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CATHETER FOR ANTIMICROBIAL CONTROL AND METHOD OF 

MANUFACTURING THEREOF 

ABSTRACT 

Disclosed herein is a method comprising transporting a conduit and a template 

through a guide tube; the template being disposed on an outer surface of the conduit 

between the conduit and the guide tube; and transferring a texture from the template to 

the conduit as the conduit and the template are transported through the guide tube.  

Disclosed herein too is an apparatus comprising a guide tube; the guide tube being 

operative to facilitate a transfer of a pattern from a template to a conduit; a first feed 

spool and a first take-up spool for feeding the conduit through the guide tube and for 

taking up the conduit after it has travelled through the guide tube respectively; and a 

second feed spool and a second take-up spool for feeding the template through the guide 

tube and for taking up the template after it has travelled through the guide tube 

respectively.  
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CATHETER FOR ANTIMICROBIAL CONTROL AND METHOD OF 

MANUFACTURING THEREOF 

BACKGROUND 

[0001] Disclosed herein is a catheter for antimicrobial control and methods of 

manufacturing thereof.  

[0002] Surfaces that have patterns and other forms of texturing (hereinafter 

"texturing") can be advantageously used to minimize the adhesion of living organisms 

and other forms of non-living matter (e.g., ice, dust, dirt, and the like) to the surface. The 

texturing can have dimensions that are selected to specifically prevent the adhesion of 

specific living organisms or non-living matter on the surface, while at the same time 

encouraging the growth of other organisms or the adhesion of other types of non-living 

matter to the surface.  

[0003] For example, in order to prevent the growth of certain types of living 

organisms the dimensions of the texturing may have to be in the nanometer or in the 

micrometer range, while for preventing the growth of certain other types of organisms, 

the dimensions of the texturing may have to be in the millimeter or centimeter range. In 

another example, in order to facilitate the growth of certain types of living organisms the 

dimensions of the texturing may have to be in the nanometer or in the micrometer range, 

while for facilitating the growth of certain other types of organisms, the dimensions of 

the texturing may have to be in the millimeter or centimeter range. Reproducing this 

texturing on surfaces that are large in size (e.g., of the area of several square centimeters) 

or on surfaces that have a complex shape (e.g., a non-planar surface that is circular or 

spherical) is difficult.  

[0004] It is therefore desirable to have methods that can reproduce the texturing 

on catheters that have large surface areas relative to the area of the pattern. It is also 

desirable to reproduce the texturing on surfaces that have complex shapes or disposed 

upon surfaces located in regions that are difficult to access.



SUMMARY 

[0005] Disclosed herein is a method comprising transporting a conduit and a 

template through a guide tube; the template being disposed on an outer surface of the 

conduit between the conduit and the guide tube; and transferring a texture from the 

template to the conduit as the conduit and the template are transported through the guide 

tube.  

[0006] Disclosed herein is an apparatus comprising a guide tube; the guide tube 

being operative to facilitate a transfer of a pattern from a template to a conduit; a first 

feed spool and a first take-up spool for feeding the conduit through the guide tube and for 

taking up the conduit after it has travelled through the guide tube respectively; and a 

second feed spool and a second take-up spool for feeding the template through the guide 

tube and for taking up the template after it has travelled through the guide tube 

respectively.  

[0007] Disclosed herein too is a method comprising disposing a texture on a 

curved surface of a conduit; the texture comprising a plurality of patterns; each pattern 

being defined by a plurality of spaced apart features attached to or projected into the 

curved surface, the plurality of features each having at least one neighboring feature 

having a substantially different geometry, wherein an average spacing between adjacent 

spaced apart features is about I nanometer to about 1 millimeter in at least a portion of 

the curved surface, wherein the plurality of spaced apart features are represented by a 

periodic function; and disposing the conduit in a body of a living being.  

BRIEF DESCRIPTION OF THE FIGURES 

[0008] Figure 1 depicts an exemplary method of manufacturing the textured 

conduit; 

[0009] Figure 2 another exemplary method of manufacturing the textured conduit; 

[0010] Figure 3 is an example of the texture comprising a plurality of patterns; 

and 

[0011] Figure 4A - 4D is another example of the texture that comprises a plurality 

of patterns.  
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DETAILED DESCRIPTION 

[0012] It is to be noted that as used herein, the terms "first," "second," and the 

like do not denote any order or importance, but rather are used to distinguish one element 

from another, and the terms "the", "a" and "an" do not denote a limitation of quantity, but 

rather denote the presence of at least one of the referenced item. Furthermore, all ranges 

disclosed herein are inclusive of the endpoints and independently combinable.  

