectional view (not to
scale) of a multilayered medical device embodiment 200
having affixation means embodied as sutures disposed
therein. Different types of sutures are shown as well as
different examples of how sutures may be attached to the
device. While all of the illustrated sutures and attachment
configurations could be included in a single device, pres-
ently preferred embodiments use a single suture type and
mounting configuration.

[0026] The medical device 200 preferably includes at least
two layers, more preferably at least about five, and yet more
preferably at least about eight layers of a biocompatible
material 202a-202%. Alternative preferred medical devices
can have fewer or additional layers of said biocompatible
material. For example, the alternative devices can have 2, 3,
4,5,6,7,9,10, 11, 12,13,14,15,16,17, 18, 19, 20, or more
layers of biocompatible material. Most preferably, the medi-
cal device 200 has at least about eight layers of, for example,
biocompatible material 2024-202%. Still in a preferred
embodiment, a medical device of the present invention may
comprise a single layer of suitable biocompatible material.
In such an embodiment, the suture or other affixation means
preferably is either “patched over” with a suitable mate-
rial—or is comprised of a material—that resists adhesion, or
the single layer of biocompatible material is sufficiently
thick that the suture may be secured to it using only a portion
of its thickness such that the suture is exposed only on the
side it enters (and —if so configured—exits) the layer of
material. One such embodiment may include a thick layer of
an acellular matrix material, for example such as that which
may be derived from dermal tissue.

[0027] A number of biocompatible materials suitable for
use in a medical device are known in the art, as set forth
below. A preferred material is small intestine submucosal
material (e.g., Cook SIS®, manufactured by Cook Biotech,
Inc., West Lafayette, Ind.). Collagenous biomaterials, such
as small intestinal submucosa, present an advantage over
prior art devices using polypropylene and/or other synthet-
ics. In particular, small intestinal submucosa provides a
resorbable, substantially acellular matrix material that pro-
vides a framework for and is replaced with the patient’s own
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tissue during healing. Accordingly such material leaves little
or no foreign material in the patient’s body after a time of
healing. See, e.g., U.S. Patents 6,206,931 (assigned to Cook,
Inc. of Bloomington, Ind., Med Institute, Inc. of W. Lafay-
ette, Ind., and Cook Biotech, Inc. of W. Lafayette, Ind.) and
6,666,892 (assigned to Cook Biotech, Inc.), which are
incorporated herein by reference in their entirety. Extracel-
lular matrix materials derived from other tissues (e.g., der-
mis, or other tissue) may also have preferred applications
with the present invention. In preferred embodiments,
resorbable sutures are used for affixing a medical device to
a patient body. Those of skill in the art will appreciate that
a variety of polymeric, chromic catgut, or other sutures will
be appropriate for use within the scope of the present
invention. Thus, in an embodiment of the presently dis-
closed medical device using small intestinal submucosa and
resorbable sutures, little or no foreign material will remain
in a patient at the treatment site following a time of healing
wherein the device and sutures are resorbed or otherwise
replaced or removed by natural processes. In alternative
embodiments, the medical device may include many layers
of appropriate biocompatible material(s), currently preferred
embodiments include the layers in multiples of two. A
presently preferred embodiment includes eight layers as
illustrated in FIG. 2. In each of the suture placement
configurations, the suture is not exposed on the distal
(bottom) surface of the tissue repair device 200, thereby
minimizing the likelihood that a suture will form an adhe-
sion or other damaging condition with viscera underlying
the tissue comprising the hernia being treated with the
device 200.

[0028] Non-absorbable biocompatible materials suitable
for use with various embodiments of the present invention
preferably include the qualities of being mechanically and
chemically stable, resistant to degradation, resistant to gen-
eration of toxic by-products, and resistant to generation of
inflammatory by-products. Some examples of non-absorb-
able biocompatible materials include tantalum mesh, stain-
less steel (mesh or other forms), polyester sheeting
(Mylar®), polyester cloth (Dacron®), polyester mesh (Mer-
silene®), polyvinyl cloth (Vinyon-N®), polytetrafluoroeth-
vlene mesh or cloth (PTFE/Teflon®), acrylic cloth (Orion®)
polyvinyl sponge (Ivalon®), expanded PTFE (ePTFE/Gore-
Tex®), and polypropylene mesh (Marlex® or Prolene®.
Some preferred non-absorbable biocompatible materials
(e.g., a sufficiently small-pore ePTFE surface) will also
resist adhesion or ingrowth by adjacent tissues.

