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(7) ABSTRACT

A semi-automated coating system for providing medical
devices with antimicrobial coatings is disclosed. The semi-
automated coating system extends the coating solution’s
usable life span by minimizing exposure to light, air and
temperature extremes. Moreover, the disclosed semi-auto-
mated coating system minimizes operator and environmen-
tal exposure to the coating solutions. Methods for coating
medical devices using the semi-automated coating system
are also provided. The methods disclose techniques for
preparing coating solutions, setting up the coating system
and operating the device. Moreover, the systems and meth-
ods described herein minimize operator intervention with
the coating processes and provide superior product consis-
tency.
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ANTIBIOTIC SOLUTION FOR COATING A
MEDICAL DEVICE

FIELD OF THE INVENTION

[0001] The present invention generally relates to methods
and systems for coating medical devices. Specifically, the
present invention relates to systems and methods for auto-
mating batch processing of medical devices in a closed
system. More specifically, the present invention provides
semi-automated methods and systems for coating implant-
able medical devices with antimicrobials using closed sys-
tems that maintain coating solution integrity, increase prod-
uct throughput and minimizes personnel and environmental
exposure to the coating solution.

BACKGROUND OF THE INVENTION

[0002] TLocalized and systemic infections represent one of
the most serious post surgical complications. Over the past
fifty years tremendous advances in materials, training and
antimicrobial therapies have significantly reduced the num-
ber of life-threatening post operative infections. The devel-
opment of pre-sterilized disposable surgical dressings, medi-
cal instruments, gowns, drapes and other materials have
helped reduce infection frequency. However, the develop-
ment of improved antimicrobials represents the single most
significant advance in infection control.

[0003] There are essentially three categories of antimicro-
bial agents: antiseptics, disinfectants and antibiotics. Anti-
septics are generally defined as compounds that kill or
inhibit the growth of microorganisms on skin or living
tissue. Antiseptics include, but are not limited to, alcohols,
chlorhexidine, iodophors and dilute hydrogen peroxide. Dis-
infectants are compounds that eliminate pathogenic micro-
organisms from inanimate surfaces and are generally more
toxic, and hence more effective, than antiseptics. Represen-
tative disinfectants include, but are not limited to, formal-
dehyde, quaternary ammonium compounds, phenolics,
bleach and concentrated hydrogen peroxide. Antibiotics are
compounds that can be administered systematically to living
hosts and exhibit selected toxicity, that is, they interfere with
selected biochemical pathways of microorganisms at con-
centrations that do not harm the host. In the alternative, an
ideal antibiotic will target specific metabolic pathways that
are essential for the parasite, but absent in the host. Antibi-
otics generally work using one of four basic mechanisms of
action: 1) inhibition of protein synthesis; 2) inhibition of cell
wall synthesis; 3) interference with nucleic acid synthesis;
and 4) altering cell membrane selective permeability. Anti-
biotics include, but are not limited to penicillins, aminogly-
cosides, tertacyclines and macrolides,

[0004] The fundamental difference between antiseptics,
disinfects and antibiotics is the ability of microorganisms to
develop resistance to antibiotics. The characteristics that
make antiseptics and disinfectants so effective generally
precludes the development of resistant microorganisms.
However, disinfectants are unsuitable for use on living
tissues and many antiseptics are primarily limited to local-
ized, generally topical, applications. Consequently, most
antimicrobial prophylactic and therapeutic regimens rely on
antibiotics.

[0005] The microorganism’s susceptibility to an antimi-
crobial and the ability of the antimicrobial to reach the
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infection site are the two most significant factors that
determine antimicrobial therapy efficacy. Antimicrobial sus-
ceptibility is generally determined by culturing the organism
in the laboratory and testing it against a panel of candidate
drugs. However, laboratory testing can only be done if the
agent causing the infection is known. When antibiotics are
used prophylactically, as is the case with surgical patients,
physicians generally prescribe drugs targeted to suppress the
growth of the most common post surgical infectious agents.
One of the most common organisms associated with surgical
infections is Staphylococcus aureus. In the past, penicillin
class drugs were considered the drugs of choice to thwart S.
aureus infections. However, recently, many new antibiotic
resistant microorganisms including penicillin resistant S.
aureus have emerged making post surgical infection control
even more challenging. Consequently, physicians have
turned to new generations of antibiotics in response to
emerging resistant strains.

[0006] Until recently, methicillin, an analogue of penicil-
lin, was the preferred drug for treating and preventing
penicillin resistant S. aureus infections. However, methicil-
lin resistant S. aureus (MRSA) are becoming increasingly
more common. Therefore, newer and more effective treat-
ments for MRSA as well as other difficult to treat post
surgical infections are in great demand.

[0007] One approach to treating and preventing the emer-
gence of antibiotic resistant bacteria such as MRSA is to use
two or more antimicrobial compounds in combination. The
advantages to this approach include having a second anti-
microbial present to inhibit resistant sub-population emer-
gence during treatment and the potential for antimicrobial
synergy. Antimicrobial synergy occurs when the efficacy of
one antimicrobial is enhanced by another such that the total
antimicrobial effect is greater than either one alone. In many
cases either antimicrobial used separately may not com-
pletely eradicate the infection, but when the drugs are used
in combination, powerfully efficacious antimicrobial regi-
mens result.

[0008] However, even the most sensitive microorganisms
cannot be killed by antimicrobials unless they can reach the
infection site (antimicrobial bioavaliablity). Numerous fac-
tors determine antimicrobial bioavailablity including route
of administration, clearance rates from the body, tissue
solubility, and the degree of blood flow surrounding the
infected site. Antimicrobials that are susceptible to destruc-
tion by digestive fluids, or drugs not easily absorbed in the
intestines, must be administer parenterally (usually intrave-
nously). However, regardless of the administration route, the
antibiotic must survive circulation through the blood stream
prior to reaching the treatment site. If the liver or kidneys
rapidly removes an antimicrobial from the blood stream, or
if the antimicrobial has a high affinity for blood proteins
such that it is bound and inactivated by the blood, its
bioavailability can be significantly reduced. This is espe-
cially true if the infection site is deep within tissues or organs
that have minimal blood flow.

[0009] Deep tissue infections can result when medical
implants become contaminated prior to surgical placement.
When oral or parenterally administered antimicrobials fail to
effectively control and eliminate the infection, the medical
implant may have to be removed. Removal requires addi-
tional surgical procedures to treat the infection and re-
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implant the device after the infection completely resolves.
Moreover, once deep tissue infections are established, long
term antimicrobial therapy and hospitalization may be
required. These additional procedures increase the costs
associated with device implantation, subject the patient to
discomfort and in rare circumstances, increase the threat of
permanent disfigurement.

[0010] Coating implantable medical devices with antimi-
crobial compounds provides a technique for deep tissue drug
delivery that can significantly reduce the risk of post implan-
tation infections. Coating procedures should employ broad
spectrum antimicrobials that are effective against most post
surgical infections, especially MRSA infections. The anti-
microbials need to be soluble in physiological fluids and
must be stable enough to survive processing steps required
to successfully coat the medical device. Ideally, a synergistic
antimicrobial combination should be used. Non-limiting
examples of antimicrobial combinations are described in
U.S. Pat. Nos. 5,624,704 and 5,902,283, the entire contents
of which are herein incorporated by reference. Moreover, the
antimicrobial coating procedure must employ methods and
materials that are compatible with the antimicrobial and the
material used to make the medical device. Medical devices,
specifically implantable types, can be fabricated from a wide
variety of biocompatible compounds including metals and
polymers. Each material presents its own unique challenges
to material scientists when it is necessary, or desirable, to
coat medical devices with bioactive materials. However, all
coating methodologies share common objectives including
the need to maximize expensive and labile coating solutions,
minimize environmental contamination, provide the medical
device with an even coating, and maintain an efficient,
controlled process that complies with Federal Food and
Drug Administration (FDA) Good Manufacturing Practices
(GMP). Tedious manual methods of batch coating medical
devices cannot achieve these goals for all medical devices
on a consistent basis.

[0011] The size, shape and composition of the medical
devices can significantly limit manual methods. Moreover,
lot-to-lot consistency, GMP compliance and product
throughput are all greatly enhanced when automated, or
semi-automated, processes are involved. Moreover, non-
automated processes subject expensive coating solutions to
contamination and excessive waste resulting from spillage
and product handling. Additionally, many polymeric com-
pounds used to make medical devices are coated using harsh
and often toxic solvent mixtures in order to imbibe the
coating material into the devices. Exposure to these solvents
poses a potential risk to personal, equipment and the envi-
ronment that can be best minimized by coating in a closed
system, a process incompatible with most manual methods.

