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ABSTRACT

Methods of sterilizing medical devices, including implant-
able medical devices like stents, chemically and with radia-
tion are disclosed. Methods of preparing a sterile, packaged
medical device, including a sterile, packaged implantable
medical device or stent are disclosed.
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STERILIZATION METHODS FOR MEDICAL
DEVICES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 11/893,230, filed on the 14” of Aug. 2007 and
published as U.S. Patent Application Publication No. 2008-
0044553 A1 on the 21°* of Feb. 2008, and U.S. patent appli-
cation Ser. No. 11/893,230 claims the benefit of U.S. Patent
Application No. 60/838,030, filed on the 15? of Aug., 2006.
U.S. patent application Ser. No. 11/893,230 and U.S. Patent
Application No. 60/838,030 are incorporated by reference
herein in their entirety, including any drawings.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to methods of sterilization of
medical devices, and particularly stents, a type of implantable
medical device, and methods of preparing sterilized, pack-
aged medical devices, including sterilized, packaged stents.
[0004] 2. Background

[0005] This invention relates to methods of sterilization of
articles, particularly medical devices, and more particularly,
stents. In addition this invention relates to methods of prepar-
ing sterilized, packaged articles, and more particularly ster-
ilized, packaged medical devices, including sterilized, pack-
aged stents.

[0006] The term sterilization refers to the elimination of
microorganisms such as fungi, bacteria, viruses and prions, or
a reduction in the bioburden of an item where bioburden
refers to the number of micro-organisms with which the item
is contaminated. The degree of sterilization is typically mea-
sured by a sterility assurance level (SAL) which refers to the
probability of a viable microorganism being present on a
product unit after sterilization.

[0007] There are a number of sterilization procedures. The
broad categories include heat, chemicals, irradiation, and fil-
tration. An example of using heat to sterilize is autoclaving of
medical instruments. Cooking or canning food is also another
application of using heat for sterilization. A number of chemi-
cals can be used for sterilization including ozone, chlorine
bleach (sodium hypochlorite), formaldehyde/glutaraldehyde,
ethylene oxide, hydrogen peroxide, and peracetic acid. Irra-
diation includes exposure to gamma rays, X rays, or ultravio-
let rays or electron beam (Victoria Reitz, “Sterilization for
Beginners,” June 18, Medical Design Magazine). Filtration
typically involves filtering through a 0.2 micron filter.
[0008] The choice of sterilization technique will depend
upon the application, and the sterility level desired. The
required SAL for a product is dependent on the intended use
of'the product. For medical devices in particular, the level of
sterility for a Class I device as per United States Food and
Drug Administration (“FDA”) classifications, which presents
a minimal risk of harm to the user and are simpler than Class
II and Class III devices, will be different than the level
required for a Class III device which “are usually those that
support or sustain human life, are of substantial importance in
preventing impairment of human health, or which present a
potential, unreasonable risk of illness or injury.” (FDA defi-
nition).

[0009] In addition the United States FDA regulates devices
with most regulations for medical devices and radiation emit-
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ting products found Title 21 of the Code of Federal Regula-
tions (CFR) parts 800-1299. Although the FDA does provide
some guidance on sterility levels, more specific information
can be found in guidance documents provided by the Inter-
national Organization of Standards (ISO) documents which
were developed in conjunction with Association for the
Advancement of Medical Instrumentation (AAMI) (Reitz).
SALs for various medical devices can be found in materials
from the AAMI in Arlington, Va.

[0010] One type of medical device for which sterilization is
required is a stent. A stent is a medical device belonging to the
larger category of devices referred to as “endoprotheses.” An
“endoprosthesis” corresponds to an artificial device that is
placed inside the body. Stents are shaped devices which func-
tion to hold open, and sometimes expand, a segment of a
blood vessel or other anatomical lumen such as urinary tracts
and bile ducts. A “lumen” refers to a cavity of a tubular organ
such as ablood vessel. A stentis a Class I1I medical device per
FDA medical device classifications. Stents are often used in
the treatment of atherosclerotic stenosis in blood vessels.
“Stenosis” refers to a narrowing or constriction of the diam-
eter of a bodily passage or orifice. In such treatments, stents
reinforce body vessels and prevent restenosis following
angioplasty in the vascular system. “Restenosis” refers to the
reoccurrence of stenosis in a blood vessel or heart valve after
it has been treated (as by balloon angioplasty, stenting, or
valvuloplasty) with apparent success.

[0011] Thetreatment of a diseased site or lesion with a stent
involves both delivery and deployment of the stent. “Deliv-
ery” refers to introducing and transporting the stent through a
bodily lumen to a region, such as a lesion, in a vessel that
requires treatment. “Deployment” corresponds to the
expanding of the stent within the lumen at the treatment
region. Delivery and deployment of a stent are accomplished
by positioning the stent about one end of a catheter (for
example the stent may be crimped onto the catheter, or onto a
catheter balloon), inserting the end of the catheter through the
skin into a bodily lumen, advancing the catheter in the bodily
lumen to a desired treatment location, expanding the stent at
the treatment location, and removing the catheter from the
lumen.

[0012] Stents may also be medicated, that is manufactured
to also deliver a drug, bioactive agent, or other active or
bioactive agent to the patient. A medicated stent falls into the
FDA definition (as per 21 CFR §3.2(e)) of a combination
product due to the combination of a drug or biologic with a
medical device. A medicated stent may be fabricated by coat-
ing the surface of the stent scaffolding with a polymeric
carrier that includes an active or bioactive agent or drug, or in
the alternative, if the stent contains a polymer, the polymer
scaffolding may also serve as a carrier of an active agent or
drug.

[0013] A number of techniques can be used to sterilize
medical devices.

[0014] Many medical devices, such as but not limited to,
stents, typically undergo terminal sterilization, that is steril-
ization occurs in the final packaged product, or for a stent,
sterilization after fabrication, mounting on the delivery
device, attachment to a delivery system and packaging. Thus,
the sterilization operation may have a negative impact on the
material comprising the stent or the material comprising the
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stent coating, and/or any drug, bioactive agents, or other
additive in the coating on the stent.

SUMMARY OF THE INVENTION

[0015] The present invention relates to methods of steriliz-
ing articles, more specifically medical devices including
stents, and methods of preparing a sterile packaged article
including sterile packaged medical devices including sterile
packaged stents.

[0016] Someembodiments ofthe present invention include
a method of sterilizing a stent, the method including: expos-
ing the stent to a sterilizing chemical at ambient temperature;
performing one or more processing operations on the exposed
stent; and packaging the processed stent, wherein the sterility
assurance level (SAL) of the packaged stent is less than a
selected value due to the exposure to the sterilizing chemical.
[0017] Someembodiments ofthe present invention include
a method of a method for preparing a sterilized packaged
stent, the method including: exposing a stent comprising a
polymer to radiation to sterilize the stent while the stent is in
an uncrimped state; and packaging the stent.

