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LENGTH OF SELF-RETAINING SUTURE AND SUTURE INSERTION DEVICE
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BACKGROUND OF INVENTION

The present invention relates generally to an improved length of self-retaining
suture and, more particularly, relates to converging sections of self-retaining suture as
well as the method and device for using the same.

Seif-retaining sutures have been used in the past in many different surgical
applications. Self-retaining sutures have been shown to perform particularly well in
binding together various body parts such as skin, muscle tissue, organs, blood vessels,
tendons, organs and the like. Self-retaining sutures are advantageous to the surgical
team because they provide an effective ligature of tissue without the requirement of an
anchoring suture kaot which can be difficult to tie and which can cause damage to
tissue during the wound healing process. Self-retaining sutures also simplify many
tissue repair applications by more evenly distributing repair retention forces along the
length of the suture. The optimization of self-retaining sutures is disclosed in detail in
U.S. Patent Publication US 2004/0060409A. and is incorporated herein in its entirety.

Typically, self-retaining sutures have been used to bind mammalian body parts
together by passing a first length of self-retaining suture through a first section of tissue
to be bound in a direction in which the retainers may pass relatively freely in one
direction through the tissue, but will resist movement if the suture is moved in the
direction opposed to the insertion direction. Then a second length of suture is passed
through a second section of tissue in a second direction. Finally, the surgeon joins the
two lengths together by tying them or otherwise binding them together.

One alternative method for use of a self-retaining suture is to use a single length
of rigid self-retaining suture having a first end, a second end and the retainers disposed
on the length of the suture in a bidirectional fashion. A portion of the length of the
suture has retainers facing a first end and a portion of the length of the suture has
retainers facing the second end. The suture binds tissue together by inserting the first
end in a first section of tissue and inserting the second end in a second seetion of tissue,
The diverging retainers resisted movement of the sections away from the wound and
help bind them together. This retainer design and methodology is disclosed more fully

in U.S. Patent 6,241,747B1 and is incorporated herein in its entirety.
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Further, there are devices for use in inserting self-retaining sutures into the body
of a mammal. These include tubular instruments having a hollow portion for holding a
length of self-retaining suture. The end of the instrument includes a holding point for a
pointed first end of the suture length and the front of the instrument includes a handle,
In use, the end of the instrument is inserted into the body of a mammal at the point.

The instrument, guided by the user holding it at the handle, is inserted along a pathway
through an incision or wound for closure and up through the tissue, or the like, where
the pointed end can clear the subject tissue. The user, while holding the pointed end,
reverses direction along the insertion pathway with the instrument. This releases the
length of suture within the instrument and enables the retainers to grasp the surrounding
tissue. The instrument clears the wound area and the retainers holding the swrrounding
tissue keep the wound closed. Such a device is disclosed in U.S. Patent 5,342,376,

Other self-retaining suture technologies are known to the applicants. Table 1
summarizes applicable self-retaining suture technology. Table | is attached and, along
with its foreign counterparts and any continuations and/or divisionals, is incorporated
herein by reference in its entirety.

In spite of the advances made to date relating to self-retaining suture
technology, there does not exist a suture length made up of one or more sections
containing converging retainer patterns that facilitates the placement of a suture without
an attached needle. Such placement would be advantageous in several surgical tissue
repair applications wherein the location of the tissue to be repaired constrains the
passage and retrieval of an attached suture insertion device or where adjacent tissues
could be harmed by the passage of the attached needle such as the passage of a needle
past the bladder during the placement of a bladder neck suspension sling. Further, such
placement would be useful in certain cases where robotic or other mechanically assisted
surgical methods are employed in which simplified suture anchoring methods are
desired. Also, such placement would be advantageous in fixing therapeutic devices to
delicate tissues such as tumors in which such devices would operate more effectively if
they were placed with minimal tissue disruption and if such therapeutic devices were
immobilized during the period of therapeutic treatment. Also, such placement reduces
the number of attached needles that must be retrieved from the surgical tissue. Thus
reducing the established risk of inadvertently leaving needles in the patient after surgery

is completed. Further, the manipulation of needles during this process of thread
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passage and needle retrieval is a well known risk for “needle stick” to the operator that
can lead to the transmission of blood borme pathogens such as HIV and hepatitis.

At present, there does not exist any system or method where a length of suture is
inserted with a detachable suture insertion device where the suture insertion device may
be easily retracted along the needle’s insertion pathway. Presently, after tissue or the
like is anchored, the surgeon in some cases must continue to move the suture insertion
device further through tissue to retrieve the needle. This may result in further damage
to the tissue, as discussed above. When the surgeon moves the suture insertion device
further through tissue to enable the suture insertion device to exit the body, this also
results in the formation of a suture insertion-device-exiting-pathway which creates an
opportunity for the suture to migrate from its initial placement position Such migration
can lead to movement of the anchored tissue or disconnection of joined tissues relative
to each other. Such movement could lead to complete or partial failure of the
procedure. Also, the suture itself may migrate into positions that are harmful to
adjacent tissue and organs.

A further disadvantage of the present state of the art is that the area tissue
surrounding the suture placement may become damaged during the procedure because
of the surgeon’s need to retrieve the attached needle. Presently, a surgeon must not
only insert a suture and any attachment to the desired location, but to retrieve the
needle, the surgeon must move the needle through a particular area of tissue to enable
the needle to exit. Alternatively, the surgeon may choose to try to reverse the attached
needle’s pathway at the point of suture placement. In either case, there can be
significant disruption to the tissue in the surrounding area. This can become a critical
issue where the surgeon is working in the area of a cancerous tumor. If the tumor
becomes damaged or as a result of the disruption to tissue, the procedure is ineffective,
the cancer may spread or the procedure 1o treat the cancer may fail. Thus, there is no
system or method of placing a suture at a desired location that leaves the surrounding
tissue unharmed and undamaged.

Anather disadvantage of the present state of art relates to surgical procedures
that require a significantly deep incision relative to the size of the incision at the skin
level. In particular, endoscopic procedures and surgeries often require niinimum
incisions at the skin level and yet may be quite deep. As a result, it is often difficult for

the surgeon to work in such a cramped environment. Closing this access port is
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challenging to do with conventional attached needles, especially at the deepest portion s
of the narrow opening where there is little room to manipulate a needle driver and
forceps to grasp and retrieve an attached needle.

One version of a converging self-retaining suture pattern is in a suture length
made up of a continuous loop having converging retainers along at least a portion of the
length, wherein the loop is inserted into a section of tissue to support a body part of a
maminal. Further, there is no method or device at present that enables a user to
accurately and effectively insert a looped length of self-retaining suture into the body of
a mammal where the insertion end of the suture length remains within the body of a
mammal without the need for holding, joining or pulling on the insertion end of the
sutwre. Such a method or a device would enable a surgeon or other medical personnel
to engage in procedures that would deliver more effective treatiment to patients while
minimizing damage to the surrounding tissue. This would provide greater success rates
of certain procedures, decrease recovery time, minimize complications and thus
decrease the overall cost to perform such procedures.

Accordingly, it is desired to provide a continuous loop of suture having
converging retainers on at least a portion of its length where the loop is inserted into the
body of a mammal to support a body part.

It is further desired to provide a method and device for inserting a length of
suture having converging retainers along at Jeast a portion thereon, where the inserted
end remains within the body of the mammal and does not need to be pulied or manually
held or joined to another length thereof.

It is yet further desired to provide a method of support a body part of a mammal
by inserting a length of suture having retainers along at least a portion thereof, where
the length of suture remains within the insertion pathway and the insertion end of the
suture does not need to be held or joined to another length of suture or pulled clear of
insertion area for the method to be effective.

It 1s stil} further desired to provide a method and device for supporting a body
part of a mammal where the length of suture is inserted into the body of mammal at a
point that eénsures significant effectiveness in the continued support of the body part.

It is yet further desired to provide a method and device for supporting a body

part of a mammal where the procedure is minimally invasive, minimizes damage to the
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body during the procedure recovery time and reduces the overall cost of performing the
procedure.

It is yet further desired to provide a method and device for placing sutures in
tissue where the procedure is minimally invasive, minimizes damage to the body during
the repair procedure, minimizes recovery time and reduces the overall costs of
performing the procedure.

It is still further desired to provide a method and device for placing sutures in
tissue where the suture is easily detached from the suture insertion device and the suture
insertion device is able to be retracted from the tissue by reversing its travel along the
insertion pathway.

It is yet further desired to provide a method and device for anchoring a length of
suture in a particular location in tissue in such a manner that minimizes the possibility
for suture migration and for damage to surrounding tissue,

It is further desired to provide a method and device for anchoring a suture and
attachment such as a marker, tack, tag, chemotherapeutic drog delivery agent, seroma
evacuation tube or the like into the tissue with great accuracy and with minimal
disruption to surrounding tissue.

It is also desired to provide a method and system for ensuring that all needles

used in a surgical procedure are retrieved.

BRIEF SUMMARY OF INVENTION

The present invention provides for a suture having an elongated body having a
first end, a second end, and a plurality of retainers projecting from the body. The retainers
are disposed on the periphery of the body along at least a portion of the length of the body.
All of the retainers face the first end. The retainers are configured such that when the
length of suture is inserted into the tissue of a mammal the retainers generally flex toward
the body during insertion where damage to the tissue by the retainers is minimized, and
the retainers generally resist movement when the suture is pulled in a direction opposed to
the insertion pathway. The suture also has a temporary holding point for an insertion
device to hold the body. The point is located proximate to the first end.

The present invention also provides for a continuous length of suture where the
ends are joined together to form a loop. The loop has a first length of suture having an
elongate first body. A plurality of first retainers project from the first body in a first
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direction. The first retainers are disposed on the periphery of the first body along at least a
portion of the first Iength. The loop also has a second length having a plurality of second
retainers projecting from the second body in a second direction, the second direction being
opposite to the first direction. The second retainers are disposed on the periphery of the
second body along at least a portion of the second length, The loop has an intervening
length located between the first and second lengths, whereby all of the first retainers and
all of the second retainers face the intervening length.

The present invention further provides for a continuous length of suture where
the ends are joined together to form a loop. The loop has a first half having an elongate
first half body having a first section, a second section and a first intervening section. A
phurality of first retainers project peripherally from the first section along at least a portion
thereof, in a first direction. A plurality of second retainers project peripherally from the
second section along at least a partion thereof in a direction opposed to the first divection.
The intervening section is disposed between the first and second sections. The first and
second retainers face the first intervening section. The loop also has a second half having
an elongate second half body having a third section, a fourth section and a second
intervening section. A plurality of third retainers project peripherally from the third
section along at least a portion thereof, in a second direction. A plurality of fourth
retainers project peripherally from the fourth section along at least a portion thereof in a
direction opposed to the second direction. The second intervening section is disposed
between the third and fourth sections and the third and fourth retainers face the second
intervening section.

The present invention still further provides for a continuous length of suture
where the ends are joined together to form a loop. The loop has a plurality of sections
of suture length. Each section has an elongate body having a first part, a second part
and an intervening part located between the first part and the second part. A plurality of
first retainers project from the first part in a first direction. The first retainers are disposed
on the periphery of the body along at least a portion of the first part. A plurality of second
retainers project from the second part in a second direction. The second direction being
opposite to the first direction. The second retainers are disposed on the periphery of the
body along at least a portion of the second part. Substantially all of the first retainers of
the first part of each section and substantially all of the second retainers from the second

part of each section face the intervening part of each section.
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The present invention further provides for a method of supporting an object
within the body of a mammal. The steps include providing a continuous length of
suture where the ends of the suture are joined forming a loop, the loop having a first
half and a second haif. The first half of the loop has an elongate first half body having
a first section, a second section and a first intervening section, a plurality of first
retainers projecting peripherally from the first section along at least a portion thereof, in a
first direction, a plurality of second retainers projecting peripherally from the second
section along at least a portion thereof in a direction opposed to the first direction, and the
intervening section disposed between the first and second sections where the first and
second retainers face the intervening section. The loop also has a second half having an
elongate second half body having a third section, a fourth section and a second
intervening section, a plurality of third retainers projecting peripherally from the third
section along at least a portion thereof, in a second direction, a plurality of fourth retainers
projecting peripherally from the fourth section along at least a portion thereof in a
direction opposed to the second direction, and the second intervening section disposed
between the third and fourth sections where the third and fourth retainers face the second
intervening section. The method further includes placing the point in the loop where the
first and second halves are joined under an object within the body of a mammal to be
supported. The method includes inserting the first half of the loop into a first section of
tissue of a mamimnal at a point along the first intervening section forming a first insertion
pathway, and inserting the second half of the loop into a second section of tissue
forming a second insertion pathway, whereby the object within the body of a mammal
is supported.

