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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2016/022430 Al
11 February 2016 (11.02.2016) P O P C T

(51) International Patent Classification: (74) Agent: CARROLL, William, A.; Brinks Gilson & Lione,
A61B 18/14 (2006.01) A61M 25/00 (2006.01) P.O. Box 10087, Chicago, IL 60610 (US).
A61L 29/08 (2006.01)

(81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,

PCT/US20 15/043241 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(22) International Filing Date: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
31 July 20 15 (31 .07.2015) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

(26) Publication Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(30) Priority Data: SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

62/033,913 6 August 2014 (06.08.2014) US TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant: COOK MEDICAL TECHNOLOGIES LLC (84) Designated States (unless otherwise indicated, for every

[US/US]; 750 North Daniels Way, Bloomington, IN 47404 kind of regional protection available): ARIPO (BW, GH,

(US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

(72) Inventors: MARTINEZ, Michelle, D.; 5982 Hollow TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Wood Court, Winston-salem, NC 27104 (US). SIGMON, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
John, Crowder; 315 North Spruce Street, Apartment 410, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Winston-salem, NC 27101 (US). MCLAWHORN, Tyler, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Evans; 3564 Summerfield Lane, Winston-salem, NC GW, KM, ML, MR, NE, SN, TD, TG).
27106 (US). GITTARD, Shaun; 528 Washington Avenue,

Published:Winston-salem, NC 27101 (US). SURTI, Vihar; 103
Cheswyck Lane, Winston-Salem, NC 27104 (US). HR- — with international search report (Art. 21(3))
NICEK, Jillian; 12908 W. 68th Avenue, Arvada, Color
ado 80004 (US).

(54) Title: THIN-FILM COATED FLUOROPOLYMER CATHETER

© ~ o6~~

(57) Abstract: A fluoropolymer medical device (e.g., a sphincterotome) has a thin-film coating deposited using a technique such as
o Atomic Layer Deposition. The thin-film coating may be a ceramic coating or a metal coating and a ceramic coating may further have

an overlying ink coating such as a conducting ink or a radiopaque marker. The ceramic coating improves the application and adher -
ence of the ink coating to the fluoropolymer device.



THIN-FILM COATED FLUOROPOLYMER CATHETER

TECHNICAL FIELD

[0001] The present invention relates to fluoropolymer catheter-type medical

devices having a thin-film ceramic or metallic coating that is applied by techniques

such as Atomic Layer Deposition (ALD).

BACKGROUND OF THE INVENTION

[0002] Fluoropolymers, such as PTFE, FEP, etc. are popular materials for making

medical catheters, due to desirable properties including low friction coefficient, high

diefectric coefficient, chemical resistance and high melting temperature. However,

there are also some challenges with using this class of material.

[0003] Fluoropolymers have an extremely low surface energy, which gives them

their low friction properties. Unfortunately, this low surface energy makes it difficult

to bond any materials to the catheter. Surface treatments, such as chemical etching

and plasma etching have been used to improve the surface energy, however, these

treatments have limited effectiveness and their effects are reversible.

[0004] One example of this challenge is in sphincterotomes. This type of device is

used in endoscopy to treat biliary strictures and bile duct stones. These devices are

generally made from PTFE due to the desirable properties listed above.

Sphincterotomes have various inks applied on their distal end to aid in visualization,

positioning, etc. Applying these inks to the sphincterotome is a challenging process

and requires numerous treatment steps and specialized inks.

[0005] Thus, there exists a need for catheters and sphincterotomes having the

desirable properties of a fluoropolymer material, but also allowing for portions of the

device to have surface properties that allow better adhesion of ink coatings.

SUMMARY OF THE INVENTION

[0006] This invention provides a fluoropolymer medical device, such as a catheter

or sphincterotome, having a thin-film coating in one or more places on the device.

