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(7) ABSTRACT

An intravascular device, such as a stylet or catheter, having
a flexible, atraumatic tip is disclosed. The intravascular
device includes an elongate member having a proximal end,
a distal end, and an inner lumen extending between the
proximal end and the distal end; a ring electrode disposed at
the distal end of the elongate member; an ultrasound sensor
disposed at a distal end of the ring electrode; and a first
electrical conductor configured to convey an electrocardio-

Int. Cl. gram signal from the ring electrode to a processor. The first
A61B 5/06 (2006.01) electrical conductor may comprise a tapered distal segment
A61B 8/08 (2006.01) or a braided segment.
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INTRAVASCULAR SENSING DEVICES
HAVING FLEXIBLE TIP STRUCTURE

TECHNICAL FIELD

[0001] This disclosure generally relates to intravascular
devices, such as stylets or catheters, and more specifically,
a stylet having a flexible tip that includes one or more
sensors.

BACKGROUND

[0002] Intravascular catheters, including peripherally
inserted central catheters (“PICCs™) may be used to admin-
ister nutritional agents, chemotherapy, antibiotics, or other
medications to a patient, and meet other clinical needs such
as hemodialysis and blood drawing. In general, it is neces-
sary to place the tip of an intravascular catheter at a specific
location within a patient, such as within the lower half of the
superior vena cava to the cavoatrial junction. Traditionally,
the tip location of an intravascular catheter is confirmed via
X-ray imaging. But due to differences in patient anatomy
and difficulties in navigating venous pathways, the process
of placing an intravascular catheter within a patient is labor
and time-intensive and may expose a patient to multiple
rounds of X-ray imaging.

[0003] As an alternative to using X-rays, a stylet equipped
with an electrocardiogram (“ECG”) sensor (e.g., an ECG
electrode) or a Doppler sensor (e.g., an ultrasonic trans-
ducer) may be used to confirm the tip location of an
intravascular catheter as the catheter is being inserted
through the venous pathway of a patient. The use of ECG
signals or Doppler signals to track placement of catheters
reduces the need for X-ray imaging, which reduces patient
exposure to radiation and decreases the cost and time needed
for placing catheters within patients.

[0004] Current sensor-equipped stylets may include stain-
less steel components. Oftentimes, the distal tips of these
stylets are rigid in design, and therefore may damage vessel
walls during catheter insertion. Therefore, there is a need for
a stylet having a flexible tip such that injury o vessels is
reduced.

SUMMARY

[0005] The foregoing needs are met, to a great extent, by
an intravascular device, such as a stylet or catheter, having
a flexible tip. In one or more aspects, the intravascular
device includes an elongate member having a proximal end,
a distal end, and an inner lumen extending between the
proximal end and the distal end; a ring electrode disposed at
the distal end of the elongate member; an ultrasound sensor
disposed at a distal end of the ring electrode; a first electrical
conductor configured to convey an electrocardiogram signal
from the ring electrode to a processor; and an adaptor
member connecting the first electrical conductor to the ring
electrode. The first electrical conductor may comprise a
tapered distal segment, where a distal portion of the tapered
distal segment is attached to the adaptor member and a distal
portion of the adaptor member is attached to the ring
electrode. The proximal portion of the adaptor member can
be disposed within the elongate member and the distal
portion of the adaptor member can be disposed within the
ring electrode.

[0006] In some aspects, the first electrical conductor may
comprise a gradual taper that transitions from a larger
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diameter to a smaller diameter over 2 to 3 inches. In other
aspects, the first electrical conductor may comprise a quick,
steep taper that transitions from a larger diameter to a
smaller diameter in a short distance, thereby providing a
region of 2 to 3 inches at the smaller diameter. In still other
aspects, the first electrical conductor may comprise multiple
wires that end at different points, thereby creating greater
flexibility in a region with fewer wires than a region with
more wires. In yet another aspect, the first electrical con-
ductor may comprise a variable-pitch braided wire rein-
forcement

[0007] Details of one or more implementations of the
disclosure are set forth in the accompanying drawings and
the description below. Other aspects of the disclosure will be
apparent from the description and drawings, and from the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In order that the disclosure may be readily under-
stood, aspects of the disclosure are illustrated by way of
examples in the accompanying drawings, in which like
reference numerals refer to like elements throughout.
[0009] FIG. 1 is a side view of an intravascular device
including a flexible tip stylet.

[0010] FIG. 2a is a partial cross-sectional view of a
proximal end of an intravascular device including connec-
tors and other structures for supporting a proximal end of a
flexible tip stylet.

[0011] FIG. 25 is an enlarged view of electrical conductors
or cables of a flexible tip stylet extending from a proximal
end of a tubular member.

[0012] FIG. 3 is an enlarged view of a distal portion of a
flexible tip stylet.

[0013] FIG. 4isan enlarged view of an ECG electrode and
an ultrasound sensor disposed at a distal end of a flexible tip
stylet.

