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LUBRICATED CATHETER BALLOON 

FIELD OF THE INVENTION 

[0001] The present invention relates to coating the inner 
surface of a dilatation balloon so as to reduce friction and 
thus reduce the required opening pressure upon in?ation. 

BACKGROUND OF THE INVENTION 

[0002] Medical balloon catheters having a dilatation bal 
loon located at their distal ends, are used surgically for 
insertion into blood vessels, urethra, or body conduits for the 
purpose of reducing stenoses or blockages. Conventionally, 
such catheters are made of materials such as polyamides, 
nylon, SELAR®, polyesters such as polyethylene tereph 
thalate (PET), polyethylene (PE), polyester elastomers such 
as HYTREL®, or similar materials. Also, such balloon 
catheters can be made of several layers With polyethylene 
terephthalate blended With polyethylene. Also they can be 
made With blends of polyethylene terephthalate and 
HYTREL®. HYTREL® is a randomiZed block co-polymer 
of polyethers and polyesters. Such materials are not typi 
cally by themselves lubricious in nature, and must be rended 
lubricious by other means such as coating them With a 
lubricant. 

[0003] Balloons are typically tightly folded and Wrapped 
upon themselves for delivery to the targeted lesion, storage 
and are unWrapped and expanded to a siZe that is consider 
ably greater than the stored siZe by the introduction of an 
expansion ?uid into the balloon. It is very dif?cult, and in 
fact almost impossible, to do so Without having portions 
stick to each other, and possibly tearing the substrate, 
particularly in the absence of a lubricious coating. Further 
more, this can greatly increase the amount of opening 
pressure required to in?ate the balloon. Or if using for stent 
delivery, it Will need extra pressure to expand the stent and 
release it. 

[0004] One method of overcoming some of these issues 
has been to coat the outside of the balloon in order to reduce 
the friction betWeen the folded and Wrapped layers. This 
coating can also provide some protection against pinhole 
formation in the balloon and/or coating by providing sur 
faces that do not stick to one another. HoWever, coating the 
outside surface not only adresses the half of the balloon 
surface for this, but also may lead to What is referred to in 
the art as “Watermelon seeding.” This refers to slippage of 
the balloon Wherein the balloon Which is too lubricious 
shoots forWard on in?ation causing accidental slippage from 
the target or repair site Which ultimately may lead to stent 
slippage from the target site as Well. 

[0005] It is therefore necessary to also ?nd a Way in Which 
the balloon can be retained easily at the target site during 
expansion or contraction Without slippage. This is more 
readily accomplished When the balloon has no lubricity. One 
method of overcoming this “Watermelon seeding” effect is to 
make the balloons With both a lubricating portion and a 
non-lubricating portion. US. Pat. No. 5,503,631 to Onishi et 
al. discloses a vasodilating catheter balloon Whose body has 
a lubricating portion and a non-lubricating portion. The 
lubricious property of the balloon is created by grafting a 
lubricious coating onto a non-lubricious substrate. Only the 
tapered portions on opposite ends of the balloon Were 
treated. 
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[0006] Another method of overcoming the “Watermelon 
seeding” is found in copending US. patent application Ser. 
No. 09/306939 commonly assigned to SCIMED Life Sys 
tems, Inc. 

[0007] Another issue is that if the lubricant utiliZed on the 
outside of the balloon is hydrophobic, it may bead or run off 
When exposed to an aqueous environment, and can conse 
quently reduce lubricity, and lack abrasion resistance. 
Hydrophilic coatings are an alternative but can also migrate 
from the balloon surface in an aqueous environment, par 
ticularly if they are Water soluble, although there are steps 
that can be taken to prevent migration from occurring 
through the use of crosslinking or coupling agents, or 
binders, for instance. 

