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(57) ABSTRACT 

A medical device is described which has on a Surface thereof 
a bio-compatible coating. This bio-compatible coating is 
formed from a composition which includes an aqueous 
emulsion or dispersion of a polycarbonate-polyurethane 
composition containing one or more internal emulsifying 
agents. 
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POLYCARBONATE-POLYURETHANE 
DISPERSIONS FOR THROMBO-RESISTANT 

COATINGS 

FIELD OF INVENTION 

0001. This invention relates generally to medical devices 
having bio-compatible Substrate coatings. More particularly, 
the present invention relates to an implantable medical 
device or a part thereof which has a bio-compatible coating 
for enhancing the biostability of the device. Such a coating 
can also serve as a primer for a Second coating layer which 
contains certain bio-active agents. Coatings and methods for 
incorporating Such coatings onto the Surface of medical 
devices are also described. 

BACKGROUND OF THE INVENTION 

0002. It is generally known to provide a substrate, such as 
a medical device or parts of Such a device with various types 
of coatings for enhancing the biocompatability of the device 
when it is introduced into a mammal, Such as a human body. 
0003. In particular, implantable medical devices used for 
minimally invasive procedures in body conduits, Such as for 
example in blood vessels, the esophagus or urethra may be 
provided with bio-compatible coatings. Among the various 
intraluminal prostheses commonly used today are vascular 
grafts which include endovascular grafts, Stents and graft 
Stent combinations. Various types of Stents are available 
such as wire stents and tubular stents. These constructions 
may be made from metals or polymers and may be of the 
balloon expandable type or the Self-expanding type. Among 
the Self-expanding type are those made from Superelastic, 
shape-memory materials. Such as nitinol. Other devices 
which can benefit from Such coatings include catheters, 
guide wires, trocars, introducer sheaths and the like. 
0004 Medical devices coated with bio-compatible coat 
ings and methods for providing Substrates with Such coat 
ings have been described in a number of references, Some of 
which are described below. 

0005 Various biocompatible coatings have been 
employed with medical devices in an attempt to impart 
enhanced bio-compatibility and other properties to Such 
devices. For example, therapeutic agents have been incor 
porated into polymeric films made from polyurethane, poly 
ester, polylactic acid, polyamino acid, polyorthoester, poly 
phosphate ester and the like, as disclosed in U.S. Pat. No. 
5,282,823. U.S. Pat. No. 5,163,958 discloses a stent having 
a binder layer and an anti-thrombogenic pyrolytic amor 
phous carbon layer attached to the binder layer to provide an 
anti-thrombogenic Surface. 
0006 Biologically active agents have been incorporated 
into polymeric films for slow or controlled release of the 
active agent into the body. For example, U.S. Pat. No. 
5,342,348 discloses porous polyurethane and PTFE stents 
having biodegradable polymeric filaments attached thereto 
which release drug overtime. U.S. Pat. No. 5,383,928 dis 
closes delivery of a drug using a Stent-sheath Structure made 
from both degradable and non-degradable polymers, Such as 
ethylene vinyl acetate (EVA). 
0007 Endoprostheses have also been developed for tar 
geted drug delivery to Sites within a body. Such endoproS 
theses can be coated with microporous materials having 
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pores in which bio-active agents may be anchored for 
controlled delivery thereof over time. In particular, U.S. Pat. 
No. 5,449,382 to Dayton (hereinafter the “382 patent”) 
discloses a minimally invasive bio-activated endoprosthesis 
for vessel repair. This endoprosthesis is coated with a 
polymer having a microporous structure with a predeter 
mined pore Size and a bio-active Substance disposed within 
these pores for elution therefrom. The coating described by 
the 382 patent is made from a polymeric solution which 
includes Silicone, polyurethane, polyvinyl alcohol, polyeth 
ylene, biodegradable polylactic acid polymers, polyglycolic 
acid polymers, polyesters, hydrogels, tetrafluoroethylene, 
polytetrafluoroethylene, fluorosilicone etc. Admixed into 
one of these polymerS is a bio-active agent, Such as for 
example heparin, for controlled and prolonged release 
thereof. 

0008 One drawback to conventional biocompatible coat 
ings is the use of organic Solvents. Such organic Solvents 
may be highly reactive in Vivo if not completely removed 
prior to implantation. Furthermore, in instances where the 
bio-active agent is admixed with the polymer, the Surface of 
the article coated with Such a composition is not necessarily 
continuously bio-active, i.e., active throughout the entire 
Surface. Thus, Such a coating may be less effective at 
preventing, e.g., thrombosis formation, than coatings which 
are designed to provide resistance to thrombosis throughout 
the Surface. 

0009. Although polyurethane coatings have been 
employed as biomaterials, they are known to Suffer from 
Stability problems and Such coatings are quickly bio-de 
graded and or bio-eroded. Thus, attempts have been made to 
develop medical devices and polyurethane coatings therefor 
which contain compositions which are leSS Susceptible to 
bio-degradation and bio-erosion. 
0010. In particular, U.S. Pat. No. 5,133,742 to Pinchuk 
(hereinafter the “742 patent”) discloses a prosthesis formed 
from polycarbonate-urethane polymers. Such polycarbon 
ate-urethane compositions are bio-compatible and less Sus 
ceptible to biodegradation and/or bio-erosion than Simple 
polyurethane coatings. The 742 patent describes forming 
the polycarbonate-urethane polymer from the reaction of a 
polycarbonate diol, a diisocyanate and a chain extender in a 
Suitable organic Solvent. This polymer is then spun through 
a spinnerette into a filamentous vascular graft. Prostheses 
formed entirely from Such a composition, however, are 
expensive to produce. 
0011 U.S. Pat. No. 5,575,818 to Pinchuk discloses a 
locking ring or barb-type braided Stent coated or lined with 
porous bio-compatible coating materials which include 
polyurethane, spun polyurethane, spun polycarbonate ure 
thane, Spun polyolefin, Silicone coated polyurethane, spun 
Silicone and combinations thereof. This patent, however, 
Suffers from the drawback, that most of the materials, 
including the Spun polycarbonate urethane coatings or lin 
ings are applied in a non-efficient, labor intensive manner. In 
particular, the preferred method for forming the liner or 
coating includes Spinning the polymer on a mandrel at an 
angle coincident with the pitch angle of the stent (i.e., the 
pitch angle of the Stent's body Section, as well as, the locking 
ring ends thereof). The lining is then applied to an adhesive 
covered Stent. 

