2/076523 A2

WO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

3 October 2002 (03.10.2002)

A 0 0 O O

(10) International Publication Number

WO 02/076523 A2

(51) International Patent Classification’: A61L 27/00

(21) International Application Number: PCT/US02/07600

(22) International Filing Date: 14 March 2002 (14.03.2002)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

09/813,780 21 March 2001 (21.03.2001)  US
(71) Applicant: SCIMED LIFE SYSTEMS, INC. [US/US];

One Scimed Place, Maple Grove, MN 55311-1566 (US).

(72) Inventors: LI, Jianmin; 21 Bartlett Avenue, Lexington,
MA 02420 (US). BALDWIN, Samuel; 6 Clarendon Street,
Newton, MA 02460 (US). HARRAH, Tim; 6 Clarendon
Street, Newton, MA 02460 (US).

(74) Agent: ZHANG, Yin, P.; Testa, Hurwitz & Thibeault,
LLP, High Street Tower, 125 High Street, Boston, MA
02110 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ,DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN,
YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,

GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent

(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,

NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: CONTROLLING RESORPTION OF BIORESORBABLE MEDICAL IMPLANT MATERIAL

(57) Abstract: The resorption of a medical implant can be controlled with the use of particles embedded in aresorbable bulk material
forming the implant or portion thereof. The implant can be removed from a body of a mammal by natural biological mechanisms
after use. The resorption of the implant can involve swelling and/or hydrolyzing of the particles within the implant upon contact with
a body fluid such that porosity and flow of fluid within the bulk material of the implant is increased. Resorption of the implant may
also involve the use of particles with magnetic properties embedded within the implant such that an applied magnetic field causes the
particles to vibrate within the bulk material thereby increasing the porosity and thus the flow of fluid, hence facilitating resorption of
the implant. The resorption rate of the implant can be controlled by modulating swelling, hydrolysis, or movement of the embedded

particles.



10

15

20

25

WO 02/076523 PCT/US02/07600
1

CONTROLLING RESORPTION OF BIORESORBABLE
MEDICAL IMPLANT MATERIAL

Technical Field

This invention generally relates to medical implants. More particularly, the invention relates to
devices, methods, and compositions for use in medical implants that resorb in a body of a

mammal.

Background Information

Medical implants have a variety of applications including kidney drainage and vascular surgery.
Examples of medical implants include a ureteral stent used for drainage of urine from the kidney
to the bladder and a vascular graft used for maintaining blood flow. Medical implants generally
have to be removed from the body by an invasive procedure. Medical implants that are left in

vivo after use may cause complications such as inflammation and other foreign body responses.

Summary of the Invention

In accordance with the invention, a medical implant is removed from a patient's body by non-
invasive means, such as by resorption of the medical implant by natural biological mechanisms.
Non-invasive removal of a medical implant avoids pain and suffering often associated with
invasive and surgical procedures. In addition, a non-invasive removal procedure reduces medical
expenses and lost productivity of the patient.

The present invention relates to compositions, devices, and methods that are useful in controlled
in vivo resorption of bioresorbable medical implants.

An objective of this invention is to provide a medical implant having such compositions that the
medical implant can be removed from the body by natural biological mechanisms, such as by
resorption of the implant material followed by normal elimination in a body fluid such as urine or
feces. By using natural biological mechanisms of elimination, patient discomfort and the risk of
complications to the patient is minimized compared to invasive procedures, such as surgical or
endoscope procedures. Another objective of this invention is to provide procedures in which
removal of an implant is non-invasive, controllable, and predictable. In one embodiment, the

rate of removal of the implant is pre-selectable. Medical implants according to the invention can
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take various shapes and can include stents, catheters, cannulas, plugs, fillers, constrictors, sheets,
bone anchors, plates, rods, seeds, and tubes, for example.

In one aspect, the invention generally features a composition for use in a medical device in a
mammal (such as a human or an animal) that includes a bioresorbable bulk material and particles
embedded therein. The particles cause the bioresorbable bulk material to resorb at a controllable
rate upon contact with a body fluid. The compositions, medical devices, and methods of the
invention generally are suitable for use in any mammal including a human or animal. In one
embodiment, the medical device includes a bioresorbable bulk material with embedded
resorbable particles causing the bioresorbable bulk material to resorb at a controllable resorption
rate upon contact with a body fluid. The embedded particles have a different and faster
resorption rate than the bioresorbable bulk material and cause the bioresorbable bulk material to
resorb upon contact with a body fluid. In another embodiment, the medical device includes a
bioresorbable bulk material with embedded particles having magnetic properties.

The composition of the invention may include a bulk bioresorbable material of ionically
crosslinked polymeric materials, e.g., an ionically crosslinked polymer hydrogel and having a
water content of less than 90% by weight and possesses sufficient mechanical strength to serve as
any of the medical implants mentioned above. Each of the resorbable particles may include, for
example, an organic compound, a soluble or degradable inorganic compound, a sugar or water-
soluble organic salt, an organic or inorganic crystal powder aggregate, or a water-swellable
polymer.

In another aspect, the invention generally features a method for controlling resorption of a
bioresorbable material in a medical device for use in a mammal. In one embodiment, the method
includes the steps of providing a bioresorbable bulk material, embedding resorbable particles in
the bioresorbable bulk material, and contacting a body fluid with the medical device thereby
causing the bioresorbable bulk material to resorb at a controllable resorption rate. The particles
can have a different and faster resorption rate than that of the bioresorbable bulk material.