[0008] US. Pat. No. 5,509,899 describes a medical bal 
loon and catheter in Which the balloon is Wrapped and folded 
upon itself tortuously and tightly so that outer surfaces 
contact each other for insertion into the body and in Which 
the balloon is free of bridging and adhesion betWeen abut 
ting surfaces. The balloon has a base of a continuous 
polymeric surface expandable from a folded, Wrapped con 
?guration With surfaces touching each other into a balloon 
When in?ated, a lubricious, biocompatible, hydrogel coating 
disposed on the polymeric surface, and a thin, lubricious, 
blood-compatible coating disposed upon the hydrogel coat 
ing Which adheres to it to prevent abutting surfaces of the 
folded polymeric surfaces from adhering to each other 
during in?ation and to prevent delamination of the hydrogel 
coating and/or rupture of the balloon. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to a method of coat 
ing the inner surface of the dilatation balloon used With a 
catheter device With a lubricant in order to overcome friction 
betWeen surfaces in contact With one another and to conse 
quently reduce the opening pressure required to in?ate the 
balloon. This can also avoid the problem of “Water melon 
seeding”. 
[0010] The dilatation balloon has an inner surface and an 
outer surface and a lubricious material disposed on the inner 
surface. The inner surface at least periodically comes into 
contact With itself. Speci?cally, dilatation balloons are 
folded upon themselves for storage. The lubricious material 
on the inner surface reduces the friction that occurs during 
in?ation of the balloon by reducing or preventing the 
amount of adhesion occurring betWeen the material of the 
inner surface as it comes in contact With itself. This lubri 
cious material consequently reduces the opening force 
required during in?ation and thus facilitates an easier in?a 
tion. The lubricous material may also reduce pinholeing and 
ease stent delivery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a perspective vieW of a dilatation catheter 
having a catheter balloon With a lubricous material on its 
inner surface. 

DETAILED DESCRIPTIONS OF THE 
PREFERRED EMBODIMENTS 

[0012] The present invention relates in particular to coat 
ing the inner surface of a dilatation balloon With a lubricious 
material. 
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[0013] Balloons are typically folded and Wrapped upon 
themselves for storage and are unwrapped and expanded to 
a siZe that is considerably greater than the stored siZe by the 
introduction of an expansion ?uid into the balloon. It is very 
dif?cult, and in fact almost impossible, to do so Without 
having portions stick to each other, and possibly tearing the 
substrate, particularly in the absence of a lubricious coating. 

[0014] FIG. 1 illustrates generally at 10, a dilatation 
catheter having catheter balloon attached at its distal end 
shoWn in its in?ated state. Catheter balloon 12 is generally 
conventional in its structure having a body portion 14, cone 
portions 16 and Waist portions 18. The balloon is charater 
iZed in accordance With this invention by having a lubricious 
material 20 is shoWn on the inner surfaces of the cone and 
Waist portions. 
[0015] The balloons of the present invention are not 
limited to any particular any polymeric material, but may be 
formed of thermoplastic elastomers (i.e. block copolymers), 
polyole?ns such as polyethylene and polypropylene, ethyl 
ene ot-ole?n polymers, polyesters, polyester elastomers, 
polyamides, polyimides, nylons, polyvinyl chlorides, ther 
moplastic polyurethanes, polyether-block-amide copoly 
mers, ionomeric polymers, and their copolymers, and so 
forth. The term copolymer Will be hereinafter used to refer 
to those polymers having three (terpolymers) or more dif 
ferent monomers as Well as tWo. 

[0016] More speci?cally, materials such as nylon; 
SELAR®; polyether-polyester block copolymers such as 
HYTREL®; polyether block amide copolymers such as 
PEBAX® including PEBAX® 7033 or 7233; polyester 
block ethers such as ARNITEL® including ARNITEL®EM 
40; SURLYN® ionomeric polymers such as ethylene/meth 
acrylic acid (E/MAA) copolymers Wherein the MAA acid 
groups have been partially neutraliZed With lithium, sodium, 
or Zinc ions; polyethylene terephthalate (PET); polytet 
ra?uoroethylene (PTFE); polyvinyl chloride; polyetherure 
thanes; polyesterurethanes; polyurethane ureas; polyure 
thane siloxane block copolymers; silicone polycarbonate 
copolymers; ethylene vinyl acetate copolymers; acryloni 
trilebutadiene-styrene copolymers; polyphenylene sul?des; 
copolyesters; copolymers thereof; or other similar extrud 
able thermoplastic, polymeric materials, or composites 
thereof may be utiliZed in the present invention. Thermo 
setting materials such as polyimides may also be utiliZed. 

[0017] The formation of catheter balloons made of block 
copolymer elastomers Where the hard segments are polyester 
or polyamide and the soft segments are polyether, is dis 
cussed in Us. Pat. No. 5,556,383 issued Sep. 17, 1996 to 
Wang et al. incorporated by reference herein. 
[0018] Some balloon materials Which may be preferable 
for use include, but are not limited to, the polyether block 
amides, such as PEBAX®7033 or 7233; the polyester block 
ethers such as ARNITEL®EM 40; PET; and nylon. 