0012 EP Publication No. 627226 to Severini (hereinafter 
the “Severini publication”) also describes a stent which is 
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coated with a polycarbonate-urethane composition. This 
coating composition, however, Suffers from the drawback 
that it is applied to the Stent as a Segmented thermoplastic 
polycarbonate-urethane Solution containing an organic Sol 
vent, Such as dimethylacetamide. A Stent coated with Such a 
composition is clearly not desirable because of the danger to 
the patient should all of the organic Solvent not be evapo 
rated prior to implantation. Furthermore, the evaporation of 
organic Solvents, Such as dimethylacetamide, not only 
increases the health risks to manufacturing perSonnel but 
also pollutes the environment. Moreover, the required 
evaporation Step adds a significant amount of time to the 
coating process, i.e., 24 hours. Still further, in the Severini 
publication, the process of applying the polycarbonate 
urethane coating to the Stent is slow and inefficient. In 
particular, the proceSS includes rotating the Stent at a speed 
of 2 rpm while the coating is dripped onto the Stent from a 
pipette Suspended thereover. Coatings formed in Such a 
manner are unequal and nonuniform. 
0013 The present invention is directed to aqueous dis 
persions or emulsions of polycarbonate-polyurethane coat 
ings for implantable devices and methods of preparation 
thereof. These coatings are particularly advantageous 
because they make it possible to impart implantable devices 
with long-term biostability and Such coatings Serve as Supe 
rior primer layers for attachment of optional bio-active 
agents. Furthermore, due to the aqueous-based nature of the 
coatings of the present invention, they are leSS hazardous 
than the prior art coatings cited hereinabove. Moreover, 
these coatings are highly versatile and can be efficiently 
applied to a wide range of Substrates including heat Sensitive 
substrates, such as, polyethyleneterphilate (PET) balloon 
catheters and Stents. Because the optional bio-active agents 
of the present invention are covalently bonded to the poly 
carbonate-polyurethane primer, the bio-active agents are 
permanently attached to the Substrate unlike certain of the 
transient coatings discussed above. 
0.014. In summary, all of the references cited above suffer 
from the drawback that they use organic Solvents in their 
coating layer and/or cure at high temperatures. Thus, there 
is a need for improved bio-compatible coatings which 
enhance the biostability, abrasion-resistance, lubricity and 
bio-activity of the Surface of implantable medical devices, 
especially heat Sensitive medical devices and coatings which 
have heat-Sensitive biomolecules. In particular, there is a 
need for improved, cost efficient compositions and devices 
which have antithrombogenic properties and for more effi 
cient methods of providing Same. The present invention is 
directed to meeting these and other needs. 

SUMMARY OF THE INVENTION 

0.015. In one embodiment of the present invention there is 
provided a medical device having on a Surface thereof a 
continuous bio-compatible coating. This bio-compatible 
coating is formed from an aqueous emulsion or dispersion of 
a polycarbonate-polyurethane composition containing one 
or more internal emulsifying agents. 

0016. In another embodiment of the present invention, 
there is provided a proceSS for rendering a medical device 
bio-compatible. This process includes providing a Substrate 
with a coating which contains an aqueous emulsion or 
dispersion of a polycarbonate-polyurethane composition 
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having at least one internal emulsifying agent. The coating 
is then dried onto the Substrate to attach the coating to Said 
Substrate. 

0017. In a further embodiment of the present invention, 
there is provided a coating for enhancing the bio-activity of 
a Surface of a medical device. This coating is formed from 
an aqueous emulsion or dispersion which includes a poly 
carbonate-polyurethane composition containing an organic 
acid functional group and an excess of a polyfunctional 
croSS-linking agent. This composition forms a coating on a 
Surface of the medical device and is reactive with thrombo 
resistant agents. 
0018. In yet a further embodiment of the present inven 
tion, there is provided a medical device with enhanced 
thrombo-resistance. This medical device includes a Substrate 
having a Surface to which a continuous thrombo-resistant 
coating may be attached. The thrombo-resistant coating 
contains an aqueous emulsion or dispersion of a polycar 
bonate-polyurethane composition containing an internal 
emulsifying agent. This composition is attached to the 
Substrate Surface. 

0019. In another embodiment, a medical device is pro 
vided which has a surface which is rendered bio-compatible 
by means of a first coating layer. This coating layer includes 
a layer of a polycarbonate-polyurethane composition which 
contains an internal emulsifying agent. 
0020. In still a further embodiment, there is provided a 
medical device which has a Surface coated with a bio-active 
layer. This bio-active layer is the reaction product of a 
polycarbonate-polyurethane first layer which contains an 
internal emulsifying agent and a polyfunctional croSS-link 
ing agent and a bio-active agent Second layer which has at 
least one organic acid functional group. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021. The present invention is directed to medical 
devices having bio-compatible coatings attached to a Surface 
thereof. These bio-compatible coatings are formed from an 
aqueous emulsion or dispersion of a polycarbonate-polyure 
thane composition containing one or more internal emulsi 
fying agents. Such coatings alone are Sufficient to provide a 
medical device with a bio-compatible Surface. To augment 
Such a bio-compatible coating, a Second coating layer may 
be applied over the polycarbonate-polyurethane coating 
composition. When Such augmentation is desired, it is 
preferred that the internal emulsifier in the polycarbonate 
polyurethane composition contain one or more organic acid 
functional groups or metal Salts thereof. When Such aug 
mentation is not desired, however, the internal emulsifying 
agent in the polycarbonate-polyurethane composition can be 
any internal emulsifier known in the art which is compatible 
with the intended use of the present invention. 
0022. For purposes of the present invention, the term 
“organic acid functional group' is meant to include any 
functional group which contains an organic acidic ionizable 
hydrogen. Examples of Such functional groups include free 
carboxylic, free Sulfonic, and free phosphoric acid groups, 
their metal Salts and combinations thereof. Such metal Salts 
include, for example, alkali metal Salts like lithium, Sodium 
and potassium Salts, alkaline earth metal Salts like calcium 
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or magnesium Salts, and quaternary amine Salts of Such acid 
groups, particularly quaternary ammonium Salts. 