[0013] The invention now will be described more fully hereinafter with reference 

to the accompanying drawings, in which various embodiments are shown. This invention 

may, however, be embodied in many different forms, and should not be construed as 

limited to the embodiments set forth herein. Rather, these embodiments are provided so 

that this disclosure will be thorough and complete, and will fully convey the scope of the 

invention to those skilled in the art. Like reference numerals refer to like elements 

throughout.  

[0014] It will be understood that when an element is referred to as being "on" 

another element, it can be directly on the other element or intervening elements may be 

present therebetween. In contrast, when an element is referred to as being "directly on" 

another element, there are no intervening elements present. As used herein, the term 

"and/or" includes any and all combinations of one or more of the associated listed items.  

[0015] It will be understood that, although the terms first, second, third etc. may 

be used herein to describe various elements, components, regions, layers and/or sections, 

these elements, components, regions, layers and/or sections should not be limited by 

these terms. These terms are only used to distinguish one element, component, region, 

layer or section from another element, component, region, layer or section. Thus, a first 

element, component, region, layer or section discussed below could be termed a second 

element, component, region, layer or section without departing from the teachings of the 

present invention.  

[0016] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting. As used herein, the singular forms 

"a," "an" and "the" are intended to include the plural forms as well, unless the context 

clearly indicates otherwise. It will be further understood that the terms "comprises" 
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and/or "comprising," or "includes" and/or "including" when used in this specification, 

specify the presence of stated features, regions, integers, steps, operations, elements, 

and/or components, but do not preclude the presence or addition of one or more other 

features, regions, integers, steps, operations, elements, components, and/or groups 

thereof.  

[0017] Furthermore, relative terms, such as "lower" or "bottom" and "upper" or 

"top," may be used herein to describe one element's relationship to another elements as 

illustrated in the Figures. It will be understood that relative terms are intended to 

encompass different orientations of the device in addition to the orientation depicted in 

the Figures. For example, if the device in one of the figures is turned over, elements 

described as being on the "lower" side of other elements would then be oriented on 

"upper" sides of the other elements. The exemplary term "lower," can therefore, 

encompasses both an orientation of "lower" and "upper," depending on the particular 

orientation of the figure. Similarly, if the device in one of the figures is turned over, 

elements described as "below" or "beneath" other elements would then be oriented 

"above" the other elements. The exemplary terms "below" or "beneath" can, therefore, 

encompass both an orientation of above and below.  

[0018] Unless otherwise defined, all terms (including technical and scientific 

terms) used herein have the same meaning as commonly understood by one of ordinary 

skill in the art to which this invention belongs. It will be further understood that terms, 

such as those defined in commonly used dictionaries, should be interpreted as having a 

meaning that is consistent with their meaning in the context of the relevant art and the 

present disclosure, and will not be interpreted in an idealized or overly formal sense 

unless expressly so defined herein.  

[0019] Exemplary embodiments are described herein with reference to cross 

section illustrations that are schematic illustrations of idealized embodiments. As such, 

variations from the shapes of the illustrations as a result, for example, of manufacturing 

techniques and/or tolerances, are to be expected. Thus, embodiments described herein 

should not be construed as limited to the particular shapes of regions as illustrated herein 

but are to include deviations in shapes that result, for example, from manufacturing. For 

example, a region illustrated or described as flat may, typically, have rough and/or 
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nonlinear features. Moreover, sharp angles that are illustrated may be rounded. Thus, the 

regions illustrated in the figures are schematic in nature and their shapes are not intended 

to illustrate the precise shape of a region and are not intended to limit the scope of the 

present claims.  

[0020] The transition phrase "comprising" is inclusive of the transition phrases 

"consisting essentially of' and "consisting of'.  

[0021] Disclosed herein is a conduit that comprises a texture. The texture is 

disposed on a surface of the conduit. The surface of the conduit upon which the texture is 

disposed is generally an outer surface. In an exemplary embodiment, the texture is 

disposed upon an outer surface of the conduit. The texture can be used to control 

bioadhesion on the conduit. In one embodiment, the texturing can be used to minimize 

the adhesion of living or non-living matter, while in another embodiment, the texturing 

can be used to increase the adhesion of living or of non-living matter.  