The thin-film coating is deposited using either a chemical or physical deposition

technique. The thin-film coating may be either a ceramic or a metallic coating, where



an outer coating may be adhered to the ceramic coating. The outer coating may be

either an ink coating or an adhesive coating. The ink coating may be a conducting ink

or a radiopaque marker. In embodiments having a thin-film ceramic coating in more

than one place on the fluoropolymer medical device (e.g., in two places), a first outer

coating may be adhered to a first ceramic coating and a second outer coating may be

adhered to a second ceramic coating, where the first and second outer coatings may be

the same or different. Embodiments of the invention having a metallic coating or a

conducting ink adhered to a ceramic coating may function as a bipolar device (e.g.

bipolar sphincterotome).

[0007] In one aspect of the invention is provided a fluoropolymer medical device

in the form of an elongated fluoropolymer body having an outer surface, a proximal

end portion, a distal end portion, and a lumen extending at least partially through the

distal end portion. A ceramic coating is deposited on the outer surface of the

elongated tubular fluoropolymer body by chemical or physical deposition techniques.

An outer coating is adhered to the ceramic coating. In some embodiments, the

deposition technique is atomic layer deposition. In some embodiments, the outer

coating is an ink coating, such as a conducting ink. In certain embodiments, the outer

coating is an adhesive.

[0008] In a second aspect of the invention is provided a fluoropolymer medical

device in the form of an elongated fluoropolymer body having an outer surface, a

proximal end portion, a distal end portion, and a lumen extending at least partially

through the distal end portion. A metal or metallic coating is deposited on the outer

surface of the elongated tubular fluoropolymer body by chemical or physical

deposition techniques. In some embodiments, the deposition technique is atomic

layer deposition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 Drawing of a bipolar sphincterotome with ceramic coating and ink

coating

[0010] FIG. 2A Cross-sectional view of sphincterotome showing lumens with

ceramic coating and ink coating extending partially around the circumference



[0011] FIG. 2B Cross sectional view of sphincterotome showing a single metallic

coating.

[0012] FIG. 2C Cross sectional view of sphincterotome showing ceramic coating

and ink coating extending around entire circumference.

[0013] FIG. 2D Cross sectional view showing simple catheter with ceramic

coating and outer coating.

[0014] FIG. 3 Drawing of bipolar sphincterotome with a single metallic coating

[0015] FIG. 4 . Drawing of introducer catheter showing ink coating on distal end

and adhesive coating on proximal end.

DETAILED DESCRIPTION

[0016] The embodiments are described with reference to the drawings in which

like elements are referred to by like numerals. The relationship and functioning of the

various elements of the embodiments are better understood by the following detailed

description. However, the embodiments as described below are by way of example

only, and the invention is not limited to the embodiments illustrated in the drawings.

For example, although the figures and description below generally are in terms of a

sphincterotome, the present invention broadly encompasses any type of fluoropolymer

catheter having the thin-film coatings disclosed herein. It should also be understood

that the drawings are not to scale and in certain instances details have been omitted,

which are not necessary for an understanding of the embodiments, such as

conventional details of fabrication and assembly.

[0017] The fluoropolymer medical devices of the invention are coated with a thin-

film coating. In some embodiments, the thin-film coating is a ceramic coating. In

other embodiments, the thin-film coating is a metal coating. The thin-film coatings

are deposited on the fluoropolymer medical device using either a chemical or a

physical deposition technique. Chemical deposition includes, for example, Atomic

Layer Deposition (ALD). Physical deposition includes, for example, Pulsed Laser

Deposition (PLD), molecular beam epitaxy, sputter deposition, Laser Induced

Forward Transfer (LIFT), Matrix Assisted Pulsed Laser Evaporation (MAPLE), and

Matrix Assisted Pulsed Laser Evaporation Direct Write (MAPLEDW). Physical

deposition techniques physically embed the coated material into the surface of the



substrate material. Masking may be used to protect portions of the device from

receiving the coating. In general, thin-film coatings of the invention have a thickness

greater than or equal to about 10 nm. In certain embodiments, the thin-film coating is

about 10 nm to about 25 nm.