0023. In the present invention, the organic acid functional 
group-containing polycarbonate-polyurethane composition 
is Selected based on the nature of the Substrate to be coated. 
Such compositions are acqueous based and provide enhanced 
biostability to the surface of a medical device over conven 
tional polyurethane coatings. Furthermore, Such composi 
tions have increased bio-compatibility and are environmen 
tally friendly because traditionally used organic Solvents are 
not required in order to apply the composition of the present 
invention to the Surface of a medical device. Moreover, 
because these compositions are acqueous-based, they can be 
applied to a wide variety of Substrates without concern for 
attack of a Solvent on the Substrate. 

0024 Polycarbonate-polyurethane aqueous dispersions 
and/or emulsions useful in the present invention include 
those which are commercially available from Zeneca Resins 
under the trade names NeoRez R-985 (aliphatic polycarbon 
ate diol) and NeoRez R-986 (aliphatic polycarbonate diol); 
from Industrial Copolymer Ltd. under the trade names 
W830/048 (polycarbonate backbone), W830/092 (modified 
polycarbonate background), W830/140 (polycarbonate 
backbone) and W830/256 (polycarbonate background); and 
from Miles Inc. (Bayer AG) under the trade names Bayhy 
drol 121 (anionic dispersion of an aliphatic polycarbonate 
urethane polymer in water and n-methyl-2-pyrrolidone with 
a tensile Strength of 6700 psi and an elongation at break of 
150%) and Bayhydrol 123 (anionic dispersion of an ali 
phatic polycarbonate urethane polymer in water and n-me 
thyl-2-pyrrolidone with a tensile strength of 6000 psi and an 
elongation at break of 320%). 

0.025 In the present invention, the useful concentration of 
the polycarbonate-polyurethane aqueous emulsion or dis 
persion is from about 0.1% to about 60% by weight, and 
preferably from about 1% to about 20% by weight. These 
percent weight values are calculated based on the amount of 
Solid polymer compared to the total weight of the first 
coating. 

0026. When it is desired to augment the first polycarbon 
ate-polyurethane coating with a Second coating containing a 
bio-active agent, the polycarbonate-polyurethane aqueous 
emulsion or dispersion optionally includes one or more 
polyfunctional cross-linking agents that are reactive with 
organic acid functional groups, including those functional 
groups functioning as internal emulsifiers on the polycar 
bonate-polyurethane composition of the present invention. 
Various polyfunctional croSS-linking agents may be used. In 
the present invention, preferred polyfunctional croSS-linking 
agents include polyfunctional aziridines and polyfunctional 
carbodiimides. 

0027) Furthermore, in the present invention, other cross 
linking agents may also be used which include, for example, 
commercially available preparations Sold by Zeneca Resins 
under the trade name NeoCryl CX 100 and those prepara 
tions sold by EIT Industries under the trade name XAMA-7. 
A commercially available polyfunctional carbodiimide 
which is also useful in the present invention is Ucarlink 
XL-29SE, sold by Union Carbide. 
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0028. Among the polyfunctional aziridines particularly 
useful in the present invention are the trifunctional aziridines 
of the following formula: 

O 

CH-CH-C-(CH-O-CH2-CH2-CH2- NC; 

0029 Preferably, the cross-linking agent has more than 
two functional groups per molecule. Furthermore, the 
present invention also encompasses a combination of dif 
ferent polyfunctional cross-linking agents. 
0030) Not wishing to be bound by a particular theory, it 
is believed that the functional groups on the croSS-linking 
agent Serve at least two purposes. In particular, these groups 
Serve to croSS-link the polycarbonate-polyurethane compo 
Sition when the internal emulsifier contains an organic acid 
functional group. Additionally, these groups on the croSS 
linking agent participate in covalently bonding a Second 
coating composition containing a bio-active agent which has 
one or more organic acid functional groups to the polycar 
bonate-polyurethane composition through the exceSS 
organic acid functional groups on the polyfunctional croSS 
linking agent. Thus, there must be Sufficient functionality in 
the croSS-linking agent, e.g. an exceSS of croSS-linking agent, 
to accomplish both purposes. In particular, there must be a 
molar exceSS of CrOSS-linking agent relative to the polycar 
bonate-polyurethane composition to ensure that it is Sub 
Stantially croSS-linked, and that there are enough unreacted 
functional groups left on the croSS-linking agent to 
covalently bond the bio-active agent to the polycarbonate 
polyurethane composition. 

0031 One indication that insufficient functional groups 
from the optional croSS-linking agent are present is the 
inadequate bonding of the optional bio-active agent to the 
surface of the medical device. This is evidenced by the lack 
of bio-activity on the surface of medical devices treated with 
Such a deficient polycarbonate-polyurethane composition. 
0032. The concentration of the optional cross-linking 
agent in the polycarbonate-polyurethane composition is in 
the range from about 0.2% to about 30% by weight, and 
preferably in the range from about 0.5% to about 20% by 
weight. 
0033. The aqueous polycarbonate-polyurethane compo 
Sition may include other conventional additives, Such as for 
example, leveling agents, various Stabilizers, pH adjustment 
agents, defoaming agents, thickening agents, fillers, and the 
like, as long as, Such agents are compatible with the intended 
use of the coated Substrate. 

