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CONNECTION STRUCTURES FOR INTRAVASCULAR DEVICES
AND ASSOCIATED SYSTEMS AND METHODS

TECHNICAL FIELD

The present disclosure relates to intravascular devices, systems, and methods. In

some embodiments, the intravascular devices are guidewires that include one or more

electronic components.

BACKGROUND

Heart disease is very serious and often requires emergency operations to save lives. A

main cause of heart disease is the accumulation of plaque inside the blood vessels, which
eventually occludes the blood vessels. Common treatment options available to open up the
occluded vessel include balloon angioplasty, rotational atherectomy, and intravascular stents.
Traditionally, surgeons have relied on X-ray fluoroscopic images that are planar images
showing the external shape of the silhouette of the lumen of blood vessels to guide treatment.
Unfortunately, with X-ray fluoroscopic images, there is a great deal of uncertainty about the
exact extent and orientation of the stenosis responsible for the occlusion, making it difficult
to find the exact location of the stenosis. In addition, though it is known that restenosis can
occur at the same place, it is difficult to check the condition inside the vessels after surgery
with X-ray.

A currently accepted technique for assessing the severity of a stenosis in a blood
vessel, including ischemia causing lesions, is fractional flow reserve (FFR). FFR is a
calculation of the ratio of a distal pressure measurement (taken on the distal side of the
stenosis) relative to a proximal pressure measurement (taken on the proximal side of the
stenosis). FIR provides an index of stenosis severity that allows determination as to whether
the blockage limits blood flow within the vessel to an extent that treatment is required. The
normal value of FFR in a healthy vessel is 1.00, while values less than about 0.80 are
generally deemed significant and require treatment.

Often intravascular catheters and guidewires are utilized to measure the pressure
within the blood vessel. To date, guidewires containing pressure sensors or other electronic
components have suffered from reduced performance characteristics compared to standard
guidewires that do not contain electronic components. For example, the handling

performance of previous guidewires containing electronic components have been hampered,
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in some instances, by the limited space available for the core wire after accounting for the
space needed for the conductors or communication lines of the electronic component(s), the
stiffness of the rigid housing containing the electronic component(s), and/or other limitations
associated with providing the functionality of the electronic components in the limited space
available within a guidewire. Further, due to its small diameter, in many instances the
proximal connector portion of the guidewire (i.e., the connector(s) that facilitate
communication between the electronic component(s) of the guidewire and an associated
controller or processor) is fragile and prone to kinking, which destroys the functionality of
the guidewire. For this reason, surgeons are reluctant to remove the proximal connector from
the guidewire during a procedure for fear of breaking the guidewire when reattaching the
proximal connector. However, having the guidewire coupled to the proximal connector
further limits the maneuverability and handling of the guidewire.

Accordingly, there remains a need for improved connectors and connector portions
for use with intravascular devices (e.g., catheters and guidewires) that include one or more

electronic components.
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SUMMARY

Embodiments of the present disclosure are directed to intravascular devices, systems,
and methods.

In some embodiments, methods of assembling an intravascular device are provided.
In one embodiment, the method includes positioning a first tubular member around a plurality
of conductors and a core member such that the plurality of conductors and the core member
are at least partially positioned within a lumen of the first tubular member, the first tubular
member including an opening extending along a length of the first tubular member in
communication with the lumen; advancing a first of the plurality of conductors through the
opening of the first tubular member; positioning a first conductive member around the first
tubular member; and electrically coupling the first of the plurality of conductors to the first
conductive member. In some instances, the method further includes positioning a first
insulating member around the first tubular member adjacent to the first conductive member;
positioning a second conductive member around the first tubular member adjacent to the first
insulating member such that the first insulating member is positioned between the first and
second conductive members; and electrically coupling a second of the plurality of conductors
to the second conductive member. In that regard, the second of the plurality of conductors is
advanced through the opening of the first tubular member in some instances.

In some embodiments, an intravascular device is provided. In one embodiment, the
intravascular device includes a tubular member positioned around a plurality of conductors
and a core member such that the plurality of conductors and the core member are at least
partially positioned within a lumen of the tubular member, the tubular member including an
opening extending along a length of the tubular member in communication with the lumen; a
first conductive member positioned around the tubular member, wherein a first of the
plurality of conductors extends through the opening in the tubular member and is electrically
coupled to the first conductive member; a first insulating member positioned around the
tubular member adjacent to the first conductive member; and a second conductive member
positioned around the tubular member adjacent to the first insulating member such that the
first insulating member is positioned between the first and second conductive members,
wherein a second of the plurality of conductors is electrically coupled to the second
conductive member. In some instances, the opening extends along an entire length of the
tubular member. In other instances, the opening extends along only a portion of the length of
the tubular member. In some implementations, the intravascular device includes a second

insulating member positioned around the tubular member adjacent to the second conductive
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member and a third conductive member positioned around the tubular member adjacent to the
second insulating member such that the second insulating member is positioned between the
second and third conductive members.

In another embodiment, the intravascular device includes a first insulating member
positioned around a plurality of conductors and a core member such that the plurality of
conductors and the core member are at least partially positioned within a lumen of the first
insulating member, the first insulating member having a first portion with a first diameter, a
second portion with a second diameter less than the first diameter, and an opening extending
along a length of the first insulating member in communication with the lumen; and a first
conductive member positioned around the second portion of the first insulating member,
wherein a first of the plurality of conductors extends through the opening in the first
insulating member and is electrically coupled to the first conductive member. In some
instances, the opening of the first insulating member extends along only a portion of the
length of the first insulating member. In some particular instances, the opening of the first
insulating member extends along the second portion of the first insulating member. In some
embodiments, the first conductive member has an outer diameter equal to the first diameter.

Additional aspects, features, and advantages of the present disclosure will become

apparent from the following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[lustrative embodiments of the present disclosure will be described with reference to
the accompanying drawings, of which:

FIG. 1 is a diagrammatic perspective view of an intravascular system according to an
embodiment of the present disclosure.

FIG. 2 is a diagrammatic side view of an intravascular device of the intravascular
system of Fig. 1 according to an embodiment of the present disclosure.

FIG. 3 is a diagrammatic side view of a proximal connector portion of the
intravascular device of Fig. 2 according to an embodiment of the present disclosure.

FIG. 4 is a diagrammatic side view of a proximal connector portion of an
intravascular device of Fig. 2 similar to that of Fig. 3, but illustrating another embodiment of
the present disclosure.

FIG. 5 is a diagrammatic side view of an intravascular device of the intravascular
system of Fig. 1 similar to that of Fig. 2, but illustrating another embodiment of the present
disclosure.

FIG. 6 is a diagrammatic side view of a proximal connector portion of the
intravascular device of Fig. 5 according to an embodiment of the present disclosure.

FIG. 7 is a diagrammatic side view of a proximal connector portion of an
intravascular device of Fig. 5 similar to that of Fig. 6, but illustrating another embodiment of
the present disclosure.

FIG. 8 is a diagrammatic side view of a proximal connector portion of an
intravascular device according to an embodiment of the present disclosure.

FIG. 9 is a diagrammatic partial cross-sectional side view of the proximal connector
portion of Fig. 8.

FIG. 10 is a diagrammatic side view of a component of the proximal connector
portion of Figs. 8 and 9 according to an embodiment of the present disclosure.

FIG. 11 is a diagrammatic side view of a component of the proximal connector
portion of Figs. 8 and 9 similar to that of Fig. 10, but illustrating another embodiment of the
present disclosure.

FIG. 12 is a diagrammatic side view of a component of the proximal connector
portion of Figs. 8 and 9 similar to that of Figs. 10 and 11, but illustrating yet another

embodiment of the present disclosure.
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Collectively, FIGS. 13-19 illustrate various aspects of assembling a proximal connector
portion as illustrated in Figs. 8 and 9 according to an exemplary embodiment of the present
disclosure.

FIG. 13 is a diagrammatic cross-sectional side view showing a component, such as
one of the components of Figs. 10-12, being positioned over a core wire and a plurality of
conductors.

FIG. 14 is a diagrammatic cross-sectional side view showing an insulating element
being positioned over the component of Fig. 13.

FIG. 15 is a diagrammatic cross-sectional side view showing one of the plurality of
conductors being passed through an opening the component of Fig. 13 adjacent to the
insulating element of Fig. 14.

FIG. 16 is a diagrammatic cross-sectional side view showing a conductive element
being positioned over the component of Iig. 13 and electrically coupled to the conductor that
was passed through the opening in the component in Fig. 15.

FIG. 17 is a diagrammatic cross-sectional side view showing another insulating
element being positioned over the component of Fig. 13 and positioned adjacent to the
conductive element of Fig. 16.

FIG. 18 is a diagrammatic cross-sectional side view showing another of the plurality
of conductors being passed through an opening the component of Fig. 13 adjacent to the
insulating element of Fig. 17.

FIG. 19 is a diagrammatic cross-sectional side view showing another conductive
element being positioned over the component of Fig. 13 and electrically coupled to the
conductor that was passed through the opening in the component as shown in F'ig. 18.

FIG. 20 is a diagrammatic side view of a proximal connector portion of an
intravascular device according to another embodiment of the present disclosure.

FIG. 21 is a diagrammatic side view of a portion of the proximal connector portion of
Fig. 20 with inner components of the proximal connector portion illustrated.

FIG. 22 is a close-up diagrammatic side view of a portion of the proximal connector
portion of Figs. 20 and 21 with inner components of the proximal connector portion
illustrated.

FIG. 23 is a diagrammatic side view of an element for forming a component of the
proximal connector portion of Figs. 20-22 according to an embodiment of the present

disclosure.
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FIG. 24 is a diagrammatic side view of the element of Fig. 23 with markings showing
portions of the element that will be removed to form a component of the proximal connector
portion of Figs. 20-22 according to an embodiment of the present disclosure.

FIG. 25 is a diagrammatic side view of a component of the proximal connector
portion of Figs. 20-22 formed from the element of Fig. 23 according to the markings shown
in Fig. 24.

FIG. 26 is a diagrammatic side view of the element of Fig. 23 with markings showing
portions of the element that will be removed to form a component of the proximal connector
portion of Figs. 20-22 according to another embodiment of the present disclosure.

FIG. 27 is a diagrammatic side view of a component of the proximal connector
portion of Figs. 20-22 formed from the element of Fig. 23 according to the markings shown
in Fig. 26.

FIG. 28 is a diagrammatic side view of a component of the proximal connector
portion of Figs. 20-22 formed from the element of Fig. 23 according to another embodiment
of the present disclosure.

Collectively, FIGS. 29-34 illustrate various aspects of assembling a proximal
connector portion similar to the embodiment illustrated in Figs. 20-22 according to an
exemplary embodiment of the present disclosure.

FIG. 29 is a diagrammatic cross-sectional side view showing a component, such as
one of the components of Figs. 25, 27, and/or 28, being positioned over a core wire and a
plurality of conductors.

