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Multifilament Sutures are prepared by permeating the Suture 
with an antimicrobial Solution and applying an antimicrobial 
coating to the Suture. 
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ANTIMICROBAL SUTURES AND METHODS 
OF MAKING THEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application No. 60/698,154 filed Jul. 11, 2005, 
the entire disclosure of which is hereby incorporated by ref 
erence herein. 

TECHNICAL FIELD 

0002 The present disclosure relates to antimicrobial mul 
tifilament Sutures and to methods for preparing and using 
Such sutures. 

BACKGROUND OF RELATED ART 

0003. Absorbable multifilament sutures are known in the 
art. Such sutures include DEXONR sutures (made from a 
glycolide homopolymer and commercially available from 
Davis & Geck, Danbury, Conn.), VICRYL(R) sutures (made 
from a copolymer of glycolide and lactide and commercially 
available from Ethicon, Inc., Sommerville, N.J.), and 
POLYSORB(R) sutures (also made from a copolymer of gly 
collide and lactide and commercially available from United 
States Surgical Corporation, Norwalk, Conn.). These sutures 
are sometimes referred to as short term absorbable sutures, 
i.e., sutures which retain at least about 20 percent of their 
original strength at three weeks after implantation, with the 
suture mass being essentially absorbed in the body within 
about 60 to about 90 days post implantation. 
0004 Suture coatings for synthetic absorbable multifila 
ment Sutures are also known and are frequently utilized to 
improve physical characteristics of the Sutures, including 
their knot tie-down properties. Known coatings include 
copolymers and homopolymers of glycolide, lactide, capro 
lactone, trimethylene carbonate, and dioxanone, as well as 
mixtures and blends thereof. For example, U.S. Pat. No. 
5,123,912, the entire disclosure of which is incorporated by 
reference herein, discloses a bioabsorbable coating composi 
tion for Surgical Sutures which can be either a copolymer of a 
low molecular weight polyalkylene glycol, a glycolide mono 
merand a lactide monomer, or a copolymer of a low molecu 
lar weight polyalkylene glycol and a preformed copolymer of 
lactide and glycolide. 
0005 One problem with any surgical device, including 
sutures, is the potential for bacteria to adhere to the device and 
utilize the device as a means to enter the Surrounding tissue in 
a patient. Known synthetic absorbable multifilament sutures 
do not yet provide effective levels of antimicrobial activity for 
the period of time the suture is in place. Therefore, contami 
nation and infection can occur at the wound site prior to the 
complete healing of the wound closure. 
0006. Accordingly, there is a need for synthetic absorb 
able multifilament sutures that can remain in vivo for 
extended periods of time with enhanced antimicrobial effi 
cacy. There is also a need for an easy and inexpensive method 
of applying an antimicrobial agent to a Suture that provides 
protection against microorganisms for extended periods of 
time. 

SUMMARY 

0007 Methods for producing antimicrobial sutures are 
provided wherein multifilament sutures can be permeated 
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with an antimicrobial Solution and coated with a separate 
antimicrobial coating. The antimicrobial solution can be 
applied before, or after, the antimicrobial coating. 
0008. In embodiments, the method may include providing 
a multifilament Suture, permeating the multifilament Suture 
with an antimicrobial Solution, and applying an antimicrobial 
coating onto at least a portion of the Surface of the permeated 
multifilament suture. 

0009. In other embodiments, the method may include pro 
viding a multifilament Suture, applying an antimicrobial coat 
ing onto at least a portion of the Surface of the multifilament 
Suture, cracking the coated multifilament Suture, and perme 
ating the cracked coated multifilament Suture with an antimi 
crobial solution. 

0010 Sutures with these coatings, as well as methods for 
closing wounds with these Sutures, are also provided. 
0011. In embodiments, a suture of the present disclosure 
may include a plurality of filaments with interstitial spaces 
defined by the plurality of filaments, an antimicrobial agent 
filling at least a portion of the interstitial spaces, and an 
antimicrobial coating on at least a portion of the plurality of 
filaments. In other embodiments, a Suture of the present dis 
closure may include a plurality of filaments with interstitial 
spaces defined by the plurality of filaments, an antimicrobial 
Solution including triclosan and methylene chloride perme 
ating at least a portion of the interstitial spaces, and an anti 
microbial coating including triclosan, a glycolide/caprolac 
tone copolymer, and calcium Stearoyl lactylate covering at 
least a portion of the plurality of filaments. 
0012 Still other sutures encompassed by the present dis 
closure include braided Sutures having antimicrobial proper 
ties formed from a plurality of polymeric filaments, said 
filaments being formed from a polymeric material that is 
absorbable under physiological conditions, and a coating 
material disposed on said elongate braided structure, said 
coating including a film-forming polymer, a salt of a fatty acid 
ester, and an antimicrobial agent selected from the group 
consisting of antibiotics, antiseptics, disinfectants and com 
binations thereof. 