The present invention further provides for a method of supporting an object
within the body of a manunal. The method includes the step of providing a continuous
length of suture where the ends of the suture are joined forming a loop. The loop hasa
first length of suture having an elongate first body, a plurality of first retainers projecting
from the first body in a first direction, the first retainers being disposed on the periphery of
the first body along at least a portion of the first length. The loop also has a second length
having a plurality of second retainers projecting from the second body in a second
direction, the second direction being opposite to the first direction, the second retainers
being disposed on the periphery of the second body along at least a portion of the second

length. The loop has an intervening length located between the first and second lengths,
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whereby substantially all of the first retainers and substantially all of the second retainers
face the intervening length. The loop also has a diverging length where the first length
and second lengths are joined and where the first retainers and second retainers diverge
and face in opposing direction. The method also includes the steps of placing at least a
portion of the diverging length under an object within the body of a mammal to be
supported, and inserting the suture into a section of tissue of a mammal at a point along
the intervening section forming an insertion pathway, whereby the object within the
body of a mammal is supported.

The present invention also provides for a method of supporting an object within
the body of a mammal by providing a continuous length of suture where the ends of the
suture are joined forming a loop. The loop has a plurality of sections of suture length.
Each section has an elongate body having a first part, a second part and an intervening
part located between the first part and the second part. A plurality of first retainers
project from the first part in a first direction, the first retainers being disposed on the
periphery of the body along at Jeast a portion of the first part. A plurality of second
retainers project from the second part in a second direction, the second direction being
opposite to the first direction, the second retainers being disposed on the periphery of the
second body along at least a portion of the second length. The first retainers of the first
part of each section and the second retainers from the second part of each section face the
intervening part of each section. The method further includes the steps of placing a
portion of the length of suture between sections under an object within the body of a
mammal to be supported, inserting a first section of suture length into a first section of
tissue of a mammal at a point along the first intervening part forming a first insertion
pathway, and inserting the each remaining section of suture length into a subsequent
section of tissue forming subsequent insertion pathways, whereby the object within the
body of a mammal is supported.

The present invention yet further provides for a suture insertion device for use
in inserting a length of suture into the tissue of a mamumal. The suture insertion device
has a substantially rigid, elongate body having a first end, a second end and a length.
The suture insertion device also has a recess proximate to the first end to receive a
cross-section of suture, and a forwardly extending finger located at the rearward end of

the recess for maintaining the suture within the recess during insertion.
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The present invention still further provides for an assembly for inserting a
length of suture within the body of a mammal. The assembly has a length of suture
having an elongated body having a first end, a second end, and a plurality of retainers
projecting from the body. The retainers are disposed on the periphery of the body along at
least a portion of the length of the body. The retainers face the first end, and are
configured such that when the lengih of suture is inserted into the tissue of a mammal the
retainers generally flex toward the body during insertion where damage to the tissue by the
retainers is ninimiized, and the retainers are generally rigid and resist movement when the
suture is pulled in a direction opposed to the insertion pathway. The length of suture also
has a temporary holding point for receipt within a recess within a suture insertion device to
hold the body. The temporary holding point is located proximate to the first end. The
assembly also has a suture insertion device having a substantially rigid, elongate body
having a first end, a second end and a length, a recess proximate to the first end to
receive a cross-section of suture, and a forwardly extending finger located at the
rearward end of the recess. When the temporary holding point is received within the
recess of the suture insertion device, the length of suture is inserted within the body of a
mammal via the suture insertion device in a first direction with the length of suture
received within the recess, and the is withdrawn by moving the suture insertion device
in a direction opposed to the first direction, the holding point being released from its
position within the recess and thus frees the suture insertion device for removal
therefrom.

The present invention further provides for another assembly for inserting a
length of suture within the body of a mammal. The assembly includes a suture having
an elongated body having a first end, a second end, and an intervening point located
between the first and second ends. The suture also includes a plurality of retainers
projecting from the body, the retainers being disposed on the periphery of the body along
at least a portion of the length of the body, all of the retainers from both ends facing the
intervening point. The retainers are configured such that when the length of suture is
inserted into the tissue of a mammal at the intervening point, the retainers generally flex
toward the body during insertion where damage to the tissue by the retainers is minimized,
and the retainers are generally rigid and resist movement when the suture is pulled in a
direction opposed to the insertion pathway. The assembly also includes a suture insertion

device having a substantially rigid, elongate body having a first end, a second end and a
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length, a recess proximate to the first end to receive a cross-section of suture, and a
forwardly extending finger located at the rearward end of the recess. When the
intervening point is received within the recess of the suture insertion device, the length
of suture is inserted within the body of a mammal by moving the suture insertion device
in a first direction within the body of 2 mammal, when at least a portion of the length of
suture is received within the body of the mammal, the suture insertion device is
withdrawn from the body of a mammal by moving the suture insertion device in a
direction opposed to the first direction, as a result of the opposed movement of the
suture insertion device, the intervening point is released from its position within the
recess and enables the suture insertion device to be withdrawn while allowing the
length of suture to remain within the body of a mammal.

The present invention provides for a further assembly for inserting a length of
suture within the body of a mammal. The assembly has a continuous length of suture
and a suture insertion device. The continuous length of suture is joined at the ends to
form a loop. The loop has a first length of suture having an elongate first body, a
plurality of first retainers projecting from the first body in a first direction, the first
retainers being disposed on the periphery of the first body along at least a portion of the
first length. The loop has a second length having a plurality of second retainers projecting
from the second body in a second direction, the second direction being opposite to the first
direction, the second retainers being disposed on the periphery of the second body along at
least a portion of the second length. The loop has an intervening length located between
the first and second lengths, and substantially all of the first retainers and substantially all
of the second retainers face the intervening length. The suture insertion device has a
substantially rigid, elongate body having a first end, a second end and a length, a recess
proximate to the first end to receive a cross-section of suture, and a forwardly extending
finger located at the rearward end of the recess. When the intervening length is
received within the recess of the suture insertion device, the length of suture is inserted
within the body of a mammal by moving the suture insertion device in an insertion
direction. When at least a portion of the length of suture is received within the body of
the mammal, the suture insertion device is withdrawn from the body of a mammal by
moving the suture insertion device in a direction opposed to the insertion direction, as a

result of the opposed movement of the suture insertion device, the intervening length is
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released from its position within the recess and the suture insertion device is able to be
withdrawn while enabling the length of suture to remain within the body of a mammal.

The present invention still further provides an assembly for inserting a length of
suture within the body of a mammal. The assembly includes a continuous length of
suture where the ends are joined together to form a loop, and a suture insertion device.
The loop has a first half having an elongate first half body having a first section, a
second section and a first intervening section. A plurality of first retainers project
peripherally from the first section along at least a portion thereof, in a first direction. A
plurality of second retainers project peripherally from the second section along at least a
portion thereof in a direction opposed to the first direction. The intervening section is
disposed between the first and second sections where the first and second retainers face
the first intervening section. The second half of the loop has an elongate second half
body having a third section, a forth section and a second intervening section. A
plurality of third retainers project peripherally from the third section along at least a
portion thereof, in a second direction. A plurality of fourth retainers project peripherally
from the fourth section along at least a portion thereof in a direction opposed to the second
direction. The second intervening section is disposed between the third and fourth
sections where the third and fourth retainers face the second intervening section. The
suture insertion device has a substantially rigid, elongate body having a first end, a
second end and a length, a recess proximate to the first end to receive a cross-section of
suture, and a forwardly extending finger located at the rearward end of the recess.
When the first intervening length is received within the recess of the suture insertion
device, the first half is inserted within the body of a mammal by moving the suture
insertion device in a first insertion direction. When at least a portion of the first half is
received within the body of the mammal, the suture insertion device is withdrawn from
the body of a mammal by moving the suture insertion device in a direction opposed to
the first insertion direction. As a result of the opposed movement of the suture insertion
device, the first intervening length is released from its position within the recess, and
enables the suture insertion device to be withdrawn while enabling the first half to
remain within the body of a mammal. When the second intervening length is received
within the recess of the suture insertion device, the second half is inserted within the
body of a mammal by moving the suture insertion device in a second insertion

direction. When at least a portion of the second half is received within the body of the
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mammal, the suture insertion device is withdrawn from the body of a mammal by
moving the suture insertion device in a direction opposed to the second insertion
direction. As a result of the opposed movement of the suture insertion device, the
second intervening length is released from its position within the recess and enables the
suture insertion device to be withdrawn while enabling the second half to remain within
the body of the mammal.

The present invention provides for another assembly for inserting a length of
suture within the body of a mammal. The assembly includes a continuous length of
suture where the ends are joined together to form a loop and a suture insertion device.
The loop has a plurality of sections of suture length. Each section has an elongate body
having a first part, a second part and an intervening part located between the first part
and the second part. A plurality of first retainers project from the first part in a first
direction. The first retainers are disposed on the periphery of the body along at least a
portion of the first part. A phurality of second retainers project from the second partin a
second direction, the second direction being opposite to the first direction. The second
retainers are disposed on the periphery of the second body along at least a portion of the
second length. Substantially of the first retainers of the first part of each section and
substantially all of the second retainers from the second part of each section face the
intervening part of each section. The suture insertion device has a substantially rigid,
elongate body having a first end, a second end and a length, a recess proximate to the
first end to receive a cross-section of suture, and a forwardly extending finger located at
the rearward end of the recess. When each intervening part is separately received
within the recess of the suture insertion device, the corresponding section of suture is
inserted within the body of a mammal by moving the suture insertion device in a first
insertion direction. When at least a portion of that section of suture is received within
the body of the mammal, the suture insertion device is withdrawn from the body of a
mammal by moving the suture insertion device in a direction opposed to the first
insertion direction, as a result of the opposed movement of the suture insertion device,
the intervening part is released from its position within the recess and enables the suture
insertion device to be withdrawn while enabling the section of suture inserted to remain
within the body of the mammal. The insertion of remaining sections is similarly

repeated until all sections of the length of suture are inserted into a body of a mammal.

12



10

15

20

25

30

WO 2010/062743 PCT/US2009/063081

The present invention further provides for a method of anchoring a suture within
the body of a mammal. The method includes the steps of providing an assembly having
a length of suture and a suture insertion device. The length of suture has an elongated
body having a first end, a second end, and a plurality of retainers projecting from the body.
The retainers are disposed on the periphery of the body along at least a portion of the
length of the body. The retainers face the first end, and are configured such that when the
length of suture is inserted into the body of a mammal the retainers generally flex toward
the body during insertion where damage to the tissue by the retainers is minimized, and
the retainers are generally rigid and resist movement when the suture is pulled in a
direction opposed to the insertion pathway. The length of suture also has a temporary
holding point to be received by a suture insertion device. The temporary holding point is
located proximate to the first end. The suture insertion device has a substantially rigid,
elongate body having a first end, a second end and a length, and a recess proximate to
the first end to receive a length of suture. The method further includes placing a
portion of the temporary holding point within the recess of the suture insertion device,
inserting the suture insertion device, so as to form an insertion pathway, into the body
of a mammal until the first end of the suture reaches a predetermined location,
retrieving the suture insertion device in a direction substantially opposed to the
insertion pathway until the suture insertion device is removed from the body of a
manunal, and causing the length of suture to remain in the body of 2 mammal .