[0014] FIG. 5 is a cross-sectional view of an ECG elec-

trode and an ultrasound sensor disposed at a distal end of a
flexible tip stylet.

[0015] FIGS. 6a and 6 depict a first example of an
electrical wire or conductor for conveying an ECG signal.
[0016] FIGS. 7a and 75 depict a second example of an
electrical wire or conductor for conveying an ECG signal.
[0017] FIGS. 8a and 85 depict a third example of an
electrical wire or conductor for conveying an ECG signal.
[0018] FIGS. 9a and 95 depict a fourth example of an
electrical wire or conductor for conveying an ECG signal.
[0019] FIGS. 10a and 105 depict a fifth example of an
electrical wire or conductor for conveying an ECG signal.
[0020] FIG. 11 is a perspective view of a distal portion of
a flexible tip stylet having a braided electrical conductor.
[0021] FIG. 12 is a perspective view of a distal portion of
another flexible tip stylet having a braided electrical con-
ductor.

DETAILED DESCRIPTION

[0022] Access to a patient’s vasculature is a known way to
provide therapy, administer pharmacological agents and
meet other clinical needs. Numerous procedures exist in
both venous and arterial systems and are selected based on
patient need. One challenge common to all vascular-based
therapies is access to a specific location or section of a
patient’s vasculature. Another challenge of vascular-based



US 2018/0242881 Al

access therapy is that X-ray imaging, and at times ultrasound
imaging, is required in order to confirm the proper position-
ing and placement of intravascular devices, such as cath-
eters, stylets, guidewires, and other elongate bodies, that are
inserted percutaneously into the venous or arterial vascula-
ture of a patient.

[0023] One common type of venue access procedure is
central venous access. Central venous access involves the
placement of a venous catheter in a vein that leads directly
to the heart Venous access devices are most often used for
administering medications, such as antibiotics, chemo-
therapy drugs, and other intravenous drugs; administering
fluids and nutritional compounds (e.g., hyperalimentation);
transfusion of blood products; hemodialysis; and multiple
blood draws for diagnostic testing; among others. Conven-
tional central venous access devices are small, flexible tubes
placed in large veins for people who require frequent access
to their bloodstream. These devices often remain in place for
long periods of time, such as a week, a month, or even
longer.

[0024] Traditional surgically placed central catheters are
increasingly being replaced by peripherally inserted central
venous access devices such as PICCs. PICC lines usually
cause fewer severe complications than central venous access
devices and are used in a variety of clinical procedures,
including long-term drug delivery, chemotherapy proce-
dures, delivery of intravenous medications or intravenous
nutrition, and blood draws. Insertion of PICC lines usually
is a very time and labor-intensive procedure for hospital
staff, which makes it expensive. During the procedure, the
physician or nurse places the catheter into a superficial arm
vein such as the cephalic, basilic, antecubital, median cubi-
tal, or other superficial vein with the goal of having the distal
end of the catheter reach the superior vena cava. For
example, after entering a superficial vein around an area
where a patient’s arm bends (e.g., the elbow), the catheter is
advanced up the subclavian vein and the brachiocephalic
vein before it enters the superior vena cava.

[0025] Methods of guiding PICC lines include external
electromagnetic sensors and intravascular ECG-guided cath-
eters. In the case of electromagnetic sensors, the PICC line
is guided by assessing the distance between an electromag-
netic element at the tip of the device, (e.g.. a coil) and an
external, out-of-body receiver. In the case of intravascular
ECG-guided catheters, physicians rely on the classic
increase in P-wave size to determine the location of catheter
tips in the proximity of the sinoatrial node. Existing methods
include using a catheter filled with saline with an ECG
adaptor at the proximal end of the catheter that is connected
to an ECG system.

[0026] In addition to guiding a catheter through the vas-
culature, the location of the catheter tip is very important to
the success of a procedure. Catheters will generally function
equally well for pressure measurement and fluid infusion if
the tip is situated in any major vein, above or below the
heart. It is also of major interest that the catheter tip stays in
place after placement for the whole duration of the treat-
ment. If the catheter tip moves, not only its effectiveness
diminished but, in some situations, it can damage the heart
or surrounding blood vessels. Typically, an interventional
radiologist uses a fluoroscopic agent to delineate the veins in
the body and subsequently verifies the correct positioning of
the catheter tip by routinely taking post-operative X-rays.
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[0027] Accordingly, there is a need for an apparatus that
optimizes intravascular guidance and placement of catheters
in a patient without the need to for a confirmatory X-ray.
Removing the need for X-ray imaging reduces patient
exposure to radiation and the cost and time associated with
X-ray imaging. Further there remains a need for a catheter
guidance and placement system that may be used to safely
guide and place catheters in clinical environments other than
in a radiology department. As such, there remains a need in
the medical arts for instruments, systems and associated
methods for locating, guiding and placing catheters and
other instruments into the vasculature generally.