[0018] Someembodiments ofthe present invention include
amethod of preparing a sterilized, packaged stent, the method
including: exposing the stent to a fluid to a cleaning fluid in
preparation for a coating operation; exposing the stent to a
sterilizing chemical at ambient temperature; coating the stent;
and heating the stent after coating, wherein the stent com-
prises a polymer.

[0019] Someembodiments of the present invention include
amethod of preparing a sterilized, packaged stent, the method
including: exposing the stent to a cleaning fluid in preparation
for a coating operation; coating the stent; and heating the stent
after coating; mounting the stent onto a delivery device and
attaching the mounted stent to a delivery system; packaging
the stent and delivery system; and exposing the packaged
stent and delivery system to radiation of not more than 15
KGy after packaging the stent; wherein the stent comprises a
polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 depicts a stent.

DETAILED DESCRIPTION OF THE INVENTION

[0021] In the discussion that follows, to avoid the stilted
language required to consistently indicate that the plural of
various aspects of this invention is included with the singular,
any reference to the singular implies the plural and visa-versa,
unless expressly stated to be otherwise; for example, “a bio-
active agent” or “the bioactive agent” will refer to a single
bioactive agent or to a plurality of bioactive agents; “a poly-
mer” or “the polymer” will refers to a single polymer or a
plurality of polymers, “a sterilizing chemical” will refer to a
single sterilizing chemical or a plurality of sterilizing chemi-
cals, etc.

[0022] For the purposes of the present invention, the fol-
lowing terms and definitions apply:

[0023] The *glass transition temperature,” T, is the tem-
perature at which the amorphous domains of a polymer
change from a brittle vitreous state to a solid deformable state.
In other words, the T, corresponds to the temperature where
the onset of segmental motion in the chains of the polymer
occurs. When an amorphous or semi crystalline polymer is
exposed to an increasing temperature, the coefficient of
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expansion and the heat capacity of the polymer both increase
as the temperature is raised, indicating increased molecular
motion. As the temperature is raised the actual molecular
volume in the sample remains constant, and so a higher coef-
ficient of expansion points to an increase in free volume
associated with the system and therefore increased freedom
for the molecules to move. The increasing heat capacity cor-
responds to an increase in heat dissipation through move-
ment. The measured T, of a given polymer can be dependent
on the heating rate and can be influenced by the thermal
history, and potentially pressure history, of the polymer, as
well as potentially the pressure at which the measurement is
made. Furthermore, the chemical structure of the polymer
heavily influences the glass transition by affecting mobility.

[0024] The “melting temperature”, T, , of a polymer is the
highest temperature at which a crystal lattice in the polymer is
stable.

[0025] “Sterilize” or “sterilization”—the process by which
the bioburden of an item is reduced to a particular sterility
assurance level where the sterility assurance level required
will depend upon the use of the article.

[0026] “Sterility Assurance Level” (SAL)—refers to the
probability of a viable microorganism being present on a
product unit (that is the product is not sterile) after the product
has undergone sterilization procedure, or in other words, the
probability that a particular unit is non-sterile after the prod-
uct has undergone a sterilization procedure.

[0027] “Stent Preparation Step” or “Stent Preparation
Operation”—a process or method in which a stent or other
device is immersed in a solvent for a period of time to prepare
the stent or device for coating and/or to potentially remove
debris or other material from the stent or other medical
device. This may also be referred to as exposing the stent to a
fluid to a cleaning fluid in preparation for a coating operation.

[0028] “Patient”—an animal (an individual from a species
included in the Kingdom animalia), including a human, in
need of treatment for a disease or condition, or under medical
care.

[0029] As used herein, an “implantable medical device”
refers to any type of medical appliance that is totally or partly
introduced, surgically or medically, into a patient’s body or by
medical intervention into a natural orifice, and which is
intended to remain there after the procedure. The duration of
implantation may be essentially permanent, as would be the
case if the device is constructed of a biologically inert mate-
rial, until it biodegrades and disappears or until itis physically
removed. Examples of implantable medical devices include,
without limitation, implantable cardiac pacemakers and
defibrillators; leads and electrodes for the preceding; implant-
able organ stimulators such as nerve, bladder, sphincter and
diaphragm stimulators, cochlear implants; prostheses, self-
expandable stents, balloon-expandable stents, stent-grafts,
grafts, artificial heart valves and cerebrospinal fluid shunts.

[0030] This invention relates to methods of sterilization of
medical devices, and more particularly, stents, a type of
implantable medical device. Various embodiments of this
invention relate to methods of sterilization of implantable
medical devices. As noted above, a stent is a type of
“endoprosthesis” which corresponds to an artificial device
that is placed inside the body. Stents are shaped devices which
function to hold open, and sometimes expand, a segment of a
blood vessel or other anatomical lumen such as urinary tracts
and bile ducts, and are often used in the treatment of athero-
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sclerotic stenosis in blood vessels. As noted above, the stent
must be delivered, typically via a catheter, to the diseased site
or lesion and then deployed.

[0031] Inordertoachieve the objectives of delivery to a site
and then deployment, endoprotheses, including stents, may
be radially expandable and may be adapted to be implanted in
a bodily lumen. In particular, stents that are radially expand-
able have a structure designed such that it can be expanded in
a body lumen. The structure of a stent is typically composed
of, but not limited to, scaffolding that includes a pattern or
network of interconnecting structural elements often referred
to in the art as struts, or bar arms. An example of a stent is
shown in FIG. 1. FIG. 1 depicts an exemplary stent 100 with
struts 110 that form cylindrical rings 115 which are connected
by linking struts 120. The scaffolding can be formed from
wires, tubes, or sheets of material rolled into a cylindrical
shape. The scaffolding is designed so that the stent may be
radially compressed (for example to allow crimping to a
smaller size to attach to a catheter or for other means of
mounting on a delivery device) and radially expanded (to
allow for deployment). A conventional stent is allowed to
expand and contract through movement of individual struc-
tural elements of a pattern with respect to each other. The stent
and stent pattern illustrated in FIG. 1 is an example of the type
of stent structure or stent pattern that may be used in the
present invention but the present invention is in no way lim-
ited to the stent structure or stent pattern that is illustrated in
FIG. 1.

[0032] The stent must be able to satisfy a number of
mechanical requirements due to the need to be delivered to
the site of deployment, deployed at the chosen site, and then
to perform the intended function in-vivo, that is holding open,
and potentially expanding, the body lumen. First, the stent
must possess adequate radial strength to withstand the struc-
tural loads, namely radial compressive forces, imposed on the
stent as it supports the walls of a vessel. During preparation
for delivery, for example by crimping or compressing around
a balloon disposed on a catheter, and deployment the stent
undergoes mechanical stresses and strains. Once deployed,
the stent must adequately maintain its size and shape through-
out its service life despite the various forces that may come to
bear on it, including the cyclic loading induced by the beating
heart.