The present invention still further provides for a method of anchoring a suture
within the body of a mammal. The method includes providing an assembly having a
length of suture where the ends are joined together to form a loop. The loop has a first
length of suture having an elongate first body, a phurality of first retainers projecting
from the first body in a first direction, the first retainers being disposed on the periphery of
the first body along at least a portion of the first length, a second length having a plurality
of second retainers projecting from the second body in a second direction, the second
direction being opposite to the first direction, the second retainers being disposed on the
periphery of the second body along at least a portion of the second length, and
an intervening length located between the first and second lengths, whereby all of the first
retainers and ali of the second retainers face the intervening length. The assembly further
includes a suture insertion device having a substantially rigid, elongate body having a

first end, a second end and a length, and a recess proximate to the first end to receive a
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length of suture. The method further includes placing a portion of the intervening
length within the recess of the suture insertion device, inserting the suture insertion
device into the body of a mammal so as to form a suture insertion device insertion
pathway until the recess reaches a predetermined location, retrieving the suture
insertion device substantially along the insertion pathway until the suture insertion
device is removed from the body of a mammal, and causing the length of suture to
remain in the body of a mammal.

The present invention further provides for a method of anchoring a suture within
the body of 2 mammal. The method includes providing an assembly having a
continuous length of suture where the ends are joined together to form a loop. The loop
has a first half having an elongate first half body having a first section, a second
section and a first intervening section, a plurality of first retainers projecting peripherally
from the first section along at least a portion thereof, in a first direction, a plurality of
second retainers projecting peripherally from the second section along at least a portion
thereof in a direction opposed to the first direction, and the intervening section disposed
between the first and second sections where the first and second retainers face the first
intervening section; and a second half having an elongate second half body having a
third section, a fourth section and a second intervening section, a plurality of third
retainers projecting peripherally from the third section along at least a portion thereof, in a
second direction, a plurality of fourth retainers projecting peripherally from the fourth
section along at least a portion thereof in a direction opposed to the second direction, and
the second intervenmg section disposed between the third and fourth sections where the
third and fourth retainers face the second intervening section. The assembly also includes
a suture insertion device having a substantially rigid, elongate body having a first end, a
second end and a length, and a recess proximate to the first end to receive a length of
suture. The method also includes placing a portion of the first intervening length of
suture within the recess of the suture insertion device, inserting the suture insertion
device into the body of a mammal until the recess reaches a predetermined location so
as to form a first suture insertion device insertion pathway, retrieving the suture
insertion device substantially along the insertion pathway untif the suture insertion
device is removed from the body of a mammal, The method further includes placing a
portion of the second intervening length of suture within the recess of the suture

ingertion device, inserting the suture insertion device into the body of a mammal until
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the recess reaches a predetermined location so as to form a second suture insertion
device insertion pathway, retrieving the suture insertion device substantially along the
second insertion pathway until the suture insertion device is removed from the body of
a mammal, and causing the length of suture to remain in the body of a mammal.

The present invention still further provides for a method of anchoring a suture
within the body of a mamumal. The method includes the steps of providing an assembly
having a continuous length of suture where the ends are joined together to form a loop,
and a suture insertion device. The loop has a plurality of sections of suture length, each
section having an elongate body having a first part, a second part and an intervening
part located between the first part and the second part, a plurality of first retainers
projecting from the first part in a first direction, the first retainers being disposed on the
periphery of the body along at least a portion of the first part, and a plurality of second
retainers projecting from the second part in a second direction, the second direction being
opposite to the first direction, the second retainers being disposed on the periphery of the
second body along at least a portion of the second length, all of the first retainers of the
first part of each section and zll of the second retainers from the second part of each
section face the intervening part of each section. The suture insertion device has a
substantially rigid, elongate body having a first end, a second end and a length, and a
recess proximate to the first end to receive a length of suture. The method further
includes placing a portion of the intervening part within the recess of the suture
insertion device, inserting the suture insertion device into the body of a mammal so as
to form a suture insertion device insertion pathway until the recess reaches a
predetermined location, retrieving the suture insertion device substantially along the
insertion pathway until the suture insertion device is removed from the body of a
manunal causing the length of suture to remain in the body of a mammal, and repeating
the inserting and retrieving steps until all sections of the loop are inserted into the body
of a mammal.

The present invention also provides for a self-retaining suture having an elongated
body having a first end, a second end and a first section and a second section, a plarality of
retainers projecting from the body along the first section in a first direction, and a plurality
of'retainers projecting from the body along the second section in a second direction. The
first direction is opposed to the second direction. The retainers of the first section face the

retainers of the second section, and the retainers being configured such that when the
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length of suture is inserted into the tissue of a mammal at the point where the retainers
converge, the retainers generally flex toward the body during insertion where damage to
the tissue by the retainers is minimized, and the retainers generaily resist movement when
the suture is pulied in a direction opposed to the insertion pathway.

The present invention yet further provides for a method of using a self-retaining
suture comprising the steps of providing a self-retaining suture having an elongated body
having a first end, a second end and a first section and a second section, a plurality of
retainers projecting from the body along the first section in a first direction, and a plurality
of retainers projecting from the body along the second section in a second direction, the
first direction being opposed to the second direction. The method also includes providing
a suture insertion device baving a substantially rigid, elongate body having a first device
end, a second device end and a device length, and a recess proximate to the first device
end to receive a cross section of suture. The method further includes placing a cross-
section of the self-retaining suture into the recess of the suture insertion device at a place
along the length of the suture between the first and second sections, and inserting the first
device end into the body of a mammal so as tc form an insertion pathway until the
recess reaches a predetermined location. The method further includes retrieving the
suture insertion device by substantially reversing direction along the insertion pathway
until the suture insertion device is removed from the body of a mammal, and causing
the suture to remain in the body of a mammal, whereby when the suture is inserted into
the tissue of a mammal, the retainers generally flex toward the body during insertion
where damage to the tissue by the retainers is minimized, and the retainers generally resist
movement when the suture is pulled in a direction opposed to the insertion pathway.

The details of one or more aspects or embodiments are set forth in the
description below. Other features, objects and advantages will be apparent from the
description, the drawings, and the claims. In addition, the disclosures of all patents and

patent applications referenced herein are incorporated by reference in their entirety.

DESCRIPTION OF DRAWINGS
FIG. 1 is a front view of a first embodiment of the present invention.
FIG. 1A is a front view of a first alternative embodiment of the embodiment of

FIG. 1. -
FIG. 2A is a front view of a suture insertion device of the present invention,
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FIG. 2B is a side view of the embodiment of FIG. 2A.

FIG. 3 is a top view of the suture insertion device of FIG. 2A with the first
embodiment of FIG. 1 held therein.

FIG 4 is an enlarged sectional view of a portion of the assembly of FIG. 3 taken
along line A-A.

FIG. 5 is a diagrammatic representation of the tested suture length having
converging retainers thereon.

FIG. 6 is a front view of a second alternative embodiment of the present
invention.

FIG. 7 is a front view of a third alternative embodiment of the present invention.

FIG. 7A is a perspective view of the embodiment of FIG. 7 having an object
attached thereto.

FIG. 7B is a front view of the embodiment of FIG. 7 having a tack attached
thereto.

FIG. 7C is a front view of a seroma evacuation tube for anchoring to the skin
surface,

FIG. 8 is a front view of the fourth alternative embodiment of the present
invention,

FIG. 9 is a front view of the embodiment of FIG. 9 with a mesh sling attached
thereto.

FIG. 10 is a perspective view of the assembly of the embodiment of FIG. 8 and
the suture insertion device of FIGS. 2A and 2B.

FIG. 11 is a diagrammatic view of the embodiment of FIG. 9 in a proposed
installed position for use as a support for a human organ.

FIG. 12 is a front view of an alternative embodiment of FIG. 10 in use for
closing an incision where one end of the embodiment of FIG. 10 is inserted using a
detachable suture insertion device as shown and the other has an attached curved suture
insertion device.

FIG. 12A is a front view of an alternative suture insertion device

FIG. 12B is a front view of the embodiment of FIG. 12 showing the insertion
and removal of the curved suture insertion device, as shown in FIG. 12A.

FIG. 13 is a front view of the fifth alternative embodiment of the present

invention.
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FIG 14A is a diagrammatic view of the embodiment of FIG. 13 as it is being
installed.

FIG. 14B is a diagrammatic view of the embodiment of FIG. 13 in its fully
installed position.

FIG. 15 is a front view of an alternative placement of the self-retaining suture of
the present invention.

FIG. 16 is a front view of a sixth alternative embodiment of the present

invention with the suture insertion device of FIGS. 2A and 2B.

DESCRIPTION OF INVENTION

Certain teriminology is used herein for convenience only and is not to be taken
as a limitation on the invention. For example, words such as "first” and “second”,
“forward” and “rearward”, “inner” and “outer” merely describe the configuration
shown in the figures. Indeed, the referenced components may be oriented in any
direction and the terminology, therefore, should be understood as encompassing such
variations unless specified otherwise.

In addition, prior to setting forth the invention, it may be helpful to an
understanding thereof to first set forth definitions of certain terms that are used
hereinafter.

“Self-retaining system” refers to a self-retaining suture together with means for
deploying the suture into tissue. Such deployment means include, without limitation,
suture needles and deployment devices as well as sufficiently rigid and sharp portions
on the suture itself to penetrate tissue.

“Self-retaining suture” refers to a suture that does not require a knot or a suture
anchor in order to maintain its position into which it is deployed during a surgical
procedure. These may be monofilament sutures or braided sutures, and are positioned
in tissue in two stages, namely deployment and affixation, and include at least one
tissue retainer.

“Tissue retainer” (or simply “retainer”) or “barb” refers to a suture element
having a retainer body projecting from the suture body and a retainer end adapted to
penetrate tissue. Each retainer is adapted to resist movement of the suture in a direction
other than the direction in which the suture is deployed into the tissue by the surgeon,

by being oriented to substantially face the deployment direction. As the tissue-
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penetrating end of each retainer faces away from the deployment direction when
moving through tissue during deployment, the tissue retainers should not catch or grab
tissue during this phase. Once the self-retaining suture has been deployed, a force
exerted in another direction (often substantially opposite to the deployment direction)
causes the retainers to be displaced from their deployment positions (i.e., resting
substantially along the suture body), forces the retainer ends to open from the suture
body in a manner that catches and penetrates into the surrounding tissue, and results in
tissue being caught between the retainer and the suture body; thereby “anchoring” or
affixing the self retaining suture in place.

“Retainer configurations” refers to configurations of tissue retainers and can
include features such as size, shape, surface characteristics, and so forth. These are
sometimes also referred to as “barb configurations”.

“Suture thread” refers to the filamentary body component of the suture, and, for
sutures requiring needle deployment, does not include the suture needle. The suture
thread may be monofilamentary, or, multifilamentary,

“Monofilament suture” or “monofilament” refers to a suture comprising a
monofilamentary suture thread.

“Braided suture” refers to a suture comprising a multifilamentary sutore thread.
The filaments in such suture threads are typically braided, twisted, or woven together.

