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SURGICAL SUTURES HAVING INCREASED STRENGTH
ABSTRACT OF THE DISCLOSURE
The invention relates to increasing the strength of bio-absorbable surgical sutures. The invention

allows for delayed bioabsorption of suture materials to allow maintenance of mechanical strength

of the suture for example in ‘barbed’ form.

11



10

15

20

25

30

35

WO 2008/042909 PCT/US2007/080213

SURGICAL SUTURES HAVING INCREASED STRENGTH
RELATED APPLICATIONS

[0001] The present application claims priority to US Provisional Application No. 60/827,853,

filed on October 2, 2006; the contents of which are incorporated herein by reference in

their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to methods for forming a suture with delayed bioabsorption

and sutures made thereby.

BACKGROUND OF THE INVENTION

[0003] Bioabsorbable surgical devices such as, for example, sutures, made from copolymers

derived from one or more of glycolide, lactide, p-dioxanone, epsilon-caprolactone and/or
trimethylene carbonate are known in the art. However, filaments prepared from certain
such copolymers are not dimensionally stable and require a freezing step to maintain a
desired physical dimension. See, e.g. U.S. Pat. No. 5,494,620 which discloses the details
of and benefits derived from a freezing operation. U.S. Pat. No. 5,403,347 discloses a
block copolymer wherein one of the blocks is made from hard phase forming monomers
(preferably glycolide) and another of the blocks is made from soft phase forming
monomers (e.g., p-dioxanone) copolymerized with randomly intermingled units of other

soft phase forming monomers (e.g., trimethylene carbonate)

[0004] A surgical suture is either a synthetic monofilament or a braided multifilament structure

or alternatively a cut, ground or polished ligature derived from animal intestines, used for
tissue approximation or the attachment of an implantable device. Sutures can be made of
either resorbable or non-resorbable materials. Resorbable sutures degrade and
disintegrate inside the body after exposure to the in-vivo environment in a pre-determined
time interval, so there is no need for a second surgery to remove the suture after the tissue
is healed at the site of the wound. On the other hand the non-resorbable sutures do not
degrade, so there is a need to remove them after healing of the wound, unless they are

being used as a permanent implant.

[0005] Surgical suture material usable for wound closure comprises non-absorbable and

absorbable materials. Absorbable surgical sewing threads based on natural biological
materials, particularly cat gut and absorbable synthetic threads are known. Absorbable
synthetic suture material can inter alia be produced from polyglycolic acid (PGA). In the

physiological environment the sewing threads undergo a hydrolysis. The 50% breaking
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strength loss, also known as the half-life period, serves as a measure for the hydrolytic
decomposition of the polymer material. Surgical sewing threads formed from braided
PGA multifilaments (e.g. obtainable under the trademark DEXON) within 21 days have a
50% breaking strength loss and an absorption of hydrolyzates within 100 to 120 days. A
multifilament sewing thread produced from a glycolide-lactide copolymer with a
comonomer ratio of 90:10 has similar characteristics (obtainable under the trademark
VICRYL). In vivo, after 25 days it loses 50% of its initial strength and is absorbed after
more than 80 days.

[0006] What is needed is bioabsorbale sutures with improved strength having increased 50%
breaking strength. _

SUMMARY OF THE INVENTION

[0007] One aspect of the invention relates to increasing the strength of bio-absorbable surgical
sutures. The invention allows for delayed bioabsorption of suture materials to allow
maintenance of mechanical strength of the suture for example in ‘barbed’ form.

[0008] In particular, the invention allows for maintaining the mechanical attributes of the ‘barb’
(a ‘barb’ being characterized as a small protrusion from the filament that is prone to
facile hydrolysis and/or degradation).

[0009] In one aspect of the invention, crystalline domains are formed on the surface of a barbed
suture via exposure to supercritical fluid(s) (SCF) over a conirolled temperature profile where
solvent-induced crystallization can be achieved with the SCF. Employing scf solvents
provides increased polymer crystallization without the legacy of solvent residue or severe
drying conditions.

[0010] In one embodiment of the invention, a bioabsorbable suture is processed, through a
profile of temperature-pressure-time such that the crystallinity at the surface is increased,
thus inhibiting the bioabsorption of the mechanically critical surface features in a barbed
suture.

[0011] Another aspect of the invention provides co-filament (core-shell) suture with barb
structure being formed only in the harder and slower to absorb outer shell polymer.

[0012] The invention provides a co-filament suture material such that the outer ‘sheaf” consists
of a much slower absorbing material (e.g., poly(g-caprolactone), etc.) such that the barbs
can be cut solely into this harder material. Bioabsorption would initially be slow,
maintaining mechanical strength of the barbs, followed by full absorption of the suture.