[0019] Balloon formation may be carried out in any con 
ventional manner With conventional extrusion and bloWing 
techniques, but basically there are three major steps in the 
process Which include extruding a tubular preform, bloW 
molding the balloon and annealing the balloon. Depending 
on the balloon material employed, the preform may be 
axially stretched before it is bloWn. Techniques for balloon 
formation are discussed in Us. Pat. No. 4,490,421 to Levy 
and in US. Pat. No. 5,348,538 issued Sep. 20, 1994 to Wang 
et al. 
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[0020] The lubricious materials that may be utiliZed to 
lubricate the inner surface of the dilatation balloons include 
both hydrophobic and hydrophilic materials. These materi 
als may be crosslinked or reactive compounds, or they may 
be non-reactive or uncrosslinked compounds, and may 
include those that are actually coupled to the balloon surface 
through the use of a coupling agents, for instance. 

[0021] Useful hydrophobic materials include both reactive 
and nonreactive compounds. Some examples include, but 
are not limited to, glycerine, olive oil, vegetable oil, peanut 
oil, and so forth. 

[0022] Other hydrophobic materials found to be quite 
useful include silicones (i.e. organosiloxane polymers), 
functionaliZed silicones, hydrolyZable silanes Which form 
silicones, and so forth. These compounds include both 
reactive and non-reactive species including those that are 
crosslinkable in the presence of moisture. Blends of these 
compounds also ?nd utility herein. 

[0023] For instance, a blend of a hydrolyZable siloxane, 
such as an amino terminated siloxane, and a non-crosslink 
able silicone oil is useful such as a blend of an amino 
terminated hydrolyZable polydimethylsiloxane (PDMS) and 
a nonhydrolyZable polydimethylsiloxanes. The noncuring 
(i.e. nonhydrolyZable) PDMS acts as a plasticiZer Which 
may cause the hydrolyZable PDMS to sWell, forming a 
gel-like substance. Sesame oil and other natural oils can also 
be used as a plasticiZer. 

[0024] Other examples of useful moisture crosslinkable 
silanes or siloxanes include, but are not limited to, 1-meth 
oxy-3-(trimethylsiloxy)butadiene; methyltrimethoxysilane; 
triphenylsilanol; 1,1,3,3-tetramethyl-1,3-diethoxydisilox 
ane; triethylacetoxysilane; and so forth. These reactive com 
pounds include terminal groups that are activated by mois 
ture and that Will form a durable structure crosslinked 
through —Si—O—Si—linkages include. Such terminal 
groups include, but are not limited to, C1 to C12 alkoxy 
groups, in particular the loWer C1 to C4 alkoxy groups such 
as methoxy or ethoxy, C2 to C4 acryloxy, up to about C6 
(poly)alkoxyalkoxy, phenoxy, amine, oxime, halogen 
groups including chlorine, ?uorine and bromine, and so 
forth. In particular emodiments of the present invention, 
hydrolyZable groups including the alkoxy, alkoxyalkoxy and 
the acryloxy groups are used. 

[0025] Other hydrophobic materials useful herein include 
cellulose esters and ethers, ethyl cellulose, hydroxyethyl 
cellulose, cellulose nitrate, cellulose acetate, cellulose 
acetate butyrate, cellulose acetate propionate, polyurethane, 
polyacrylate, natural and synthetic elastomers, rubber, 
acetal, nylon, polyester, styrene polybutadiene, acrylic resin, 
polyvinylidene chloride, polycarbonate, homopolymers and 
copolymers of vinyl compounds, polyvinylchloride, polyvi 
nylchloride acetate, and combinations thereof. 