[0022] Disclosed herein too is a method for manufacturing the conduit by 

transferring a texture from a template to the conduit. In an exemplary embodiment, the 

template is disposed between a guide tube and the conduit in a continuous process and 

transfers its pattern to the conduit upon the application of pressure to the conduit. During 

the travel of the conduit through the guide tube, pressure is applied to the template to 

transfer a texture contained on the template to the outer surface of the conduit. This 

method of manufacturing permits the texturing of large surfaces that have complex non

planar surfaces.  

[0023] With reference now to the Figure 1, an apparatus 100 for texturing the 

conduit comprises a first feed spool 102 for feeding the conduit 104 towards a guide tube 

106 and an optional curing chamber 108. The conduit 104 is wound around a first take

up spool 110 after being fed through the guide tube 106 and the curing chamber 108. The 

apparatus 100 also comprises a second feed spool 202 and a second take-up spool 204 for 

feeding the template 206 and taking up the template 206 respectively. The template 206 

contains an opposing image of the texture to be transmitted to the guide tube 106. An 

optional centering device 112 may be used to accurately feed the conduit to the guide 

tube 106.  
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[0024] In one method of using the apparatus 100, the conduit 104 is fed from the 

first feed spool 102 through the guide tube 106 and the curing chamber 108 and taken up 

by the first take-up spool 110. At the same time the template 206 is fed from the second 

feed spool 202 through the guide tube 106 and the curing chamber 108 to the second 

take-up spool 204. During the travel from the second feed spool 202 to the second take

up spool 204, the template 206 is wrapped around a portion of the conduit 104. In one 

embodiment, the template 206 is wrapped around the entire circumference of the conduit 

104 that is present in the guide tube 106. A conical guide 114 in communication with the 

guide tube 106 facilitates the guiding of the conduit 104 into the guide tube 106. The 

conical guide 104 also facilitates the wrapping of the template 206 around the conduit 

104.  

[0025] As the conduit 104 with the template 206 wrapped thereon passes through 

the guide tube 106, the pressure between the conduit 104 and the guide tube 106 causes 

the template to transfer an image of the desired texture to the conduit 104. After 

transferring the image to the conduit 104, the template is removed from the conduit 104 

and rewound around the second take-up spool 204.  

[0026] In an exemplary embodiment depicted in the Figure 2, the template 206 is 

a continuous belt that continuously travels around the second feed spool 202 and the 

second take-up spool 204 and contacts the conduit 104 during its travel through the guide 

tube 106.  

[0027] During the travel of the conduit 104 and the template 206 through the 

guide tube 106, pressure may be applied to the conduit, the template and/or to the guide 

tube 106 to transfer the texture to the conduit. In one embodiment, the pressure may be 

applied by pressurizing the conduit 104. Pressurizing the conduit 104 can be 

accomplished by increasing the fluid pressure within the conduit 104, forcing the conduit 

104 radially outwards against the guide tube 106 thereby facilitating a transfer of the 

image from the template 206 to the conduit 104 as a result of the pressure. Fluids used 

within the conduit 104 may include air, water, magneto-rheological fluids and electro

rheological fluids. When magneto-rheological or electro-rheological fluids are used, the 

use of magnetic field or an electrical field respectively may be used to increase the 

stiffness of the conduit 104, thereby increasing the pressure between the guide tube 106 
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and the conduit 104 resulting in a transfer of the image from the template 206 to the 

conduit 104.  

[0028] The pressure in the conduit may be about 0.01 to about 1.0 kilograms per 

square centimeter. A preferred pressure in the conduit is about 0.09 to about 0.45 

kilograms per square centimeter.  

[0029] In another embodiment, a solid mandrel (not shown) that has a higher 

stiffness than the guide tube may be disposed inside the conduit 104 during the travel of 

the conduit 104 through the guide tube 106. The use of a mandrel promotes an increase 

in pressure between the guide tube 106 and the conduit 104 resulting in a transfer of the 

image from the template 206 to the conduit 104. The mandrel may be hollow or have a 

solid core, but has a higher stiffness than the guide tube.  

[0030] In yet another embodiment, the template 206 may be manufactured in the 

form of a balloon (i.e., a tube similar to a bicycle tube that can wrap itself around the 

conduit, but from which air cannot escape without intervention). During the passage 

through the guide tube 106, the pressure within the template 206 is increased resulting in 

a transfer of the image from the template 206 to the conduit 104. Fluids used within the 

template 206 may include air, water, magneto-rheological fluids and electro-rheological 

fluids.  