[0013] In yet a further embodiment, the invention provides a method of forming absorbable,

biocompatible suture filament, comprising the steps of: forming a suture comprising a
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bio-absorbable polymer; and inserting a chemical entity into the polymer to inhibit ester

hydrolysis, thereby slowing down bioabsorption and loss of mechanical strength.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The novel features of the invention are set forth with particularity in the appended claims.
A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:

[0015] Figure 1 shows a suture according to one embodiment of the invention wherein the suture
comprises a core formed by a fast absorbing material and a shell formed by a slow

absorbing material, and a barb structure formed in the shell.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention is explained in greater detail below. This description is not
intended to be a detailed catalog of all the different ways in which the invention may be
implemented, or all the features that may be added to the instant invention. For example,
features illustrated with respect to one embodiment may be incorporated into other
embodiments, and features illustrated with respect to a particular embodiment may be
deleted from that embodiment. In addition, numerous variations and additions to the
various embodiments suggested herein will be apparent to those skilled in the art in light
of the instant disclosure, which do not depart from the instant invention. Hence, the
following specification is intended to illustrate some particular embodiments of the
invention, and not to exhaustively specify all permutations, combinations and variations
thereof.

[0017] One aspect of the invention relates to increasing the strength of bio-absorbable surgical
sutures. The invention allows for delayed bioabsorption of suture materials to allow
maintenance of mechanical strength of the suture for example in ‘barbed’ form.

[0018] In particular, the invention allows for maintaining the mechanical attributes of the ‘barb’
(a ‘barb’ being characterized as a small protrusion from the filament that is prone to
facile hydrolysis and/or degradation).

[0019] In one aspect of the invention, crystalline domains are formed on the surface of a barbed
suture via exposure to supercritical fluid(s) over a controlled temperature profile where

solvent-induced crystallization can be achieved with the SCF. Employing scf solvents
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provides increased polymer crystallization without the legacy of solvent residue or severe
drying conditions.

[0020] In one embodiment of the invention, a bioabsorbable suture is processed, through a
profile of temperature-pressure-time such that the crystallinity at the surface is increased,
thus inhibiting the bioabsorption of the mechanically critical surface features in a barbed
suture. In one embodiment, the suture is immersed into a supercritical fluid at a
temperature greater than the glass transition temperature (Tg) of the material that forms
the suture, yet lower than the melting temperature (e.g. Tg < Tprocess < Tm). The suture
is then quenched by reducing the temperature of the suture to below the Tg of the suture
material (e.g. via venting the scf). The Tg of polymers that form the suture is depressed
in the presence of a compressed gas or supercritical fluid

[0021] Another aspect of the invention provides co-filament (core-shell) suture with barb
structure being formed only in the harder and slower to absorb outer shell polymer.

[0022] The invention provides a co-filament suture material such that the outer ‘sheaf” consists
of a much slower absorbing material (e.g., poly(e-caprolactone), etc.) such that the barbs
can be cut solely into this harder material. Bioabsorption would initially be slow,
maintaining mechanical strength of the barbs, followed by full absorption of the suture.

[0023] The method of the invention allows for a 5-30% decrease in absorption rate.

[0024] In another aspect, the invention provides a suture with a strengthened structure by
inserting a chemical adjunct (GRAS) into the polymer to inhibit ester hydrolysis,
therefore slowing down bioabsorption and loss of mechanical strength.

[0025] In one embodiment, the invention provides a process of forming a suture having
increased strength, the process comprising treating the suture with a supercritical fluid.
The treatment comprises increasing crystallinity of the suture.

[0026] In one embodiment, the increased crytsallinity is located on the surface of the suture.
The absorbable material may comprise an abosorbable polymer.

[0027] A suture produced by the process of the invention provides numerous advantages. For
example, absorbability of the suture can be decreased to 5 to 30% of the absorbability of
a suture which is not treated with a supercritical fluid.

[0028] Preferred sutures comprise a barb structure, wherein the strength of the barb structure is
improved by treating the suture with the supercritical fluid.

[0029] In another aspect, the invention provides an absorbable suture comprising: a core
comprising a fast absorbing material; and a shell covering the core, wherein the shell

comprises a slow-absorbing material. Preferably, the shell comprises a barb structure.
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[0030] The suture of the invention has greater mechanical strength. The invention provides
sutures wherein the fast absorbing core material is selected from DLPLA — poly(dl-
lactide); LPLA — poly(l-lactide); PGA — polyglycolide; PDO — poly(dioxanone);
PGA-TMC — poly(glycolide-co-trimethylene carbonate); PGA-LPLA — poly(l-lactide-
co-glycolide); PGA-DLPLA — poly(dl-lactide-co-glycolide); LPLA-DLPLA — poly(l-
lactide-co-dl-lactide); PDO-PGA-TMC - poly(glycolide-co-trimethylene carbonate-co-
dioxanone.