0034. The polycarbonate-polyurethane composition is 
applied to a Substrate, i.e., an implantable medical device, by 
conventional methods, including dipping and Spraying. This 
composition is then dried to obtain a continuous, thrombo 
resistant, Substantially water-insoluble coating on the Sur 
face of the medical device. Thus, the polycarbonate-poly 
urethane composition alone is able to effectively function as 
a thrombo-resistant top coat for implantable medical 
devices. AS Set forth above, when the polycarbonate-poly 
urethane composition is used alone, any internal emulsifying 
agent may be used which is compatible with the intended 
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medical uses of the present invention. The Selection of Such 
internal emulsifying agents is well within the knowledge of 
one skilled in the art. 

0035) If, however, it is desired to modify and/or augment 
the final properties of an implantable medical device coated 
with the present polycarbonate-polyurethane top coat, it is a 
Simple matter to modify this composition to function as a 
binder for a Second coating layer which contains a bio-active 
agent as described in more detail below. In particular, when 
a bio-active agent coating is to be applied over the polycar 
bonate-polyurethane coating, the internal emulsifying agent 
must contain at least one organic acid functional group or 
Similar functioning moiety. A polyfunctional croSS-linking 
agent as described above is then added to the polycarbonate 
polyurethane coating composition. 

0036) This modified polycarbonate-polyurethane aque 
ous emulsion or dispersion includes a croSS-linking agent 
which has functional groups which are reactive with the 
internal emulsifying agent's organic acid groups. This modi 
fied coating composition is then applied to a Surface of the 
implantable medical device and dried as described below. 
The implantable medical device is then contacted with an 
aqueous Solution or dispersion of an organic acid functional 
group-containing bio-active agent. This Solution is applied 
over the polycarbonate-polyurethane top coat in the same or 
a different manner as the polycarbonate-polyurethane coat 
ing was applied to the Substrate. The bio-active coating is 
then permitted to dry, thereby covalently bonding the 
organic acid functional group-containing bio-active agent to 
the polycarbonate-polyurethane top coat via the excess, 
unreacted functional groups of the croSS-linking agent. 
0037 Bio-active agents for use in bio-compatible coat 
ings include those known in the art. In the present invention, 
any bio-active agent may be used in the Second coating 
provided that it contains at least one organic acid functional 
group in its structure which can react with the polyfunctional 
croSS-linking agent and Still retain its bio-active function. 
0.038. The bio-active agent of the present invention may 
include, for example, thrombo-resistant agents, antibiotic 
agents, anti-tumor agents, antiviral agents, anti-angiogenic 
agents, angiogenic agents, anti-mitotic agents, anti-inflam 
matory agents, angiostatin agents, endostatin agents, cell 
cycle regulating agents, genetic agents, including hormones 
Such as estrogen, their homologs, derivatives, fragments, 
pharmaceutical Salts and combinations thereof. Other useful 
bio-active agents include, for example, Viral vectors and 
growth hormones such as Fibroblast Growth Factor and 
Transforming Growth Factor-B. 

0039. Furthermore, the bio-active agent of the present 
invention can include organic acid functional group-con 
taining thrombo-resistant agents. For purposes of the present 
invention, Such thrombo-resistant agents include heparin, 
heparin Sulfate, hirudin, hyaluronic acid, chondroitin Sulfate, 
dermatan Sulfate, keratin Sulfate, lytic agents, including 
urokinase and Streptokinase their homologs, analogs, frag 
ments, derivatives and pharmaceutical Salts thereof. 
0040 Moreover, the bio-active agent of the present 
invention can also include organic acid functional group 
containing antibiotics. For purposes of the present invention, 
Such antibiotics include penicillins, cephalosporins, Vanco 
mycins, aminoglycosides, quinolones, polymyxins, erythro 
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mycins, tetracyclines, chloramphenicols, clindamycins, lin 
comycins, Sulfonamides their homologs, analogs, fragments, 
derivatives, pharmaceutical Salts and mixtures thereof. 
0041 Additionally, the bio-active agent of the present 
invention can also include organic acid functional group 
containing anti-tumor agents. For purposes of the present 
invention, Such anti-tumor agents include paclitaxel, doc 
etaxel, alkylating agents including mechlorethamine, 
chlorambucil, cyclophosphamide, melphalan and ifosfa 
mide; antimetabolites including methotrexate, 6-mercap 
topurine, 5-fluorouracil and cytarabine, plant alkaloids 
including vinblastine, Vincristine and etoposide; antibiotics 
including doxorubicin, daunomycin, bleomycin, and mito 
mycin; nitroSureas including carmustine and lomustine; 
inorganic ions including cisplatin, biological response modi 
fiers including interferon; enzymes including asparaginase; 
and hormones including tamoxifen and flutamide their 
homologs, analogs, fragments, derivatives, pharmaceutical 
Salts and mixtures thereof. 

0042 Still further, the bio-active agent of the present 
invention can include organic acid functional group-con 
taining anti-Viral agents. For purposes of the present inven 
tion, Such anti-Viral agents include amantadines, riman 
tadines, ribavirins, idoxuridines, Vidarabines, trifluridines, 
acyclovirs, ganciclovirs, Zidovudines, foScarnets, interfer 
ons their homologs, analogs, fragments, derivatives, phar 
maceutical Salts and mixtures thereof. 