0013. A method of closing a wound in accordance with the 
present disclosure may include providing a Suture having a 
plurality of filaments with interstitial spaces defined by the 
plurality of filaments, an antimicrobial solution within said 
interstitial spaces, and an antimicrobial coating on at least a 
portion of the plurality of filaments, attaching said Suture to a 
needle to produce a needled Suture, and passing said needled 
Suture through tissue to create wound closure. 
0014. In embodiments, the present disclosure also pro 
vides an antimicrobial composition including an antiseptic, a 
film-forming polymer, and a salt of a fatty acid ester Such as 
magnesium Stearoyl lactylate, aluminum Stearoyl lactylate, 
barium Stearoyl lactylate, Zinc Stearoyl lactylate calcium 
palmityl lactylate, magnesium palmityl lactylate, aluminum 
palmityl lactylate, barium palmityl lactylate, or Zinc palmityl 
lactylate, calcium olelyl lactylate, magnesium olelyl lacty 
late, aluminum olelyl lactylate, barium olelyllactylate, Zinc 
olelyllactylate and calcium Stearoyl lactylate. 

0015. In other embodiments, a suitable antimicrobial 
composition may include triclosan, a glycolide/caprolactone 
copolymer, and calcium Stearoyl lactylate. 
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BRIEF DESCRIPTIONS OF THE DRAWINGS 

0016 FIG. 1 is a graph depicting colonization of sutures of 
the present disclosure with varying concentrations of antimi 
crobial agents by Staphylococcus epidermidis. 
0017 FIGS. 2A and 2B are scanning electron microscope 
(“SEM) images of a POLYSORB.R. 2/0 suture treated in 
accordance with the present disclosure and a VICRYL(R) Plus 
2/0 suture, respectively. 
0018 FIG.3 is a graph depicting Zone of inhibition results 
for Sutures of the present disclosure when exposed to Staphy 
lococcus epidermidis, Staphylococcus aureus, Escherichia 
coli and Pseudomonas aeruginosa. 

DETAILED DESCRIPTION 

0019. The sutures of the present disclosure may be pre 
pared at least in part from a plurality of filaments. An antimi 
crobial Solution which contains at least one antimicrobial 
agent and at least one solvent may be applied to the Suture. An 
antimicrobial coating containing at least one antimicrobial 
agent, at least one film-forming polymer, and at least one fatty 
acid ester may also be applied to the suture. The antimicrobial 
coating may be applied either before or after the antimicrobial 
Solution is applied to the multifilament Suture. 
0020. The filaments from which the suture may be made 
can be any synthetic absorbable fiber-forming material. Thus, 
for example, the filaments can be made from Synthetic 
absorbable polymers such as those made from glycolide, 
lactide, caprolactone, alkylene carbonates (i.e. trimethylene 
carbonate), dioxanones, and copolymers and combinations 
thereof. In embodiments, a Suture may be constructed of a 
combination including glycolide and lactide, in some 
embodiments a copolymer thereof. 
0021. The suture can be made from the filaments using any 
known technique Such as, for example, braiding, weaving or 
knitting. The filaments may also be combined to produce a 
non-woven Suture. The filaments themselves may be drawn, 
oriented, crinkled, twisted, commingled or air entangled to 
form yarns as part of the Suture forming process. The Suture 
should possess interstices or spaces between the filaments (or 
overlapping areas of the same filament) into which the anti 
microbial solution with which the suture is permeated can 
flow. 