[0018] ALD is a chemical vapor deposition process that provides a uniform

coating. ALD uses reaction gases to form a thin layer of deposited material. In ALD,

reactant gas pulses are separately introduced to the substrates to be coated. Growth is

achieved through self-terminating surface reactions. Self-terminating means that only

one monolayer of reactant gas species can be adsorbed to the surface during a pulse.

The pulses containing reactant gases are separated by purging pulses where the

reactor is flushed with an inert gas. The purging pulses ensure that the reactant gas

pulses do not mix. By-products like excess reactants are also flushed away by the

purging pulses. A complete set of reactant gas pulses and purging pulses needed to

deposit a certain compound are referred to as a cycle. The reaction gases are

introduced in pulses into a reactor containing the object to be coated. For example,

A I2O3 may be deposited by introducing a pulse of trimethylaluminum, followed by a

purging pulse of inert gas (e.g., nitrogen), followed by a pulse of water, and another

purging pulse of nitrogen to remove excess water. Similarly, T1O2 may be deposited

by introducing a pulse of T1CI4, followed by a purging pulse of nitrogen, followed by

a pulse of water that reacts with the deposited T1CI4 to form Ti0 2, followed by

another purging pulse to remove excess water and any by-products. The foregoing

sequences of pulses may be repeated to form a coating of the desired thickness.

[0019] In certain embodiments the thin-film coating is a ceramic coating.

Suitable ceramic coatings include AI2O3, CaO, CuO, Er203, Ga203, Hf0 2, La203,

MgO, Nb20 5, Sc20 3, Si0 2, Ta20 5, Ti0 2, V OY (i.e., vanadium oxides), Y20 3, Yb20 3,

ZnO, ZrO, A1N, GaN, TaC, TiC, WC, and hydroxyapatite. In certain embodiments,

the ceramic coating is selected from one or more of A I 2O3, Ti0 2, Si0 2, and ZrO.

Preferably, the ceramic coating comprises, or consists essentially of, A I 2O3 (i.e.,

alumina).

[0020] An ink coating may be adhered to the ceramic coating described herein.

The ink coating may be either a conductive ink or a radiopaque marker for use in

visualization. Use of a conductive ink allows the device to function as a bipolar



device. The use of an underlying ceramic coating, such as alumina, overcomes the

problem with existing techniques for applying ink to fluoropolymer catheters through

the improved adherence of an ink coating to the ceramic coating deposited on the

surface of the fluoropolymer device.

[0021] In certain embodiments, the thin-film coating is a metal/metallic coating.

Suitable metals include silver, gold, copper, iridium, palladium, platinum and

ruthenium. In certain embodiments, the metal coating is selected from one or more of

the foregoing metals. In cases where the thin- film coating is metallic, the ceramic

coating may be omitted.

[0022] An exemplary embodiment of a thin-film coated fluoropolymer device of

the invention is shown in FIG. 1. FIG. 1 shows a partially cross-sectional side view

of an example bipolar sphincterotome 100A. The example bipolar sphincterotome

100A includes an elongated tubular fluoropolymer body 102 that has a proximal end

portion 104 extending to a distal end portion 106. An electrically conductive cutting

element 114 (e.g. a cutting wire) used to cut the sphincter muscle is located along the

distal end portion 106. The cutting element 114 is connected to an electrical

conductor 108 extending within a second lumen (not shown in FIG. 1) through at least

a portion of the tubular body 102. In the exemplary embodiment of FIG. 1, the

electrical conductor 108 extends from the proximal end portion 104 to the distal end

portion 106. At the distal end portion 106, the cutting wire 114 protrudes from within

the tubular body 102, through a first opening 110 of the tubular body 102, to outside

the tubular body 102. Outside the tubular body 102, the cutting wire 114 may

longitudinally extend substantially parallel with the tubular body 102 to a second

opening or anchor point 112 of the tubular body 102 that is distal the first opening

110, where a distal end of the cutting wire 114 may re-enter and/or be fixedly attached

to the tubular body 102.

[0023] The bipolar sphincterotome 100A may further include a return path 124.