[0033] As noted above, the stent may also be designed to
deliver a drug or other bioactive agent, thus qualifying as a
combination product as per FDA regulations. A medicated
stent may be fabricated by coating the surface of the stent
scaffolding with a polymeric carrier or another carrier mate-
rial that includes an active, bioactive agent, drug, agent useful
in diagnosis, or agent useful in visualization of the device,
including proteins and other macromolecules. More gener-
ally, active agent will refer to an agent useful in the diagnosis,
treatment, or prevention of a disease or condition, or the
resulting symptoms thereof, or agent useful in the visualiza-
tion of the device (collectively “active agent”). The coating
material is applied as a solution, or dispersion, in a fluid, or
solvent, where the fluid or solvent is substantially removed
during processing. If the scatfold of the stent is a polymer, or
includes a polymer, the scaffolding may also serve as a carrier
of an active agent.

[0034] The scaffolding which forms the stent itself can be
fabricated from metals, polymers, or a blend of polymers, or
other materials. The stent must be biocompatible to reduce or
prevent any adverse vascular responses, or other adverse
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responses. The underlying structure or substrate of a stent can
be completely, or at least in part, made from a biodegradable
polymer or combination of biodegradable polymers, a bio-
stable polymer or combination of biostable polymers, or a
combination of biodegradable and biostable polymers. Addi-
tionally, a polymer-based coating for a surface of a device can
be a biodegradable polymer or combination of biodegradable
polymers, a biostable polymer or combination of biostable
polymers, or a combination of biodegradable and biostable
polymers.

[0035] A polymer for use in fabricating an implantable
medical device, such as a stent, or for use in a coating, can be
biostable, bioabsorbable, biodegradable or bioerodable. Bio-
stable refers to polymers that are not biodegradable. The
terms biodegradable, bioabsorbable, and bioerodable are
used interchangeably and refer to polymers that are capable
of'being completely degraded and/or eroded when exposed to
bodily fluids such as blood, and can be gradually resorbed,
absorbed, and/or eliminated by the body. The processes of
breaking down and absorption of the polymer can be caused
by, for example, hydrolysis and metabolic processes.

[0036] Representative examples of polymers that may be
used to fabricate stents include, but are not limited to, poly
(N-acetylglucosamine) (Chitin), Chitosan, poly(3-hydroxy-
valerate), poly(lactide-co-glycolide), poly(-hydroxybu-
tyrate), poly(4-hydroxybutyrate), poly(3-hydroxybutyrate-
co-3-hydroxyvalerate), polyorthoesters, polyanhydride, poly
(glycolic acid), poly(glycolide), poly(L-lactic acid), poly(L-
lactide), poly(D,L-lactic acid), poly(D,L-lactide), poly(L-
lactide-co-D,L-lactide), poly(caprolactone), poly(L-lactide-
co-caprolactone), poly(D,L-lactide-co-caprolactone), poly
(glycolide-co-caprolactone), poly(trimethylene carbonate),
polyester amide, poly(glycolic acid-co-trimethylene carbon-
ate), co-poly(ether-esters) (e.g. PEO/PLA), polyphosp-
hazenes, biomolecules (such as fibrin, fibrinogen, cellulose,
starch, collagen and hyaluronic acid), polyurethanes, sili-
cones, polyesters, polyolefins, polyisobutylene and ethylene-
alphaolefin copolymers, acrylic polymers and copolymers,
vinyl halide polymers and copolymers (such as polyvinyl
chloride), polyvinyl ethers (such as polyvinyl methyl ether),
polyvinylidene halides (such as, but not limited to, polyvi-
nylidene chloride), polyacrylonitrile, polyvinyl ketones,
polyvinyl aromatics (such as, but not limited to, polystyrene),
polyvinyl esters (such as, but not limited to, polyvinyl
acetate), acrylonitrile-styrene copolymers, ABS (acryloni-
trile butadiene styrene) resins, polyamides (such as, but not
limited to, Nylon 66 and polycaprolactam), polycarbonates,
polyoxymethylenes, polyimides, polyethers, rayon, rayon-
triacetate, cellulose acetate, cellulose butyrate, cellulose
acetate butyrate, cellophane, cellulose nitrate, cellulose pro-
pionate, cellulose ethers, and carboxymethyl cellulose.

[0037] Additional representative examples of polymers
that may be especially well suited for use in fabricating
embodiments of implantable medical devices, including
stents, disclosed herein include ethylene vinyl alcohol
copolymer (commonly known by the generic name EVOH or
by the trade name EVAL®), poly(butyl methacrylate), poly
(vinylidene fluoride-co-hexafluoropropene) (e.g., SOLEF®
21508, available from Solvay Solexis PVDEF, Thorofare,
N.J.), polyvinylidene fluoride (otherwise known as
KYNAR®, available from ATOFINA Chemicals, Philadel-
phia, Pa.), ethylene-vinyl acetate copolymers, poly(vinyl
acetate), styrene-isobutylene-styrene triblock copolymers,
and polyethylene glycol. Other polymers which may be espe-
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cially well suited include, but are not limited to, poly(glycolic
acid), poly(glycolide), poly(L-lactic acid), poly(L-lactide),
poly(D,L-lactic acid), poly(D,L-lactide), poly(L-lactide-co-
D,L-lactide), poly(caprolactone), poly(L-lactide-co-capro-
lactone), poly(D,L-lactide-co-caprolactone), and poly(gly-
colide-co-caprolactone).

[0038] A non-polymer substrate of the device may be made
of a metallic material or an alloy such as, but not limited to,
cobalt chromium alloy (ELGILOY®), stainless steel (316L),
high nitrogen stainless steel, e.g., BIODUR® 108, cobalt
chrome alloy L-605, “MP35N,” “MP20N,” ELASTINITE®
(Nitinol), tantalum, nickel-titanium alloy, platinum-iridium
alloy, gold, magnesium, or combinations thereof “MP35N”
and “MP20N” are trade names for alloys of cobalt, nickel,
chromium and molybdenum available from Standard Press
Steel Co., Jenkintown, Pa. “MP35N” consists of 35% cobalt,
35% nickel, 20% chromium, and 10% molybdenum.
“MP20N” consists of 50% cobalt, 20% nickel, 20% chro-
mium, and 10% molybdenum.

[0039] The typical stent manufacturing process starts with
a tube for manufacturing the stent. The stent tube may be of
any one of numerous shapes, but preferably, the tube may be
cylindrical, or substantially cylindrical. The starting point of
the manufacture may be with the tube itself, or the tube may
be fabricated. A polymeric stent may be fabricated from a
tube or a sheet that is rolled into a tubular shape, and bonded
by any one of various techniques known in the art to form a
tube. The tube or sheet may be formed by various processing
methods known in the art, such as, but not limited to, extru-
sion or injection molding.

[0040] Ina subsequent optional operation, the formed tube
may be radially expanded to increase radial strength. During
the radial expansion operation, the tube may optionally be
heated to temperatures above T,.

