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MEDICAL IMPLANTS AND FIBROSIS-INDUCING 
AGENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t under 35 USC 
119(e) of US. Provisional Application Ser. No. 60/518,785, 
?led Nov. 10, 2003; US. Provisional Application Ser. No. 
60/523,908, ?led Nov. 20, 2003; US. Provisional Applica 
tion Ser. No. 60/524,023, ?led Nov. 20, 2003; US. Provi 
sional Application Ser. No. 60/586,861, ?led Jul. 9, 2004; 
and US. Provisional Application Ser. No. 60/578,471, ?led 
Jul. 9, 2004, Which applications are incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to pharrna 
ceutical cornpositions, methods and devices, and more spe 
ci?cally, to compositions and methods for preparing rnedical 
irnplants to make them more adherent to, or, more readily 
incorporated Within a living tissue. The pharmaceutical 
agents and compositions are utiliZed to create novel drug 
coated implants and medical devices Which induce a ?brotic 
response in the surrounding tissue such that the device is 
effectively anchored in situ and its performance is enhanced. 

[0004] 2. Description of the Related Art 

[0005] The clinical performance of numerous medical 
devices depends upon the device being effectively anchored 
into the surrounding tissue to provide either structural sup 
port or to facilitate scarring and healing. Effective attach 
rnent of the device into the surrounding tissue, hoWever, is 
not alWays readily achieved. One reason for ineffective 
attachment is that irnplantable medical devices generally are 
composed of materials that are highly biocornpatible and 
designed to reduce the host tissue response. These materials 
(e.g., stainless steel, titaniurn based alloys, ?uoropolyrners, 
and ceramics) typically do not provide a good substrate for 
host tissue attachment and ingroWth during the scarring 
process. As a result of poor attachrnent betWeen the device 
and the host tissue, devices can have a tendency to migrate 
Within the vessel or tissue in Which they are implanted. The 
eXtent to Which a particular type of medical device can move 
or rnigrate after implantation depends on a variety of factors 
including the type and design of the device, the rnaterial(s) 
from which the device is formed, the mechanical attributes 
(e.g., ?exibility and ability to conform to the surrounding 
geornetry at the implantation site), the surface properties, 
and the porosity of the device or device surface. The 
tendency of a device to loosen after implantation also 
depends on the type of tissue and the geometry at the 
treatment site, Where the ability of the tissue to conform 
around the device generally can help to secure the device in 
the implantation site. Device rnigration can result in device 
failure and, depending on the type and location of the device, 
can lead to leakage, vessel occlusion, and/or damage to the 
surrounding tissue. 

[0006] Numerous methods and device rnodi?cations have 
been proposed to secure irnplantable medical devices in 
place in the body. In one approach, the medical device is 
anchored rnechanically to biological tissue. For example, 
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arti?cial implants can be anchored to the surrounding tissues 
by physical and mechanical means (e.g., screWs, cernents 
and porous surfaces) or by friction. For example, rnechanical 
attachment of a device to the site can be effected by using a 
fastener, such as a suture or staple. In another approach, the 
device includes in its design mechanical means for fastening 
it into the surrounding tissue. For example, the device may 
include rnetallic spikes, anchors, hooks, barbs, pins, clarnps, 
or a ?ange or lip to af?X the device in place (see, e.g., US. 
Pat. Nos. 4,523,592; 6,309,416; 6,302,905; and 6,152,937). 
A disadvantage of mechanical fasteners, hoWever, is that 
they can damage the tissue or vessel Wall When the device 
is deployed. 

[0007] Other methods for preventing device rnigration 
have focused on rnechanically altering the surface charac 
teristics of the device. One such approach involves scoring 
or abrading the surface of the implant. The roughened 
surfaces promote cell, bone or tissue adhesion for better 
af?Xing of the implants in the body (see, e.g., WO 
96/29030A1). Medical devices, such as irnplantable ortho 
pedic devices, may be ?Xed to host tissue (e.g., bone) With 
an adhesive, such as a polyrnethyl rnethacrylate (PMMA) 
bone cement or a bone cement made from calciurn phos 
phates and calcium alurninate (see, e.g., US. Pat. No. 
6,723,334). A draWback of bone cements, hoWever, is that 
over time the cernented bone-prosthesis interface can degen 
erate, and/or the cement itself may Weaken and fail, resulting 
in loosening of the implant. 