For the bipolar configuration, the return path 124 includes an outer coating 126B in

the form of a conductive ink coating adhered to a ceramic coating 126A disposed on

the outer surface of the tubular body 102 at the distal end portion 106. A return wire

132 is electrically coupled to the conductive ink coating 126B. The ceramic coating

may have a thickness of greater than or equal to about 10 nm. In some embodiments,



the ceramic coating is about 10 nm to about 25 nm in thickness. Additionally, the

conductive ink 126B may have a viscosity of about 250 centipoise (cP), although

other viscosities may be used, including up to about 10,000 cP. Also, a resistance of

the conductive ink portion 126B may be in a range of about zero (or substantially

zero) to ten Ohms, when measured longitudinally. An example conductive ink, which

may or may not include all of the above described properties, may be AG-5 10 Silver

Filled Electrically Conductive Screen Printable Ink/Coating by Conductive

Compounds, Inc.

[0024] The ceramic coating 126A and the outer conductive ink coating 126B may

extend distally past the anchor point 112. Extending the conductive ink coating 126B

distally past the anchor point 112 may ensure or increase the likelihood that the return

path 124 contacts the sphincter muscle (or tissue near the sphincter muscle) to make a

proper connection at the treatment site. Additionally, the conductive ink coatingl26B

may distally extend to a position before a distal tip 128 or sufficiently away from an

opening of a wire guide lumen (not shown in FIG. 1) at the distal tip 128 so that a

wire guide in the wire guide lumen is not part of or is isolated from the return path

124. In addition, the ceramic coating 126A and conductive ink coating 126B may

proximally extend past the first opening 110.

[0025] The conductive ink coating 126B may be electrically coupled to a return

wire 132, which may form and/or be part of the return path 124. The return wire 132

may extend within the tubular member 102 from where the return wire 132 is

electrically coupled to the conductive ink coating 126B to the proximal portion 104.

The return wire 132 may extend within the tubular member 102 generally or

substantially parallel to the electrical conductor 108. In addition, the return wire 132

may extend within the tubular member 102 in various locations relative to the

electrical conductor 108. FIG. 1 shows the electrical conductor 108 and the return

wire 132 generally in the same cross-sectional plane. However, the return wire 132

may be disposed within the tubular body 102 in various locations relative to the

electrical conductor 108. Also, the return wire 132 may be disposed and/or extend

within a lumen of the tubular body 102, or alternatively, may be embedded within

and/or coextruded with the tubular body 102.



[0026] A conductive ink coating 126B may be electrically coupled to the return

wire 132 in various ways. For example, as shown in FIG. 1, the conductive ink

coating 126B may proximally extend to a conductive ring or cannula 130, which may

electrically couple the conductive ink coating 126B to the return wire 132. In some

example embodiments, the conductive cannula 130 may be attached or crimped to the

outer surface of the tubular body 102. The conductive cannula 130 may be made of

metal, such as stainless steel, silver, gold, tantalum, or tungsten, as examples. The

conductive ink coating 126B is in contact with at least a portion of the conductive

cannula 130 so that the conductive ink coating 126B and the conductive cannula 130

are electrically coupled, and the conductive cannula 130 is part of the return path 124.

As shown in FIG. 1, the return wire 132 may be connected to the conductive cannula

130 to be electrically coupled with the conductive ink coating 126B. For example, the

return wire 132 may be curled at its distal end to extend to the outer surface of the

tubular member 102, and the conductive cannula may be crimped to the tubular body

102 over the distal end of the return wire 132.

[0027] In some embodiments, the bipolar sphincterotome 100A may further

include a tube 134 disposed over the conductive cannula 130 and the conductive ink

coating 126B. As shown in FIG. 1, the tube 134 may distally extend to the first

opening 110 in the tubular body 102, or alternatively to a position in between the

cannula 130 and the first opening 110. In some embodiments, the tube 134 may be a

shrink tube 134 that conforms to the surface that the shrink tube 134 is covering, such

as when heat is applied to the shrink tube 134. The tube 134 may have a thickness of

about 0.0002 inches, although other thicknesses may be used. The tube 134 may be

disposed over the cannula 130 to provide a relief to the strain caused by varying

flexibilities between the tubular body 102 (which may be relatively flexible) and the

metal cannula 130 (which may be relatively rigid). Additionally, the tube 134 may

provide a protective coating or scratch resistance, which may prevent or minimize the

conductive ink coating 126B from being scratched off.