[0028] Systems and methods described herein provide an
intravascular device that aids in the insertion and confirma-
tion of the tip location of a catheter, such as a PICC. Such
systems and methods use a flexible-tip, low impedance
electrode to detect an intravascular ECG signal along with
Doppler signals collected by a ultrasonic transducer to track
the movement of a catheter through a patient’s vasculature.
By relying on ECG and Doppler data, systems and methods
described herein negate the need for X-ray imaging, saving
time and money and reducing radiation exposure. Such
systems and methods employ low impedance ECG elec-
trodes to ensure good quality ECG measurements. Such
systems and methods also include a flexible tip design that
reduces the potential of damaging a patient’s vessel walls as
a catheter is navigated through the patient’s vasculature.

[0029] According to aspects of the disclosure, a stylet that
may be positioned within a catheter includes an ECG
electrode and an ultrasonic transducer. The ECG electrode
may be electrically connected to an electrical conductor that
transmits ECG signals from the ECG electrode to an exter-
nal processor. The ultrasonic transducer may be mounted to
a coaxial cable that transmits Doppler signals collected by
the transducer to the external processor. A thermoset poly-
mer tube may house both the electrical conductor of the
ECG signals and the coaxial cable. The ECG signals and
Doppler signals are transmitted over the length of the stylet
via the electrical conductor and the coaxial cable, both of
which may be soldered to a connector at a proximal end of
the stylet. The connector may be configured to connect or
plug into a console that interprets the signals and gives
feedback to a user (e.g., physician, nurse) that is using the
device to position a PICC in a patient’s vasculature.

[0030] In some aspects, different components of an ECG
and Doppler-equipped stylet may be constructed from mate-
rials including: (i) stainless steel, (i) platinum iridium
compounds, and (iii) silver epoxy. Stainless steel is a com-
mon used material in medical devices because of its bio-
compatibility, strength, and relatively low cost. Stainless
steel 1s also a good conductor of electricity but has a high
solution impedance, which makes it less effective at detect-
ing electrical signals from a fluid. Platinum iridium com-
pounds also conduct electricity well and have a low solution
impedance, which makes them more ideal for detecting
electrical signals from fluids. Because platinum is a soft
material, iridium is added to increase the overall strength of
the compound. Platinum iridium compounds, however, are
generally softer and more expensive than stainless steel.
Silver epoxy comprises an epoxy that is laced with silver
particles to make it electrically conductive. Silver epoxy
may be used as an alternative to a solder and cures by
exposure to heat.
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[0031] According to preferred aspects of the disclosure,
systems and methods described herein may provide a stylet
having a smaller overall outer diameter and, in particular, a
smaller tip outer diameter to allow for better compatibility
with PICCs. These stylets may have structure along their
main body that gives more rigidity to the stylet and in turn
to an assembly of the stylet with a PICC. The increased
rigidity may facilitate insertion and navigation of the cath-
eter and stylet through a patient’s vasculature. In addition,
the stylet may have a floppy or flexible tip that minimize
trauma to blood vessels as the stylet and catheter assembly
passes through the blood vessels.

[0032] Referring to FIG. 1, an intravascular device 100 is
depicted. The intravascular device 100 includes a connector
assembly 110, a hub member 120, a guard 130, and a stylet
200. The connector assembly 110 may be configured to
attach or plug into a port in a computer (not depicted).
Alternatively, the connector assembly 110 may be config-
ured to attach to one or more cords or wires that attach or
plug into a computer. The computer may include a processor
that is configured to receive and process a signal from one
or more sensors disposed on the stylet 200, as explained in
further detail below. The hub member 120 and the guard 130
may provide strain relief for the stylet 200. The hub member
120 may also be used by a physician or other user to
manipulate movement of the stylet 200. For example, a uses
may grasp the hub member 120 and rotate or otherwise
move it to produce a desired movement of the stylet 200.
The hub member 120 and the stylet 200 may be attached to
one another such that turning or movement of the hub
member 120 may apply torque or impart rotation and
movement to the stylet 200.

[0033] According to some aspects of the disclosure, the
hub member 120 and the connector assembly 110 may be
configured to allow relative movement between them so that
movement of the hub member 120 does not cause movement
of at least the portion of the connector assembly 110 that
connects to a computer or additional wiring (e.g., a proximal
portion of the connector assembly 110) so as to not interrupt
the connectively provided by the connector assembly 110 to
a computer. According to other aspects of the disclosure, the
hub member 120 and the connector assembly 110 may rotate
together, and another component proximal to the connector
assembly 110 may ensure that connectivity with a computer
is maintained.

[0034] The intravascular device 100 may have a length
L1, and the exposed portion of the stylet 200 may have a
length L.2. The length [.2 may be approximately half of the
length L1 of the intravascular device 100. In an aspect, the
length L1 may be 72 inches, and the length [.2 may be 35
inches.