FIG. 30 is a diagrammatic cross-sectional side view showing one of the plurality of
conductors being passed through an opening the component of Fig. 29 and positioned
adjacent to an insulating element defined by the component.

FIG. 31 is a diagrammatic cross-sectional side view showing a conductive element
being positioned over a portion of the component of Fig. 29 and electrically coupled to the
conductor that was passed through the opening in the component in Fig. 30.

FIG. 32 is a diagrammatic cross-sectional side view showing another component,
such as one of the components of Figs. 25, 27, and/or 28, being positioned adjacent to the
conductive element of Fig. 31 such that a portion of the conductive element is positioned over
the component.

FIG. 33 is a diagrammatic cross-sectional side view showing another of the plurality
of conductors being passed through an opening the component of Fig. 32 and positioned

adjacent to an insulating element defined by the component.
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FIG. 34 is a diagrammatic cross-sectional side view showing another conductive
element being positioned over a portion of the component of Fig. 32 and electrically coupled

to the conductor that was passed through the opening in the component in Fig. 33.
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DETAILED DESCRIPTION

For the purposes of promoting an understanding of the principles of the present

disclosure, reference will now be made to the embodiments illustrated in the drawings, and
specific language will be used to describe the same. It is nevertheless understood that no
limitation to the scope of the disclosure is intended. Any alterations and further
modifications to the described devices, systems, and methods, and any further application of
the principles of the present disclosure are fully contemplated and included within the present
disclosure as would normally occur to one skilled in the art to which the disclosure relates. In
particular, it is fully contemplated that the features, components, and/or steps described with
respect to one embodiment may be combined with the features, components, and/or steps
described with respect to other embodiments of the present disclosure. For the sake of
brevity, however, the numerous iterations of these combinations will not be described
separately.

As used herein, “flexible elongate member” or “elongate flexible member” includes at
least any thin, long, flexible structure that can be inserted into the vasculature of a patient.
While the illustrated embodiments of the “flexible elongate members™ of the present
disclosure have a cylindrical profile with a circular cross-sectional profile that defines an
outer diameter of the flexible elongate member, in other instances all or a portion of the
flexible elongate members may have other geometric cross-sectional profiles (e.g., oval,
rectangular, square, elliptical, etc.) or non-geometric cross-sectional profiles. Flexible
elongate members include, for example, intravascular catheters and intravascular guidewires.
In that regard, intravascular catheters may or may not include a lumen extending along its
length for receiving and/or guiding other instruments. If the intravascular catheter includes a
lumen, the lumen may be centered or offset with respect to the cross-sectional profile of the
device.

In most embodiments, the flexible elongate members of the present disclosure include
one or more electronic, optical, or electro-optical components. For example, without
limitation, a flexible elongate member may include one or more of the following types of
components: a pressure sensor, a temperature sensor, an imaging element, an optical fiber, an
ultrasound transducer, a reflector, a mirror, a prism, an ablation element, an fro electrode, a
conductor, and/or combinations thereof. Generally, these components are configured to
obtain data related to a vessel or other portion of the anatomy in which the flexible elongate
member is disposed. Often the components are also configured to communicate the data to

an external device for processing and/or display. In some aspects, embodiments of the
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present disclosure include imaging devices for imaging within the lumen of a vessel,
including both medical and non-medical applications. However, some embodiments of the
present disclosure are particularly suited for use in the context of human vasculature.
Imaging of the intravascular space, particularly the interior walls of human vasculature can be
accomplished by a number of different techniques, including ultrasound (often referred to as
intravascular ultrasound (“IVUS”) and intracardiac echocardiography (“ICE”)) and optical
coherence tomography (“OCT”). In other instances, infrared, thermal, or other imaging
modalities are utilized. Further, in some instances the flexible elongate member includes
multiple electronic, optical, and/or electro-optical components (e.g., pressure sensors,
temperature sensors, imaging elements, optical fibers, ultrasound transducers, reflectors,
mirrors, prisms, ablation elements, fro electrodes, conductors, etc.).

The electronic, optical, and/or electro-optical components of the present disclosure are
often disposed within a distal portion of the flexible elongate member. As used herein,
“distal portion" of the flexible elongate member includes any portion of the flexible elongate
member from the mid-point to the distal tip. As flexible elongate members can be solid,
some embodiments of the present disclosure will include a housing portion at the distal
portion for receiving the electronic components. Such housing portions can be tubular
structures attached to the distal portion of the elongate member. Some flexible elongate
members are tubular and have one or more lumens in which the electronic components can be
positioned within the distal portion.

The electronic, optical, and/or electro-optical components and the associated
communication lines are sized and shaped to allow for the diameter of the flexible elongate
member to be very small. For example, the outside diameter of the elongate member, such as
a guidewire or catheter, containing one or more electronic, optical, and/or electro-optical
components as described herein are between about 0.0007” (0.0178 mm) and about 0.118”
(3.0 mm), with some particular embodiments having outer diameters of approximately 0.014”
(0.3556 mm) and approximately 0.018” (0.4572 mm). As such, the flexible elongate
members incorporating the electronic, optical, and/or electro-optical component(s) of the
present application are suitable for use in a wide variety of lumens within a human patient
besides those that are part or immediately surround the heart, including veins and arteries of
the extremities, renal arteries, blood vessels in and around the brain, and other lumens.

“Connected” and variations thereof as used herein includes direct connections, such

as being glued or otherwise fastened directly to, on, within, etc. another element, as well as

-10-
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indirect connections where one or more elements are disposed between the connected
elements.

“Secured” and variations thereof as used herein includes methods by which an
element is directly secured to another element, such as being glued or otherwise fastened
directly to, on, within, etc. another element, as well as indirect techniques of securing two
elements together where one or more elements are disposed between the secured elements.

Referring now to Fig. 1, shown therein is an intravascular system 100 according to an
embodiment of the present disclosure. In that regard, the intravascular system includes an
intravascular device 102 and a connector 104. Referring now to Fig. 2, a side view of the
intravascular device 102 is provided according to an embodiment of the present disclosure.
As shown, the intravascular device 102 includes a flexible elongate member 106 having a
distal portion 107 adjacent a distal end 108 and a proximal portion 109 adjacent a proximal
end 110. A component 112 is positioned within the distal portion 107 of the flexible elongate
member 106 proximal of the distal tip 108. Generally, the component 112 is representative
of one or more electronic, optical, or electro-optical components. In that regard, the
component 112 is a pressure sensor, a temperature sensor, an imaging element, an optical
fiber, an ultrasound transducer, a reflector, a mirror, a prism, an ablation element, an fro
electrode, a conductor, and/or combinations thereof. The specific type of component or
combination of components can be selected based on an intended use of the intravascular
device. In some instances, the component 112 is positioned less than 10 cm, less than 5, or
less than 3 cm from the distal tip 108. In some instances, the component 112 is positioned
within a housing of the intravascular device 102. In that regard, the housing is a separate
component secured to the flexible elongate member 106 in some instances. In other
instances, the housing is integrally formed as a part of the flexible elongate member 106. In
some embodiments, the flexible elongate member 106 comprises a stainless steel hypotube.
Further, in some embodiments all or a portion of the flexible elongate member 106 is covered
with a hydrophilic or hydrophobic coating. In some particular embodiments, a
polytetrafluoroethylene (PTFE) coating is utilized.

The intravascular device 102 also includes a connection portion 114 adjacent the
proximal portion 109 of the device. In that regard, the connection portion 114 is spaced from
the proximal end 110 of the flexible elongate member 106 by a distance 116. Generally, the
distance 116 is between 0% and 50% of the total length of the flexible elongate member 106.
While the total length of the flexible elongate member can be any length, in some

embodiments the total length is between about 1300 mm and about 4000 mm, with some
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specific embodiments having a length of 1400 mm, 1900 mm, and 3000 mm. In some
instances the connection portion 114 is spaced from the proximal end 110 between about 0
mm and about 1400 mm. In some specific embodiments, the connection portion 114 is
spaced from the proximal end by a distance of 0 mm, 300 mm, and 1400 mm. Accordingly,
in some instances the connection portion 114 is positioned at the proximal end 110. In some
such embodiments, one or more aspects of the engagement and alignment features of the
intravascular device 102 discussed below are positioned distal of the of the connection
portion 114 instead of proximal of the connection portion 114 as shown in the embodiment of
Fig. 2.

In that regard, in the illustrated embodiment of Fig. 2 the intravascular device 102
includes a section 118 extending proximally from the connection portion 114 to another
section 120 that extends to proximal end 110. In the illustrated embodiment, the section 120
is rounded to proximal end 110. In other embodiments, the section 120 has a tapered,
arcuate, and/or other changing profile as it extends proximally to proximal end 110. In that
regard, in some instances the outer profile and/or diameter of the section 120 reduces as it
extends proximally to proximal end 110 such that the reduced profile and/or diameter of the
proximal end facilitates easier introduction of one or more other instruments over the
intravascular device. In other embodiments, the section 120 has a constant profile as it
extends proximally to proximal end 120.

As shown, the connection portion 114 has a diameter 122 (or other similar
measurement for outer cross-section profiles for non-circular cross-sectional embodiments)
while section 118 has a diameter 124 (again, or other similar measurement for outer cross-
section profiles for non-circular cross-sectional embodiments). The diameter 124 of section
118 is different than the diameter 122 of connection portion 114. In that regard, the different
sizes of the diameters 122, 124 creates a structure that is configured to facilitate alignment
and/or connection of the intravascular device 102 to a connector, such as connector 104. In
the illustrated embodiment, the diameter 124 of section 118 is less than the diameter 122 of
the connection portion 114. In some embodiments, the diameter 124 of section 118 is
between about 40% and about 80% of diameter 122, with some particular embodiments being
about 42%, 64%, and/or other percentage of diameter 122. In that regard, in some
embodiments the diameter 122 of connection portion 114 is between about 0.0178 mm and
about 3.0 mm, with some particular embodiments being 0.3556 mm (0.014”) and 0.4572 mm
(0.018”). Accordingly, in some embodiments the diameter 124 of section 118 is between

about 0.007 mm and about 2.4 mm, with some particular embodiments being 0.15 mm, 0.19
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mm, 0.23 mm, and 0.29 mm. In the illustrated embodiment, the section 120 has a diameter
that is approximately equal to diameter 122 and, therefore, greater than diameter 124.
However, in other embodiments, section 120 has a diameter that is greater than diameter 122,
less than diameter 122, greater than diameter 124, equal to diameter 124, and/or less than
diameter 124. In some embodiments, section 118 is a section of a core wire extending
through the connection portion 114.