“Degradable (also referred to as “biodegradable” or “bicabsorbable™) suture”
refers to a suture which, after introduction into a tissue is broken down and absorbed by
the body. Typically, the degradation process is at least partially mediated by, or
performed in, a biological system. *“Degradation” refers to a chain scission process by
which a polymer chain is cleaved into oligomers and monomers. Chain scission may
occur through various mechanismis, including, for example, by chemical reaction {e.g.,
hydrolysis, oxidation/reduction, enzymatic mechanisms or a combination or these) or
by a thermal or photolytic process. Polymer degradation may be characterized, for
example, using gel permeation chromatography (GPC), which monitors the polymer
molecular mass changes during erosion and breakdown. Degradable suture material
may include polymers such as polyglycolic acid, copolymers of glycolide and lactide,
copolymers of trimethylene carbonate and glycolide with diethylene glycol (e.g.,
MAXONTM, Tyco Healthcare Group), terpolymer composed of glycolide,
trimethylene carbonate, and dioxanone (e.g., BIOSYNTM [glycolide (60%),

19



10

20

25

30

WO 2016/062743 PCT/US2009/063081

trimetliylene carbonate (26%), and dioxanone (14%)], Tyco Healthcare Group),
copolymers of glycolide, caprolactone, trimethylene carbonate, and lactide (e.g.,
CAPROSYNTM, Tyco Healthcare Group). These sutures can be in either a braided
multififament form or a monofilament form. The polymers used in the present
invention can be linear polymers, branched polymers or multi-axial polyniers.
Examples of multi-axial polymers used in sutures are described in U.S. Patent
Application Publication Nos. 20020161168, 20040024169, and 20040116620. Sutures
made from degradable suture material lose tensile strength as the material degrades.

“Non-degradable (also referred to as “non-absorbable”) suture” refers to a
suture comprising material that is not degraded by chain scission such as chemical
reaction processes (e.g., hydrolysis, oxidation/reduction, enzymatic mechanisms or a
combination or these) or by a thermal or photolytic process. Non-degradable suture
material includes polyamide (also known as nylon, such as nylon 6 and nylon 6.6),
polyester (e.g., polyethylene terephthiate), polytetrafluoroethylene (e.g., expanded
polytetrafluoroethylene), polyether-ester such as polybutester (block copolymer of
butylene terephthalate and polytetra methylene ether glycol), polyurethane, metal
alloys, metal (e.g., stainless steel wire), polypropylene, polyethelene, silk, and cotton.
Sutures made of non-degradable suture material are suitable for applications in which
the suture is meant to remain permanently or is meant to be physically removed from
the body.

“Suture diameter” refers to the diameter of the body of the suture. It is to be
understood that a variety of suture lengths may be used with the sutures described
herein and that while the term “diameter” is often associated with a circular periphery,
it is to be understood herein to indicate a cross-sectional dimension associated with a
periphery of any shape. Suture sizing is based upon diameter. United States
Pharmacopeia (“USP”) designation of suture size runs from 0 to 7 in the larger range
and 1-0 to 11-0 in the smaller range; in the smaller range, the higher the value
preceding the hyphenated zero, the smaller the suture diameter. The actual diameter of
a suture will depend on the suture material, so that, by way of example, a suture of size
5-0 and made of collagen will have a diameter of 0.15 nun, while sutures having the
same USP size designation but made of a synthetic absorbable material or a non-
absorbable material will each have a diameter of 0.1 mm. The selection of suture size

for a particular purpose depends upon factors such as the nature of the tissue to be
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sutured and the importance of cosmetic concerns; while smaller sutures may be more
easily manipulated through tight surgical sites and are associated with less scarring, the
tensile strength of a suture manufactured from a given material tends to decrease with
decreasing size. It is to be understood that the sutures and methods of manufacturing
sutures disclosed herem are suited to a variety of diameters, including without
limitation 7, 6, 5, 4, 3, 2, 1, 0, 1-0, 2-0, 3-0, 40, 5-0, 6-0, 7-0, 8-0, 9-0, 10-0 and 11-0.

“Needle attachment” refers to the attachment of a needle to a suture requiring
same for deployment into tissue, and can include methods such as criniping, swaging,
using adhesives, and so forth. The point of attachment of the suture to the needle is
known as the swage.

“Suture needle” refers to needles used to deploy sutures into tissue, which come
in many different shapes, forms and compositions. There are two main types of
needles, traumatic needles and atraumatic needles. Traumatic needles have channels or
drilled ends (that is, holes or eyes) and are supplied separate from the suture thread and
are threaded on site. Atraumatic needles are eyeless and are attached to the suture at
the factory by swaging whereby the suture material is inserted into a channel at the
blunt end of the needle which is then deformed to a final shape to hold the suture and
needle together. In the traumatic needle the thread comes out of the needle’s hole on
both sides and often the suture rips the tissues to a certain extent as it passes through.
Most modern sutures are swaged atraumatic needles. Atraumatic needles may be
permanently swaged to the suture or may be designed to come off the suture with a

sharp straight tug. These “pop-offs” are commonly used for interrupted sutures, where

. each suture is only passed once and then tied.

Suture needles may also be classified according to their point geometry. For
example, needles may be (i) “tapered” whereby the needle body is round and tapers
smoothly to a point; (ii) “cutting” whereby the needle body is triangular and has
sharpened cutting edge on the inside; (iii) “reverse cutting” whereby the cutting edge is
on the outside; (iv) “trocar point™ or “tapercut” whereby the needle body is round and
tapered, but ends in a small triangular cutting point; (v) “blunt” points for sewing
friable tissues; (vi) “side cutting” or “spatula points™ whereby the needle is flat on top

and bottom with a cutting edge along the front to one side (these are typically used for

eye surgery).
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Suture needles may also be of several shapes including, (i) straight, (ii) half
curved or ski, (iii) 1/4 circle, (iv) 3/8 circle, (v) 1/2 circle, (vi) 5/8 circle, (v) and
compound curve.

Sﬁturing needles are described, for example, in US Patent Nos. 6,322,581 and
6,214,030 (Mani, Inc., Japan); and 5,464,422 (W L. Gore, Newark, DE); and 5,941,899;
5,425,746; 5,306,288 and 5,156,615 (US Surgical Corp., Norwalk, CT); and 5,312,422
(Linvatec Corp., Largo, FL); and 7,063,716 (Tyco Healthcare, North Haven, CT).
Other suturing needles are described, for example, in US Patent Nos. 6,129,741;
5,897,572; 5,676,675; and 5,693,072. The sutures described herein may be deployed
with a variety of needle types (including without limitation curved, straight, long, short,
micro, and so forth), needle cutting surfaces (including without limitation, cutting,
tapered, and so forth), and needle attachment techniques (including without limitation,
drilled end, crimped, and so forth).

“Needle diameter” refers to the diameter of a suture deployment needle at the
widest point of that needle. While the term “diameter” is often associated with a
circular periphery, it is to be understood herein to indicate a cross-sectional dimension
associated with a periphery of any shape.

“Wound closure” refers to a surgical procedure for closing of a wound. An
injury, especially one in which the skin or another external or internal surface is cut,
torn, pierced, or otherwise broken is known as a wound. A wound commonly occurs
when the integrity of any tissue is compromised (e.g., skin breaks or burns, muscle
tears, or bone fractures). A wound may be caused by an act, such as a gunshot, fall, or
surgical procedure; by an infectious disease; or by an underlying medical condition.
Surgical wound closure facilitates the biological event of healing by joining, or closely
approximating, the edges of those wounds where the tissue has been tom, cut, or
otherwise separated. Surgical wound closure directly apposes or approximates the
tissue layers, which serves to minimize the volume new tissue formation required to
bridge the gap between the two edges of the wound. Closure can serve both functional
and aesthetic purposes. These purposes include elimination of dead space by
approximating the subcutaneous tissues, minimization of scar formation by careful
epidermal alignment, and avoidance of a depressed scar by precise eversion of skin

edges.
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“Tissue elevation procedure” refers to a surgical procedure for repositioning
tissue from a lower elevation to a higher elevation (i.e., moving the tissue in a direction
opposite to the direction of gravity). The retaining ligaments of the face support facial
soft tissue in the normal anatomic position. However, with age, gravitational effects
achieve a downward pull on this tissue and the underlying ligaments, and fat descends
into the plane between the superficial and deep facial fascia, thus allowing facial tissue
to sag. Face-lift procedures are designed to lift these sagging tissues, and are one
example of a2 more general class of medical procedure known as a tissue elevation
procedure. More generally, a tissue elevation procedure reverses the appearance
change that results from gravitation effects over time, and other temporal effects that
cause tissue to sag, such as genetic effects. It should be noted that tissue can also be
repositioned without elevation; in some procedures tissues are repositioned laterally
(away from the midline), medially (towards the midline) or inferiorly (Jowered) in order
to restore symmeiry (i.e. repositioned such that the left and right sides of the body
“match”).

“Medical device” or “implant” refers to any object placed in the body for the
purpose of restoring physiological function, reducing/alleviating symptoms asscciated
with disease, and/or repairing/replacing damaged or diseased organs and tissues. While
normally composed of biologically compatible synthetic materials (e.g.. medical-grade
stainless steel, titanium and other metals: polymers such as polyurethane, silicon, PLA,
PLGA and other materials) that are exogenous, some medical devices and implants
include materials dertved from animals (e.g., “xenografts” such as whole animal
organs; animal tissues such as heart valves; naturaily occurring or chemically-modified
molecules such as collagen, hyaluronic acid, proteins, carbohydrates and others),
human donors (e.g., “allografts” such as whole organs; tissues such as bone grafts, skin
grafts and others), or from the patients themselves (e.g., “auntografts” such as saphenous
vein grafts, skin grafts, tendon/ligament/muscle transplants). Medical devices that can
be used in procedures in conjunction with the present invention include, but are not
restricted to, orthopaedic implants (artificial joints, ligaments and tendons; screws,
plates, and other implantable hardware), dental imiplants, intravascular implants (arterial
and venous vascular bypass grafts, hemodialysis access grafts; both autologous and
synthetic), skin grafts (autologous, synthetic), tubes, drains, implantable tissue bulking

agents, pumps, shunts, sealants, surgical meshes (e.g., hemnia repair meshes, tissue

23



10

15

20

25

30

WO 2010/062743 PCT/US2009/063081

scaffolds), fistula treatments, spinal implants (e.g., artificial intervertebral discs, spinal
fusion devices, etc.) and the like.

As discussed above, the present invention provides compositions,
configurations, methods of manufacturing and methods of using self-retaining systems
in surgical procedures which greatly increase their ability to anchor into the
surrounding tissue to provide superior holding strength and improve clinical
performance.

Referring now to the drawings, wherein like reference numerals designate
corresponding or similar elements throughout the several views, Figure 1 shows a front
view of the first embodiment of the present invention. The first embodiment of the
present invention includes a length of suture 10 and having a first section 12, a second
section 14 and an intervening section 16. The length of suture 10 has an elongated body
11 and free ends 13 and 15. The first section 12 has free end 13 and a plurality of first
retainers 18 extending from the periphery of the length of the first section in a first
direction, indicated by arrow 20. The arrow 20 indicates the direction in which the
suture is pulled to cause the retainers to flex outwardly The second section 14 has free
end 15 and a plurality of second retainers 22 extending from the peripbery of the length
of the second section in a second direction, indicated by arrow 24. The second
direction is opposed to the first direction. Both the first retainers 18 and the second
retainers 22 face the intervening section 16 and thus each other. The intervening
section 16 has no retainers thereon.