[0035] Referring now to FIG. 2a, a deconstructed view of
the intravascular device 100 is depicted. The connector
assembly 110 includes a proximal end for connecting to a
computer or one or more cords or wires that connect to a
computer. The connector assembly 110 also includes addi-
tional components 114 and 116 for receiving one or more
electrical conductors or cables of the stylet 200. For
example, one or more of components 114 and 116 of the
connector assembly 110 may have a plurality of pin con-
nectors for receiving a coaxial cable 216 and an electrical
wire 214 of the stylet 200 (described below). In some
aspects of the disclosure, the coaxial cable 216 and the
electrical wire 214 of the stylet 200 may be soldered to one
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or more of the components 114 and 116 of the connector
assembly 110. The coaxial cable 216 and the electrical wire
214 may receive signals from one or more sensors disposed
on the stylet 200, as described in further detail below. The
connector assembly 110 may also include one or more
projections 112 for attaching the connector assembly 110 to
the hub member 120. In an aspect, the projections 112 of the
connector assembly 110 may latch into indentations 122
disposed on the inside of the hub member 120. The intra-
vascular device 100 further includes a clamp 118 for holding
the stylet 200 in place relative to other components of the
intravascular device 100 (e.g., the hub member 120, the
guard 130, the connector assembly 110). When the hub
member 120 and the connector assembly 110 are assembled
together, the clamp 118 may be disposed in a recess 124
within the hub member 120.

[0036] FIG. 26 shows an enlarged view of an area A
depicted in FIG. 2a. As shown in FIG. 2b, two electrical
conductors 214 and 216 may extend from a proximal end of
the guard 130. The electrical conductor 216 may be a coaxial
cable that connects to an ultrasound transducer 230 (de-
scribed below) disposed on the stylet 200, and the electrical
conductor 214 may be a conductive wire that connects to an
ECG electrode 22.0 (described below) disposed on the stylet
200. The conductors 214 and 216 may receive signals from
the ultrasound transducer 230 and the ECG electrode 220
and convey those signals to a computer or processor via the
connector assembly 110. As depicted in FIG. 25, one of the
conductors e.g., conductor 216) may have a length [.4 that
is longer than a length L3 of the other conductor (e.g.,
conductor 214). In alternative aspects of the disclosure, the
conductors 214 and 216 may have lengths that are substan-
tially the same, or the length L3 of the conductor 214 may
be longer than the length L4 of the conductor 216.

[0037] Referring now to FIG. 3, a distal portion of the
stylet 200 is depicted. The stylet 200 includes an elongate
member 210, an ECG ring electrode 220, and an ultrasound
transducer or sensor 230. The elongate member 210 may
comprise an elongated tube formed of a polymer, such as
polyimide. The elongate member 210 may have a proximal
end (not depicted) and a distal end. The ring electrode 220
may comprise a cylindrical marker band formed of a con-
ductive material with low solution impedance, such as
platinum iridium. The ring electrode 220 may provide an in
vivo ECG signal of a patient. The ultrasound transducer 230
may be a non-imaging ultrasound transducer that provides in
vivo non-image based ultrasound information of a patient’s
vasculature. In other aspects, the ultrasound transducer 230
may be replaced with another type of sensor or a plurality of
different types of sensors that is mounted to the distal end of
the stylet 200. For example, the ultrasound transducer 230
may be replaced with one or more of a pressure sensor, an
optical sensor, a biosensor, or some other type of sensor for
detecting and measuring a physiological parameter in a
patient’s vasculature. The ultrasound transducer 230 may
provide Doppler ultrasound information that helps identify
blood flow information proximity to the ultrasound trans-
ducer 230. The ultrasound transducer 230 may comprise an
ultrasound transmitter and an ultrasound receiver. The ultra-
sound transmitter may transmit an ultrasound signal into a
patient’s vascular system, and the ultrasound receive may
receive a reflected ultrasound signal from the patient’s
vascular system. The reflected ultrasound signal may indi-
cate a blood flow rate in the vicinity of the ultrasound



US 2018/0242881 Al

transducer 230. In certain aspects, the ultrasound transducer
230 may have a cross-sectional shape that is hexagonal. In
some aspects, the ultrasound transducer 230 may have an
ultrasound transmitter that extends more distally than an
ultrasound receiver. In other aspects, the ultrasound trans-
ducer 230 may have an ultrasound receiver that extends
more distally than an ultrasound transmitter. As depicted in
FIG. 3, the ring electrode 220 may be disposed at a distal end
of the elongate member 210, and the ultrasound transducer
230 may be disposed at a distal end of the ring electrode 220.