[0041] Typically, the next operation is the stent cutting
operation. A stent pattern, such as but not limited to the one
illustrated in FIG. 1, may be formed on a tube or sheet by laser
machining or other methods known in the art. Representative
examples of lasers that may be used include, but are not
limited to, excimer, carbon dioxide, YAG (yttrium aluminum
garnet), or a femtosecond laser such as, but not limited to, that
developed by Lawrence Livermore National Laboratory.
Other methods known in the art, such as but not limited to
chemical etching, may be used to cut a stent pattern into the
tube.

[0042] An alternative to the above operations of starting
with a tube is to start with a sheet which may be cut with a
stent pattern, and then rolled and sealed to form a tube by
methods known in the art. Potentially the tube may be radially
expanded, and potentially at a temperature above T,. The
stent pattern may be cut into the tube in much the same
manner that a stent pattern may be cut in a tube as outlined
above.

[0043] Optionally, the stent cutting operation is followed
by “a stent preparation step,” also referred to here as a “stent
preparation operation.” The stent preparation operation is a
process in which the stent is immersed in a solvent, such as,
but not limited to, 100% isopropyl alcohol, for a period of
time to prepare the stent or device surface for coating. In
addition to preparing the surface for coating, the stent prepa-
ration operation may also help in the removal of any debris
from the stent. Thus, the “stent preparation operation” may be
performed on the stent or device, even if the stent or device
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may not be coated. The stent preparation operation may be
performed for a metal or a polymer stent.

[0044] An optional stent coating operation follows either
the stent preparation operation (the immersion in solvent
outlined above), or after the stent cutting operation, if no stent
preparation operation is performed. During the coating
operation a coating material may be applied to the stent via
standard techniques known in the art, such as spray coating.
The coating material may be a pure active agent, or the coat-
ing material may be, or include, active agent mixed, or dis-
persed, within a polymer carrier, or other type of carrier. The
coating material is applied as a solution, or dispersion, in a
fluid, or solvent, where the fluid or solvent is removed, or
substantially removed, during processing. Multiple coating
operations may be performed and more than one active agent,
drug, and/or bioactive agent may be included in the stent
coating. An optional subsequent operation may be to subject
the stent to a heat treatment to remove residual fluid or sol-
vent, and/or to cure, and/or potentially anneal, the polymer.
The temperature can be somewhere in the range of about 40°
C. to about 50° C., or even higher.

[0045] Typically, the next operation in the stent manufac-
turing process is to mount the stent onto the delivery device.
The coated or uncoated stent may then be mounted on a
delivery device, such as for example by crimping the stent on
to a catheter balloon. Other methods of mounting the stent or
device to a delivery device may be used. Optionally, a sheath
may be placed over the crimped stent to retain the stent
delivery device, to protect the stent, or both. The mounted
stent or device may be attached to a delivery system, and then
may be packaged.

[0046] Typically the stent is terminally sterilized, that is
sterilization occurs once the stent has been manufactured,
optionally coated, mounted on a delivery device, covered
with a sheath if required, attached to a delivery system, and
packaged. Conventional wisdom holds that terminal steriliza-
tion is preferred, and/or is required, to meet a particular ste-
rility assurance level. For medical devices, a number of ster-
ilization methods can be used such as autoclaving, treatment
with ethylene oxide, and irradiation, including, but not lim-
ited to, both gamma irradiation and electron beam (e-beam)
irradiation.

[0047] For surgical instruments an autoclave can be used.
However, for more complex medical devices, the autoclave
method may be undesirable because it requires exposure to
moisture, as well as high temperatures in some cases, such as
the boiling point of water, about 100° C. For a stent, high
temperatures could damage or degrade the stent scaffolding,
a stent coating, or an active agent.

[0048] The terminal sterilization of medical devices,
including stents, may be performed by utilization of ethylene
oxide or irradiation. Ethylene oxide (“EtO”) sterilization is
performed by spraying or immersing the device in liquid
ethylene oxide, or exposing the device to gaseous cthylene
oxide to obtain a desired bioburden level. Ethylene oxide is
often used for plastics and hermetically sealed products.
However, one disadvantage of ethylene oxide is the long
turnaround time due to the need to wait for the dissipation of
the ethylene oxide from the items sterilized (Pharmaceutical
and Medical Packaging News Magazine, Daphne Allen, edi-
tor, “MEDICAL: The Changing Face of Sterilization,
Advances in Existing Technologies and a Number of Emerg-
ing Methods are Helping Manufacturers Satisfy Rigorous
Requirements,” published in 1998). In addition, cycle times
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may be long to assure that the ethylene oxide reaches all the
areas requiring sterilization, particularly for complex
devices. To speed up this process, elevated temperatures may
be used, but the elevated temperatures may have a negative
impact on the product. Additionally, ethylene oxide is highly
toxic.

[0049] Radiation sterilization is well known to those of
ordinary skill the art. Medical devices composed in whole or
in part of polymers can be sterilized by various kinds of
radiation, including, but not limited to, electron beam
(e-beam), gamma ray, ultraviolet, infra-red, ion beam, x-ray,
and laser sterilization. A sterilization dose can be determined
by selecting a dose that provides a required SAL. A sample
can be exposed to the required dose in one or multiple passes.
Irradiation refers to the exposure to radiation.

[0050] Gamma irradiation can penetrate materials of vari-
ous densities and thus can be used for products in complex
packages. Cobalt 60 can be used as a source of gamma rays.
Electron beam (e-beam) irradiation involves the exposure to
concentrated highly charged electrons generated by the accel-
eration and conversion of electricity. E-beam sterilization is
generally used for high volume, low value products or low
volume, high value products when used. One disadvantage of
both gamma and e-beam radiation is that exposure may
degrade materials via alteration of molecular bonds. In addi-
tion, for both types of irradiation, but particularly for gamma
irradiation, the initial capital costs are high which may lead to
out-sourcing and consequently longer operation times due to
the need to transport to and from another facility.

[0051] Because implantable medical devices, including
stents, typically undergo terminal sterilization, any active
agents that are coated on the stent, or incorporated in the stent,
are exposed to the sterilization medium and conditions. The
exposure of the active agent to radiation or EtO may poten-
tially have a negative impact on the active agent. Furthermore,
the sterilization procedure may have an impact on the stent
itself, particularly if the stent or device, and/or the stent or
device coating, includes a polymer.

[0052] Itis generally known that mechanical properties of a
polymer may tend to change or age undesirably with time. For
a polymer stent, such changes may potentially occur even
though the product is sterilized using low doses of radiation
(25 KGy) and at temperatures below ambient. A polymer
stent may potentially be particularly sensitive to degradation
by standard radiation doses. Currently AAMI standards
require a minimum dose level of approximately 10.4 KGy to
achieve an SAL 0f 107, Such exposure may potentially result
in undesirable deterioration of the mechanical properties of a
stent. Aging may potentially be reduced or prevented by
storing a stent at cold storage conditions.

