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DEGRADABLE POLYMERIC IMPLANTABLE MEDICAL DEVICES WITH A
CONTINUOUS PHASE AND DISCRETE PHASE

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a degradable polymeric implantable medical device.

Description of the State of the Art

This invention relates generally to implantable medical devices having a range of
mechanical and therapeutic requirements during use. In particular, the invention relates to
radially expandable endoprostheses that are adapted to be implanted in a bodily lumen.

An “endoprosthesis” corresponds to an artificial device that is placed inside the body. A
“lumen” refers to a cavity of a tubular organ such as a blood vessel. A stent is an example
of such an endoprosthesis. Stents are generally cylindrically 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. Stents are often used in the
treatment of atherosclerotic stenosis in blood vessels. “Stenosis™ refers to a narrowing or
constriction of the diameter of a bodily passage or oriﬁce. In such treatments, stents
reinforce body vessels and prevent restenosis following angioplasty. “Restenosis” refers
to the reoccurrence of stenosis in a blood vessel or heart valve after it has been subjected
to angioplasty or valvuloplasty.

The treatment of a diseased site or lesion with a stent involves both delivery and
deployment of the stent. “Delivery” refers to introducing and transporting the stent
through a bodily lumen to the treatment site in a vessel. “Deployment” corresponds to the

expanding of the stent within the lumen at the treatment site. Delivery and deployment of
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a stent are accomplished by positioning the stent at one end of a catheter, 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, exbanding the stent at the treatment location, and
removing the catheter from the lumen. In the case of a balloon expandable stent, the stent
is mounted about a balloon disposed on the catheter. Mounting the stent typically involves
compressing or crimping the stént onto the balloon. The stent is then expanded by
inflating the balloon. The balloon may then be deflated and the catheter withdrawn. In
the case of a self-expanding stent, the stent may be secured to the catheter via a retractable
sheath or a sock. When. the stent is in a desired bodily location, the sheath may be
withdrawn allowing the stent to self-expand.

The stent must be able to satisfy several mechanical requirements. First, the stent
must be capable of withstanding the structural loads, namely radial compressive forces,
imposed on the stent as it supports the walls of a vessel lumen. This requires a sufficient
degree of strength and rigidity or stiffness. In addition to having adequate radial strength,
the stent should be longitudinally flexible to allow it to be maneuvered through a tortuous
vascular path and to enable it to conform to a deployment site that may not be linear or
may be subject to flexure. The material from which the stent is constructed must allow the
stent to undergo expansion which typically requires substantial deformation of portions of
the stent. Once expanded, the stent must maintain its size and shape throughout its service
life despite the various forces that may come to bear thereon, including the cyclic loading
induced by the beating heart. Therefore, a stent must be capable of exhibiting relatively
high toughness which corresponds to high strength and rigidity, as well as flexibility.

A stent is typically composed of scaffolding that includes a pattern or network of
interconnecting structural elements or struts. The scaffolding can be formed of wires,

tubes, or sheets of material rolled into a cylindrical shape. The scaffolding is designed to
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allow the stent to be radially expandable. The pattern is generally designed to maintain
the longitudinal flexibility and radial rigidity required of the stent. Longitudinal flexibility
facilitates delivery of the stent and radial rigidity is needed to hold open a bodily lumen.
A medicated stent may be fabricated by coating the surface of either a metallic or
polymeric scaffolding with a polymeric carrier that includes a bioactive agent. Polymeric
scaffolding may also serve as a carrier of bioactive agen;c.

It may be desirable for a stent to be biodegradable. In many treatment applications,
the presence of a stent in a body may be necessary for a limited period of time until its
intended function, for example, maintaining vascular patency and/or drug delivery is
accomplished. Thus, stents are often fabricated from biodegradable, bioabsorbable, and/or
bioerodable materials such that they completely erode only after the clinical need for them
has ended. In addition, a stent should also be capable of satisfying the mechanical
requirements discussed above during the desired treatment time.

A polymeric implantable medical device should be mechanically stable throughout
the range of stresé experienced during use. Unfortunately, many polymers used for stent
scaffoldings and coatings are relatively brittle under physiological conditions, e.g., at body
temperature. Many polymers remain relatively brittle, and hence susceptible to
mechanical instability such as fracturing while in the body. In addition to mechanical
stability, a device should have a sufficiently rate of biodegradabi.lity»or erosion as dictated

by use.

SUMMARY
The invention provides an implantable medical device comprising: a structural
element, wherein the structural element includes: a continuous phase comprising a first

polymer; a discrete phase within the continuous phase, wherein the discrete phase has a
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second polymer including discrete phase segments; the second polymer further includes
anchor segments that have the same or substantially the same chemical make up as the
first polymer of the continuous phase, and at least some of the anchor segments have
partially or completely phase-separated from the discrete phase into the continuous phase.

The invention also provides an implantable medical device, comprising a blend
including: a structural element including: about 60 to about 99 wi% of a first polymer,
wherein the first polymer forms a continuous phase; and about 1 to about 40 wt% of a
second polymer, the second polymer forming a discrete phase within the continuous phase,
wherein the second polymer has a T, below body temperature and comprises discrete-
phase segments that degrade to acidic fragments, the sécond polymer also comprises
anchor segments having the same or substantially the same chemical make up as the
continuous phase, wherein the anchor segment has phase-separated out from the discrete
phase into the continuous phase.

An implantable medical device, comprising a blend comprising: a structural
element including: from about 60 to about 99 wt% of a first polymer, wherein the first
polymer forms a continuous phase; about 0.2 to about 5 wt% of a second polymer, the
second polymer forming a discrete phase within the continuous phase, the second polymer
comprising discrete phase segments and anchor segments, wherein anchor segments have
substantially the same chemical make up as the first polymer of the continuous phase and
have phase-separated out from the discrete phase into the continuous phase; and about 1 to
about 40 wt% of a third polymer comprising having a T below body temperature consists
essentially of discrete phase segments, wherein the third polymer degrades into fragments
at least some of which are acidic. ‘

The invention also provides an implantable medical device, comprising: about 60

to about 99 wt% of a first polymer having the chemical structure:
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H il H
R O"?*C—O-C‘}—'C OH
CHy CHy /.,

; and,

about 1 to about 40 wt% of a second polymer having the chemical structure:

4 . wherein:

Z isa polymer with a T below body temperature that degrades into fragments at least

some of which are acidic; wherein:

the first polymer forms a continuous phase;

the “Z)” polymer forms a discrete phase within the continuous phase; and,

the "p” segment of the second polymer partially or completely phase-separates out
from the discrete phase into the continuous phase.

The invention also provides a composition comprising: a continuous phase
comprising a first polymer; a discrete phase within the continuous phase, wherein the
discrete phase comprises a second polymer including discrete phase segments; the second
polymer further includes anchor segments that have the same or substantially the same
chemical make up as the first polymer of the continuous phase; and at least some of the
anchor segments have partially or completely phase-separated from the discrete phase into
the continuous phase.

The invention also provides a method of forming a copolymer comprising:
mixing glycolide monomers, caprolactone monomers, and a solvent to form a solution,

wherein the glycolide and caprolactone monomers react in the solution to form
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poly(glycolide-co-¢ -caprolactone), and combining L-lactide monomers with the solution
to allow the L-lactide monomers to react with the poly(glycolide-co-e- caprolactone) to
form poly(glycolide-co-e-caprolactone)-b-poly(L-lactide).