[0008] Chemical or biological rnodi?cations of the device 
surface have been used to enhance adhesion betWeen an 
implantable medical device and the surrounding host tissue. 
For example, devices have been coated With a substance to 
enhance the healing process and/or adhesion of the device to 
the host tissue. In one approach, irnplantable medical 
devices have been developed which permit in?ltration by 
speci?c desirable tissue cells. One type of tissue in?ltration 
involves the process knoWn as “endothelialiZation”, i.e., 
migration of endothelial cells from adjacent tissue onto or 
into the device surface. Methods for promoting endothelial 
iZation have included applying a porous coating to the 
device Which alloWs tissue groWth into the interstices of the 
implant surface (see, e.g., WO 96/37165A1). Other efforts at 
improving host tissue ingroWth capability and adhesion of 
the implant to host tissue include an electrically charged or 
ionic rnaterial (e.g., ?uoropolyrner) in the tissue-contacting 
surface of the device (see, e.g., WO 95/19796A1; J. E. 
Davies, in Surface CharacteriZation of Biornaterials, B. D. 
Ratner, ed., pp. 219-234 (1988); and US. Pat. No. 5,876, 
743); biocornpatible organic polyrners (e.g., polyrners sub 
stituted With carbon, sulfur or phosphorous oXyacid groups) 
to promote osteogenesis at the host-irnplant interface (see, 
e.g., US. Pat. No. 4,795,475); and coatings made from 
biological materials (e.g., collagen) to enhance tissue repair, 
groWth and adaptation at the irnplant-tissue interface (e.g., 
US. Pat. No. 5,002,583). 

[0009] The above-described approaches, hoWever, have 
failed to provide a satisfactory long-term solution to the 
problem of device rnigration. Thus, there is still a need for 
an effective, long-lasting and biocornpatible approach for 
anchoring irnplantable medical devices into or onto biologi 
cal tissue. 
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BRIEF SUMMARY OF THE INVENTION 

[0010] Brie?y stated, the present invention provides com 
positions for delivery of selected therapeutic agents via 
medical implants or implantable medical devices, as Well as 
methods for making and using these implants and devices. 
Within one aspect of the invention, drug-coated or drug 
impregnated implants and medical devices are provided 
Which induce adhesion or ?brosis in the surrounding tissue, 
or facilitate “anchoring” of the device/implant in situ, thus 
enhancing the ef?cacy. Within various embodiments, ?bro 
sis is induced by local or systemic release of speci?c 
pharmacological agents that become localiZed to the adja 
cent tissue. 

[0011] The repair of tissues folloWing a mechanical or 
surgical intervention involves tWo distinct processes: (1) 
regeneration (the replacement of injured cells by cells of the 
same type) and (2) ?brosis (the replacement of injured cells 
by connective tissue). There are four general components to 
the process of ?brosis (or scarring) including: formation of 
neW blood vessels (angiogenesis), migration and prolifera 
tion of ?broblasts, deposition of extracellular matrix (ECM), 
and remodeling (maturation and organiZation of the ?brous 
tissue). As utiliZed herein, “induces (promotes) ?brosis” 
should be understood to refer to agents or compositions 
Which increase or accelerate the formation of ?brous tissue 
(i.e., by inducing or promoting one or more of the processes 
of angiogenesis, ?broblast migration or proliferation, ECM 
production, and/or remodeling). In addition, numerous 
therapeutic agents described in this invention can have the 
additional bene?t of also promoting tissue regeneration. 

[0012] Within one embodiment of the invention, an 
implant or device is adapted to include or to release an agent 
that induces ?brosis or regeneration through one or more of 
the mechanisms sited above. Thus, the present invention 
provides devices that comprise a medical implant and at 
least one of a ?brosis-inducing agent and (ii) a compo 
sition that comprises a ?brosis-inducing agent. The agent is 
present so as to induce ?brosis formation that may otherWise 
not occur or increase ?brosis in a statistically signi?cant 
manner When the implant is placed Within an animal. In 
another aspect the present invention is directed to methods 
Wherein both an implant and at least one of a ?brosis 
inducing agent and (ii) a composition that comprises a 
?brosis-inducing agent, are placed into an animal, and the 
agent causes the formation of ?brosis that may otherWise not 
occur or increase ?brosis in a statistically signi?cant man 
ner. These and other aspects of the invention are summariZed 
beloW. 