[0012] Therefore, there is a need for methods and systems
that can provide implantable medical devices with antimi-
crobial coatings. Moreover, there is a need for methods and
systems that can provide antimicrobial coatings in a closed
system that reduce exposure to toxic solvents, maintain
coating solution integrity for prolonged periods, allow for
maximum product throughput, provide the medical device
with a consistent, even coating, minimize product handling
and accomplishes these goals in an FDA GMP compliant
manner.
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SUMMARY OF THE INVENTION

[0013] Tt is an object of the present invention to provide a
self-contained, automated system for coating a medical
device with a antimicrobials.

[0014] Tt is another object of the present invention to
provide antimicrobial coating systems and methods that
extend the usable life expectancy (pot life) of the coating
solution by limiting the solution’s exposure to atmospheric
conditions including light and air.

[0015] It is still another object of the present invention to
provide antimicrobial coating systems and methods that
extend the pot life of the coating solution by minimizing
thermal exposure.

[0016] 1t is another object of the present invention to
provide antimicrobial coating systems and methods that
protect the operator and the environment from the coating
solution.

[0017] 1t is yet another object of the present invention to
provide antimicrobial coating systems and methods that are
automated and minimize user intervention.

[0018] It is another object of the present invention to
provide implantable medical devices having antimicrobial
coatings that reduce post implantation infections by releas-
ing antimicrobial compounds into the surrounding tissues
for sustained time periods.

[0019] The coating solutions of the present invention are
composed of antimicrobial compounds including, but not
limited to, antiseptics and antibiotics dissolved in potentially
toxic organic solvents. These solutions are extremely expen-
sive to prepare and are easily inactivated by exposure to
temperatures above ambient, air (specifically reactive oxy-
gen species), light (specifically ultraviolet light) and con-
tamination. Therefore, maximizing the pot life requires
precise temperature control and protection from air, light
and contamination. The methods and systems of the present
invention accomplish these and other goals and simulta-
neously reduce the manufacturing environment’s exposure
to potentially toxic coating solutions. (It is important to
distinguish the coating solutions from coated medical
devices. The coating solutions of the present invention are
highly concentrated mixtures of antimicrobial compounds
and solvents. These mixtures may be toxic to manufacturing
professionals exposed to large concentrations. However, the
coated medical device, when used in accordance with the
manufacturer’s directions for use and under the supervision
of a qualified physician, present minimal or no risks to the
patient).

[0020] The present invention provides methods and sys-
tems that permit medical devices to be safely coated with
antimicrobial compounds while maximizing pot life. How-
ever, the systems and methods of the present invention can
be used to coat any device safely and efficiently with a wide
range of different compounds and are not limited solely to
providing medical devices with antimicrobial coatings.

[0021] The use of the term “coating” is not intended as a
limitation and includes any physical or chemical method of
providing the surfaces, or polymeric matrices, of medical
devices with antimicrobial properties. Non-limiting
examples of such chemical and physical methods include
impregnation, imbibing, ionic interactions, covalent bonds,
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van der Waals forces, hydrogen bonding, protein-protein
interactions, antibody-antigen complexes, resin coatings,
electrodeposition, plasma deposition or the like. Hence the
term coating is not to be construed narrowly to mean merely
a surface layer, but should be interpreted to include provid-
ing a homogeneous concentration or gradient of antimicro-
bials throughout a medical device’s body.

[0022] The present inventors have determined that opti-
mum coating of medical devices occurs when the coating
solution is heated to temperatures that significantly acceler-
ate the degradation of the coating solution. In order to
optimize the coating process and simultaneously maximize
the solution’s pot life, the coating solutions of the present
invention are preheated in a holding vessel before being
transferred to a processing vessel containing the medical
devices. Any coating solution remaining in the holding
vessel is cooled to ambient temperatures or below while the
processing vessel containing the antimicrobial solution and
medical device is held at a constant elevated temperature. At
the conclusion of a predetermined optimum processing time,
the coating solution is transferred from the processing vessel
back to the holding vessel where it is cooled to ambient
temperatures or below. This entire process is conducted in a
sealed system that protects the coating solution from expo-
sure to damaging environmental factors, reduces solvent
evaporation and isolates manufacturing personnel from the
solution.

[0023] After the medical device has been coated it is
aerated for a predetermined time period using a pressurized
gas flow (sparging system) and then washed at least once
using a wash solution that is pumped into the closed pro-
cessing vessel and gently agitated using the sparging system
of the present invention. After washing is completed, a gas,
usually air, is passed over the medical device using the
sparger to accelerate the drying process. The device is then
removed from the sealed system and packaged prior to
terminal sterilization.

[0024] The entire process of the present invention is under
the control of a programmable microprocessor/controller
that receives a series of imputes from remotely located
sensors. Each sensor monitors an event and continually
notifies the microprocessor/controller of its status. Should
any sensor detect an out-of-range condition, the system will
either fail to initiate the next step or abort the process while
simultaneously notifying an operator of a default situation.

[0025] 1In one embodiment of the present invention the
self-contained coating system is attached to a containment
platform to collect and confine accidental coating solution
spills. Attached to the containment platform is at least one
temperature controller consisting of either a heater, a chiller
or a combination thereof, a holding vessel a processing
vessel and at least one fluid transfer system. The fluid
transfer system moves coating solution between the holding
and the processing vessels and/or wash solution to and from
the processing vessel. In one embodiment of the present
invention there are a plurality of fluid transport systems each
directing the flow of different fluids between the holding
vessel and processing vessel and/or fluid reservoirs.

[0026] 1In one embodiment of the present invention the
holding and processing vessels are fitted with sealable
closures and at least one mixing device for maintaining
uniform antimicrobial solution and for preventing thermal
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gradients from forming. The processing vessels of the
present invention are also fitted with a sparging system that
provides a gas flow into the processing tank during the
aeration, washing and drying steps. In one embodiment of
the preset invention the gas flow velocity may be adjusted to
optimize the particular process step.

[0027] In another embodiment of the present invention the
antimicrobial coating system includes one or more valve
assemblies located at various points along the fluid transfer
systems and gas lines. Additionally, numerous sensors may
be located on the holding vessel, the processing vessel,
vessel closures, the heat transfer devices, the fluid transfer
systems, and temperature controllers. Each sensor feeds
information to a programmable microprocessor that controls
contents, temperatures, fluid levels, and gas flow within the
holding and processing vessels. The programmable micro-
processor of the present invention can also be adapted to
open and close valves and act as a fail-safe monitor respon-
sive to remote Sensors.

[0028] In another embodiment of the present invention a
method for coating a medical device is provided. This
method includes providing a sealable first vessel filled with
a coating solution and a sealable second vessel containing a
medical device to be coated. The coating solution in the first
vessel is preheated to a temperature appropriate for the
coating process and then transferred to the second preheated
vessel. Any coating solution remaining in the first vessel is
cooled to at least ambient temperature and the coating
solution in the second vessel is held at a constant coating
process temperature until the processing interval is com-
plete. At the conclusion of the processing interval the
coating solution in the second vessel is transferred back to
the first vessel and cooled.

[0029] The coated medical device is then aerated, after
which the wash solution is transferred into the second vessel
and the medical device is washed while gas is gently sparged
into the wash solution. After a predetermined period the
wash solution is removed and the wash step is repeated as
many times as desired. After washing is complete the
medical device is dried using a higher velocity of sparged
gas. The entire method can be automated by providing a
microprocessor/controller responsive to at least one remote
Sensor.

[0030] Other objects and features and advantages of the
present invention will be apparent to those skilled in the art
from a consideration of the following detailed description of
preferred exemplary embodiments thereof taken in conjunc-
tion with the Figures which will first be briefly described.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] FIG. 1 is a block diagram that depicts the general

coating process in accordance with the teachings of the
present invention.

[0032] FIG. 2 depicts the basic components of the coating
system of the present invention.

[0033] FIG. 3 depicts one embodiment of a product sus-
pension device used in accordance with the teachings of the
present invention.

[0034] FIG. 4 depicts one embodiment of the gas sparer
used in accordance with the teachings of the present inven-
tion.
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[0035] FIG. 5 depicts the control panel of the micropro-
cessor/controller of the present invention.

[0036] FIG. 6 depicts the compressed gas flow and gas
vents used in one embodiment of the present invention.

