wo 2014/105950 A 1[I0V 0 O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

3 July 2014 (03.07.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/105950 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:

A61B 18/14 (2006.01) A61B 17/00 (2006.01)
A61L 29/08 (2006.01) A61B 18/00 (2006.01)
A6IM 25/00 (2006.01) A61B 18/16 (2006.01)

International Application Number:
PCT/US2013/077800

International Filing Date:
26 December 2013 (26.12.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/746,162 27 December 2012 (27.12.2012) US

Applicant: COOK MEDICAL TECHNOLOGIES LL.C
[US/US]; 750 North Daniels Way, Bloomington, IN 47404

(US).

Inventors: MCLAWHORN, Tyler, Evans; 3564 Sum-
merfield Lane, Winston-salem, NC 27106 (US). SURTI,
Vihar, C.; 103 Cheswyck Lane, Winston-salem, NC 27104
(US). SIGMON, John, Crowder; 701 Longbow Road,
Winston-salem, NC 27104 (US). MARTINEZ, Michelle,
D.; 5982 Hollow Wood Court, Winston-salem, NC 27104
(US). HAAC, lillian; 2700 Reynolda Road, Apartment
616, Winston-salem, NC 27106 (US). GITTARD, Shaun,
D.; 528 Washington Avenue, Winston -Salem, NC 27101

(74

(8D

(84)

(US). SISKEN, Richard, B.; 2150 Robinhood Lane, West
Lafayette, IN 47906 (US).

Agent: NYKIEL, E., Brandon; Brinks Gilson & Lione,
P.O. Box 10087, Chicago, IL 60610 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(34

Title: BIPOLAR SPHINCTEROTOME

118

Power
Source

FIG. 1

(57) Abstract: A bipolar sphincterotome may include an elongate tubular member, a cutting wire, and a return path. The return path
may include a conductive ink portion disposed on an outer surface at a distal portion of the tubular member. The return path may
also include a return wire disposed within the tubular member that is electrically coupled to the conductive ink portion. In some ex -
ample embodiments, the return wire may be disposed within a lumen configured to have two or more functions, one of which being
to house the return wire. Additionally, in some example embodiments, the conductive ink portion may be circumferentially disposed
on the outer surface to provide visual access to a wire guide lumen. Also, for some example embodiments, the bipolar sphinctero -
tome may include two electrically isolated return paths.
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BIPOLAR SPHINCTEROTOME

TECHNICAL FIELD

[0001] The present invention relates generally to medical devices, and more particularly
to bipolar sphincterotomes.

BACKGROUND

[0002] A sphincterotome is a medical device that is used to perform a sphincterotomy,
which involves cutting a sphincter muscle, such as the sphincter of Oddi. The sphincter
muscle may need to be cut to relieve its constrictive nature and allow one or more medical
devices through the muscle. For example, problems occurring in the biliary tree, such as the
formation of bile duct stones or papillary stenosis, may be treated using medical devices that
are delivered into the biliary tree. In order to access the biliary tree, the medical devices may
pass through the sphincter of Oddi. To facilitate passage of the medical devices through the
sphincter of Oddi, the sphincter muscle may be cut using a sphincterotome.

[0003] A sphincterotome may generally include an elongate tubular member, such as a
catheter, and a cutting wire that is used to cut the sphincter muscle. The cutting wire may
extend through a lumen of the catheter, except at a distal portion of the catheter, where the
cutting wire may project from and be exposed outside of the catheter. The exposed portion,
which may be referred to as a cutting edge, may be used to cut the sphincter muscle.

[0004] A sphincterotomy generally involves a two-part process: cannulation of the biliary
tree and cutting the sphincter muscle by sending electric current through the cutting wire (i.e,
electrosurgery). Cannulation of the biliary tree may include inserting the distal portion of the
catheter into the papilla and using the distal portion and the cutting edge to lift an upper
portion (i.e., the roof) of the papilla. The roof of the papilla may be lifted by proximally

pulling the cutting wire taut, causing the distal portion of the tubular member to bow and



WO 2014/105950 PCT/US2013/077800

form an arc. After cannulation, the electric current may be provided to the cutting edge to cut
the sphincter muscle.

BRIEF SUMMARY

[0005] In a first aspect, a bipolar sphincterotome to perform a sphincterotomy at a
treatment site is provided. The bipolar sphincterotome includes an elongate tubular member;
a cutting wire disposed within the tubular member; and a return path. The return path
includes a conductive material portion disposed on an outer surface at a distal portion of the
tubular member, and a return wire electrically coupled to the conductive material portion,
where the return wire is disposed within the tubular member. The conductive material
portion may have a circumferential disposition on the outer surface that provides visual
access to a wire guide lumen extending within the tubular member.

[0006] In a second aspect, a bipolar sphincterotome to perform a sphincterotomy at a
treatment site within a patient is provided. The bipolar sphincterotome includes an elongate
tubular member; a cutting wire disposed within the tubular member, except for a cutting edge
of the cutting wire, where the cutting edge protrudes from the tubular member; a first return
path; and a second return path substantially electrically isolated from the first return path.

The first return path includes a first return wire, and the second return path comprises a
second return wire. The first and second return wires longitudinally extend within the tubular
member from a distal portion to a proximal portion of the tubular member.

[0007] In a third aspect, a method of adhering conductive ink to an outer surface of an
elongate tubular member of a medical device, the elongate tubular member comprising
polytetrafluoroethylene, is provided. The method includes: applying a primer ink to the outer
surface of the elongate tubular member; and applying the conductive ink over the primer ink.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows a cross-sectional side view of a bipolar sphincterotome.
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[0009] FIG. 1A shows cross-sectional side view of an alternative embodiment of a distal
portion of the bipolar sphincterotome shown in FIG. 1.