As shown in Fig. 2, the section 118 extends proximally from connection portion 114 a
distance 126, while section 120 extends proximally from section 118 to proximal end 110 a
distance 128. Together, distances 126 and 128 equal the distance 116 that the connection
portion 114 is spaced from the proximal end 110 of the intravascular device 102. In some
instances, the distance 126 of is between about 0.508 mm (0.020”) and about 2.54 mm
(0.107), with some particular embodiments being 0.762 mm (0.030™), 1.016 mm (0.040™),
and 1.524 mm (0.060”). Further, while the transition between connection portion 114 and
section 118 and the transition between section 118 and section 120 are shown as being
stepped in the illustrated embodiments, in other embodiments the transitions are tapered
and/or otherwise make a gradual change in outer diameter along the length of the
intravascular device. In some embodiments, use of tapered and/or gradual transitions results
in the proximal portion of the intravascular device 102 not having any sharp edges. In some
implementations, the use of tapered and/or gradual transitions for one or both of the
transitions between section 118 and either the connection portion 114 or section 120 makes
cleaning the proximal portion of the device (e.g., to remove any liquids or other unwanted
materials on the surface of the proximal portion of the intravascular device) easier. In some
instances, sections 118 and 120 are formed as a separate assembly or component and
subsequently joined to the connection portion 114 via suitable techniques, such as using
solder, adhesive, mechanical connections, and/or combinations thereof.

The connection portion 114 is configured to facilitate communication between the
intravascular device 102 and another device. More specifically, in some embodiments the
connection portion 114 is configured to facilitate communication of data obtained by the
component 112 to another device, such as a computing device or processor. Accordingly, in
some embodiments the connection portion 114 is an electrical connector. In such instances,
the connection portion 114 is configured to provide an electrical connection to one or more
electrical conductors that extend along the length of the flexible elongate member 102 and are
electrically coupled to the component 112. In some instances, the connection portion 114

includes one or more electrical connectors as described in U.S. Provisional Patent
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Application No. 61/665,697, titled “INTRAVASCULAR DEVICES, SYSTEMS, AND
METHODS,” filed June 28, 2012, which is hereby incorporated by reference in its entirety.
In other embodiments, the connection portion 114 includes an optical connector. In such
instances, the connection portion 114 provides an optical connection to one or more optical
communication pathways (e.g., fiber optic cable) that extend along the length of the flexible
elongate member 106 and are optically coupled to the component 112. Further, in some
embodiments the connection portion 114 provides both electrical and optical connections to
both electrical conductor(s) and optical communication pathway(s) coupled to the component
112. In that regard, it should again be noted that component 112 is comprised of a plurality
of elements in some instances. In some instances, the connection portion 114 is configured to
provide a physical connection to another device, either directly or indirectly. In other
instances, the connection portion 114 is configured to facilitate wireless communication
between the intravascular device 102 and another device. Generally, any current or future
developed wireless protocol(s) may be utilized. In yet other instances, the connection portion
114 facilitates both physical and wireless connection to another device.

As noted above, in some instances the connection portion 114 provides a connection
between the component 112 of the intravascular device 102, 120 and an external device.
Accordingly, in some embodiments one or more electrical conductors, one or more optical
pathways, and/or combinations thereof extend along the length of the flexible elongate
member 106 between the connection portion 114 and the component 112 to facilitate
communication between the connection portion 114 and the component 112. Generally, any
number of electrical conductors, optical pathways, and/or combinations thereof can extend
along the length of the flexible elongate member 106 between the connection portion 114 and
the component 112. In some instances, between one and ten electrical conductors and/or
optical pathways extend along the length of the flexible elongate member 106 between the
connection portion 114 and the component 112. For the sake of clarity and simplicity, the
embodiments of the present disclosure described below include three electrical conductors
and, therefore, the connection portion 114 is described as having three separate electrical
connections corresponding to the three electrical conductors.

For example, as shown in Fig. 3, in some instances the connection portion 114
includes conductive portions 132, 134, and 136 that are separated from one another and the
main body of the flexible elongate member 106 by insulating portions 138, 140, 142, and
144. In that regard, the conductive portions 132, 134, and 136 are formed of a conductive

material and are portions of a hypotube, a coil, and/or combinations thereof in some
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instances. Itis understood that the total number of communication pathways and/or the
number of electrical conductors and/or optical pathways is different in other embodiments
and, therefore, the number of conductive portions (or optical connectors) included in
connection portion is different as well. More specifically, the number of communication
pathways and the number of electrical conductors and optical pathways extending along the
length of the flexible elongate member 106 is determined by the desired functionality of the
component 112 and the corresponding elements that define component 112 to provide such
functionality. As a result, the number and type of connections provided by connection
portion 114 are likewise determined by the desired functionality of the component 112, the
corresponding elements that define component 112 to provide such functionality, and the
communication needs for such elements. Further still, in some instances, one or more of the
insulating portions 138, 140, 142, and 144 is omitted. For example, as shown in the
exemplary embodiment of Fig. 4, insulating portion 144 has been omitted.

As noted above, in some instances the connection portion 114 is not spaced from the
proximal end 110. For example, Fig. 5 illustrates an intravascular device 120 where the
connection portion is positioned at the proximal end 110 of the intravascular device. In such
embodiments, the proximal end 110 of the intravascular device 120 may be defined by an
insulating element (as shown by insulating portion 144 in Fig. 6) or a conductive element (as
shown by conductive portion 136 in Fig. 7). It should also be noted that while the
arrangements of Figs. 3, 4, 5, and 6 illustrate an insulating portion 138 as being positioned
between the flexible elongate member 106 and the conductive portion 132, in some instances
the conductive portion 132 is positioned immediately adjacent to the elongate member
without insulating portion 138. Accordingly, the various embodiments and associated
methods of forming connection portions for intravascular devices as discussed below may be
implemented using any combination of the arrangement of features described above with
respect to Figs. 1-7.

Referring now to Figs. 8 and 9, shown therein are aspects of a connector portion 150
of an intravascular device according to an embodiment of the present disclosure. As shown
in Fig. 8, the connector portion 150 includes conductive portions 152, 154 and insulating
portions 156, 158. In that regard, the insulating portion 156 separates the conductive portion
152 from the conductive portion 154. In some instances, the insulating portion 158 separates
the conductive portion 152 from one or more other conductive portions (not shown) of the
connector portion 150. A section 160 extending proximally from the connector portion 150

to another section 162 that extends to a proximal end 164. The sections 160, 162 have
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structures and arrangements as described above with respect to sections 118, 120 in some
instances.

Referring now to Fig. 9, shown therein is a partial cross-sectional side view of part of
the proximal connector portion 150. As shown, the insulating portion 156 includes an outer
surface 166. A plurality of projections 168 extend from the outer surface 166. Generally, the
connector portion 150 can include any number of projections 168 (or omit the projections
entirely), but in some embodiments the connector portion 150 includes between 0 and 20
projections, with some particular embodiments having 0, 1, 5, and 8 projections. In some
instances, the outer surface 166 has a generally cylindrical profile with a circular cross-
section and the projections 168 also have a generally cylindrical profile with a circular cross-
section, but with an increased outer diameter relative to the outer surface 166. In that regard,
the outer diameter of the projections is between about 0.0127 mm (.0005") and about 0.0762
mm (0.003”) greater than the diameter of the outer surface 166 in some instances, with some
particular embodiments being 0.0127 mm (.00057), 0.019 mm (0.00075”), and .0254
mm(0.0017) greater. Accordingly, in some instances the outer surface 166 is recessed with
respect to the projections 168 by a distance between about 0.0127 mm (.0005”) and about
0.0762 mm (0.003”), with some particular embodiments being recessed a distance of 0.0127
mm (.0005), 0.019 mm (0.00075"), and .0254 mm (0.001”). Surface portions 170 transition
the insulating portion 156 between the outer surface 166 and the projections 168. In the
illustrated embodiment, the surface portions 170 are tapered surfaces that extend at an
oblique angle with respect to a longitudinal axis of the connector portion 150 between the
outer surface 166 and the projections 168. In other embodiments, surface portions 170 are
omitted such that a step is created at the transition between outer surface 166 and projections
168. In that regard, a surface extending between the outer surface 166 and the projections
168 extends perpendicular to the longitudinal axis of the connector portion 150 in some
instances.

In the illustrated embodiment, the projections 168 have a length 172 along the
longitudinal axis of the connector portion 150. The length 172 is between about 0.0508 mm
(0.002”) and about 1.27 mm (0.050”) in some instances, with some particular embodiments
having a length of 0.127 mm (0.005), 0.254 mm (0.010™"), and 0.508 mm (0.020”). Further,
the projections 168 are spaced from another by a distance 174 along the longitudinal axis of
the connector portion 150. The distance 174 can be any suitable distance and varies in some
instances based on the number of projections utilized, lengths of the projections utilized,

and/or other factors. In that regard, it is understood that the projections 168 may have equal
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spacing along the length of the connector portion 150, unequal spacing along the length of the
connector portion 150, and/or a combination of equal and unequal spacing along the length of
the connector portion.

In some instances, the projections 168 of insulating portion 156 are sized and shaped
to prevent bridging between the conductive portions 152 and 154. In particular, the
projections 168 are sized and shaped to minimize the impact of conductive liquid (e.g., blood
or saline) bridging conductive portions 152 and 154 across insulating portion 156.
Accordingly, in some particular embodiments the projections 168 are 0.010” wide such that
the surface tension of any liquid in the portion(s) of the outer surface recessed relative to the
projections (e.g., the portions defined by outer surface 166) will pull liquid off of the
projection(s) 168 to minimize or eliminate any bridging.

The insulating portion 156 is positioned around a tubular member 176. In that regard,
in some instances the diameter of an inner lumen of the insulating portion 156 is sized and
shaped such that it can be slidingly advanced over the tubular member 176. Accordingly, in
some instances, the diameter of the inner lumen of the insulating portion 156 is
approximately equal to but slightly larger (e.g., between about 0.0005” and about 0.001”
larger) than the outer diameter of the tubular member 176. Further, the tubular member 176
is configured to be positioned around a core wire and one or more conductors. More
specifically, the tubular member 176 includes an inner lumen that is sized and shaped to
receive the core wire and conductor(s). In the illustrated embodiment of Fig. 9, for sake of
clarity the core wire has been omitted. However, a conductor 178 extends within the lumen
of the tubular member 176 as shown. A portion 180 of the conductor 178 extends through an
opening in a sidewall of the tubular member 176. In that regard, the opening is in
communication with the lumen of the tubular member 176. As discussed below with respect
to Iigs. 10-12, in some instances the opening is an elongated slot or slit extending along a
length of the tubular member.