[003 1] The guide tube 106 can be manufactured from a metal, a ceramic or a 

polymer. In one embodiment, the guide tube is manufactured from a metal and has a low 

friction polymeric coating disposed on the inner surface thereof. Examples of low 

friction polymeric coatings include polymers that comprise polydimethylsiloxane and/or 

fluoropolymers.  

[0032] In one embodiment, the guide tube is manufactured from a piezoelectric 

material that can have an electric field applied to it during the travel of the conduit and 

the template through it. Piezoelectric materials can change their dimensions upon the 

application of an electric field and conversely can generate an electric field when 

pressure is applied to the piezoelectric material. By applying an electric field to the guide 

tube, radial pressure can be applied by the guide tube to the template which then transfers 

an opposing image to the conduit.  
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[0033] The guide tube 106 may be heated using resistive heating, electromagnetic 

radiation or a combination of resistive heating and electromagnetic radiation. The curing 

chamber 108 may be used to cure (crosslink) any reactive species on the conduit 104.  

The crosslinking can be accomplished using radiation (e.g., ultraviolet, infrared, 

microwave, radiofrequency, electron beam, xrays, or the like) or by heating. Curing can 

improve chemical resistance and/or thermal resistance of the conduit.  

[0034] The conduit 104 may comprise a metal, a ceramic an organic polymer, or a 

combination comprising at least one of a metal, a ceramic, or an organic polymer. The 

organic polymer may comprise a glassy polymer (i.e., a polymer that is below its glass 

temperature at the temperature of the human body), an elastomer (a polymer that is above 

its temperature at the temperature of the human body), an amorphous polymer or a 

semicrystalline polymer. Organic polymers may comprise thermosets, thermoplastics or 

a combination comprising at least one of a thermoset or a thermoplastic. The organic 

polymer may comprise a block copolymer, a diblock copolymer, a star block copolymer, 

a triblock copolymer, a dendrimer, an ionic copolymer, a polyelectrolyte, or the like. In 

one embodiment, it is desirable for the conduit to comprise an elastomer.  

[0035] Examples of thermoplastic polymers are polyacetals, polyolefins, 

polyacrylics, polycarbonates, polystyrenes, polyesters, polyamides, polyamideimides, 

polyarylates, polyarylsulfones, polyethersulfones, polyphenylene sulfides, polyvinyl 

chlorides, polysulfones, polyimides, polyetherimides, polytetrafluoroethylenes, 

polyetherketones, polyether etherketones, polyether ketone ketones, polybenzoxazoles, 

polyphthalides, polyacetals, polyanhydrides, polyvinyl ethers, polyvinyl thioethers, 

polyvinyl alcohols, polyvinyl ketones, polyvinyl halides, polyvinyl nitriles, polyvinyl 

esters, polysulfonates, polysulfides, polythioesters, polysulfones, polysulfonamides, 

polyureas, polyphosphazenes, polysilazanes, styrene acrylonitrile, acrylonitrile

butadiene-styrene (ABS), polyethylene terephthalate, polybutylene terephthalate, 

polyurethane, ethylene propylene diene rubber (EPR), polytetrafluoroethylene, 

fluorinated ethylene propylene, perfluoroalkoxyethylene, polychlorotrifluoroethylene, 

polyvinylidene fluoride, polysiloxanes, or the like, or a combination comprising at least 

one of the foregoing organic polymers.  
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[0036] Examples of thermosetting polymers suitable for use in the polymeric 

composition include epoxy polymers, unsaturated polyester polymers, polyimide 

polymers, bismaleimide polymers, bismaleimide triazine polymers, cyanate ester 

polymers, vinyl polymers, benzoxazine polymers, benzocyclobutene polymers, acrylics, 

alkyds, phenol-formaldehyde polymers, novolacs, resoles, melamine-formaldehyde 

polymers, urea-formaldehyde polymers, hydroxymethylfurans, isocyanates, diallyl 

phthalate, triallyl cyanurate, triallyl isocyanurate, unsaturated polyesterimides, or the like, 

or a combination comprising at least one of the foregoing thermosetting polymers.  