[0028] For some example embodiments of the tube 134, an inner surface of the

tube 134 may be coated with one or more conductive materials, such as a conductive

ink, a conductive powder, a conductive adhesive, or combinations thereof, as

examples. The conductive material may be the same material as or may be a different



material then the conductive ink coating 126B. The tube 134, with an inner surface

coated with a conductive material, may enhance electrical continuity between the

conductive ink coating 126B and the conductive cannula 130. Other arrangements for

coupling the conductive ink coating 126B with the return wire 132 are described in

U.S. Patent Publication No. US20 14/0 188 109, which is incorporated herein by

reference.

[0029] The bipolar sphincterotome 100A may further include a handle assembly

116 coupled to the proximal portion 104 and/or a proximal end of the electrical

conductor 108. The handle assembly 116 may be operatively coupled to the electrical

conductor 108 to move the cutting wire 114 between a relaxed state and a cutting

state. For example, the handle assembly 116 may be configured to move the cutting

wire 114 from the relaxed state to the cutting state by proximally pulling the cutting

wire 108 taut. When the electrical conductor 108 is pulled, the distal portion 106 of

the tubular member 102 may bow or curl, forming an arc. The taut cutting wire 114

may form a secant of the arc. When the distal portion 106 is curled and the cutting

wire 114 is taut, the distal portion 106 and the cutting wire 114 may be configured or

in position to cut the sphincter muscle. The handle assembly 116 may also be

configured to release or distally push the electrical conductor 108 to uncurl the distal

portion 106 and to move the cutting wire 114 from the taut state to the relaxed state.

When the distal portion 106 is uncurled (or at least in a position that is curled to a

lesser degree than when the cutting wire 114 is taut) and the cutting wire 114 is in the

relaxed state, the distal portion 106 and the cutting wire 114 may not be configured to

cut the sphincter muscle and/or may be configured or in position to be moved to and

from the treatment site. Alternatively, the sphincterotome may have a precurved

distal tip as described in U.S. Patent Publication No. 2010/0057077, which is hereby

incorporated by reference.

[0030] Both the electrical conductor 108 and the return wire 132 may be

electrically coupled to a power source 118, such as a radio frequency (RF) generator

or an electrosurgical unit (ESU) that supplies electrical current to the electrical

conductor 108 to perform the electrosurgery. In one example embodiment, the

electrical conductor 108 may be electrically coupled to the power source 118 by

proximally extending to the handle assembly 116, where the proximal end of the



electrical conductor 108 may be connected to a metallic pin 134 that extends to a port

136 of the handle assembly 116. The metallic pin 134 and/or the port 136 may be

adaptable to connect to supply cabling 138 that may connect to an active port 140 of

the power source 118.

[0031] The return wire 132 may be electrically coupled to the power source 118

by distally extending through a side port 142 connected to the tubular body 102,

where a proximal end of the return wire 132 may be connected to return cabling 144,

such as by soldering the return wire with one or more wires of the return cabling 144.

Alternatively, the return wire 132 may be connected to the return cabling 144 by

crimping the return cabling to the return wire 132 disposed inside a metal cannula.

The return cabling 144 may be adaptable to connect to a return port 146 of the power

source 118. When the power source 118 is activated, the power source 118 may

deliver electric current to the electrical conductor 108 via the supply cabling 138 and

the metallic pin 134. The electrical current may pass through the electrical conductor

108 to the cutting wire 114, where electrosurgery may be performed on a sphincter

muscle. The electrical current may pass through the sphincter muscle, which acts as a

load, and then along the return path 124, including the conductive ink coating 126B

and the return path, back to the power source 118 via the return cabling 144.