[0053] The terminal sterilization may be performed by uti-
lization of EtO or electron beam irradiation. Both procedures
may have a negative impact on the mechanical properties of
the material forming the stent, particularly if the stent con-
tains a polymer, and/or if there is any stent coating. In addi-
tion, either sterilization procedure may potentially have a
negative impact on any active agent that may be contained in
the coating and/or is incorporated in the stent. As noted above
the stent undergoes a number of mechanical stresses and
strains during the preparation for packaging, the delivery of
the stent to the site of deployment, as well as the expansion or
deployment of the stent, in addition to the mechanical stresses
that it undergoes during in-vivo use. Thus, any degradation or
decrease in the mechanical properties is undesirable.
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[0054] Various embodiments of sterilization methods are
described herein. The sterilization methods may potentially
lead to improved mechanical properties of the implantable
medical device (including a stent), longer shelf life of the
implantable medical device (including a stent), and more
flexibility in storage conditions for the devices (including a
stent). Additionally such sterilization methods may allow the
use of a wider variety of bioactive agents, active agents,
diagnostic agents, and/or drugs that may be used in the manu-
facture of a medicated device (including a stent) since some
agents are sensitive to current sterilization methods. Further-
more, the sterilization methods may allow for other materials
to be used in the manufacture of implantable medical devices,
in particular those materials that have not been used due to
concern that the properties of the material will be negatively
impacted by sterilization with either EtO or radiation. All
embodiments of the present invention may not necessarily
exhibit or possess all of the potential advantages aforemen-
tioned.

[0055] In addition to alternative methods for the steriliza-
tion of a medical device, particularly an implantable medical
device, including a stent, a number of methods for the prepa-
ration of sterilized packaged medical devices, including ster-
ilized, packaged stents, are also described herein.

[0056] In certain embodiments, a stent may be sterilized
through application of a sterilizing chemical. The chemical
sterilization may be performed as an alternative to radiation
sterilization, or EtO sterilization, both of which can involve
exposing the device to temperature above ambient that can be
harmful to the stent.

[0057] Embodiments of chemical sterilization are a viable
alternative to either EtO sterilization or radiation sterilization
due to the nature of the stent manufacturing process. More
particularly, it is believed that the bioburden on the stent
during processing is limited to the surface of the stent. The
bioburden in a region beneath a surface region of the stent is
likely to be eliminated during extrusion and expansion of the
product since the polymer is exposed to high temperatures
during these operations. When a polymer is used for the
scaffolding of a stent or device, a typical manufacturing pro-
cess requires that the tubing is extruded, expanded, and pack-
aged in a controlled environment. Therefore, due to the nature
of the processing, it is believed that the tubing probably
exhibits a very low baseline bioburden.

[0058] In certain embodiments, chemical sterilization
refers to sterilization through exposure of an article, such as a
medical device or stent, to a chemical at ambient temperature.
Ambient or room temperature refers to a temperature in the
range ofabout 15° C. to about 30° C., such as for example, but
not limited to 20° C., 22° C., 25° C. or 27° C., or more
narrowly in the range of 20° C. 10 27° C., or 20° C. 10 25° C.,
or22°C.to 27°C.

[0059] In some embodiments, the chemical sterilization
may be performed at a temperature slightly higher than ambi-
ent. In particular, for a metal stent, the chemical sterilization
may occur at a temperature higher than ambient temperature.
The upper limitation on the temperature may be set by the
boiling point of the sterilizing chemical. In some embodi-
ments, a metal stent may be sterilized by exposure to a ster-
ilizing chemical at a temperature at above 30° C. or above 40°
C., oreven 50° C. orhigher. In still other embodiments, a stent
which includes a polymer as part of the stent body and/or as
part of a coating, may be subjected to chemical sterilization
wherein the temperature is slightly above ambient, such as,
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but not limited to, about 30° C. to about 35° C., about 35° C.
to about to 37° C., or 35° C. to 40° C. wherein about, as used
in this sentence, means within 2 to 3° C.

[0060] The sterilizing chemical may be any substance,
whether gas, liquid, fluid, or solid, that reduces the bioburden
to a desired level on the device upon exposure to the chemical
for a sufficient time period. For example, the sterilizing
chemical may include toluene, formaldehyde, acetone, iso-
propyl alcohol, or combinations thereof.

[0061] For example, combinations of toluene in any of the
other three aforementioned chemicals (formaldehyde,
acetone, isopropyl alcohol) may be 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% or any of the ranges between
those stated as well as less than 5% and greater than 95%. For
example, combinations of acetone in any of the other three
aforementioned chemicals (toluene, formaldehyde, isopropyl
alcohol) may be 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95% or any of the ranges between those stated as well as less
than 5% and greater than 95%. For example, combinations
formaldehyde in any of the other three aforementioned
chemicals (toluene, acetone, isopropyl alcohol) may be 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or any of the
ranges between those stated as well as less than 5% and
greater than 95%. For example, combinations isopropyl alco-
hol in any of the other three aforementioned chemicals (tolu-
ene, formaldehyde, acetone) may be 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% or any of the ranges between
those stated as well as less than 5% and greater than 95%. The
combinations above are expressed as volume% of each sol-
vent prior to mixing the solvents together. For example a
mixture of 200 m1 of acetone with 200 m1 of toluene would be
referred to as 50% toluene and 50% acetone even if the final
mixture has a volume of less than or more than 400 ml.
[0062] For combinations of three or four of the sterilizing
chemicals, each chemical may range from less than 5%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or greater than
95% as well as ranges between those stated, provided that the
sum of the all three or the sum of all four is 100%. The
sterilizing chemical may be of a pharmaceutical grade or any
other grade appropriate for the process. The sterilizing chemi-
cal may be free of, or substantially free of, particulates.
[0063] Insome embodiments, the presence of a significant
fraction of water may be detrimental to the stent. In particular,
ifthe stent includes a biodegradable polymer, particularly one
that hydrolyzes, exposure to water may damage or degrade
the polymer. In other embodiments, the stent may be metallic
and/or the stent may include polymer or other materials that
are not susceptible to degradation by water, and therefore, the
presence of water may not have any impact, or only an insub-
stantial impact, upon the stent. Therefore, in some embodi-
ments, some water may be present during the chemical ster-
ilization process.

[0064] With respect to the sterilizing chemical (which may
be a combination of chemicals), water may be present at
levels from less than 5%, 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, to greater than 95%. The combinations
above are expressed as volume% of each solvent prior to
mixing the solvents together.
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[0065] In some embodiments, a medical device can be
exposed to a sterilizing chemical under conditions of ambient
humidity. Ambient humidity can refer to a relative humidity
between 0 and 100%, or between about 10% and about 75%,
or more narrowly, between about 15% to about 65%. In other
embodiments, chemical sterilization can be performed under
conditions of controlled humidity. In such embodiments, the
relative humidity can be controlled to be less than about 60%,
less than about 50%, less than about 40%, less than about
30%, less than about 20%, less than about 15%, less than
about 10%, or less than about 5%.