[0038] According to aspects of the disclosure, systems and
methods disclosed herein may determine a position of the
distal end of the stylet 200 in a patient’s vasculature based
on specific blood flow and ECG information collected by the
ring electrode 220 and the ultrasound transducer 230.
Example methods of using ECG information and ultrasound
information (indicative of blood flow rate) to determine a
position of a catheter or stylet are described in U.S. Pat. No.
8,597,193, filed on Jun. 26, 2008, and U.S. Pat. No. 8,965,
490, filed Mar. 14, 2013, incorporated herein by reference.
In some aspects, the stylet 200 may be placed within an inner
lumen of a catheter body (not depicted). The distal end of the
stylet 200 may be aligned or positioned beyond a distal end
or tip of the catheter body. And the stylet 200 may be used
to guide the catheter through a patient’s vasculature. For
example, the stylet 200 may be positioned within a catheter,
such as a PICC, and the catheter may be inserted, advanced,
and positioned within a patient’s vasculature based on
readings and measurements (e.g., blood flow patterns, ECG
signals) received from the stylet. The elongate member 210
of the stylet 200 may be formed of a lubricative material that
facilitates insertion and placement of the stylet 200 within a
catheter body.

[0039] Referring now to FIGS. 4 and 5, detailed views of
the distal tip of the stylet 200 are shown. FIG. 4 depicts an
enlarged view of a region B of the stylet 200, as marked in
FIG. 3. And FIG. 5 depicts a cross-sectional view of a distal
portion of the stylet 200. As shown in FIG. 5, the stylet 200
further includes an adaptor member 218 in the form of a
cylindrical band. The elongate member 210 may cover or
overlap a proximal portion of the adaptor member 218. The
elongate member 210 may be attached to the proximal
portion of the adaptor member 218 along this overlapping
region. An adhesive, such as Loctite® 4014™ adhesive (a
transparent, colorless, ethyl-based adhesive), may be used to
attach the elongate member 210 to the proximal portion of
the adaptor member 218. The attachment may form a
fluid-tight seal between the elongate member 210 and the
adaptor member 218. The distal end of the elongate member
210 may be adjacent to (e.g., butt up against) a proximal end
of the ring electrode 220. The outer diameter of the distal
end of the elongate member 210 and the outer diameter of
the proximal end of the ring electrode 220 may be substan-
tially the same or equal such that a smooth transition is
created between the elongate member 210 and the ring
electrode 220, thereby minimizing the risk of the tip snag-
ging against vessel tissue.

[0040] The stylet 200 may have a distal portion that is
more flexible than a proximal portion. According to aspects
of the disclosure, a distal portion of the stylet may be more
flexible because the stylet includes an electrical conductor
(e.g., an electrical wire) that is more flexible at a distal
portion than a proximal portion. For example, the stylet 200
includes a first electrical conductor 214. The electrical
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conductor 214 may comprise a conductive metal wire, such
as a stainless steel wire. The electrical conductor 214 may be
configured to convey an ECG signal from the ring electrode
220 to a computer or processor. As depicted in FIG. 5, the
electrical conductor 214 may have a tapered distal segment,
e.g., a distal segment with a tapered surface. The tapered
distal segment may taper from a larger diameter to a smaller
diameter in a direction toward the distal end of the electrical
conductor 214. Due to the tapering, the electrical conductor
214 may be more flexible toward its distal end when
compared to its proximal end. The tapered distal segment of
the electrical conductor 214 may be disposed in the distal
portion of the stylet; therefore, the distal portion of the stylet
200 may be more flexible due to the greater flexibility of the
tapered distal segment of the electrical conductor 214.

[0041] The tapered distal segment of the electrical con-
ductor 214 includes a distal portion that is attached to an
inside surface of the adaptor member 218. According to
some aspects of the disclosure, the electrical conductor 214
may be attached to the inside surface of the adaptor member
218 via soldering or welding. According to other aspects, the
electrical conductor 214 may be attached to the inside
surface of the adaptor member 218 using a conductive
adhesive such as silver epoxy in addition to or in lieu of
soldering/welding.

[0042] The adaptor member 218 includes a distal portion
that is attached to an inside surface of the ring electrode 220.
According to some aspects of the disclosure, the adaptor
member 218 may be attached to the inside surface of the ring
electrode 220 via soldering or welding. According to other
aspects, the adaptor member 218 may be attached to the
inside surface of the ring electrode 220 using a conductive
adhesive such as silver epoxy in addition to or in lieu of
soldering/welding. The attachment between the adaptor
member 218 and the ring electrode 220 may form a fluid-
tight seal between the two components. The adaptor member
218, through its attachments to the electrical conductor 214
and the ring electrode 220, connects the electrical conductor
214 to the ring electrode 220. Because the adaptor member
218 is attached to the elongate member 210, the electrical
conductor 214, and the ring electrode 220, the adaptor
member 218 provides a stable and secure connection
between the electrical conductor 214 and the ring electrode
220.

[0043] The adaptor member 218 may be formed of stain-
less steel or another conductive material. The adaptor mem-
ber 218 may have an outer diameter that is smaller than an
outer diameter of the elongate member 210 and an outer
diameter of the ring electrode 220. As depicted in FIG. 5, the
proximal portion of the adaptor member 218 is disposed
within the elongate member 210 and the distal portion of the
adaptor member 218 is disposed within the ring electrode
220. According to certain aspects of the disclosure, equal
portions of the adaptor member 218 may be disposed within
the elongate member 210 and the ring electrode 220. In other
aspects, a greater or smaller portion of the adaptor member
218 may be disposed within the elongate member 210 than
the ring electrode 220. Due to the smaller diameter of the
adaptor member 218, the maximum inner diameter of the
stylet 200 decreases in the region with the adaptor member
218. The overall diameter of the stylet 200, however, does
not need to increase to account for this smaller diameter
region due to the tapering of the electrical conductor 214.
Because the electrical conductor 214 also tapers to a smaller
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diameter in the region with the adaptor member 218, this
tapering creates more space within the stylet 200 to allow for
the passage of a second conductor (described below) or
other interior stylet components.