[0037] FIG. 7 schematically depicts coating solution
transfer between the holding vessel and processing vessel in
accordance with the teachings of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0038] Deep tissue infections associated with in vivo
medical devices occasionally occur when a medical device
is accidentally contaminated with pathogenic or opportunis-
tic microorganisms prior to implantation. Accidental con-
tamination can occur if the integrity of the product packag-
ing is compromised after terminal sterilization, or if the
product contacts a contaminated surface after being removed
from its packaging immediately prior to implantation. If the
contaminated medical device is implanted, the microorgan-
ism may begin to proliferate in the tissues surrounding the
implanted device, resulting in an infection.

[0039] Generally, systemic antibiotics are administered
prior to surgery and continued for an additional seven days
or more. However, systemic antibiotics may not always
prevent the establishment of deep tissue infections. For
example, an organism will continue to multiply unabated if
it is resistant to the antibiotics being administered, or if the
antibiotic does not reach the infection site in concentrations
required to kill the organism. Recently, temporary medical
devices such as catheters having antimicrobial coatings that
are released in effective concentrations for sustained periods
have been employed to help prevent post implantation
infections. However, the antimicrobial coating solutions
used are extremely expensive and generally require coating
procedures that rely on elevated temperatures and toxic
solvents in order to obtain uniform stable coatings.

[0040] Standard manufacturing practices rely on batch
containing techniques that involve manually transferring the
coating solutions into processing tanks and heating the
solution to process temperature. The medical devices are
immersed in the heated coating solution for a predetermined
time and then removed from the processing tank and manu-
ally washed. The coating solution is maintained at coating
temperatures for the duration of the manufacturing shift and
then discarded due to antimicrobial thermal breakdown and
solvent evaporation. Consequently, large quantities of anti-
microbials and solvents are used each time a medical device
batch is coated. The cost and waste associated with batch
processing techniques is easily amortized when thousands of
small medical devices are coated in a single batch. However,
large bulky medical devices that displace large volumes of
coating solution cannot be economically coated using batch
methods. Moreover, large quantities of potentially toxic
solvents are required to batch coat bulky medical devices.
This results in increased material and solvent disposal costs,
excessive personnel and environmental exposure and
reduced product consistency.

[0041] The present invention provides methods and sys-
tems that significantly extend the useable life span of a
coating solution (pot life) and facilitate the safe and efficient
processing of large quantities of medical devices. The
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present invention is particularly well adapted to processing
large quantities of bulky medical devices with increased
economy and safety.

[0042] The term “coating” used herein is not intended as
a limitation and is not to be construed as a process that
merely covers or saturates a medical device’s surface.
Rather, the term coating is defined as any method, chemical
or physical, that provides a medical device with antimicro-
bial properties, including, but not limited to, the medical
device’s exterior surfaces and/or internal matrices.

[0043] The coating solutions of the present invention can
be used to provide medical devices with antimicrobial
properties utilizing a variety of physical and chemical inter-
actions between the device and the coating materials. In one
embodiment of the present invention polymeric compounds,
such as, but not limited to, silicones, polyolefins and poly-
esters can be impregnated with the antimicrobial coatings
through an imbibing process. Imbibing occurs when a poly-
mer is suspended in a solvent mixture that swells the
polymer matrix carrying solutes present in the solvent into
the polymer itself. After the polymer has been removed from
the solvent the polymer matrix returns to its pre-swollen
configuration, trapping solute molecules within the polymer.
In the present invention solute molecules include antiseptics
and/or antibiotics. Other physical and chemical processes
may be used to provide homogeneous concentrations or
antimicrobial concentration gradients to medical devices of
the present invention. The chemical and/or physical makeup
of the medical device dictates the optimum process.

[0044] In one embodiment of the present invention anti-
microbial compounds are dissolved in organic solvents that
swell the polymer causing the antimicrobials to be carried
into the polymer matrix, trapping them within after the
device is removed from the solvent. The present inventors
have determined that this process is particularly valuable
when providing delicate thin-walled silicone medical
devices with antimicrobial coatings. In one embodiment of
the present invention solvent exposure was limited to
approximately 30 minutes at a temperature of approximately
35° C. This process impregnates silicone devices with
effective amounts of antibiotics while preserving the integ-
rity of the silicone polymer matrix.

[0045] The coating system of -the present invention is
composed of a holding vessel for storing and preheating the
coating solution, a processing vessel for coating, aerating,
washing and drying medical devices, a fluid transfer system
for transporting coating and wash solutions between the
vessels and reservoirs, a temperature controller that heats
and cools the solutions, a gas sparging system to facilitate
aerating, washing and drying, solution mixers and a micro-
processor/controller that automates the entire process. In one
embodiment of the present invention the entire system is
coupled to a containment platform that confines accidental
coating solution spills and prevents contamination of the
manufacturing environment with potentially toxic solvents.

[0046] The present invention can be used to coat medical
devices made from any biocompatible material including but
not limited to metals and synthetic and natural polymers.
Non-limiting examples include stainless steel, nickel, tita-
nium, silver, gold, platinum, aluminum and alloys thereof,
natural rubber latex, synthetic latexes, silicone, polyolefins,
and polyesters. In one embodiment of the present invention
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the coating solution is composed of solvents including, but
not limited to butyl acetate, methyl alcohol, amyl acetate,
benzene, carbon tetrachloride, chloroform, diethyl ether,
ethylene dichloride, hexane, 2-ethyl hexanol, hexyl ether,
methyl ethyl ketone (MEK), methyl isobutyl ketone, meth-
ylene chloride, perchloroethylene, Stoddard solvent (min-
eral spirits), toluene, trichloroethylene, xylene and combi-
nations thereof.

[0047] The solvent chosen must be compatible with the
medical device and the antimicrobial. The antimicrobial
must be soluble in the solvent system selected and not
denatured once dissolved. Polyolefin, polyester and silicone
medical devices are generally used with solvent systems that
swell the polymer’s surface, permitting the solvent to carry
the antimicrobial into the polymer’s surface (imbibe). How-
ever, the solvent should not destroy the polymer’s functional
characteristics. After the medical device is removed from the
solvent/antimicrobial mixture the device is allowed to regain
its functional properties during the aeration, washing and
drying steps.

[0048] In one embodiment of the present invention the
medical device is composed of silicone and the solvent
system is a butyl acetate and methanol blend. The antimi-
crobials are first dissolved in the methanol and then the butyl
acetate is added; the resulting mixture is used to imbibe the
antimicrobial into a silicone medical device. After a prede-
termine coating interval, the solvent/antimicrobial mixture is
removed and the silicone medical devices of the present
invention are washed then dried. Silicone medical devices
are easily softened when exposed to swelling solvents such
as butyl acetate. Immediately after the solvent is removed
the silicone devices are extremely fragile and can be easily
broken if handled in an aggressive manner.

[0049] In one embodiment of the present invention the
fragile coated medical devices are acrated using sparged gas
immediately after the coating solution has been returned to
the holding vessel. the aeration process continues for a
predetermined time sufficient to allow structural integrity to
return to the polymer. At the conclusion of the aeration
process the medical devices of the present invention are
washed.

[0050] Wash fluids are added to the processing vessel
gently to avoid disturbing the devices. In one embodiment of
the present invention the washing fluid enters the processing
vessel through a port near the vessel top and is deflected
downward along the vessel sides. In another embodiment of
the present invention the wash fluids slowly fill from the
vessel’s bottom. Washing is facilitated by sparging a low
velocity gas stream into the wash fluid via a sparge system
located at the vessel’s base. This low velocity gas sparge
gently agitates the wash solution to aid in removing excess
antimicrobial deposits that accumulated on the product
during coating. During the washing process the silicone
devices of the present invention continue to regain firmness
and become increasingly resistant to tearing and deforma-
tion. Final polymer integrity is restored as the medical
devices are dried in the processing vessel under a stream of
sparged gas.

[0051] The present inventors have determined that the
aeration, washing and drying processes of the present inven-
tion are greatly enhanced when gas is sparged into the
processing vessel during these steps. Gas is provided to the
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process vessel sparger using either compressed gas cylinders
or a remote gas compressor. The gas used may be, but is not
limited to, air, nitrogen, argon or other minimally reactive
gases or gas mixtures. In one embodiment of the present
invention the sparger is a spiral shaped device made from
stainless steel or other non-reactive alloys and is sealed to
the processing tank’s bottom. Gas can be passed through the
sparger at variable rates controlled by either the micropro-
cessor/controller of the present invention or manually. In one
embodiment of the present invention the gas is used at one
velocity during aeration and drying steps and a second,
lower velocity during the washing step. The gas is vented to
the outside through a series of gas lines connected to a valve
located near the vessel top. The venting mechanism of the
present invention may also provide one or more high-
efficiency particulate air (HEPA)/volatile organic compound
(VOQ) filtration systems.