[0026] Hydrophilic material also ?nd utility in the present 
invention. Some examples of useful hydrophilic compounds 
include, but are not limited to, homopolymers and copoly 
mers of N-vinyllactam including N-vinylpyrrolidone, N-bu 
tyrolactam, N-vinyl caprolactam, polyvinylpyrrolidone, 
polyvinyl acetate copolymers, polyethers, polysaccharides, 
hydrophilic polyurethanes, acrylates such as polyacrylates 
and polymethacrylates having hydrophilic esterifying 
groups, polyhydroxyacrylate, poly(acrylic acid), poly(acry 
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lamides), poly(N-alkylacrylamide), poly(vinyl alcohols), 
poly(acrylates), poly(methacrylates), poly(vinyl esters), 
poly(maleate esters), poly(fumarate esters), poly(ethylene 
imines), polyamides, ionomeric polymers, vinyl compounds 
having hydrophilic polar pendant groups, and natural poly 
mers including collagen, poly(saccharides), cellulose, 
methyl cellulose, carboxymethylcellulose, hydroxypropyl 
cellulose, polyvinylsulfonic acid, heparin, dextran, modi?ed 
dextran, xanthan, chondroitin sulphate, lecithin, and so 
forth. 

[0027] The hydrophilic lubricious materials also include 
both reactive and non-reactive species. 

[0028] Particularly useful hydrophilic materials include 
hydrogels, homopolymers and copolymers of polyalkylene 
oxides or alkoxypolyalkylene oxides, and homopolymers or 
copolymers of at least one polymeriZable ethylenically 
unsaturated compound. 

[0029] The polyalkylene oxides of alkoxy polyalkylene 
glycols include, in particular, polyethylene glycol, and poly 
ethylene oxide/polypropylen oxide (EO/PO) block copoly 
mers. The copolymer of polyetheylene oxide/castor oil, for 
instance, so called Cremophor ®’s, e.g. CremophorEL also 
are very good hydrophilic lubricant materials. 

[0030] The homopolymers and copolymers of the poly 
meriZable ethylenically unsaturated compound include poly 
carboxylic acids, including homopolymers or copolymers of 
acrylic acid, (meth)acrylic acid, fumaric acid, maleic acid, 
maleic anhydride, and so forth. Other ethylenically unsat 
urated compounds are those having vinyl groups, and diene 
compounds. 

[0031] Copolymers of maleic acid may be obtained by the 
maleic anhydride copolymer by reaction of some of the 
anhydride groups With an inorganic hydroxide, Water, mono 
functional amine, alcohol, epoxy, imine, and so forth, or 
some mixture thereof. Such maleic anhydride copolymers 
include poly(ethylene-maleic anhydride) and maleic anhy 
dride/methyl vinyl ether. These types of lubricious materials 
are discussed in Us. Pat. No. 5,902,631 incorporated by 
reference herein in its entirety. 

[0032] The hydrogels are typically hydrophilic in nature 
and typically have the ability to dissolve or sWell in an 
aqueous environment, and are capable of manifesting lubric 
ity While in a Wet state. When hydrated, these polymers 
exhibit loW frictional forces forces in humoral ?uids such as 
saliva, digestive ?uids and blood, as Well as in saline 
solution and Water. One particular example of a hydrogel is 
an interpenetrating netWork (IPN) of a hydrogel of polyeth 
ylene oxide (PO) captured in a crosslinked acrylic polymer 
netWork. This IPN is formed by polymeriZing a mixture of 
an acrylic monomer composition comprising a monomer 
having plural (meth)acrylate groups and polyethylene oxide. 

[0033] Other polymeric materials Which hydrogels may 
comprise include polyethylene oxides in interpenetrating 
netWorks With poly(meth)acrylate homopolymers or copoly 
mers; copolymers of maleic anhydride; (meth)acrylamide 
homopolymers and copolymers; (meth)acrylic acid copoly 
mers; poly(vinyl pyrrolidone) and blends or interpolymers 
With polyurethanes; polysaccharides, and so forth. 

[0034] Hydrogels are discussed, for instance, in Us. Pat. 
Nos. 6,120,904, 6,080,488, 6,040,058, 6,030,656, 6,017, 
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577, 5,919,570, 5,849,368, 5,662,960, and 5,576,072 all of 
Which are incorporated by reference herein in their entirety. 