The portion 180 of the conductor 178 extending through the opening of the tubular
member 176 is electrically coupled to the conductive portion 154. In embodiments where the
conductor 178 includes an insulating layer or sheath around a conductive core, a section of
the insulating layer may be removed to expose a section of the conductive core. Any suitable
techniques can be utilized to electrically couple the conductor 178 to the conductive portion
154, including soldering, laser welding, and/or other suitable technique. In some instances,
the portion 180 of the conductor 178 is wrapped at least partially around the tubular member

176 such that the soldering or other electrically coupling can be performed away from the

-17-



10

15

20

25

30

WO 2014/005002 PCT/US2013/048539

opening of the tubular member 176. In some instances, the portion 180 is wrapped around
the tubular member 176 between about 90 degrees and about 270 degrees. As an example, in
some implementations the portion 180 of the conductor 178 is wrapped around the tubular
member such that the conductor 178 is soldered or otherwise electrically coupled to the
conductive portion 154 opposite to the opening of the tubular member (i.e., approximately
180 degrees around the circumference of the tubular member from the opening). With the
portion 180 of conductor 178 wrapped around the tubular member 176, the conductor 178
will be positioned between the conductive portion 154 and the insulating portion 156 such
that a gap or spacing 182 is created between the conductive portion 154 and the insulating
portion 156. In some instances, the spacing 182 is substantially equal to an outer diameter of
the conductor 178. Accordingly, in some implementations the spacing 182 is between about
0.0254 mm (0.001”) and about 0.0762 mm (0.003”). However, the spacing 182 is larger in
other implementations. It should be noted, that while a single conductor 178 is illustrated in
other instances a plurality of conductors may be passed through the opening in the tubular
member 176 and electrically coupled to the conductive portion 154.

It is understood that arrangements similar to that shown in Fig. 9 can be repeated for
any number of conductive portions of the connector portion 150. In that regard, a single
tubular member 176 may extend along the length of the connector portion 150 or a plurality
of tubular members may be utilized along the length of the connector portion 150. In that
regard, referring now to Figs. 10-12, shown therein are various embodiments of tubular
members according to the present disclosure. The one or more tubular members utilized
within the connector portion 150 have a structure similar to the embodiments of Figs. 10-12
in some instances.

Referring more specifically to Fig. 10, shown therein is a tubular member 190.
Tubular member 190 has a body 192 having a generally cylindrical profile with a central
lumen extending along its length. The body 192 has a length 194 and a diameter 196. The
length 194 varies greatly between implementations and is dependent on various factors such
as the number of tubular members utilized for the connector, number of conductive members
utilized, size of the conductive members utilized, size of insulating members utilized, and/or
other factors. In some instances, the length 194 is between about 12.7 mm (0.5”) and about
76.2 mm (3.0”), with some particular embodiments having a length of 41.9 mm (1.65”) and
33.0 mm (1.3”). In some implementations, the diameter 196 is between 0.0178 mm
(0.0007) and about 0.4572 mm (0.018”). In some instances, the diameter of the inner
lumen of the tubular member 190 is between about 0.0127 mm (0.0005”) and about 0.4318
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mm (0.017”). Accordingly, in some instances the tubular member 190 has a wall thickness
between an outer surface of the body 192 and the inner surface defining the lumen between
about 0.0127 mm (0.0005) and about 0.254 mm (0.01”"), with some particular embodiments
having a thickness of 0.0254 mm (0.001”), 0.04064 mm (0.0016”), and 0.0508 mm (0.002”).

The tubular member 190 also includes an elongated opening 198 extending along the
length of the body 192. In the illustrated embodiment of Fig. 10, the opening 198 extends
along the entire length 194 of the body 192. However, in other instances the opening extends
along only a portion of the length of the body 192. The opening 198 is in communication
with a central lumen 200 of the tubular member 190. In that regard, the opening 198 extends
through a sidewall of the body 192 to provide access to the central lumen 200 of the tubular
member 190. In the illustrated embodiment, the opening 198 has a substantially constant
profile along its length. In particular, the opening 198 has a width 202 that is constant along
the length of the opening 198. In some instances, the width 202 of the opening 198 is
between about .0254 mm (0.001”") and about 0.127 mm (0.005), with some particular
embodiments having a width of about 0.0762 mm (0.003™). In other instances, the opening
198 has a variable profile along its length. In that regard, the size, shape, orientation, position
around the circumference of the tubular member 190, and/or other aspect of the profile of the
opening 198 varies along the length of the opening.

Referring now to Fig. 11, shown therein is a tubular member 210 according to another
embodiment of the present disclosure. Tubular member 210 has a body 212 having a
generally cylindrical profile with a central lumen extending along its length. The body 212
has a length 214 and a diameter 216. The length 214 varies greatly between implementations
and is dependent on various factors such as the number of tubular members utilized for the
connector, number of conductive members utilized, size of the conductive members utilized,
size of insulating members utilized, and/or other factors. In some instances, the length 214 is
between about 12.7 mm (0.5”) and about 76.2 mm (3.0”), with some particular embodiments
having a length of 41.9 mm (1.65”) and 33.0 mm (1.3”). In some instances, the diameter 216
is between 0.0178 mm (0.0007) and about 0.4572 mm (0.018). In some instances, the
diameter of the inner lumen of the tubular member 210 is between about 0.0127 mm
(0.0005”) and about 0.4318 mm (0.017”). Accordingly, in some instances the tubular
member 210 has a wall thickness between an outer surface of the body 212 and the inner
surface defining the lumen between about 0.0127 mm (0.0005”) and about 0.254 mm (0.017),
with some particular embodiments having a thickness of 0.0254 mm (0.0017), 0.04064 mm
(0.00167), and 0.0508 mm (0.0027).
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The tubular member 210 also includes an elongated opening 218 extending along the
length of the body 212. The opening 218 is in communication with a central lumen 220 of
the tubular member 210. In that regard, the opening 218 extends through a sidewall of the
body 212 to provide access to the central lumen 220 of the tubular member 210. In the
illustrated embodiment of Fig. 11, the opening 218 extends along a majority, but less than the
entire length 214 of the body 212. In particular, the opening 218 extends along the body 212
a length 222 that is less than length 214. In some instances, the opening 218 extends along
the majority of the length 214 of the body 212 such that only a small section of the body 212
does not include opening 218. For example, in some instances the section of the body that
does not include opening 218 extends along the length of the body a distance between about
1.27 mm (0.050”) and about 12.7 mm (0.50"), with some particular embodiments having a
length of 4.57 mm (0.18”). In the illustrated embodiment, the opening 218 has a substantially
constant profile along its length. In particular, the opening 218 has a width 224 that is
constant along the length of the opening 218. In some instances, the width 224 of the
opening 218 is between about .0254 mm (0.001”) and about 0.127 mm (0.005"), with some
particular embodiments having a width of about 0.0762 mm (0.003”). In other instances, the
opening 218 has a variable profile along its length. In that regard, the size, shape, orientation,
position around the circumference of the tubular member 210, and/or other aspect of the
profile of the opening 218 varies along the length of the opening.

Referring now to Fig. 12, shown therein is a tubular member 230 according to another
embodiment of the present disclosure. Tubular member 230 has a body 232 having a
generally cylindrical profile with a central lumen extending along its length. The body 232
has a length 234 and a diameter 236. The length 234 varies greatly between implementations
and is dependent on various factors such as the number of tubular members utilized for the
connector, number of conductive members utilized, size of the conductive members utilized,
size of insulating members utilized, and/or other factors. In some instances, the length 234 is
between about 12.7 mm (0.5”) and about 76.2 mm (3.0”), with some particular embodiments
having a length of 41.9 mm (1.65”) and 33.0 mm (1.3”). In some instances, the diameter 236
is between 0.0178 mm (0.0007) and about 0.4572 mm (0.018). In some instances, the
diameter of the inner lumen of the tubular member 230 is between about 0.0127 mm
(0.0005”) and about 0.4318 mm (0.017”). Accordingly, in some instances the tubular
member 230 has a wall thickness between an outer surface of the body 232 and the inner

surface defining the lumen between about 0.0127 mm (0.0005”) and about 0.254 mm (0.017),
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with some particular embodiments having a thickness of 0.0254 mm (0.0017), 0.04064 mm
(0.00167), and 0.0508 mm (0.0027).

The tubular member 230 also includes an elongated opening 238 extending along the
length of the body 232. The opening 238 is in communication with a central lumen 240 of
the tubular member 230. In that regard, the opening 238 extends through a sidewall of the
body 232 to provide access to the central lumen 240 of the tubular member 230. In the
illustrated embodiment of Fig. 12, the opening 238 extends along only a portion of the entire
length 234 of the body 232. In particular, the opening 238 extends along the body 232 a
length 242 that is less than length 214. In some instances, the length 242 of the opening 238
is between about 30% and about 99% of the total length of the body, with some particular
embodiments having a length of about 40%, 50%, 75%, and 90% of the total length of the
body. In the illustrated embodiment, the opening 238 has a substantially constant profile
along its length. In particular, the opening 238 has a width 244 that is constant along the
length of the opening 238. In some instances, the width 244 of the opening 238 is between
about .0254 mm (0.001”") and about 0.127 mm (0.005”), with some particular embodiments
having a width of about 0.0762 mm (0.003”). In other instances, the opening 238 has a
variable profile along its length. In that regard, the size, shape, orientation, position around
the circumference of the tubular member 230, and/or other aspect of the profile of the
opening 238 varies along the length of the opening.

The tubular members 190, 210, and 230 of Figs. 10-12 may be formed of any suitable
material. In some embodiments, the tubular member is formed of an insulating material. In
some particular embodiments, the tubular member is formed of polyimide.

Referring now to Figs. 13-19, shown therein are various aspects of assembling a
proximal connector portion, such as connector portion 150 illustrated in Figs. 8 and 9,
according to an exemplary embodiment of the present disclosure. Referring initially to Fig.
13, a tubular member 252 is positioned around a core 254 and a plurality of conductors 256,
258, and 260. As shown, the core 254 and the plurality of conductors 256, 258, and 260
extend proximally (to the right as viewed in Fig. 13) beyond the end of the tubular member
252. To facilitate easier illustration of the assembly steps, the core 254 is illustrated in
phantom. In that regard, it is understood that in some instances the conductors 256, 258, and
260 are positioned around and run longitudinally along the core 254. In some embodiments,
the conductors 256, 258, and 260 are wrapped (e.g., helically, spiral, weaved, or otherwise)
around the core 254. In some embodiments, the conductors 256, 258, and 260 extend parallel

to the core 254 and parallel to one another. In some embodiments, portions of the conductors
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256, 258, and 260 are wrapped (e.g., helically, spiral, weaved, or otherwise) around the core
254, while other portions of the conductors 256, 258, and 260 extend parallel to the core 254.
The tubular member 252 is positioned coaxially around the core 254. In other embodiments,
the core 254 is offset with respect to a central longitudinal axis of the tubular member 252.
In some embodiments, the tubular member 252 is identical or similar to one or more of the
embodiments described above with respect to Figs. 10-12.