[0052] The antimicrobial solutions used in accordance
with the teaching of the present invention are composed of
heat labile antimicrobials such as, but not limited to, anti-
biotics and antiseptics. These labile antimicrobial com-
pounds are extremely expensive and need to be dissolved in
volatile solvents including, but not limited to, water, alco-
hols, ketones, ethers, esters and aldehydes. When batch-
coating techniques are employed the coating solutions of the
present invention are exposed to above ambient temperature
conditions that accelerate the thermal breakdown of the
antimicrobials. Moreover, open, or partially sealed, contain-
ers are often used to prepare the solutions and coat the
medical devices. These containers may expose the coating
solution to ultraviolet light and air that further accelerate
antimicrobial breakdown and promote volatile solvent
evaporation. As the solvents evaporate and the compounds
deteriorate, the exact concentration of biologically active
coating material changes and the coating solution begins to
discolor. Medical devices coated using the deteriorated
solutions have unknown biological activity and are cosmeti-
cally unattractive. Consequently, the deteriorated coating
solution must be destroyed and a new solution prepared
before further coating can occur.

[0053] In one embodiment of the present invention the
coating solution is continuously maintained under an inert
atmosphere. After the antimicrobial coating solution has
been prepared as described in Example 1 below, an inert gas,
such as, but not limited to, bone-dry nitrogen is injected into
the holding tank such that air present in the holding tank is
displaced through a vent located near the holding vessel’s
top above the fluid level.

[0054] In another embodiment a sparging apparatus is
incorporated into the bottom of the holding vessel through
which the inert gas is introduced. Inert gas is also provided
to the entire coating system including all gas lines, fluid
paths, fluid transfer systems and the processing tank. In this
embodiment the entire coating system remains under an
inert atmosphere until the system is opened to air. The
holding vessel containing coating solution is continually
maintained in an inert atmosphere and remains sealed until
such time as a new batch of coating solution is prepared. As
the fluid level within the holding vessel is reduced during
coating solution transfer to the process vessel, inert gas is
pumped into the holding vessel to prevent a partial vacuum
from forming therein. In one embodiment of the present
invention inert gas displaced from the filling process vessel
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is transferred to the emptying holding vessel. In another
embodiment inert gas is vented out of the filling process
vessel and inert gas is provided to the emptying holding
vessel from an inert gas reservoir. However, the process of
providing inert gas to emptying vessels and removing insert
gas from filling vessels will depend on the coating system
configuration and any such processes are considered within
the scope of the present invention. Engineers of ordinary
skill in the art would be capable of configuring a suitable gas
transfer system consistent with the teachings of the present
invention.

[0055] The coating systems and processes of the present
invention provide improved coating solution stability and
enhanced operator safety by employing a sealed, semi-
automated system having the capacity to maintain coating
solutions at temperatures that improve stability, reduce
evaporation and prevent atmospheric contamination. The
coating solutions of the present invention are heated to
coating temperature for a minimum period and then cooled
to holding temperature until the next coating cycle is initi-
ated.

[0056] Examples of medical devices that can be coated
using the systems and methods of the present invention
include, but are not limited to, catheters, surgical slings,
artificial joints penial implants, ocular implants, stents,
suture and heart valves.

[0057] FIG. 1 depicts the process 100 of the present
invention in a generalized block diagram. The semi-auto-
mated process of the present invention begins 101 when the
coating solution stored 124 at or below ambient temperature
in the holding vessel is heated to process temperature 102.
Product is transferred 104 into the processing vessel and the
cycle is initiated 106 when the coating solution reaches
process temperature. Coating solution is pumped 108 into
the holding vessel 108 and the product is coated for a
predetermined time 110. Any coating solution remaining in
the holding vessel is cooled to ambient temperature or
below. At the conclusion of the coating step the coating
solution is pumped back into the holding vessel and cooled
112. The coated product remaining in the processing vessel
is aerated 116 to provide time for the swollen product matrix
to reform, and/or for the coating material to fully imbibe.
The product is the washed 118 using a wash solution and
gentle agitation from sparged gas. At the completion of the
wash step 120 the wash fluid is drained from the processing
vessel and the wash step is repeated 120a, or the product is
removed from the process vessel and dried 122. In another
embodiment of the present invention the product 121 is
dried in the processing vessel.

[0058] Turning now to FIG. 2. The coating system of the
present invention is generally depicted at 200 and is com-
posed of a holding vessel 202 for storing the coating solution
at or below ambient temperature and for preheating the
coating solution to a predetermined process temperature. In
one embodiment of the present invention the coating solu-
tion is preheated in the holding vessel 202 using a circulating
heater 206. The circulation heater 206 cycles a heat transfer
fluid through thermal jackets that envelop holding vessel
202 and processing vessel 204. Circulation control valves
208a and 208b facilitate heat transfer fluid circulation. The
coating solution in holding vessel 202 is continually mixed
using an overhead low shear mixer 210 to prevent the
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formation of thermal gradients and to keep the coating
solution in a homogenous state.

[0059] Holding vessel 202 is fitted with a first sealable
closure 212 that prevents solvent evaporation, minimizes
contamination and reduces environmental exposure to the
coating solution. Product to be coated is suspended in
processing vessel 204 using devices and methods known to
those skilled in the art. A non-limiting example of a product
suspension device is depicted in FIG. 3 at 300. After the
product has been securely loaded into processing vessel 204,
second sealable closure 218 is secured. The proper sealing of
closure 218 is detected by the process vessel closure sensor
220 that is in electronic communication with microproces-
sor/controller 216.

[0060] The coating cycle is initiated by engaging cycle
initiate button 214 on microprocessor/controller 216. Micro-
processor/control 216 will not allow the coating process to
begin unless inputs from solvent temperature sensor 222,
process vessel closure sensor 220 and process latch sensor
224 indicate the coating solution is at processing tempera-
ture and the process vessels closure 218 is closed and
latched. The coating process begins as pre-heated coating
solution is transferred from holding vessel 202 by pump/
direction valve network 226 into process vessel 204.

[0061] The treatment timer 228 is activated when fluid
level sensor 230 detects a level of coating solution sufficient
to cover the product. At the initiation of the treatment period
holding vessel 202 is isolated from circulation heater 206
and circulation cooler 232 begins circulating cooled heat
transfer fluid through holding vessel’s 202 thermal jacket.
The coating solution in processing vessel 204 is maintained
at coating temperature and continually mixed using a mag-
netically coupled mixer 234 located at process vessel’s 204
base. Mixing maintains an even elevated temperature
throughout the coating solution in the processing vessel and
remains engaged as long as treatment timer 228 is active.

[0062] At the completion of the treatment period, pump/
direction valve network 226 reverses direction and coating
solution in process vessel 204 is pumped back into holding
vessel 202. Circulation cooler 232 continues circulating
cooled heat transfer fluid through holding vessel’s 202
thermal jacket to cool returning coating solution to ambient
temperature or below. After all remaining coating solution is
removed from processing vessel 204 an aeration cycle is
initiated.

[0063] During the aeration cycle gas passes through filter
242 and into processing vessel 204 through sparger (see
FIG. 4 at 402) connector to process vessel’s 204 bottom
through gas line 246. The filtered gas passes over the coated
product and out of process vessel 204 through gas line 244.
High velocity gas regulator 236 that is responsive to micro-
processor/controller 216 controls aeration gas flow velocity.
The aeration period is regulated by aeration timer 238
located and under the control of microprocessor/controller
216. At the completion of the aeration cycle microprocessor/
controller 216 shuts off the gas flow and engages wash fluid
pump system 248 that provides wash fluid from wash fluid
reservoir 250 to process vessel 204 though fluid supply line
252.

[0064] Wash fluid level is monitored by fluid level sensor
230 that is responsive to microprocessor/controller 216.
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After the preset wash fluid level is reached microprocessor/
controller 216 shuts off wash fluid valve 248 and engages
low velocity gas regulator 254. The low velocity gas flows
through filter 242 and into processing vessel 204 through
sparger (see FIG. 4 at 402) connector to process vessel’s 204
bottom through gas line 246.