A method of forming a copolymer comprising: mixing glycolide monomers,
caprolactone monomers, and a solvent to form a solution, wherein the glycolide and
caprolactone monomers react in the solution to form poly(glycolide-co-e-caprolactone);
combining L-lactide monomers with the solution to allow the L-lactide monomers to react
with the poly(glycolide-co-e-caprolactone) to form poly(glycolide-co-e-caprolactone)-b-
poly(L-lactide); combining L-lactide and glycolide monomers with the solution to allow
the L-lactide and glycolide monomers to react with the poly(glycolide-co-¢-caprolactone)
to form poly(glycolide-co-e-caprolactone)-b-poly(L-lactide-co-glycolide); and combining
L-lactide and glycolide monomers with the solution to allow the L-lactide and glycolide
monomers to react with the poly(glycolide-co-e-~caprolactone) to form poly(glycolide-co-

e-caprolactone)-b-poly(lactide-co-glycolide).
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BRIEF DESCRIPTION OF DRAWINGS

FIGURE 1a depicts a stent made up of struts.

FIGURE 1b depicts a view of a sidewall of a segment of a strut of FIGURE 1a.

FIGURE 2a depicts a close-up view of the strut of FIGURE 1b showing a
continuous phase and a discrete phase.

FIGURE 2b depicts a close-up view of a second polymer as shown in FIGURE 2a
that makes up the discrete phase.

FIGURE 3 illustrates the synthesis of poly(glycolide-co-e-caprolactone)-b-poly(L-
lactide) copolymer according to one embodiment of the invention.

FIGURE 4 illustrates the synthesis of poly(L-lactide)-b-poly(glycolide-co-¢-

caprolactone) copolymer according to another embodiment of the invention.

DETAILED DESCRIPTION

Various embodiments of the present invention relate to composite implantable
medical devices configured to have particular mechanical properties such as strength and
flexibility. Embodiments of the present invention also relate to composite devices with
particular degradation characteristics. A composite implantable medical device is a device
which is made up of two or more macroscopically distinct materials or phases that have
different properties. The composite device as a whole may have desirable properties of
two or more of the distinct materials or phases. Therefore, desirable mechanical and/or
degradation properties in an implantable medical device may be obtained through the use
of a polymer composite structure.’

For the purposes of the present invention, the following terms and definitions

apply:
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The “glass transition temperature,” Ty, of a polymer is the temperature at which the
polymer’s amorphous domains transform from a brittle vitreous state to a solid deformable
or ductile state at atmospheric pressure. In other words, T, corresponds to the temperature
where segmental motion starts in the polymer chains. When an amorphous or
semicfystaliine polymer is exposed to an increasing temperature, both the polymer’s
coefficient of expansion and heat capacity increase as the temperature is raised, indicating
increased molecular motion. As the température is raised, the actual molecular volume in
the sample remains constant, and so a higher coefficient 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 corresponds to an increase in heat
dissipation through movement. Ty of a given polymer can be dependent on the heating
rate and can be influenced by the thermal history of the polymer. Furthermore, the
chemical structure of the polymer heavily influences the glass transition by affecting
mobility.

“Solvent™ is defined as a substance capable of dissolving or dispersing one or more
other substances or capable of at least partially dissolving or dispersing the substance(s) to
form a uniform mixture at the molecular- or ionic-size level. It should be noted that some
solvents can only dissolve, for example, glycolide monomers at high temperatures.

“Dissolve” refers to a substance passing into solution on a molecular scale with or
without chemical breakdown of the substance.

*“Stress” refers to force per unif area, as in the force acting through a small area
within a plane. Stress can be divided into components, normal and parallel to the plane,
called normal stress and shear stress, respectively. Tensile stress, for example, is a normal

component of stress applied that leads to expansion (increase in length). Compressive
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stress is a normal component of stress applied to materials resulting in their compaction
(decrease in length).

“Expansion” or “compression” is defined as the increase or decrease in length of a
sample of material when the sample is subjected to stress.

“Strain” refers to the amount of expansion or compression that occurs in a material
at a given stress. Strain is expressed as a fraction or percentage of the original length, i.c.,
the change in length divided by the original length. Strain, therefore, is positive for
expansion and negative for compression.

A property of a material that quantifies a degree of strain with applied stress is the
modulus. “Modulus” may be defined as the ratio of a component of stress per unit area
divided by the strain along the axis of the applied force. A material has both a tensile and
a compressive modulus. A material with a relatively high modulus tends to be stiff or
rigid. Conversely, a material with a relatively low modulus tends to be flexible. The
modulus of a material depends on its molecular composition and structure, tempt;rature,
and the strain rate or rate of deformation. Below its Ty, a polymer tends to be brittle with a
high modulus. As the temperature of a polymer is increased to above its Ty, its modulus
decreases.

“Ultimate strength” or “strength” of a material refers to the maximum stress that a
material will withstand prior to fracture. A material may have both a tensile and a
compressive strength. Ultimate strength is calculated from the maximum load applied
during a test divided by the original cross-sectional area.

“Toughness” is the amount of energy absorbed prior to fracture, or equivalently,
the amount of work required to fracture a material. One measure of toughness is the area

under a stress-strain curve from zero strain to the strain at fracture. The units of toughness
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are energy per unit volume of material. See, e.g., L. H. Van Vlack, “Elements of
Materials Science and Engineering,” pp. 270-271, Addisdn-Wesley (Reading, PA, 1989).

A brittle material is a relatively stiff or rigid material that exhibits little or no
plastic deformation. As stress is &;.pplied to a brittle material, it tends to fracture at a stress
approximately equal to its ultimate strength, undergoing little or no plastic deformation in
the process. A polymer below its T tends to be brittle. In contrast, a ductile material
under an applied stress exhibits both elastic and plastic deformation prior to fracture.
Above its Ty, a polymer is ductile.

A fracture may be categorized as either ductile or brittle. A relatively low amount
of energy is required to fracture brittle materials. Conversely, ductile materials can absorb
a relatively high amount of energy prior to fracture. Therefore, ductile materials tend to
exhibit a higher toughness than brittle materials. Toughness is a desirable characteristic in
implantable medical devices.

Examples of implantable medical devices include, without limitation, implantable
cardiac pacemakers and defibrillators; leads and electrodes for the preceding; implantable
organ stimulators such as nerve, bladder, sphincter and diaphragm stimulators, cochlear
implants, artificial bone; prostheses, - vascular grafts, self-expandable stents, balloon-
expandable stents, stent-grafts, grafts, artificial heart valves and cerebrospinal fluid shunts.

“Use” of a stent includes manufacturing, assembling (e.g., crimping a stent on
balloon), delivery of a-stent through a bodily lumen to a treatment site, deployment of a
stent at a treatment site, and treatment of a deployed stent. Both a scaffolding or substrate
and a coating on a scaffolding experience stress. For example, during deployment, the
scaffolding and/or coating of a_stent can be exposed to stress caused by the radial
expansion of the stent body. In addition, the scaffolding and/or coating may be exposed to

stress when it is mounted on a catheter from crimping or compression of the stent. These
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stresses can cause the scaffolding and/or coating to fracture and the coating to tear and/or
detach from the scaffolding. Failure of the mechanical integrity of the stent while the stent
is in a patient can lead to serious consequences. For example, there is a risk of
embolization caused by pieces of the polymeric scaffolding and/or coating breaking off
from the stent.