0022. In one embodiment the multifilament suture of the 
present disclosure can be produced by braiding. The braiding 
can be done by any method within the purview of those skilled 
in the art. For example, braid constructions for Sutures and 
other medical devices are described in U.S. Pat. Nos. 5,019, 
093, 5,059.213,5,133,738, 5,181,923, 5,226,912, 5,261,886, 
5,306,289, 5,318,575, 5,370,031, 5,383,387, 5,662,682, 
5,667,528, and 6,203,564, the entire disclosures of each of 
which are incorporated by reference herein. Once the suture is 
constructed, it can be sterilized by any means within the 
purview of those skilled in the art. 
0023. In some cases a tubular braid, or sheath, may be 
constructed about a core structure which is fed through the 
center of the braider. Known tubular braided sutures, includ 
ing those possessing cores, are disclosed, for example, in U.S. 
Pat. Nos. 3,187,752, 3,565,077, 4,014,973, 4,043,344, and 
4,047,533. 
0024. In one embodiment, a multifilament suture is first 
contacted with an antimicrobial Solution, and an antimicro 
bial coating is then applied to the suture. The antimicrobial 
Solution contains at least one antimicrobial agent and at least 
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one solvent, which carries the antimicrobial agent to the inter 
stices or spaces between the filaments and, where present, to 
the core of the suture. The term “antimicrobial agent” as used 
herein includes antibiotics, antiseptics, disinfectants and 
combinations thereofthat are soluble in organic solvents such 
as alcohols, ketones, ethers, aldehydes, acetonitrile, acetic 
acid, methylene chloride, chloroform and water. 
0025 Classes of antibiotics that can be used in the antimi 
crobial Solution include tetracyclines like minocycline; rifa 
mycins like rifamping macrollides like erythromycin; penicil 
lins like nafcillin; cephalosporins like cefazolin; beta-lactam 
antibiotics like imipenem and aztreonam, aminoglycosides 
like gentamicin and TOBRAMYCINR); chloramphenicol; 
Sulfonamides like Sulfamethoxazole; glycopeptides like Van 
comycin; quinolones like ciprofloxacin; fusidic acid; trime 
thoprim; metronidazole; clindamycin; mupirocin, polyenes 
like amphotericin B; azoles like fluconazole; and beta-lactam 
inhibitors like Sulbactam. 
0026. Examples of antiseptics and disinfectants which 
may be utilized in the antimicrobial solution include 
hexachlorophene; cationic biguanides like chlorhexidine and 
cyclohexidine; iodine and iodophores like povidone-iodine; 
halo-substituted phenolic compounds like PCMX (i.e., 
p-chloro-m-Xylenol) and triclosan (i.e., 2,4,4-trichloro-2 
hydroxy-diphenylether); furan medical preparations like 
nitrofurantoin and nitrofuraZone; methenamine; aldehydes 
like glutaraldehyde and formaldehyde; and alcohols. In some 
embodiments, at least one of the antimicrobial agents may be 
an antiseptic, such as triclosan. 
0027. The antimicrobial solution can include any solvent 
or combination of solvents suitable for the chosen antimicro 
bial agent. To be suitable, the solvent must (1) be miscible 
with the antimicrobial agent, (2) not appreciably affect the 
integrity of any polymeric material used to form the Suture 
filaments, and (3) be capable, in combination with the anti 
microbial agent, of permeating into the interstices of the 
Suture. Some examples of Suitable solvents include alcohols, 
ketones, ethers, aldehydes, acetonitrile, acetic acid, methyl 
ene chloride, chloroform and water. In embodiments, meth 
ylene chloride may be used as a solvent. 
0028 Preparing the antimicrobial solution of the present 
disclosure is a relatively simple procedure and can be accom 
plished by blending, mixing, and the like. In one embodi 
ment, where triclosan and methylene chloride are utilized to 
form the antimicrobial solution, the desired amount of tri 
closan is placed into a container, followed by the addition of 
the desired amount of methylene chloride. The two ingredi 
ents may then be mixed thoroughly to combine the ingredi 
entS. 

