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(57) ABSTRACT 

Radiopaque, iodinated, absorbable polyesters, polyester ure 
thanes, and polyether-ester-urethanes with and without inor 
ganic iodide micro-finanoparticles dispersed or solubilized 
therein, and composite inorganic iodide micro-finanoparticles 
in an absorbable polyester, polyester-urethane, polyester-es 
ter, or polyether-ester urethane matrix are employed in medi 
cal devices and therapeutic compositions. 
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RADIOPAQUE IODINATED AND 
ODDE-CONTAINING CRYSTALLINE 

ABSORBABLE ALPHATIC POLYMERC 
MATERALS AND APPLICATIONS THEREOF 

0001. The present application claims the benefit of prior 
provisional application, U.S. Ser. No. 61/211.857 filed Apr. 3, 
2009. 

FIELD OF THE INVENTION 

0002 The present invention is directed to iodine-bearing, 
absorbable polymeric compositions and inorganic, iodide 
containing absorbable polymers and applications thereof in 
preparing absorbable radiopaque, melt-extruded monofila 
ments, electrostatically spun microfibers, Surface coatings, 
and radiographic markers, which can, in turn, be used indi 
vidually or in combination for assembling radiographically 
detectable medical devices and controlled release drug deliv 
ery systems. 

BACKGROUND OF THE INVENTION 

0003. Until recently, imparting radiopacity to medical 
devices and polymeric materials therefor was limited to 
incorporating Sufficient amounts of radiopaque, insoluble 
inorganic microparticles of heavy metal salts or oxides, as in 
the case of the use of barium sulfate in polymethyl methacry 
late bone cement (Damian & Shalaby, U.S. Pat. No. 5,795, 
922) and several types of non-absorbable, non-crystalline 
polymeric materials such as those based on silicones and 
polyurethanes. In recent years, the concept of producing inor 
ganic-organic hybrid fibers comprising insoluble radiopaque, 
inorganic microparticles and crystalline polymeric compo 
nents was used by one of the present inventors and coworkers 
to produce medical devices in order to (1) impart radiopacity 
in melt-spun monofilaments (U.S. Pat. No. 7.465,489 and 
U.S. patent application Ser. No. 1 1/880,993); (2) impart 
radiopacity in electrostatically spun microfibers (U.S. patent 
application Ser. No. 1 1/599,695); and (3) not only impart 
radiopacity but also contribute to a timely disintegration/ 
absorption of a load-bearing component in an absorbable/ 
disintegratable ureteral stent (PCT Application Serial No. 
06/03619 and U.S. patent application Ser. No. 1 1/346,117). 
Meanwhile, there has been Some interest in preparing iodine 
bearing, non-crystalline materials, including absorbable 
polymers. Most relevant to the instant invention are those 
which entailed the preparation of polymers with the iodine 
atomattached to anaromatic side group in the polymer chains 
(U.S. Pat. No. 6,475.477). To date, the lack of interest in 
developing or even exploring iodine-containing crystalline, 
aliphatic polymers of commercial interest in the medical 
industry is not surprising. This is because of the perceived 
limitations associated with the conditions used in preparing 
those polymers or iodide-containing radiopaque polymer 
blends, which can compromise the stability of the iodine 
bearing additive or intermediates. This, and the lack of crys 
talline absorbable polymers useful for use in preparing radio 
paque medical devices and coatings as well as radiographic 
markers by virtue of having Sufficient amounts of iodine 
containing species therein, provided an incentive to pursue 
the study, Subject of the instant invention. Accordingly, this 
invention is directed to (1) the preparation of new, 80-100% 
aliphatic, absorbable, crystalline iodinated polymers for use 
as coatings and radiographic markers for medical devices; (2) 
the preparation of melt-extrudable hybrid composites into 
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microfilament, monofilament, and multifilament yams of 
water-soluble inorganic iodide Salt and absorbable copolyes 
ter; (3) devices made of the above-noted radiopaque 
monofilament and multifilament yarns and radiopaque coat 
ings; and (4) devices analogous to the above-noted ones com 
prising a radioactive iodine isotope (e.g., iodine-131 or 123) 
for use as pharmacokinetic markers and in radiation therapy. 