[0013] Thus, in various independent aspects, the present 
invention provides the folloWing: a device, comprising an 
orthopedic implant and a ?brosis-inducing agent or a com 
position comprising a ?brosis-inducing agent, Wherein the 
agent induces ?brosis; a device, comprising a male or female 
steriliZation implant and a ?brosis-inducing agent or a 
composition comprising a ?brosis-inducing agent, Wherein 
the agent induces ?brosis; a device, comprising an implant 
for treating or preventing urinary incontinence device and a 
?brosis-inducing agent or a composition comprising a ?bro 
sis-inducing agent, Wherein the agent induces ?brosis; a 
device, comprising an implant for treating or preventing 
gastroesophageal re?ux disease (GERD) and a ?brosis 
inducing agent or a composition comprising a ?brosis 
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inducing agent, Wherein the agent induces ?brosis; a device, 
comprising an implant for treating or preventing obesity and 
a ?brosis-inducing agent or a composition comprising a 
?brosis-inducing agent, Wherein the agent induces ?brosis; 
a device, comprising an implant for treating or preventing 
fecal incontinence device and a ?brosis-inducing agent or a 
composition comprising a ?brosis-inducing agent, Wherein 
the agent induces ?brosis; a device, comprising an embo 
liZation implant and a ?brosis-inducing agent or a compo 
sition comprising a ?brosis-inducing agent, Wherein the 
agent induces ?brosis; a device, comprising a soft palate 
implant and a ?brosis-inducing agent or a composition 
comprising a ?brosis-inducing agent, Wherein the agent 
induces ?brosis; a device, comprising a hernia repair mesh 
implant and a ?brosis-inducing agent or a composition 
comprising a ?brosis-inducing agent, Wherein the agent 
induces ?brosis; and a device, comprising a stent graft and 
a ?brosis-inducing agent or a composition comprising a 
?brosis-inducing agent, Wherein the agent induces ?brosis. 
These and other devices are described in more detail herein. 

[0014] In each of the aforementioned devices, in separate 
aspects the present invention provides that the agent is: an 
arterial vessel Wall irritan; selected from the group consist 
ing of talcum poWder, metallic beryllium and oxides thereof, 
copper, silk, silica, crystalline silicates, talc, quartZ dust, and 
ethanol; a component of extracellular matrix selected from 
?bronectin, collagen, ?brin, or ?brinogen; a polymer is 
selected from the group consisting of polylysine, poly(eth 
ylene-co-vinylacetate), chitosan, N-carboxybutylchitosan, 
and RGD proteins; vinyl chloride or a polymer of vinyl 
chloride; an adhesive selected from the group consisting of 
cyanoacrylates and crosslinked poly(ethylene glycol)-me 
thylated collagen; an in?ammatory cytokine (e.g., TGFB, 
PDGF, VEGF, bFGF, TNFot, NGF, GM-CSF, IGF-a, IL-l, 
IL-l-B, IL-8, IL-6, and groWth hormone); connective tissue 
groWth factor (CTGF); a bone morphogenic protein (BMP) 
(e.g., BMP-2, BMP-3, BMP-4, BMP-S, BMP-6, or BMP-7); 
leptin, and bleomycin or an analogues or derivative thereof. 
Optionally, the device may additionally comprise a prolif 
erative agent that stimulates cellular proliferation. Examples 
of proliferative agents include: dexamethasone, isotretinoin 
(13-cis retinoic acid), 17-[3-estradiol, estradiol, 1-a-25 dihy 
droxyvitamin D3, diethylstibesterol, cyclosporine A, 
L-NAME, all-trans retinoic acid (ATRA), and analogues and 
derivatives thereof. 

[0015] In additional aspects, for each of the aforemen 
tioned devices combined With each of the aforementioned 
agents, it is, for each combination, independently disclosed 
that the agent may be present in a composition along With a 
polymer. In one embodiment of this aspect, the polymer is 
biodegradable. In another embodiment of this aspect, the 
polymer is non-biodegradable. Other features and charac 
teristics of the polymer, Which may serve to describe the 
present invention for every combination of device and 
agents described above, are set forth in greater detail herein. 