[0065] Wash timer 240 responsive to microprocessor/con-
troller 216 regulates the wash interval. When wash timer 240
times out, microprocessor/controller 216 closes vent valve
260 and low velocity gas provided through sparger (see
FIG. 4 at 402) pressurizes process vessel 204. Vessel out
valve 256 and drain valve 258 are opened by the micropro-
cessor/controller 216 and wash fluid exits processing vessel
204. The entire wash procedure can be repeated as many
times as desired as herein described. The washed product
can be removed from process vessel 204 at the completion
of the wash step(s), or dried in sealed process vessel 204
using a high velocity air flow as describe for the aeration
step above.

[0066] The present invention can be made from any
assortment of materials compatible with the intended solu-
tions and processes. In one embodiment of the present
invention the holding vessel 202, processing vessel 204, and
all associated metallic components that contact product or
the coating solution are made entirely of stainless steel.
Valve seats, seals, and fittings that contact coating solution
are composed of, but not limited to Teflon® and Delrin®,
(Teflon® and Delrin® are products made by E. I. du Pont de
Nemours and Company of Wilmington, Del.).

[0067] The inventors of the present invention have deter-
mined that sparging gas into processing vessel 204 during
one or more process steps 100 (FIG. 1), including, but not
limited to post-coating, pre-wash step (aeration) 116, the
washing process 118 and as an adjunct to drying 121
significantly improves coating consistency and appearance.
Any number of gas sources can be used including, but not
limited to air, nitrogen helium, argon or any combination
therefore. In one embodiment of the present invention
compressed air is provided to the coated products through a
sparger 402 (FIG. 4) located near the bottom of processing
vessel 204. Compressed gas passes through filter 242 having
a mean porosity of between approximately 0.1 gm to 10 um,
preferably between approximately 0.5 um and 2 ym, more
preferably 0.7 um to 1.0 um, before entering sparger 402.
The novel spiral shape of sparger 402 provides a vortex
motion to the air current or wash fluid depending on the
process cycle. The present inventors believe that the vortices
significantly increases the sparger’s efficiency and provides
for a gentle, but thorough, agitation during the wash cycle.

[0068] The valves of the present invention that control the
fluid and gas flow can be electronically or pneumatically
activated. In one embodiment of the present invention the
valves are pneumatically activated Teflon® seated ball
valves. In other embodiments of the present invention elec-
tromechanical valves could be used. However, when poten-
tially flammable solvents are used with the coating system of
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the present invention electromechanical valves present the
potential for igniting the solvents. Consequently, the present
inventors have chosen to use the more versatile and gener-
ally safer pneumatic activated valves. Electronic solenoid
valves isolated in microprocessor/controller 216 control the
pneumatically activated valves of the present invention.
When a solenoid receives an output signal from micropro-
cessor/controller 216 it opens, sending pressurized gas to the
valves. The valves of the present invention remain open as
long as pressurized gas flows to the valve. The gas flow is
shut off and the valve closes when the output device con-
trolling the valve receives a close command from the
microprocessor/controller 216.

[0069] Turning now to FIG. 5. The microprocessor/con-
troller of the present invention can be any programmable
microprocessor known to those of ordinary skill in the art
that can receive, process, store and relay data to and from
remote sensors and electromechanical devices. The micro-
processor/controller inputs of the present invention include,
but are not limited to, cycle start button 502, cycle abort
button 504, treatment timer 506, solvent temperature 508,
reset button 510, process level sensor 512, high level sensor,
solution flow sensor 514, aeration timer 516, wash timer
518, manual drain key switch 520, process vessel cover
sensor, process vessel latch sensor, manual pump forward
522, manual pump reverse 524, manual pump mode 526.
The inputs depicted in FIG. 5, and other inputs of micro-
processor/controller 500 can include any number of different
options depending on the functions that are to be automated
and conditions to be monitored.

[0070] Once data has been received and processed by
microprocessor/controller 500 output devices responsive to
microprocessor/controller 500 control the coating system
200 (FIG. 2) and coating process 100 (FIG. 1). Output
devices of the present invention can be any type known to
those of ordinary skill in the art. The output commands used
to control the coating system 200 (FIG. 2) of the present
invention include, but are not limited to, pump motor on/off,
pump motor direction valves, holding vessel out valve,
process vessel out valve, low pressure drain gas supply,
drain valve open/closed, holding vessel to processing vessel
vent, process complete indicator 528, sight glass vent valve,
wash fluid on, reset hold signal for treatment timer, circu-
lation cooler/heater control, aeration valve on, main system
vent, aeration timer enable, wash timer enable.

[0071] The inputs and outputs of the present invention
work in a coordinated fashion to control and monitor the
coating system and process of the present invention. Table 1
illustrates the coordinated interaction of the inputs and
outputs of one embodiment of the present invention. It is
understood that there are many other input/output combina-
tions and those presented in Table 1 are not meant to limit
the present invention, but merely to provide one example.
The corresponding input and output abbreviations used in
Table 1 are defined in Tables 2 and 3 immediately following
Table 1.

TABLE 1

Step Process Step Description

Inputs On Outputs On

0 Standby, vessels closed, rest
1  Start cycle, pump to process vessel
2 Process level reached, processing

-3, I1-3, [1-4 -2
-0 mom, [-3, II-3, [I-4 [-0, -1, [-2, I-3, [-6, [1-2
-3, I-5, -3, [1-4 L1, I1-3
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TABLE I-continued
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Step Process Step Description

Inputs On

Outputs On

3 Process time elapsed, pumping back to HV
4 Back to holding vessel, acration time on
5 Aeration done, rinse water fill to level
6 Full, bubble wash time
7 Dump rinse, blow down
8 Refill rinse to level
9 Full, 2°! wash cycle
10 Dump 2™ rinse, blow down
11 Cycle complete, in process dry cycle on
12 Process cycle complete, vessel open
13 Controller reset, cover open, temp low

I-2, I1-3, II-4

I-2, I1-0, II-1

I-2, I-7, II-3, II-4

I-2, I1-0, I1-3,I1-4
I-2, I-5, 11-0, I1-3, [[-4  II-3, II-4, II-5, [1-6, -7
-2, [1-0, I1-1, I1-3, [1-4 1-3, [-4, I-5, I[-3, I1-6, I1-7
I-2, I1-0, II-3, [1-4
-2, I-5, 110, II-3, [[-4  I-5, II-3, II-4, II-5, I1-6, I-7
-2, [1-0, II-1, I1-3, [1-4 1-3, [-4, I-5, II-3, I1-6, I1-7

-2, [1-0, [I-1, I1-3, [1-4 [-4, [-5, I-7, I[-3, II-5, 116, II-7

I-4 mom (reset in)

I-0, I-2, I3, I-6, I1-3
[0, I1-3, I[-4, II-5, 1-6
I-1, I1-3, I1-5, I1-6

I-5, I-1, II-3, II-5, I1-6

I-5, I-7, I1-3, II-6, II-7
-2

NOTES:

Step 2 Input I-3 (Temp Alarm Off) may go off momentarily due to reaction time of the cold process vessel
sensor being warmed by the incoming solution.
Step 3 Input I-3 (Temp alarm Off) may be On or Off due to cooling of the Holding Vessel. Controller becomes
a HV temp monitor only.
Step 4 Inputs I-5 and I-6 (Sightglass Sensors) may be on due to condensation in the sightlglass during the first
minutes of aeration time.

[0072]
TABLE II
Input No. Description
I-0 Start Cycle
I-1 Abort Cycle
I-2 Treatment Timer Time Out
I-3 Solution Temp Input
I-4 Reset Controller
I-5 Reactor Vessel Process Point Solution Sensor
I-6 Reactor Vessel High Solution Sensor
I-7 Solution Flow Switch
I1-0 Aeration Timer Time Out
II-1 Bubble Wash Timer Time Out
I1-2 Manual Drain Valve On
II-3 Process Vessel Cover Closed
I1-4 Process Vessel Latched
I1-5 Manual Pump On (Forward Direction)
II-6 Manual Pump On (Reverse Direction)
I1-7 Manual Pump Mode On
[0073]
TABLE III
Output No.  Description
I-0 Pump Motor On
I-1 Pump Motor Direction (ON=Fwr) V' 1 & V2
I-2 Holding Vessel Valve On, V5
I-3 Process Vessel Valve On, V6
I-4 Low Pressure Drain Air Valve (Blow Down), V10
I-5 Drain Valve On, V4
I-6 H1d. V. to Pro. V. Vent Valve On, V7
I-7 Process Complete Indicator
-0 Sightglass Vent Valve On, V16
-1 Pure Water Valve On, V11
-2 Reset Treatment Timer
II-3 HV Switch from Circ. Htr. to Cooler (Rly-2). Circ.
Htr. Control to PV. Rly-1
-4 Aeration Valve On, V8
-5 Roof Vent (Exhaust) Valve, V3
II-6 Aecration Timer Enable
I1-7 Bubble Wash Timer Enable

1V is an abbreviation for valve and refers to the pneumatic operated ball

valves used in one embodiment of the present invention.