[0044] According to some aspects of the disclosure, the
adaptor member 218 may also be scalloped (e.g., a portion
of the adaptor member 218 may be cutout) to provide for
additional clearance for other components within the stylet
200 (e.g., the second conductor 216).

[0045] The stylet 200 further includes a second conductor
216 that attaches to the ultrasound transducer 230. The
conductor 216 may comprise a coaxial cable. The conductor
216 may be configured to receive and convey signals from
the ultrasound transducer 230 to a computer or processor.
The conductors 214 and 216 may be disposed within the
inner lumen of the elongate member 210. According to an
aspect, the conductors 214 and 216 may extend along the
full length of the elongate member 210. And, in particular,
the conductor 214 may extend from the distal portion of the
adaptor 218 beyond the proximal end of the elongate mem-
ber 210.

[0046] As shown in FIG. 5, the ultrasound transducer 230
is encapsulated within a first encapsulating member 234.
The first encapsulating member 234 may be formed of a
transparent material, such as an epoxy or other type of
polymer. The first encapsulating member 234 may enclose
the ultrasound transducer 230, thereby shielding or sealing
it off from outside elements. As shown in FIG. 4, the
ultrasound transducer 230 and the first encapsulating mem-
ber 234 are also encapsulated within a second encapsulating
member 232. The second encapsulating member 232 may
form a second enclosure around the ultrasound transducer
230. The second encapsulating member 232 may be formed
from the same material as the first encapsulating member
234, or a different material. Both encapsulating members
232 and 234 may be formed of transparent material such that
they can be used as one or more lenses for the ultrasound
transducer 230. The first encapsulating member 234 may
form an enclosure around the ultrasound transducer 230 and
attach or adhere to a distal portion of the coaxial cable or
second conductor 216. The first encapsulating member 234
may attach to the second conductor 216 along a region
where the second conductor 216 bends towards a central
axis of the stylet 200. As depicted in FIG. 5, the second
conductor 216 may initially occupy a lower half of the stylet
200 when the second conductor 216 shares the interior space
of the stylet 200 with the first conductor 214. But due to the
more distal positioning of the ultrasound transducer 230, the
second conductor 216 may extend beyond a distal end of the
first conductor 214 in order to connect to the ultrasound
transducer 230. The ultrasound transducer 230 may be
centered at the tip of the stylet 200 to create a smoother
transition between the ring electrode 220 and the ultrasound
transducer 230 and to avoid a lateral offset between the ring
electrode 220 and the ultrasound transducer 230. Thus,the
second conductor 216 may bend toward the center of the
stylet 200 in the region where it extends beyond the first
conductor 214. The second conductor 216 may extend
beyond the first conductor 214 by a distance 7. According
to some aspects of the disclosure, this distance L7 may be
approximately 0.02 inches.

[0047] The second encapsulating member 232 may form
an enclosure around both the ultrasound transducer 230 and
the first encapsulating member 234 and attach or adhere to
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an outside surface of the ring electrode 220. Thus, the
second encapsulating member 232 may form a fluid-tight
seal between the ultrasound transducer 230 and the ring
electrode 220. The second encapsulating member 232 may
extend a distance L5 along a longitudinal length of the ring
electrode 220. The second encapsulating member 232 may
adhere to the outersurface of the ring electrode 220 along the
distance L5. The distance L5 may be less than or equal to
0.015 inches. The fluid-tight seal formed by the second
encapsulating member 232, along with fluid-tight seal
between the elongate member 210 and the adaptor 218 and
the fluid-tight seal between the adaptor 218 and the ring
electrode 220, effectively seals off the inside of the tip of the
stylet 200 from outside fluids and other materials. The
second encapsulating member 232 may also have a curved
or generally smooth surface that is atraumatic.

[0048] The first encapsulating member 234 may have an
outer diameter [.8, and the second encapsulating member
232 may have an outer diameter L6. The outer diameter L6
may be approximately 0.02 inches, and the outer diameter
L8 may be approximately 0.0185 inches. In an aspect of the
disclosure, the outer diameter L6 of the second encapsulat-
ing member 232 is greater than the outer diameter of the
elongate member 210 and an outer diameter of the ring
electrode 220. Thus, the outer diameter .6 of the second
encapsulating member 232 represents the largest lateral
dimension of the stylet 200.