In another embodiment, a method for controlling resorption of a bioresorbable material in a
medical device includes providing a bioresorbable bulk material, embedding in the bioresorbable
bulk material particles having a pre-selected magnetic property, exposing the medical device to a
magnetic field, and inducing activation and/or vibration of the particles thereby causing the

bioresorbable bulk material to resorb at a controllable resorption rate.
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In yet another embodiment, a method for controlling resorption of a bioresorbable material in a
medical device includes providing a bioresorbable bulk material shaped as a medical device,
providing a coating material including a dissolvable polymeric material that allows for diffusion
of a body fluid through the coating material at a pre-selected rate, and coating the medical device
with the coating material.

In yet another aspect, the invention generally features a system for controlled delivery in the body
of a mammal of a pharmaceutical agent. The system includes a carrier device having coated
thereon a bioresorbable, ionically or covalently crosslinked polymeric material and incorporated
therein a pharmaceutical agent.

In yet another aspect, the invention generally features a coating material for use in a medical
device for regulating resorption of the medical device. The coating material includes a
bioresorbable ionically or covalently crosslinked polymeric material that allows diffusion into the
medical device by a body fluid at a controllable rate.

These and other features, aspects, and advantages will become more apparent from the following

description, drawings, and claims.

Brief Description of the Drawings

The drawings are not necessarily to scale, emphasis instead generally being placed upon
illustrating the principles of the invention.

FIGs. la-1i show some exemplary embodiments of medical devices according to the invention
which include a stent (FIG. 1a), a seed (FIG. 1b), a cannula (FIG. 1c), a bone anchor (FIG. 1d), a
sheet (FIG. le), a plate (FIG. 1f), a rod (FIG. 1g), a plug (FIG. 1h), and a constrictor (FIG. 1i).
FIG. 2 is a cross-sectional schematic view of an embodiment of a medical device according to
the invention, illustrating the control of resorption by swelling of embedded particles within the
implant material.

FIG. 3 is a cross-sectional schematic view of an embodiment of a medical device according to
the invention, illustrating the control of resorption by hydrolysis of embedded particles within the
implant material.

FIG. 4 is a cross-sectional schematic view of an embodiment of a medical device according to
the invention, illustrating the control of resorption by magnetic activation of embedded particles

within the implant material.
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FIG. 5 is a cross-sectional schematic view of an embodiment of a medical device according to
the invention, illustrating the control of resorption by providing a coating on the implant
material.

FIG. 6 is a cross-sectional schematic view of an embodiment of a medical device according to

the invention, illustrating the control of delivery of an embedded pharmaceutical agent.

Description

The resorption rate of a bioresorbable material used in medical implants may be controlled by
effectively controlling the degree of porosity and thus the diffusion rate of a fluid in the implant
material. The porosity of the implant material may be created or controlled by embedding in a |
bulk material resorbable particles that resorb at a different and faster rate than the bulk material.
In general, the bioresorbable materials forming the bulk component of the medical device are
permeable to certain body fluids including water and small ionizable molecules dissolved
therein. A body fluid is capable of penetrating the matrix of the bulk material through various
mechanisms (e.g., diffusion, migration, or capillary action) to reach the embedded particles. The
fluid causes the resorbable particles to resorb once in contact with the particles. The resorption
of the particles leads to the formation of voids in the matrix of the bulk material. These voids
contribute to an increase in porosity of the bulk material, leading to a greater fluid flow in the
matrix of the bulk material thereby speeding up its bioresorption.

When the implant is broken into smaller fragments, the resorption process becomes more
effective and poses less health risks. The existence of large fragments of the implant could clog
the flow of the body fluid such as blood potentially causing serious complications. Therefore, by
embedding resorbable particles that swell or move inside the bulk implant material, the implant
frame and large fragments of the implant may be broken down into much smaller fragments. In
addition, fragmentation increases the contact area with the body fluid thereby facilitating
resorption of the implant materials remaining in the fragments.

The porosity of the bulk material may also be increased by agitation of the particles within the
matrix of the bulk material thereby structurally modifying or rupturing the matrix thereby
creating voids around them. These voids are then available for the fluid flow as described above.
Accordingly, the present invention features resorbable medical devices, and methods and

compositions for achieving their controlled resorption.
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Compositions and Medical Devices

In one aspect, the invention is directed to compositions useful in the manufacture of medical
devices for use in a mammal. The compositions include a bulk material that is bioresorbable and
has resorbable particles embedded therein. In another embodiment, the compositions may
include a bioresorbable bulk material that has magnetic particles embedded therein.

The bioresorbable bulk material may be a reversibly ionically crosslinked polymeric material,
which can include an ionically crosslinkable polymer and crosslinking ions. The ionically
crosslinkable polymeric material may be anionic or cationic and may include, but is not limited
to, at least one polymer or copolymer such as polyacrylic acids, polymethacrylic acid,
polyethylene amine, polysaccharides, alginic acid, pectinic acids, carboxy methyl cellulose,
hyaluronic acid, heparin, chitosan, carboxymethyl chitosan, carboxymethyl starch,
carboxymethyl dextran, heparin sulfate, chondroitin sulfate, cationic starch, and salts thereof.
Illustrative examples of cationic crosslinking ions include polycations such as calcium,
magnesium, barium, strontium, boron, beryllium, aluminium, iron, copper, cobalt, lead, and
silver ions. Illustrative exafnples of anionic crosslinking ions include polyanions such as
phosphate, citrate, borate, succinate, maleate, adipate and oxalate ions, and, more broadly, anions
derived from polybasic organic or inorganic acids. In one embodiment, the crosslinking cations
are barium, and the crosslinking anions are phosphates. The bioresorbable bulk material may
also be a reversibly, covalently crosslinked, polymeric material.