[0029] For embodiments of the present invention where
cellular incorporation, replacement, and/or some form of
resorbability is desired, the biocompatible material should
possess mechanical strength. The material should biode-
grade in the context of or be replaced by cellular mecha-
nisms such that no toxic or inflammatory by-products are
released. Preferably, the bio-removal process by which the
biocompatible material is removed/replaced includes or is
complemented by cellular mechanisms that effect healing of
the condition being treated. Some examples of absorbable
biocompatible materials include polyglactin (Vicryl®) and
polyglycolic acid (Dexon®). One other biocompatible mate-
rial, carbon fiber mesh, is not absorbable, but breaks down
such that its fragmented fibers are removed by macrophages.
A combination of resorbable or degradable materials may be
used in some embodiments as well.
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[0030] Preferred biocompatible materials do not generate
a significant immune response or other cellular response that
could cause inflammation or an immune response resulting
in rejection of the material. Additionally, preferred biocom-
patible materials are amenable to anti-microbial treatment
such as, for example, heat or chemical sterilization, and/or
treatment with one or more antimicrobial materials (e.g.,
topical placement, impregnation). One specific example of
such a material is DualMesh® Biomaterial (W.L. Gore &
Assoc.), which is an ePTFE product. The proximal side (to
be placed adjacent to tissue where attachment is desirable)
of DualMesh has a greater pore size to enhance tissue
incorporation. The distal side (to be placed adjacent to tissue
where attachment is not desirable) has a lesser pore size to
minimize the likelihood of tissue incorporation or adhesion
formation.

[0031] The embodiments of medical devices illustrated by
the exemplar medical device 200 of FIG. 2 are particularly
well-adapted for repair of ventral hernias by the technique of
laparoscopic transfascial fixation, which is known in the art
of surgical repair (see, e.g., pp. 406-409 of Zollinger’s Atlas
of Surgical Operations, Eighth Ed.; R. M. Zollinger, Jr., et
al., Eds. 2003, McGraw-Hill Cos., Inc., which illustrates the
use of transfascial fixation during repair of a ventral hernia
with a prior art patch device and is incorporated herein by
reference). Prior art patch devices typically do not include
pre-placed sutures, and a surgeon or attendant may place
sutures in the device before applying the device in a patient.
The present device includes pre-placed sutures that obviate
the need for this extra step, thereby reducing time and
handling steps that could compromise the integrity or ste-
rility of the device. Pre-placement of the suture provides for
suture placement that will not be exposed on the non-
connecting side of a tissue repair or other medical device
where exposed sutures may increase the likelihood of adhe-
sion formation. Moreover, those of skill in the art will
recognize that a tissue repair or other medical device with
pre-attached sutures is also appropriate for use in treating
other injuries or lesions.

[0032] The first suture is a barbed suture 204. A mounting
end 206 of the barbed suture 204 is secured between the fifth
and sixth layers 202e, 202f of the medical device 200. The
mounting end 206 includes an irregular (e.g., barbed, ser-
rated, and/or crenellated) surface engaging the surrounding
layers 202e, 202/ (the various irregular surfaces of the suture
204 are hereinafter collectively referred to as “barbed”).
Instead of, or in addition to the mounting securement
provided by the barbed surface, the mounting end 206 may
be secured by an adhesive, by crimping of the surrounding
layers 202e, 202/, or another appropriate securing means. In
alternative embodiments, the mounting end 206 may be
mounted between other layers. An external attachment end
208 extends from the top surface 210 of the medical device
200. The external attachment end 208 also includes a barbed
surface for engaging a tissue surface in the region of a
patient being treated with the medical device 200. Use of a
barbed suture 204 obviates the need to knot the suture
because the barbs serve to hold the suture and repair device
in place, once the suture is engaged with tissue. Those of
skill in the art will appreciate that barbed sutures may be
used in other suture placement configurations, within the
scope of the present invention. Many different barbed suture
configurations are available (see, e.g., U.S. Pat. App. Publ.
2004/144395), and may be suitable for use within the scope
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of the present invention. Use of barbed sutures may present
an advantage in reducing the likelihood of certain undesit-
able adhesions that may occur between a patient’s tissue and
the knots of a traditional suture.