[0016] In another aspect, the invention provides a com 
position, comprising a ?brosis-inducing agent and a bulking 
agent, Wherein the ?brosis-inducing agent induces ?brosis. 
In another aspect, the invention provides a composition, 
comprising a ?brosis-inducing agent and a sealant, Wherein 
the agent induces ?brosis. Exemplary ?brosis-inducing 
agents include, Without limitation: an arterial vessel Wall 
irritant selected from the group consisting of talcum poWder, 
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metallic beryllium and oxides thereof, copper, silk, silica, 
crystalline silicates, talc, quartz dust, and ethanol; a com 
ponent of extracellular matrix selected from ?bronectin, 
collagen, ?brin, or ?brinogen; a polymer selected from 
polylysine, poly(ethylene-co-vinylacetate), chitosan, N-car 
boxybutylchitosan, and RGD proteins; vinyl chloride or a 
polymer of vinyl chloride; an adhesive selected from the 
group consisting of cyanoacrylates and crosslinked poly 
(ethylene glycol)-methylated collagen; an in?ammatory 
cytokine (e.g., TGF[3, PDGF, VEGF, bFGF, TNFot, NGF, 
GM-CSF, IGF-a, IL-1, IL-8, IL-6, and groWth hormone); 
CTGF; BMP (e.g., BMP-2, BMP-3, BMP-4, BMP-S, BMP 
6, or BMP-7); and bleomycin or an analogue or derivative 
thereof. Optionally, the device may additionally comprise an 
agent that stimulates cellular proliferation. Examples of 
proliferative agents include: dexamethasone, isotretinoin, 
17-[3-estradiol, estradiol, diethylstibesterol, cyclosporine A, 
all-trans retinoic acid (ATRA), and analogues and deriva 
tives thereof. Bulking agents and sealants are described 
herein. 

[0017] In addition to devices, the present invention also 
provides methods. For example, in additional aspects of the 
present invention, for each of the aforementioned devices, 
and for each of the aforementioned combinations of the 
devices With the ?brosis-inducing agents, the present inven 
tion provides methods Whereby a speci?ed device is 
implanted into an animal, and a speci?ed agent associated 
With the device induces ?brosis that may otherWise not 
occur or increases ?brosis in a statistically signi?cant man 
ner. Each of the devices identi?ed herein may be a “speci?ed 
device”, and each of the ?brosis-inducing agents identi?ed 
herein may be a “?brosis-inducing agent”, Where the present 
invention provides, in independent embodiments, for each 
possible combination of the device and the agent. 

[0018] The agent may be associated With the device prior 
to the device being placed Within the animal. For example, 
the agent (or composition comprising the agent) may be 
coated onto an implant, and the resulting device then placed 
Within the animal. In addition, or alternatively, the agent 
may be independently placed Within the animal in the 
vicinity of Where the device is to be, or is being, placed 
Within the animal. For example, the agent may be sprayed or 
otherWise placed onto the tissue that can be contacting the 
medical implant or may otherWise undergo scarring. To this 
end, the present invention provides, in independent aspects: 
a method for treating or preventing spider veins or varicose 
veins, comprising injecting into the vein a composition 
comprising a ?brosis-inducing agent; a method for steriliZ 
ing a female patient, comprising injecting into a Fallopian 
tube a composition comprising a ?brosis-inducing agent; a 
method for treating or preventing urinary incontinence, 
comprising injecting into an urethra a composition compris 
ing a ?brosis-inducing agent; a method for treating or 
preventing GERD, comprising injecting into a loWer esoph 
ageal sphincter a composition comprising a ?brosis-induc 
ing agent; a method for treating or preventing fecal incon 
tinence, comprising injecting into an anal sphincter a 
composition comprising a ?brosis-inducing agent; a method 
for treating or preventing snoring or sleep apnea, comprising 
injecting into a soft palate a composition comprising a 
?brosis-inducing agent; a method for blocking an artery, 
comprising injecting into the artery a composition compris 
ing a ?brosis-inducing agent; a method for sealing an air 
leak in a lung, comprising spraying onto the surface of the 
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lung a composition comprising a ?brosis-inducing agent; a 
method for treating or preventing diverticulitis, comprising 
delivering into a diverticulum a composition comprising a 
?brosis-inducing agent; a method for treating or preventing 
arthritis, comprising injecting into a damaged joint a com 
position comprising a ?brosis-inducing agent; a method for 
repairing a damaged shoulder capsule, comprising spraying 
onto an anterior capsule a composition comprising a ?bro 
sis-inducing agent; a method for repairing a damaged tendon 
or ligament, comprising spraying onto the tendon or liga 
ment a composition comprising a ?brosis-inducing agent; a 
method for treating a damaged spinal disc, comprising 
injecting into an intervertebral disc space a composition 
comprising a ?brosis-inducing agent. 