FIGURE 1la depicts a stent 100 comprising struts 105. Stent 100 has
interconnected cylindrical rings 120 connected by linking struts 130. The embodiments
disclosed herein are not limited to stents or to the stent pattern depicted in FIGURE la. In
many treatment applications, implantable medical devi;:es, such as a stent, are preferably
relatively tough and flexible since devices have varied mechanical requirements during use,
both before and during treatment.

An implantable medical device may be configured to degrade after implantation by
fabricating the device either partially or completely from biodegradable polymers.
Polymers can be biostable, bioabsorbable, biodegradable, or bioerodable. Biostable refers
to polymers that are not biodegradable. The terms biodegradable, bioabsorbable, and
bioerodable, as well as degraded, eroded, and absorbed, are used interchangeably and refer
to polymers that are capable of being completely eroded or absorbed when exposed to
bodily fluids such as blood and may be gradually absorbed and eliminated by the body.

A biodegradable device may remain in the body until its intended function of, for
example, maintaining vascular patency and/or drug delivery is accomplished. For
biodegradable polymers used in coating applications, after the process of degradation,
erosion, absorption has been completed, no polymer will remain on the stent. In some
embodiments, very negligible traces or residue may be left behind. The duration is

typically in the range of six to eighteen months, although other durations are possible.

11
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Erosion rate of the polymer depends on a number of factors including, but not
limited to, chemical composition, thickness, porosity, molecular weight, and degree of
crystallinity. Several characteristics of the degradation process are important in designing
biodegradable devices. These include average erosion rate, the erosion profile, the half-
life of the degrading polymer, and mechanical stability of a device during the degradation
process. A higher porosity increases degradation rates. Molecular weight tends to be
inversely proportional to degradation rate. Higher crystallinity tends to result in a lower
degradation rate. Amorphous regions of a polymer have a higher degradation rate than
crystalline regions.

Biodegradation refers generally to changes in physical and chemical properties that
occur in a polymer upon exposure to bodily fluids as in a vascular environment. The
changes in properties may include a decrease in molecular weight, deterioration of
mechanical properties, and decrease in mass due to erosion or absorption.

A decrease in molecular weight during biodegradation is caused by hydrolysis
and/or metabolic processes. In general, hydrolysis is a chemical process in which a
ﬁlolecule is cleaved into two parts by the addition of a molecule of water. With respect to
a bioabsorbable polymer such as PLLLA, water takes part in the hydrolysis of ester bonds
in the polymer backbone which leads to the formation of water-soluble fragments.
Consequently, the rate of degradation of a biodegradable polymer is strongly dependent on
the concentration of water in the polymer. A higher concentration of water in a polymer
can lead to a faster rate of hydrolysis, tending to result in a shorter degradation time of a
device made from the polymer.

Polymers that may be used to fabricate, coat, or modify an implantable medical
device include, but are not limited to, poly(N-acetylglucosamine) (Chitin), Chitosan,

poly(hydroxyvalerate), poly(lactide-co-glycolide), poly(hydroxybutyrate),

12
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poly(hydroxybutyrate-co-valerate), polyorthoester, polyanhydride, poly(glycolic acid),
poly(glycolide), poly(L-lactic acid), poly(L-lactide), poly(D,L-lactic acid), poly(D,L-
lactide), poly(caprolactone), poly(L-lactide-co-e-caprolactone), poly(trimethylene
carbonate), polyester amide, poly(glycolic acid-co-trimethylene carbonate), co-poly(ether-
esters) (e.g. PEO/PLA), polyphosphazenes, biomolecules (such as fibrin, fibrinogen,
cellulose, starch, collagen and hyaluronic acid), polyurethanes, silicones, polyesters,
polyolefins, polyisobutylene and ethylene-alphaolefin copolymers, acrylic polymers and
copolymers other than polyacrylates, vinyl halide polymers and copolymers (such as
polyvinyl chloride), polyvinyl ethers (such as polyvinyl methyl ether), polyvinylidene
halides (such as polyvinylidene chloride), polyacrylonitrile, polyvinyl ketones, polyvinyl
aromatics (such as polystyrene), polyvinyl esters (such as polyvinyl acetate), acrylonitrile-
styrene copolymers, ABS resins, polyamides (such as Nylon 66 and polycaprolactam),
polycarbonates, polyoxymethylenes, polyimides, polyethers, polyurethanes, rayon, rayon-
triacetate, cellulose, cellulose acetate, cellulose butyrate, cellulose acetate butyrate,
cellophane, cellulose nitrate,‘ celluiose propionate, cellulose ethers, and carboxymethyl
cellulose. Additional representative examples of polymers that may be especially well
sunited for use in fabricating an implantable medical device according to the methods
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-hexafluororpropene) (e.g., SOLEF 21508, available from
Solvay Solexis PVDF, Thorofare, NJ), polyvinylidene fluoride (otherwise known as
KYNAR, available from ATOFINA Chemicals, Philadelphia, PA), ethylene-vinyl acetate
copolymers, and polyethylene glycol.

Many biodegradable polﬁers used for stent scaffoldings and coatings are

relatively brittle under biological conditions. This is particularly true for biodegradable

13
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polymers with a T, above a body temperature, such as poly (L-lactide) (“PLLA”). The
polymer remains relatively brittle and susceptible to mechanical instability while in the
body. Therefore, for polymers like PLLA that are brittle under biological conditions, the
fracture toughness is lower than desirable in implantable medical devices.

Another deficiency of some biodegradable polymers, such as PLLA, is that the
degradation rate is slow and results in a degradation time outside the desired range. A
preferred degradation is from six to twelve months. As described above, increasing the
equilibrium content of moisture in a biodegradable polymer that degrades by hydrolysis
can increase the degradation rate of a polymer. Various embodiments of the present
invention include increasing the equilibrium moisture content in a polymer of a device to
accelerate the degradation rate.

One way to increase fracture toughness in brittle polymers such as PLLA under
biological conditions is to blend PLLA with a polymer having relatively high fracture
toughness under biological conditions. Polymers tend to phase separate out into a discrete
phase and continuous phase. To ensure good energy transfer between interfaces, it is
important that there be sufficient bonding or adhesion between the continuous phase and
discrete phase (See, Y. Wang, etc. Journal of Polymer Science Part A: Polymer Chemistry,
39, 2001, 2755-2766). Insufficient adhesion can be particularly problematic when the
continuous phase and the discrete phase differ substantially in microstructure.

Biodegradable Polymers of high fracture toughness include polycaprolactone (PCL)
and poly(tetramethyl carbonate) (PTMC). Howevér, PCL and PTMC are immiscible in
many polymers such as PLLA. A mixture of PLLA and either PCL or PTMC tends to
separate into a PLLA continuous phase and PCL or PTMC discrete phase. Poor interfacial
adhesion between the discrete and continuous phase works against the increase of fracture

toughness in a polymer blend.

14
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The polymer blends according to the invention have good adhesion between the
discrete phase and the continuous phase, enabling various polymers to be mixed together
for their respective beneficial properties. Good adhesion of polymers enables a polymer
blend to absorb energy because there is good energy transfer at the interface, or contact
plane between the periphery particles of each phase. High interfacial energy transfer
between phases tends to be achieved because the discrete phase is well blended or
dispersed into the continuous phase, and there is good adhesion between discrete and
continuous phase. Thus, the polymer blends according to the invention tends to absorb
energy of a crack, thus, inhibiting crack propagation, and increasing fracture toughness of
the blends.