Figures 2A and 2B show a suture insertion device 26 of the present invention,
Figure 3 shows the suture insertion device assembled with a length of self-retaining
suture 10 of the embodiment shown in Figure 1. As shown in Figures 2A and 2B, the
device 26 includes a relatively straight needle body 25 having a pointed first device end
28, a second device end 30 and a length 32. A protective cover 21 covers the pointed
end 28 to prevent needle sticks. A recess 34 is located proximate to the first device end
28. The recess 34 is for receiving a cross-sectional portion of the intervening section
16. Thus the recess 34 must be sized appropriately to accommodate the diameter of the
suture 10. It should also be noted that the intervening section 16 must be of sufficient
length so as to enable the intervening length to properly rest within the recess 34
without the first 12 or second sections 14 of retainers extending therein. The first

suture insertion device end 28 also includes a forwardly facing finger 36. The finger 36
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serves to hold the cross-section of the intervening section 16 during insertion into a
body of a mammal, as discussed in more detail below. The length and diameter of the
finger 36 will vary depending upon the suture insertion device 26 size and the suture 10
diameter. The device 26 also includes a rearwardly extending member 29 adjacent to
the first device end 28. The rearwardly extending member 29 also serves to hold the
suture within the recess during forward movement of the device 26. The length of the
suture insertion device 26 opposed to the recess 36, is the underside 38. The underside
38 of the suture insertion device is sharpened so that it may easily cut an insertion
pathway as the suture insertion device 26 is inserted into the body of a mamimal, as will
be discussed in more detail below, A handle 31 is located proximate and fixed to the
second device end 30. The handle 31 serves as a holding point for the user during use.
The handle 31 includes a handle body 33 having a length and a suture bolding channel
35 extending along the side of the handle along its length. The suture holding channel
35 1s sized to receive a length of suture of the present invention during use, which will
be discussed in detail below.

In use, the assembly of the suture length 10 and suture insertion device 26 are
designed to be inserted into the body of a mammal. This procedure may be for the
purpose of binding a wound, closing an incision or endoscopic port. Such that, when
the length of suture is received within the recess 34 the intervening section 16 is
relatively perpendicular to the suture insertion device length 32 at that point, as shown
in Figure 3. Figure 4 also shows an enlarged view of the cross-section of the
intervening section 16 of the length of suture 10 received into the recess 34 of the
suture insertion device 26. After the protective cover 21 is removed from the first end
28 of the suture insertion device 26, it is then inserted into a section of the body of the
mammal, typically within a section of tissue that will provide support for the first 18
and second retainers 22 upon removal of the suture insertion device, such as a section
of muscle. As the suture insertion device 26 moves in a forwardly direction, the device
holds the length of suture 10 within its recess 34. The finger 36 helps to hold the
intervening section 16 within the recess 34 during forward travel of the device 26. The
sharpened underside 28 of the device 26 cuts through the mammalian tissue to form an
insertion pathway 40. In addition, as the length of suture 10 moves in a forwardly
direction, the first 18 and second 22 retainers flex and remain close to the perimeter of

the suture body 11. When the first 12 and second 14 sections of the suture length 10
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have been completely inserted into the body of @ mammal, the user stops the forward
travel of the device 26. The user then begins to remove the device 26 by moving the
device in a direction substantially opposed to the insertion pathway. As this occurs, the
opposed movement of the device 26 enables the intervening section 16 to free itself
from its location within the recess 34. The finger 36 no longer is able to hold the
intervening section 16 within the recess 34 when the device 26 travels in an opposite
direction from the insertion pathway. As a result, the intervening section 16 is freed
from its position within the recess 34, and the device 26 may be completely removed
from the tissue of the mammal by reversing the direction taken on the insertion
pathway. At this time any movement of the suture length 10 in a direction opposed to
the insertion pathway would result in the first 18 and second 22 retainers becoming
rigid and opposing movement in a direction opposed to the insertion pathway by
extending outwardly relative to the periphery of the suture body 11 and into the
surrounding body of the mammal to secure the position of the first 12 or second 14
section at that location.

In the situation where a wound is being repaired or an incision is being closed,
this method would further involve joining the length of suture with a second length of
suture similarly inserted into the body of a mammal at an alternative location. The free
ends of each length of suture would then be tied or joined in an appropriate fashion to
complete the closure of the wound or incision.

In the case where the length of suture is inserted for the purpose of supporting a
body part, such as a bladder neck, and other pelvic floor prolapsed conditions, the
length of suture would be joined to at least one other length of suture similarly inserted
into the body where the free ends would remain proximate to the body part to be
supported. The part would be supported by joining the free ends of the lengths of
suture 10 under the body part so as to form a sling or similar support member to ensure
that the lengths of suture will prevent the body part from any further movement. Such
ends may also be joined to a single piece of mesh or other material conductive to
prolonged contact with the particular body part being suspended.

It is further anticipated that the free ends of the suture may be joined with a drog
delivery agent, such as a chemotherapeutic agent for the precise localized delivery of
chemotherapeutic drug to cancerous tissues such as in the prostrate and in tuomor

growths in other various locations. It is also anticipated that the suture may be
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attached to a tacking device for use in connection with mesh that is used in hernia
repair. The tacks are used to hold the mesh in repairing herniated tissue while
providing a profile that is less palpable to the patient. It is further anticipated that the
suture may be attached to a marker for use in radiation therapy. It is anticipated that the
suture may also be attached to a radio labeled tag for the identification of tissue in x-
rays.

It should be stressed that the advantage of the present invention over the prior
art provides a greater level of accuracy in fixing these items, such as markers, tags,
tacks or therapeutic and drug delivery agents or the like to the self-retaining suture
because the exact location of the item can be achieved by the needle or suture insertion

device. With these items fixed to the suture, the surgeon or other medical professional

-can place the item in the precise location needed in the patient’s body to provide

maximum efficacy and can retrieve the needle or insertion device with no movement by
the suture or the attachiment because of the retainered configuration.

It is anticipated that the free ends of the length of suture 10 may include an
attachment loop 41 or other attachment means for fixing an object to the suture, as
shown in Figure 1A, This may be done ahead of time to securely fix an object, such as
a tack, marker, therapeutic or chemotherapeutic agent to the suture length for insertion
into a patient rather than making the attachment at the time of the procedure. This
attachment ahead of time results in a more secure attachment and thus a more accurate
placement since it is less likely that the object attached will move or the attachment
means will fail.

In addition, because the attached items are inserted into the body by means of a
suture that is inserted to the desired location and then reversed, the insertion device or
needle does not create a further pathway through the tissue. This results in further
assuring that the suture remains in its intended location because there is no further
pathway for the suture to migrate. In some cases, standard suture may migrate along an
insertion pathway if that pathway is cut or ripped or otherwise disrupted. In the present
case, because the sutures are retainered and the suture and attachment are inserted using
a detachable needle or insertion device, no further insertion pathway is created. Thus,
potential migration of the suture and attachment are significantly prevented.

Also, because the insertion occurs only to the point of placement, neighboring

tissue located beyond the placement point, is not disrupted and thus, damage to the
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surrounding tissue area is prevented. This results in minimal pain and exposute to
infection for the patient. This also results in a higher success rate as complications
resulting from surrounding tissue damage are eliminated.

In cases of chemotherapy delivered locally, it is critical to the success of the
delivery of the chemotherapeutic drug that the drug delivery agent be located as close
as possible to or at a specific site within the tumor being treated. With this assembly,
the surgeon can deliver with fine accuracy the agent or item to the desired location and
a reduced risk to adjacent normal tissue. This enables the drug agent to work at its
maximum potential without loss of efficacy due to migration of the drug agent.
Furthermore, in situations where markers are used for radiation therapy or the like, the
greater the accuracy and localized placement of the marker, the more focused the
radiation therapy on a particular location will be. In cases of using the suture assembly
of the present invention with tacks in hernia repair, the repair procedure will have a
higher success rate, if the tacks are anchored in such a way as to reduce migration. The
present invention will provide sufficient reduction in migration as well as accurate
placement of the tacks for such a procedure. Further, the present invention minimizes
the profile of the tack overall, a favorable improvement over current larger tacking
devices that are often palpable to the patient and thus a cause of patient distress.

It should be further noted that the attachments to the suture discussed above are
equally applicable to the remaining embodiments that will be discussed in more detail
below. In some cases, an alternative embodiment may provide greater attachment
capability than the first embodiment discussed above. For instance, the embodiments
having a continuous loop of suture may be more appropriately suited to the affixation of

a marker or therapeutic agent than the single length which requires manual attachment.

Testing of First Embodiment of the Present Invention

Applicants have conducted tests relating to the self-retaining suture assembly
described above. The tests were designed to determine the pull strength required to
remove the self-retaining suture length of the first embodiment of the present invention
from within a test sample of mammalian tissue. A total of 62 threads were tested.
Some of the suture lengths were swedged onto a standard surgical needle. The standard
surgical needle had a diameter of 0.68mm. Other suture lengths were placed within the

recess of the suture insertion device of the present invention as shown in Figures 2A
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and 2B. The diameter of the needle of the present invention was 0.70mm. Another
variable in the suture insertion device design was the curvature. Some of the samples
tested had the suture length inserted by means of an attached needle and some of the
samples tested had the suture length inserted by means of a detachable suture insertion
device.

The texm “attached” means that the needle was physically tied to the suture and
detachment from the suture was accomplished by cutting the suture away from the
needle. The term “detachable” means that the suture insertion device was designed in
accordance with the embodiment discussed above. Each detachable suture insertion
device had a recess for receiving a portion of the intervening length of the suture.

Some of the attached needles and somme of the detachable suture insertion
devices were straight and some of the attached needles and detachable suture insertion
devices were curved. The attached needles were 0.70mm in diameter and the
detachable suture insertion devices had a diameter of 0.68mm. It should be noted that
the attached needle diameter cannot be made any smaller due to the present state of
manufacture. The attached needle diameter must be of a minimum diameter to provide
for the boring of its end to a sufficient clearance to receive the thread while retaining
enough unbored perimeter to enable the perimeter to be swedged or crimped onto the
suture body. At present, if the suture insertion device diameter is less than 0.70mm, it
will not provide a sufficient bore to allow the insertion of the diameter of the thread that
was tested. This presents a further advantage of the present invention. Detached suture
insertion devices of the present invention may be made smaller in diameter than
currently available attached needles. This results in a less invasive procedure and may
enable the self-retaining suture to grip the surrounding tissue more effectively since a
parrower insertion pathway pernits the retainers to make contact with the surrounding
tissue with less flexure of the retainer. It should be further noted that a smaller
diameter suture insertion device enables the use of a smaller diameter suture. These
relative dimensions have been previously optimized in the cited prior art of Table 1.

The curved needles and suture insertion devices tested had a radius of curvature
of 180°/30mm. The lengths of the attached needles and detached suture insertion
devices were 50 mam. Both the attached straight and curved needles were made of

surgical grade stainless steel and were made by B.G. Sulzle, Inc of Syracuse, NY. The
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detachable curved and straight suture insertion devices were made of stainless steel and
were made by Prym-Dritz Corporation of Spartenburg, SC.

The suture material was USP #1 black monofilament nylon supplied by
Ashaway having a diameter of 0.433mm. The suture length was 38 cm. The retainer
dimensions were 1.0 mm in length, 0.16 mm in depth and the angle from the
longitudinal axis was 27°. In addition, the retainers were arrayed in a helical pattern
with one retainer being located every 1 mm. The retainer pattern completed 360° of
rotation around the circumference of the suture for each 8 mm of suture length.

In addition, there were three types of suture arrangements used in the testing.
The first group was standard suture having no retainers at all. This group is described
as “0 x 0”. The second group had retainers on one side of the suture only (referred to as
“1 x07). The third group had retainers on both sides of the suture length (referred to as
“l x 1”). In the second and third groups, a single section of retainers had a length of
3.5cm. In the case of the third group, the space between facing retainers was 5 mm. A
diagram of the retainer configuration for the third group is shown in Figure 5.