[0066] In some embodiments, an article, such as a medical
device, may be sprayed with or immersed within the steriliz-
ing chemical which is in a liquid state to achieve chemical
sterilization. In other embodiments, the medical device may
be exposed to a vapor of the sterilizing chemical. In other
embodiments, the sterilizing chemical may be applied on the
surface of the medical device or stent with an article, such as
a sponge, cloth, paper towel, paper tissue or other article that
will absorb liquid that has been immersed in the sterilizing
chemical which is in a liquid state. Additional embodiments
may include any other methods of exposing the medical
device, including a stent, to a fluid, including a sterilizing
chemical. In further embodiments, the medical device can be
exposed two or more times to a sterilizing chemical. In such
embodiments, the device may be exposed using any combi-
nation of the methods disclosed.

[0067] Thetime frame for the exposure may be determined
by the time required to obtain a desired SAL. It is believed that
the time frame for the exposure may depend upon such factors
as the nature of the chemical sterilizing agent, the manner of
exposure, and the nature of the article to be sterilized, as well
as the use of standard techniques for measuring sterility, or
validating that a process produces a given SAL.

[0068] In some embodiments, the chemical sterilization
may be performed aseptically. A process is performed asep-
tically if it is performed under sterile conditions. Aseptic
generally means sterile or free from bacterial contamination.
For example, a stent can be sterilized in a sterile, isolated
chamber such as a commonly available sprayer hood pro-
vided that it has been configured to be a sterile isolation
barrier. In such embodiments, the sprayer hood may be vali-
dated as a sterile isolation barrier. In such embodiments, one
or more subsequent stent processing operations may be per-
formed in an aseptic environment. In some embodiments, the
stent, or medical device, can be chemically sterilized in an
environment which is not aseptic, and one or more subsequent
processing operations may be performed in an aseptic envi-
ronment.

[0069] An exemplary isolation barrier is an absolute isola-
tion barrier available from Flanders/CSC. In some embodi-
ments, an isolation barrier may be specifically designed with
the capability for sterilizing the entire isolation barrier, and
therefore, it is designed specifically for use in aseptic pro-
cessing. In other embodiments, an isolation barrier may be
designed for use with toxic active agents, and may be config-
ured in a manner and/or used with procedures such that it is
may be used for aseptic processing.

[0070] In some embodiments, the operations after, and
optionally including, the chemical sterilization operation
may be carried out aseptically, but without the use of an
isolation barrier. Although an isolation barrier may be used in
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aseptic processing, it is not required. In some embodiments, a
class 100 laminar flow hood may be used for aseptic process-
ing.

[0071] Conventional equipment that is known in the art,
such as, but not limited to, pumps, vacuum pumps, heating or
cooling devices, filters or other ventilation equipment may
also be required or desirable. In addition, spray nozzles, with
or without air or other gas for atomization, may be utilized,
and are well known in the art. For applications involving
flammable solvents, the equipment used may be explosion
proof

[0072] In some embodiments, all stent processing opera-
tions subsequent to, and optionally including, the chemical
sterilization operation, may be performed aseptically. In
some embodiments, stents may be processed in an aseptic
environment. In such embodiments, the sterilized stent may
be coated, and mounted on a delivery system in the aseptic
environment. In some embodiments, the uncoated stent may
be attached to the delivery system as an aseptically prepared
unit. In such embodiments, if the stent, or other accessories
and/or tools, are to be transported from one sterile area to
another sterile area, the stent, or other accessories, may be
double or triple bagged to reduce, or prevent, exposure to a
non-sterile environment. The multiple coverings allow the
item may be moved from one sterile area to another because
the outer layer may be removed and the inner material may be
passed to an uncontaminated area or person.

[0073] In further embodiments, the chemical sterilization
may occur at one or more points in the stent manufacturing
process prior to the final operation of packaging. In some
embodiments, the chemical sterilization may be performed
on a stent after laser cutting, but prior to spray coating. In
some embodiments, the chemical sterilization may be per-
formed prior to the stent preparation operation. In other
embodiments, the chemical sterilization may be performed
after the stent preparation operation, but prior to the coating
operation. In other embodiments, the chemical sterilization
may be performed as an alternative to the stent preparation
operation.

[0074] In other embodiments, the stent preparation opera-
tion may be sufficient to sterilize the device. In some embodi-
ments, the stent may undergo one or more stent preparation
operations. In such embodiments, the preparation of a steril-
ized packaged stent may be obtained by executing all opera-
tions subsequent to the first, or only, stent preparation opera-
tion in an aseptic manner, such as, but not limited to, in an
isolation barrier. In some embodiments, the stent preparation
operation may also be performed aseptically.

[0075] In other embodiments, both the stent preparation
operation and the chemical sterilization operation may both
be required to achieve the required sterility assurance level. In
some embodiments the stent preparation operation may be
performed first, while in other embodiments the chemical
sterilization operation may be performed first. In some
embodiments more than one chemical sterilization operation
and/or more than one stent preparation operation may be
performed and the order in which the operations are per-
formed may vary. Aseptic processing may be used to ensure
the sterility of the final packaged product.

[0076] Insomeembodiments there may be multiple chemi-
cal sterilization operations and/or multiple stent preparation
operations. In some embodiments, the sterility of the final
packaged product is assured by use of aseptic processing after
a chemical sterilization operation. In further embodiments,
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the sterility of the final packaged stent is ensured by use of
aseptic processing beginning after a stent preparation opera-
tion. In some embodiments, aseptic processing is initiated
with a chemical sterilization operation or a stent preparation
operation earlier in the process.

[0077] In some embodiments, the chemical sterilization
operation may occur before the coating operation, either
before or after the stent preparation operation. In other
embodiments the chemical sterilization operation may occur
after the coating operation. In other embodiments, the chemi-
cal sterilization operation may occur after the coating opera-
tion and prior to the optional post-coating heat treatment. In
other embodiments, the chemical sterilization operation may
be performed after the post coating heat treatment.

[0078] In certain embodiments, processing a stent may
include the removal of undesirable or objectionable residue
subsequent to the chemical sterilization operation, and/or the
stent preparation operation. In some embodiments, the
removal operation may include processing of the device with
fluids that can remove all or some of such residue (“removal
fluids™). Such objectionable or undesirable residue may
include residual sterilizing chemicals, substances in the ster-
ilizing fluid, or residual solvent from the stent preparation
operation. Such removal solvents may be miscible with the
sterilizing chemical and have a higher volatility. Acetone and
isopropanol are exemplary removal fluids. Objectionable
residue can be defined as residual solvent or other substances
present in a stent at a level that can be harmful to a patient. In
some cases, levels of acceptable solvent or other residue may
be set by various regulatory agencies. In some embodiments,
the stent may be rinsed with isopropanol or acetone even if the
sterilizing fluid includes isopropanol and/or acetone. In such
embodiments, the final rinse with a removal fluid is used to
remove other substances, such as contaminants in the steril-
izing fluid, and/or other substances which may provoke a
biological or pyrogenic response.