[0010] FIG. 2 shows a cross-sectional axial view of the distal portion of the bipolar
sphincterotome of FIG. 1, showing a circumferential orientation of a conductive ink portion.
[0011] FIG. 3 shows a cross-section axial view of the distal portion of the bipolar
sphincterotome of FIG. 1, showing an alternative circumferential orientation of the
conductive ink portion.

[0012] FIG. 4 shows a cross-sectional axial view of the bipolar sphincterotome of FIG. 1
taken proximal a coupling area of a return path, showing a return wire disposed in a lumen
having multiple functions.

[0013] FIG. 5 shows a cross-sectional axial view of an alternative embodiment of the
cross-section of the bipolar sphincterotome shown in FIG. 4, where the return wire is
embedded in a tubular member of the bipolar sphincterotome.

[0014] FIG. 6 shows a cross-sectional axial view of another alternative embodiment of
the cross-section of the bipolar sphincterotome shown in FIG. 4, where the return wire is
disposed in a lumen having a sole function to house the return wire.

[0015] FIG. 7. shows a side view of the distal portion of the bipolar sphincterotome of
FIG. 1, where the return path is a single return path.

[0016] FIG. 8. shows a side view of an alternative embodiment of the distal portion of the
sphincterotome of FIG. 1, where the return path includes two return paths and where a gap
separating two conductive ink portions extends in a substantially straight direction.

[0017] FIG. 9. shows a side view of a second alternative embodiment of the distal portion
of the sphincterotome of FIG. 1, where the return path includes two return paths and where

the gap has a zig-zag pattern.
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[0018] FIG. 10. shows a side view of a third alternative embodiment of the distal portion
of the sphincterotome of FIG. 1, where the return path includes two return paths and where
the gap has a sinusoidal pattern.

[0019] FIG. 11. shows a cross-sectional view of cabling electrically coupling a single
return wire with a single wire in the cabling.

[0020] FIG. 12. shows a cross-sectional view of an alternative embodiment of the cabling
of FIG. 11, where the cabling includes two wires, each electrically coupled to a return wire.
[0021] FIG. 13 shows a cross-sectional view of a second alternative embodiment of the
cabling of FIG. 11, where the cabling includes two wires shorted together and electrically
coupled to a single return wire,

[0022] FIG. 14 shows a cross-sectional view of a third alternative embodiment of the
cabling of FIG. 11, where the cabling includes two wires, and where one of the wires
includes a resistive element.

[0023] FIG. 15 shows a cross-sectional view of a fourth alternative embodiment of the
cabling of FIG. 11, where the cabling includes two wires, and where each of the wires
includes a resistive element.

DETAILED DESCRIPTION

[0024] The present disclosure describes various embodiments of a sphincterotome having
a bipolar configuration, otherwise referred to as a bipolar sphincterotome. Sphincterotomes
may include an elongate tubular member, such as a catheter, and a cutting wire used to cut a
sphincter muscle when performing a sphincterotomy. The cutting wire may be coupled to
and/or in electrical communication with a radio frequency (RF) generator, such as an
electrosurgical unit (ESU). When the RF generator is activated, the RF generator may supply

electrical current to the cutting wire, which may cut the sphincter muscle. The electrical
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current may travel along the cutting wire, through the sphincter muscle, and then along a
return path, which completes the circuit.

[0025] The return path for sphincterotomes having a monopolar configuration may
include a neutral electrode, which may be a solid, neutral electrode, or a split neutral
electrode, and which may be positioned on the thigh of the patient undergoing the
sphincterotomy. The return path for bipolar sphincterotomes may differ from monopolar
sphincterotomes in that, like the cutting wire (i.e., the active path), the return path may be
attached to, integrated with, disposed within, or included as part of the catheter.

[0026] Fig. 1 shows a partially cross-sectional side view of an example bipolar
sphincterotome 100. The example bipolar sphincterotome 100 may include an elongate,
tubular member 102 that has a proximal portion 104 extending to a distal portion 106. A
cutting wire 108 used to cut the sphincter muscle may be disposed within a lumen (not shown
in Fig. 1) of the tubular member 102 from the proximal portion 104 to the distal portion 106.
At the distal portion 106, the cutting wire 108 may extend or protrude from within the tubular
member 102, through a first opening 110 of the tubular member 102, to outside the tubular
member 102. Outside the tubular member 102, the cutting wire 108 may longitudinally
extend substantially parallel with the tubular member 102 to a second opening or anchor
point 112 of the tubular member 102 that is distal the first opening 110, where a distal end of
the cutting wire 108 may re-enter and/or be fixedly attached to the tubular member 102. The
exposed portion 114 of the cutting wire 108 may be referred to as a cutting edge, which may
be the portion of the cutting wire 108 that cuts the sphincter muscle.

[0027] The bipolar sphincterotome 100 may further include a return path 124. For the
bipolar configuration, the return path 124 may be attached to, adhered to, integrated with,
disposed within, or included as part of the tubular member 102. In the example embodiment

of the bipolar sphincterotome 100, the return path 124 may include conductive material
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portion 126 disposed on or cover an outer surface of the distal portion 106 of the tubular
member 102, and a return wire 132 electrically coupled to the conductive ink portion 126.
[0028] In one example embodiment of the return path 124, the conductive material
portion 126 may be made of conductive ink. The conductive material portion 126 is hereafter
referred to as a conductive ink portion 126, although conductive materials other than ink may
be used. The conductive ink portion 126 may be attached to an outer surface of the tubular
member 102 at the distal portion 106. In some example embodiments, the conductive ink (or
alternatively referred to as conductive paint or conductive coating) making up the conductive
ink portion 126 may have a thickness in a range of about 20-40 micrometers (microns),
although other thicknesses may be used, including up to 500 microns. Particles of the
conductive ink may have a size in a range of about 3-30 microns. Also, the particles may be
made of silver and/or may be suspended in a polyester binder. Additionally, the conductive
ink 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 126
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-510 Silver Filled Electrically Conductive Screen Printable
Ink/Coating by Conductive Compounds, Inc.