SUMMARY OF THE INVENTION 

0004. Accordingly, the present invention is directed to a 
radiopaque, iodinated, crystalline, aliphatic, absorbable poly 
ester having a molecular weight exceeding 5 kDa, preferably 
exceeding 15 kDa, more preferably exceeding 25 kDa, most 
preferably exceeding 50 kDa and a heat of fusion of at least 10 
J/g, preferably at least 20 J/g, more preferably at least 30J/g, 
most preferably at least 40 J/g, wherein the polyester is the 
reaction product of an iodohydroxylic or iodo-substituted 
amine initiator, and at least one monomer selected from the 
group consisting of 1-lactide, glycolide, trimethylene carbon 
ate, p-dioxanone, 1,5-dioxepan-2-one, e-caprolactone, and a 
morpholinedione under typical ring-opening polymerization 
conditions, using an organometallics catalyst. 
0005. A specific aspect of this invention deals with a radio 
paque, iodinated, crystalline, 80-100% aliphatic, absorbable 
polyester having a molecular weight exceeding 5 kDa, pref 
erably exceeding 15 kDa, more preferably exceeding 25 kDa, 
most preferably exceeding 50 kDa, and a heat of fusion of at 
least 10J/g, preferably at least 20 J/g, more preferably at least 
30 J/g, most preferably at least 40 J/g, in the form of a 
radiopaque coating, part of a higher molecular coating, radio 
graphically detectable marker, or a component in at least one 
medical device, wherein the at least one medical device is 
selected from the group consisting of an absorbable/disinte 
gratable urinogenital stent, an absorbable endovascular stent, 
absorbable diagnostic device, and absorbable barrier film to 
protect Surrounding tissue from low level radiation associated 
with Brachy therapy, or treatment for abdominal and ovarian 
cancer, and an absorbable diagnostic device. 
0006 Another specific aspect of this invention deals with 
a radiopaque, iodinated, crystalline, 80-100% aliphatic, 
absorbable polyester having a molecular weight exceeding 5 
kDa, preferably exceeding 15 kDa, more preferably exceed 
ing 25 kDa, most preferably exceeding 50 kDa, and a heat of 
fusion of at least 10 J/g, preferably at least 20 J/g, more 
preferably at least 30 J/g, most preferably at least 40 J/g, 
wherein the polyester is the reaction product of an iodohy 
droxylic initiator, and at least one monomer selected from the 
group consisting of 1-lactide, glycolide, trimethylene carbon 
ate, p-dioxanone, 1,5-dioxepan-2-one, e-caprolactone, and a 
morpholinedione under typical ring-opening polymerization 
conditions, using an organometallics catalyst, and wherein 
the polyesterchains are covalently interlinked with aurethane 
group to increase its molecular weight to a value exceeding 8 
kDa. In effect, the interlinked chains are the reaction product 
of a hydroxy-terminated iodinated polyester and an aliphatic 
diisocyanate selected from the group consisting of 1.6-hex 
ane-diisocyanate, 1,4-bis(methylene isocyanato) cyclohex 
ane, 1.6-cyclohexane diisocyanate, 1,4-tetramethylene diiso 
cyanate, and lysine diisocyanate and the respective products 
can be used in the form of a radiopaque coating, part of a 
higher molecular coating, radiographically detectable 
marker, or a component in at least one medical device, 
wherein the at least one medical device is selected from the 
group consisting of an absorbable disintegratable urinogeni 
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tal stent, an absorbable endovascular stent, an absorbable 
device for treating aneurysm, a device for treating prostatic 
cancer, and an absorbable diagnostic device. 
0007. A clinically important aspect of this invention deals 
with a radiopaque, iodinated, crystalline, 80-100% aliphatic, 
absorbable polyester having a molecular weight exceeding 5 
kDa, preferably exceeding 15 kDa, more preferably exceed 
ing 25 kDa, most preferably exceeding 50 kDa, and a heat of 
fusion of at least 10 J/g, preferably at least 20 J/g, more 
preferably at least 30 J/g, most preferably at least 40 J/g, 
wherein the iodine component is iodine-127. Collectively, the 
simple iodinated products and their radioactive counterparts 
(using iodine 123 or 131) are suitable for use in therapeutic, 
site-specific applications. 
0008 Another major aspect of this invention deals with a 
radiopaque, absorbable composite of at least one type of 
inorganic iodo-compound micro-finanoparticles dispersed or 
solubilized in an organic absorbable crystalline matrix having 
a molecular weight of at least 5 kDa, preferably exceeding 15 
kDa, more preferably exceeding 25 kDa, most preferably 
exceeding 50 kDa, and a heat of fusion exceeding 10 J/g, 
preferably at least 20 J/g, more preferably at least 30J/g, most 
preferably at least 40 J/g, wherein the at least one type of 
inorganic iodo-compound micro-finanoparticles represent 10 
to 70 percent of the total mass of the composite, wherein the 