The bulk material may be a hydrogel having a water content of less than 90% by weight and
possessing sufficient mechanical strength to serve as, for example, a stent, a catheter, a cannula, a
plug, a constrictor, a sheet, a filler, a bone anchor, a plate, a rod, a seed, a tube, or a portion
thereof. As used herein, the term “hydrogel” indicates a material that is water permeable, yet
water insoluble in its crosslinked form, but would release water-soluble components upon
removal of the crosslinks. A device may be in its hydrogel form or in a dehydrated form.

As used herein, a soluble material is a material that has a water solubility such that upon
exposure to a body fluid an amount of the material will dissolve or erode over time. "Body fluid"
here refers to fluids in the body of a mammal including, but not limited to, blood, urine, saliva,
lymph, plasma, gastric, biliary, or intestinal fluids, seminal fluids, and mucosal fluids or humors.
A degradable material is a material that can decompose, degenerate, degrade, depolymerize, or
otherwise reduce the molecular weight of the starting compound(s) such that the resulting

compound(s) is soluble in water or, if insoluble, can be suspended in a body fluid and transported
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away from the implantation site without clogging the flow of the body fluid. A resorbable
material is a material that is soluble, degradable as defined above, or is an aggregate of soluble
and/or degradable material(s) with insoluble material(s) such that, with the resorption of the
soluble and/or degradable materials, the residual insoluble materials are of sufficiently fine size
such that they can be suspended in a body fluid and transported away from the implantation site '
without clogging the flow of the body fluid. Ultimately, the particles are eliminated from the
body either by excretion in perspiration, urine or feces, or dissolved, degraded, corroded or
otherwise metabolized into soluble components that are then excreted from the body. A
bioresorbable material is a resorbable material that is biocompatible. A biocompatible material
is a material that is compatible with living tissue or a living system, non-toxic or non-injurious
and do not cause immunological reaction or rejection.

Generally, the particles embedded in the bioresorbable bulk material facilitate the resorption of
the bioresorbable bulk material at a controllable resorption rate upon contact with a body fluid.
The bioresorbable bulk material resorbs at a different and faster rate than when it would if there
were no particles embedded in the bulk material. The resorption rate of the bioresorbable
material can be controlled by varying the chemical and physical properties of the particles, their
size, shape, amount, and distribution, etc. The particles may be resorbable or have magnetic
properties. The resorbable particles generally resorb at a different and faster rate than the
bioresorbable bulk material. The resorbable particles may include a swelling agent, an
hydrolysable agent, or a soluble agent or a combination thereof. These agents may be organic
compounds, polymeric compounds, soluble or degradable inorganic compounds, and/or organic
or inorganic crystals or powder aggregates. The particles may also include a polymeric material,
e.g., polysaccharides, polyglycolic acid, polylactic acid, cellulose derivatives, hyaluronic acid,
polylactams, hydrogels or other colloid. As an illustrative example, the resorbable particles may
include aggregates of metal oxides and a water-soluble component such as a gum, a sugar, or a
salt. In these aggregates, the metal oxide may have magnetic properties. The magnetic particles
may also include a magnetic material coated with a protective coating to prevent degradation of
the magnetic material by a body fluid and loss of magnetic properties.

In another aspect, the invention is directed to medical devices made of these compositions. Such
medical devices include stents, catheters, cannulas, plugs, fillers, constrictors, sheets, bone
anchofs, plates, rods, seeds, tubes, or portions thereof. Exemplary medical devices according to

the invention are shown in FIGs. la-i. Devices according to the invention may take many shapes
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or configurations other than those depicted in FIGs.1a-i, as these are only examples and are not
intended to encompass all the embodiments of the invention. Depending on the application, the
entire device or one or more portions of the device may be made of the bioresorbable
compositions of the present invention.

FIG. 1a depicts a tubular stent 100 that includes two coil-shaped end portions 102, a central
portion 104, a lumen or passageway 106 within the tube from one end to the other. Stents may
be used for maintaining the patency of a body vessel such as, for example, urinary drainage from
the kidney to the bladder in patients with uretertal obstruction or injury, or to protect the integrity
of the ureter in a variety of surgical manipulations. The device may be extruded or molded with
the bioresorbable composition of this invention such that the entire device is made thereof or
such that only one or more portions of the device include the compositions of the invention, such
as one or both end portions 102, for example.

FIG. 1b depicts a seed 110 shaped into an elongated pellet that includes an active substrate 112
(such as a medicine) within a shell or coating 114 made of the resorbable composition according
to the invention. Alternatively, the medicine may be mixed throughout the seed, and the shape of
the seed may be accommodated for the intended use into other shapes, such as spherical, egg-
shapé, for example. Such seeds may be used for delivering medicine to a specific organ such as
iﬁ prostate hyperplasia and to provide control release of the medicine into the organ upon
resorption of the seed. See also, U.S. Pat. No. 4,697,575 (incorporated herein by reference in its
entirety). The entire device may be made of the bioresorbable material of the invention as the

bulk material with the medicine embedded therein that is introduced during manufacture.

Alternatively, only the shell or coating 114 may be made of the bioresorbable material.