[0029] The conductive ink portion 126 may extend distally past the anchor point 112.
Extending the conductive ink portion 126 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 portion 126 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
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return path 124. In addition, the conductive ink portion 126 may proximally extend past the
first opening 110.

[0030] The conductive ink portion 126 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 portion 126 to the proximal portion 104. The return wire 132 may extend
within the tubular member 102 generally or substantially parallel to the cutting wire 108. In
addition, the return wire 132 may extend within the tubular member 102 in various locations
relative to the cutting wire 108. Fig. 1 shows the active wire 108 and the return wire 132
generally in the same cross-sectional plane. However, as shown in Figs. 4-6, the return wire
132 may be disposed within the tubular member 102 in various locations relative to the
cutting wire 108. Also, as described in more detail below, the return wire 132 may be
disposed and/or extend within a lumen of the tubular member 102, or alternatively, may be
embedded within and/or coextruded with the tubular member 102.

[0031] The conductive ink portion 126 may be electrically coupled to the return wire 132
in various ways. For example, as shown in Fig. 1, the conductive ink portion 126 may
proximally extend to a conductive ring or cannula 130, which may electrically couple the
conductive ink portion 126 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
member 102. The conductive cannula 130 may be made of metal, such as stainless steel,
silver, gold, tantalum, or tungsten, as examples. The conductive ink may be applied to and/or
deposited over and/or under at least a portion of the conductive cannula 130 so that the
conductive ink portion 126 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
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conductive ink portion 126. 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 member 102 over the distal end of the return wire 132,

[0032] In some embodiments, the bipolar sphincterotome 100 may further include a tube
134 disposed over the conductive cannula 130 and the conductive ink that is covering or
disposed on the conductive cannula 130. As shown in Fig. 1, the tube 134 may distally
extend to the first opening 110 in the tubular member 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 member 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 from being scratched
off.

[0033] 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
that makes up the conductive ink portion 126. The tube 134, with an inner surface coated
with a conductive material, may enhance electrical continuity between the conductive ink
portion 126 and the conductive cannula 130,

[0034] Fig. 1 shows a part of the conductive ink portion 126 disposed or deposited over

the conductive cannula 130 so that the conductive ink portion 126 and the conductive cannula
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130 may be electrically connected with each other. In an alternative embodiment of the distal
portion 106, the conductive ink portion 126 may be deposited on the outer surface of the
tubular member 102 and/or the conductive cannula 130 may be positioned relative to the
conductive ink portion so that they are physically separated, and/or so that by themselves,
they are electrically disconnected from each other. For this alternative embodiment, the tube
134 with an inner surface being coated with a conductive material may be disposed over both
the conductive cannula 130 and the conductive ink portion 126 to electrically connect the
conductive ink portion 126 with the conductive cannula 130.

[0035] In still other alternative embodiments, the tube 134 may be replaced with an
adhesive, an epoxy, a notched cannula, a cannula with a wavy or flexible distal tip, or any
combination thereof. In still other alternative embodiments, the tube 134 or other covering or
coating may not be included.

[0036] Referring to Fig. 1A, another alternative example embodiment of the bipolar
sphincterotome 100 may include an opening 150 in a wall of the tubular member 102 instead
of the metal cannula 130 to electrically couple the return wire 132 with the conductive ink
portion 126. The opening 150, such as a skive or a cut in the tubular member 102, may
extend from the outer surface of the tubular member 102 to an inner portion where a distal
end of the return wire 132 is disposed. The conductive ink portion 126 may be deposited to
extend within the opening 150 so that the conductive ink portion 126 is electrically coupled
to the return path 132.

[0037] Referring back to Fig. 1, the bipolar sphincterotome 100 may further include a
handle assembly 116 coupled to the proximal portion 104 and/or a proximal end of the
cutting wire 108. The handle assembly 116 may be operatively coupled to the cutting wire
108 to move the cutting edge 114 between a relaxed state and a cutting state. For example,

the handle assembly 116 may be configured to move the cutting edge 114 from the relaxed
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state to the cutting state by proximally pulling the cutting wire 108 taut. When the cutting
wire 108 is pulled, the distal portion 106 of the tubular member 102 may bow or curl,
forming an arc. The taut cutting edge 114 may form a secant of the arc. When the distal
portion 106 is curled and the cutting edge 114 is taut, the distal portion 106 and the cutting
edge 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 cutting wire 108 to uncurl the distal
portion 106 and to move the cutting edge 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 edge 114 is taut) and the cutting edge 114 is in the relaxed state, the distal
portion 106 and the cutting edge 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.

[0038] Both the cutting wire 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 cutting wire 108 to perform the electrosurgery. In one
example embodiment, the cutting wire 108 may be electrically coupled to the power source
118 by proximally extending to the handle assembly 116, where the proximal end of the
cutting wire 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.

[0039] 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 member 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

10



WO 2014/105950 PCT/US2013/077800

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 cutting wire 108 via
the supply cabling 138 and the metallic pin 134. The electrical current may pass through the
cutting wire 108 to the cutting edge 114, where electrosurgery may be performed on
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 portion 126 and
the return path, back to the power source 118 via the return cabling 144.