[0031] In one embodiment, the core and shell materials are co-extruded. In another
embodiment, the core is coated with the slow absorbing material to form the shell.

[0032] In yet another aspect, the invention provides a method of forming absorbable,
biocompatible suture filament, comprising the steps of: forming a fast absorbing a core;
and forming a slow-absorbing shell covering the core.

[0033] In one embodiment, the core and shell are formed by co-extruding a fast absorbing
polymer and a slow-absorbing polymer.

[0034] In another embodiment, forming the shell comprises coating the core with a slow
absorbing material.

[0035] In one embodiment, the method of the invention further comprises treating the coating
with a supercritical fluid.

[0036] In yet a further embodiment, the invention provides a method of forming absorbable,
biocompatible suture filament, comprising the steps of: forming a suture comprising a
bio-absorbable polymer; and inserting a chemical entity into the polymer to inhibit ester

hydrolysis, thereby slowing down bioabsorption and loss of mechanical strength.

Definitions

[0037] As used in the present specification, the following words and phrases are generally
intended to have the meanings as set forth below, except to the extent that the context in
which they are used indicates otherwise.

[0038] "Pharmaceutical agent" as used herein refers to any of a variety of drugs or
pharmaceutical compounds that can be used as active agents to prevent or treat a disease
(meaning any treatment of a disease in a mammal, including preventing the disease, i.c.
causing the clinical symptoms of the disease not to develop; inhibiting the disease, i.e.
arresting the development of clinical symptoms; and/or relieving the disease, 1.e. causing
the regression of clinical symptoms). It is possible that the pharmaceutical agents of the

invention may also comprise two or more drugs or pharmaceutical compounds.
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[0039]

[0040]

[0041]

[0042]

[0043]

"Polymer" as used herein, refers to a series of repeating monomeric units that have been
cross-linked or polymerized. Any suitable polymer can be used to carry out the present
invention. It is possible that the polymers of the invention may also comprise two, three,
four or more different polymers. In some embodiments, of the invention only one
polymer is used. In some preferred embodiments a combination of two polymers are
used. Combinations of polymers can be in varying ratios, to provide coatings with
differing properties. Those of skill in the art of polymer chemistry will be familiar with
the different properties of polymeric compounds.

"Stabilizing agent" as used herein refers to any substance that maintains or enhances the
stability of the suture. Ideally these stabilizing agents are classified as Generally
Regarded As Safe (GRAS) materials by the US Food and Drug Administration (FDA).
The stabilizing agent is incorporated in the material of the suture to reduce or inhibit
bioabsorption (e.g., of a bioabsorbable polymer). Examples of stabilizing agents include,
but are not limited to a bronsted or lowery base, preferably an organic base such as an
amine-containing molecule.

“Compressed fluid” as used herein refers to a fluid of appreciable density (e.g., >0.2 g/cc)
that is a gas at standard temperature and pressure. “‘Supercritical flutd", "near-critical
fluid", "near-supercritical fluid", "critical fluid", "densified fluid" or "densified gas" as
used herein refers to a compressed fluid under conditions wherein the temperature is at
least 80% of the critical temperature of the fluid and the pressure is at least 50% of the
critical pressure of the fluid.

Examples of substances that demonstrate supercritical or near critical behavior suitable
for the present invention include, but are not limited to carbon dioxide, isobutylene,
ammonia, water, methanol, ethanol, ethane, propane, butane, pentane, dimethyl ether,
xenon, sulfur hexafluoride, halogenated and partially halogenated materials such as
chlorofluorocarbons, hydrochlorofluorocarbons, hydrofluorocarbons, perfluorocarbons
(such as perfluoromethane and perfuoropropane, chloroform, trichloro-fluoromethane,
dichloro-difluoromethane, dichloro-tetrafluoroethane) and mixtures thereof.
"scf-processing" as used herein refers to the process by which parts of the matrix or the
entire polymer matrix is exposed to supercritical fluid. In one aspect, scf-processing is
employed to generate crystalline domains in a suture, or the shell of the suture, thereby
increasing the strength of the suture or the outer shell of the suture. In other
embodiments scf-processing allows the formation of a continuous shell deposited on a

core of a suture. The scf-process is controlled to produce a fully conformal continuous
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matrix. In this latter embodiment, scf-processing also allows for strengthening the outer

shell of the suture through increased crystallization.
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CLAIMS

WHAT IS CLAIMED IS:

1.

10.

11.

12.

13.

14.

15.