organic absorbable crystalline matrix is (1) an absorbable 
polyester derived from at least one cyclic monomer selected 
from the group consisting of l-lactide, glycolide, trimethylene 
carbonate, p-dioxanone, 1.5-dioxepan-2-one, e-caprolac 
tone, and a morpholinedione, and wherein the organic absorb 
able crystalline matrix is selected from the reaction product of 
an iodohydroxylic initiator, and at least one monomer 
selected from the group consisting of 1-lactide, glycolide, 
trimethylene carbonate, p-dioxanone, 1,5-dioxepan-2-one, 
e-caprolactone, and a morpholinedione under typical ring 
opening polymerization conditions, using an organometallics 
catalyst; and (2) the reaction product from item 1 covalently 
interlinked with a urethane group to increase its molecular 
weight to a value exceeding 8 kDa-the interlinking can be 
achieved using an aliphatic diisocyanate selected from the 
group consisting of 1.6-hexane-diisocyanate, 1,4-bis(meth 
ylene isocyanato)cyclohexane, 1.6-cyclohexane diisocyan 
ate, 1,4-tetramethylene diisocyanate, and lysine diisocyanate. 
0009. A second clinically important aspect of this inven 
tion deals with a radiopaque, absorbable composite of at least 
one type of inorganic iodo-compound micro-finanoparticles 
dispersed or solubilized in an organic absorbable crystalline 
matrix having a molecular weight of at least 5 kDa, preferably 
exceeding 15 kDa, more preferably exceeding 25 kDa, most 
preferably exceeding 50 kDa, and a heat of fusion exceeding 
10 J/g, preferably at least 20 J/g, more preferably at least 30 
J/g, most preferably at least 40J/g, wherein said product is in 
the form of a coating, part of a higher molecular weight 
coating, radiographically detectable marker, or component of 
at least one medical device, and wherein the at least one 
medical device is selected from the group consisting of an 
absorbable/disintegratable urinogenital stent, absorbable 
endovascular stent, an absorbable device for treating aneu 
rysm, a device for treating prostatic, lung (Brachy therapy), 
ovarian or intestinal cancers, and an absorbable diagnostic 
device, and further wherein the iodo-compound comprises 
iodine-127. Collectively, these composite products and their 
radioactive counterparts are Suitable for use in therapeutic, 
site-specific applications. 
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0010. A technologically important aspect of this invention 
deals with all compositions described herein, processed into 
at least one fibrous form selected from the group consisting of 
electrospun non-woven microfibers, melt-extruded monofila 
ment and multifilament yarns, melt-extruded tubes, and cath 
eters. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0011 Generally, the present invention is directed to totally 
absorbable/dissolvable radiopaque compositions for use in 
pharmaceutical and biomedical applications, wherein the 
radiopacity is due to the presence of an iodine or bromine 
atom that is covalently linked to the molecular chain of an 
absorbable polymer and/or the presence of at least one water 
soluble micro-/nanoparticulate iodide or bromide salt 
selected from those comprising an alkaline or alkaline earth 
metal atom, preferably sodium iodide, potassium iodide, and 
magnesium iodide. For the absorbable polymers comprising 
iodine or bromine atom-bearing chains, there can be more 
than one of Such atoms per molecular chain. The respective 
absorbable chains may comprise at least one type of ester 
linkage. Other chemical linkages can be present in those 
chains and can be selected from the group consisting of an 
aliphatic carbonate, acyclic carbonate, cycloaliphatic ure 
thane, acyclic aliphatic urethane, cycloaliphatic carbonate, 
aliphatic ether, and aliphatic anhydride. 
0012 Typical applications of iodine-bearing absorbable 
polymers (referred to herein as "iodinated polymers') and/or 
soluble iodide micro-finanoparticles include: (1) Surface coat 
ings for catheters, particularly those used percutaneously; (2) 
absorbable constructs for site-specific diagnostic applica 
tions; (3) components of absorbable/disintegratable endovas 
cular and urinogenital stents; (4) catheters for deploying 
radioactive compositions for treating cancer as in the case of 
iodine-131 (or 123) in the treatment of prostate, lung, intes 
tinal or ovarian cancers; (5) dosage forms for the controlled 
delivery of iodide in the treatment of thyroid glands and 
particularly in the case of accidental exposure to radioactive 
iodine; (6) components of an absorbable device or pharma 
ceutical product to monitor its pharmacokinetics using 
iodine-127, 123 or 131; and (7) barrier film to protect sur 
rounding tissues during Brachy therapy and similar radio 
therapies as in the treatment of ovarian and abdominal can 
CS. 