[0019] In additional aspects, for each of the aforemen 
tioned methods used in combination With each of the afore 
mentioned agents, it is, for each combination, independently 
disclosed that the agent may be present in a composition 
along With a polymer. In one embodiment of this aspect, the 
polymer is biodegradable. In another embodiment of this 
aspect, the polymer is non-biodegradable. Other features and 
characteristics of the polymer, Which may serve to describe 
the present invention for every combination of device and 
agents described above, are set forth in greater detail herein. 
In addition to, or in lieu of the polymer, the composition may 
contain collagen. 

[0020] These and other aspects of the present invention 
can become evident upon reference to the folloWing detailed 
description. In addition, various references are set forth 
herein Which describe in more detail certain procedures 
and/or compositions (e.g., polymers), and are therefore 
incorporated by reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a graph shoWing the effect of cyclospo 
rine A on proliferation of human smooth muscle cells. 

[0022] FIG. 2 is a graph shoWing the effect of dexam 
ethasone on proliferation of human ?broblasts. 

[0023] FIG. 3 is a graph shoWing the effect of all-trans 
retinoic acid (ATRA) on proliferation of human smooth 
muscle cells. 

[0024] FIG. 4 is a graph shoWing the effect of isotretinoin 
on proliferation of human smooth muscle cells. 

[0025] FIG. 5 is a graph shoWing the effect of 17-6 
estradiol on proliferation of human ?broblasts. 

[0026] FIG. 6 is a graph shoWing the effect of 1a,25 
dihydroxy-vitamin D3 on proliferation of human smooth 
muscle cells. 

[0027] FIG. 7 is a graph shoWing the effect of PDGF-BB 
on smooth muscle cell migration. 

[0028] FIG. 8 is a bar graph shoWing the area of granu 
lation tissue in carotid arteries exposed to silk coated 
perivascular polyurethane (PU) ?lms relative to arteries 
exposed to uncoated PU ?lms. 

[0029] FIG. 9 is a bar graph shoWing the area of granu 
lation tissue in carotid arteries exposed to silk suture coated 
perivascular PU ?lms relative to arteries exposed to 
uncoated PU ?lms. 
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[0030] FIG. 10 is a bar graph showing the area of granu 
lation tissue in carotid arteries exposed to natural and 
puri?ed silk poWder and Wrapped With perivascular PU ?lm 
relative to a control group in Which arteries are Wrapped With 
perivascular PU ?lm only. 

[0031] FIG. 11 is a bar graph shoWing the area of granu 
lation tissue (at 1 month and 3 months) in carotid arteries 
sprinkled With talcum poWder and Wrapped With perivascu 
lar PU ?lm relative to a control group in Which arteries are 
Wrapped With perivascular PU ?lm only. 

[0032] FIG. 12 is a bar graph shoWing indicating the area 
of perivascular granulation tissue quanti?ed by computer 
assisted morphometric analysis in rat carotid arteries treated 
With control uncoated PU ?lms and With PU ?lms treated 
With degummed and virgin silk strands. As shoWn in the 
?gure, both types of silk markedly increased granulation 
tissue groWth around the blood vessel to the same extent. 

[0033] FIG. 13 shoWs representative histology sections of 
rat carotid arteries treated With PU ?lms coated With 
degummed and virgin silk strands. As shoWn in the ?gure, 
both types of silk induced a marked tissue reaction around 
the treated blood vessel. Movat stain, 100x. 

[0034] FIG. 14 shoWs representative histology sections of 
rat carotid arteries treated With PU ?lms coated With 
degummed and virgin silk strands shoWing the granulation 
tissue that has groWn around the treated vessels. The silk 
strands have broken doWn into small particles surrounded by 
giant cells and macrophages. The granulation tissue is highly 
vasculariZed and contains numerous in?ammatory cells and 
?broblasts. Extracellular matrix deposition is also extensive. 
H&E stain 200x. 

[0035] FIG. 15 shoWs the release pro?le for cyclosporine 
A from a polyurethane ?lm as analyZed by HPLC. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The present invention discloses pharmaceutical 
agents Which promote one or more aspects of the production 
of ?brous (scar) tissue or tissue regeneration. Furthermore, 
compositions and methods are described for coating medical 
devices and implants With drug-delivery compositions such 
that the pharmaceutical agent is delivered in therapeutic 
levels over a period sufficient for ?brosis and healing to 
occur. The present invention also describes various compo 
sitions and methods for enhancing the production of scar 
tissue adjacent to or on the surface of the implant are 
described. Numerous speci?c implants and devices are 
described that are capable of producing superior clinical 
results as a result of being coated With agents that promote 
scarring and healing, as Well as other related advantages. 