Certain polymer blends of the invention have been found to have an increase in
fracture toughness together with an increase in degradation rate. In some embodiments,
the blend may include a first polymer that is relatively brittle under biological conditions
and a relatively slow degradation rate slower. The first polymer may be blended with a
second polymer having discrete phase segments and anchor segments that have
substantially the same or the same chemical make up as. the first polymer. The first
polymer may form a continuous phase and the second polymer may form a discrete phase
within the continuous phase. The discrete phase may be composed substantially of the
second polymer’s discrete phase segments. At least some of the second polymer’s anchor
segments may partially or completely phase-separate out from the discrete phase into the
continuous phase. The second p;)lymer’s anchor segments may tend to facilitate energy
transfer between continuous phase and discrete phase, thereby improving fracture
toughness under biological conditions. Furthermore, discrete phase segments of the

second polymer can also accelerate the degradation rate of the first polymer.
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FIGURE 1b depicts a close-up view of a sidewall of a segment 110 of strut 105
depicted in FIGURE la. FIGURE 2a depicts a microscopic view of a portion 140 of
segment 110 of the strut as depicted in FIGURE 1b. As depicted in FIGURE 2a, portion
140 includes a continuous phase 210 and a discrete phase 220. According to the invention,
there is sufficient interfacial dhesion to provide good energy transfer between continuous
phase 210 and discrete phase 220 to improve fracture toughness in a device under
biological conditions.

As depicted, continuous phase 210 includes a first polymer 230. Dispersed
throughout continuous phase 210 is discrete phase 220. Discrete phase 220 includes
discrete phase segments 260 of second polymer 250. Discrete phase segments 260 may
make up all or a substantial portion of discrete phase 220. It should also be understood by
those skilled in the art that some discrete phase segments 260 may not lie entirely in the
discrete phase 220, although a substantial portion of discrete phase segments 260 lie
within discrete phase 220.

As described above, first polymer can be a polymer that is relatively brittle at
biological conditions and/or a degradation rate slower than an ideal range. First polymer
230 may be brittle at biological conditions with a T, above body temperature. First
polymer 230 of continuous phase 210 may be a lactide-based polymer such as PLLA.
Under biological conditions, PLLA tends to be brittle and substantially crystalline.
"Lactide-based polymer" refers to a polymer containing predominantly lactide moieties.

Second polymer 250 further includes one or more anchor segments 240 that are of
the same or substantially the same chemical make up as first polymer 230 of continuous
phase 210. FIGURE 2b depicts a close-up view of a second polymer 250 having anchor
segments 240 as depicted in FIGURE 2a. Because anchor segments 240 are designed to

have the same or substantially the same chemical make up as first polymer 230 of
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continuous phase 210, anchor segments 240 are miscible with continuous phase 210. Thus,
anchor segments 240 tend to phase separate out from discreté phase 220 into continuous
phase 210, which enhances adhesion between discrete phase 220 and continuation phase
210. Therefore, anchor segments 240 tie or anchor discrete phase 220 to continuous phase
210. In one embodiment, the molecular weight of anchor segments 240 may be higher
than its entanglement molecular weight. For example, entanglement molecular weight for
PLLA is about 17,000 g/mol.

In one embodiment, continuous phase 210 is made up of 10% glycolide and 90%
PLLA, and anchor segments 240 of second polymer 250 are also made up of 10%
glycolide and 90% PLLA. By selecting anchor segments 240 to have the same or
substantially the same chemical make up as continuous phase 210, the interfacial adhesion
between discrete phase and continuous phase is enhanced since the anchor segments 240
are miscible with continuous phase 210 and phase separate into continuous phase 210.
Discrete phase 220 is thereby anchored to continuous phase 210 by anchor segments 240,
increasing adhesion between’phases and fracture toughness in the device.

In one embodiment, discrete phase segments 260 may be second polymer 250 is
selected to provide faster degradation, higher fracture toughness, and/or more flexibility
(such as being more rubbery) under biological conditions. In some embodiments, discrete
phase segments 260 of second polymer 250 are substantially or entirely amorphous.
Discrete phase segments 260 of second polymer 250 may also be selected so that the
polymer in the discrete phase has a T, less than a body temperature. Tying or anchoring
of discrete phase 220 to continuous phase 210 with anchor segments 240 results in a
substantial increase in interfacial adhesion and energy transfer between continuous phase

210 and discrete phase 220. A substantial increase in interfacial adhesion and energy
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transfer between phases results in higher fracture toughness in structural element 110 of
stent 100 compared to first polymer 230 of continuous phase 210.

In some embodiments, discrete phase segments 260 of second polymer 250 can
increase the degradation rate of discrete phase 220. In these embodiments, discrete phase
segments may have a higher degradation rate as compared to first polymer 230 of
continuous phase 210. Discrete phase segments 260 result in rapid degradation rate of
discrete phase 220. In one embodiment, discrete phase segments 260 degrade to acidic
fragments that facilitate degradation of discrete phase 220, which also facilitates
degradation of continuous phase 210. In another embodiment, discrete phase segments
260 degrade by hydrolysis to form hydrophilic products that increase the equilibrium level
of moisture in discrete phase 220, which facilitates the degradation of discrete phase 220,
which may also work to facilitate degradation of continuous phase 210.

In one embodiment, the second polymer is poly(L-lactide)-b-poly(glycolide-co-¢-
caprolactone). In another embodiment, the second polymer is poly(glycolide-co-¢-
caprolactone)-b-poly(L-lactide). In one embodiment of a blend, the continuous phase is
primarily or completely PLLA, and the second polymer is made up of discrete phaée
segments of glycolide (“GA”) and caprolactone (“CL”) monomer. Discrete phase
segments of GA and CA, such as poly(glycolide-co-caprolactone) copolymer segments
impart a rapid degradation rate on the second polymer due to the glycolide and higher
fracture toughness due to the caprolactone. (For purposes of convenience, discrete phase
segments are referreci to Herein as poly(glycolide-co-caprolactone), although
poly(caprolactone-c&glycolide) copolymer segments are also contemplated).
Poly(glycolide-co-caprolactone) discrete phase segments can have alternating or random
GA and CL monomers. Tg of the poly(glycolide-co-caprolactone) segments can be tuned

to a desired value by adjusting the ratio of glycolide and caprolactone monomers. For
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example, T, of the discrete phase may be engineered to be less than a body temperature to

provide a more flexible discrete phase under biological conditions.

The glycolide-based functional groups in the discrete phase have acidic
degradation products that enhance degradation of the discrete phase, which facilitates
degradation of the continuous PLLA phase. In addition, the degradation products of
glycolide are hydrophilic, which increase the equilibrium level of moisture in the polymer.
Both the acidic and hydrophilic properties of the degradation products in glycolide
increase the degradation rate of an implantable medical device fabricated from the
polymer blend. In addition, as the poly(glycolide-co-caprolactone) discrete phase
segments erode, a porous structure is created, allowing more moisture into the polymer
which further increases the degradation rate of the discrete phase, also facilitating

degradation of the continuous phase.