0029. The antimicrobial solution generally contains from 
about 0.001% to about 25% of the antimicrobial agent by 
weight. The exact amount of the antimicrobial agent will 
depend on a number of factors, such as the particular agent 
used, the Suture being contacted, and the choice of Solvent 
employed. In embodiments, for example, where the antimi 
crobial agent is an antiseptic, the antimicrobial Solution may 
contain from about 0.01% to about 15% of the chosen anti 
microbial agent. In other embodiments, the antimicrobial 
solution may contain from about 0.1% to about 10% of the 
antimicrobial agent. 
0030. Any known technique may be employed for apply 
ing the antimicrobial solution to the suture. Suitable tech 
niques include dipping, spraying, wiping and brushing. In 
embodiments, the antimicrobial Solution may be applied to 
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the suture in its final form. Since the antimicrobial solution 
contains a solvent, a curing step may be employed to remove 
excess Solvent, leaving the antimicrobial agent on the core, if 
present, and in the interstitial spaces of the braid, i.e., between 
the plurality of filaments utilized to form the multifilament 
Suture. In embodiments, the antimicrobial agent alone 
remains in the interstitial spaces. In other embodiments some 
of the solvent also remains with the antimicrobial agent in the 
interstitial spaces, i.e., the antimicrobial Solution remains in 
the interstitial spaces. 
0031. The amount of the antimicrobial solution applied 
should be an effective amount to provide antimicrobial prop 
erties to the suture. The exact amount will depend upon the 
configuration of the suture and the formulation of the solu 
tion. In embodiments, the antimicrobial Solution may be 
applied in an amount from about 0.001 to about 25 weight 
percent (excluding any solvent) by weight of the Suture. In 
one embodiment, the antimicrobial Solution may be applied 
in an amount from about 0.01 to about 15 weight percent 
(excluding any solvent) by weight of the Suture. 
0032. After removal of the solvent, an antimicrobial coat 
ing containing at least one antimicrobial agent and at least one 
film-forming polymer may be applied to the Suture. 
0033 Film-forming polymers which may be utilized in the 
antimicrobial coating are within the purview of those skilled 
in the art and include glycolide, lactide, caprolactone, trim 
ethylene carbonate, dioxanones, dioxepanones, etc., and 
copolymers and combinations thereof. 
0034. In embodiments, the film-forming polymer may 
include a caprolactone containing copolymeras described in 
U.S. Pat. No. 5,716,376, the entire disclosure of which is 
incorporated by reference herein. Such a caprolactone con 
taining copolymer can be obtained by polymerizing a major 
amount of epsilon-caprolactone and a minor amount of at 
least one other copolymerizable monomer or mixture of Such 
monomers in the presence of a polyhydric alcohol initiator. 
0035 Monomers which can be copolymerized with epsi 
lon-caprolactone include alkylene carbonates such as trim 
ethylene carbonate, tetramethylene carbonate, dimethyl tri 
methylene carbonate; dioxanones; dioxepanones; absorbable 
cyclic amides; absorbable cyclic ether-esters derived from 
crown ethers; hydroxyacids capable of esterification, includ 
ing alpha hydroxy acids (such as glycolic acid and lactic acid) 
and beta hydroxyacids (such as beta hydroxybutyric acid and 
gamma hydroxyvaleric acid); polyalkyl ethers (such as poly 
ethylene glycol) and combinations thereof. In an embodi 
ment, glycolide can be utilized as the comonomer with epsi 
lon-caprolactone in the film-forming polymer. 
0036 Suitable polyhydric alcohol initiators which may be 
utilized in preparing the film-forming polymer include glyc 
erol, trimethylolpropane, 1,2,4-butanetriol, 1.2.6-hexan 
etriol, triethanolamine, triisopropanolamine, erythritol, threi 
tol, pentaerythritol, ribitol, arabinitol, xylitol, N.N.N',N'- 
tetrakis(2-hydroxyethyl)ethylenediamine, N,N,N',N'- 
tetrakis(2-hydroxypropyl)ethylenediamine, 
dipentaerythritol, allitol, dulcitol, glucitol, altritol, iditol, sor 
bitol, mannitol, inositol, and the like; with mannitol being 
utilized in some embodiments. 

0037. The polyhydric alcohol initiator can be generally 
employed in Small amounts, e.g., from about 0.01 to about 5 
weight percent of the total monomer mixture, and in embodi 
ments from about 0.1 to about 3 weight percent of the total 
monomer mixture. 
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0038. The film-forming copolymer can contain from 
about 70 to about 98 weight percent epsilon-caprolactone 
derived units, in embodiments from about 80 to about 95 
weight percent epsilon-caprolactone derived units, the bal 
ance of the copolymer being derived from the other copoly 
merizable monomer(s). Such as glycolide. 
0039. In some embodiments, the coating compositions of 
the present disclosure may also include a fatty acid compo 
nent that contains a fatty acid or a fatty acid salt or a salt of a 
fatty acid ester. Suitable fatty acids may be saturated or unsat 
urated, and include higher fatty acids having more than about 
12 carbon atoms. Suitable saturated fatty acids include, for 
example, Stearic acid, palmitic acid, myristic acid and lauric 
acid. Suitable unsaturated fatty acids include oleic acid, 
linoleic acid, and linolenic acid. In addition, an ester of fatty 
acids, such as Sorbitan tristearate or hydrogenated castor oil, 
may be used. 
0040 Suitable fatty acid salts include the polyvalent metal 
ion salts of C and higher fatty acids, particularly those having 
from about 12 to about 22 carbon atoms, and mixtures 
thereof. Fatty acid salts including the calcium, magnesium, 
barium, aluminum, and Zinc salts of stearic, palmitic and oleic 
acids may be useful in Some embodiments of the present 
disclosure. Some useful salts include commercial “food 
grade” calcium Stearate which contains a mixture of about 
one-third C. and two-thirds Cls fatty acids, with small 
amounts of the C and C fatty acids. 
0041. In embodiments, the antimicrobial coating includes 
a film-forming polymer combined with a salt of a fatty acid 
ester. Suitable salts of fatty acid esters include those of the 
formula: 