[0035] Alternatively, the lubricious coatings can be 
formed from hydrophobic compounds Which can be con 
verted to a lubricious hydrophilic compound through a 
chemical reaction such as hydrolysis, for instance. The 
conversion may take place once the coating process is 
complete. Examples of such compounds include those com 
pounds having pendant ester or amide groups, such as, for 
instance, esters such as poly(acrylates), poly(meth)acrylates, 
poly(vinyl esters), poly(maleates), poly(fumerates), polya 
mides, poly(acrylamides), and copolymers and terpolymers 
thereof, and so forth. The poly(acrylic), poly(methacrylic) or 
polymaleic esters, and the polyamides or poly(acrylamides) 
may be converted to carboxylic acids by hydrolysis. 
Hydrolysis may be basic or acidic, and heat may be added 
to increase the rate of reaction. Esters are hydrolyZed 
reversibly in the presence of acid or irreversibly in the 
presence of base. The use of a large excess of Water in the 
acid-catalyZed reaction favors hydrolysis. Vinyl esters may 
also be converted to an alcohol through saponi?cation using 
an alkali-metal hydroxide Which forms the alcohol and the 
metal salt of the acid. While most of these materials are 
hydrophobic, some are hydrophilic and can be hydrolyZed as 
Well While the above lubricious materials exemplify the 
present invention, they are not intended as a limitation on the 
scope of the present invention. Providing the materials are 
lubricious, they Will ?nd utility as a lubricant on the inner 
surface of the dilatation balloons of the present invention. 

[0036] The lubricious materials may be dissolved in a 
solvent or a cosolvent mixture prior to application to a 
balloon preform, for instance, using any conventional coat 
ing techniques such as injecting, dipping, spraying, brush 
ing, and so forth. Apreferable method for coating is injecting 
the coating solution into the tubular device. 

[0037] Useful solvents include alcohols, aliphatic hydro 
carbons, aromatic hydrocarbons, chlorinated solvents, 
esters, glycols, ethers, glycol ethers, ketones, and so forth. 
Polar solvents include alcohols, glycols, Water and so forth. 
Speci?c examples include ethanol, methanol, isopropanol, 
stearyl alcohol, ethylene glycol, propylene glycol, glycerin, 
Water and so forth. Non-polar solvents include aliphatic 
hydrocarbons such as heptane and hexane; aromatic hydro 
carbons such as toluene and xylene; chlorinated hydrocar 
bons such as perchloroethylene, methylene chloride, chlo 
roform, carbon tetrachloride, 1,1,1-trichloroethane; 
?uorocarbons; mineral spirits and so forth. 

[0038] Particularly preferred solvents, particularly for the 
hydrophilic coatings, include ethers, alcohols, Water, and 
their mixtures. 

[0039] For hydrophilic coatings, the preferable solvents 
are more polar and preferably include the alcohols such as 
isopropyl alcohol or isopropanol and Water and mixtures 
thereof. A 1-20% solution of lubricious polymer is prefer 
ably utiliZed and more preferably a solution of about 3% to 
about 10 Wt-% of the polymer is used. 

[0040] The coating thickness, once the solvent has evapo 
rated, is preferably from about 1 to about 10 pm, more 
preferably from about 2 to about 6 pm and most preferably 
from about 2 to about 4 pm. The solvent may be alloWed to 
evaporate at ambient temperatures or the tubing may be 
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dried. The pressured air or vacuum may also be used to 
speed the drying. In case reactive coating material used a 
moisture air stream can be passed through under room or 
elevated temperature to help the curing or crosslinking. 

[0041] The lubricious material may be applied to the 
balloon by using a solution of the lubricious material in 
solvent, and injecting the solution through a tubular preform, 
or by spraying the preform prior to bloWing the balloon. The 
lubricious material may also be coeXtruded With the tubular 
preform. The balloon or tubular preform may also be dipped 
in a solution of the lubricious material. There are various 
other means of applying the lubricious material to the inner 
surface of the balloon material. 

[0042] The above embodiments are illustrative of the 
present invention, and are not intended to limit the scope of 
the present invention. 

1. Adilatation balloon comprising an inner surface and an 
outer surface said inner surface having a lubricious material 
disposed thereon. 

2. The dilatation balloon of claim 1 Wherein said balloon 
comprises a thermoplastic polymeric material. 

3. The dilatation balloon of claim 2 Wherein said thermo 
plastic polymeric material is selected from block copoly 
mers, polyole?ns, ethylene ot-ole?n polymers, polyesters, 
polyester elastomers, polyamides, polyimides, nylons, poly 
vinyl chlorides, thermoplastic polyurethanes, polyether 
block-amide copolymers, ionomeric polymers, and copoly 
mers thereof. 