The test samples were pork shoulder segments cut into rectangular strips having
the following dimensions: 3cm wide, 10cm long and 4 cm thick. The tissue had no skin
and consisted essentially of muscle with varying amounts of fat and fascia. This tissue
is considered to be similar in structure/performance to that of soft tissue located in the
pelvic floor and in other areas of the human body, such as where access ports are made
for endoscopic procedures. Each tissue sample was marked using a guide to ensure that
the self-retaining suture lengths would be fully inserted in each sample tested. The
markings indicated where the self-retaining suture lengths started and ended. The
markings were Iocated in substantially the lower half of the longitudinal axis of the
each sample. This was done to ensure that each sample had sufficient length on the
upper portion to enable an effective grip by the tensiometer without interfering with the
suture length. The suture lengths were inserted into the tissue samples in one of two
ways. For those inserted with a straight suture insertion device, the sutures were
inserted with the suture insertion device at approximately the center point at one end
and moved along the longitudinal axis of the tissue sample until all of the retainered
section of the suture length was between the marking. For those test samples having an
attached suture insertion device, the suture insertion device was moved through the

tissue sample length along the longitudinal axis. Once the retainered sections were
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located between the markings, the suture insertion device was moved out of the tissue
and severed from the suture.

For the tissue samples using a curved suture insertion device, the suture
insertion device was inserted through a side of the tissue sample and moved along a
curved insertion pathway. The curved insertion pathway samples were located
approximately one-third of the length of the sample. Further, the samples that were
threaded with needles having the suture attached thereto were moved through the
insertion pathway. Once the full length of the self-retaining suture segment was
contained within the tissue, the needle was guided outward from the tissue. Once the
needle was cleared from the tissue, the suture was cut from the needle prior to testing.

The pull tests were performed by a Test Resources Universal Tester
Tensiometer, model 200Q. The free ends of the suture length were attached between
two sides of the bottom vice grip. The top of the tissue strip was attached between two
sides of the top vice grip which had serrated surfaces on each side to achieve greater
gripping strength on the sample. Care was taken to ensure that the portion of the tissue
containing the suture was not held within the top vice grip. The tensiometer was
operated at a rate of 10 inches per minute until either the suture broke or until the suture
was pulled from the tissue sample. The tensiometer displayed the maximum pull-out
force at the time of failure or pull out. A total of 62 threads were tested including those
inserted by attached needles and detachable suture insertion devices, with one
exception. The detachable suture insertion devices were the only type able to deliver
the self-retaining suture segments having retainered portions on both sides of the length
(e.g. the 1x1 segments). Of the 62 threads tested, 56 samples resulted in the sutures
being pulled from the tissue, 4 samples resulted in thread breakage, and 2 resulted in
the tissue segment pulling away from the top vice grip of the tensiometer prior to suture
pull out or breakage. The maximum pull strength recorded for each sample, in ounces,

is set forth below in Table 2
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Table 3, below, provides a comparative analysis regarding the pullout strength in
ounces of each suture tested. The sutures are grouped into sample groups. The table
indicates the average pull out strength of sutures with straight vs. curved insertion
pathways, as well as those with attached needles and those using the suture insertion
device of the present invention. Further, the table assesses the average pull strength of
the different sutures having none, one or two sections with retainers thereon. As can be
seen from the data in Table 3, the sutures having a curved pathway with both sections
of the sutuse length having retainers thereon and having been inserted with the suture
insertion device of the present invention, demonstrated the highest level of pull out
strength. All test groups inserted with the suture insertion device of the present
invention demonstrated at least equivalent holding strength when compared with

sutures with similar retainer patterns that were delivered with an attached needle.
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Alternative Embodiments of the Present Invention

Figure 6 shows a first alternative embodiment to the present invention of Figure
1. Figure 6 includes a length of suture 42 having a first end 44 and a second end 46. A
loop 48 is located at the first end 44 of the length 42. A plurality of retainers 50 extend
along the periphery of the length of suture 42. All of the retainers 50 face the loop 48.
The loop 48 is relatively small relative to the length of suture 42.

In use, the cross-section of the loop 48 is received into the recess 34 of the
suture insertion device 26 discussed in detail above. The suture insertion device 26 is
inserted into a section of a body of a mammal. As discussed previously, it is preferable
to insert the suture insertion device 26 with the suture 42 into a section of muscle so
that the retainers 50 are better able to grab the muscle tissue and hold the suture 42 in
place. Conversely, the insertion of the suture into an area of fat will not enable the
retainers to effectively bind themselves to the surrounding fat and thus not enable the

suture to be effective in its ability to bind a wound or support an organ or the like.
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Once the suture insertion device 26 is inserted into the tissue of a mammal, the finger
36 of the device holds the loop 48 within the recess 34 during forward travel of the
device within the body. When the length of suture desired is fully inserted within the
body of a mammal, the user stops the forward travel of the suture insertion device 26.
The user removes the device 26 from the body by reversing the forward travel of the
device. This results in a release of the loop 48 from its position within the recess 34
and enables the device to be completely removed from the body while enabling the
length of suture 42 to remain in position within the body. During insertion of the suture
length, the retainers 50 of the suture 42 flex towards the suture length. Conversely, if
the length of suture 42 were pulled in a direction opposed to the insertion direction, the
retainers 50 would become rigid and flex outwardly and resist movement in the
opposed direction.

Figure 7 of the present invention displays a further alternative to the present
invention. This alternative includes a length of suture where the ends have been joined
to form a second alternative looped sufure 52. The loop 52 has an elongated second
alternative length 54 that is generally circular in cross section. The loop 52 includes a
first half 56 and a second half 58 and a second alternative intervening section 60. The
intervening section 60 is located between the first 56 and second 58 halves. The first
half 56 has a plurality of first half retainers 62 extending from the periphery of the
length of the first half in a first direction, indicated by the arrow 64. Similarly, the
second half 58 has a plurality of second half retainers 66 extending from the periphery
of the length of the second half in a second direction, indicated by the arrow 68. The
second direction is opposed to the first direction. Both the first half retainers 62 and the
second half retainers 66 face the second alternative intervening section 60 and thus each
other. In the present embodiment, there also exists empty loop space 70 located at the
divergence of the first half retainers 62 and second half retainers 66. The empty loop
space 70 may be used as a support for an organ or other body part when in use.

In use, the assembly of the looped suture 52 and suture insertion device 26 are
designed to be inserted into the body of a mammal. This procedure may be for the
purpose of binding a wound, closing an incision or attaching an object such as a
surgical tack, implant, marker or chemotherapeutic agent. Figures 7A and 7B show
proposed uses of the embodiment shown in Figure 7. Because the present invention

provides for the effective and accurate anchoring of a length of suture within
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manmalian tissue, it is anticipated that such self-retaining suture lengths or loops may
be used to fix objects within tissue as well. As discussed above with respect to
previous embodiments, the self-retaining suture embodiment of Figure 7 may be used
to effectively fix a chemotherapeutic agent into the body of a mammal, as shown in
Figure 7A. The chemotherapeutic agent 190 is embedded within a polymier resin
structure 192 and attached to the empty loop space 70 of the second alternative looped
structure 52. The chemotherapeutic agent 190 is designed to be controllably released
into the mammal’s body at a specific rate.

Figure 7B shows the second altemative looped structure 52 of Figure 7 with a
surgical tack 194 attached to the empty loop space 70. The tacks are used primarily in
hernia procedures as discussed in detail above. The looped configuration of the second
alternative looped structure 52 may be more suited to attachment of objects as the loop
is a closed structure and there is less opportunity for the object to disconnect or break
away from the loop structure than a length of suture with an object manually attached
as described above. 1t should be noted that the embodiments of Figures 7A and 7B
coulid also be used with a single length of suture 42 as shown in Figure 6, or with a
length of converging retainers as shown in Figure 1A and discussed in detail above,

The embodiments of Figures 6 and 7 are also applicable for use in anchoring a
seroma evacuation tube assembly 222, as shown in Figure 7C. Typically, such a tube is
placed at the end of a procedure, such as an endoscopic procedure, within the wound to
allow any pockets of fluid that may form to drain. The tube assembly 222 has a first
end (not shown) which is positioned within the incision, or existing pocket of fluid. It
should be noted that the located of the first end is extremely important. If the first end
is placed too shallow, it will not make sufficient contact with the fluid pocket and be
able to effectively drain it. If the first end is placed too deeply, it will surpass the fluid
pocket and make contact with the surrounding tissue and will not be effective in
draining the seroma. Tube assembly also has a second end 226 that is opposed to the
first end and is located at the surface of the skin 228. A pair of opposing tabs 230
extend from the second end 226 in opposed directions to form a platform to secure the
tube assembly 222. Once secure, the tabs 230 help to maintain a fixed position for the
tube assembly 222, Each tab 230 has an anchoring hole 232. Each anchoring hole is
used to secure the tube assembly 222 to the skin surface 228. This is done by placing a

few sutures or stitches in the skin surface 228 to effectively secure the position of the
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tube assembly relative to the skin surface. With the present invention, the securing of
the tube assembly 222 to the skin surface can be accomplished quickly and easily. The
user inserts either a suture length 42 (as shown in Figure 6) or a second alternative loop
suture (as shown in Figure 7) into the anchoring hole 232 using the suture insertion
device 26. Once a portion of the length or loop is embedded into the tissue, the suture
insertion device 26 is retrieved leaving a length of self-retaining suture within the
tissue. Once the suture is fixed to the tube assembly 222, it effectively anchors the tube
assembly in place. This procedure is an improvement over the prior art in that the
anchoring method may be accomplished by someone other than a doctor, such as a
nurse or medical technician, Furthermore, because the anchoring method of the present
invention does not require any movement of the tube assembly 222 during suturing, it is
an appropriate application for this procedure. The absence of having to tie off the
suture or move the needle in and out during suturing enables the medical professional to
quickly and accurately secure the tube assembly 222 into place with minimum pain to
the patient and little or no movement of the tube assembly during the process.

Figure 8 shows a further alternative embodiment of the present invention.
Figure 8 shows a first alternative looped suture 74 having a first alternative loop half 76
and a second alternative loop half 78. The first alternative loop half 76 includes a first
alternative section 80, a second alternative section 82 an intermediate section 83 in
between the first 80 and second 82 alternative sections. The first altemnative section 80
has first alternative retainers 84 extending from the suture 74 in a first direction shown
by arrow 86. The second altemati.ve section 82 has second alternative section retainers
88 extending therefrom in a second direction shown by arrow 90, The first 84 and
second 88 alternative section retainers both face the intermediate section 83 and thus
each other.

The second alternative loop half 78 is similarly structured to the first alternative
loop half 76. The second half 78 includes a third section 92, a fourth section 94 and a
second intermediate section 96. The second intermediate section 96 is located between
the third 92 and fourth 94 sections. The third section 92 has a plurality of third
retainers 98 extending from the periphery of the length of the third section in the second
direction, indicated by arrow 90. Similarly, the fourth section 94 has a plurality of
fourth retainers 100 extending from the periphery of the length of the fourth section in a

first direction, indicated by arrow 86. Because the first and second directions are
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opposed, as discussed above, the third retainers 98 and the fourth retainers 100 face the
second intermediate section 96 and thus each other. The spaces between the first
alternative loop half 76 and the second alternative loop half 78 is first alternative empty
loop space 102 and has no retainers thereon.

The embodiment of Figure 8 is shown in Figure 9 with a mesh sling 91 attached
thereto. This enables the assembly of Figure 11 to support an object such as a bladder
neck without cutting into the tissue and also effectively distributing the support load
across the sling.