Referring now to Fig. 14, an insulating member 260 is positioned around the tubular
member 252. As shown, the insulating member 260 is positioned coaxially around the
tubular member 252. In some embodiments, the insulating member 260 is advanced distally
along the tubular member 252 until the insulating member 260 is positioned adjacent the
distal end of the tubular member 252. In that regard, in some instances the distal end of the
tubular member 252 is positioned adjacent to a proximal end of a flexible elongate member
(such as flexible elongate member 106), a proximal end of a conductive member, a proximal
end of an insulating member, and/or other component positioned of an intravascular device.
In one embodiment, the insulating member 260 is advanced along the tubular member until a
distal end of the insulating member 260 contacts a proximal end of flexible elongate member
106 of an intravascular device.

Referring now to Fig. 15, a portion 262 of the conductor 256 is advanced through an
opening in the tubular member 252, such as an opening similar to one or more of openings
198, 218, and 238 of tubular members 190, 210, and 238 discussed above. In some
embodiments, the portion 262 of the conductor 256 is wrapped at least partially around the
tubular member 252 such that the soldering or other electrically coupling can be performed
away from the opening of the tubular member 252. In some instances, the portion 262 is
wrapped around the tubular member 252 between about 90 degrees and about 270 degrees.
As an example, in some implementations the portion 262 of the conductor 256 is wrapped
around the tubular member such that the conductor 256 can be soldered or otherwise
electrically coupled to a conductive element positioned adjacent to and proximal to the
portion 262 on an opposite of the tubular member 252 from the opening of the tubular
member. Further, in embodiments where the conductor 256 includes an insulating layer or
sheath around a conductive core, a section of the insulating layer is removed to expose a
section of the conductive core. In that regard, it is understood that a section of the portion
262 wrapped around the tubular member 252 includes an insulating layer or sheath in some
instances, while the insulating layer or sheath around another section of the portion 262 is

removed to expose the underlying conductive material.
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Referring now to Fig. 16, a conductive element 264 is positioned around the tubular
member 252. In some embodiments, the conductive element 264 is advanced distally along
the tubular member 252 until the conductive element 264 is positioned adjacent the proximal
end of an insulating member 262. In that regard, in some instances the conductive element
264 is advanced until it contacts the portion 262 of the conductor 256 such that the
conductive element 264 is spaced from the insulating member 260 by the portion 262. The
portion 262 of the conductor 256 extending through the opening of the tubular member 252 is
electrically coupled to the conductive element 264. Any suitable techniques can be utilized
to electrically couple the portion 262 of the conductor 256 to the conductive element 264,
including soldering, laser welding, and/or other suitable technique. In some instances, the
wrapping of the portion 262 of the conductor 256 around the tubular member 252 and/or
removing a portion of an insulating layer or sheath is at least partially performed after the
conductive element 264 is positioned around the tubular member 252.

Referring now to Fig. 17, an insulating member 266 is positioned around the tubular
member 252. As shown, the insulating member 266 is positioned coaxially around the
tubular member 252. The insulating member 266 is advanced distally along the tubular
member 252 until the insulating member 266 is positioned adjacent a proximal end of the
conductive element 254. In some instances, the insulating member 266 is advanced distally
along the tubular member 252 until a distal end of the insulating member 266 contacts a
proximal end of the conductive element 254.

Referring now to Fig. 18, a portion 268 of the conductor 258 is advanced through the
opening in the tubular member 252. In some embodiments, the portion 268 of the conductor
258 is wrapped at least partially around the tubular member 252 such that the soldering or
other electrically coupling can be performed away from the opening of the tubular member
252. In some instances, the portion 268 is wrapped around the tubular member 252 between
about 90 degrees and about 270 degrees. As an example, in some implementations the
portion 268 of the conductor 258 is wrapped around the tubular member such that the
conductor 258 can be soldered or otherwise electrically coupled to a conductive element
positioned adjacent to and proximal to the portion 268 on an opposite of the tubular member
252 from the opening of the tubular member. Further, in embodiments where the conductor
258 includes an insulating layer or sheath around a conductive core, a section of the
insulating layer is removed to expose a section of the conductive core. In that regard, it is

understood that a section of the portion 268 wrapped around the tubular member 252 includes
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an insulating layer or sheath in some instances, while the insulating layer or sheath around
another section of the portion 268 is removed to expose the underlying conductive material.

Referring now to Fig. 19, a conductive element 270 is positioned around the tubular
member 252. In some embodiments, the conductive element 270is advanced distally along
the tubular member 252 until the conductive element 270is positioned adjacent the proximal
end of an insulating member 266. In that regard, in some instances the conductive element
270 is advanced until it contacts the portion 268 of the conductor 258 such that the
conductive element 270 is spaced from the insulating member 266 by the portion 268. The
portion 268 of the conductor 258 extending through the opening of the tubular member 252 is
electrically coupled to the conductive element 270. Any suitable techniques can be utilized
to electrically couple the portion 268 of the conductor 258 to the conductive element 270,
including soldering, laser welding, and/or other suitable technique. In some instances, the
wrapping of the portion 268 of the conductor 258 around the tubular member 252 and/or
removing a portion of an insulating layer or sheath is at least partially performed after the
conductive element 270 is positioned around the tubular member 252.

Steps similar to those described in Figs. 17-19 can be repeated to electrically couple
additional conductive elements to the plurality of conductors extending along the core wire
for any number of conductors and/or conductive elements. Further, in some embodiments,
multiple conductors of the plurality of conductors are coupled to a single conductive element.
For example, in one embodiment two conductors are coupled to a single conductive element.
In one such embodiment, the two conductors are electrically coupled to the conductive
element adjacent to one another. In other embodiments, the two conductors are electrically
coupled to the conductive element and spaced apart from one another. For example, one of
the conductors is electrically coupled to a distal end of the conductive element, while the
other conductor is electrically coupled to a proximal end of the conductive element. In one
particular implementation, one of the conductors is wrapped around the tubular member 252
adjacent a distal end of the conductive element, while the other conductor is wrapped around
the tubular member adjacent to a proximal end of the conductive element.

In some instances, an adhesive is utilized to secure one or more of the components in
place. For example, in some instances, either during each component placement or after all
components are placed and soldered together, the components are secured together with an
adhesive or other suitable material. In that regard, securing the components together serves
to greatly reduce or eliminate potential problems with the resulting device. For example, in

some implementations securing the components together prevents relative rotation of the
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components that can lead to conductor breakage. As another example, the adhesive can also
fill any potential fluid paths that lead to internal bridging. Accordingly, in some instances, all
internal gaps between a conductive bands/insulating spacers and the insulating tubular
member or support structure below is filled with adhesive. Such an approach serves to
eliminate any internal fluid pathways that may create a bridging effect and ensures that all
components are fixedly secured to one another such that they won’t mechanically shift, slip,
and/or rotate relative to other components. Further, in some instances adhesive is also
positioned between adjacent conductive bands and insulating spacers. In some embodiments,
similar implementations of adhesives are used for the other embodiments of the present
disclosure described below.

Generally, the adhesive(s) can be any adhesive that provides adequate locking of the
components and/or gap filling capability to eliminate internal fluid bridging. In some
instances the adhesive is a UV cured adhesive. Further, in some instances, the adhesive also
includes a heat cure and/or a secondary moisture cure to facilitate curing of areas that can’t be
UV cured. A flexible adhesive is used in some instances. One or more of the following
adhesive characteristics is taken into consideration in selecting the adhesive: adhesion and
shear strength (e.g., to ensure that the component(s) can’t rotate or slip, which would likely
result in a broken electrical connection and could allow fluid bridging); water resistance (e.g.,
water resistance adequate to eliminate potential for internal bridging of the electrical
contacts); viscosity (e.g., viscosity low enough to allow the adhesive to fill in the relatively
small spaces that would allow for fluid migration. It should be noted, however, that
adhesives that are slightly too viscous to wick into the gaps naturally can be forced into the
assembly gaps using pressurized application methods.); flexibility (e.g., to allow for the
typical manipulation of the proximal portion of the intravascular device during use. In
particular, if adhesive positioned under the insulating members cracks or otherwise separates
due to bending or other manipulation, internal fluid paths may open up between the
conductive bands); and/or other suitable adhesive characteristics. Examples of the types of
adhesives that can be used include: UV cured with secondary heat cure (e.g., Dymax
adhesives); UV cured, low viscosity silicones with secondary moisture cure (this type is
preferable in some applications because of the flexibility and water resistance);
cyanoacrylates; and/or other known or future developed adhesives.

Referring now to Figs. 20-22, shown therein are aspects of a connector portion 300 of
an intravascular device according to an embodiment of the present disclosure. As shown in

Fig. 20, the connector portion 300 includes conductive portions 302, 304 and insulating
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portions 306, 308. In that regard, the insulating portion 306 separates the conductive portion
302 from the conductive portion 304. In some instances, the insulating portion 308 separates
the conductive portion 302 from one or more other conductive portions (not shown) of the
connector portion 300. A section 310 extending proximally from the connector portion 300
to another section 312 that extends to a proximal end 314. The sections 310, 312 have
structures and arrangements as described above with respect to sections 118, 120 and 160,
162 in some instances. As discussed below, in some instances the connector portion 300
includes an element that defines structures similar to those of tubular member 252 and one or
more of the insulating members 160, 166 in a single, integrally formed member. In that
regard, a plurality of such elements are utilized in some implementations to electrically
couple a plurality of conductive elements to a plurality of conductors as described below in
the context of Figs. 29-34.

Referring now to Figs. 21 and 22, shown therein are additional details of the proximal
connector portion 300. As shown, the insulating portion 306 includes an outer surface having
a plurality of projections similar to insulating portion 156 described above. In that regard, the
connector portion 300 can include any number of projections (or omit the projections
entirely), but in some embodiments the connector portion 300 includes between 1 and 20
projections, with some particular embodiments having 0, 1, 5, and 8. In some instances, the
connector portion 300 has a generally cylindrical profile with a circular cross-section and the
projections likewise have a generally cylindrical profile with a circular cross-section, but with
an increased outer diameter relative to the outer surface. In that regard, the outer diameter of
the projections is between about 0.0127 mm (.0005) and about 0.0762 mm (0.003) greater
than the diameter of the outer surface of the connector portion 300 in some instances, with
some particular embodiments being0.0127 mm (.0005), 0.019 mm (0.00075”), and .0254
mm(0.0017) greater. Accordingly, in some instances the outer surface of the connector
portion 300 is recessed with respect to the projections by a distance between about 0.0127
mm (.0005”") and about 0.0762 mm (0.003”), with some particular embodiments being
recessed a distance of 0.0127 mm (.0005"), 0.019 mm (0.00075"), and .0254 mm(0.001").
The projections have a length along the longitudinal axis of the connector portion 300 about
0.0508 mm (0.002”) and about 1.27 mm (0.050”) in some instances, with some particular
embodiments having a length of 0.127 mm (0.0057), 0.254 mm (0.010”), and 0.508 mm
(0.0207). Further, the projections are spaced from another by a distance along the
longitudinal axis of the connector portion 300. The spacing distance can be any suitable

distance and varies in some instances based on the number of projections utilized, lengths of

26-



10

15

20

25

30

WO 2014/005002 PCT/US2013/048539

the projections utilized, and/or other factors. In that regard, it is understood that the
projections may have equal spacing along the length of the connector portion 300, unequal
spacing along the length of the connector portion 300, and/or a combination of equal and
unequal spacing along the length of the connector portion 300.