0043. In certain cases, such bio-active agents may also 
become lubricous upon contact with an aqueous medium. 
Such lubricity will depend on a number of factors, including 
the type of bio-active agent, its molecular weight, the 
exposure level to the aqueous medium, as well as, the 
presence of agents which facilitate wetting. In the present 
invention, the molecular weight of the bio-active agent can 
vary from, for example, about 3,000 to about 30,000 for 
heparin to an excess of 8,000,000 for hyaluronic acid. 
0044) The concentration of the bio-active agent will vary 
depending upon the particular agent used, its intended 
function and the chosen Substrate. It is within the knowledge 
of one skilled in the art, knowing the above-referenced 
variables, to calculate appropriate bio-active agent concen 
trations for use in accordance with the present invention. 
0045. As set forth above, when used as a thrombo 
resistant top coat for an implantable medical device, the 
polycarbonate-polyurethane composition is applied to a Sur 
face thereof and permitted to dry at a temperature below 
120° C. Preferably, this drying takes place between about 
10° C. to about 70° C. More preferably, this top coat is dried 
at ambient or room temperatures, Such as for example, at or 
between about 15° C. and about 35° C. 

0046) The drying step for the optional second coating as 
described above is chosen based on the composition of the 
medical device, the polycarbonate-polyurethane composi 
tion and the bio-active agent. The Selection of the appropri 
ate drying temperature is within the skill of the art given the 
properties of the Substrate and the compositional make up of 
the polycarbonate-polyurethane and bio-active agent coat 
ings. Preferably, the drying steps take place well below 120 
C. If desired, however, and compatible with the nature of the 
medical device to be coated, higher temperatures may be 
used, Such as for example, when the Substrate is metal. 
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0047 Nevertheless, the present invention is particularly 
intended to be used to coat temperature-Sensitive Substrates 
using temperature Sensitive bio-active agents. Thus, the 
optional bio-active agent, as well as the polycarbonate 
polyurethane top coat are preferably dried at low tempera 
tures, particularly at ambient or room temperatures, Such as 
for example, at or between about 15 C. and about 35 C. In 
many cases, drying at about room temperature for about 12 
hours will be adequate. Surface coatings formed in Such a 
manner are long lasting, highly bio-active, anti-abrasive and, 
depending upon the bio-active agent used, may also be 
highly lubricious. 
0.048. Obviously, the drying time will depend on the 
drying temperature used, higher drying temperatures requir 
ing shorter drying times and lower drying temperatures 
requiring longer drying times. AS Set forth above, it is within 
the knowledge of a person skilled in the art to determine a 
Suitable combination of drying temperatures and drying 
times for a specific coating and Substrate. 
0049 Furthermore, the organic acid functional groups of 
the cross-linking agent do not necessarily have to have the 
Same reactivity towards the organic acid functional groups 
of the polycarbonate-polyurethane composition and the bio 
active agents, respectively. Moreover, the Selection of drying 
conditions will be made with these reactivities in mind. 

0050 Still further, in the present invention, multiple 
layers of the polycarbonate-polyurethane coating, either 
alone or in combination with multiple layers of the bio 
active agent coatings may be applied to the Surface of an 
implantable medical device. It is within the skill of the art to 
determine appropriate drying times when multiple coatings 
are applied to an implantable medical device. 

0051. For purposes of the present invention, the term 
“medical device' or “medical devices” includes implantable 
medical devices, including endoprosthetic devices. Such 
devices include, for example, Vascular and nonvascular 
Stents, grafts and Stent-graft combinations. Also included in 
the present invention are catheters and guide wires. Nonva 
Scular Stents encompassed by the present invention include, 
for example, esophageal Stents, urinary Stents, biliary Stents, 
and colonic Stents. Stents useful in the present invention 
include those which are balloon expandable and Self-ex 
panding. Superelastic, shaped memory materials, Such a 
nitinol, are among those materials useful for the Self-ex 
panding type of Stents. 

0.052 The medical device of the present invention is 
made from any material which is Suitable for implantation 
into the body of a mammal, Such as a human, and to which 
the present bio-compatible coating compositions can bind. 
In particular, the present device can be a polymer, a non 
polymer or mixtures thereof. Furthermore, the medical 
device of the present invention may include a combination 
of one or more polymers and/or one or more non-polymers. 

0053. The types of polymers which can be used to 
manufacture the present medical devices are quite diverse. 
Such polymers include both degradable and non-degradable 
polymers. The medical device of the present invention is 
made from, for example, non-degradable polymer compo 
Sitions, Such as, olefin polymers including polyethylene, 
polypropylene, polyvinyl chloride, polytetrafluoroethylene, 
polyvinyl acetate, polystyrene, poly(ethylene terephthalate), 
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polyurethane, polyurea, Silicone rubbers, polyamides, poly 
carbonates, polyaldehydes, natural rubbers, polyether-ester 
copolymers, Styrene-butadiene copolymers and combina 
tions thereof. 

0054 As set forth above, the medical device of the 
present invention can also be made from degradable poly 
mer compositions including polysaccharides Such as for 
example, methyl cellulose, hydroxymethyl cellulose, 
hydroxyethyl cellulose, hydroxypropyl cellulose, hydrox 
ypropylmethyl cellulose, hydroxpropylethyl cellulose, 
Sodium carboxymethyl cellulose, hyaluronic acid, chon 
droitin Sulfate, chitosan, dextran, Xanthan, gellan, alginic 
acid, jota carrageenan, polypeptides Such as for example, 
collagen, gelatin, elastin, albumin; and Synthetic polymers 
Such as for example, poly(Vinyl alcohol), poly(lactic acid), 
polyglycolic acid, poly-e-caprolactone, polyanhydride their 
copolymers and mixtures thereof. 
0055 As set forth above, the medical device of the 
present invention can also be made from non-polymer 
compositions. Such compositions include, for example, 
ceramics, metals, glasses and combinations thereof. When 
the medical device is made from a metal, a variety of 
biocompatible metals may be utilized Such as for example, 
Stainless Steel, nitinol, tantalum, titanium, gold, Silver, their 
alloys and mixtures thereof. 
0056. In another embodiment of the present invention, 
there is provided a proceSS for rendering a medical device 
bio-compatible. This process includes providing a Substrate 
with a continuous Surface coating of an aqueous emulsion or 
dispersion of a polycarbonate-polyurethane composition 
having at least one internal emulsifying agent, as previously 
described. The polycarbonate-polyurethane composition is 
then permitted to dry onto the Substrate as previously 
described. Substrates treated in Such a manner are provided 
with enhanced thrombo-resistance over the entire coated 
Surface area. 