FIG. 1c depicts a cannula 120 that includes a tube 122 and a lumen or passageway 124.
Cannulas are generally used to gain access to an organ or vessel in a body percutaneously or
through a natural body opening. Similarly to a cannula, a catheter is an elongated tube for
insertion percutaneously or through a natural body opening into a body cavity, duct, or vessel to
allow the passage of a fluid or distend a passageway. Catheters are generally used for the
drainage of urine from the bladder through the urethra, for insertion into a blood vessel for
diagnostic purposes, or to drain an abscessed area. A cannula or catheter may be extruded or
molded with the bioresorbable composition of this invention such that the entire device is made
thereof or such that only one or more portions of the device include the compositions of the

invention, such as one or both end portions 122 or a middle section therebetween for example.
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FIG. 1d depicts a bone anchor 130 that includes anchoring legs 134, 136 which include distal
portions 138, 140, respectively, in the form of tapered cones separated by a slot 142. See U.S.
Pat. No. 6,146,406 (incorporated herein by reference in its entirety). Bone anchors are
commonly used to attach soft tissue to bone, e.g., during rotator cuff ligament reconstruction. An
anchor having an attached suture can be placed into a bone hole. The suture can then be used to
attach soft tissue to the bone. It is beneficial to have the entire bone anchor or one or more
portions, e.g., a portion of or the entire of one or both legs 134 and 136, made of the resorbable
composition of the invention. After secure attachment of the soft tissue and the suture, the
implanted bone anchor will then resorb over time without the need for surgical removal.

FIG. le depicts a sheet 150 that includes a flexible and flat member 152, a top surface 154 and
bottom surface 156. For example, a sheet may be used as anti-adhesion barrier to isolate tissues
or organs such that they do not adhere to the organ or tissue. A sheet may be made with the
bioresorbable composition of this invention such that the entire sheet is made thereof or such that
only one or more portions of the sheet include the compositions of the invention, e.g., one or
both surfaces 154 and 156.

Similarly, as depicted in FIG. 1f, a plate 160 includes a flat member 162 that is typically rigid.
For example, a plate may be used as an organ support or as a space filler. A plate may be made
with the bioresorbable composition of this invention such that the entire plate is made thereof or
such that only one or more portions of the plate include the compositions of the invention, e.g.,
one or all corners 164. .

As depicted in FIG. 1g, arod 170 includes an enlongated member 172 and end portions 174. A
rod may be made with the bioresorbable composition of this invention such that the entire rod is
made thereof or such that only one or more portions of the rod include the compositions of the
invention, e.g., one or both end portions 174 or a portion therebetween. For example, a plate
may be used as an organ support or as a space filler.

FIG. 1h depicts a plug 180 having a proximal end portion 182 and a distal end portion 184 that is
usually used to stop fluid flow. A plug may or may not be formed in situ. A plug may be made
with the bioresorbable composition of this invention such that the entire plug is made thereof or
such that only one or more portions of the plug include the compositions of the invention, e.g.,
one or both end portions 182 and 184.

FIG. 1i depicts a constrictor 190 that includes arms 192 and a body portion 194. A constrictor

may be used to control the location of a body part or to pfevent aneurysms. A constrictor may be
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made with the bioresorbable composition of this invention such that the entire constrictor is
made thereof or such that only one or more portions of the constrictor include the compositions
of the invention, e.g., one or both arm portions 192.

A medical device according to the invention can also be a filler, i.e., one or more compositions
that take the shape of a body cavity or bulk up the tissue surrounding a body cavity. For
example, a filler may be used to fill up an aneurysm or assist in establishing control over the
passage of a body fluid such as in gastric or ureteral reflux, or urinary incontinence. In these
applications, the bioresorbable composition of the invention is injected in the body cavity to be
filled and bulked in the form of a gel or liquid and allowed to solidify by exposure to
crosslinking mechanisms such as ionic or covalent crosslinking mechanisms.

Referring to FIG. 2, which is a cross-sectional view of a tubular medical device 210 such as a
stent, the device 210 is fabricated from a bulk bioresorbable material 220 with embedded
resorbable particles 230. The resorbable particles 230, each of which has an agent that swells
upon contact with a body fluid, can be incorporated into the bioresorbable bulk material 220
during the manufacture of the device 210, for example, by co-extrusion or molding. The
inclusion of resorbable particles 230 in the bioresorbable bulk material 220 and the resulting
swelled particles 240 cause the medical implant to break up into small fragments 250. The
fragmentation process prevents large implant frame or fragments from clogging the flow of body
fluids. It also increases the contact area of the bioresorbable bulk material of the implant 210
with the body fluid. As a consequence, the diffusion rate of the fluid in the matrix increases,
promoting resorption and mechanical degradation of the matrix structure of the medical implant.
The swelling is especially effective when the ionic linkages are partially removed as well as
when outward diffusion of crosslinking ions have weakened the mechanical strength of the
remaining implant frame.

Referring to FIG. 3, which is a cross-section view, a medical device 310, such as a stent, is
fabricated from a bulk bioresorbable material 320 having therein embedded resorbable particles
330. Resorbable particles 330, each of which has an agent that hydrolyzes upon contact with a
body fluid, can also be incorporated into the bioresorbable bulk material 320 during the
manufacture of the medical device 310, for example, by co-extrusion or molding. The agent
hydrolyzes within the matrix upon contact with the body fluid. The embedded particles 330
resorb b}‘r hydrolysis upon contact with the body fluid producing water-soluble by-products.
Hydrolysis of the particles produces voids 340 and increases the porosity of the matrix of the
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bioresorbable bulk material 320, resulting in an increased diffusion rate that promotes resorption
and degradation of the bioresorbable bulk material 320. The device as a result breaks into
smaller fragments 350. The particles may include a hydrolyzable polymer such as
polysaccharides, polyglycolic acid, polylactic acid, polycaprolactone, or copolymers of any two
or three of glycolic acid, lactic acid, and caprolactone monomers.