[0032] In certain embodiments, a wire guide lumen extends through at least a

portion of the distal end portion. In general, the tubular body 102 may have a single

lumen, or multiple lumens, i.e., two or more lumens. FIG. 2A shows a cross-sectional

view of the tubular body along the line 2-2. In the embodiment in FIG. 2A, the

tubular body has four lumens. Lumen 202 is adapted to receive a wire guide 203 that

may be movably disposed within the wire guide lumen 202. The lumen 204 may be

configured for the passage of fiuids or contrast therethrough. Lumen 402 is adapted to

receive an electrical conductor wire 108. Although the lumens in FIG. 2A are shown

with circular cross-sectional shapes, other lumen shapes are possible. As further

shown in FIG. 2A, a ceramic coating 126A and conducting ink coating 126B may be

circumferentially disposed partially around the outer surface of the tubular body 102.

As shown in FIG. 2C, a ceramic coating 126A may extend around the entire

circumference of the tubular body 102 with an outer coating 126C that is a radiopaque

ink adhered thereto.



[0033] In other embodiments of the invention, the fluoropolymer medical device

may be a catheter or sphincterotome where the distal end portion has one or more

ceramic coatings and one or more outer coatings adhered to the ceramic coatings,

where the outer coatings are ink coatings serving as a radiopaque markers. In FIG. 4

is shown a simple catheter having two outer coatings 126C adhered to two inner

coatings (not shown) at the distal end portion 106B of tubular body 102B. In certain

embodiments, the fluoropolymer medical device may be an introducer catheter or

guiding sheath (e.g., FIG. 4) that may be used to introduce a stent, a balloon, or other

diagnostic or interventional device. FIG. 2D shows a representative cross-sectional

view of such a tubular body 102B where a ceramic coating 126A and an outer coating

126C (e.g., an ink coating) extend around the circumference of tubular body 102B.

[0034] In other embodiments, the outer coating may be an adhesive coating. For

example, in FIG. 4, an outer coating 126D may be located at the proximal end portion

104B of a catheter, where the outer coating 126D is an adhesive coating (underlying

ceramic coating not shown) used to better adhere a handle to the proximal end portion

of a catheter. Although a catheter is generally represented in FIG. 4, an outer coating

that is an adhesive coating may also be used on the proximal end portion of a

sphincterotome, such as those described elsewhere herein. Further as indicated in

FIG. 4, the invention provides fluoropolymer medical devices having multiple

ceramic coatings and outer coatings where the outer coatings may be the same or

different. An inner ceramic coating and an outer adhesive coating may also be used

without coatings on the distal end portion. Where multiple outer coatings are ink

coatings, the ink coatings may be the same or different materials, depending on the

particular application.

[0035] In yet other embodiments of the invention, the thin-film coating may be a

metal or metallic coating. Shown in FIG. 3 is an exemplary embodiment of the distal

end portion of a bipolar sphincterotome 100 where the thin- film coating is a metal

coating 126. The metal coating 126 is electrically coupled to the return wire in the

same fashion as described above for the embodiment of FIG. 1. In the embodiment of

FIG. 3, however, the ceramic and conductive ink coatings may be omitted since the

thin-film coating itself is metallic and therefore conducting on its own. In FIG. 2B is



shown a cross-sectional view of an embodiment where the thin-film coating is a metal

coating 126 extending partially around the circumference of the tubular body 102.

[0036] The above figures and disclosure are intended to be illustrative and not

exhaustive. This description will suggest many variations and alternatives to one of

ordinary skill in the art. All such variations and alternatives are intended to be

encompassed within the scope of the attached claims. Those familiar with the art may

recognize other equivalents to the specific embodiments described herein which

equivalents are also intended to be encompassed by the attached claims.