[0079] The sterility of the final packaged medical device,
including a packaged stent, may be obtained by repeated
chemical sterilization operations, stent preparation opera-
tions, aseptic processing, and/or use of other sterilization
procedures known in the art, or any combination of the afore-
mentioned procedures.

[0080] In an exemplary embodiment, the chemical steril-
ization operation may be performed aseptically after a stent
preparation operation, the stent may be coated, and a second
chemical sterilization operation may be performed asepti-
cally on the coated stent. In such exemplary embodiment, all
subsequent operations performed on the stent, including, but
not limited to, crimping the stent onto a delivery device,
attaching the mounted stent/device assembly to a delivery
system, and packaging the combination of stent and delivery
system, may be performed aseptically.

[0081] In those embodiments in which the stent is pro-
cessed aseptically, all of the accessories, equipment and tools
needed for such operations may be pre-sterilized prior to the
operations involving the stent, and prior to introduction into
the isolation barrier or other area of aseptic processing. The
sterilization of the tools, equipment or accessories, such as
but not limited to, the delivery device, the delivery system, the
sheath, and the packaging materials, may be executed by any
means known in the art that will not have a deleterious effect
on the tools, equipment or accessories. These methods
include, but are not limited to, exposure to ethylene oxide,
exposure to radiation including both gamma radiation and
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electron beam radiation, and exposure to steam or hydrogen
peroxide. Other methods known in the art may be used for
sterilization of the accessories, tools, and equipment required
or desirable for the subsequent stent processing operations.
[0082] Insomeembodiments, even though a stent prepara-
tion operation and/or a chemical sterilization operation may
be performed, a final terminal sterilization operation may be
performed after packaging. In such embodiments, the termi-
nal sterilization operation can include irradiation that utilizes
a lower level of radiation than that would be required to
sterilize without the prior chemical sterilization. Although the
following embodiments may focus on e-beam sterilization,
the embodiments will extend to other forms of irradiation for
sterilization. For example, the dose for e-beam sterilization
can be about 15 KGy or less, and preferably 5-15 KGy.
Therefore, the lower level of terminal sterilization with the
e-beam is possible because sterility is not dependent upon
only the exposure to the e-beam radiation. Thus, in some
embodiments, the use of the chemical sterilization operation
and/or stent preparation operation, along with aseptic pro-
cessing for subsequent operations, may be followed by a
terminal sterilization step utilizing a lower level of radiation
exposure.

[0083] Insomeembodiments, the lower level terminal ster-
ilization may occur at a temperature below ambient tempera-
ture, such as lessthan 10° C.,0°C.,-15°C.,-25°C.,-40° C.,
-70°C.,-100°C., -150° C., -=200° C., -240° C., or less than
-270° C. Such embodiments may allow for more flexibility in
manufacturing the implantable medical device, while obtain-
ing potential benefits from reduced radiation exposure.
[0084] Some embodiments of the present invention relate
to methods of preparing a sterilized packaged stent, in which
the stent is subjected to the stent preparation step, the coating
operation, and the post-coating heating operation. In some
embodiments the combination of the stent preparation step,
the coating operation, and the post-coating heating operation
may yield a stent with an acceptable SAL. Therefore, all
subsequent processing operations on the medical device,
including a stent, may be executed in an aseptic manner,
and/or other sterile manners known in the art, to produce a
sterile, packaged stent.

[0085] Some embodiments of the present invention also
relate to alternative methods of sterilization in which radia-
tion may be used for sterilization. As indicated above, a
polymer stent and delivery system are typically sterilized by
electron beam radiation, or other radiation, after assembly
and packaging. It is generally known that mechanical prop-
erties of a polymer may tend to change or age undesirably
with time. For a polymer stent, such changes may potentially
occur even though the product is sterilized using low doses of
radiation (25 KGy) and at temperatures below ambient.
Aging may be reduced or prevented by storing a stent at cold
storage conditions. It is believed that aging of a polymer stent
may be facilitated by the electron beam exposure of the stent
while it is in a stressed state, i.e., crimped on the delivery
system. Thus, the invention further provides for a method of
sterilizing an implantable medical device, such as, but not
limited to, a stent, with radiation when the device is in an
unstressed state or undeformed state.

[0086] It is believed that if the sterilization by radiation
occurs while the device is in an undeformed, or “as fabri-
cated,” state, the rate of aging or degradation of the polymer
will be reduced, thus producing a stent, which may be more
robust and may have a longer shelf life. For the purposes of
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the present invention, “deformed state” means that the stent is
crimped, or otherwise mounted onto a delivery device.

[0087] Although the following embodiments may focus on
e-beam sterilization, the various embodiments of the present
invention will extend to other forms of irradiation for steril-
ization as well. As outlined above radiation sterilization is
well known to those of ordinary skill the art. The various
kinds of radiation that can be used for sterilization, include,
but are not limited to, electron beam (e-beam), gamma ray,
ultraviolet, infra-red, ion beam, x-ray, and laser sterilization.

[0088] In some embodiments, the implantable medical
device may be sterilized by exposure to radiation, such as but
not limited to, electron beam radiation, before it is crimped
and mounted onto a delivery device, attached to a delivery
system, and packaged. In such an embodiment the electron
beam sterilization may occur after the stent has been coated
and subjected to the post-coating heat treatment (at about 40°
C. to 50° C. as outlined above). In other embodiments, the
electron beam irradiation occurs prior to the post-coating heat
treatment. In still other embodiments, the stent is sterilized by
exposure to radiation prior to coating. In such embodiments
where sterilization occurs prior to coating, the coating as well
as any potential active agent in the coating, is not exposed to
radiation. In some embodiments, all of the operations subse-
quent to the sterilization by exposure to radiation, including
the final packaging operation, may be carried out aseptically.

[0089] Insuch embodiments in which the stent is sterilized
in the undeformed state, the sterilization may occur at a
temperature below ambient temperature, such as less than 10°
C.,0°C.,-15°C,-25°C.,-40°C.,-70°C.,-100° C., -150°
C., -200° C., -240° C,, or less than -270° C.

[0090] Insuch embodiments where the stent is sterilized in
the undeformed state, the catheter delivery system, sheath,
and packaging material may be pre-sterilized by any tech-
nique known in the art, such as but not limited to, irradiation
with electron beam radiation or gamma radiation, and/or ster-
ilization with ethylene oxide. The stent may be crimped,
inserted in to the sheath, attached to the delivery system, and
then packaged. In some embodiments, all of the preceding
operations are executed aseptically, and potentially in an iso-
lation barrier. Since the performance of the catheter delivery
system, sheath, and packaging material may be less sensitive
to electron beam radiation or ethylene oxide than a stent,
these other sterilization techniques may be used in the sepa-
rate sterilization prior to aseptic assembly.