[0037] Examples of blends of thermoplastic polymers include acrylonitrile

butadiene-styrene/nylon, polycarbonate/acrylonitrile-butadiene-styrene, acrylonitrile 

butadiene styrene/polyvinyl chloride, polyphenylene ether/polystyrene, polyphenylene 

ether/nylon, polysulfone/acrylonitrile-butadiene-styrene, polycarbonate/thermoplastic 

urethane, polycarbonate/polyethylene terephthalate, polycarbonate/polybutylene 

terephthalate, thermoplastic elastomer alloys, nylon/elastomers, polyester/elastomers, 

polyethylene terephthalate/polybutylene terephthalate, acetal/elastomer, styrene

maleicanhydride/acrylonitrile-butadiene-styrene, polyether etherketone/polyethersulfone, 

polyether etherketone/polyetherimide polyethylene/nylon, polyethylene/polyacetal, or the 

like.  

[0038] An exemplary thermoplastic polymer comprises polysiloxane or a 

fluoropolymer. An exemplary thermosetting polymer comprises polysiloxane or a 

fluoropolymer.  

[0039] As noted above, it is desirable for the conduit to be manufactured from an 

elastomer. Examples of suitable elastomers are polydimethylsiloxane, polybutadiene, 

polyisoprene, styrene-butadiene-styrene (SBS), styrene-isoprene-styrene (SIS), styrene

ethylene/butylene-styrene (S-EB-S) block copolymers, thermoplastic polyurethanes, 

copolyester-ethers (block copolymers derived from terephthalic acid, polytetramethylene 

glycol, and 1,4-butanediol), natural rubber, synthetic polyisoprene, butyl rubber, 

halogenated butyl rubbers, polybutadiene, styrene-butadiene rubber, nitrile rubber, 

hydrogenated nitrile rubbers, chloroprene rubber, polychloroprene, ethylene propylene 

rubber, and ethylene propylene diene rubber, epichlorohydrin rubber, polyacrylic rubber, 

silicone rubber, fluorosilicone rubber, fluoroelastomers, perfluoroelastomers, polyether
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block-polyamides, chlorosulfonated polyethylene, ethylene-vinyl acetate, or the like, or a 

combination comprising at least on of the foregoing block elastomers. An exemplary 

elastomer is a polysiloxane. It is desirable for the elastomer to have an elastic modulus of 

about 105 pascals to about 108 pascals.  

[0040] The texture comprises a plurality of patterns. In one embodiment, the 

pattern generally has some features that are of the order of a few nanometers to several 

hundreds of millimeters in size. Each pattern is defined by a plurality of spaced apart 

features attached to or projected into the curved surface. The plurality of features on the 

surface each has at least one neighboring feature that has a substantially different 

geometry or a substantially different size. The average spacing between adjacent features 

on the surface is between about 1 nanometer to about I millimeter in at least a portion of 

the curved surface.  

[0041] In one embodiment, when viewed in a first direction, the plurality of 

spaced apart features are represented by a periodic function. In another embodiment, the 

plurality of spaced apart features form a pattern. Each pattern is separated from a 

neighboring pattern by a pathway that has a periodicity to it. The periodicity of this 

pathway may be sinusoidal. Examples of the texture are shown in the Figures 3, 4A, 4B, 

4C and 4D.  

[0042] In one embodiment, the conduit can comprise a pattern that comprises a 

plurality of spaced features. The spaced features are arranged in a plurality of groupings.  

The groupings of features comprise repeat units that can be repeated laterally and 

longitudinally across the surface. The spaced features within a grouping are spaced apart 

at an average distance of about I nanometer to about 500 micrometers. Each spaced 

feature has a surface that is substantially parallel to a surface on a neighboring feature.  

Each feature is separated from a neighboring feature and the groupings of features are 

arranged with respect to one another so as to define a tortuous pathway.  

[0043] In yet another embodiment, the conduit comprises a plurality of spaced 

features. The features are arranged in a plurality of groupings such that the groupings of 

features comprise repeat units. The spaced features within a grouping are spaced apart at 

an average distance of about I nanometer to about 500 micrometers. The groupings of 

features are arranged with respect to one another so as to define a tortuous pathway 
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where a tangent to the tortuous pathway intersects with a spaced feature. The spaced 

feature is different in geometry (shape or size) from each nearest neighbor and is not in 

contact with the nearest neighbor.  