In one embodiment, the second polymer may have anchor segments made up of
PLLA. The PLLA blocks are miscible with PLLA continuous phase. Because PLLA
blocks are of the same or substantially the same chemical composition as the continuous
phase, they are miscible with PLLA continuous phase and phase-separate from discrete
phase into continuous phase. The miscibility of PLLA anchor blocks with PLLA
continuous phase provides good interfacial energy between the discrete phase and the
continuous phase. PLLA anchor blocks bind poly(L-lactide)-b-poly(glycolide-co-e-
caprolactone) or poly(glycolide-co-e-caprolactone)-b-poly(L-lactide) copolymer to the
continuous phase. The anchor blocks facilitate energy transfer between the continuous
phase and the discrete phase when a device fabricated from the blend is placed under
stress. It is believed that when a device is placed under stress, the discrete phase will

absorb energy when a fracture starts to propagate through a structural element. As a result,
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fracture toughness of the continuous phase is increased. Crack propagation through the
continuous phase may then be reduced or inhibited.

In one embodiment, a blend for use in fabricating the implantable medical device
may include from about 60 to 99 wt%, more narrowly 80 to 95 wt% of the first polymer

having the chemical structure:

H Y n o
R o«g:——c—o—g;——c OH
CH, CHy /

; and,
from about 1 to 40 wt%, or more narrowly 5 to 20 wt% of second polymer having the

chemical structure:

H® n @
R+—0-C—C-0-C—C y4

' CH

CH; 3/ .

In some embodiments, Z. is a substantially or completely amorphous polymer. T,

of Z may be made to be below body temperature. Tg of Z may also be made to degrade

into fragments at least some of which are acidic. First polymer forms continuous phase

while discrete phase segments Z. of second polymer forms discrete phase within

continuous phase. The "p" segment of the second polymer phase-separates out from
discrete phase into the continuous phase.

In one embodiment, the second polymer has the chemical structure:
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ch) H'(u)

i
R-[—0-C—C-0-G—C —O-CHL— | | —O—(CHu)s—C—

CH3 CH3 p X

In one embodiment, the continuous phase is substantially crystalline. In this

embodiment, “p” segments phase separate out of the discrete phase into the substantially

crystalline continuous phase.

Z, can make up discrete phase segments of the second polymer. Z may be made
of a rubbery material. Z may have a Young’s modules at 6-8 KSi. Z may also have two
glass transition temperatures at about -20°C and about 30°C. Z. can also be made to be
amorphous. Upon hydrolysis, Z, can be made to form hydrophilic fragments. In one

embodiment, Z. is poly(glycolide-co-caprolactone), which degrades to form acidic and

hydrophilic fragments that increase the degradation rate of second polymer having the
above chemical structure.

In one embodiment, a polymer blend for fabricating an implantable medical device
may further include a rapidly eroding polymer having discrete phase segments without
anchor segments. In this embodiment, the first polymer with anchor segments is used as a
compatibilizer. The discrete phase may include at least two components (1) the rapidly
eroding polymer including discrete phase segments without anchor segments and (2) a
polymer with discrete phase segments and anchor segments. In one embodiment, (1) may
be a substantial portion of the discrete phase and (2) may be included to facilitate the

adhesion of discrete phase with continuous phase.
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In one embodiment, second polymer consists essentially of poly(L-lactide)-b-
poly(glycolide-co-e-caprolactone) copolymer, which can be added to a mixture of poly(L-
lactide) and poly(glycolide-co-caprolactone) copolymer to form a ternary blend. In
another embodiment, the second polymer consists essentially of poly(glycolide-co-¢-
caprolactone)-b-poly(L-lactide) copolymer, which can be added to a mixture of poly(L-
lactide) and poly(glycolide-co-e-caprolactone) copolymer to form a ternary blend. In such
embodiments, the discrete phase may include poly(glycolide-co-caprolactone) copolymer
and poly(glycolide-co-caprolactone} segments of second polymer, poly(glycolide-co-¢-
caprolactone)-b-poly(L-lactide) while the continuous phase may include poly(L-lactide).
Such ternary blends according to the invention further improve degradation and

toughness of a construct.

In one embodiment, a blend includes about 5-25 wt% of poly(glycolide-co-
caprolactone) copolymer and about 0.5-2 wt% of second polymer of poly(L-lactide)-b-
poly(glycolide-co-¢-caprolactone) copolymer in a matrix of about 75-95 wi% poly(L-
lactide). In this embodimeﬁt, poly(L-lactide)-b-poly(glycolide-co-¢-caprolactone)
copolymer acts as a compatibilizer or dispersant to increase the interfacial adhesion
between discrete and continuous phases. The poly(L-lactide)-b-poly(glycolide-co-¢-
caprolactone) copolymer of this invention can be used as a compatibilizer for blending
poly(L-lactide) of the continuous phase with poly(glycolide-co-caprolactone) copolymer
of the discrete phase. The ternary polymer blend can be prepared by solution blending or
melt blending.

In one embodiment, a blend includes about 5-25 wi% of poly(glycolide-co-
caprolactone) copolymer and about 0.5-2 wt% of second polymer of poly(glycolide-co-e-
caprolactone)-b-poly(L-lactide) c?polymer in a matrix of about 75-95 wt% poly(L-lactide).

In this embodiment, poly(glycolide-co-¢-caprolactone)-b-poly(L-lactide} copolymer acts -
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as a compatibilizer or dispersant to increase the interfacial adhesion between discrete and
continuous phases. The poly(glycolide-co-¢-caprolactone)-b-poly(L-lactide) copolymer of
this invention can be used as a compatibilizer for blending poly(L-lactide) of the
continuoué phase with poly(glycolide-co-caprolactone) copolymer of the discrete phase.
The ternary polymer blend can be prepared by solution blending or melt blending.

In one embodiment, the invention provides a method of forming poly(glycolide-co-
e-caprolactone)-b-poly(L-lactide) copolymer. In this embodiment, the method may
include forming poly(glycolide-co-caprolactone) segments first by mixing glycolide
monomers, caprolactone monomérs, and a solvent to form a solution. In the solution, the
glycolide and caprolactone monomers may react to form poly(glycolide-co-caprolactone).
The method also includes adding L-lactide monomers to allow L-lactide monomers to
react with poly(glycolide-co-caprolactone) to form poly(glycolide-co-e-caprolactone)-b-
poly(L-lactide).

In one embodiment, the L-lactide monomers may react with poly(glycolide-co- -
caprolactone) in the solution to form poly(glycolide-co-¢-caprolactone)-b-poly(L-lactide).

In another embodiment, the L-lactide monomers may react with poly(glycolide-co-
caprolactone) in a solution having another solvent(s) to form poly(glycolide-co-€-
caprolactone)-b-poly(L-lactide).