0013 Technologically and clinically important aspects of 
the instant invention deal with (1) the production of hybrid 
composites by melt-processing or solution casting of water 
soluble inorganic radiopaque iodide Salt dispersed in an 
absorbable thermoplastic polyester, polyether-ester, seg 
mented copolyester, segmented polyether-ester, segmented 
polyester-urethane, and polyether-ester urethane; (2) the use 
of at least one of the hybrid composites in item 1 in at least one 
type of controlled drug release system selected from the 
group consisting of implantable monofilaments, micro 
spheres, solid-Suspensions, and Viscous polymeric liquids; 
(3) the extrusion of at least one composite of item 1 into 
microfilament, monofilament, multifilament yams and films, 
which can be used in several applications including the con 
struction of Surgical Sutures, endovascular stents, perivascu 
lar wraps, hemostatic devices, blocking devices, retraction 
tapes, and endovascular devices for treating aneurysms; (4) 
electrostatic spinning of Solutions of composites in item 1 
into non-woven micro-finano-fibrous fabrics or constructs 
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which can be used as pledgets and components thereof: 
hemostatic felts, drug delivery systems, and antimicrobial 
cuffs for catheters; (5) the preparation of Surface coatings to 
enhance or impart radiopacity of any of the Surgical devices 
noted in items 1-4; and (6) the use of combinations of the 
radiopaque microparticles and radiopaque iodinated poly 
mers of items 1 & 2 for the production of medical devices and 
the pharmaceutical products described in items 3-5. Further 
illustrations of the present invention are provided by the fol 
lowing examples: 

EXAMPLE1 

Preparation of a Typical Highly Iodinated 
Absorbable Polyester: PI-1 

0014) L-lactide (0.5901 mol 85.0 grams, 82% by mol), 
glycolide (0.1295 mol 15.0 grams, 18% by mol), and 3-iodo 
1-propanol (0.01799 mol 3.346 grams) were added to a 
flame-dried reaction flask fitted with a stainless steel stir rod. 
Low pressure (0.1-0.5 mmHg) was applied to the reaction 
setup for 30 minutes to 1 hour while heating in a silicone oil 
bath at 40°C. The system was purged with nitrogen gas, a 
stirrer bearing was attached to the mechanical stirrer, and the 
temperature of the system was raised to 140°C. to melt the 
monomer while stirring under a nitrogen atmosphere. Fol 
lowing the complete mixing of molten lactide and glycolide 
monomers with an initiator at high temperature, the tempera 
ture was reduced to 100° C. Subsequently, tin-2-ethylhex 
anoate (6x10 mol, 0.2 molar in toluene) was added at 100° 
C., and the reaction was mixed thoroughly before increasing 
the temperature to 135° C. to begin polymerization. The 
reaction was stirred for approximately 4.5 hours at 130-135° 
C., followed by continued polymerization at 135° C. for 
60-70 hours without stirring. The reaction flask contents were 
allowed to cool to room temperature and the polymer was 
isolated. Samples of the isolated polymer were analyzed for 
molecular weight, identity, and thermal properties using stan 
dard GPC, IR, and DSC protocols, respectively. 