0057 When it is desired to add a bio-active agent coating 
on top of the polycarbonate-polyurethane top coat, the 
polycarbonate-polyurethane top coat is modified by Select 
ing an internal emulsifying agent which contains at least one 
organic acid functional group. An excess of a polyfunctional 
croSS-linking agent which is reactive with these organic acid 
functional groups is then added to the aqueous polycarbon 
ate-polyurethane emulsion or dispersion. Thus, to enhance, 
augment or modify the anti-thrombogenic nature of a Sub 
Strate coated as described above, a bio-active agent as 
previously described can optionally be attached to the Sub 
Strate via the exceSS polyfunctional croSS-linking agent. In 
particular, the polycarbonate-polyurethane coated Substrate 
is further contacted with a bio-active agent to form a 
continuous coating thereon. The bio-active agent is then 
dried as described previously to bond covalently the bio 
active agent to the polycarbonate-polyurethane composition 
via the exceSS polyfunctional croSS-linking agent. Thus, in 
this embodiment, the polycarbonate-polyurethane coating 
composition functions as an effective undercoat or primer to 
which the bio-active agent is applied. 
0058. In another embodiment of the present invention, 
there is provided a coating for enhancing the bio-activity of 
a Surface of a medical device. The coating is formed from an 
aqueous emulsion or dispersion of a polycarbonate-polyure 
thane composition having an organic acid functional group 
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and an excess of a polyfunctional croSS-linking agent as 
previously described. AS Set forth above, this composition is 
attached to the Surface of the medical device and is reactive 
with bio-active agents also as described previously. 
0059. In yet a further embodiment of the present inven 
tion, a medical device is provided with enhanced thrombo 
resistance. This medical device includes a Substrate as 
described previously which has a thrombo-resistant coating 
attached thereto. As set forth above, this thrombo-resistant 
coating is attached to the Substrate Surface and contains an 
aqueous emulsion or dispersion of a polycarbonate-polyure 
thane composition having an internal emulsifying agent. 
This polycarbonate-polyurethane composition is prepared, 
for example, by reacting a polyfunctional isocyanate with a 
polycarbonate diol. AS Set forth above, Such compositions 
are normally obtained from commercial Sources. 
0060. In yet another embodiment of the present inven 
tion, a medical device is provided which has a Surface 
rendered bio-compatible by means of a first coating layer as 
previously described. This first coating layer includes a 
polycarbonate-polyurethane composition containing an 
internal emulsifying agent. When it is desired to use the 
polycarbonate-polyurethane composition as a top coat for a 
bio-active agent coating, the internal emulsifying agent is 
Selected to have at least one organic acid functional group. 
This composition may also include a polyfunctional croSS 
linking agent. 
0061 AS Set forth above, a Second coating layer may also 
be applied to the above-referenced medical device. In par 
ticular, the Second coating layer includes a bio-active agent 
covalently bonded to the first coating layer. The Second 
coating layer is formed by the proceSS which has been 
described previously. 
0.062. In still a further embodiment, a medical device is 
provided which has a Surface coated with a bio-active layer. 
This bio-active layer is the reaction product of a polycar 
bonate-polyurethane first layer as described above which 
includes a polyfunctional cross-linking agent and a bio 
active agent also as previously described. 
0063) The invention will now be further illustrated in the 
following non-limiting examples representing presently pre 
ferred embodiments of the invention. 

EXAMPLE 1. 

0064. An aqueous dispersion or emulsion is prepared by 
adding the following ingredients Successively to a glass 
beaker under proper agitation until thoroughly mixed. 

NeoRez R985: 250 m 
Water: 250 m 
0.5% Fluorad FC-129 stock solution: 10 ml 
(prepared by diluting 1 ml Fluorad FC-129 in 100 ml of water) 
34% NHOH: 4 ml 

0065. An implantable medical device is dipped into this 
aqueous dispersion and then withdrawn. ExceSS amounts of 
the aqueous composition are allowed to drip off and the 
coated Stent is then dried at room temperature for 12 hours. 
The coated implantable medical device exhibits Superior 
thrombo-resistance when placed within the body of a mam 
mal. 
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EXAMPLE 2 

0066 An aqueous dispersion or emulsion is prepared by 
adding the following ingredients Successively to a glass 
beaker under proper agitation until thoroughly mixed. 

NeoRez R985: 250 m 
Water: 250 m 
0.5% Fluorad FC-129 stock solution: 10 ml 
(prepared by diluting 1 ml Fluorad FC-129 in 100 ml of water) 
34% NHOH: 4 ml 
NeoCryl CX 100: 20 ml 

0067. An implantable medical device is dipped into this 
aqueous dispersion and then withdrawn. ExceSS amounts of 
the aqueous composition are allowed to drip off and the 
coated device is then dried at room temperature for 12 hours. 
0068 A bio-active coating composition is prepared as 
follows: 

1.2% aqueous solution of Heparin: 400 ml 

0069. This acqueous bio-active composition is prepared 
by adding an appropriate amount of heparin powder to water 
under agitation for several hours to obtain a clear homoge 
neous Solution. 

0070 The medical device is dipped in the polycarbonate 
polyurethane Solution and then air dried for 10 minutes. 
Immediately thereafter, the polycarbonate-polyurethane 
coated implantable medical device is then dipped into the 
aqueous heparin Solution and then withdrawn. ExceSS 
amounts of the aqueous bio-active composition are allowed 
to drip off and the coated stent is then air dried for 10 
minutes. The coated implantable medical device exhibits 
Superior thrombo-resistant properties when placed within 
the body of a mammal. 