[0033] The second suture illustrated in FIG. 2 is a chromic
catgut resorbable suture 220. The suture 220 is mounted to
the medical device 200 in a girth hitch configuration. Spe-
cifically, the suture 220 is looped around the top six layers
2024-202f and secured by a girth hitch. See FIG. 2A for a
generic illustration showing a perspective view of a girth
hitch: to form a girth hitch, both ends 222 of the suture 220
are wrapped about a substrate 226, leaving a loop 228,
through which the ends 222 are then directed, thereby
securing the suture 220 around the substrate 226.

[0034] The third suture illustrated in FIG. 2 is a polygly-
colic resorbable suture 230 including two ends 232, 234 with
an intermediate portion 233 therebetween. The first end 232
1s secured between the second and third layers 2025, 202¢ of
the medical device 200 (e.g., by crimping, adhesive, or
another appropriate securing means). The intermediate por-
tion 233 passes down through the third, fourth, and fifth
layers 202¢-202¢, then back up through the fifth-first layers
202¢-202a, where the second end extends from the top of the
medical device 200. In alternative embodiments, the first
end 232 may extend from the top surface 210, and/or it may
be tied around the intermediate portion, either on the top
surface 201 or between two of the layers 202.

[0035] The fourth suture illustrated in FIG. 2 is a poly-
dioxanone resorbable suture 240. The suture 240 is looped
through all eight layers 2024¢-202/ and secured to the
medical device 200 by a knot 242 (e.g., a commonly used
surgical suture knot or other appropriate knot), leaving free
the suture ends 244 for attachment to patient tissue. The
portion of the suture 240 along the bottom of the eighth layer
202/ is covered by a patch layer of a biocompatible material
246 positioned locally over and around the suture 240 and
secured to the medical device 200. The biocompatible
material may be, for example, PTFE, ePTFE, a biologically-
derived matrix (e.g., small intestinal submucosa, dermal-
derived matrix), or another appropriate material that is
preferably likely to have a lesser risk than an exposed suture
surface of forming adhesions to underlying viscera. In some
alternative embodiments, the suture 240 need not be knotted
and/or may be looped between other layers 202. In another
alternative embodiment, the suture 240 is mounted and
knotted such that only one free suture end extends from the
top surface 210. In another embodiment, the portion of the
suture 240 (or other affixation means) on the distal side of
the medical device 200 is not covered by the patch layer 246.
In such an embodiment, the suture 240 preferably is made of
amaterial with a low likelihood of adhesion formation (e.g,,
PTFE, ePTFE).

[0036] FIG. 3 illustrates a perspective view of a non-
equilateral hexagon-shaped tissue repair device embodiment
300 showing one pre-placed suture 302 configuration. The
suture placement configuration includes a suture 302 pre-
placed near each of the six rounded apices of the device 300.
Those of skill in the art will appreciate that a variety of
shapes for the device 300 as well as a variety of pre-placed
suture configurations will be appropriate for different appli-
cations (e.g., repair of different hernia types, treatment/
repair of other wound/lesion types), and are within the scope



US 2007/0088391 A1l

of the present invention. It should be noted from FIG. 3 that
the sutures 302 extending from the top side 304 of the tissue
repair device 300 are not exposed on the bottom side 306.

[0037] In preferred embodiments, a biocompatible mate-
rial comprising the device of the present invention also
includes glycosaminoglycans, glycoproteins, proteoglycans,
and/or one or more growth factors or therapeutic factors on
at least a portion of the proximal surface. These growth or
therapeutic factors may enhance healing of patient tissue in
the region being treated with the device. The therapeutic
factors may include, for example, naturally occurring or
synthetic compounds known to promote beneficent condi-
tions such as enhanced healing, prevention of infection or
inflammation, or repression of tumor or scar tissues. Certain
embodiments of the device may be shaped to aid orientation
during placement of the device in a patient and/or to aid in
treatment of specifically shaped lesions (e.g., the tissue
repair device 300 in FIG. 3 is a hexagon). In some embodi-
ments, one or more portions of the suture(s) and/or the
device may include visual and/or radio-opaque marking
indicia printed, affixed, or otherwise disposed thereon, pref-
erably useful for orientation of the device during placement
into a patient. Those of skill in the art will appreciate that
many such device shape and/or indicia alternatives are
suited for use within the scope of the present invention.
Those of skill in the art will also appreciate that, for devices
which are placed using optical visualization (e.g., a laparo-
scopically placed hernia repair device), visual indicia are
preferable over radio-opaque indicia.