wherein X is an alkaline-earth metal or ion thereof, and R is 
Co or greater alkyl, R is H or C-C alkyl, R is H or C-C, 
alkyl, R is Hor C-C alkyl, Rs is H or C-C alkyl, and n>1. 
Such suitable fatty acids include calcium stearoyl-2-lactylate 
(such as the calcium Stearoyl-2-lactylate commercially avail 
able under the tradename VERY from American Ingredients 
Co., Kansas City, Mo.). Other fatty acid ester salts which may 
be utilized include lithium stearoyl lactylate, potassium 
Stearoyl lactylate, rubidium Stearoyl lactylate, cesium 
Stearoyl lactylate, francium Stearoyl lactylate, Sodium palmi 
tyl lactylate, lithium palmityl lactylate, potassium palmityl 
lactylate, rubidium palmityl lactylate, cesium palmityl lacty 
late, francium palmityl lactylate, Sodium olelyl lactylate, 
lithium olelyl lactylate, potassium olelyllactylate, rubidium 
olelyl lactylate, cesium olelyllactylate, francium olelyllac 
tylate, and combinations thereof. 
0042. Where utilized, the amount offatty acid component 
can be from about 5 percent to about 50 percent by weight of 
the total coating composition. In embodiments, the fatty acid 
component may be present in an amount from about 10 per 
cent to about 20 percent by weight of the total coating com 
position. 
0043. In one embodiment, the film-forming polymer, such 
as the caprolactone/glycolide copolymer described above, 
can be from about 45 to about 60 weight percent of the 
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antimicrobial coating and the salt of a fatty acid ester can be 
from about 40 to about 55 weight percent of the antimicrobial 
coating. In embodiments, the film-forming polymer, such as 
the caprolactone/glycolide copolymer described above, can 
be from about 50 to about 55 weight percent of the antimi 
crobial coating and the salt of a fatty acid ester can be from 
about 45 to about 50 weight percent of the antimicrobial 
coating. 
0044 An antimicrobial agent may then be added to the 
film-forming polymer and salt of a fatty acid ester to produce 
an antimicrobial coating. As stated previously, the term “anti 
microbial agent’ as used in the present disclosure includes 
antibiotics, antiseptics, disinfectants and combinations 
thereof. In embodiments, the antimicrobial agent may be an 
antiseptic, such as triclosan. The antimicrobial agent used in 
the antimicrobial coating does not necessarily have to be the 
same antimicrobial agent used in the antimicrobial Solution. 
0045. In one embodiment, a 52/48 weight percent mixture 
of glycolide/caprolactone polymer and calcium Stearoyl lac 
tylate can be combined with an antiseptic Such as triclosan to 
create an antimicrobial coating. 
0046. The antimicrobial coating may contain from about 
0.001% to about 25% of the antimicrobial agent by weight. 
The exact amount of the antimicrobial agent in the antimicro 
bial coating will depend upon a number of factors, such as the 
particular agent used, the composition of the Suture being 
contacted, and the choice of coating material. In embodi 
ments, for example where the antimicrobial agent is an anti 
septic, the antimicrobial coating may contain from about 
0.01% to about 15% of the chosen antimicrobial agent by 
weight. In other embodiments, the coating may contain from 
about 0.1% to about 10% of the chosen antimicrobial agent by 
weight. 
0047. In embodiments, the antimicrobial coating may be 
added to a solvent and applied to at least a portion of the 
surface of the suture. Any solvent suitable for use with the 
other materials of the antimicrobial coating may be utilized 
including, in embodiments, the solvents described above for 
use informing the antimicrobial Solution. The resulting coat 
ing Solution may then be utilized to apply an antimicrobial 
coating to a Suture. 
0048. The antimicrobial coating herein can be applied to a 
Suture by any suitable process, e.g., by passing the Suture 
through a solution of the copolymer, e.g., in toluene, methyl 
ene chloride, etc., past a brush or other coating Solution appli 
cator, or past one or more spray nozzles dispensing the Suture 
coating Solution. The Suture wetted with the coating Solution 
may be subsequently passed through or held in a drying oven 
for a time and at a temperature Sufficient to vaporize and drive 
off the solvent. 
0049. If desired, the suture coating composition can 
optionally contain additional components, e.g., dyes, antibi 
otics, additional antiseptics, growth factors, anti-inflamma 
tory agents, and the like. 
0050. While the coating composition herein could be 
applied to any type of Suture, in embodiments it may be 
applied to a braided multifilament suture. The amount of 
coating composition applied to a braided Suture will vary 
depending upon the structure of the Suture, e.g., the number of 
filaments, tightness of braid or twist, the size of the suture, 
and its composition. The amount of antimicrobial coating 
applied should be an effective amount to provide antimicro 
bial properties to the suture. The exact amount to be applied to 
the Suture, e.g. by coating, dipping, spraying, wiping or other 
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appropriate techniques, will vary depending upon the coating 
material selected, the antimicrobial agent selected, and the 
specific construction of the Suture being contacted. The anti 
microbial coating may be applied in an amount from about 
0.001 to about 25 percent by weight of the suture, in embodi 
ments from about 0.01 to about 15 percent by weight of the 
Sulture. 