EXAMPLE 3 

0071. The implantable medical device of EXAMPLE 2 is 
prepared with the exception that an antibiotic agent is 
substituted for the heparin. The coated implantable medical 
device exhibits Superior anti-biotic properties when placed 
within the body of a mammal. 

EXAMPLE 4 

0072 The implantable medical device of EXAMPLE 2 is 
prepared with the exception that an antitumor agent is 
substituted for the heparin. The coated implantable medical 
device exhibits Superior antitumor properties when placed 
within the body of a mammal. 

EXAMPLE 5 

0073. The implantable medical device of EXAMPLE 2 is 
prepared with the exception that an antiviral agent is Sub 
stituted for the heparin. The coated implantable medical 
device exhibits Superior antiviral properties when placed 
within the body of a mammal. 
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EXAMPLE 6 

0074 The implantable medical device of EXAMPLE 2 is 
prepared with the exception that an anti-angiogenic agent is 
substituted for the heparin. The coated implantable medical 
device exhibits Superior anti-angiogenic properties when 
placed within the body of a mammal. 

EXAMPLE 7 

0075) The implantable medical device of EXAMPLE 2 is 
prepared with the exception that an angiogenic agent is 
substituted for the heparin. The coated implantable medical 
device exhibits Superior angiogenic properties when placed 
within the body of a mammal. 

EXAMPLE 8 

0076) The implantable medical device of EXAMPLE 2 is 
prepared with the exception that an anti-inflammatory agent 
is substituted for the heparin. The coated implantable medi 
cal device exhibits Superior anti-inflammatory properties 
when placed within the body of a mammal. 

EXAMPLE 9 

0077. The implantable medical device of EXAMPLE 2 is 
prepared with the exception that a cell cycle regulating agent 
is substituted for the heparin. The coated implantable medi 
cal device exhibits Superior cell cycle regulating properties 
when placed within the body of a mammal. 
0078. The invention being thus described, it will be 
obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
Spirit and Scope of the invention and, all Such modifications 
are intended to be included within the scope of the following 
claims. 

What is claimed is: 
1. A medical device having on a Surface thereof a bio 

compatible coating, Said bio-compatible coating formed 
from a composition comprising an aqueous emulsion or 
dispersion of a polycarbonate-polyurethane composition 
containing one or more internal emulsifying agents. 

2. The medical device of claim 1, wherein Said one or 
more internal emulsifying agents comprise one or more 
organic acid functional groups Selected from the group 
consisting of free carboxylic acid, free Sulfonic acid, free 
phosphoric acid and combinations thereof. 

3. The medical device of claim 2, wherein said bio 
compatible coating further comprises an excess of a poly 
functional cross-linking agent which is reactive with Said 
one or more organic acid functional groups on Said poly 
carbonate-polyurethane composition. 

4. The medical device of claim 3, wherein said polyfunc 
tional cross-linking agent is Selected from the group con 
Sisting of polyfunctional aziridines, polyfunctional carbodi 
imides and mixtures thereof. 

5. The medical device of claim 4, wherein said bio 
compatible coating further contains a Second coating com 
position which comprises a bio-active agent having one or 
more organic acid functional groups which are covalently 
reactive with Said excess polyfunctional cross-linking agent. 

6. The medical device of claim 5, wherein said bio-active 
agent is Selected from the group consisting of thrombo 
resistant agents, antibiotic agents, anti-tumor agents, growth 
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hormones, antiviral agents, anti-angiogenic agents, angio 
genic agents, anti-mitotic agents, anti-inflammatory agents, 
cell cycle regulating agents, genetic agents, hormones, their 
homologs, derivatives, fragments, pharmaceutical Salts and 
combinations thereof. 

7. The medical device of claim 6, wherein said bio-active 
agent is Selected from the group of thrombo-resistant agents 
consisting of heparin, heparin Sulfate, hirudin, hyaluronic 
acid, chondroitin Sulfate, dermatan Sulfate, keratan Sulfate, 
lytic agents, including urokinase and Streptokinase their 
homologs, analogs, fragments, derivatives and pharmaceu 
tical Salts thereof. 

8. The medical device of claim 6, wherein said bio-active 
agent is Selected from the group of antibiotic agents con 
Sisting of penicillins, cephalosporins, Vancomycins, ami 
noglycosides, quinolones, polymyxins, erythromycins, tet 
racyclines, chloramphenicols, clindamycins, lincomycins, 
Sulfonamides their homologs, analogs, derivatives, pharma 
ceutical Salts and mixtures thereof. 

9. The medical device of claim 6, wherein said bio-active 
agent is Selected from the group of anti-tumor agents con 
Sisting of paclitaxel, docetaxel, alkylating agents including 
mechlorethamine, chlorambucil, cyclophosphamide, mel 
phalan and ifosfamide, antimetabolites including methotr 
exate, 6-mercaptopurine, 5-fluorouracil and cytarabine; 
plant alkaloids including vinblastine, Vincristine and etopo 
Side, antibiotics including doxorubicin, daunomycin, bleo 
mycin, and mitomycin; nitroSureas including carmustine and 
lomustine; inorganic ions including cisplatin, biological 
response modifiers including interferon; angiostatin agents 
and endostatin agents, enzymes including asparaginase; and 
hormones including tamoxifen and flutamide their 
homologs, analogs, fragments, derivatives, pharmaceutical 
Salts and mixtures thereof. 

10. The medical device of claim 6, wherein said bio-active 
agent is Selected from the group of anti-Viral agents con 
Sisting of amantadines, rimantadines, ribavirins, idoxu 
ridines, Vidarabines, trifluridines, acyclovirs, ganciclovirs, 
Zidovudines, foScarnets, interferons their homologs, ana 
logs, fragments, derivatives, pharmaceutical Salts and mix 
tures thereof. 