[0044] In yet another embodiment, the surface of the conduit has a topography 

that comprises a pattern defined by a plurality of spaced apart features attached to or 

projected into a base surface of the device (i.e., the base surface of the conduit). The 

plurality of features comprise at least one feature having a substantially different 

geometry, wherein neighboring patterns share a common feature, the plurality of spaced 

apart features having at least one dimension that is about I nanometer to about 1,000 

micrometers. The neighboring spaced apart features can be spaced apart by a distance of 

about 5 nanometers to about 500 micrometers, specifically about 10 nanometers to about 

100 micrometers, specifically about I micrometer to about 50 micrometers, and more 

specifically about 2 micrometers to about 25 micrometers.  

[0045] In yet another embodiment, the surface after the texturing comprises a 

plurality of spaced features; the features being arranged in a plurality of groupings; the 

groupings of features comprising repeat units; the spaced features within a grouping 

being spaced apart at an average distance of about 1 nanometer to about 200 millimeters; 

the groupings of features being arranged with respect to one another so as to define a 

tortuous path. In one embodiment, a tangent to the tortuous path intersects with at least 

one of the features. In another embodiment, the tortuous path can be represented by a 

periodic function. The periodic function may be sinusoidal.  

[0046] In one embodiment, when viewed in a second direction, the pathway 

between the features may be non-linear and non-sinusoidal. In other words, the pathway 

can be non-linear and aperiodic. In another embodiment, the pathway between the 

features may be linear but of a varying thickness. The plurality of spaced features may 

be projected outwards from a surface or projected into the surface. In one embodiment, 

the plurality of spaced features may have the same chemical composition as the surface.  

In another embodiment, the plurality of spaced features may have a different chemical 

composition from the surface.  

[0047] In one embodiment, the surface of the conduit is monolithically integrated 

with the base of the conduit, wherein a composition of the conduit is the same as the 
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composition of the surface of the conduit. In another embodiment, the surface of the 

conduit comprises a coating layer disposed on the conduit. In yet another embodiment, 

the composition of the coating layer is different from the composition of the conduit.  

[0048] In another embodiment, the topography provides an average roughness 

factor (R) of from 2 to 50. The surface may comprise an elastomer that has an elastic 

modulus of about 10 kPa to about 10 MPa.  

[0049] As noted above, the pattern is separated from a neighboring pattern by a 

tortuous pathway. The tortuous pathway may be represented by a periodic function. The 

periodic functions may be different for each tortuous pathway. In one embodiment, the 

patterns can be separated from one another by tortuous pathways that can be represented 

by two or more periodic functions. The periodic functions may comprise a sinusoidal 

wave. In an exemplary embodiment, the periodic function may comprise two or more 

sinusoidal waves.  

[0050] In another embodiment, when a plurality of different tortuous pathways 

are represented by a plurality of periodic functions respectively, the respective periodic 

functions may be separated by a fixed phase difference. In yet another embodiment, 

when a plurality of different tortuous pathways are represented by a plurality of periodic 

functions respectively, the respective periodic functions may be separated by a variable 

phase difference.  

[0051] In one embodiment, the plurality of spaced apart features have a 

substantially curved top surface that is concentric with the inner surface of the conduit.  

In another embodiment, a multi-element plateau layer can be disposed on a portion of the 

surface of the conduit, wherein a spacing distance between elements of said surface layer 

provide a second feature spacing; the second feature spacing being substantially different 

when compared to the first feature spacing.  

[0052] In one embodiment, each feature of a pattern has at least one neighboring 

feature that has a different geometry (e.g., size or shape). A feature of a pattern is a 

single element. Each feature of a pattern has at least 2, 3, 4, 5, or 6 neighboring features 

that have a different geometry from the feature. In one embodiment, there are at least 2 

or more different features that form the pattern. In another embodiment, there are at least 

3 or more different features that form the pattern. In yet another embodiment, there are at 
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least 4 or more different features that form the pattern. In yet another embodiment, there 

are at least 5 or more different features that form the pattern.  

[0053] In another embodiment, at least two identical features of the pattern have 

at least one neighboring feature that has a different geometry (e.g., size or shape). A 

feature of a pattern is a single element. In one embodiment, two identical features of the 

pattern have at least 2, 3, 4, 5, or 6 neighboring features that have a different geometry 

from the identical features. In another embodiment, three identical features of the pattern 

have at least 2, 3, 4, 5, or 6 neighboring features that have a different geometry from the 

identical features.  