[0074] ! V is an abbreviation for valve and refers to the
pneumatic operated ball valves used in one embodiment of
the present invention. (FIG. 2) and air is vented out of the
system through vent 618 responsive to solenoid 620. Wash
solution is purged from process vessel 204 by closing sight
glass vent valve 614 while maintaining air flow into pro-
cessing vessel 204 through sparger line 610. Air contained in
holding vessel 202 is released therefrom as the coating
solution is pumped from processing vessel 204 through
holding vessel 202 to processing vessel vent 622 in response
to solenoid 624.

[0075] FIG. 7 schematically depicts coating solution
transfer between holding vessel 202 and processing vessel
204. Microprocessor/controller 216 initiates coating solu-
tion transfer following engagement of cycle start button 502
(FIG. 5). Solvent transfer pump 702 is activated by solenoid
704 and begins pumping coating solution from holding
vessel 202 through holding vessel valve 706 in response to
solenoid 708. The coating solution is pumped through pump
direction valve 708 and directed towards processing vessel
204 by pump direction valve 710. Pump direction valves 708
and 710 are responsive to solenoid 714. Coating solution
enters processing vessel 204 through processing valve 712
that is activated by solenoid 716. Coating solution returns to
holding vessel 202 by reversing its path through pump/
direction valve network 226. Drain valve 718, responsive to
solenoid 720 directs coating solution flow to and from
processing vessel valve 712, or can be engaged to direct
wash fluids from processing vessel 204. Manual valve 722
can be engaged to drain spent coating solution from the
coating system of the present invention and sample port
valve 724 can be manually opened to withdraw coating
solution samples for analysis. It is understood that FIG. 7
represents one embodiment of the coating solution transfer
system of the present invention and that many other com-
binations of pumps and valves known to those of ordinary
skill in the art can be employed.

[0076] Many of the solvents used in association with the
coating system of the present invention can be toxic and/or
flammable. Therefore, the present invention has a number of
safety features. In one embodiment of the present invention
a spill containment platform is integrated into the coating
system. The holding vessel, processing vessel, fluid transfer
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systems, temperature controllers, gas vents and all fluid
transfer lines are contained within the perimeter of a tray-
like platform having high wall sides. The platform walls are
high enough to safely contain the entire combined contents
of the holding vessel, the processing vessel and solutions
contained within the fluid transfer systems. In the unlikely
event that a spill should occur, the manufacturing environ-
ment itself would not be contaminated.

[0077] In another embodiment of the present invention the
coating system is provided with a series of fail safe devices
composed of sensors that feed back to the microprocessor/
controller. Sensor locations include, but are not limited to,
holding vessel and processing vessel closures and latches,
fluid level minimums and maximums, valves and vents. If
the microprocessor/controller of the present invention does
not receive the appropriate inputs from each sensor, the
process will either fail to be initiated or aborted. Moreover,
the microprocessor/controller of the present invention is
provided with a prominent, easily accessible manual over-
ride that permits the operator to shut the system down should
a potentially unsafe condition arise.

EXAMPLES
Example 1

Preparation of an Antimicrobial Coating Solution

[0078] Transfer 9.06 liters of acetone-free absolute methyl
alcohol (catalogue number M 1775, Sigma Chemicals, St.
Louis, Mo. USA) into the holding vessel of the present
invention and engage the holding vessel mixer. Slowly add
681.3 grams of USP grade Rifampin (Lupin Laboratories,
LTD, Mumbai, India) to the methanol. Next, add 568 grams
of USP grade Minocycline (Companhia Industrial Produtora
de Antibioticos, S. A., Castanheira Do Ribatejo, Portugal) to
the Rifampin/methyl alcohol mixture. After all of the
Rifampin and Minocycline have disolved, slowly added
13.63 liters of ACS reagent grade n-butyl acetate (catalogue
numner B 6408 Sigma Chemicals, St. Louis, Mo. USA).
Immediately cover the holding vessel and secure.

Example 2
Exemplary Coating Procedure Including
Microprocessor/Contoller Input/Output Sequence
[0079] Process Step 0:

[0080] Coating System Status: Stand-by condition, pro-
cess vessel loaded, closed and latched. Vessel temperature
35° C.

[0081] Input® Status:

[0082] 1. Solvent Temperature Alarm off signal from
temperature controller. I-3

[0083] 2. Process Vessel cover closed sensor signal.
11-3

[0084] 3. Process Vessel cover latched sensor signal.
1I-4
2 See Table 2.
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[0085] Output® Status:

[0086] 1. Treatment Timer reset signal. I1-2
3 See Table 3.

[0087] Process Step 1

[0088] Coating System Status: Initiate process cycle,
pumping solution to process vessel.

[0089]

[0090] 1. Initiate Cycle push button signal (momen-
tary). 1-0

Input Status:

[0091] 2. Solvent Temperature Alarm off signal from
temperature controller. I-3

[0092] 3. Process Vessel cover closed sensor signal.
11-3

[0093] 4. Process Vessel cover latched sensor signal.
I-4
[0094] Output Status:
[0095] 1. Solvent Pump On. I-0

[0096] 2. Pump direction signal out, (pump to pro-
cess vessel from holding vessel). I-1

[0097] 3. Holding Vessel Output Valve Open. 1-2
[0098] 4. Process Vessel Output Valve Open. 1-3

[0099] 5. Holding Vessel to Process Vessel Vent
Valve on. I-6

[0100] 6. Treatment Timer reset signal. I1-2
[0101] Process Description:

[0102] To initiate the process cycle the microprocessor/
controller must have inputs from the temperature controller
(solution temperature is at process temperature), and the two
process vessel cover sensors (cover closed and latched).
Once these inputs are present, the initiate cycle button will
start the process cycle.

[0103] The controller then turns on the solvent pump, the
two vessel output valves, the vessel to vessel vent valve, and
the pump flow direction valves so the pump direction is from
holding vessel to process vessel.

[0104] Process Step 2

[0105] Coating System Status: Solvent process level
reached in process vessel, processing

[0106]

[0107] 1. Solvent Temperature Alarm off signal from
temperature controller. I-3

Input Status:

[0108] 2.Process Vessel Solvent Level Sensor signal.
I-5

[0109] 3. Process Vessel cover closed sensor signal.
11-3

[0110] 4. Process Vessel cover latched sensor signal.
1I-4

[0111] Output Status:

[0112] 1.Pump direction signal out, (pump to process
vessel from holding vessel). I-1
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[0113] 2. Heat control/flow switches to process ves-
sel, stir motor on. Holding vessel (cool) II-3

[0114] Process Description:

[0115] When the solution level reaches the sight glass
level sensor, a signal is sent to the microprocessor/controller
indicating that the process solution level has been reached.
The microprocessor/controller turns off the pump, the vessel
output valves, and the vessel to vessel vent valve, but leaves
the pump direction valve in the holding vessel to process
vessel position. The microprocessor/controller turns off the
reset signal to the treatment timer allowing the timer to start
timing. The microprocessor/controller also switches the
valves that disconnect the circulation heater flow from the
process holding vessel and maintains flow to the processing
vessel. The microprocessor/controller then initiates the hold-
ing vessel cooling cycle. The magnetic stir unit motor is
engaged and the circulation temperature controller switches
to monitor the process vessel temperature.

[0116] Process Step 3

[0117] Coating Svstem Status: Process time elapsed,
pumping solvent back to holding vessel.

[0118]
[0119] 1. Cycle Timer Timed Out signal. I-2
[0120] 2. Solvent Flow Switch Output Signal. I-7

Input Status:

[0121] 3. Process Vessel cover closed sensor signal.
11-3

[0122] 4 Process Vessel cover latched sensor signal.
1I-4

[0123] Output Status:
[0124] 1. Solvent Pump On. I-0
[0125] 2. Holding Vessel Output Valve Open. 1-2
[0126]

[0127] 4. Holding Vessel to Process Vessel Vent
Valve On. I-6

3. Process Vessel Output Valve Open. I-3

[0128] 5. Circulation heater to process vessel, circu-
lation cooler to holding vessel. 1I-3

[0129] Process Description:

[0130] When the Treatment timer reaches zero, a time-out
signal is sent to the microprocessor/controller. The process
vessel stir motor turns off. Circulation heater flows only to
the process vessel.