EXAMPLE 2 

Preparation of a Typical Moderately Iodinated 
Absorbable Polyester: PI-2 

0015 L-lactide (0.5901 mol, 85.0 grams, 82% by mol), 
glycolide (0.1295 mol. 15.0 grams, 18% by mol), and 3-iodo 
1-propanol (0.01439 mol. 2.677 grams) were added to a 
flame-dried reaction flask fitted with a stainless steel stir rod. 
Low pressure (0.1-0.5 mmHg) was applied to the reaction 
setup for 30 minutes to 1 hour while heating in a silicone oil 
bath at 40°C. The system was purged with nitrogen gas, a 
stirrer bearing was attached to the mechanical stirrer, and the 
temperature of the system was raised to 140°C. to melt the 
monomer while stirring under a nitrogen atmosphere. Fol 
lowing the complete mixing of molten lactide and glycolide 
monomers with initiator at high temperature, the temperature 
was reduced to 100° C. Subsequently, tin-2-ethylhexanoate 
(6x10 mol, 0.2 molar in toluene) was added at 100° C., and 
the reaction was mixed thoroughly before increasing the tem 
perature to 135°C. to begin polymerization. The reaction was 
stirred for approximately 4.5 hours at 130-135°C., followed 
by continued polymerization at 135°C. for 60-70 hours with 
out stirring. The reaction flask contents were allowed to cool 
to room temperature and the polymer was isolated. Samples 
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of the isolated polymer were analyzed for molecular weight, 
identity, and thermal properties using standard GPC, IR, and 
DSC protocols, respectively. 

EXAMPLE 3 

Preparation of a Typical Iodinated 
Urethane-interlinked Absorbable Polyester: PI-3 

0016. The radiopaque lactide/glycolide copolymer, initi 
ated with 3-iodo-1-propanol (3.05x10 mol, 50.1 grams), 
was added to a flame-dried reaction kettle fitted with a 
mechanical stirrer, a distillation neck and a collection flask. 
The polymer was dissolved in dichloromethane (0.5 g/ml) 
and mixed thoroughly with the mechanical stirrer at room 
temperature. Then 1,6-diisocyanatohexane (I.527x10 
moles, 0.257 grams) was added to the reaction (1 mole of 
1,6-diisocyanatohexane per 2 moles polymer) and the tem 
perature was increased to 150° C. for 1-2 hours to react and to 
distill off the solvent. Upon cooling to room temperature, the 
resulting linked polymer was dissolved in dichloromethane 
(25% wt/vol), and 5 milliliters ofisopropyl alcohol was added 
to the solution to quench any unreacted 1.6 diisocyanatohex 
ane. Subsequently, the Solution was precipitated in chilled 
isopropyl alcohol and filtered. The purified polymer was then 
dried at room temperature and reduced pressure. Samples of 
the isolated polymer were isolated and analyzed for molecu 
lar weight, identity, and thermal properties using standard 
GPC, IR, and DSC protocols, respectively. 

EXAMPLE 4 

Preparation and Evaluation of Radiopaque Films of 
PI-1 (from Example 1) 

0017 Films were prepared by a solvent-casting technique 
by first dissolving PI-1 in a mixture of 1:1 dichloromethane: 
chloroform at a concentration of 5-w/v%. The polymer solu 
tion was transferred to a glass container to allow solvent 
evaporation, resulting in a film (PI-1F1) of 0.2 mm thickness. 
(0018 Preparation of Films from PI-1 containing 10% NaI 
was performed by dissolving 2.7 g PI-1 and 0.3 g NaI in 60 
mL of trifluoroethanol. The dissolved solution was trans 
ferred to a glass containerto allow solvent evaporation, result 
ing in a film (PI-1F2) of 0.2 mm thickness. 
(0019 Radiopacity of both films (PI-1F1 and PI-1F2) was 
verified using a Tingle model 325 MVeterinary X-ray unit 
with an EKLIN model EDR5-MKV processor. 