In one embodiment, the method may further include adding IL-lactide and glycolide
monomers to allow the L-lactide and glycolide monomers to react to form poly(glycolide-
co-e-caprolactone)-b-poly(lactide-co-glycolide). In one embodiment, the L-lactide and
glycolide monomers react in the solution to form poly(glycolide-co-e-caprolactone)-b-
poly(lactide-co-glycolide). Alternatively, the L-lactide and glycolide monomers react in a
solution having another solvent(s) to form poly(glycolide-co-e-caprolactone)-b-

poly(lactide-co-glycolide).
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The poly(glycolide-co-e-caprolactone)-b-poly(L-lactide) copolymer and poly(L-
lactide)-b-poly(glycolide-co-¢-caprolactone) copolymer can be formed by solution-based
polymerization. In solution based polymerization, all the reactive components involved in
the polymerization reaction are dissolved in solvent. Other methods used to form
poly(glycolide-co-¢-caprolactone)-b-poly(L-lactide) copolymer or poly(L-lactide)-b-
poly(glycolide-co-e-caprolactone) copolymer are also possible, such as, without limitation,
melt phase polymerization. In one embodiment, the poly(glycolide-co-e-caprolactone)-b-
poly(L-lactide)  copolymer or poly(L-lactide)-b-poly(glycolide-co-¢-caprolactone)
copolymer can be formed by providing a solvent system to keep the poly(glycolide-co-
caprolactone) copolymer in solution so that the copolymer can be further copolymerize
with L-lactide.

In one embodiment, poly(glycolide-co—e-caprolactone)—b-poly(L—lactide) is formed
by reacting poly(glycolide-co-caprolactone) copolymer, which is swollen with a solvent,
with L-lactide monomers such that it is not necessary to dissolve the poly(glycolide-co-
caprolactone) in a solvent to form poly(glycolide-co-e-caprolactone)-b-poly(L-lactide). In
one embodiment, after poly(glycolide-co-caprolactone) copolymer is formed,
poly(glycolide-co-caprolactone) copolymer is not dissolved in the solvent; rather, the
poly(glycolide-co-caprolactone) copolymer swells in the solvent in order to facilitate
polymerization of poly(glycolide-co-¢-caprolactone) copolymer with L-lactide monomers.
That is, when GA and CL copolymerize, the resulting poly(glycolide-co-caprolactone)
copolymer swells in the solvent, providing a means by which L-lactide monomers later
added to the system can copolymerize with the swollen poly(glycolide-co-caprolactone)
copolymer.

In one embodiment, poly(L-lactide)-b-poly(glycolide-co-e-caprolactone)

copolymer can be formed, first, by mixing the poly(L-lactide) monomers with a solvent to
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form a solution. Once poly(L-lactide) is formed, glycolide monomers and caprolactone
monomers are added to the poly(L-lactide) copolymer to form poly(L-lactide)-b-
poly(glycolide-co-e-caprolactone) copolymer. In embodiment, the glycolide monomers
and caprolactone monomers are added to allow glycolide and caprolactone monomers to
react with poly(L-lactide) in the solution to form poly(L-lactide)-b-poly(glycolide-co-¢-
caprolactone) copolymer. Alternatively, the glycolide monomers and caprolactone
monorers are added to allow glycolide and caprolactone monomers to react with poly(L-
lactide) to form poly(L-lactide)-b-poly(glycolide-co-e-caprolactone) copolymer in a
solution having a different solvent(s).

In one embodiment, the solvent for use in synthesizing the copolymer is devoid of
alcohol functional groups. Such groups may act as initiators for chain growth in the
polymer Solvents used to synthesize the copolymer include, but are not limited to,
chloroform, toluene, xylene, and cyclohexane. Initiators to facilitate the synthesis of the
copolymer include, but are not limited to, dodecanol, ethanol, ethylene glycol, and
polyethylene glycol. Catalysts used to facilitate the synthesis of the copolymer include,
but are not limited to, stannous octoate and stannous trifluoromethane sulfonate.

It should be understood by those skilled in the art that continuous phase and discrete
phase polymers other than those disclosed above and exemplified below may be used to
create polymer blends of this invention for use in fabricating an implantable medical device.
For example, discrete phase segments of the second polymer can be formed by
polymerizing other types of monomers that provide the polymer with an increase in
degradation rate or an increase in fracture toughness. For example, trimethylene carbonate
monomers can be polymerized with glycolide to form discrete phase segments. Further,
anchor segments and the first polymer of continuous phase can be formed of polymers

other than L-lactide, such as, for example, D, L-lactide.
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A stent fabricated using a polymer blend of this invention can be medicated with
an active agent. A medicated stent may be fabricated by coating the surface of the
polymeric scaffolding made from the blend with a polymeric carrier that includes a
bioactive agent. A bioactive agent can also be incorporated into a polymeric scaffolding
made from the blend.

Examples

The Examples below are provided by way of illustration only and not by way of
limitation. The pr.ophetic and actual Examples illustrate formation of poly(L-lactide)-
poly(glycolide-co-e-caprolactone) and poly(glycolide-co-e-caprolactone)-b-poly(L-lactide)
copolymer for use in fabricating an implantable medical device. This copolymer consists
of two segments: the poly(glycolide-co-caprolactone) discrete phase segments, and the
poly(L-lactide) anchor blocks. The parameters and data are not to be construed to limit the
scope of the embodiments of the invention.

Example 1

Poly(glycolide-co-¢-caprolactone)-b-poly(L-lactide) copolymer was synthesized by
forming the poly(glycolide-co-caprolactone) segments first. Then, poly(glycolide-co-
caprolactone) is used to initiate polymerization of L-lactide. FIGURE 3 illustrates the
synthesis of poly(glycolide-co-e-caprolactone)-b-poly(L-lactide) copolymer according to
this embodiment. FIGURE 3 SilOWS that glycolide and caprolactone monomers were
combined in the presence of an alcohol initiator, catalyst, and solvent to form
poly(glycolide-co-caprolactone). L-lactide was then added to the mixture to form the
poly(glycolide-co-e-caprolactone)-b-poly(L-lactide) copolymer.

Chloroform, toluene, xylene, or cyclohexane can be used as the solvent. The

reactants can be dissolved in the solvent during the early stages of polymerization. The
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solvent can be removed at higher temperature to increase polymerization rate. Initiators
can include dodecanol and ethano)l.

Catalysts can include stannous octoate and/or stannous trifluoromethane sulfonate.

The following two examples describe the synthesis of poly(glycolide-co-e-
caprolactone)-b-poly(L-lactide) copolymer for two target molecular weights. In each
procedure, glycolide (“*GA”™), caprolactone (“CL”), and L-lactide (“LLA”) are used as
monomers, stannous octoate as the catalyst, dodecanol as the initiator and xylene as the
solvent.

Example 1a

The following steps describe a polymerization procedure that was used to form
poly(glycolide-co-e-caprolactone)-b-poly(L-lactide) with a target molecular weight of 150
g/mole:

Step 1: A 2-L reaction kettle equipped with mechanical stirring was placed in a
glove box which was filled with high purity nitrogen. The reaction kettle was preheated to
remove moisture.

Step 2: 100g GA, 100g CL, 0.44 mL dodecanol, 200 m! xylene and 0.56 mL
stannous octoate were added to the reaction kettle, the GA being added in 4 portions in
two-hour intervals. The mixture was stirred at 120 °C for 53 hours.

Step 3: 100g LLA was then added into reaction Kkettle and the reaction continued
for another 68 hours.

Step 4: 1.5L CHCl3 was then added to reaction kettle to dilute the final product.
The reaction mixture was poured-into 4-L methanol upon which the product precipitated.
Then, the product was dried in vacuum at 80°C until constant weight.