0051 Preparing the antimicrobial coating of the present 
disclosure may also be a relatively simple procedure. For 
example, in the case of a coating material containing gly 
collide/caprolactone copolymer, calcium Stearoyl lactylate 
and triclosan, the desired amount of each of the necessary 
ingredients may be placed into a container and mixed thor 
oughly to combine the ingredients. 
0.052 Both the antimicrobial solution and the antimicro 
bial coating may contain various optional ingredients, such as 
stabilizing agents, thickeners, colors, etc. The optional ingre 
dients may represent up to about 10% of the total weight of 
either the antimicrobial solution or the antimicrobial coating. 
0053. It is also within the scope of the present disclosure to 
permeate and coat the multifilament Suture with a pharma 
ceutically beneficial agent. A pharmaceutically beneficial 
agent includes a chemical or drug that, when introduced into 
tissue, exhibits a desired therapeutic effect upon said tissue. 
Examples of pharmaceutically beneficial agents include 
drugs like anti-inflammatories, steroids, growth factors, 
blood thinners, clotting factors, anti-hypertensives, immuno 
Suppressants, anesthetics, etc. 
0054 As the application of the antimicrobial solution pen 
etrates the interstices of the multifilament and, in embodi 
ments, reaches the core of the Suture, the process of applying 
the antimicrobial solution may be referred to as a fill process, 
and the application of the antimicrobial coating may be 
referred to as a coat process. In one embodiment, the Sutures 
of the present disclosure may be prepared by an in-line fill and 
coat method. For the fill portion of the process, a multifila 
ment Suture may be passed through an applicator that applies 
an antimicrobial Solution. In one embodiment the antimicro 
bial solution can include 1.3% by weight triclosan in meth 
ylene chloride. The methylene chloride can be flashed off the 
Suture leaving triclosan on the Suture core and in the inter 
stices of the braided suture. The suture can then pass to a 
coating applicator where the antimicrobial coating is applied. 
In an embodiment, the antimicrobial coating can be a Suspen 
sion formed by mixing a glycolide and caprolactone copoly 
mer with calcium Stearoyl lactate at a ratio of approximately 
52/48, adding methylene chloride, ethanol, and hexanes 
while mixing, and then adding triclosan in an amount of from 
about 1% to about 0.5% of the total composition. 
0055. The antimicrobial coating of the present disclosure 
may also be used as an antimicrobial composition for other 
medicinal applications, including wound dressings, to pro 
mote wound healing. 
0056. In an alternate embodiment of the present disclo 
sure, a multifilament suture may be first coated with a sub 
stance through which the antimicrobial Solution cannot pass, 
e.g., the antimicrobial coating, followed by application of the 
antimicrobial Solution. In Such a case the Suture should be 
treated to crack Such coating prior to contact with the antimi 
crobial solution. This will allow the antimicrobial solution to 
flow into the interstices of the suture. Any technique within 
the purview of one skilled in the art may be used to crack the 
coating, Such as, for example, calendering. Methods and 
apparatus for calendering Sutures which may be utilized are 
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disclosed in U.S. Pat. Nos. 5,540,773, 5,312,642 and 5,447, 
100, the entire disclosures of each of which are incorporated 
by reference herein. Once a suture coated with an antimicro 
bial coating has been calendered, the antimicrobial Solution 
described above may be applied so that the antibacterial agent 
permeates into the interstices of the braid thereby remaining 
in the spaces between the filaments and on the core of the 
multifilament suture. 