4. The dilatation balloon of claim 2 Wherein said thermo 
plastic polymeric material is polyethyleneterephthalate, 
polyether-block-amide 

5. The dilataton balloon of claim 1 Wherein said lubricious 
material is hydrophilic. 

6. The dilatation balloon of claim 1 Wherein said lubri 
cious material comprises at least one selected from hydro 
gels, homopolymers and copolymers of polyalkylene oXides 
or alkoXypolyalkylene oXides, homopolymers or copoly 
mers of at least one polymeriZable ethylenically unsaturated 
compound, and miXtures thereof. 

7. The dilatation balloon of claim 6 Wherein said lubri 
cious material is a polyethylene glycol, an ethylene oXide/ 
propylene oXide block copolymer, or miXture thereof. 

8. The dilatation balloon of claim 1 Wherein said lubri 
cious material comprises at least one selected from collagen, 
poly(saccharides), cellulose, methyl cellulose, carboXym 
ethylcellulose, polyvinylsulfonic acid, heparin, deXtran, 
modi?ed deXtran, chondroitin sulphate, lecithin, poly(vi 
nylpyrrolidone), poly(vinyl alcohol), poly(acrylates), poly 
(methacrylates), poly(fumarate esters), poly(vinyl esters), 
poly(maleate esters), poly(acrylamide), poly(N-acrylamide), 
poly(ethyleneimine), polyamides, ionomeric polymers, 
copolymers thereof, and miXtures thereof. 
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9. The method of claim 1 Wherein said lubricious material 
comprises at least one polycarboXylic acid. 

10. The method of claim 9 Wherein said polycarboXylic 
acid comprises at least one carboXylic acid selected from 
maleic acid, fumaric acid, acrylic acid, and (meth)acrylic 
acid. 

11. The dilatation balloon of claim 6 Wherein hydrogel 
comprises a polyethylene oXide captured in an interpenetrat 
ing crosslinked acrylic polymer netWork. 

12. The dilatation balloon of claim 6 Wherein said hydro 
gel comprises polyethylene oXide in an interpenetrating 
netWork With poly(meth)acrylate polymers or copolymers; 
copolymers of maleic anhydride; (meth)acrylamide poly 
mers and copolymers; (meth)acrylic acid copolymers; poly 
(vinyl pyrrolidone) and blends or interpolymers With poly 
urethanes; and polysaccharides. 

13. The dilatation balloon of claim 1 Wherein said lubri 
cious material is hydrophobic. 

14. The dilatation balloon of claim 1 Wherein said lubri 
cious material comprises at least one silicone, functionaliZed 
silicone, hydrolyZable silane Which forms a silicone, ?uo 
rosilanes, or miXture thereof. 

15. The dilatation balloon of claim 14 Wherein said 
lubricious material comprises a hydrolyZable silane having 
terminal groups selected from C1 to C12 alkoXy, C2 to C4 
acryloXy, up to about C6(poly)alkoXyalkoXy, phenoXy, 
amine, oXime, chlorine, ?uorine, and bromine. 

16. The dilatation balloon of claim 1 Wherein said lubri 
cious material comprises at least one hydrolyZable siloXane 
and at least one nonhydrolyZable siloXane. 

17. The dilatation balloon of claim 16 Wherein said 
lubricious material comprises at least one amino terminated 
hydrolyZable polydimethylsiloXane and at least one nonhy 
drolyZable polydimethylsiloXane. 

18. The dilatation balloon of claim 1 Wherein said lubri 
cious material comprises at least one copolymer of maleic 
acid. 

19. The dilatation balloon of claim 18 Wherein said 
copolymer of maleic acid is derived from a maleic anhydride 
copolymer modi?ed by reaction of some of the anhydride 
groups thereof With a member selected from the group 
consisting of inorganic hydroxides, Water, monofunctional 
amines, alcohols, epoXies, imines, and mixtures thereof. 

20. The dilatation balloon of claim 19 Wherein said maleic 
anhydride copolymer is a poly(ethylene-maleic anhydride) 
copolymer or a maleic anhydride-methyl vinyl ether copoly 
mer. 

21. A dilatation balloon comprising an inner surface 
Wherein said inner surface is at least occasionally subjected 
to contact With itself, said inner surface having a lubricious 
material disposed thereon to reduce the friction When said 
inner surface comes in contact With itself. 

* * * * * 