In some embodiments, the connector portion 300 includes transitions between the
outer surface and the projections. In the illustrated embodiment, the transitions are tapered
surfaces that extend at an oblique angle with respect to a longitudinal axis of the connector
portion 300. In other embodiments, the transitions are omitted such that a step is created at
the transition between outer surface and one or more of the projections. In that regard, a
surface extending between the outer surface and the projection outer surface extends
perpendicular to the longitudinal axis of the connector portion 300 in some instances.

As best seen in Fig. 21, the insulating portion 306 is integrally formed with tubular
portions 316 and 317. In that regard, in some instances the tubular portions 316 and 317
include structures and/or features similar to those described above with respect to tubular
members 176, 190, 210, 230, and 252. In that regard, the tubular portions 316 and 317 are
configured to be positioned around a core wire and one or more conductors in some
instances. More specifically, in some embodiments the tubular portions 316 and 317 include
an inner lumen that is sized and shaped to receive the core wire and conductor(s). In that
regard, the inner lumen extends continuously through the insulating portion 306 positioned
between the tubular portions 316 and 317 in some embodiments. As shown, the tubular
portion 316 is configured to be positioned within a distal section of conductive portion 304,
while tubular portion 317 is configured to be positioned within a proximal section of
conductive portion 302. As shown in Fig. 22, a conductor 318 extends within the lumen of
the tubular portion 317, the insulating portion 306, and the tubular portion 316 and extends
through an opening 319 in a sidewall of the tubular portion 316. In that regard, the opening
319 is in communication with the lumen. The opening 319 is an elongated slot or slit
extending along a length of the tubular portion 316 in some instances.

The conductor 318 extending through the opening 319 of the tubular portion 316 is
electrically coupled to the conductive portion 304. In embodiments where the conductor 318
includes an insulating layer or sheath around a conductive core, a section of the insulating
layer may be removed to expose a section of the conductive core. Any suitable techniques
can be utilized to electrically couple the conductor 318 to the conductive portion 304,
including soldering, laser welding, and/or other suitable technique. In some instances, the

conductor 318 is wrapped at least partially around the tubular portion 316 such that the
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soldering or other electrically coupling can be performed away from the opening 319 of the
tubular portion 316. In some instances, the conductor 318 is wrapped around the tubular
portion 316 between about 90 degrees and about 270 degrees. As an example, in some
implementations the conductor 318 is wrapped around the tubular portion 316 such that the
conductor 318 is soldered or otherwise electrically coupled to the conductive portion 304
opposite to the opening 319 of the tubular portion 316 (i.e., approximately 180 degrees
around the circumference of the tubular member from the opening). With the conductor 318
wrapped around the tubular portion 316, the conductor 318 will be positioned between the
conductive portion 304 and the insulating portion 306 such that a gap or spacing is created
between the conductive portion 304 and the insulating portion 306. In some instances, the
spacing is substantially equal to an outer diameter of the conductor 318. Accordingly, in
some implementations the spacing is between about 0.0254 mm (0.001”) and about 0.0762
mm (0.003”). However, the spacing is larger in other implementations. It should be noted,
that while a single conductor 318 is illustrated in other instances a plurality of conductors
may be passed through the opening 319 in the tubular portion 316 and electrically coupled to
the conductive portion 304.

It is understood that arrangements similar to that shown in Figs. 21 and 22 can be
repeated for any number of conductive portions of the connector portion 300. In that regard,
in some instances a kit consisting of a plurality of insulating portions and a plurality of
conductive portions is provided. A user can then assemble a connector portion having a
desired number of electrically isolated conductive portions by positioning an insulating
portion between a pair of conductive portions. In some instances, the provided insulating
portions of the kit all have the same structure. In other instances, the kit includes insulating
portions with varying structures/features. In particular, in some instances the insulating
portions has (a) a pair of tubular portions integrally formed therewith (e.g., similar to the
arrangement of insulating portion 306 and tubular portions 316 and 317 of Figs. 21 and 22),
(b) a single tubular portion integrally formed therewith (e.g., an arrangement of insulating
portion 306 that would include only one of the tubular portions 316 and 317, see also Fig.
28), or (c) no tubular portion integrally formed therewith (e.g., an arrangement of insulating
portion 306 that does not include either of the tubular portions 316 and 317). In that regard,
in some instances an insulating portion with a single tubular portion integrally formed
therewith is particularly suitable for use in isolating a distal most conductive portion of the

connector portion 300 from the flexible elongate member 106 of the intravascular device 102.
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Referring now to Figs. 23-25, shown therein are various stages of the formation of an
insulating member according to an embodiment of the present disclosure. In that regard, Fig.
23 shows a tubular member 320. In some instances, tubular member 320 has a cylindrical
outer profile with an outer diameter between about 0.0178 mm (0.0007”) and about 3.0 mm
(0.1187), with some particular embodiments having an outer diameter of 0.3556 mm
(0.014), 0.3683 mm (0.0145") and 0.4572 (0.018). Further, in some embodiments, the
tubular member 320 has an inner lumen extending along its length. In some instances, the
inner lumen has a circular cross-sectional profile with a diameter less than the outer diameter.
In that regard, the diameter of the lumen is between about 0.0508 mm (0.002”") and about
0.254 mm (0.017) less than the outer diameter of the tubular member 320 in some instances,
with some particular embodiments being between about 0.1016 mm (0.004) and 0.127 mm
(0.0057) less. Generally, the tubular member 320 can have any length as the tubular member
320 may be cut, ablated, and/or otherwise reduced in length or separated into multiple pieces
based on a desired length for the particular insulating member being formed in accordance
with the present disclosure. In some implementations, the desired length of the insulating
member is between about 12.7 mm (0.5”) and about 76.2 mm (3.0”), with some particular
embodiments having a length of 41.9 mm (1.65”) and 33.0 mm (1.3”). In that regard, in Figs.
23-25 the tubular member 320 is illustrated as having already been processed to the desired
length. The tubular member 320 is formed of an insulating material in some embodiments.
For example, in some particular embodiments the tubular member 320 is formed of
polyimide.

Referring more specifically to Fig. 24, portions of the tubular member 320 that are to
be removed to create the desired structure of the insulating member are identified. In that
regard, dashed lines 322 and 324 illustrate portions of the tubular member that will be
removed completely. In the illustrated embodiment, the dashed lines 322 and 324 are
indicative of a circumferential removal of material about the outer diameter of the tubular
member 320. Accordingly, as shown, removal of the material indicated by lines 322 and 324
serves to provide the tubular member with outer portions having a reduced diameter with
respect to a central portion, where material is not removed. In that regard, in some instances
the lines 322 and 324 are positioned inside the outer diameter of the tubular member 320,
such that the resulting tubular portions with reduced diameters have outer diameters that are
between 0.0254 mm (0.001) and about 0.1 mm (0.01”’) less than the outer diameter of the
tubular member 320, with some particular embodiments being between about 0.0508 mm

(0.002) and 0.127 mm (0.0057) less. Dashed lines 326 represent a portion of the tubular
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member 320 where material will be removed through one sidewall of the tubular member
320. In other words, material will be removed from the outer surface until the inner lumen of
the tubular member is accessed for the area represented by dashed lines 326. The portion of
the sidewall of the tubular member 320 opposite lines 326 is not removed in the illustrated
embodiment. However, in other instances, a portion, portions, or all of the sidewall of the
tubular member 320 opposite lines 326 is removed. In that regard, in some embodiments,
opposed openings are created within the opposing sidewalls of the tubular member 320 along
the path defined by lines 326. The material of tubular member 320 to be removed, as
indicated by lines 322, 324, and 326, can be removed using any suitable technique for the
particular material. Accordingly, in some instances the material is laser ablated.

Referring now to Fig. 25, shown therein is an insulating member 330 formed by
removing the material along lines 322, 324, and 326 as described above. As shown, the
insulating member 330 includes a tubular portion 332 (defined by the removal of material
along lines 322), a tubular portion 334 that includes an opening 336 extending along its
length (defined by the removal of material along lines 324 and 326), and an insulating portion
338 positioned between tubular portions 332 and 334. In that regard, the insulating portion
338 has the same outer diameter as tubular member 320 in some instances. In other
instances, an outer portion of the tubular member 320 is also removed to define insulating
portion 338 as well.

Referring now to Figs. 23, 26, and 27, shown therein are various stages of the
formation of an insulating member according to another embodiment of the present
disclosure. Again, Fig. 23 shows tubular member 320 that is utilized to form the insulating
member. Referring more specifically to Fig. 26, portions of the tubular member 320 that are
to be removed to create the desired structure of the insulating member are identified. In that
regard, dashed lines 342, 344, and 346 are substantially similar to lines 322, 324, and 326,
respectively, described above. Accordingly, these portions will not be discussed in detail
again. However, the plurality of dashed lines 348 illustrate portions of the tubular member
that will be removed to define projections of an insulating portion of the insulating member.
In that regard, the dashed lines 348 of the illustrated embodiment generally have a profile
configured to define a plurality of projections having structures similar to those of projections
168 illustrated in Fig. 9. However, it is understood that the dashed lines 348 can be
configured to define any desired projection shape and/or transition type between the

projection and other portions of the insulating member. In the illustrated embodiment, the
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dashed lines 348 are indicative of a circumferential removal of material about the outer
diameter of the tubular member 320.

Accordingly, as shown in Fig. 27, removal of the material indicated by lines 348
serves to provide the tubular member 350 with outer portions 351 having a reduced diameter
with respect to the resulting projections 352 where material is not removed (or removed to a
lesser extent). In that regard, in some instances the lines 348 have a depth such that the
resulting portions 351 with reduced diameters have outer diameters that are between 0.0127
mm (.0005) and about 0.0762 mm (0.003”) less than the outer diameter of the projections
352, with some particular embodiments being 0.0127 mm (.00057), 0.019 mm (0.00075”),
and .0254 mm(0.0017) less. In that regard, the insulating member 350 formed by removing
the material along lines 342, 344, 346, and 348 as described above includes a tubular portion
353 (defined by the removal of material along lines 342), a tubular portion 354 that includes
an opening 356 extending along its length (defined by the removal of material along lines 344
and 346), and an insulating portion 358 positioned between tubular portions 353 and 354
(defined by the removal of material along lines 348). In that regard, the projections 352 of
insulating portion 358 have the same outer diameter as tubular member 320 in some
instances. In other instances, an outer portion of the tubular member 320 is also removed to
define projections 352 of insulating portion 358 as well.