CLAIMS

What is claimed is:

1. A fluoropolymer medical device comprising:

an elongated tubular fluoropolymer body having an outer surface, a proximal

end portion, a distal end portion, and a lumen extending at least partially through the

distal end portion;

one or more ceramic coatings, the one or more ceramic coatings being

deposited on the outer surface of the elongated tubular fluoropolymer body by atomic

layer deposition; and

one or more outer coatings, the one or more outer coatings independently

comprising an ink coating or an adhesive coating, the one or more outer coatings

being adhered to the one or more ceramic coatings.

2 . The fluoropolymer medical device of claim 1, wherein the medical device is a

sphincterotome.

3 . The fluoropolymer medical device of claim 2, wherein the sphincterotome is a

bipolar sphincterotome.

4 . The fluoropolymer medical device of claim 2 or 3 comprising a first ceramic

coating deposited on the distal end portion.

5 . The fluoropolymer medical device of claim 4, wherein the one or more outer

coatings comprises the ink coating and the ink coating is adhered to the first ceramic

coating.

6 . The fluoropolymer medical device of claim 5, wherein the ink coating is a

conductive ink.

7 . The fluoropolymer medical device of claim 1, wherein the medical device is

an introducer catheter.



8. The fluoropolymer medical device of any of claims 1-5 or 7, wherein the one

or more outer coatings comprises the ink coating and the ink coating is a radiopaque

marker.

9 . The fluoropolymer medical device of any of claims 1-8, wherein the one or

more ceramic coatings or the first ceramic coating are each independently selected

from one or more of AI2O3, Ti0 2, ZrO, and Si0 2.

10. The fluoropolymer medical device of claim 9, wherein the one or more

ceramic coatings or the first ceramic coating comprises AI2O3.

11. A fluoropolymer medical device comprising:

an elongated tubular fluoropolymer body having an outer surface, a proximal

end portion, a distal end portion, and a lumen extending at least partially through the

distal end portion;

a metal coating, the metal coating being deposited on the outer surface of the

elongated tubular fluoropolymer body by atomic layer deposition, the metal being

selected from one or more of silver, gold, copper, iridium, palladium, platinum, and

ruthenium.

12. The fluoropolymer medical device of claim 11, wherein the medical device is

a bipolar sphincterotome.

13. The fluoropolymer medical device of claim 12, wherein the metal coating is

deposited on the distal end portion.

14. The fluoropolymer medical device of any of claims 3-10 or 12- 13, wherein the

bipolar sphincterotome further comprises:

an electrically conductive cutting element located along the distal end portion,

the cutting element being connected to an electrical conductor extending within a



second lumen extending through at least a portion of the tubular body, the cutting

element extending exteriorly of the tubular body.

15. The fiuoropolymer medical device of any of claims 6, 9, 10 or 12-13, wherein

the bipolar sphincterotome further comprises:

an electrically conductive cutting element located along the distal end portion,

the cutting element being connected to an electrical conductor extending within a

second lumen extending through at least a portion of the tubular body, the cutting

element extending exteriorly of the tubular body; and

a return wire electrically coupled to the conducting ink or the metal coating,

the return wire being disposed within the elongated fiuoropolymer tubular body.

16. The fiuoropolymer medical device of any of the preceding claims comprising

a second ceramic coating deposited on the proximal end portion.

17. The fiuoropolymer medical device of claim 16 comprising an adhesive coating

adhered to the second ceramic coating.

18. The fiuoropolymer medical device of any of the preceding claims wherein the

one or more ceramic coatings, the first ceramic coating, the second ceramic coating,

or the metal coating each has a thickness of greater than or equal to about 10 nm.

19. The fiuoropolymer medical device of claim 18 wherein the thickness is about

10 nm to about 25 nm.

20. The fiuoropolymer medical device of any of the preceding claims comprising:

a plurality of ceramic coatings deposited on the distal end portion; and

a plurality of ink coatings adhered to each of the ceramic coatings of the

plurality of ceramic coatings.