Referring to FIG. 4, which is a cross-sectional view, a medical device 410, such as a stent, is
fabricated from a bulk resorbable material 420 having therein embedded particles 430. Each of
the particles 430 may include one or more materials with magnetic, paramagnetic, and/or
superparamagnetic (generally referred to hereinafter as simply “magnetic”) properties. The
particles 430 having magnetic properties may be embedded into the bioresorbable bulk material
420 during the manufacture of a medical device 410, for example, by co-extrusion or molding.
The embedded particles 430 can be transiently or continuously stimulated by the use of a
magnetic field, such as an oscillating magnetic field 440. The embedded particles 430 respond to
the magnetic field by moving and/or vibratin,cv:,r within the matrix of the bioresorbable bulk
material thereby causing fragmentation of the implant frame, producing small pieces 450 with
increased contact area with the body fluid. As a consequence, diffusion and resorption rates are
increased while risk of clogging the flow of the body fluid and related complications decreased.
The particles can be of any shape as long as the particles possess the desired magnetic property.
As illustrative examples, the shape of the particles may be in an elongated form such as a rod or
oblong, but spherical or other shapes may also be used. Certain shapes such as those with sharp
edges may break the frame of the bulk implant material more easily than particles with more
smooth edges. Suitable materials having the desired magnetic properties are well known in the
art. Illustrative examples of magnetic materials that may be employed in this invention include
metals, alloys, and metal oxides (such as iron, nickel, cobalt, gadolinium, other transition metals
possessing ferromagnetic properties, and alloys or oxides thereof).

The resorption rate may be controlled by varying the size and amount (e.g., the volume
percentage) of the aforementioned particles. The size of the particles or the size of the
aggregates of particles is not critical so long as the particles are capable of causing fragmentation
of the implant frame and afterwards being eliminated from the body by excretion, without
triggering inflammation or blockage of fluid flow, or are capable of resorption by dissolution,
degradation, disintegration or metabolic pathway. For illustration purposes, the size of the

particles may be from about 5 nm to about 1 mm depending on the type of the implant. In some
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applications, the preferred size can vary from 5 nm to 1 pm. In other applications, the preferred
size can vary from 1 pm to 100 pm, 100 pm to 500 pum, or 500 um to 1 mm. There is no
requirement that all the particles be of the same size.

The distribution of the particles in the bioresorbable bulk material need not be uniform, but
uniformity may be preferred in certain circumstances. For example, concentration of embedded
particles may be higher in the pigtail region of a ureteral stent to favor faster dissolution and
quickér removal of the stent from the ureter. The volume percentage of the particles in the
bioresorbable bulk material can be equal to or less than about 50% depending on factors
including the particularities of the implant. In some embodiments, the volume percentage is less
than 1% or greater, up to 50%. -

The particles may be made of the same types of polymeric material as the bulk material but with
a substantially different characteristics such that their resorption occur at a greater rate than the
resorption of the bulk material such as lower molecular weight, lower crosslinking ratio (e.g., the
number of crosslinks per crosslinkable sites or the number of crosslinks per unit volume or
weight of the material), or different crosslinking ions (e.g. ions of a weaker electronic affinity).
Characteristics of the polymeric material can be modulated by modifying factors such as these to

suit the specific application at hand.

Controlling Resorption

In another aspect, the invention generally features methods for controlling resorption of a
bioresorbable material for use in a medical device in a mammal. In one embodiment, a method
for controlling resorption of a bioresorbable material in a medical device includes the steps of
providing a bioresorbable bulk material, embedding resorbable particles in the bioresorbable bulk
material, and contacting a body fluid with the bioresorbable bulk material having the embedded
pafticles thereby causing the bioresorbable bulk material to resorb at a controllable resorption
rate. The embedded particles have a different and faster resorption rate from that of the bulk
material. The resorption rate of the bioresorbable bulk material is typically controlled to be faster
with particles embedded in it than the resorption rate of the bioresorbable bulk material without
the embedded particles.

Referring to FIG. 2 again and in one embodiment, the bioresorption is controlled by the swelling
of the embedded particles 230 upon contact vﬁth a body fluid. Swelling may arise from, but is

not limited to, chemical reactions or physical interactions upon the contact of the particles with a



10

15

20

25

30

WO 02/076523 PCT/US02/07600
12

body fluid, such as the capture of some body fluid by the particle as in hydration, or release of
gases. Continued swelling of the particles 240 weakens the matrix structure of the bioresorbable
bulk material 220 and causes the medical implant frame to break up into small fragments 250,
thereby preventing the large implant frame or fragments from clogging the flow of the body fluid.
In addition, fragmentation into small pieces also results in an increased contact area of the
bioresorbable bulk material 220 with the body fluid. The consequence is an increased fluid
diffusion rate that promotes resorption and leads to the eventual mechanical degradation of the
bioresorbable bulk material.

In one embodiment, particles having an agent that swells upon contact with the body fluid are
incorporated into the bioresorbable bulk material during manufacture of a medical device. The
agent and the particles swell within the matrix of the bioresorbable bulk material upon contact
with the body fluid. In the case of ionically crosslinked polymeric materials, the swelling is
especially effective in breaking up the implant frame after the ionic linkages of the crosslinked
polymeric material have been partially removed by diffusion of crosslinking ions out of the
matrix or by other means. The resorption rate of the implant can be modulated to fit a particular
need. Typically, the presence of the particles favors a more homogeneous resorption of the
implant material. Variance in the size of the fragments and in turn the resorption rate of the
implant material may be achieved by varying the size, amount, shape, distribution, and/or nature
of the particles within the implant. For example, a medical device may be manufactured with
higher concentrations of highly swellable particles in the inner core of the device so as to have a
slow onset of the resorption, followed by a rapid resorption of the inner core. Higher
concentration may be used on an outer shell of the device to obtain an opposite result. For
example, in the case of a ureteral stent, faster resorption of the kidney tail of the stent than the
body of the stent may be desirable to favor the elimination or transportation of the stent out of the
ureter into the bladder in a minimal amount of fragments. The partly resorbed stent would then
continue to resorb at a slower rate into the bladder.