[0040] Fig. 2 shows a cross-sectional view of an example embodiment of the bipolar
sphincterotome 100 taken along line 2-2 in Fig. 1. The tubular member 102 may include a
wire guide lumen 202 that is configured to receive and have movably disposed therethrough a
wire guide 203. In operation, the wire guide 203 may be delivered to the treatment site
within the patient. The wire guide lumen 202 may be inserted over the wire guide 203, and
the distal portion 106 of the bipolar sphincterotome 100 may be delivered to the treatment
site. The tubular member 102 may include one or more other lumens, such as an injection
lumen 204, which may be used to deliver contrast to the treatment site.

[0041] As shown in Fig. 2, the conductive ink portion 126 may be circumferentially
disposed partially around the outer surface of the tubular member 102. The circumferential
disposition of the conductive ink portion 126 may have an orientation that is defined or
determined relative to a radial orientation of the anchor point 112 or the cutting edge 114 of
the cutting wire 108. The radial orientation of the anchor point 112 or the cutting edge 114
may be defined by a direction in which the cutting edge 114 radially extends from the tubular
member and/or may be identified by a dotted arrow 206, which extends from a center point or
origin of the tubular member 102 through the anchor point 112. The orientation of the
circumferential disposition of the conductive ink portion 126 may be identified by a dotted

line 208 extending through the circumferential ends 210a, 210b of the conductive ink portion
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126. The orientation of the circumferential disposition of the conductive ink portion 126
relative to the radial orientation of the anchor point 112 or cutting edge 114 may be defined
or determined as a radial difference or difference in degrees between the dotted lines 206 and
208. In one example configuration, as shown Fig. 2, the circumferential disposition of the
conductive ink portion 126 may be oriented perpendicular or substantially perpendicular to
the radial orientation of the anchor point 112 or the cutting edge 114, as identified by the
ninety-degree radial difference or perpendicular intersection between the dotted lines 206 and
208.

[0042] The tubular member 102 may be made of a clear, or at least semi-clear, material.
The tubular member 102 may be clear or semi-clear for visualization purposes. For example,
a side viewing endoscope may provide a physician or other operator of the bipolar
sphincterotome 100 visual access to the side of the tubular member 102. The clear material
may further provide the physician or operator visual access to inside the tubular member 102,
such as visual access to one or more lumens of the tubular member 102. In particular, the
clear material may provide visual access to the wire guide lumen 202 so that the physician or
operator may see the wire guide 203 move through the wire guide lumen 202,

[0043] However, the conductive ink portion 126 may be an opaque or substantially
opaque material, which may block or impede visual access to within the tubular member 102,
and particularly the wire guide lumen 202. As such, it may be desirable to orient the
conductive ink portion 126 around the tubular member 102 in a way that provides for visual
access to the wire guide lumen 202. In some example tubular member configurations as
shown in Fig. 2, the wire guide lumen 202 may be disposed within the tubular member 102
relative to the anchor point 112 or the wire guide 108 such that a perpendicular orientation of
the circumferential disposition of the conductive ink portion 126 relative to the radial

orientation of the anchor point 112 or the cutting edge 114 may block or prevent visual access
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to the wire guide lumen 202. Fig. 2 shows how visual access, represented by eyeball 212 and
dotted lines 214, 216, may be blocked by the perpendicular orientation.

[0044] Fig. 3 shows a cross-sectional view of an alternative embodiment of the bipolar
sphincterotome 100 taken along line 2-2 in Fig. 1. In the alternative embodiment shown in
Fig. 3, the circumferential disposition of the conductive ink portion 102 may have an
orientation that is offset (denoted by dotted line 308) from the perpendicular orientation
(denoted by dotted line 208) to unblock or provide visual access to the wire guide lumen 202,
In some example configurations, the offset (denoted by arrow 318) may be about thirty-
degrees, although any degree offset may be utilized that provides visual access to the wire
guide lumen. Also, the direction in which the offset is made may depend on the side of the
bipolar sphincterotome 100 to which the side viewing endoscope is configured to have visual
access. For example, when looking at the cross-section of the bipolar sphincterotome 100
from the perspective shown in Fig. 3, visual access (denoted by the eyeball 212 and the
dotted lines 214, 216), may be on the “right” side. As such, the offset may be in a clockwise
direction. Alternatively, if visual access were on the opposite side (e.g., the “left” side from
the perspective in Fig. 3), then the offset may be in a counter-clockwise direction.

[0045] Figs. 2 and 3 show that the circumferential disposition of the conductive ink
portion 126 extends about halfway around the tubular member (i.e., the dotted line 206
extends through the center or origin of the tubular member 102). In alternative
configurations, the circumferential disposition of the conductive ink portion 126 may extend
less than halfway or more than halfway around the tubular member.

[0046] Fig. 4 shows a cross-sectional view of an embodiment of the sphincterotome 100
taken along line 4-4 in Fig. 1. The cross-sectional view shown in Fig. 4 may be
representative of the cross-section of the tubular member 102 proximal the conductive

cannula 130. Fig. 4 shows the wire guide 203 disposed within the wire guide lumen, as well
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as the cutting wire 108 disposed within a cutting wire lumen 402. In addition, as shown in
Fig. 4, the return wire 132 may be disposed and extend within the injection lumen 204. As
such, the injection lumen 204 may serve a dual role or have two functions—to deliver
contrast to the treatment site, and to house the return path 132 of the bipolar sphincterotome
100. Although the embodiment in Fig. 4 shows the return wire 132 disposed within the
injection lumen 204, the return wire 132 may be disposed in a different lumen than the
injection lumen 204. Generally, the sphincterotome 100 may be configured so that one of a
plurality of lumens within the tubular member 102 has dual or multiple purposes or functions,
one of which is to house the return wire 132.