[0038] In another aspect, the invention includes a method
of repairing a hernia, while decreasing risk of adhesion
formation between sutures and underlying tissue/viscera.
The method includes a series of steps, known in the art for
the procedure of transfascial fixation. A patient is first
prepared for a laparoscopic (or open) surgical procedure.
(The method is presently related in a laparoscopic surgery
context, but those of skill in the art will appreciate that the
method may be adapted to a more open surgical procedure
without departing from the scope of the present invention).
A device of the present invention (e.g., the tissue repair
device 300 of FIG. 3) is introduced into a patient through a
laparoscopic port. A plurality of sutures is disposed in the
biocompatible material sheet comprising the device so as to
protrude through the first side of the sheet in a predetermined
pattern without being substantially exposed on the second
side. The device is deployed across a hernia inside the
patient, with the first side oriented toward a tissue region
comprising the hernia and the second side oriented toward
underlying tissue/viscera. A pattern of small incisions are
made on an exterior surface on the patient’s body over a
location of the hernia, with the pattern of incisions corre-
sponding to the predetermined pattern of sutures on the
device. A tool such as a suture passer is directed into at least
one of the small incisions and used to grasp or otherwise
capture and direct the suture, pulling it so as to bring the
device in contact with the tissue region comprising the
hernia. Then, the suture is manipulated so as to hold a
portion of the device in contact with the tissue region
comprising the hernia (e.g., if a barbed suture is used, it is
drawn through the incision thereby engaging the appropriate
tissue; if a standard suture is used, it is affixed with a knot
or other means of securement).

Apr. 19,2007

[0039] TItisintended that the foregoing detailed description
be regarded as illustrative rather than limiting, and that it be
understood that it is the following claims, including all
equivalents, that are intended to define the spirit and scope
of this invention.

We claim:
1. A medical device, comprising:

a biocompatible material having a proximal side and a
distal side; and

at least one suture attached to the biocompatible material
so as to extend from the proximal side. without the
suture being substantially exposed on the distal side.
2. The medical device of claim 1, wherein at least one of
the biocompatible material and the suture comprises a
resorbable material.
3. The medical device of claim 1, wherein the biocom-
patible material comprises an extracellular matrix material.
4. The medical device of claim 3, wherein the extracel-
lular matrix material is derived from small intestinal sub-
mucosa.
5. The medical device of claim 1, wherein the biocom-
patible material comprises a sheet.
6. The medical device of claim 5, wherein

(a) the sheet is a multilayered sheet;
(b) the at least one suture comprises two ends;

(c) one of the ends protrudes through the proximal side;
and

(d) the other of the ends is attached between layers of the

multilayered sheet.

7. The medical device of claim 35, wherein the sheet is
attached to a mounting surface by more than one suture such
that at least a portion of the proximal side is in substantial
contact with the mounting surface.

8. The medical device of claim 1, wherein the at least one
suture comprises two ends and a middle portion.

9. The medical device of claim 8, wherein the two ends
are approximately equidistant from the proximal side.

10. The medical device of claim 8, wherein the suture
comprises an irregular surface selected from the group
consisting of barbs, serrations, crennelations, and a combi-
nation thereof.

11. The medical device of claim 1, further comprising at
least one of a growth factor or a therapeutic factor.

12. The medical device of claim 1, further comprising
marking indicia.

13. The medical device of claim 12, wherein the marking
indicia are selected from the group consisting of visual
marking indicia, radio-opaque marking indicia, and a com-
bination thereof.

14. The device of ¢laim 1, wherein the device is selected
from a group consisting of cardiac management devices,
drug pump devices, support slings, wound repair devices for
internal use, wound repair devices for external use, moni-
toring devices, radio frequency identification devices, tran-
sponder devices, MRI-compatible implantable devices,
catheter devices, shunt devices, bone support devices, joint
replacement devices, allograft devices, organ replacement
structures, and communication devices.

15. The device of claim 1, wherein the at least one suture
comprises a barbed suture.
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16. The device of claim 1, wherein the biocompatible
material is selected from the group consisting of extracel-
lular matrix material, a synthetic polymer, a biological
polymer, an alloy. and any combination thereof.

17. A method for making a medical device, comprising
the steps of:

providing one or more first sheets of a first biocompatible
material, wherein the one or more first sheets have a
proximal side and a distal side;

assembling to the sheet a plurality of sutures, each suture
having a first end and a second end, such that at least
one of the first and second end of each suture is
introduced from the distal side to protrude through the
proximal side of the first sheet; and

covering substantially any portion of the plurality of
sutures that is exposed on or at the distal side with a
second biocompatible material, thereby forming a final
medical device;

wherein the first biocompatible material and the second
biocompatible material can be the same or different.
18. The method of claim 17, wherein the covering step
comptrises:

attaching the second biocompatible material to the distal
side of the one or more first sheets, thereby sandwich-
ing the portions of the plurality of sutures exposed on
or at the distal side of the one or more first sheets
between the one or more first sheets and the second
biocompatible material, such that the plurality of
sutures is substantially not exposed in the distal side of
the final medical device.