21. A fiuoropolymer medical device comprising:



an elongated tubular fluoropolymer body having an outer surface, a proximal

end portion, a distal end portion, and a lumen extending at least partially through the

distal end portion;

one or more ceramic coatings, the one or more ceramic coatings being

deposited on the outer surface of the elongated tubular fluoropolymer body by a

technique selected from pulsed laser deposition, molecular beam epitaxy, sputter

deposition, laser induced forward transfer, matrix assisted pulsed laser evaporation,

and matrix assisted pulsed laser evaporation direct write; and

one or more outer coatings, the one or more outer coatings independently

comprising an ink coating or an adhesive coating, the one or more outer coatings

being adhered to the one or more ceramic coatings.

22. The fluoropolymer medical device of claim 21, wherein the medical device is

a sphincterotome.

23. The fluoropolymer medical device of claim 22, wherein the sphincterotome is

a bipolar sphincterotome.

24. The fluoropolymer medical device of claim 22 or 23 comprising a first

ceramic coating deposited on the distal end portion.

25. The fluoropolymer medical device of claim 24, wherein the one or more outer

coatings comprises the ink coating and the ink coating is adhered to the first ceramic

coating.

26. The fluoropolymer medical device of claim 25, wherein the ink coating is a

conductive ink.

27. The fluoropolymer medical device of claim 21, wherein the medical device is

an introducer catheter.



28. The fluoropolymer medical device of any of claims 21-25 or 27, wherein the

one or more outer coatings comprises the ink coating and the ink coating is a

radiopaque marker.

29. The fluoropolymer medical device of any of claims 21-28, wherein the one or

more ceramic coatings or the first ceramic coating are each independently selected

from one or more of AI2O3, Ti0 2, ZrO, and Si0 2.

30. The fluoropolymer medical device of claim 29, wherein the one or more

ceramic coatings or the first ceramic coating comprises AI2O3.

31. A fluoropolymer medical device comprising:

an elongated tubular fluoropolymer body having an outer surface, a proximal

end portion, a distal end portion, and a lumen extending at least partially through the

distal end portion;

a metal coating, the metal coating being deposited on the outer surface of the

elongated tubular fluoropolymer body by a technique selected from pulsed laser

deposition, molecular beam epitaxy, sputter deposition, laser induced forward

transfer, matrix assisted pulsed laser evaporation, and matrix assisted pulsed laser

evaporation direct write, the metal being selected from one or more of silver, gold,

copper, iridium, palladium, platinum, and ruthenium.

32. The fluoropolymer medical device of claim 31, wherein the medical device is

a bipolar sphincterotome.

33. The fluoropolymer medical device of claim 32, wherein the metal coating is

deposited on the distal end portion.

34. The fluoropolymer medical device of any of claims 23-30 or 32-33, wherein

the bipolar sphincterotome further comprises:

an electrically conductive cutting element located along the distal end portion,

the cutting element being connected to an electrical conductor extending within a



second lumen extending through at least a portion of the tubular body, the cutting

element extending exteriorly of the tubular body.

35. The fluoropolymer medical device of any of claims 26, 29, 30 or 32-33,

wherein the bipolar sphincterotome further comprises:

an electrically conductive cutting element located along the distal end portion,

the cutting element being connected to an electrical conductor extending within a

second lumen extending through at least a portion of the tubular body, the cutting

element extending exteriorly of the tubular body; and

a return wire electrically coupled to the conducting ink or the metal coating,

the return wire being disposed within the elongated fluoropolymer tubular body.

36. The fluoropolymer medical device of claims 21-35 comprising a second

ceramic coating deposited on the proximal end portion.

37. The fluoropolymer medical device of claim 36 comprising an adhesive coating

adhered to the second ceramic coating.

38. The fluoropolymer medical device of any of claims 21-37, wherein the one or

more ceramic coatings, the first ceramic coating, the second ceramic coating, or the

metal coating each has a thickness of greater than or equal to about 10 nm.

39. The fluoropolymer medical device of claim 38, wherein the thickness is about

10 nm to about 25 nm.

40. The fluoropolymer medical device of any of claims 21-39 comprising:

a plurality of ceramic coatings deposited on the distal end portion; and

a plurality of ink coatings adhered to the each of the ceramic coatings of the

plurality of ceramic coatings.
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