[0047] Fig. 5 shows a cross-sectional view of an alternative embodiment of the bipolar
sphincterotome 100 taken along line 4-4 in Fig. 1. In the alternative embodiment, the return
wire 132 may be embedded within and/or an integral part of the tubular member 102, rather
than be disposed within the injection lumen 204. As such, none of the lumens in the tubular
member 102 may function to house the return wire 132. In this alternative embodiment, the
tubular member 102 and the return wire 132 may be co-extruded to embed or integrate the
return wire 132 with the tubular member 102.

[0048] Fig. 6 shows a cross-sectional view of a second alternative embodiment of the
bipolar sphincterotome 100 taken along line 4-4 in Fig. 1. In the second alternative
embodiment, the tubular member 102 includes a lumen 602 having a single function or
purpose to house the return wire 132,

[0049] The tubular member 102 may be made of various materials or combinations of
materials including, but not limited to, fluoropolymer materials such as
polytetrafluoroethylene (PTFE) or perfluoroalkoxy (PFA), polyethylene, nylon, or fluorinated
ethylene, as examples. Where the tubular member is made of a fluoropolymer material such

as PTFE or PFA, to optimally adhere the conductive ink portion 126 to the fluoropolymer
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tubular member 102, a primer ink or base ink may be adhered or applied to the tubular
member 102 before the conductive ink is applied. The primer ink may have characteristics or
qualities that enable the primer ink to be adhesive to both the fluoropolymer material and to
the conductive ink. The conductive ink may then be applied over the primer ink. The primer
ink may enhance or increase the adhesiveness or bond between the fluoropolymer tubular
member 102 and the conductive ink 126, which may prevent or reduce the ability for the
conductive ink to be rubbed off or otherwise removed from tubular member 102.
Additionally, the conductive ink and/or the primer ink may be applied or deposited on the
tubular member in any of various ways, such as spraying, pad printing, rolling, brushing,
dipping, or electroplating, as examples.

[0050] In some example embodiments, the return path 124 may include a single return
path. For these example embodiments, the conductive ink portion 126 may include a single,
continuous portion electrically coupled to a single return wire 132. Fig. 7 shows a side view
of an example embodiment of the distal portion 104 from an angle showing most if not all of
the conductive ink portion 126, where the return path 124 is a single return path.

[0051] In alternative example embodiments, the return path 124 may include multiple,
such as two, return paths. The multiple return paths may be electrically isolated or
substantially electrically isolated from each other. Multiple return paths may be included to
provide a safety feature for the bipolar sphincterotome 100. Some power sources 118 (Fig. 1)
may be configured for dual return paths in that the power sources 118 may be configured to
prevent output of the electrical current unless each of the return paths are in contact with the
sphincter muscle or the surrounding tissue. This ensures adequate placement of the distal
portion at the treatment site before the electrical current may be supplied from the power

source 118. Additionally, if any of the return paths becomes disconnected, such as through
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fracture or burnout, the power source 118 may be configured to detect or recognize the
disconnection and prevent the electrical current from being supplied to the treatment site.
[0052] Figs. 8 shows a side view of an example embodiment of the distal portion 106
from an angle showing most if not all of the conductive ink portion 126, where the return
path includes a dual return path. The dual return path may include a first return path 824a
and a second return path 824b. To form the first and second paths 824a, 824b, the conductive
ink portion 126 may include two sub-portions or strips, including a first sub-portion 826a and
a second sub-portion 826b. The first sub-portion 826a and the second sub-portion 826b may
be electrically isolated from each other. The conductive ink making up the first and second
sub-portions 826a, 826b may be deposited to form a gap or spacing 860 in between the first
and second sub-portions 826a, 826b to electrically isolate the first and second sub-portions
826a, 826b from each other. In some example configurations, a width of the gap 860 may be
about 0.040 inches, although other sizes for the width may be used.

[0053] The first and second sub-portions 826a, 826b may each be electrically coupled to
a respective return wire. For example, the first sub-portion 826a may be electrically coupled
to a first return wire 832a and the second sub-portion 826b may be electrically coupled to a
second return wire 832b. In some example embodiments, the first and second sub-portions
826a, 826b may be electrically coupled to their respective return wires 832a, 832b at
opposing ends of the sub-portions 826a, 826b. Additionally, the first and second sub-portions
826a, 826b may be electrically coupled to their respective return wires 832a, 832b in various
ways, such as those described above. For example, as shown in Fig. 8, two metal cannulas
830a, 830b may be used to electrically couple the sub-portions 826a, 826b with their
respective return wires 832a, 832b. The metal cannulas §30a, 830b may be disposed at
opposing ends of the conductive ink portion 126 such that only one of the sub-portions 826a,