EXAMPLE 5 

Electrospinning of PI-1 (from Example 1) to 
Radiopaque Non-woven Microfibers 

0020 Electrospinning was accomplished on an electro 
spinning unit constructed in-house from a solution containing 
approximately 25-w/v% PI-1 in 1:1 dichloromethane:chloro 
form. Electrospinning was conducted using the following 
conditions: +5.6 kV charge at needle tip, -8.7 kV charge at 
collection rod, +5 kV at directional rings, 18 G blunt end 
needle, 0.25 mL/min flow rate, and 18 cm tip-to-collector 
distance. The electrospun fabric was comprised of microfi 
bers having an average diameter of 5 micron. 
0021 Although the present invention has been described 
in connection with the preferred embodiments, it is to be 
understood that modifications and variations may be utilized 
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without departing from the principles and scope of the inven 
tion, as those skilled in the art will readily understand. 
Accordingly, Such modifications may be practiced within the 
scope of the following claims. Moreover, Applicant hereby 
discloses all Subranges of all ranges disclosed herein. These 
Subranges are also useful in carrying out the present inven 
tion. 

1-21. (canceled) 
22. A medical device comprising a radiopaque coating 

located on the medical device, the radiopaque coating com 
prising a radiopaque, iodinated, absorbable, crystalline, 
80-100% aliphatic polymer. 

23. The medical device of claim 22, wherein the medical 
device is selected from the group consisting of an absorbable/ 
disintegratable urinogenital stent, an absorbable endovascu 
lar stent, and an absorbable diagnostic device. 

24. The medical device of claim 22, wherein the medical 
device is a catheter. 

25. The medical device of claim 22, wherein the polymer 
comprises ester linkages. 

26. The medical device of claim 22, wherein the polymer 
comprises chemical linkages selected from the group consist 
ing of an aliphatic carbonate, acyclic carbonate, 
cycloaliphatic urethane, acyclic aliphatic urethane, 
cycloaliphatic carbonate, aliphatic ether, and aliphatic anhy 
dride. 

27. The medical device of claim 22, wherein the polymer 
has a molecular weight of at least 5 kDa and a heat of fusion 
exceeding 10 J/g. 

28. A method of producing a radiopaque absorbable com 
posite comprising: 

forming an organic absorbable crystalline matrix from a 
halogen-hydroxylic initiator and at least one cyclic 
monomer, 
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dispersing a water Soluble radiopaque halogen salt in the 
form of microparticles or nanoparticles into the organic 
absorbable crystalline matrix to provide a dispersion; 
and 

forming a radiopaque absorbable composite from the dis 
persion. 

29. The method of claim 28, wherein the organic absorb 
able crystalline matrix comprises a material selected from the 
group consisting of thermoplastic polyester, polyether-ester, 
segmented copolyester, segmented polyether-ester, seg 
mented polyester-urethane, and a polyether-ester urethane. 

30. The method of claim 28, wherein the water soluble 
radiopaque halogen salt comprises an iodide or bromide salt. 

31. The method of claim 28, wherein the radiopaque 
absorbable composite is formed into a controlled drug release 
system selected from the group consisting of implantable 
monofilaments, microspheres, Solid-Suspensions, and vis 
cous polymeric liquids. 

32. The method of claim 28, wherein the radiopaque 
absorbable composite is included within a Surgical Suture, 
endovascular stent, perivascular wrap, hemostatic device, 
block device, retraction tape, or endovascular device for treat 
ing aneurysms. 

33. The method of claim 28, wherein the organic absorb 
able crystalline matrix comprises the reaction product of a 
hydroxy-terminated halogenated polyester and a diisocyan 
ate selected from the group consisting of 1.6-hexane-diiso 
cyanate 1,4-bis(methylene isocyanate) cyclohexane 1,6-cy 
clohexane diisocyanate, 1,4-tetramethylene diisocyanate, 
lysine diisocyanate, or combinations thereof. 

34. The method of claim 28, wherein the cyclic monomer is 
selected from the group consisting of 1-lactide, glycolide, 
trimethylene carbonate, p-dioxanone, 1.5-dioxepan-2-one, 
e-caprolactone, a morpholinedione, and combinations 
thereof. 