[0054] In another embodiment, each pattern has at least one or more neighboring 

patterns that have a different size or shape. In other words, a first pattern can have a 

second neighboring pattern that while comprising the same features as the first pattern 

can have a different shape from the first pattern. In yet another embodiment, each pattern 

has at least two or more neighboring patterns that have a different size or shape. In yet 

another embodiment, each pattern has at least three or more neighboring patterns that 

have a different size or shape. In yet another embodiment, each pattern has at least four 

or more neighboring patterns that have a different size or shape.  

[0055] The template can be in the form of a film or in the form of a tube. It is 

desirable for the film or the tube to be flexible so that it can contact the conduit, be 

wrapped around it and be removed from it after transferring its texture to the conduit. It 

is desirable for the template to be wrapped completely around the conduit so that the 

texture can be transferred to the entire circumferential surface of the conduit. It is also 

desirable for the template to be reusable.  

[0056] In one embodiment, a plurality of templates can be used to transfer the 

texture to the conduit. For example, the lower half of the conduit can be textured by a 

first template while the upper half of the conduit can be textured by a second template. In 

a similar manner, three or four different templates can contact different portions of the 

conduit and transfer the texture to the conduit.  

[0057] The template can comprise a polymer (e.g., those polymers listed above), 

or a metal or ceramic that is flexible enough to be wrapped around the conduit and 

unwrapped from the conduit upon completion of the transfer of the texture to the conduit.  
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An exemplary polymeric film is polycarbonate. Other polymers, blends of polymers, and 

copolymers listed above can also be used to manufacture the template. Metals such as 

aluminum foil, copper foil and the like can be used to manufacture the template.  

[0058] As noted above, the template may also be in the form of a tube that can be 

filled with a fluid. It is desirable for the tube to be capable of being wrapped around the 

conduit and being removed from it after effecting the transfer of the pattern to the 

conduit. In one embodiment, the tube can be inflated using a fluid such as, for example, 

air, water, volatile organic solvents, oils, and the like, or a combination comprising at 

least one of the foregoing fluids. Fluids that can be easily heated are desirable. Heated 

fluids can facilitate the heating of the template, which in turn can raise the temperature of 

the surface of the conduit above the softening point. The pressure and the temperature of 

the fluids can be controlled to vary the depth of the pattern in the surface of the conduit.  

[0059] The conduit with the texture disposed thereon can be used in a wide 

variety of applications. The conduit is generally used in applications where it is used 

under water. The texture can also be disposed on conduits used in water filtration used in 

fresh and saline water treatment facilities. For example, it can be used on the inner and 

outer surfaces of pipes and hoses used to transfer water or other fluids, filters, nozzles, 

valves, heaters, granular particles, and the like.  

[0060] The texture can also be disposed on surfaces that contact the mucous 

membranes of living beings. For example, it can be used on all surfaces that are 

contacted by the human mouth especially those surfaces that contact the mouths of 

toddlers. Examples of surfaces that are contacted by the mouths of toddlers are frames 

and supporting rods of high chair trays, pacifiers, diaper changing pads, crib frames and 

rails, reusable and disposable water bottles, cups and mugs, coffee thermos, toys, blocks, 

coins, and the like.  

[0061]The texture can also be disposed on the surfaces of marine vessels and 

other devices that contact water. For example, it can be used on intake and outlet pipes 

for industrial and power plants, drilling rigs for underwater surfaces, conduits used in fish 

tanks and aquariums, bilge tanks, water treatment plants and pumping station surfaces 

any surface inside such as in a water treatment plant and pumping station where organism 

growth and colonization is an issue. The pattern can be disposed on the surfaces of bags 
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used to grow algae, for example, it can be used on the surface of a bag used to grow any 

microorganism but prevent attachment of the microorganism onto the surface of bag 

(medical or marine - e.g., blood bags where it is desirable to deter organism attachment 

to bag). Alternatively, by varying the surface texture or the size of the texture 

dimensions, it can be used on the surface of a bag used to grow any microorganism and 

encourage attachment of the microorganism to surface of the bag (e.g., a stem cell culture 

where it is desirable to encourage growth and attachment to surface).  