In use as a support for an object, such as the suspension of a bladder neck, the
suture insertion device 26 receives a portion of the first intermediate section 83 within
its recess 34. The first alternative empty loop space 102 and the mesh sling 91 attached
thereto between the first alternative loop half 76 and the second alternative loop halfis
located under a body part 72 to be supported, such as the bladder neck, as shown
diagrammatically in Figure 11. It should be noted that the sling 91 may be looped over
the empty loop space or it may be fixed thereto. The user places the intermediate
section 83 within the recess 34 of the suture insertion device 26. The suture insertion
device 26 is then inserted into a section of the body of the mammal, typically within a
section of tissue that will provide support for the first alternative looped suture 74 upon
removal of the suture insertion device, such as a section of muscle. As the suture
insertion device 26 moves in a forwardly direction, the finger 36 helps to hold the first
alternative looped suture within the recess 34 during forward travel of the suture
insertion device. The sharpened underside 38 of the suture insertion device 26 cuts
through the mammalian tissue to form an insertion pathway. In addition, as the first
alternative looped suture 74 moves in a forwardly direction, the first alternative
retainers 84 and second alternative retainers 88 retainers flex and remain close to the
perimeter of the first alternative looped suture. When the first alternative retainers 84
and the second alternative retainers 88 of the first alternative looped suture 74 have
been completely inserted into the section of tissue, the user stops the forward travel of
the suture insertion device 26, The user then begins to remove the suture insertion
device 26 by moving the suture insertion device in a direction opposed to the insertion
pathway. As this occurs, the opposed movement of the suture insertion device 26
enables the first alternative looped suture 74 to free itself from its location within the

recess 34. The finger 36 no longer is able to hold the intermediate section 83 within the
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recess 34 when the suture insertion device 26 travels in an opposite direction from the
insertion pathway. As a result, the intermediate section 83 is freed from its position
within the recess 34, and the suture insertion device 26 may be completely removed
from the tissue of the mammal by reversing the direction taken on the insertion
pathway. At this time any movement of the first alternative loop half 76 in a direction
opposed to the insertion pathway would result in the first alternative retainers 84 and
the second alternative retainers 88 becoming rigid and opposing movement in a
direction opposed to the insertion pathway. This also results in the first alternative
retainers 84 and second alternative retainers 88 extending outwardly relative to the
periphery of the first alternative looped suture 74 and into the surrounding body of the
mammal to secure the position of the suture at that location.

Once the suture insertion device 26 is removed from the body of the mammal,
the suture insertion device is then used to insert the second alternative loop half 78 of
the first alternative looped suture 74 within the body of the mammal. As discussed
above, the position of the first alternative empty loop space 102 and mesh sling 91,
between the first alternative loop half 76 and the second alternative loop balf 78, are
checked to ensure that they remain located under the bladder neck to provide support.
Thus, with the first alternative loop half 76 already inserted, the user, typically a
surgeon or other medical professional, would insert the second alternative loop half 78
into an alternative section of tissue that would be able to provide effective support to
the organ. This is accomplished by inserting both halves of the first alternative looped
suture 74 at particular locations and angles within the mammalian tissue, such that
when both halves of the first alternative looped suture 74 are completely inserted,
would support and hold the organ in a position or location as medically or surgically
desired. Figure 11 provides a diagrammatic depiction of such an arrangement where
the body part 72 is supported by the two halves of the first altemative looped suture 74,

The insertion of the second alternative loop half 78 of the first alternative
looped suture 74 is similar in many respects to the steps taken to insert the first
alternative loop half 76. To iosert the second alternative loop half 78, the user places
the second intermediate section 96 within the suture insertion device recess 34 and
inserts the suture insertion device 26 into the body of a mammal at the appropriate
location and angle relative to the insertion pathway taken with the first alternative loop

balf 76 to ensure that the subject body part will be supported when the second
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alternative loop half 78 is fully inserted. Similarly, as discussed above, the user inserts
the suture insertion device 26 into a section of the body of the mammal, typically within
a section of tissue, such as a section of muscle. As the suture insertion device 26 moves
in a forwardly direction, the suture insertion device holds the second alternative looped
half 78 within its recess 34 at the second intermediate section 96. The finger 36 helps
to hold the second intermediate section 96 within the recess 34 during forward travel of
the suture insertion device 26. The sharpened underside 38 of the suture insertion
device 26 cuts through the mammalian tissue to form a second insertion pathway.
During insertion, the third 98 and fourth 100 retainers flex inwardly toward the
periphery of the first alternative looped suture 74 so as to ease forward movement of
the suture insertion device 26. When the second altemnative loop half 78 has been
compietelyr inserted into the selected section of muscle, the user stops the forward travel
of the suture insertion device 26. The user then begins to remove the suture insertion
device 26 by moving it in a direction opposed to the second insertion pathway. As this
occurs, the opposed movement of the suture insertion device 26 enables the second
intermediate section 96 to free itself from its location within the recess 34. The finger
36 is no longer able to hold onto the second intermediate section 96 within the recess 34
when the suture insertion device 26 travels in an opposite direction from the second
insertion pathway. As aresult, the second alternative loop half 78 is freed from its
position within the recess 34, and the suture insertion device 26 may be completely
removed from the tissue of the mammal by reversing the direction taken on the second
insertion pathway. This also results in the third 98 and fourth 100 retainers extending
outwardly relative to the periphery of the first alternative looped suture 74 and into the
surrounding body of the mammal to secure the position of the second alternative loop
half 78 at that location.

Once the first alternative loop half 76 and second alternative loop half 78 of the
first alternative looped suture 74 have been inserted into the body of a mammal, the
first alternative empty loop space 102 between the first 76 and second 78 hatves should
be taught and properly positioned under the body part 72 to be supported, as shown in
Figure 11. Any reverse movement of the snture length 10 along the first alternative
loop half 76 would result in the first alternative 84 and second alternative 88 retainers
becoming rigid and opposing movement in a direction opposed to the first insertion

pathway. This enables the first alternative loop half 76 to continue to support the body
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part 72. Similarly, any reverse movement of the second alternative loop haif 78 would
result in the third 98 and fourth 100 retainers becoming rigid and opposing movement
in a direction opposed to the second insertion pathway. This enables the second
alternative loop half 78 to continue to support the body part at the intended location.

A further alternative use for the embodiment of Figure 8 is shown in Figure 10
and 12. Figure 10 shows the embodiment of Figure 9 in assembly with the suture
insertion device 26. Figure 12 shows the use of the looped suture 74 used in the closure
of an incision 150 made following an endoscopic procedure. During such a procedure,
a relatively small incision is made at the surface of the body. However, the incision, as
can be seen in the figure, may be relatively deep to provide access to the desired
surgical objective. Upon completion of the procedure the incision 150 made must be
effectively closed throughout its full depth in order to prevent the formation of flnid
pockets called seromas that can harbor infection. A deep incision requires suturing at a
number of levels of different tissue. Further, it is often times difficult to properly close
the deepest levels of tissue using present equipment and techniques because of
insufficient space to manipulate suture needles. As a result, the present invention
provides a significant advancement in this area.

In closing an endoscopic port closure, the user may use the loop suture 74
shown in Figure 12 and ensure that a portion of the first intermediate section 83 was
received within the recess 34 of the suture insertion device 26. In the case of a port
closure, the layers of tissue needing closure may include fascia 152, muscle 154, fat
156, and skin 158. The incision 150 creates a pair of opposing incision walls, 151, 153.

As can been seen in Figure 12, the deepest portion of the incision is narrow. As
a result, it is more challenging for a surgeon to effectively manipulate the tissue in this
area to properly close the incision. In view of this challenge, it is most effective to use
a curved, detached suture insertion device in this application rather than a straight
suture insertion device or an attached suture insertion device that would require
detachment and tying off. It should be noted that where there is more space or a
different location where the tissue is more accessible, a straight suture insertion device
or an attached suture insertion device may be more effective. The curved suture
insertion device 27, as shown in Figure 12A offers the advantage of being able to create
curved insertion pathways that can easily weave between two sides of an incision, as

shown in Figure 12 to effectively close all layers of tissue in the incision.
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The curved suture insertion device 27, as shown in Figure 12A, is the same in
all respects to the suture insertion device 26 shown in Figures 24, 2B and 4 except that
the curved device has a radius of curvature along the suture insertion device body 25A
rather than a straight length. Thus, reference to the suture insertion device recess 34
and the other features of the suture insertion device will be the same for both
configurations where applicable. It should also be noted that the radius of curvature of
the suture insertion device body 25A, like the length and diameter, are determined by
the application and suture size used.

To initiate the closing of the port closure of Figure 12, the curved suture
insertion device 27 is inserted into the deeper tissues, such as the muscle 152 at point A.
The curved suture insertion device is pushed into the incision wall 153 at point A until
at least a portion of the curved suture insertion device body 25A and the first alternative
loop half 76 held within the recess 34 are embedded in the muscle 154 tissue. At that
point, the curved suture insertion device 27 is pivoted toward the incision as indicated
by arrow B so that a portion of the first end 28 of the device 27 and the loop half exit
the incision wall 153 and reenter incision wall 151. As the user continues to pivot the
curved suture insertion device 27, a portion of the curved suture insertion device body
25A that holds the first alternative loop half 76 is urged forwardly and becomes
embedded in the fascia tissue 152. As discussed above, the finger 36 helps to hold the
first alternative loop half 76 within the recess 34 during forward travel of the curved
suture insertion device 27. Also as discussed above, as the first alternative loop half 76
moves in a forwardly direction, the first alternative retainers 84 and second altemative
retainers 88 retainers flex and remain close to the perimeter of the first alternative loop
half 76. Moreover, as the curved sufure insertion device is inserted into the incision
wall 153 and rotated therein, it creates a curved insertion pathway 160. Once the
surgeon has effectively embedded at least a portion of the first altemative loop half 76
in the fascia tissue 152, forward movement of the curved insertion device and the first
alternative loop half 76 stop at point C in Figure 12B.

To retrieve the curved suture insertion device 27, the user reverses the travel
along the curved insertion pathway 160. As this occurs, the opposed movement of the
curved suture insertion device 27 enables the first alternative loop half 76 to free itself
from its location within the recess 34. The finger 36 no longer is able to hold the

intermediate section 83 within the recess 34. As a result, the intermediate section 83 is
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freed from its position within the recess 34, and the curved suture insertion device 27
may be completely retrieved from the incision wall 153 at the point of entry A. To
secure the first loop half 76 within the incision and effectively bind the incision walls
151,153 together, the user would pull on the embedded first alternative loop half 76 at
the first alternative empty loop space 102 to create tension in the loop half and pull the
incision walls 151, 153 together. At this time any movement of the first alternative
loop half 76 in a direction opposed to the curved insertion pathway 160 would result in
the first alternative retainers 84 and the second alternative retainers 88 becoming rigid
and opposing movement in a direction opposed to the insertion pathway. This also
results in the first alternative retainers 84 and second alternative retainers 88 extending
outwardly relative to the periphery of the first alternative looped half 76 and into the
surrounding body of the tissue to secure the position of the first alternative loop half 76
at that location.

Once the curved suture insertion device 27 is removed, an attached, curved
needle 23 is then used to insert the second alternative loop half 78 of the first alternative
looped suture 74 to close the remaining layers of tissue. An attached curved needle 23
is appropriate in this application because the suture pathway for closing the second half
of the incision is upward, out of the incision where the surgeon will have adequate
space to tie off the suture ends. The attached curved needle 23 is fixedly attached to the
second intermediate section 96 of the second alternative loop half 78. It should be
noted that the curved suture insertion device 23 may also be fixedly attached to two free
ends of a length of self-retaining suture rather than a loop end. The function of the
fixed suture insertion device and self-retaining suture attached thereto remains the
same.

The insertion of the second alternative loop half 78 is similar in many respects
to the steps taken to insert the first alternative loop half 76. The user inserts the curved
needle 23 with the second alternative loop half 78 fixed thereto into the tissue on the
opposed side of the incision from the exit point of the first alternative loop half 76 at
point D in Figure 12. Similarly with the first insertion of the curved suture insertion
device 27, the curved suture insertion device 23 is inserted into the incision wall 151
and moved inwardly. Then the curved suture insertion device 23 is pivoted so that the
first end 28 of the suture insertion device exits the incision wall 151 and reenters the

opposing incision wall 153 at point E. The curved suture insertion device 23 is inserted
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as discussed above into the incision wall 153 and then pivoted so as to cause the first
end 28 to exit the incision wall 153 and reenter the opposing wall 151 at point F. Once
the curved suture insertion device 23 exits the skin 158, the user pulls on the second
alternative loop half 78 so that it is in tension Once the second alternative loop half 78
is pulled taught, the lengths extending outside the skin may be cut back to reduce
accidental pulling or catching. It should be noted that the second portion of the above
closing procedure may be accomplished with a detached suture insertion device using
the suture of the present invention. Alternatively, a straight suture insertion device,
attached or detached, may be used in the appropriate circumstance. The use of curved
and straight, and attached and detached suture insertion devices will vary depending
upon the particular procedural situation as discussed above.