Example 1b
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At the end of Step 2 in Example la, a small amount sample was taken out of the
reaction kettle, and Nuclear Magnetic Resonance (“NMR”), Differential Scanning
Calorimeter, and tensile testing was performed. Neither GA nor CL monomer peaks were
found in the H-NMR, which proved that both GA and CL monomers had been consumed to
form PGA-co-PCL discrete phase copolymer after a 53-hour reaction. (‘H-NMR of the end
product of Step 3 in Example 2::; showed that more than 98% LLA monomer had been
consumed to form the pure poly(L-lactide) block on the poly(glycolide-co-¢-caprolactone)-
b-poly(L-lactide) copolymer. The formed poly(glycolide-co-caprolactone) discrete phase
copolymer was a rubbery material with a relatively low Young’s modules of 6.7 KSi and
glass transition temperatures at -20°C and 30°C.

Example 1¢

The following steps were performed to synthesize poly(glycolide-co-e-
caprolactone)-b-poly(L-lactide) copolymer at a target molecular weight of 600 g/mol:

Step 1: A 2-L reaction kettle was preheated to remove moisture. The reaction
kettle with mechanical stirring was placed into a glove box which was filled with high
purity nitrogen.

Step 2: 130g GA, 70g CL, 0.11 mL dodecanol, 200 mL xylene and 0.56 mL
stannous octoate were added to the reaction kettle, the GA being added in 4 portions in
two-hour intervals. The mixture was then stirred at 120°C for 72 hours.

Step 3: LLA was then added to the reaction kettle and the reaction continued for
another 72 hours.

Step 4: 1.5L CHCl; was then added to the reaction kettle to dilute the final product.
Finally, all the reaction solution was poured in 4-L methanol upon which the product was

precipitated, and the product was filtered and dried in vacuum at 80°C to constant weight.

Example 1d
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Poly(glycolide-co-caprolactone) copolymer was also be synthesized by first
placing GA and CL monomers, initiator (dodecanol), catalyst (Sn(Oct), or stannous
trifluoromethane sulfonate or “Sn(OTf),”) and xylene in a reactor, as in Example 2a. The
poly(glycolide-co-caprolactone) discrete phase copolymer was then precipitated in
methanol, and dried in a vacuum oven. To precipitate the poly(glycolide-co-caprolé.ctone)
discrete phase copolymer, the poly(glycolide-co-caprolactone) discrete phase copolymer
formed can be used in a ternary blend or used to form poly(glycolide-co-¢-caprolactone)-
b-poly(L-lactide).

The molecular weight of the poly(glycolide-co-caprolactone) discrete phase
copolymer was controlled by the molar ratio of monomers to initiator. The degradation
rate and toughness were controlled by the molar ratio of GA to CL.

Example 2

Poly(L-lactide)-b-poly(glycolide-co-¢é-caprolactone) copolymer can be synthesized
by forming the PLLA segment first, and then adding GL and CL monomers to form the
copolymer. FIGURE 4 illustrates the synthesis of poly(L-lactide)-b-poly(glycolide-co-€-
caprolactone) copolymer according to this embodiment. To synthesize the poly(L-lactide),
L-lactide (monomer), alcohol (initiator), catalyst, and a solvent can be added to a reactor
vessel. Once the poly(L-lactide) has formed, GA, CL and optionally more solvent can be
added into reactor. NMR or GPC can indicate when the first poly(L-lactide) blocks are
formed or mass conversion of L-lactide monomers.

Chloroform, toluene, xylene, or cyclohexane can be used as the solvent. The
reactants can be dissolved in the solvent during the early stages of polymerization. The
solvent can be removed at higher temperature to increase polymerization rate. Initiators
can include dodecanol and/or ethanol.

Catalysts can include stannous octoate and stannous trifluoromethane sulfonate.
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The temperature of the reactor was about or above 100°C when xylene or toluene is
used as the solvent, and about or below 80 °C when cycloxane, chloroform or methylene
chloride was used.

The following describes a polymerization procedure that was used to form poly(L-
lactide)-b-poly(glycolide-co-¢-caprolactone). The solvent was toluene, the initiator was

dodecanol, and the catalyst was stannous octoate.

Step 1: A 2-L 4-neck reactor with mechanical stirring rod was placed into a

heating mantle, then into a glove box.

Step 2: The glove box was purged in nitrogen, deflated, and purged again. This
step was repeated 3 times to remove all oxygen and moisture from glove box which finally

was filled with nitrogen.

Step 3: 50g of L-Lactide, 0.186g of 1-dodecanol, and 50 mi toluene were added to

the flask.

Step 4: 40mg stannous octoate was added, and the temperature was increased to

100°C.

Step 5: After 22 hours, 100 mL of toluene, 50g caprolactone, and 50g glycolide
were added. Glycolide was added in three steps: ng glycolide was added together with
CL. Then, 12.5g glycolide was added 2 hours later, followed by 12.5g glycolide two

hours afier that.

Step 6: After 48 hours, the product was precipitated from methanol and was dried

in a vacuum overnight.
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While particular embodiments of the present invention 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.
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Claims
1. An implantable medical device comprising;:
a structural element, wherein the structural element includes:

a continuous phase comprising a first polymer;

a discrete phase within the continuous phase, wherein the discrete phase comprises
a second polymer including discrete phase segments;

the second polymer further includes anchor segments that have the same or
substantially the same chemical make up as the first polymer of the continuous phase, and
at least some of the anchor segments have partially or completely phase-separated from

the discrete phase into the continuous phase.

2. The device according to Claim 1, wherein the implantable medical device is a stent.

3. The device according to Claim 1, wherein the first polymer is a biodegradable

polymer.

4. The device according to Claim 1, wherein the discrete phase segments have a Tg

below body temperature.

5. The device according to Claim 1, wherein the discrete phase is more flexible than the

continuous phase at body temperature.

6. The device according to Claim 1, wherein the anchor segments are miscible with the

first polymer.
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The device according to Claim 1, wherein the first polymer substantially or

completely comprises poly(L-lactide).

The device according to Claim 1, wherein the discrete phase segments comprise

poly(glycolide-co-¢-caprolactone) copolymer.

The device according to Claim 1, wherein the second polymer comprises

poly(glycolide-co-e-caprolactone)-b-poly(L-lactide).

The device according to Claim 1, wherein the discrete phase further comprises a

polymer comprising discrete phase segments with no anchor segments.

The device according to Claim 1, wherein 1 to 40 wt% of the structural element

comprises the second polymer.

The device according to Claim 1, wherein 5-20 wt% of the structural element

comprises the second polymer.

The device according to Claim 1, wherein the discrete phase segments degrade to

acidic fragments.

The device according to Claim 1, wherein the discrete phase segments degrade to

hydrophilic fragments.

An implantable medical device, comprising a blend including:
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a structural element having:

about 60 to about 99 wt% of a first polymer, wherein the first polymer forms a
continuous phase; and

about 1 to about 40 wt% of a second polymer, the second polymer forming a discrete
phase within the continuous phase, wherein the second polymer having a T below body
temperature comprises discrete phase segments that degrade to acidic fragments,

the second polyrnef also comprises anchor segments having the same or substantially
the same chemical make up as the continuous phase, wherein the anchor segment has

phase-separated out from the discrete phase into the continuous phase.
16. The device according to Claim 15, wherein the first polymer is poly(L-lactide).

17. The device according to Claim 15, wherein the second polymer is poly(glycolide-co-

caprolactone)-b-poly(L-lactide).