[0037] De?nitions 

[0038] Prior to setting forth the invention, it may be 
helpful to an understanding thereof to ?rst set forth de?ni 
tions of certain terms that is used hereinafter. 

[0039] “Medical Device” (or “implant,” or “medical 
implant,” or implantable medical device”) refers to any 
object placed in the body for the purpose of restoring 
physiological function, reducing/alleviating symptoms asso 
ciated With disease, and/or repairing/replacing damaged or 
diseased organs and tissues. While normally composed of 
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biologically compatible synthetic materials (e.g., medical 
grade stainless steel, titanium and other metals, polymers 
such as polyurethane, silicon, polylactic acid (PLA), polyg 
lycolic acid (PLGA) and other materials), other materials 
that are exogenous, some medical devices and implants 
include materials derived from animals (e.g., “xenografts” 
such as Whole animal organs; animal tissues such as heart 
valves; naturally occurring or chemically-modi?ed mol 
ecules such as collagen, hyaluronic acid, proteins, carbohy 
drates 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., “autografts” 
such as saphenous vein grafts, skin grafts, tendon/ligament/ 
muscle transplants). Medical devices of particular utility in 
the present invention include, but are not restricted to, 
orthopaedic implants (arti?cial joints, ligaments and ten 
dons, screWs, plates, and other implantable hardWare), den 
tal implants, intravascular implants (particularly arterial and 
venous occlusion devices and implants; vascular destructive 
implants), male and female contraceptive or steriliZation 
devices and implants, implantable tissue bulking agents for 
incontinence (esophageal, urethral, anal), soft palate 
implants, emboliZation agents, pulmonary sealants, surgical 
meshes (e.g., hernia repair meshes, tissue scaffolds), ?stula 
treatments, and spinal implants (e.g., arti?cial intervertebral 
discs, spinal fusion devices, etc.). 

[0040] “Fibrosis,”“Scarring,” or “Fibrotic Response” 
refers to the formation of ?brous tissue in response to injury 
or medical intervention. Therapeutic agents Which promote 
(also referred to interchangeably herein as “induce,”“stimu 
late,”“cause,” and the like) ?brosis or scarring are referred 
to interchangeably herein as “?brosis-inducing agents,”“s 
carring agents,”“?brosing agents,”“adhesion-inducing 
agents,” and the like, Where these agents do so through one 
or more mechanisms including: inducing or promoting 
angiogenesis, stimulating migration or proliferation of con 
nective tissue cells (such as ?broblasts, smooth muscle cells, 
vascular smooth muscle cells), inducing ECM production, 
and/or promoting tissue remodeling. In addition, numerous 
therapeutic agents described in this invention can have the 
additional bene?t of also promoting tissue regeneration (the 
replacement of injured cells by cells of the same type). 

[0041] “Sclerosing” refers to a tissue reaction in Which an 
irritant is applied locally to a tissue Which results in an 
in?ammatory reaction and is folloWed by scar tissue forma 
tion at the site of irritation. A pharmaceutical agent that 
induces or promotes sclerosis is referred to as a “sclerosant,” 
or a “sclerosing agent.” Representative examples of sclero 
sants include ethanol, dimethyl sulfoxide, surfactants (e.g., 
Triton X, sorbitan monolaurate, sorbitan sesquioleate, glyc 
erol monostearate and polyoxyethylene, polyoxyethylene 
cetyl ether, etc.), sucrose, sodium chloride, dextrose, glyc 
erin, minocycline, tetracycline, doxycycline, polidocanol, 
sodium tetradecyl sulfate, sodium morrhuate, ethanolamine, 
phenol, sarapin and sotradecol. 

[0042] “Release of an agent” refers to any statistically 
signi?cant presence of the agent, or a subcomponent thereof, 
Which has disassociated from the implant/device. 

[0043] Any concentration ranges, percentage range, or 
ratio range recited herein are to be understood to include 
concentrations, percentages or ratios of any integer Within 
that range and fractions thereof, such as one tenth and one 






















































































































































































































































































































































































































































































































































































































































































































































































































































