826b is coupled to each of the metal cannulas 830a, 830b. To do so, the second sub-portion
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826b may distally extend past the first sub-portion 826a so that the second sub-portion 826b
is electrically connected to the metal cannula 830b, and a gap 862 electrically isolates the
second sub-portion 826b from the metal cannula 830a. Similarly, the first sub-portion 826a
may proximally extend past the second sub-portion 826b so that the first sub-portion 826a is
electrically connected to the metal cannula 830a, and a gap 864 clectrically isolates the first
sub-portion 826a from the metal cannula 830b. In other example embodiments, one or both
of the metal cannulas 830a, 830b may be replaced with an opening in the tubular member 102
(such as the opening 150 shown in Fig. 1A). The conductive ink making up the first sub-
portion 826a may extend into one of the openings to be electrically coupled with the first
return wire 832a. Similarly, the conductive ink making up the second sub-portion 826b may
extend into the other opening to be electrically coupled with the second return wire 832b.
[0054] The return wires 832a, 832b may be disposed within the tubular member in
various combinations of the embodiments shown in cross-section in Figs. 4-6. For example,
one of the return wires 832a, 834b may be disposed within one of the lumens, such as the
injection lumen, so that one of the lumens serves a dual purpose as described above. The
other of the return wires 832a, 832b may be embedded as an integral component of the
tubular member 102. Alternatively, one of the return wires 8§32a may be disposed within a
lumen serving a dual purpose and the other return wire 832b may be disposed within a lumen
having a sole purpose to house the return wire 832b. Alternatively, both of the return wires
832a, 832b may be embedded within the tubular member 102, or each of the return wires
832a, 832b may be disposed in respective lumens, each of which has a sole purpose of
housing the return wire 832a or 832b. Various configurations are possible. In the tubular
member 102, the return wires 832a, 832 may longitudinally extend parallel or substantially

parallel to each other.
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[0055] In one example configuration, as shown in Fig. 8, the gap 860 separating and
electrically isolating the first and second sub-portions 826a, 826b may longitudinally extend
along the outer surface of the distal portion in a straight or substantially straight direction. In
alternative configurations, the gap may longitudinally extend in a non-straight manner. For
example, as shown in Fig. 9, a gap 960 may have a zig-zag pattern. As another example,
referring to Fig. 10, the gap 1060 may have a sinusoidal pattern. Various other patterns may
be used for the gap, such as helical or spiral, as examples. Alternatively, the gap may not
necessarily have a pattern, but may extend in a generally non-straight manner along the outer
surface of the distal portion 106. Configuring the gap to extend in a non-straight manner or
have a non-straight pattern may be advantageous over configurations where the gap extends
straightly in that the non-straight configurations may facilitate contact for both the first and
second sub-portions of the conductive ink with the sphincter muscle or surrounding tissue.
[0056] Referring back to Fig. 1, the return cabling 144 may be configured to connect to
various types or configurations of the power source 118 and/or of the return port 146 of the
power source 118. In many situations, the power source 118 used to connect to the bipolar
sphincterotome 100, may have been configured, such as when manufactured, to connect to
and/or receive return cabling for monopolar sphincterotomes, which may use a solid neutral
electrode or a split neutral electrode as part of the return path. Some power sources 118 may
be configured to receive and/or connect to a single return path (e.g., a monopolar
sphincterotome that uses a solid neutral electrode), two return paths (e.g., a monopolar
sphincterotome that uses a split neutral electrode), or both.

[0057] For the bipolar sphincterotome configurations, the return cabling 144 electrically
coupling the return path 124 to the return port 146 of the power source 118 may be

configured in various ways to accommodate both the single and dual path configurations of
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the bipolar sphincterotome 100 as well as a power source 118 configured to recognize a solid
neutral electrode, a split neutral electrode, or both.

[0058] Referring to Fig. 11, where the bipolar sphincterotome 100 includes a single
return path, to connect to a power source 118 that is configured to recognize a solid neutral
electrode, the return cabling 144 may include a single wire 1102 that is connected to a single
return wire 132. The wire 1102 may proximally terminate at a plug 1104 that is adaptable to
connect and electrically couple the wire 1102 to the return port 146 of the power source 118.
[0059] Referring to Fig. 12, where the bipolar sphincterotome 100 includes two return
paths, to connect to a power source 118 that is configured to recognize a split neutral
electrode, the return cabling 144 may include two wires 1202, 1203 electrically isolated from
each other. One of the wires 1202 in the return cabling 144 may be connected to one of the
return wires 1232a, and the other wire 1203 in the return cabling 144 may be connected to the
other return wire 1232b. Each of wires 1002, 1003 may proximally terminate at a plug 1204
that is adaptable to connect and electrically couple the wires 1202, 1203 to the return port
146.

[0060] For some power sources 118, the return port 146 may be configured to connect to
two return paths, even though the power source 118 may be configured to recognize a solid
neutral electrode. For these configurations, the return cabling 144 may include two wires that
are configured so that the power source 118 recognizes a solid neutral electrode. Referring to
Fig. 13, where the bipolar sphincterotome 100 includes a single return path, to connect to a
power source 118 that is physically configured to receive two return paths but is also
configured to recognize a solid neutral electrode, the return cabling 144 may include two
wires 1302, 1303 that are shorted together at a distal end of the wires 1302, 1303, where they
also may be connected to a proximal end of the single return wire 132. Each of wires 1302,

1303 may proximally terminate at a plug 1304 that is adaptable to connect and electrically
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couple the wires 1302, 1303 to the return port 146. For this configuration, the power source
118 may determine or recognize a nominal resistance between the two return paths, just as it
would for a solid neutral electrode.

[0061] Where the return port 146 is configured to connect to two return paths, and the
power source 118 is configured to recognize a split neutral electrode, a resistance may be
included in one of the wires in the return cabling 144 where the return path 124 of the bipolar
sphincterotome includes a single return path. Referring to Fig. 14, a resistive element or
resistor 1410 may be added to or included in one of wires 1402, 1403 of the return cabling
144 so that a resistance exists between the two wires 1402, 1403. The wires 1402, 1403 may
then be connected together at their distal ends, where they may be connected to the single
return wire 132. The resistance chosen for the resistive element 1410 may be in range that
the power source 118 may be configured to measure or recognize the bipolar sphincterotome
100 as using a split neutral electrode. In some examples, the range may be about 5-150
Ohms, although other resistances may be used depending on the power source 118, The
value of the resistance may be optimized to work for multiple or various types of power
sources 118.