18. The device according to Claim 15, wherein the anchor segment is selected from the
group consisting of poly(L-lactide), materials that are miscible in poly(L-lactide), or

both.:

19. An implantable medical device, comprising a blend including:
a structural element having:
about 60 to about 99 wi% of a first polymer, wherein the first polymer forms a
continuous phase;
about 0.2 to about 5 wt% of a second polymer, the second polymer forming a

discrete phase within the continuous phase, the second polymer comprising discrete phase
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segments and anchor segments, wherein anchor segments have the same or substantially
the same chemical make up as the first polymer of the continuous phase and have phase-
separated out from the discrete phase into the continuous phase; and

about 1 to about 40 wt% of a third polymer having a Ty below body temperature
consists essentially of discrete phase segments, wherein the third polymer degrades into

fragments at least some of which are acidic.

20. The device according to Claim 19, wherein the second polymer has at a Ty below

body temperature.

21. The device according to Claim 19, wherein the second polymer degrades to acidic

fragments.

22. The device according to Claim 19, wherein the first polymer is poly(L-lactide).

23. The device according to Claim 19, wherein the second polymer is poly(glycolide-co-

e-caprolactone)-b-poly(L-lactide) copolymer.

24. The device according to Claim 19, wherein the anchor segments are poly(L-lactide).

25. The device according to Claim 19, wherein the third polymer is poly(glycolide-co-¢-

caprolactone) copolymer.

26. An implantable medical device, comprising:

about 60 to about 99 wt% of a first polymer having the chemical structure:
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q ; wherein:

Z isa polymer with a Ty below body temperature that degrades into fragments at least

some of which are acidic; wherein:

the first polymer forms a continuous phase;

the ?7Z)” polymer forms a discrete phase within the continuous phase; and,

the "p" segment of the second polymer partially or completely phase-separates out

from the discrete phase into the continuous phase.

27. The implantable medical device of claim 26, wherein the second polymer has the

chemical structure:

H (") H i c") "
R o-clz—c—o-g:—c —OQO'CH:L— —O—(CHg)s—C—
CH
CH3 3 p 3 X y
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28. The device according to claim 26, wherein the implantable medical device is a stent.

29. The device according to claim 26, wherein the continuous phase is substantially or

substantially crystalline.

30. The device according to claim 26, wherein the Z polymer is poly(glycolide-co-e-

caprolactone) copolymer.

31. The device according to claim 26, wherein the Z, polymer is a rubbery material.

32. The device according to claim 26, wherein the Z polymer degrades upon hydrolysis

to give fragments that are hydrophilic.

33. A composition comprising:

a continuous phase comprising a first polymer;

a discrete phase within the continuous phase, wherein the discrete phase comprises
a second polymer including discrete phase segments;

the second polymer further includes anchor segments that have the same or
substantially the same chemical make up as the first polymer of the continuous phase, and
at least some of the anchor segments have partially or completely phase-separated from

the discrete phase into the continuous phase.

34. The composition to Claim 33, wherein the first polymer is a biodegradable polymer.
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The composition to Claim 33, wherein the anchor segments are miscible with the first

polymer.

The composition to Claim 33, wherein the first polymer substantially or completely

comprises poly(L-lactide).

The composition to Claim 33, wherein the fast eroding segments comprise

poly(glycolide-co-e-caprolactone) copolymer.

The composition to Claim 33, wherein the second polymer comprises poly(glycolide-

co-caprolactone)-b-poly(L-lactide).

The composition to Claim 33, wherein the discrete phase further comprises a polymer

consisting essentially of discrete phase segments.

The composition to Claim 33, wherein 1-40 wt% of the structural element comprises

the second polymer.

The composition to Claim 33, wherein the discrete phase segments degrade to acidic

fragments.

The composition to Claim 33, wherein the discrete phase segments degrade to form

degradation products that are hydrophilic.
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43. The composition to Claim 33, wherein the discrete phase segments are formed by
polymerizing at two or more of the following monomers in any proportion: glycolide,

caprolactone, and trimethylene carbonate.

44. A method of forming a copolymer comprising:

mixing glycolide monomers, caprolactone monomers, and a solvent to form a
solution, wherein the glycolide and caprolactone monomers react in the solution to form
poly(glycolide-co-¢-caprolactone); and

adding L-lactide monomers to allow L-lactide monomers
to react with poly(glycolide-co-caprolactone) to form poly(glycolide-co-¢-caprolactone)-b-

poly(L-lactide).

45. A method of forming a copolymer comprising:

mixing glycolide monomers, caprolactone monomers, and a solvent to form
a solution, wherein the glycolide monomers and caprolactone monomers react in the
solution to form poly(glycolide-co-¢-caprolactone);

adding L-lactide monomers to allow L-lactide monomers to react with the
poly(glycolide-co-¢-caprolactone) to form poly(glycolide-co-e-caprolactone)-b-
poly(L-lactide); and

adding L-lactide and glycolide monomers to allow the L-lactide and
glycolide monomers to react to form poly(glycolide-co-e-caprolactone)-b-poly(L-

lactide-co-glycolide).
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The method according to Claim 45, wherein the L-lactide monomers are allowed to
react with the poly(glycolide-co-e-caprolactone) in the presence of a solvent,

wherein the solvent is the same or different solvent used to form the solution.

The method according to Claim 45, wherein the solvent is a blend of solvents.

The method according to Claim 45, wherein the solvent is devoid of alcohol

functional groups.

The method according to Claim 45, wherein the solvent is selected from the group
consisting of chloroform, toluene, xylene, cyclohexane, and any mixture thereof in any

proportion.

The method according to Claim 45, wherein the solution comprises an initiator
selected from the group consisting of dodecanol, ethanol, ethylene glycol, polyethylene

glycol, and any mixtures thereof.

The method according to Claim 45, wherein the solution comprises a catalyst selected
from the group consisting of stannous octoate, stannous trifluoromethane sulfonate,

and any mixtures thereof.

A method of forming a copolymer comprising:
mixing L-lactide monomers with a solvent to form a solution, wherein L-
lactide

polymerizes to form poly(L-lactide);
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adding glycolide monomers and caprolactone monomers with the poly(L-
lactide) to allow the glycolide monomers and caprolactone monomers to react with the

poly(L-lactide) to form poly(L-lactide)-b-poly(glycolide-co-e-caprolactone).

53. The method according to Claim 52, wherein the glycolide and caprolactone
monomers are allowed to react with the poly(L-lactide) in the presence of a solvent,

wherein the solvent is the same or different solvent used to form the solution.
54. The method according to Claim 52, wherein the solvent is a blend of solvents.

55. The method according to Claim 52, wherein the solvent is devoid of alcohol

functional groups.

56. The method according to Claim 52, wherein the solvent is selected from the group
consisting of chloroform, toluene, xylene, cyclohexane, and any mixture thereof in any

proportion.

57. The method according to Claim 52, wherein the solution comprises an initiator
selected from the group consisting of dodecanol, ethanol, ethylene glycol, polyethylene

glycol, and any mixtures thereof.
58. The method according to Claim 52, wherein the solution comprises a catalyst selected

from the group consisting of stannous octoate, stannous trifluoromethane sulfonate,

and any mixtures thereof.

41



WO 2007/126598 PCT/US2007/006527

59. A copolymer comprising poly(L-lactide)-b-poly(glycolide-co-e-caprolactone).

60. A copolymer comprising poly(glycolide-co-e-caprolactone)-b-poly(L-lactide).

61. A copolymer comprising poly(glycolide-co-e-caprolactone)-b-poly(lactide-co-

glycolide).
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