0057 The resulting sutures of the present disclosure pos 
ses a plurality of filaments with interstitial spaces defined by 
the plurality of filaments. In some embodiments, the sutures 
of the present disclosure also include a core around which the 
plurality of filaments may be braided or twisted. As noted 
above, the antimicrobial solution of the present disclosure 
fills at least a portion of the suture by filling the interstices and 
remaining on the core, where present. The Sutures of the 
present disclosure also posses an antimicrobial coating as 
described above on at least a portion of the plurality of fila 
mentS. 

0058. A suture prepared in accordance with the present 
disclosure may be attached to any Surgical needle within the 
purview of those skilled in the art to produce a needled suture. 
Wounds may be sutured by passing a needled Suture through 
tissue to create wound closure. The needle may then be 
removed from the suture and the suture tied. The suture may 
remain in the tissue and help prevent contamination and 
infection of said tissue by virtue of its antimicrobial proper 
ties, thereby promoting wound healing and minimizing infec 
tion. The Suture coating also advantageously enhances the 
Surgeons ability to pass the suture through tissue, and 
increases the ease and security with which he/she can tie the 
Sulture. 

0059. The following examples are given as an illustration 
of the preparation and Superior characteristics of the Sutures 
described herein. It should be noted that the present disclo 
sure is not limited to the specific details embodied in the 
examples. 

Example 1 

0060 Sutures were prepared with antimicrobial solutions 
and antimicrobial coatings of the present disclosure. POLYS 
ORB(R) 270 sutures were first filled with antimicrobial solu 
tions (the “fill”) having varying amounts of triclosan in meth 
ylene chloride. The methylene chloride was flashed off leav 
ing the triclosan in the interstices of the filaments and on the 
core, and the antimicrobial coating (the "coat’) was then 
applied. The antimicrobial coating was a 52/48 mixture of a 
glycolide/caprolactone copolymer and calcium Stearoyl lac 
tylate with varying amounts of triclosan. Details of the fill and 
coat are set forth in Table 1 below. 

TABLE 1. 

CHEMICAL ANALYSIS OF FILL-AND-COATS 
TOTAL TRICLOSAN CONTENT 

Suture Treatment % triclosan 
(% triclosan in fill (per wt. ppm ug?m 

Sample ID and coat) Suture) triclosan triclosan 

1 Fill 0.5%, Coat 1.3% O.60 S964 805 
2 Fill O.8%, Coat 1.0% O.64 6367 860 
3 Fill 1.3%, Coat 0.5.% O.64 6403 860 
4 Core extracted only O.O6 595 
5 Core extracted only O.O7 671 