[0131] The circulation heater temperature controller
begins monitoring and displaying the holding vessel tem-
perature. The output signal is opened so the heater element
in the circulation heater turns off. The microprocessor/
controller turns on the pump, the vessel output valves, and
the vessel to vessel vent valve.

[0132] During the first three seconds of pumping, an
internal microprocessor/controller timer delays the flow
switch signal so the pump has time to start solution flow and
activate the flow switch. The flow switch becomes active
when the three second timer times out. When all of the
solution is pumped back into the holding vessel, the pump
starts pumping air. The flow switch signals the micropro-
cessor/controller and starts the aeration cycle and timer. The
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microprocessor/controller starts a 10 second pump off delay
timer. This pump off delay purges the air sparger of solvent
and allows 10 seconds for the pump to pump the sparger
purge solvent to the holding vessel. At the end of the 10
second delay, the controller turns the pump, the vessel output
valves, and the vessel to vessel vent valves off.

[0133] Process Step 4

[0134] Coating System Status: Solvent Back to Holding
Vessel, Acration Time.

[0135]
[0136] 1. Cycle Timer Timed Out signal. I-2

Input Status:

[0137] 2. Process Vessel cover closed sensor signal.
11-3

[0138] 3. Process Vessel cover latched sensor signal.
1I-4

[0139] Output Status:
[0140] 1. Sight lass Vent On. 1I-0

[0141] 2. Circulation heater to process vessel, circu-
lation cooler to holding vessel. I11-3

[0142] 3. Aeration Valve On. II-4

[0143] 4. Roof Vent Valve On. II-5

[0144] 5. Aeration Timer Enable. 1I-6
[0145] Process Description:

[0146] As stated in the step 3 description, the loss of the
flow switch signal causes the controller to start the aeration
cycle. The controller turns on the high flow air valve, the
roof vent valve, and the aeration timer enable signal. The
aeration timer starts timing. The Sight Glass vent turns on at
the end of the pump purge delay time. At the end of the
sparger purge 10 second pump off delay, the pump and
solution line valves turn off.

[0147] Process Step 5

[0148] Coating System Status: Aeration time elapsed, fill
process vessel with wash water.

[0149]
[0150] 1. Cycle timer timed out signal. I-2
[0151] 2. Aeration Timer Time Out Signal. IT-0

Input Status:

[0152] 3. Process Vessel cover closed sensor signal.
11-3

[0153] 4. Process Vessel cover latched sensor signal.
1I-4

[0154] Output Status:
[0155] 1. Pure Water Valve On. II-1

[0156] 2. Circulation heater to process vessel, circu-
lation cooler to holding vessel. I11-3

[0157] 3. Roof Vent Exhaust Valve On. II-5
[0158] 3. Aecration Timer Enable On. II-6
[0159] Process Description:

[0160] When the aeration timer reaches zero, a signal is
sent to the microprocessor/controller, turning sight glass
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vent valve off, and turning on the distilled water valve. The
vessel fills with pure water until the water level reaches the
process level sensor on the sight glass.

[0161] Process Step 6

[0162] Coating Svstem Status: Process vessel full of wash
water to process level, bubble wash on.

[0163]
[0164] 1. Cycle Timer Timed Out signal. I-2

[0165] 2. Process Vessel Process Level Sensor Sig-
nal. I-5

[0166] 3. Acration Timer Time Out Signal. IT-0

Input Status:

[0167] 4. Process Vessel cover closed sensor signal.
11-3

[0168] 5. Process Vessel cover latched sensor signal.
1I-4

[0169] Output Status:

[0170] 1. Circulation heater to process vessel, circu-
lation cooler to holding vessel. 1I-3

[0171] 2. Aeration Air Valve On. II-4
[0172] 3. Roof Vent Exhaust Valve On. II-5
[0173] 4. Acration Timer Enable On. II-6.
[0174] 5. Wash Timer Enable Signal. II-7

[0175] Process Description:

[0176] When the level reached signal from the process
level sensor reaches the microprocessor/controller the water
valve is turned off and the wash timer is enabled. The
aeration valve, and the roof vent valve remain on to bubble
wash the product.

[0177] Process Step 7

[0178] Coating System Status: Wash Time elapsed, Drain
Process Vessel of wash water.

[0179] Input Status:

[0180] 1. Cycle Timer Timed Out signal. I-2

[0181] 2. Acration Timer Time Out Signal. IT-0

[0182] 3. Wash Timer Time Out Signal. I-1

[0183] 4. Process vessel cover closed sensor signal.
11-3

[0184] 5. Process Vessel cover latched sensor signal.
1I-4

[0185] Output Status:
[0186] 1. Process Vessel Out Valve. I-3
[0187] 2. Low Pressure Drain Air Valve On. I-4
[0188]

[0189] 4. Circulation heater to process vessel, circu-
lation cooler to holding vessel. 1I-3

[0190] 5. Acration Timer Enable On. II-6
[0191] 6. Wash Timer Enable Signal. II-7

3. Drain Valve On. I-5
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[0192] Process Description:

[0193] When the wash timer reaches zero, a signal is sent
to the microprocessor/controller. The microprocessor/con-
troller turns off the high flow air valve and the roof vent
valve, and turns on the low pressure air valve, process vessel
output valve, and drain valve. Low pressure air blows the
wash water to drain. The controller also initiates a five
minute interval timer. When the internal timer times out, the
microprocessor/controller turns the low pressure air and the
vessel out valve off and activates a one second reset timer
that resets the wash and drain timers. The three way drain
valve remains in the drain position for the second wash.
Process steps 5-7 repeat for a second wash/drain cycle. The
reset timer disables the reset function after the first reset so
the controller will end the process cycle after the second
wash/drain cycle.

[0194] Process Step 8, Repeat process steps 5, with output
I-5 (drain valve) on.

[0195] Process Step 9, Repeat process step 6, with output
I-5 (drain valve) on.

[0196] Process Step 10, Repeat process step 7
[0197] Process Step 11

[0198] Coating System Status Process Cycle Complete,
Dry Cycle On

[0199] Input Status:
[0200] 1. Treatment Timer time Out. I-2
[0201] 2. Aeration Timer Time Out. IT-0

3. Wash Timer Time Out. II-1

[0203] 4. Process Vessel Closed Signal. IT-3

[0204] 5. Process Vessel Cover Latched Signal. 11-4
[0205] Output Status:

[0206] 1. Low Press Drain Air On. I-4

[0207] 2. Drain Valve. I-5

[0208] 3. Process Complete Indicator Lamp. I-7

[0209]

II-3

[0210] 5. Roof Vent On. II-5

[0211] 6. Aeration Timer Enable. I11-6

[0212] 7. Wash Timer Enable. 1I-7
[0213] Process Description:

[0214] With the 1 second Wash/Drain cycle timed out and
latched, the microprocessor/controller does not reset the
wash/drain cycle and the process is complete. The latched
reset timer output turns on the process complete lamp at the
end of the second wash/drain cycle. The low pressure drain
air remains on and the roof vent opens to dry parts in the
processing vessel.

[0215] Process Step 12

[0202]

4. Circulation Cooler/Heater Flow Control.

[0216] Coating System Status: Process Cycle Complete,
Process Vessel Open, Remove Product.

[0217] Input Status:
[0218] 1. Treatment Timer Time Out. I-2
[0219] 2. Aeration Timer Time Out Signal. IT-0
[0220] 3. Wash Timer Time Out Signal. I-1
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[0221] Output Status:
[0222] 1. Drain Valve. I-5
[0223] 2. Process Complete Indicator Lamp On. I-7

[0224] 3 Circulation heater to processing vessel cir-
culation cooler to holding vessel. 1I-3

[0225] 4. Acration Timer Enable On. II-6
[0226] 5. Wash Timer Enable Signal. II-7
[0227] Process Description:

[0228] Unlatching the process vessel when removing
product turns off the roof vent and the low pressure drain.

[0229] Process Step 13 Controller Reset
[0230]
[0231] 1. Reset Signal (momentary)
[0232] Output Status:
[0233] 1. Reset Signal (Momentary)
[0234] Process Description:

Input Status:

[0235] The reset signal resets the program to the standby
mode. The circulation cooler turns off and is disconnected
from the holding vessel. Circulation heater flow switches
back to both holding and processing vessels. Process tem-
perature for the next coating process.

[0236] From the foregoing description, one skilled in the
art can readily ascertain the essential characteristics of the
invention and, without departing from the spirit and scope
thereof can adapt the invention to various usages and
conditions. Changes in the form and substitution of equiva-
lents are contemplated as circumstances may suggest or
render expedient, and although specific terms have been
employed herein, they are intended in a descriptive sense
and not for purposes of limitation. Furthermore, any theories
attempting to explain the mechanism of actions have been
advanced merely to aid in the understanding of the invention
and are not intended as limitations, the purview of the
invention being delineated by the following claims.