[0091] Inother embodiments, the stent may be sterilized by
exposure to radiation, such as by, but not limited to, electron
beam radiation, while the stent is in an undeformed state,
either before or after it is optionally coated. The sterility of the
final packaged medical device, including a packaged stent,
may be obtained by utilization of chemical sterilization
operations, aseptic processing, and/or utilization of other
sterilization procedures known in the art, or any combination
of the aforementioned methods.

[0092] In an exemplary embodiment, aseptic processing
may be used for all stent processing operations subsequent to
the stent’s exposure to radiation, up to and including the final
packaging operation. Another exemplary embodiment may
involve using radiation to sterilize the stent prior to coating,
coating the stent, performing a chemical sterilization opera-
tion on the coated stent aseptically, and subsequently asepti-
cally executing the operations of crimping the device onto a
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delivery device, attaching the crimped device/delivery device
assembly to a delivery system, and packaging the stent/deliv-
ery device/delivery system.

[0093] In some embodiments of the current invention, ter-
minal sterilization with radiation is used, but the exposure to
radiation is at a lower level. Thus, all of the prior operations
steps are carried out in such a manner as to reduce or maintain
a low bioburden on the product in each step allowing a lower
level of radiation to be used for the terminal sterilization.
Therefore, in some embodiments a sterilized packaged stent
is prepared by executing all of the processing operations in
such a manner as to reduce or maintain a low bioburden in the
product, thus allowing the final terminal sterilization to be
executed with a lower total exposure to radiation. The lower
level of sterilization may be 5 to 15 KGy, and not more than
15 KGy.

[0094] Embodiments of the sterilization of the present
invention can provide an SAL less than 1x107°, In other
embodiments, the sterilization can yield an SAL greater than
1x107%, or more narrowly, 1107 or 1x10~*. In some
embodiments, the sterilization can yield an SAL of 1x1073
which may be sufficient for some medical devices and under
some circumstances.

[0095] Insome embodiments, sterilization can yield a final
packaged product with a 3, 4, 5 or 6, or greater, log reduction
in bioburden. In some embodiments, after the last chemical
sterilization step or stent preparation step, there may be a 3, 4,
5 or 6, or greater, log reduction in bioburden.

[0096] In a preferred embodiment of the present invention,
a stent, may be manufactured from a tube comprising a bio-
degradable polymer. In some embodiments, the tube may be
radially expanded at a temperature above the T, prior to laser
cutting the stent pattern in the tube to form the stent. The
device may subsequently be subjected to the stent preparation
operation in which it is immersed in a solvent, preferably
isopropyl alcohol. The removal from the isopropyl alcohol
may occur in an isolation barrier. The stent may then be
chemically sterilized utilizing a different solvent, preferably
acetone, by spraying the solvent onto the stent or immersing
the stent in the solvent. After the chemical sterilization with
acetone, the stent may be optionally further processed to
remove the residual solvent, acetone. The stent is then coated,
crimped onto a delivery device, attached to a delivery system.
The coating, crimping and attachment to a delivery system
may occur within the isolation barrier which allows for asep-
tic processing. Subsequently, the final delivery system and
stent are packaged in a laminar flow hood which also allows
for aseptic processing. Any materials needed such as the
delivery device, the sheath, the delivery system, and packag-
ing materials, as well as tools and equipment that may be
needed to execute the above steps can be pre-sterilized prior
to introduction into the isolation barrier or the laminar flow
hood.

[0097] In another preferred embodiment of the present
invention, the stent comprising a biodegradable or bioabsorb-
able polymer, may be sterilized with electron beam irradia-
tion prior to crimping the stent onto a delivery device. Thus,
in this manner the stent is exposed to radiation while in an
undeformed state. Subsequently, the stent may be optionally
coated (if not already coated), crimped onto a catheter,
attached to a delivery system, and packaged all in an isolation
barrier which allows for an aseptic environment. As in the
embodiment above, any materials needed such as the delivery
device, the sheath, the delivery system, and packaging mate-
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rials, as well as tools and equipment that may be needed to
execute the above steps can be pre-sterilized prior to intro-
duction into the isolation barrier.

[0098] Terms such a “element”, “member”, “device”, “sec-
tion”, “portion”, “step”, “means” and words of similar import
when used herein shall not be construed as invoking the
provisions of 35 U.S.C. §112(6) unless the following claims
expressly use the term “means” followed by a particular func-
tion without specific structure or the term “step” followed by
a particular function without specific action.

[0099] While particular embodiments of the present inven-
tion have been shown and described, it will be obvious to
those skilled in the art that changes and modifications can be
made without departing from this invention in its broader
aspects. Therefore, the appended claims are to encompass
within their scope all such changes and modifications as fall
within the true spirit and scope of this invention.

What is claimed is:

1. A method for preparing a sterilized packaged stent, the
method comprising:

exposing a stent comprising a polymer to radiation to ster-

ilize the stent while the stent is in an uncrimped state;
and

packaging the stent.

2. The method of claim 1, wherein the stent is exposed to
radiation prior to mounting the stent on a delivery device.

3. The method of claim 1, further comprising coating the
stent prior to exposing the stent to radiation.

4. The method of claim 1, further comprising coating the
stent, after exposing the stent to radiation, and mounting the
coated stent onto a delivery device.

5. The method of claim 1, further comprising performing
one or more additional stent processing operations, wherein
all of the one or more stent processing operations subsequent
to the exposure of the stent to radiation are performed asep-
tically.

6. The method of claim 1, wherein the sterilization is elec-
tron beam sterilization.

7. A method of preparing a sterilized, packaged stent, the
method comprising:

exposing the stent to a fluid to a cleaning fluid in prepara-

tion for a coating operation;

exposing the stent to a sterilizing chemical at ambient

temperature;

coating the stent; and

heating the stent after coating, wherein the stent comprises

a polymer.

8. The method of claim 7, wherein all processing opera-
tions subsequent to the exposure to the sterilizing chemical
are executed aseptically.

9. The method of claim 7, further comprising packaging the
stent.

10. The method of claim 7, further comprising exposing the
stent to radiation of not more than 15 KGy after packaging the
stent.

11. The method of claim 10, wherein the radiation is elec-
tron beam sterilization.

12. The method of claim 7, wherein all processing opera-
tions subsequent to exposing the stent to the cleaning fluid are
performed aseptically.

13. A method of preparing a sterilized, packaged stent, the
method comprising:

exposing the stent to a cleaning fluid in preparation for a

coating operation;
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coating the stent; and exposing the packaged stent and delivery system to radia-
heating the stent after coating; tion of not more than 15 KGy after packaging the stent;
mounting the stent onto a delivery device and attaching the wherein the stent comprises a polymer.

mounted stent to a delivery system;

packaging the stent and delivery system; and ok Rk ok