A process of forming a suture having increased strength, said process comprising treating

said suture with a supercritical fluid (SCF).

The process of Claim 1 wherein said treating comprises immersing said suture into a
supercritical fluid at a temperature greater than the glass transition temperature (Tg) of the

material that forms the suture, yet lower than the melting temperature of said material.

The process of Claim 2, wherein said suture is quenched by reducing the temperature of the

suture to below the Tg of the suture material.
The process of Claim 3, wherein said suture is quenched by venting the SCF.

The process of Claim 1, wherein said suture is made of a polymer, and the Tg of said

polymer is depressed in the presence of a compressed gas or supercritical fluid.

The process of Claim 1, wherein said treating comprises increasing crystallinity in said

suture.
The process of Claim 6, wherein said crystallinity is increased on the surface of said suture.
The process of Claim 7, wherein said suture comprises an absorbable polymer.

The process of Claim 8, wherein said absorbable polymer is selected from DLPLA —

poly(dl-lactide); LPLA — poly(l-lactide); PGA — polyglycolide; PDO — poly(dioxanone);
PGA-TMC — poly(glycolide-co-trimethylene carbonate); PGA-LPLA — poly(l-lactide-co-
glycolide); PGA-DLPLA — poly(dl-lactide-co-glycolide); LPLA-DLPLA — poly(l-lactide-
co-dl-lactide); PDO-PGA-TMC — poly(glycolide-co-trimethylene carbonate-co-dioxanone.

A suture formed by a process comprising treating said suture with a supercritical fluid.

The suture of claim 10, wherein absorbability of said suture is 5 to 30% of the absorbability

of a suture which is not treated with a supercritical fluid.
The suture of Claim 10 further comprising a pharmaceutical agent.

The suture of Claim 10, further comprising a barb structure, wherein the strength of said barb

structure is improved by said treating with said supercritical fluid.

The suture of Claim 10, further comprising a barb structure, wherein the rate of absorption of

said barb structure is decreased by said treating with said supercritical fluid.
An absorbable suture comprising:

a core comprising a fast absorbing polymer; and
8
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a shell covering said core, wherein said shell comprises a stronger, more durable

or slow-absorbing polymer.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

The suture of Claims 15, wherein said shell comprises a barb structure.
The suture of Claim 15, wherein said suture has greater mechanical strength.

The suture of Claim 15 wherein said fast absorbing polymer is selected from DLPLA —

poly(dl-lactide); LPLA — poly(l-lactide); PGA — polyglycolide; PDO — poly(dioxanone);
PGA-TMC — poly(glycolide-co-trimethylene carbonate); PGA-LPLA — poly(l-lactide-co-
glycolide); PGA-DLPLA — poly(di-lactide-co-glycolide); LPLA-DLPLA — poly(l-lactide-
co-dl-lactide); PDO-PGA-TMC — poly(glycolide-co-trimethylene carbonate-co-dioxanone.

The suture of Claim 15, wherein said slow absorbing polymer is poly(e-caprolactone).
The suture of Claim 15 wherein said core and shell materials are co-extruded.

The suture of Claim 15 wherein said core is coated with said slow absorbing material to form

said shell.

A method of forming absorbable, biocompatible suture filament, comprising the steps of:
forming a fast absorbing core; and

forming a slow-absorbing shell covering said core.

The method of claim 22 wherein said core and shell are formed by co-extruding a fast

absorbing polymer and a slow-absorbing polymer.

The method of Claim 23, wherein the fast absorbing polymer is selected from gut, DLPLA
— poly(dl-lactide); LPLA — poly(l-lactide); PGA — polyglycolide; PDO —
poly(dioxanone); PGA-TMC — poly(glycolide-co-trimethylene carbonate); PGA-LPLA —
poly(l-lactide-co-glycolide); PGA-DLPLA — poly(dl-lactide-co-glycolide); LPLA-DLPLA
— poly(l-lactide-co-dl-lactide); PDO-PGA-TMC — poly(glycolide-co-trimethylene
carbonate-co-dioxanone.

The method of Claim 22, wherein forming said shell comprises coating said core with a slow

absorbing material.
The method of Claim 25, wherein said coating comprises coating the suture from scf.
A method of forming absorbable, biocompatible suture filament, comprising the steps of:

forming a suture comprising a bio-absorbable polymer; and
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inserting a chemical entity into the polymer to inhibit ester hydrolysis, thereby slowing down

bioabsorption and loss of mechanical strength

28. The method of Claim 27 wherein said entity comprises a base.

29. The method of Claim 28 wherein said base is a bronsted or lowery base.

30. The method of Claim 27, wherein said chemical entity comprises an organic base.

31. The method of Claim 30 wherein said base comprises an amine-containing molecule.

10
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