Referring to FIG. 3 again and in another embodiment, the bioresorption is controlled by the
hydrolysis of the particles upon contact with a body fluid producing soluble by-products.
Hydrolysis of the particles 330 into soluble by-products results in voids 340 in the matrix of the
bioresorbable bulk material 320 and an increased porosity. As a consequence, the diffusion rate
of the fluid into the implant 310 increases thereby promoting resorption and the eventual

mechanical degradation of the material structure of the implant. The device as a result breaks
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into smaller fragments 350. In one embodiment, particles having an agent that hydrolyzes upon
contact with the body fluid are incorporated into the bioresorbable bulk material during the
manufacture of a medical implant device. The agent hydrolyzes within the matrix of the
bioresorbable bulk material upon contact with the body fluid. Similar to the swelling agent, the
resorption rate can be controlled by varying the size, shape, amount, and/or nature of the particles
embedded in the bioresorbable bulk material. The resorption rate is also dependent on the
hydrolizable agent and its amount used in the particles.

Referring to FIG. 4 again and in another embodiment, the bioresorption is controlled by
activation and/or vibration of the embedded particles responding to a magnetic field. The
methods for controlling resorption of a bioresorbable material include providing a bulk material
420 that is bioresorbable and is embedded with particles 430 having magnetic, paramagnetic,
and/or superparamagnetic properties, creating a magnetic field surrounding the particles, and
inducing activation or vibration of the particles by modulating the magnetic field 440 thereby
causing resorption of the bulk material at a controllable rate. The implant breaks into smaller
fragments 450. These particles may include a magnetic material, a paramagnetic material, and/or
a superparamagnetic méterial.

In one detailed embodiment, inducing activation and/or vibration of the particles is by time-
varying the magnetic field surrounding the particles. The magnetic field establishes forces that
compel the magnetic, paramagnetic, or superparamagnetic particles to move within the matrix of
the material lodging the particles. The moving and/or vibrating of the embedded particles within
the matrix of the bioresorbable bulk material causes fragmentation of the implant frame,
producing small pieces with increased contact area with a body fluid. As a consequence,
diffusion and resorption rates are increased while risk of clogging the fluid flow and related
complications decreased. The magnetic field surrounding the particles may be supplied by a
magnetic field generator within the body of the subject being treated. The magnetic field can
also be supplied by a magnetic field generator outside of the subject’s body. The field strength of
the magnetic field that may be employed depends on the size and nature of the particles and the
desired rate of resorption. In one embodiment, the magnetic field at the site is oscillating in
strength as a function of time and/or coordination. The resorption rate can also be controlled by
varying the size, shape, and/or amount of the particles embedded in the bioresorbable bulk
material. Furthermore, the resorption rate is dependent on the nature and amount of the magnetic

material used in the particles and the orientation of the particles relative to the magnetic field.
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Similarly, particles that respond to microwave, ultrasound, or radio frequencies may be
embedded in the implant bulk material. Movement or vibration of these particles responding to
microwave, ultrasound, or radio frequencies causes fragmentation of the implant frame.

In another embodiment, as illustrated in FIG. 5, resorption of a bioresorbable material is
controlled by a coating on a medical device. The methods for controlling resorption of a
bioresorbable material include providing a bulk material 520 that is bioresorbable and shaped as
a medical device, here a stent 510, and coating the medical device with a coating material 530.
The coating material 530 includes a dissolvable polymeric material and allows diffusion of a
body fluid through the coating material at a pre-selected rate. Coating of the medical device may
be by any conventional coating methods including solvent and hot-melt processes. The medical
device can be completely or only partially coated. The diffusion rate can be controlled by
varying the size, thickness, and/or the nature of the coating material on the device. For example,
a coating that is more hydrophobic tends to slow down the diffusion rate into the implant.

In yet another aspect, the invention features a coating material for use in a medical device for
regulating resorption of the medical device. The coating serves as a controlled barrier to
diffusion. The coating material includes a bioresorbable ionically or covalently crosslinked
polymeric material that allows diffusion into the medical device by a body fluid at a pre-selected
rate. The device can be completely or only partially coated. Illustrative examples of such
coating material include a hydrogel, such as hyaluronic acid and polyslip, and thermoplastic
material, such as polyurethane and polyethylene. The coating material may be applied to a
device by melt, solvent, spray or other processes known to the artisan. The coating material can
also include a lubricity-controlling agent.

Referring to FIG. 6, a system can be constructed for a controlled delivery of a pre-selected
pharmaceutical agent to a location within the body of a mammal. This system includes a carrier
device 610 with a coating that has a bioresorbable ionically or covalently crosslinked polymeric
material. The pharmaceutical agent to be delivered can be incorporated into the coating material
620 as macro-particles embedded therein. The pharmaceutical agent can also be incorporated
into the coating material in bulk at the molecular level. The pharmaceutical agent 630 diffuses
out of the coating material 620 upon contacting a body fluid by the coating material 620. The
inner core 640 may be constructed to provide necessary mechanical support for the coating layer.
The inner core 640 may or may not be needed depending on the application. The carrier can be

any device that is capable of carrying the pre-selected pharmaceutical agent such as antimicrobial
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or antibiotic agents. The agent loading can generally be from about 0.01% to about 40%
depending on the agent and the need of the treatment.