[0062] Alternatively, the resistance for the resistive element 1410 may be a value that
may cause the power source 118 to recognize the bipolar sphincterotome 100 as using either
a solid neutral electrode or a split neutral electrode. Some power sources 118 are configured
to use an upper limit for resistance that the power source 118 may accept to recognize a solid
neutral electrode, while also having a lower limit for resistance that the power source 118
may accept to recognize a split neutral electrode. For these power sources 118, if there is an
overlap between the upper and lower limits, the resistance for the resistive element 1410 may

be chosen in the overlap, and no errors may be identified by the power source 118 whether
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the power source 118 is set to recognize either a solid neutral electrode or a split neutral
electrode.

[0063] In an alternative embodiment, resistive elements may be included in both of the
wires in the cabling. Referring to Fig. 15, a resistive element 1510 may be included in a wire
1502, and a resistive element 1512 may be included in a wire 1503 of the return cabling 144.
The sum of the resistances of the resistive elements 1510, 1512 may be equal to a resistance
of a single resistive element where only one of the wires includes a resistive element (e.g.,
resistive element 1410 shown in Fig. 14). Additionally, the resistances of the resistive
elements 1510, 1512 may be the same or substantially the same. Resistive elements 1510,
1520 may be included in both of the wires 1502, 1503 in order to split the power between the
two wires 1502, 1503. Heat generated by the two resistive elements 1510, 1512 may be
reduced, compared to the single resistive element configuration shown in Fig. 14, because
less power may be drawn through each of the resistive elements 1510, 1512, Using two
resistive elements 1510, 1512 may also minimize or eliminate polarity in the return path,
which may pose safety or performance problems for the sphincterotome.

[0064] The foregoing description of various embodiments of the invention has been
presented for purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise embodiments disclosed. Numerous modifications or
variations are possible in light of the above teachings. The embodiments discussed were
chosen and described to provide the best illustration of the principles of the invention and its
practical application to thereby enable one of ordinary skill in the art to utilize the invention
in various embodiments and with various modifications as are suited to the particular use
contemplated. All such modifications and variations are within the scope of the invention as
determined by the appended claims when interpreted in accordance with the breadth to which

they are fairly, legally, and equitably entitled.
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CLAIMS
1. A bipolar sphincterotome to perform a sphincterotomy at a treatment site, the bipolar
sphincterotome comprising:
an elongate tubular member;
a cutting wire disposed within the tubular member;
a wire guide lumen disposed and longitudinally extending within the tubular member;
a return path comprising:

a conductive material portion covering an outer surface at a distal portion of
the tubular member, the conductive material portion having a circumferential
disposition on the outer surface that provides visual access to the wire guide lumen;

a return wire electrically coupled to the conductive material portion, the return
wire disposed within the tubular member,

wherein the conductive material portion comprises a conductive ink portion.

2. The bipolar sphincterotome of claim 1, wherein the circumferential disposition of the
conductive ink portion is oriented to be offset from a circumferential orientation that is
perpendicular to a radial orientation of a cutting edge of the cutting wire to provide visual
access to the wire guide lumen.
3. The bipolar sphincterotome of any of claims 1 or 2, further comprising:

a conductive cannula disposed about the outer surface of the tubular member, the
conductive cannula electrically coupling the conductive ink portion to the return wire.
4. The bipolar sphincterotome of claim 3, wherein at least a portion of the conductive
ink portion is further disposed over at least a portion of the conductive cannula to electrically
couple the conductive ink portion to the return wire.
5. The bipolar sphincterotome of claim 4, further comprising:

a shrink tube disposed over the conductive cannula.
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6. The bipolar sphincterotome of claim 3, further comprising:

a tube having an inner surface coated with a conductive material to electrically couple
the conductive ink portion with the conductive cannula.
7. The bipolar sphincterotome of any of claims 1 or 2, further comprising:

a skive in the tubular member extending from the outer surface to a location within
the tubular member that is in communication with a distal end of the return wire,

wherein the conductive ink portion extends within the skive to be electrically coupled
with the return wire.
8. The bipolar sphincterotome of any of claims 1 to 7, further comprising:

a lumen, other than the wire guide lumen, disposed and longitudinally extending
within the elongate tubular member,

wherein the lumen has two or more functions, one of the functions being to house the
return wire.
9. The bipolar sphincterotome of claim 8§, wherein the lumen comprises an injection
lumen, wherein a function of the two or more functions is to deliver contrast to a treatment
site.
10. The bipolar sphincterotome of any of claims 1 to 9, wherein the return wire is an
integral part of the tubular member.
11. The bipolar sphincterotome of any of claims 1 to 7, further comprising:

a lumen, other than the wire guide lumen, disposed and longitudinally extending with
the elongate tubular member,

wherein the lumen has a single function, the single function being to house the return
wire.
12. The bipolar sphincterotome of any of claims 1 to 11, wherein the elongate tubular

member is made of a substantially clear material.