Referring now to Fig. 28, shown therein is an insulating member 360 according to
another embodiment of the present disclosure. As shown, the insulating member 360
includes an insulating portion 362 and a tubular portion 364. The tubular portion 364 has a
reduced profile relative to the insulating portion 362 and includes an opening 366 extending
along its length. In some instances, the insulating portion 362 and the tubular portion 364 are
similar to insulating portions and tubular portions, respectively, of other embodiments of the
present disclosure. However, as shown, the insulating member 360 includes only one tubular
portion such that the insulating portion 362 defines one end of the insulating member 360 and
the tubular portion 364 defines the opposing end of the insulating member. In some
implementations, insulating members having structures similar to insulating member 360 are
utilized for the distal most and/or proximal most insulating members of a connector portion
of an intravascular device.

Referring now to Figs. 29-34, shown therein are various aspects of assembling a
proximal connector portion, such as connector portion 300 illustrated in Figs. 20-22,
according to an exemplary embodiment of the present disclosure. Referring initially to Fig.

29, an insulating member 370 is positioned around a core 254 and a plurality of conductors
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256, 258, and 260. As shown, the core 254 and the plurality of conductors 256, 258, and 260
extend proximally (to the right as viewed in Fig. 29) beyond the end of the insulating member
370. Again, to facilitate easier illustration of the assembly steps, the core 254 is illustrated in
phantom. In that regard, it is understood that in some instances the conductors 256, 258, and
260 are positioned around and run longitudinally along the core 254. In some embodiments,
the conductors 256, 258, and 260 are wrapped (e.g., helically, spiral, weaved, or otherwise)
around the core 254. In some embodiments, the conductors 256, 258, and 260 extend parallel
to the core 254 and parallel to one another. In some embodiments, portions of the conductors
256, 258, and 260 are wrapped (e.g., helically, spiral, weaved, or otherwise) around the core
254, while other portions of the conductors 256, 258, and 260 extend parallel to the core 254.
The insulating member 370 is positioned coaxially around the core 254. In other
embodiments, the core 254 is offset with respect to a central longitudinal axis of the
insulating member 370. In some embodiments, the insulating member 370 is identical or
similar to one or more of the embodiments described above with respect to Figs. 21, 22, 25,
27, or 28. In the illustrated embodiment, insulating member 370 is similar to insulating
member 360 of Fig. 28.

Referring now to Fig. 30, a portion 372 of the conductor 256 is advanced through an
opening in the tubular member 370, such as an opening similar to one or more of openings
319, 336, 356, and 366 discussed above. In some embodiments, the portion 372 of the
conductor 256 is wrapped at least partially around a portion of insulating member 370 such
that the soldering or other electrically coupling can be performed away from the opening. In
some instances, the portion 372 is wrapped around the insulating member 370 between about
90 degrees and about 270 degrees. As an example, in some implementations the portion 372
of the conductor 256 is wrapped around the tubular member such that the conductor 256 can
be soldered or otherwise electrically coupled to a conductive element positioned adjacent to
and proximal to an insulating portion of the insulating member 370 on an opposite of the
insulating member 370 from the opening. Further, in embodiments where the conductor 256
includes an insulating layer or sheath around a conductive core, a section of the insulating
layer is removed to expose a section of the conductive core. In that regard, it is understood
that a section of the portion 372 wrapped around the tubular portion of the insulating member
370 includes an insulating layer or sheath in some instances, while the insulating layer or
sheath around another section of the tubular portion is removed to expose the underlying

conductive material.
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Referring now to Fig. 31, a conductive element 374 is positioned around the tubular
portion of insulating member 370. In some embodiments, the conductive element 374 is
advanced distally along the tubular portion of insulating member 370 until the conductive
element 374 is positioned adjacent the proximal end of the insulating portion of insulating
member 370. In that regard, in some instances the conductive element 374 is advanced until
it contacts the portion 372 of the conductor 256 such that the conductive element 374 is
spaced from the insulating portion of insulating member 370 by the portion 372. The portion
372 of the conductor 256 extending through the opening of the tubular portion of the
insulating member 370 is electrically coupled to the conductive element 374. As noted
previously, any suitable techniques can be utilized to electrically couple the portion 372 of
the conductor 256 to the conductive element 374, including soldering, laser welding, and/or
other suitable technique. In some instances, the wrapping of the portion 372 of the conductor
256 around the tubular portion of the insulating member 370 and/or removing a portion of an
insulating layer or sheath is at least partially performed after the conductive element 374 is
positioned around the tubular portion of the insulating member 370.

Referring now to Fig. 32, an insulating member 376 is positioned around a core 254
and conductors 258 and 260. The insulating member 376 is positioned coaxially around the
core 254. In other embodiments, the core 254 is offset with respect to a central longitudinal
axis of the insulating member 376. In some embodiments, the insulating member 376 is
identical or similar to one or more of the embodiments described above with respect to Figs.
21,22, 25,27, or 28. In the illustrated embodiment, insulating member 376 is similar to
insulating member 330 of Fig. 25. The insulating member 376 is advanced distally over the
core 254 until an insulating portion of the insulating member 376 is positioned adjacent to a
proximal end of the conductive element 374. In some instances, the insulating member 376
is advanced distally along the core 254 until a distal end of the insulating portion of the
insulating member 376 contacts a proximal end of the conductive element 374. In the
illustrated embodiment, a distal tubular portion of the insulating member 376 extends within
conductive element 374. As shown, the distal end of the distal tubular portion of the
insulating member 376 is spaced from the proximal end of the proximal tubular portion of
insulating member 370, represented by space 378. Generally, the length of space 378 along
the longitudinal axis of the core 254 is between about 0.127 mm (0.005”") and about 5.08 mm
(0.207), with some particular embodiments having lengths of 1.27 mm (0.0507), 2.54 mm
(0.107), and 3.81 mm (0.150”). In that regard, the length of space 378 is representative of the

distance between the distal end of the distal tubular portion of the insulating member 376 and

-33-



10

15

20

25

30

WO 2014/005002 PCT/US2013/048539

the proximal end of the proximal tubular portion of insulating member 370. In some
instances, there is no space between the distal end of the distal tubular portion of the
insulating member 376 and the proximal end of the proximal tubular portion of insulating
member 370. In other words, the insulating member 376 is advanced until the distal end of
the distal tubular portion of the insulating member 376 contacts the proximal end of the
proximal tubular portion of insulating member 370.

Referring now to Fig. 33, a portion 380 of the conductor 258 is advanced through an
opening in the proximal tubular portion of insulating member 376, such as an opening similar
to one or more of openings 319, 336, 356, and 366 discussed above. In some embodiments,
the portion 380 of the conductor 258 is wrapped at least partially around a portion of
insulating member 376 such that the soldering or other electrically coupling can be performed
away from the opening. In some instances, the portion 380 is wrapped around the insulating
member 376 between about 90 degrees and about 270 degrees. As an example, in some
implementations the portion 380 of the conductor 258 is wrapped around the tubular member
such that the conductor 258 can be soldered or otherwise electrically coupled to a conductive
element positioned adjacent to and proximal to an insulating portion of the insulating member
376 on an opposite of the insulating member 376 from the opening. Further, in embodiments
where the conductor 256 includes an insulating layer or sheath around a conductive core, a
section of the insulating layer is removed to expose a section of the conductive core. In that
regard, it is understood that a section of the portion 380 wrapped around the tubular portion
of the insulating member 376 includes an insulating layer or sheath in some instances, while
the insulating layer or sheath around another section of the tubular portion is removed to
expose the underlying conductive material.

Referring now to Fig. 34, a conductive element 382 is positioned around the proximal
tubular portion of insulating member 376. In some embodiments, the conductive element
382 is advanced distally over the core 254 and along the proximal tubular portion of
insulating member 376 until the conductive element 382 is positioned adjacent the proximal
end of the insulating portion of insulating member 376. In that regard, in some instances the
conductive element 382 is advanced until it contacts the portion 380 of the conductor 258
such that the conductive element 382 is spaced from the insulating portion of insulating
member 376 by the portion 380. The portion 380 of the conductor 258 extending through the
opening of the proximal tubular portion of the insulating member 376 is electrically coupled
to the conductive element 382. As noted previously, any suitable techniques can be utilized

to electrically couple the portion 380 of the conductor 258 to the conductive element 382,
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including soldering, laser welding, and/or other suitable technique. In some instances, the
wrapping of the portion 380 of the conductor 258 around the proximal tubular portion of the
insulating member 376 and/or removing a portion of an insulating layer or sheath is at least
partially performed after the conductive element 382 is positioned around the proximal
tubular portion of the insulating member 376.

Steps similar to those described in Figs. 32-34 can be repeated to electrically couple
additional conductive elements to the plurality of conductors extending along the core wire
for any number of conductors and/or conductive elements. In some embodiments, an
insulating member having a single tubular portion integrally formed with an insulating
portion is utilized adjacent the proximal most conductive element. In that regard, in some
instances, the tubular portion is arranged distally of the insulating portion, such that the
tubular portion extends within the proximal most conductive element and the insulating
portion serves as a proximal boundary of the connector portion. Further, in some
embodiments, multiple conductors of the plurality of conductors are coupled to a single
conductive element.

Persons skilled in the art will also recognize that the apparatus, systems, and methods
described above can be modified in various ways. Accordingly, persons of ordinary skill in
the art will appreciate that the embodiments encompassed by the present disclosure are not
limited to the particular exemplary embodiments described above. In that regard, although
illustrative embodiments have been shown and described, a wide range of modification,
change, and substitution is contemplated in the foregoing disclosure. It is understood that
such variations may be made to the foregoing without departing from the scope of the present
disclosure. Accordingly, it is appropriate that the appended claims be construed broadly and

in a manner consistent with the present disclosure.
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What is claimed is:
1. An intravascular device, comprising:

a first insulating member positioned around a plurality of conductors and a core
member such that the plurality of conductors and the core member are at least partially
positioned within a lumen of the first insulating member, the first insulating member having a
first portion with a first diameter, a second portion with a second diameter less than the first
diameter, and an opening extending along a length of the first insulating member in
communication with the lumen; and

a first conductive member positioned around the second portion of the first insulating
member, wherein a first of the plurality of conductors extends through the opening in the first

insulating member and is electrically coupled to the first conductive member.

2. The intravascular device of claim 1, wherein the opening of the first insulating

member extends along only a portion of the length of the first insulating member.

3. The intravascular device of claim 2, wherein the opening of the first insulating

member extends along the second portion of the first insulating member.

4, The intravascular device of claim 1, wherein the first conductive member has an outer

diameter equal to the first diameter.