The above provide examples of several different types of suture configurations
that may be used for support of body parts, to bind wounds or close incisions created
during surgical procedures. Figure 13 shows a further alternative loop configuration
that has multiple loop sections. A multi-sectional looped suture may be used in a
number of different surgical or medical procedures, including the support of an organ,
such as the bladder neck discussed above. It is anticipated that the multi-sectional
looped suture may also have other applications such as the support or binding of other
body parts, or the binding or closing of wounds or incisions that require a multi-point
approach in the repair or procedure, For example, in a wound that has multiple tears or
rips, a multi-sectional loop may be an appropriate suture for repair in that it may be able
to pull all sections of the wound together without having to resort to the use of multipie
lengths of suture. In addition, one advantage of using a multi-sectional looped suture is
that the self-retaining sutures are inserted into the tissue below the skin line and thus
pull the tissue or sections of the wound together so that there may not need to be any
sutures on the skin surface. This results in the ability to allow the wound to heal
without additional sutures on the skin surface which may minimize the chance of
further scarring.

Figure 13 shows a length of suture where the ends are joined to form a multi-
sectional loop 104, The multi-sectional loop 104 has three sections 105. Each section
105 has a first length 106, a second length 108, and an intermediate length 110. The
first length 106 has first length retainers 114 extending peripherally from the first
length in a first direction shown by arrow 116. The second length 108 has second
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length retainers 118 extending peripherally from the second length in a second direction
shown by arrow 120 which is opposed to the first direction. The first length retainers
114 along the first length 106 and the second length retainers 1 18 along the second
length 108 face the intermediate length 110 and each other. The empty loop space 112
is that length of the multi-sectional loop {04 that is not an intermediate length 110 that
has no retainers thereon. The empty loop space {12 on the multi-sectional loop 104
also separates each section 105.

In use, the multi~sectional loop 104 may be used to support a body part, or to
close a multi-angled wound or incision. To close a wound, one intermediate length 110
of one of the sections 105 of the multi-sectional loop 104 is inserted into recess 34 of
the suture insertion device 26. The suture insertion device 26 is then inserted into the
side of a section of tissue that is the subject of the wound or incision to be closed. With
the intermediate length 110 of one of the sections 105 of the multi-sectional loop 104
held within the recess 34 of the suture insertion device 26, the suture insertion device is
moved in a forwardly direction. As the suture insertion device 26 moves, it holds a
portion of the intermediate length 110 within its recess 34. The sharpened underside 38
of the suture insertion device 26 cuts through the mammalian tissue to form a first
insertion pathway indicated by the dashed line 122. As the section 105 movesina
forwardly direction, the first length 114 and second length 118 retainers flex and remain
close to the perimeter of the length of the multi-sectional loop 104. When the first
length 114 and second length 118 retainers are completely embedded within the tissue,
the user stops the forward travel of the suture insertion device 26. The user then begins
to remove the suture insertion device 26 by moving it in a direction opposed to the first
insertion pathway 122. As this occurs, the opposed movement of the suture insertion
device 26 enables the intermediate length 110 to free itself from its location within the
recess 34. The finger 36 no longer is able to hold the intermediate length 110 within
the recess 34 when the suture insertion device 26 travels in an opposite direction from
the insertion pathway 122. As a result, the inserted section of the multi-sectional loop
104 is freed from its position within the recess 34, and the suture insertion device 26
may be completely removed from the tissue of the mammal by reversing the direction
taken on the insertion pathway. At this time any movement of the inserted sectionin a
direction opposed to the first insertion pathway 122 would result in the first length

retainers 114 and second length retainers 118 becoming rigid and would oppose
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movement in a direction opposite to the first insettion pathway 122. This also resuits in
the first length retainers 114 and second length retainers 118 extending outwardly
relative to the periphery of the inserted section 105 of the multi-sectional loop 104 and
into the surrounding tissue to secure the position of the inserted section 105 and the
section of tissue held by that inserted section.

The process of wound or incision closure is repeated as described above with
the insertion of the suture insertion device 26 into a second section of tissue to create a
second insertion pathway 124 to bind the first 126 and second 128 sections of tissue
together, as shown in Figure 14A. The process is repeated yet again where the user
inserts the suture insertion device into the third section of tissue 130 to create a third
insertion pathway 132 and to bind the third section of tissue with the first 126 and
second 128 sections of tissue. Figure 14B shows the multi-sectional loop 104 in its
fully installed position.

It is appreciated that the multi-sectional loop 104 described above may include
additional loop sections and may be used to bind wounds that have multiple sections,
not presently shown in Figures 14A and 14B. It is further appreciated that the multi-
sectional loop 104 described above or other multi-sectional loops having additional
converging loop portions may be used on surgical or medical procedures, such as the
bladder support procedure described above. It is appreciated that the multi-sectional
loop configurations provides additional support points (more than two) in such a
procedure. Additional support points may result in more effective support and thus a
greater chance of success of the procedure.

Figure 15 shows a further alternative embodiment 170 of the present invention.
A first free length of suture 172 is shown having first alternating retainers 174
extending peripherally from the length at alternating intervals in a first direction shown
by arrow 176. The embodiment also has a second free length of suture 178 having
second alternating retainers 180 extending peripherally from the length at altemating
intervals in a second direction shown by arrow 182, The first 172 and second 178 free
lengths of suture are separated by a midsection 184. The first alternating retainers 174
are located along the length of the free length of suture 172 at first intervals 186 and the
second alternating retainess 180 are located along the length at second intervals 188 so
that when the free length of suture 170 is inserted into the tissue of 2 mammal, and the

first 172 and second 178 free lengths are placed relatively adjacent to one another, there
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is no overlap of first intervals 186 with the second intervals 188, and thus the first
alternating retainers 174 do not overlap the second alternating retainers 180 as shown in
Figure 135.

Figure 16 shows a further alternative embodiment of the present invention.
Figure 16 shows a nwlti-sectional length of suture 196 having free ends 198, 200. The
suture 196 has four sections of retainers thereon. The first section 202 has first section
retainers 204 extending outwardly in a first direction shown by arrow 206. The second
208 and third 210 sections have converging retainers thereon. The second section 208
has second section retainers 212 facing a second direction shown by arrow 214 and the
third section 210 has third section retainers 216 facing in the first direction. The first
and second directions are opposed and thus the second 212 and third 216 section
retainers face each other at converging point 215. The third section retainers 216 are
also in the same direction as the first section retainers 204. The fourth section 218 has
fourth section retainers 220 that face in the second direction and face away from the
third section retainers 216 but face in the same direction as the second section retainers
212.

In use, this embodiment would likely be used to anchor or support an object or
organ, or for closing an endoscopic access port. The second 208 and third 210 sections
would first be anchored into tissue using the suture insertion device 26 described above.
The suture insertion device 26 is shown in Figure 16 using a straight length 32,
however, it is anticipated that a curved suture insertion device 27 may also be used
when appropriate. Subsequently, the first section 202 would be anchored into
neighboring tissue using a curved needle 23, (as shown) or straight needle, that is either
attached (as shown) or detachable from the suture using the suture insertion device of
the present invention. Similarly, the fourth section 218 would be anchored in the same
fashion in neighboring tissue by inserting either a straight or curved detachable suture
insertion device as described above, or by an attached conventional needle or curved
needle 23 as shown. This embodiment provides for the flexibility in surgical
applications where the anchoring of some section of self-retaining suture is needed
where access to the area is limited while other sections may have more accessibility and
an attached needle may be more appropriate.

It is anticipated that the detachable suture insertion device may be automated to

some degree. It is anticipated that the suture insertion device may include a mechanism
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for moving the needle body from a first, initial position to a second installed position
within the body. It is anticipated that the mechanism would be moveably linked to the
needle body so that during installation, the mechanism would be able to move the
needle body, and thus the recess and suture therein, from a first position to a second
installed position within the body upon activation. It is further anticipate that the
mechanism may be spring loaded. Such a mechanism would provide a further level of
accuracy and efficacy in placing a self-retaining suture in a desired location, especially
in situations that are currently present challenges in that regard. A spring loaded device
would provide further accuracy because the length of extension and retraction of the
needle body could be predetermined with great accuracy. Use of an automated
mechanism would enable a surgeon to place the suture and any attachment in a specific
location without having to reach that location and with greater confidence in the
accuracy of the placement. Incorporation of the present invention would further
increase overall efficacy of the procedure and minimize pain and possible infection to
the patient. These effects would decrease the overall recovery time and decrease the
overall cost of the procedure.

Because it is anticipated that the present invention may be automated to some
degree, it is anticipated that the present invention may be used in an automated surgical
system. Due to the high level of accurate placement of the suture and any attachment,
the present invention is an ideal candidate to be used with a robotic surgical system or
minimally invasive surgical procedures.

While the invention has been described in detail with respect to specific
preferred embodiments thereof, numerous modifications to these specific embodiments
will occur to those skilled in the art upon a reading and understanding of the foregoing

description; such modifications are embraced within the scope of the present invention.
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Claims:

1. An assembly for inserting a length of suture within the body of a mammal, the

assembly comprising:
a length of suture having
an elongated body having a first end, a second end,

a plurality of retainers projecting from the body, the retainers being disposed on the
periphery of the body along at least a portion of the length of the body, the retainers facing the first end, the
retainers being configured such that when the length of suture is inserted into the tissue of a mammal the
retainers generally flex toward the body during insertion where damage to the tissue by the retainers is
minimized, and the retainers are generally rigid and resist movement when the suture is pulled in a direction
opposed to the insertion pathway, and

a temporary holding point for receipt within a recess of a suture insertion device to hold the
body, the point located proximate to the first end; and

a suture insertion device having

a substantially rigid, elongate body having a first device end, a second device end and a

device length, and
a recess proximate to the first device end to receive a length of suture,

whereby when the temporary holding point is received within the recess of the suture
insertion device, the length of suture is inserted within the body of a mammal by inserting the first device
end of the suture insertion device in a first direction into the body of a mammal, and the suture insertion
device is withdrawn by moving the suture insertion device in a direction substantially opposed to the first
direction, the holding point being released from its position within the recess and thus frees the suture
insertion device for independent removal therefrom.

2. The assembly of claim 1 wherein the suture insertion device further comprises a
forwardly extending finger located at the rearward end of the recess.

3. The assembly of claim 1 wherein the temporary holding point comprises a small

loop of suture.
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4. The assembly of claim 1 wherein the temporary holding point comprises a length

of suture that is knotted.

5. The assembly of claim 1 wherein at least a portion of the first end is sharpened

s as to pierce the surface of the tissue,

6. The assembly of claim 1 wherein at least a portion of the bottom side of the
device length is sharpened so as to cut the tissue during insertion.

7. The assembly of claim 1 wherein the suture insertion device further comprises a
gripping member located proximate to the second device end

8. The assembly of claim 7 wherein the gripping member further comprises a suture
recess for receiving a length of suture along the length of the gripping member.

S. The assembly of claim 7 wherein the gripping member is textured on at least a
portion of its surface to aid in manual manipulation.

10. The assembly of claim 1 wherein the device length is straight.

11. The assembly of claim 1 wherein the device length is curved.

12. The assembly of claim 1 wherein at least a portion of the suture insertion device
length is helical.

13. The assembly of claim 1 wherein the suture insertion device comprises a needle.
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