We claim:
1. A semi-automated medical device coating system com-
prising:

a first vessel having a sealable cover, at least one mixing
device and at least one heat transfer device;

a second vessel having a sealable cover, at least one
mixing device and at least one heat transfer device, said
second vessel in two-way fluid communication with
said first vessel;

a fluid transfer system adapted to transfer fluids between
said first and said second vessels;

a support adapted to suspend a device in said second
vessel;

and a gas operated sparger in said second vessel adapted
to transfer gas from an external gas supply into said
second vessel.

2. The semi-automated medical device coating system of
claim 1 wherein said coating system is a closed system
substantially preventing exposure of said fluid to the ambi-
ent atmosphere or light.
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3. The semi-automated medical device coating system of
claim 1 further comprising a plurality of sensors coopera-
tively connected to said first vessel, said second vessel, said
fluid transfer system, said heat transfer devices and said
mixers, said sensors responsive to at least one microproces-
sor/controller.

4. The semi-automated medical device coating system of
claim 1 further comprising at least one temperature control-
ler responsive to said microprocessor/controller for heating
and cooling said heat transfer device of said first and said
second vessels.

5. The semi-automated medical device coating system of
claim 1 wherein said fluid transfer system is at least one
pump.

6. The semi-automated medical device coating system of
claim 1 wherein said sparger is a spiral shaped device
located within said second vessel.

7. A semi-automated implantable medical device coating
system comprising:

a containment platform having at least one temperature
controller;

a holding vessel fixed to said containment platform hav-
ing a first sealable closure, at least one mixer and a first
heat transfer device in cooperation with said at least
one temperature controller;

a processing vessel fixed to said containment platform
having a second sealabe closure, a gas sparger, at least
one mixer, a support for suspending said implantable
medical device within said processing vessel and a
second heat transfer device in cooperation with said at
least one temperature controller;

a first fluid transfer system in cooperation with said
containment platform adapted to transfer fluids
between said holding vessel and said processing vessel;

a second fluid transfer system in cooperation with said
containment platform adapted to transfer fluid between
said processing vessel and a remote fluid reservoir and
a waste reservoir;

a gas reservoir in cooperation with said gas sparger;

a plurality of valves in cooperation with said first and said
second fluid transfer systems and said gas reservoir;

a plurality of sensors in cooperation with said holding
vessel, said processing vessel, said first and said second
sealable closure, said first and said second heat transfer
device, said first and said second fluid transfer system,
said plurality of valves and said at least one tempera-
ture controller;

a programmable controller responsive to said plurality of
Sensors.

8. The semi-automated implantable medical device coat-
ing system of claim 7 wherein said programmable controller
is adapted to regulate the contents, temperatures, fluid
levels, and gas flow within said holding vessel and said
processing vessel.

9. The semi-automated implantable medical device coat-
ing system of claim 7 wherein said programmable controller
is adapted to open and close said plurality of valves.

10. The semi-automated implantable medical device coat-
ing system of claim 7 wherein said programmable controller
is adapted to act as a fail-safe monitor responsive to said
plurality of sensors.
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11. A method for coating a medical device comprising:

providing a first sealed vessel having a coating solution
disposed therein;

providing a second sealed vessel adapted to receive said
coating solution from said first vessel, said second
vessel having at least one medical device to be coated
disposed therein;

heating said coating solution and said second vessel;

transferring at least a portion of said coating solution to
said second vessel;

cooling said first vessel and said coating solution remain-
ing therein;

holding said second vessel and said coating solution
disposed therein at a predetermined temperature for a
first predetermined time;

transferring said coating solution from said second vessel
to said first vessel at the conclusion of said first
predetermined time;

transferring a wash solution from a wash solution reser-
voir into said second vessel;

washing said medical device in said wash solution for a
second predetermined time;

removing said wash solution from said second vessel;

drying said medical device.
12. The method for coating a medical device of claim 11
further comprising:

mixing said coating solution in said first and said second
vessels.
13. The method for coating a medical device of claim 11
further comprising:

aerating said medical device in said second vessel prior to

transferring said wash solution into said second vessel.

14. The method for coating a medical device of claim 11
further comprising:

injecting a gas into said second vessel using a gas sparger

for aerating, washing and drying said medical device.

15. The method for coating a medical device of claim 14
further comprising:

providing a first velocity gas sparge for washing and a
higher second velocity gas sparge for aerating and
drying said medial device.

16. The method for coating a medical device of claim 11

further comprising:

automating said method for coating a medical device by
providing and programming a microprocessor/control-
ler adapted to receive information from at least one
sensor and transmitting information necessary to con-

trol said method for coating a medical device.
17. The method for coating a medical device of claim 11
wherein said coating solution is an antimicrobial solution.
18. The method for coating a medical device of claim 17
wherein said antimicrobial solution is an antiseptic solution.
19. The method for coating a medical device of claim 17
wherein said antimicrobial solution is an antibiotic solution.
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20. The method for coating a medical device of claim 19
wherein said antibiotic solution comprises minocycline,
rifampin and at least one solvent.

21. The method for coating a medical device of claim 20
wherein said at least one solvent is selected from the group
consisting of: butyl acetate, methyl alcohol, amyl acetate,
benzene, carbon tetrachloride, chloroform, dimethyl ether,
ethylene dichloride, hexane, 2-ethyl hexanol, hexyl ether,
methyl ethyl ketone, methyl isobutyl ketone, methylene
chloride, perchloroethylene, Stoddard reagent, toluene,
thrichloroethylene, xylene and combinations thereof.

22. The method for coating a medical device of claim 11
wherein said medical device is selected from the group
consisting of: urinary catheters, vascular catheters, surgical
slings, artificial joints, penial implants, ocular implants,
stents, sutures, and heart valves.

23. An antibiotic solution for coating a medical device
consisting essentially of rifampin, minocycline and at least
one solvent.

24. An antibiotic solution for coating a medical device of
claim 23 wherein said at least one solvent is selected from
the group consisting of: butyl acetate, methyl alcohol, amyl
acetate, benzene, carbon tetrachloride, chloroform, dimethyl
ether, ethylene dichloride, hexane, 2-ethyl hexanol, hexyl
ether, methyl ethyl ketone, methyl isobutyl ketone, methyl-
ene chloride, perchloroethylene, Stoddard reagent, toluene,
thrichloroethylene, xylene and combinations thereof.

25. A semi-automated medical device coating system
comprising:

a coating solution holding vessel;

a processing vessel for coating medical devices separate
form said coating solution vessel;

a coating solution transfer system;

a heat transfer system for heating and cooling said holding
vessel and said processing vessel either simultaneously
or separately;

a mixer associated with said holding vessel and said
mixing vessel;

at least one remote sensor;

at least one microprocessor/controller for receiving data
from said at least one remote sensor and for transmit-
ting information to said coating solution transfer sys-
tem and said heat transfer system;

a product suspension device for holding said medical
device in place during coating;

a wash solution reservoir;
a wash solution transfer system;
at least one valve; and

at least one vent.
26. A method for coating a medical device comprising:

heating a coating solution having an antimicrobial sub-
stance suspended in said solution;

subjecting said medical device to said heated coating
solution for a specified period of time;

removing said heated coating solution from said medical
device;
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leaving a sufficient amount of said antimicrobial sub-
stance on said medical device so as to inhibit infection
in a patient receiving said medical device; and,

performing at least each of the above activities through a
closed system and without intervention by a human.
27. A medical device coating system comprising:

a first receptacle, said receptacle comprised of a material
capable of holding an antimicrobial substance without
introducing contamination;

a second receptacle in fluid communication with said first
receptacle;

said fluid communication being substantially closed to
ambient air at least during flow of fluid;

said second receptacle sized and shaped to receive at least
one medical device;

an electronic controller to govern flow between said first
receptacle and said second receptacle.
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28. A medical device coating system comprising:

a first receptacle, said receptacle comprised of a material
capable of holding an antimicrobial substance without
introducing contamination;

a second receptacle in fluid communication with said first
receptacle;

said fluid communication being substantially closed to
ambient air at lest during flow of fluid;

said first receptacle and said second receptacle being
continually maintained under an inert gas;

said second receptacle sized and shaped to receive at
least one medical device; and

an electronic controller to govern flow between said first
receptacle and said second receptacle.