Compositions of the present invention may be produced by any conventional ways of forming a
mixture with two or more components. The compositions may be prepared by mixing precursor
components followed by a chemical processing of either the particles or the bulk material. For
example, a conventional mechanical mixer may be sufficient to produce a composition having
particles of desired properties and a bioresorbable material. | A solvent may be used so that a
solution of the bulk bioresorbable material is mixed with the particles followed by removal of the
solvent. Such methods include first mixing precursor(s) of the bioresorbable bulk material with
the particles followed by a reaction of the precursor(s) to produce the bioresorbable bulk
material. Also, one can first mix precursor(s) of the particles with the bioresorbable bulk
material followed by a reaction of the precursor(s) to produce the desired particles. Chemical
modifications that may be used in preparing the compositions of the invention include, but are
not limited to, polymerization, crosslinking reactions either ionic or covalent so as to gel, cure, or
set a precursor polymer.

The devices (or components of devices) of the present invention may be made via various
manufacturing processes includirig injection molding, extrusion, rotational molding,
compression, roll wrapping, etc. For example, one way to produce a stent is to first mix particles
of the desired properties with an extrudable and bioresorbable material and then extrude the
mixture to form a stent using conventional extrusion techniques. Another method is to wrap a
sheet or film of the mixture around a cone-shaped mandrel. Yet another method is to employ a
pultrusion process where the mixture of the bioresorbable material and particles are pulled from a
pultrusion die having the desired cross-sectional profile.

The devices of the present invention may be used for any treatment involving a medical implant
that needs a controlled resorption rate. For example, a ureteral stent made with the compositions
of the present invention may be placed in a patient. The stent will then resorb at a rate dependent
on the composition of the material. The stent can be set to resorb quickly or slowly by pre-
selecting its composition as described earlier. Devices can also be constructed to effect drug

delivery as described above.
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Example 1

A syringe pump is connected to three syringes. Syringe One contains an alginate solution.
Syringe Two contains a calcium carbonate solution. Syringe Three contains the same alginate
solution as in Syringe One plus resorbable fine particles of an alginate at a different molecular
weight than that in Syringe One. The contents of the three syringes are injected into a tube
connected to the three syringes and then pushed into a static mixer made of silicone tubing.
After mixing, the content of the static mixer then travels to a tubular shaped cavity and a rod so
positioned that a tubular shaped device is molded and gels. Alternatively, a port having the
desired features can be used to form a desired medical device. Normally, extrusion is first done
into a low pH buffer solution wherein calcium ions partially diffuse out. A second crosslinking

is then carried out producing the final device.

Example 2

Example 1 is repeated except resorbable fine particles having polylactic acid are used.

Example 3

A segment of the tubing produced in Example 1 is soaked in a simulated body fluid such as urine
for 48 hours. Samples from the soaked tubing are placed under microscope and compared with
samples from a unsoaked tubing. It is expected that the soaked samples will have broken down

into fragments or display cracking in the frame of the implant.

Example 4

A segment of the tubing produced in Example 2 is soaked in a simulated body fluid such as urine
for 48 hours. Samples from the soaked tubing are placed under microscope and compared with
samples from the unsoaked tubing. It is expected that the soaked samples will exhibit
significantly hydrolyzed particles and voids so created.

Variations, modifications, and other implementations of what is described herein will occur to
those of ordinary skill in the art without departing from the spirit and the scope of the invention.

Accordingly, the invention is not to be limited by the preceding illustrative description.

What is claimed is:
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CLAIMS
1. A medical device for use in a mammal comprising:
(a) a bioresorbable bulk material; and
(b) resorbable particles embedded in said bioresorbable bulk material, said resorbable particles
causing said bioresorbable bulk material to resorb upon contact with a body fluid at a
controllable resorptioﬂ rate.
2. The medical device of claim 1 wherein said resorbable particles resorb upon contact with
a body fluid at a resorption rate that is different from the resorption rate of said bioresorbable
bulk material.
3. The medical device of claim 2 wherein the resorption rate of said resorbable particles is
greater than the resorption rate of said bioresorbable bulk material.
4. The medical device of claim 1 wherein said bioresorbable bulk material comprises an
ionically crosslinked polymeric material.
5. The medical device of claim 1 wherein said bioresorbable bulk material comprises a
covalently crosslinked polymeric material.
6. The medical device of claim 4 wherein said ionically crosslinked polymeric material
comprises at least one polymer or copolymer made from at least one member of the group
consisting of polyacrylic acids, polymethacrylic acid, polyethylene amine, polysaccharides,
alginic acid, pectinic acids, carboxy methyl cellulose, hyaluronic acid, heparin, chitosan,
carboxymethyl chitosan, carboxymethyl starch, carboxymethyl dextran, heparin sulfate,
chondroitin sulfate, cationic starch, and salts thereof.
7. The medical device of claim 4 wherein said ionically crosslinked polymeric material is an
ionically crosslinked polymer hydrogel and has a water content of less than 90% by weight and
possesses sufficient mechanical strength to serve as a stent, a catheter, a cannula, a plug, a
constrictor, a sheet, a filler, a bone anchor, a plate, a rod, a seed, a tube, or a portion thereof.
8. The medical device of claim 1 wherein said medical device is a stent, a catheter, a
cannula, a plug, a constrictor, a sheet, a filler, a bone anchor, a plate, a rod, a seed, a tube, or a
portion thereof.
9. The medical device of claim 1 wherein each of said resorbable particles comprises an
organic compound.
10.  The medical device of claim 1 wherein each of said resorbable particles comprises a

soluble or degradable inorganic compound.
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11.  The medical device of claim 9 wherein said organic compound is a sugar or a water
soluble organic salt.
12.  The medical device of claim 1 wherein each of said resorbable particles comprises an

organic or inorganic crystal or powder aggregate.

13.  The medical device of claim 1 wherein each of said resorbable particles comprises a
water-swellable polymer.

14.  The medical device of claim 13 wherein said water-swellable polymer comprises a
material selected from the group consisting of polysaccharides, polyglycolic acid, polylactic acid,
cellulose derivatives, hyaluronic acid, and colloid/hydrogel.