5. The intravascular device of claim 1, further comprising a second insulating member
positioned around the plurality of conductors, less the first of the plurality of conductors, and
the core member such that the plurality of conductors, less the first of the plurality of
conductors, and the core member are at least partially positioned within a lumen of the
second insulating member, wherein a first portion of the second insulating member has a
third diameter, a second portion of the second insulating member has a fourth diameter less
than the third diameter, and a third portion of the second insulating member has a fifth

diameter less than the third diameter.

6. The intravascular device of claim 5, wherein the third portion of the second insulating

member is positioned at least partially within the first conductive member.
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7. The intravascular device of claim 6, further comprising a second conductive member
positioned around the second portion of the second insulating member such that the first
portion of the second insulating member is positioned between the first conductive member

and the second conductive member.

8. The intravascular device of claim 7, wherein a second of the plurality of conductors is

electrically coupled to the second conductive member.

0. The intravascular device of claim 8§, wherein the second of the plurality of conductors
extends through an opening extending along a length of the second insulating member in

communication with the lumen of the second insulating member.

10. A method of assembling an intravascular device, comprising:

positioning a first tubular member around a plurality of conductors and a core
member such that the plurality of conductors and the core member are at least partially
positioned within a lumen of the first tubular member, the first tubular member including an
opening extending along a length of the first tubular member in communication with the
lumen;

advancing a first of the plurality of conductors through the opening of the first tubular
member;

positioning a first conductive member around the first tubular member; and

electrically coupling the first of the plurality of conductors to the first conductive

member.

11. The method of claim 10, further comprising:

positioning a first insulating member around the first tubular member adjacent to the
first conductive member;

positioning a second conductive member around the first tubular member adjacent to
the first insulating member such that the first insulating member is positioned between the
first and second conductive members; and

electrically coupling a second of the plurality of conductors to the second conductive

member.
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12. The method of claim 11, further comprising advancing the second of the plurality of

conductors through the opening of the first tubular member.

13. The method of claim 11, further comprising:

positioning a second insulating member around the tubular member adjacent to the
second conductive member;

positioning a third conductive member around the tubular member adjacent to the
second insulating member such that the second insulating member is positioned between the
second and third conductive members; and

electrically coupling a third of the plurality of conductors to the third conductive

member.

14. The method of claim 10, further comprising:

positioning a second tubular member around the plurality of conductors, less the first
of the plurality of conductors, and the core member such that the plurality of conductors, less
the first of the plurality of conductors, and the core member are at least partially positioned
within a lumen of the second tubular member, wherein a first portion of the second tubular
member has a third diameter, a second portion of the second tubular member has a fourth
diameter less than the third diameter, and a third portion of the second tubular member has a

fifth diameter less than the third diameter.

15. The method of claim 14, wherein the second tubular member is positioned around the
plurality of conductors, less the first of the plurality of conductors, and the core member such
that the third portion of the second tubular member is positioned at least partially within the

first conductive member.

16. The method of claim 14, further comprising positioning a second conductive member
around the second portion of the second tubular member such that the first portion of the
second tubular member is positioned between the first conductive member and the second

conductive member.

17. The method of claim 16, further comprising electrically coupling a second of the

plurality of conductors to the second conductive member.

-38-






PCT/US2013/048539

WO 2014/005002

2/16

G b1
011 801
= —
b1l /WS v/ rag
0zl
8TI
Wit T e
. 2 b1 o1
orr S8 R \w: wmﬁ/
_ — )
ozl vl H/ /WS v/ ,w:

(44!



PCT/US2013/048539

WO 2014/005002

3/16

811

v bi

[44! 4! 8¢l

144!

9¢1 pel cel 901

144!
(44!

¢ bi

(44! ovl1 8¢l

5 5 5

wﬁ f

9¢1 pel (47! 901

01




PCT/US2013/048539

WO 2014/005002

4/16

(44!

., bi

ovl 8¢l

O:/A

9¢1

(44!

/

pel cel

0Cl1

9 b1

ovl 8¢l

5 5

901

9¢1

pel (47!

141!
0C1

901




PCT/US2013/048539

WO 2014/005002

5/16

91

091

12!

3 22 _ - - S
—>| _A|f 1€ / > 9L1 /
_AuuuuﬁuﬂuL 8L
z81 vLI
Ll
g ‘bi4
961 8ST
N S

6 b1

9¢1

OLT 891 OLI

S

r/

(49!

»;/

0S1



eve 2L b4
N _

Nmﬂ :,N 1 Big cee 0€T

0cc 31¢

. _

5/ 01 Bi
"

61
o6l



PCT/US2013/048539

WO 2014/005002

7/16

ARE
f

N

¢ _ [™~—09¢

_ [~—8S¢

_“ —~—967

1274

gl b4

I [~09¢

_ [~—8GC

[~-95C

1274

(44

0S¢



PCT/US2013/048539

WO 2014/005002

8/16

g} b4

y9¢

09¢

N

~~—09¢

85S¢

(44

Gl b4

X
X

09¢

N

1274

[4

g

[4

96T




99¢

gl b4

#9¢ 092

... ... ... .

PCT/US2013/048539

1274

(44

9/16

897~

N,

99¢

L1 B4

v9¢C 092

~—09¢C

WO 2014/005002




PCT/US2013/048539

WO 2014/005002

10/16

61 b4

0LT 99¢ 79¢C 092

(44




PCT/US2013/048539

WO 2014/005002

11/16

/

y0¢




PCT/US2013/048539

WO 2014/005002

12/16

Ge b4

9€€ pee oL »/ ke
0€€

2 b4

9ce (4 (443
142 (443
0ce

cg b4




PCT/US2013/048539

WO 2014/005002

13/16

9¢¢

b

9re

99¢

AR

1232

1443

gg b4

v9e 79¢

/2 b4

85¢

9z ‘b4

143 8re 143

//

)//

09¢

£se
0S¢e

e

A
ot

e
LR iiA s

(4243

14242

8ve 8ve 8ve



og 614

CLE—~

PCT/US2013/048539

~~—09C
86T
[™—~96¢

0LE

14/16

0

WO 2014/005002



PCT/US2013/048539

WO 2014/005002

15/16

2¢ b4

8LE YLE 0LE

bLE 0LE




PCT/US2013/048539

WO 2014/005002

16/16

¢ B4

o, Mg

Vi

8¢

9LE

8LE

cg b4

PLE

0LE

08¢ —

P

8LE f

PLE

0LE

~—09¢
1-86T

96T




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/048539

A. CLASSIFICATION OF SUBJECT MATTER
AG1F 2/06(2006.01)i, A61M 25/01(2006.01)i, A61F 2/07(2013.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
AG1F 2/06; A61IM 25/09; A61B 8/12; HOIR 43/00; A61M 25/00; A61B 5/022; A61B 6/00; A61B 5/00; A61M 25/01; A61F 2/07

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: intravascular, insulating, conductive, conductor, core

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010-0262040 A1 (VON MALMBORG, P.) 14 October 2010 1-4,10
See paragraphs [0026], [0028], [0030], [0033]; figures 2, 3, 7.
A 5-9,11-17
A US 2004-0181177 A1 (LEE, C. et al.) 16 September 2004 1-17

See paragraph [0040]; figure 1.

A US 2011-0046494 A1 (BALJI, J. et al.) 24 February 2011 1-17
See paragraph [0032]; figure 6.

A US 6078831 A (BELEF, W. M. et al.) 20 June 2000 1-17
See claims 1, 17.

A US 2004-0267115 A1 (CARR, K. L.) 30 December 2004 1-17
See abstract; claims 1, 7; and figure 1.

|:| Further documents are listed in the continuation of Box C. g See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
11 October 2013 (11.10.2013) 11 October 2013 (11.10.2013)
Name and mailing address of the [ISA/KR Authorized officer

Korean Intellectual Property Office
\ 189 Cheongsa-ro, Seo-gu, Dacjeon Metropolitan City, HAN In Ho
. 302-701, Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-3362

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/048539
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010-0262040 Al 14/10/2010 WO 2009-054805 Al 30/04/2009
US 2004-0181177 Al 16/09/2004 AU 3927802 A 27/05/2002
CA 2468252 Al 23/05/2002
US 2002-0161421 Al 31/10/2002
US 6714809 B2 30/03/2004
US 2011-0046494 Al 24/02/2011 CN 101991409 A 30/03/2011
US 06078831 A 20/06/2000 AU 1998-95872 Al 23/04/1999
AU 1999-10630 Al 23/04/1999
CA 2250774 Al 09/10/1997
CA 2305375 Al 08/04/1999
CA 2305425 Al 08/04/1999
CA 2305702 Al 08/04/1999
CA 2511365 Al 09/10/1997
EP 0892705 A2 20/07/2005
EP 0892705 Bl 22/10/2008
EP 1018940 Al 19/07/2000
EP 1019228 Al 19/07/2000
EP 1019228 Bl 01/12/2004
EP 1020057 Al 19/07/2000
EP 1020057 Bl 18/02/2004
EP 1026982 Al 16/08/2000
EP 1026982 Bl 16/11/2005
EP 1537908 Al 08/06/2005
EP 1537908 Bl 04/04/2012
JP 2000-507892 A 27/06/2000
JP 2001-518401 A 16/10/2001
JP 2001-518749 A 16/10/2001
JP 2003-525638 A 02/09/2003
JP 2006-075611 A 23/03/2006
JP 2009-041026 A 26/02/2009
JP 2010-280905 A 16/12/2010
KR 10-0477497 Bl 30/09/2005
KR 10-0617997 Bl 05/09/2006
US 05811642 A 22/09/1998
US 06021162 A 01/02/2000
US 06040364 A 21/03/2000
US 06048923 A 11/04/2000
US 06075084 A 13/06/2000
US 06131815 A 17/10/2000
US 06159177 A 12/12/2000
US 2001-0029337 Al 11/10/2001
US 2002-0016404 Al 07/02/2002
US 2002-0188189 Al 12/12/2002
US 2003-0114744 Al 19/06/2003
US 2003-195276 Al 16/10/2003
US 2003-203992 Al 30/10/2003

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/048539
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2006-0111475 Al 25/05/2006
US 6261246 Bl 17/07/2001
US 6365663 B2 02/04/2002
US 6413478 Bl 02/07/2002
US 6459921 Bl 01/10/2002
US 6529760 B2 04/03/2003
US 6796945 B2 28/09/2004
US 7105595 B2 12/09/2006
US 7582688 B2 01/09/2009
WO 97-36724 A2 09/10/1997
WO 99-16347 Al 08/04/1999
WO 99-16355 Al 08/04/1999
WO 99-16600 Al 08/04/1999
WO 99-17249 Al 08/04/1999
WO 99-17508 Al 08/04/1999
US 2004-0267115 Al 30/12/2004 US 7263398 B2 28/08/2007

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - wo-search-report
	Page 57 - wo-search-report
	Page 58 - wo-search-report