[0049] Referring now to FIGS. 6a and 65, a distal portion
of an electrical conductor 314 is depicted. The electrical
conductor 314 is another example of a conductor that is
configured to convey an ECG signal from an ECG electrode
to a processor. The electrical conductor 314 may be formed
of stainless steel or another type of electrically conductive
material. Similar to the electrical conductor 214, the elec-
trical conductor 314 may have a distal portion that gradually
tapers from a larger diameter L9 to a smaller diameter L10.
This gradual tapering from the larger diameter L9 to the
smaller diameter .10 may occur over a longitudinal distance
of 2 to 3 inches. According to an aspect of the disclosure, the
larger diameter L9 may be approximately 0.007 inches, and
the smaller diameter .10 may be approximately 60-70% of
the larger diameter L9 (e.g., 0.0045 inches). The gradual
taper may be formed by grinding the distal end of the
electrical conductor 314. FIG. 65 shows a cross-sectional
view of the electrical conductor 314 along the line C-C. As
depicted in FIG. 6b, the electrical conductor 314 has a
circular cross-sectional area.

[0050] Referring to FIGS. 7a and 75, a distal portion of an
electrical conductor 414 is depicted. The electrical conduc-
tor 414 is another example of a conductor that is configured
to convey an ECG signal from an ECG electrode to a
processor. The electrical conductor 414 may also be formed
of stainless steel or another type of electrically conductive
material. The electrical conductor 414 may be used in place
of the electrical conductor 214 in the stylet 200. The
electrical conductor 414 may have a sharp taper (e.g., quick
or fast taper). As depicted in FIG. 7a, the electrical conduc-
tor 414 has a larger outer diameter L11 (e.g., 0.007 inches)
that sharply tapers to a smaller outer diameter L12 (e.g,,
0.0045 inches). The sharp taper may occur over a longitu-
dinal distance of less than one inch. Thus, the electrical
conductor 414 may have a small diameter portion that
extends approximately 2 to 3 inches. The sharp taper may be
formed by grinding the distal end of the electrical conductor
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414. FIG. 7b shows a cross-sectional view of the electrical
conductor 414 along the line As depicted in FIG. 7b, the
electrical conductor 414 has a circular cross-sectional area.
[0051] Referring to FIGS. 8a and 86, a distal portion of an
electrical conductor 514 is depicted. The electrical conduc-
tor 514 is another example of a conductor that is configured
to convey an ECG signal from an ECG electrode to a
processor. The electrical conductor 514 may also be formed
of stainless steel or another type of electrically conductive
material. The electrical conductor 514 may be used in place
of the electrical conductor 214 in the stylet 200. The
electrical conductor 514 may have a curved surface and a
flattened surface, which may be formed by pressing the
distal portion of the electrical conductor 514 into a die with
a radius that matches a marker band or tube to which it
attaches. For example, the electrical conductor 514 may be
formed by pressing the distal end of the electrical conductor
514 into a die with a radius that matches that of an adaptor
(e.g., the adaptor 218) that the electrical conductor 514 may
attach to when it is assembled in a stylet (e.g., the stylet 200).
[0052] The electrical conductor 514 may have a circular
portion with a diameter L13 (e.g., 0.007 inches) and a
flattened portion with a flattened dimension [.14 (as depicted
in FIG. 8a) and a width L.15 (as depicted in FIG. 8b). The
flattened dimension .14 may be greater than the diameter
L13. In an aspect, the flattened dimension 14 may be
40-50% greater than the diameter .13 (e.g., 0.01 inches).
The width [.15 may be smaller than the diameter [.13. In an
aspect, the width .15 may be approximately 60-70% of the
diameter [.13 (e.g., 0.0045 inches). FIG. 85 shows a cross-
sectional view of the electrical conductor 314 along the line
E-E. As depicted in FIG. 85, the electrical conductor 514 can
have a semi-oval or semi-circular cross-sectional area. This
shape may allow for more flexibility when the electrical
conductor 514 is flexed in a first direction along the width
L15 of the electrical conductor 514 and less flexibility when
the electrical conductor 514 is flexed in a second direction
along the flattened dimension .14 of the electrical conductor
514.

[0053] Referring to FIGS. 9a and 96, a distal portion of an
electrical conductor 614 is depicted. The electrical conduc-
tor 614 is another example of a conductor that is configured
to convey an ECG signal from an ECG electrode to a
processor. The electrical conductor 614 may also be formed
of stainless steel or another type of electrically conductive
material. The electrical conductor 614 may be used in place
of the electrical conductor 214 in the stylet 200. The
electrical conductor 614 may comprise a first wire 614a and
a second wire 614b. The first wire 614a may have a smaller
diameter 116, and the second wire 614b may have a larger
diameter [.17. According to an aspect of the disclosure, the
diameter L17 of the second wire 6145 may be approximately
0.007 inches, and the diameter 116 of the first wire 614a
may be approximately 50-70% of the diameter L17 (e.g.,
0.004 inches).