15.  The medical device of claim 1 wherein the size of each of said resorbable particles is
from about 5 nm to about 1 mm.

16.  The medical device of claim 1 wherein the ratio of said resorbable particles in said
bioresorbable bulk material is equal to or less than about 50 % by volume.

17.  The medical device of claim 1 wherein each of said resorbable particles comprises a
polymer selected from the group consisting of polysaccharides, polyglycolic acid, polylactic acid,
and polycaprolactone and copolymers of any two or three of glycolic acid, lactic acid, and
caprolactone monomers.

18. A medical device for use in a mammal comprising:

(a) a bioresorbable bulk material; and

(b) particles embedded in said bioresorbable bulk material, said particles.comprising a magnetic,
paramagnetic, or superparamagnetic material and causing said bioresorbable bulk material to
resorb upon contact with a body fluid at a controllable resorption rate.

19.  The medical device of claim 18 wherein said controllable resorption rate of said
bioresorbable bulk material is faster than a resorption rate of said bioresorbable bulk material
without said embedded particles.

20.  The medical device of claim 19 wherein the size of each of said particles is from about 5
nm to about 1 mm.

21.  The medical device of claim 19 wherein the volume percentage of said resorbable
particles in said bioresorbable bulk material is equal to or less than about 50 %.

22. A method for controlling resorption of a bioresorbable material in a device for use in a
mammal, said method comprising:

(a) providing a bioresorbable bulk material;
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(b) embedding resorbable particles in said bioresorbable bulk material, said resorbable particles
resorb faster upon contact with a body fluid than said bioresorbable bulk material; and

(c) contacting a body fluid with said bioresorbable bulk material and said resorbable particles
thereby causing said bioresorbable bulk material to resorb at a controllable resorption rate.

23.  The method of claim 22 wherein said controllable resorption rate is different from the
resorption rate of said bioresorbable bulk material without said embedded resorbable particles.
24.  The method of claim 23 wherein said bioresorbable bulk material comprises an ionically
crosslinked polymeric material.

25.  The method of claim 23 wherein said bioresorbable bulk material comprises a covalently
crosslinked polymeric material.

26.  The method of claim 23 wherein said resorption rate is controlled by varying the size or
the amount of said resorbable particles.

27.  The method of claim 23 wherein said resorbable particles swell upon contact with said
body fluid.

28.  The method of claim 23 wherein said resorbable particles hydrolyze into by-products
soluble in said body fluid upon contact with said body fluid.

29. A method for controlling resorption of a bioresorbable material in a device, said method
comprising:

(a) providing a bioresorbable bulk material;

(b) embedding particles having a pre-selected magnetic property in said bioresorbable bulk
material;

(c) providing a magnetic field surrounding said particles; and

(d) inducing activation or vibration of each of said particles thereby causing said bioresorbable
bulk material to resorb at a controllable resorption rate.

30.  The method of claim 29 wherein said controllable resorption rate is different from a
resorption rate of said bioresorbable bulk material without said embedded particles.

31.  The method of claim 30 wherein each of said particles is magnetic, paramagnetic, or
superparamagnetic and wherein said inducing activation or vibration of each of said particles is
by varying said magnetic field surrounding said particles.

32. A method for controlling resorption of a medical device, said method comprising

(a) providing a bioresorbable bulk material shaped as a medical device;
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(b) providing a coating material comprising a dissolvable polymeric material that allows
diffusion of a body fluid through said coating material at a controllable rate; and

(c) coating said medical device with said coating material.

33. A composition for use in a device in a mammal, said composition comprising:

() a bioresorbable bulk material; and

(b) resorbable particles embedded in said bioresorbable bulk material, said resorbable particles
causing said bioresorbable bulk material to resorb upon contact with a body fluid at a
controllable resorption rate.

34. A composition for use in a device in a mammal, said composition comprising:

(a) a bioresorbable bulk material; and

(b) resorbable. particles embedded in said bioresorbable bulk material, said resorbable particles
having a resorption rate that is different from a resorption rate of said bioresorbable bulk material
and said resorbable particles causing said bioresorbable bulk hlaterial to resorb at a controllable
rate upon contact with a body fluid.

35.  The composition of claim 34 wherein the resorption rate of said resorbable particles is
greater than the resorption rate of said bioresorbable bulk material.

36.  The composition of claim 34 wherein said bioresorbable bulk material comprises an
ionically crosslinked polymeric material or a covalently crosslinked polymeric material.

37.  The composition of claim 34 wherein each of said resorbable particles comprise an
organic compound. '

38. The composition of claim 34 wherein each of said resorbable particles comprise a soluble
or degradable inorganic compound.

39.  The composition of claim 34 wherein each of said resorbable particles comprise organic
or inorganic crystals or powder aggregates.

40.  The compbsition of claim 34 wherein each of said resorbable particles comprise a
polymer.

41.  The composition of claim 34 wherein the size of said resorbable particles is about 5 nm to
about 1 mm.

42.  The composition of claim 34 wherein the volume percentage of said resorbable particles
in said bulk material is equal to or less than about 50 %.

43, The composition of claim 34 wherein each of said resorbable particles comprise a

magnetic, paramagnetic, or superparamagnetic material.
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44. A system for controlled delivery of a pharmaceutical agent in the bbdy of a mammal, said
system comprising a carrier device having coated thereon a bioresorbable ionically or covalently
crosslinked polymeric material and incorporated therein said pharmaceutical agent.

45. A coating material for use in a medical device for regulating resorption of said medical
device, said coating material comprises a bioresorbable ionically or covalently crosslinked
polymeric material that allows diffusion into said medical device by a body fluid at a pre-selected

rate.
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