11. The medical device of claim 1, wherein the concen 
tration of Said aqueous emulsion or dispersion is from about 
1% to about 50% by weight solids content. 

12. The medical device of claim 1, wherein said Substrate 
is a polymer, a non-polymer and combinations thereof. 

13. The medical device of claim 12, wherein said polymer 
is Selected from the group consisting of degradable poly 
mers, non-degradable polymers and mixtures thereof. 

14. The medical device of claim 13, wherein said Sub 
Strate is further Selected from the group of polymer compo 
Sitions consisting of olefin polymers including polyethylene, 
polypropylene, polyvinyl chloride, polytetrafluoroethylene, 
polyvinyl acetate, polystyrene, poly(ethylene terephthalate), 
polyurethane, polyurea, Silicone rubbers, polyamides, poly 
carbonates, polyaldehydes, natural rubbers, polyether-ester 
copolymers, Styrene-butadiene copolymers and combina 
tions thereof. 

15. The medical device of claim 13, wherein said Sub 
Strate is further Selected from the group of polymer compo 
Sitions consisting of polysaccharides Such as for example, 
methyl cellulose, hydroxymethyl cellulose, hydroxyethyl 
cellulose, hydroxypropyl cellulose, hydroxypropylmethyl 
cellulose, hydroxpropylethyl cellulose, Sodium carboxym 
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ethyl cellulose, hyaluronic acid, chondroitin Sulfate, chito 
San, dextran, Xanthan, gellan, alginic acid, jota carrageenan; 
polypeptides Such as for example, collagen, gelatin, elastin, 
albumin; and Synthetic polymerS Such as for example, poly 
(vinyl alcohol), poly(lactic acid), polyglycolic acid, poly-e- 
caprolactone, polyanhydride their copolymers and mixtures 
thereof. 

16. The medical device of claim 12, wherein said Sub 
Strate is further Selected from the group of non-polymer 
compositions consisting of ceramics, metals, glasses and 
combinations thereof. 

17. The medical device of claim 16, wherein said Sub 
Strate is further Selected from the group of metals consisting 
of StainleSS Steel, nitinol, tantalum, titanium, gold, Silver, 
their alloys and mixtures thereof. 

18. The medical device of claim 1, wherein said Substrate 
is an implantable device. 

19. The medical device of claim 18, wherein said implant 
able device is Selected from the group consisting of grafts, 
Stents, graft-Stent combinations and catheters. 

20. The medical device of claim 19, wherein said stents 
are Selected from the group consisting of vascular and 
nonvascular Stents. 

21. The medical device of claim 20, wherein said non 
vascular Stents are Selected from the group consisting of 
esophageal, urinary, biliary and colonic Stents. 

22. A process for rendering a medical device bio-com 
patible comprising: 

a) providing a Substrate with a coating comprising an 
aqueous emulsion or dispersion of a polycarbonate 
polyurethane composition having at least one internal 
emulsifying agent, and 

b) drying said coating onto said Substrate to attach said 
coating to Said Substrate. 

23. The process of claim 22, wherein Said at least one 
internal emulsifier is at least one organic acid functional 
grOup. 

24. The process of claim 23, wherein Said coating further 
comprises an excess of a polyfunctional croSS-linking agent 
which is reactive with Said at least one organic acid func 
tional group on Said polycarbonate-polyurethane composi 
tion. 

25. The process of claim 24, further comprising the Steps 
of: 

a. contacting Said Substrate having Said dried coating 
thereon with a bio-active agent, and 

b. forming a continuous bio-active coating on a Surface of 
Said Substrate by drying Said bio-active agent to 
covalently bond Said bio-active agent to Said coating 
Via Said exceSS polyfunctional croSS-linking agent. 
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26. A coating for enhancing the bio-activity of a Surface 
of a medical device, Said coating formed from an aqueous 
emulsion or dispersion comprising a polycarbonate-polyure 
thane composition containing an organic acid functional 
group and an excess of a polyfunctional croSS-linking agent, 
Said composition forming a coating on a Surface of Said 
medical device and being bonded thereto and reactive with 
bio-active agents. 

27. A medical device with enhanced thrombo-resistance 
comprising: 

a) a Substrate having a Surface to which a continuous 
thrombo-resistant coating may be attached; and 

b) a thrombo-resistant coating that contains an aqueous 
emulsion or dispersion of a polycarbonate-polyure 
thane composition containing an internal emulsifying 
agent, Said composition being attached to Said Substrate 
Surface. 

28. The medical device of claim 27, wherein said poly 
carbonate-polyurethane composition is prepared by reacting 
a polyfunctional isocyanate with a polycarbonate diol. 

29. A medical device having a surface rendered bio 
compatible by means of a first coating layer, Said first 
coating layer comprising a polycarbonate-polyurethane 
composition containing an internal emulsifying agent. 

30. The device of claim 29, wherein said internal emul 
Sifying agent includes at least one organic acid functional 
grOup. 

31. The device of claim 30, wherein said composition 
further comprises a polyfunctional croSS-linking agent. 

32. The device of claim 31 further comprising a second 
coating layer of a bio-active agent covalently bonded to Said 
first coating layer, Said Second coating formed by the process 
of 

a) drying said first coating layer to said medical device; 
b) applying an aqueous emulsion or dispersion of Said 

bio-active agent having at least one organic acid func 
tional group onto Said dried first layer; 

c) drying said first and Second layers to covalently bond 
Said first layer to Said Second layer via Said organic acid 
functional group on Said Second layer and Said multi 
functional croSS-linking agent. 

33. A medical device having a Surface coated with a 
bio-active layer comprising the reaction product of a poly 
carbonate-polyurethane first layer containing an internal 
emulsifying agent and a polyfunctional croSS-linking agent 
and a bio-active agent Second layer having at least one 
organic acid functional group. 