23



WO 2014/105950 PCT/US2013/077800

13. The bipolar sphincterotome of any of claims 1 to 12, wherein the conductive ink
portion distally extends past an anchor point where a distal end of the cutting wire is fixedly
attached to the tubular member.
14. The bipolar sphincterotome of any of claims 1 to 13, wherein a thickness of the
conductive ink portion is less than or equal to about 500 micrometers, wherein conductive ink
portion comprises conductive ink particles having sizes in a range of about three to about
thirty micrometers, where the conductive ink portion has a viscosity less than or equal to
about 10,000 centipoise, and wherein the conductive ink portion has a longitudinal resistance
of less than or equal to about twenty Ohms,
15. The bipolar sphincterotome of any of claims 1 to 14, further comprising:

cabling that electrically couples the return path to a return port of a power source,

wherein the cabling comprises a first wire and a second wire, the first and second
wires being shorted together at distal ends of the first and second wires, and

wherein the first and second wires are connected to a proximal end of the return wire
at the distal ends.
16. The bipolar sphincterotome of claim 15, wherein a resistive element is included in one
of the first wire or the second wire, wherein a resistance value of the resistive element causes
the power source to recognize the bipolar sphincterotome as using a split neutral electrode.
17. The bipolar sphincterotome of claim 15, wherein a resistive element is included in one
of the first wire or the second wire, wherein a resistance value of the resistive element causes
the power source to recognize a solid neutral electrode or a split neutral electrode.
18. The bipolar sphincterotome of claim 15, wherein a first resistive element is included
in the first wire, and wherein a second resistive element is included in the second wire,

wherein a sum of a resistance value of the first resistive element and a resistive value of the
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second resistive element causes the power source to recognize the bipolar sphincterotome has
a solid or split neutral electrode.

19. A bipolar sphincterotome to perform a sphincterotomy at a treatment site within a
patient, the bipolar sphincterotome comprising:

an elongate tubular member;

a cutting wire disposed within the tubular member, except for a cutting edge of the
cutting wire, where the cutting edge protrudes from the tubular member;

a first return path; and

a second return path substantially electrically isolated from the first return path,

wherein the first return path comprises a first return wire, the second return path
comprises a second return wire, the first and second return wires longitudinally extending
within the tubular member from a distal portion to a proximal portion of the tubular member.
20. A bipolar sphincterotome of claim 19, wherein the first return path further comprises
a first conductive ink portion electrically coupled to the first return wire, and

wherein the second return path further comprises a second conductive ink portion
electrically coupled to the second return wire.

21. The bipolar sphincterotome of claim 20, further comprising:

a first conductive cannula disposed about the outer surface of the tubular member, the
first conductive cannula electrically coupling the first conductive ink portion to the first
return wire; and

a second conductive cannula disposed about the outer surface of the tubular member,
the second conductive cannula electrically coupling the second conductive ink portion to the
second return wire,

wherein the first conductive cannula and the second conductive cannula are disposed

at opposing ends of the first and second conductive ink portions.
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22. The bipolar sphincterotome of claim 20, further comprising:

a first skive in the tubular member extending from the outer surface to a location
within the tubular member that is in communication with a distal end of the first return wire,
wherein the first conductive ink portion extends within the first skive to be electrically
coupled with the first return wire;

a second skive in the tubular member extending from the outer surface to a location
within the tubular member that is in communication with a distal end of the second return
wire, wherein the second conductive ink portion extends within the second skive to be
electrically coupled with the second return wire,

wherein the first skive and the second skive are disposed at opposing ends of the first
and second conductive ink portions.

23. The bipolar sphincterotome of claim 20, wherein a gap separating the first conductive
ink portion from the second conductive ink portion substantially electrically isolates the first
conductive ink portion from the second conductive ink portion.

24. The bipolar sphincterotome of claim 23, wherein the gap longitudinally extends in a
substantially straight pattern.

25. The bipolar sphincterotome of claim 23, wherein the gap longitudinally extends in a
non-straight pattern.

26. The bipolar sphincterotome of claim 23, wherein the gap longitudinally extends in a
zig-zag pattern.

27. The bipolar sphincterotome of claim 23, wherein the gap longitudinally extends in a
sinusoidal pattern.

28. The bipolar sphincterotome of any of claims 19 to 27, wherein the first return wire
longitudinally extends within a first lumen of the tubular member, and wherein the second

return wire longitudinally extends within a second lumen of the tubular member.
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29. The bipolar sphincterotome of claim 28, wherein at least one of the first lumen or the
second lumen has two or more functions, one of the two or more functions being to house the
first return wire or the second return wire.
30. The bipolar sphincterotome of any of claims 19 to 27, wherein the first return wire
longitudinally extends with a first lumen of the tubular member, and wherein the second
return wire is longitudinally embedded as an integral part of the tubular member.
31. The bipolar sphincterotome of claim 19, wherein the first return wire and the second
return wire are each embedded as an integral part of the tubular member.
32. A method of adhering conductive ink to an outer surface of an elongate tubular
member of a medical device, the elongate tubular member comprising a fluoropolymer
material, the method comprising:

applying a primer ink to the outer surface of the elongate tubular member;

applying the conductive ink over the primer ink.
33. The method of claim 32, wherein applying the conductive ink over the primer ink
comprises at least one of: spraying the conductive ink over the primer ink; pad printing the
conductive ink over the primer ink; rolling the conductive ink over the primer ink; brushing
the conductive ink over the primer ink; dipping the conductive ink over the primer ink; or
electroplating the conductive ink over the primer ink.
34, The method of any of claims 32 or 33, wherein the fluoropolymer material comprises

one of polytetrafluoroethylene (PTFE) or perfluoroalkoxy (PFA).
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-18

A bipolar sphincterotome.

A contribution to the art seems to reside in the features of
the circumferential orientation of a conductive material
portion, thereby solving the problem of improving visual
access to an operator.

2. claims: 19-31

A bipolar sphincterotome.

A contribution to the art might reside in the geometrical
features of a gap separating a first and second return path
(as defined by claims 23-27), thereby improving the
electrical safety by better control of electrical current
delivery in case of device fracture or suboptimal tissue
contact.

3. claims: 32-34

A method of adhering conductive ink to an elongate tubular
member of a medical device.

A contribution to the art might reside in the steps of
applying primer ink and conductive ink to an outer surface,
thereby improving the manufacturing process of medical
devices having coated electrodes.
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