VICRYL (R) Plus less than 50 ug/m O.O2 225 2O 

May 2, 2013 

0061 The sutures were then suspended in nutrient broth 
injected with a 10 inoculum of Staphylococcus epidermidis. 
Test sutures and a control suture (untreated POLYSORB(R) 
suture) were sampled (n=3) after 24, 48,72, 96, 120, 144 and 
168 hours. The ability of the sutures to inhibit formation of 
colonies of Staphylococcus epidermidis were also compared 
with VICRYL(R) and VICRYL(R) Plus sutures, both commer 
cially available from Ethicon, Inc. (Somerville, N.J.). (VIC 
RYL(R) sutures are made of a co-polymer of 90% glycolide 
and 10% lactide; VICRYL(R) Plus sutures are the VICRYL(R) 
suture with a triclosan coating). As noted above in Table 1, the 
total extractable triclosan per weight of the sutures of the 
present disclosure was about 0.62%, compared with only 
0.02% for the VICRYL(R) Plus Sutures. 
0062. At each 24 hour interval, sutures not removed from 
the test for analysis were re-inoculated with a fresh 10 inocu 
lum. For each test suture, any biofilm that formed on its 
Surface was removed, incubated on nutrient agar, and quan 
tified in units of CFUs (colony forming units). The CFUs 
were plotted per unit time for each test suture. The results of 
these tests are set forth in FIG.1. Test sutures that contained 
CFUs in an amount at least 2 logs less than the control were 
considered to have anti-biofilm properties. The amount of 
time that the test suture maintained CFU counts at least 2 logs 
less than the control was representative of the duration of the 
anti-biofilm efficacy of the test suture. As can be seen in FIG. 
1, the Sutures treated in accordance with the present disclo 
sure had lower levels of CFU's compared with the untreated 
POLYSORB(R) control suture, the VICRYL(R) suture, and the 
VICRYLOR Plus Suture. 
0063 Scanning electron microscope (“SEM) images of 
Sutures of the present disclosure were also obtained and com 
pared with SEM images of VICRYL(R) Plus sutures; the SEM 
images are set forth as FIGS. 2A and 2B, respectively. As can 
be seen in comparing FIG. 2A (a POLYSORB(R, 2/0 suture 
with a fill and coat of the present disclosure) with FIG. 2B (a 
VICRYL(R) Plus 2/0 suture), triclosan applied with the fill and 
coat method of the present disclosure penetrated through the 
sheath fibers into the core; this penetration was not present in 
the VICRYL(R) Plus Sutures. 

Example 2 
0064 Sutures prepared in Example 1 were subjected to 
Zone of inhibition testing by contacting them with Staphyllo 
coccus epidermidis, Staphylococcus aureus, Escherichia coli 
and Pseudomonas aeruginosa. The results of these tests are 
set forth in FIG. 3. As can be seen in FIG. 3, the sutures of the 
present disclosure had enhanced antibacterial activity com 
pared with the untreated POLYSORB(R) suture. Cytotoxicity 
testing of the Sutures was also conducted, with the Sutures of 
the present disclosure eliciting no toxic response. 
0065. It will be understood that various modifications may 
be made to the embodiments disclosed herein. Therefore, the 
above description should not be construed as limiting, but 
merely as exemplifications of preferred embodiments. Those 
skilled in the art will envision other modifications within the 
Scope and spirit of this disclosure. 

1-22. (canceled) 
23. Abraided Suture having antimicrobial properties com 

prising an elongate braided structure formed from a plurality 
of polymeric filaments, said filaments being formed from a 
polymeric material that is absorbable under physiological 
conditions, and a coating material disposed on said elongate 
braided structure, said coating comprising: 
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a film-forming polymer; 
a salt of a fatty acid ester, and 
an antimicrobial agent selected from the group consisting 

of antibiotics, antiseptics, disinfectants and combina 
tions thereof. 

24. The braided suture of claim 23 having a first end and a 
second end, said braided Suture having a needle fixedly 
attached to one end thereof. 

25. The braided suture of claim 23 wherein the film-form 
ing polymer is selected from the group consisting of gly 
collide, lactide, caprolactone, trimethylene carbonate, diox 
anones, dioxepanones and combinations thereof. 

26. The braided suture of claim 23 wherein the film-form 
ing polymer comprises a glycolide/caprolactone copolymer. 

27. The braided suture of claim 23 wherein the salt of a 
fatty acid ester is selected from the group consisting of cal 
cium Stearoyl lactylate, magnesium Stearoyl lactylate, alumi 
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num Stearoyl lactylate, barium Stearoyl lactylate, Zinc 
Stearoyl lactylate, calcium palmityl lactylate, magnesium 
palmityl lactylate, aluminum palmityl lactylate, barium 
palmityl lactylate, Zinc palmityl lactylate, calcium olelyllac 
tylate, magnesium olelyllactylate, aluminum olelyllactylate, 
barium olelyl lactylate, and zinc olelyl lactylate. 

28. The braided suture of claim 23 wherein the salt of a 
fatty acid ester is calcium Stearoyl lactylate. 

29. The braided suture of claim 23 wherein the antimicro 
bial agent comprises at least one antiseptic. 

30. The braided suture of claim 23 wherein the antimicro 
bial agent comprises triclosan. 

31. The braided suture of claim 23 wherein said film 
forming polymer comprises a glycolide/caprolactone copoly 
mer, said salt of a fatty acid ester comprises calcium Stearoyl 
lactylate, and said antimicrobial agent comprises triclosan. 
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