[0062] The texture can also be used on the surfaces of body parts that are used in 

surgeries such as, for example, in a colostomy, and the like. The texture may also be 

used on the inner and outer surfaces of periodontal dressings; intravenous catheters and 

ports; foley catheters; surfaces in contact with tissues such as, for example, plates; 

adhesive tapes, patches, bandages, and the like; electronic leads; dental implants; 

orthodontia devices; iols (intraocular lenses); hydrogel films for tissue enhancement, skin 

grafting, isolation of bacteria or other microorganisms from tissues; heart-lung machine 

surfaces to reduce infection, clotting/thrombosis, enhance flow; tissue constructs for 

organ/tissue genesis; dialysis machine components, tubing and control panels; 

cochlear/otolaryngology implants and electronic devices; pace maker leads and body; 

fibrillator leads and body; heart valve flow surfaces and fixation surfaces; spinal 

implants; cranial/facial implants; biomedical instruments such as, for example, heart 

valves; scalpels; tongs; forceps; saws; reamers; grippers; spreaders; pliers; hammers; 

drills; laryngoscopes; bronchoscopes; oesophagoscopes; stethoscopes, mirrors, oral/ear 

speculum, xray plates/frames, xray device surfaces, magnetic resonance imaging (MRI) 

surfaces, echo cardiogram surfaces, cat-scan surfaces, scales, clipboards, and the like.  

[0063] While the invention has been described in detail in connection with a 

number of embodiments, the invention is not limited to such disclosed embodiments.  

Rather, the invention can be modified to incorporate any number of variations, 

alterations, substitutions or equivalent arrangements not heretofore described, but which 

are commensurate with the scope of the invention. Additionally, while various 

embodiments of the invention have been described, it is to be understood that aspects of 

the invention may include only some of the described embodiments. Accordingly, the 
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invention is not to be seen as limited by the foregoing description, but is only limited by 

the scope of the appended claims.  
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What is claimed is: 

1. A method comprising: 

transporting a conduit and a template through a guide tube; the template being 

disposed on an outer surface of the conduit between the conduit and the guide tube; and 

transferring a texture from the template to the conduit as the conduit and the 

template are transported through the guide tube, 

wherein the template is in the form of a single film that is wrapped around an 

entire circumference of the conduit during the transport of the conduit through the guide 

tube; and wherein the conduit is a catheter.  

2. The method of Claim 1 further comprising pressurizing the conduit, the 

template or the guide tube.  

3. The method of Claim 2, where the pressurizing the conduit or the template 

is accomplished by increasing fluid pressure within the conduit or within the template.  

4. The method of Claim 1, further comprising unwrapping the template after 

the transferring of the texture is completed.  

5. The method of Claim 1, further comprising curing the texture on the 

conduit.  

6. The method of Claim 5, wherein the curing is accomplished by heat and/or 

by radiation.  

7. The method of Claim 1, wherein the texture comprises a plurality of 

patterns.  

8. An apparatus comprising: 

a guide tube; the guide tube being operative to facilitate a transfer of a pattern 

from a template to a conduit; 

a first feed spool and a first take-up spool for feeding the conduit through the 

guide tube and for taking up the conduit after it has travelled through the guide tube 

respectively; and 
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a second feed spool and a second take-up spool for feeding the template through 

the guide tube and for taking up the template after it has travelled through the guide tube 

respectively, 

wherein the template is in the form of a single film that is wrapped around an 

entire circumference of the conduit during a transport of the conduit through the guide 

tube.  

9. The apparatus of Claim 8, further comprising a curing chamber; the curing 

chamber being operative to cure the conduit.  

10. The apparatus of Claim 8, further comprising a centering mechanism for 

centering the conduit in the guide tube.  

11. The apparatus of Claim 8, where the template comprises a plurality of 

templates each of which is operative to transfer a texture to the conduit.  

12. A method comprising: 

disposing a texture on a curved surface of a conduit by a method comprising: 

transporting a conduit and template through a guide tube; the template being 

disposed on an outer surface of the conduit between the conduit and the guide tube; and 

transferring a texture from the template to the conduit as the conduit and the 

template are transported through the guide tube, 

wherein the template is in the form of a single film that is wrapped around the 

entire circumference of the conduit during a transport of the conduit of the guide tube; 

where the texture comprises a plurality of patterns; each pattern being defined by a 

plurality of spaced apart features attached to or projected into the curved surface, the 

plurality of features each having at least one neighboring feature having a substantially 

different geometry, wherein an average spacing between adjacent spaced apart features is 

about 1 nanometer to about 1 millimeter in at least a portion of the curved surface, 

wherein the plurality of spaced apart features are represented by a periodic function; and 

disposing the conduit in a body of a living being.  

13. The method of Claim 12, wherein the conduit is a catheter.  
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