19. The method of claim 18, wherein the second biocom-
patible material is formed into one or more layers thereof
prior to the attaching step.

20. The method of claim 17, wherein the step of covering
substantially any portion of the plurality of sutures exposed
to the second side with the biocompatible covering com-
prises applying the biocompatible covering to substantially
cover, in spot-wise fashion, the portion of the plurality of
sutures that is exposed to the second side.

21. The method of claim 17, wherein the first end of at
least one of the plurality of sutures is disposed through the
one or more first sheets and the second end is disposed
between the one or more first sheets and the one or more
second sheets.

22. The method of claim 17, wherein both of the first and
second ends of at least one of the plurality of sutures are
disposed through the one or more first sheets and at least an
intervening portion between the first and second end is
disposed between the one or more first sheets and the one or
more second sheets.

23. The method of claim 17, wherein the second biocom-
patible material is configured to resist attachment to adjacent
tissue.

24. The method of claim 17, wherein the first or second
biocompatible material or both comprises at least one mate-
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rial selected from the group consisting of tantalum, stainless
steel, polyester, polyvinyl, polytetrafluoroethylene (PTFE),
acrylic, expanded polytetrafluoroethylene  (ePTFE),
polypropylene, polyglactin, polyglycolic acid, and carbon
fiber.

25. A medical device, comprising:

one or more first layers comprising a first biocompatible
material;

one or more second layers comprising a second biocom-
patible material; and

one or more sutures disposed on the first layer(s), the
second layer(s), or both;

wherein the medical device has one or more proximal
sides and one or more distal sides, which proximal and
distal sides relate to one or more tissue surfaces to
which the medical device is sutured when employed in
treating a patient;

wherein the one or more sutures are disposed such that at
least one end of each suture extends from the one or
more proximal sides and substantially none of the one
or more sutures is exposed on the one or more distal
sides.
26. A method of repairing a hernia, the method compris-
ing the steps of:

introducing into a patient through a laparoscopic port or
an open incision,

a medical device, comprising:

a multi-layered sheet of extracellular matrix material
having a proximal side and a distal side; and

a plurality of sutures disposed in the sheet so as to
protrude through the proximal side of the sheet in a
predetermined pattern without being substantially
exposed on the distal side;

deploying the device across a hernia inside the patient,
with the proximal side oriented toward a tissue region
comprising the hernia and the distal side oriented
toward underlying tissue/viscera;

providing a pattern of small incisions on an exterior
surface on the patient’s body over a location of the
hernia, the pattern of incisions corresponding to the
predetermined pattern;

guiding a suture passer into at least one of the small
incisions;

grasping a suture of the device with the suture passer and
pulling the suture so as to bring the proximal side of the
device in contact with the tissue region comprising the
hernia; and

manipulating the suture so as to hold a surface of the
device in contact with the tissue region.

# 0k % k&



THMBW(EF)

B AN E B =TT 2R
US20070088391A1 NI (»&E)B
US11/580652 RiEHR

patsnap

2007-04-19

2006-10-13

FRIEB(ERD)AGR) EREURELT
(BRI AGE) COOKAE MR R 3 AR .

LFEAFE(ER)AGE) COOK BIOTECH INCORPORATED

FRI& B A

RHA

IPCHEKS
CPCH %5
LR
NS

BEG®)

BB EERE R EF7 IR E RS R A 4B R H S it X Bt
FEEREN RS /ME. WA, FIENEAXMREN T X,

MCALEXANDER CHAD S
HILES MICHAEL C

MCALEXANDER, CHAD S.
HILES, MICHAEL C.

A61B17/04

A61B17/06166 A61L27/3633 A61L27/50 A61L31/005 A61L31/14

60/727912 2005-10-18 US

Espacenet  USPTO

302



https://share-analytics.zhihuiya.com/view/88195ec9-b052-4d44-a8b3-79c1e4d005a8
https://worldwide.espacenet.com/patent/search/family/037963239/publication/US2007088391A1?q=US2007088391A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070088391%22.PGNR.&OS=DN/20070088391&RS=DN/20070088391