[0054] The first wire 614a may run a full length of a stylet,
whereas the second wire 614bmay run a portion of the full
length of the stylet. As depicted in FIG. 9a, the first wire
614a may extend to a more distal point than the second wire
614b. In an aspect, the first wire 614a may extend an
additional 2 to 3 inches beyond a distal end of the second
wire 6145. The electrical conductor 614 may be more
flexible in the region with the first wire 6145 but without the
second wire 6145. When assembled in a stylet (e.g., the
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stylet 200), a distal end of the first wire 614a may connect
to aring electrode (e.g., the ring electrode 220) or other type
of ECG electrode, either directly or via an adaptor (e.g., the
adaptor 218). FIG. 95 shows a cross-sectional view of the
electrical conductor 614 along the line F-F. As depicted in
FIG. 95, the first wire 614a and the second wire 6145 have
circular cross-sectional areas.

[0055] Referring to FIGS. 10a and 104, a distal portion of
an electrical conductor 714 is depicted. The electrical con-
ductor 714 is another example of a conductor that is con-
figured to convey an ECG signal from an ECG electrode to
a processor. The electrical conductor 714 may also be
formed of stainless steel or another type of electrically
conductive material. The electrical conductor 714 may be
used in place of the electrical conductor 214 in the stylet
200. The electrical conductor 714 may comprise a small-
diameter coiled wire 714h that is welded onto a distal end of
a stiffer wire 714a. The coiled wire 7145 may extend 2 to 3
inches beyond the distal end of the stiffer wire 714a. The
electrical conductor 714 may be more flexible in the region
with the coiled wire 714b.

[0056] The stiffer wire 714a may have a diameter L18, and
the coiled wire 7145 may have a maximum outer diameter
L19. The diameter .19 formed by the coiled wire 7145 may
be greater than the diameter .18 of the stiffer wire 714a.
According to an aspect of the disclosure, the diameter 1.19
of the coiled wire 714b may be approximately 0.01 inches,
and the diameter L18 of the stiffer wire 714a may be
approximately 60-70% of the diameter [19 (e.g., 0.07
inches). When assembled in a stylet (e.g., the stylet 200), a
distal end of the coiled 7145 may connect to a ring electrode
(e.g., the ring electrode 220) or other type of ECG electrode,
either directly or via an adaptor (e.g., the adaptor 218). FIG.
105 shows a cross-sectional view of the electrical conductor
714 along the line G-G. As depicted in FIG. 104, the stiffer
wire 714a can have a circular cross-sectional area, and the
coiled wire 7145 can form circular-shaped coils.

[0057] Referring now to FIG. 11, a distal portion of a stylet
800 is depicted. Similar to the stylet 200, the stylet 800 may
be a component an intravascular device, such as the intra-
vascular device 100. Thus, a proximal portion of the stylet
800 may extend through a hub member (e.g., the hub
member 120) and be connected to a connector assembly
(e.g., the connector assembly 110, including connector com-
ponents 114 and 116). The distal portion of the stylet 800, as
depicted in FIG. 11, includes a sensor 830 and a marker band
820. The sensor 830 may be an ultrasound transducer,
similar to the ultrasound transducer 230, or another type of
sensor (e.g., a pressure sensor, a temperature sensor, an
optical sensor, a biosensor). The sensor 830 may also
comprise a plurality of different sensors, including an ultra-
sound transducer, a pressure sensor, an optical sensor, etc.
The sensor 830 may be encapsulated within a transparent
material 832, such as an epoxy or other polymeric material.
The transparent material 832 may be rounded and smooth
such that it forms an atraumatic tip. The transparent material
832 may also function as a lens that guides a beam or signal
that is generated by the sensor 830. For example, if the
sensor 830 was an ultrasound transducer, then the sensor 830
may transmit an ultrasound signal into a patient’s vascula-
ture. In such case, the transparent material 832 may function
as a lens (or a plurality of lenses) that optimizes the
ultrasound signal profile. Alternatively, if the sensor 830 was
an optical sensor, then the sensor 830 may transmit a light
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beam into a patient’s vasculature, and the transparent mate-
rial 832 may also function as a lens (or a plurality of lenses)
that optimizes the light signal profile.

[0058] The sensor 830 may be mounted on a distal end of
the marker band 820. According to certain aspects of the
disclosure, the transparent material 832 may enclose the
sensor 830 and attach to an outer surface of a distal end of
the marker band 820. As such, the transparent material 832
may form a fluid-tight seal between the marker band 820 and
the sensor 830. The marker band 820 may comprise a
cylindrical band, with a hollow inner lumen. The inner
lumen of the marker band 820 may permit passage of a
coaxial cable 812. The coaxial cable 812 may be an example
of an electrical conductor. The coaxial cable 812 may extend
through the inner lumen of the marker band 820 and attach
to the sensor 830. The coaxial cable 812 may receive and
convey signals from the sensor 830 to a computer via one or
more additional connectors and wires. The coaxial cable 812
may extend along the entire length of the stylet 800.
[0059] The marker band 820 may function as an ECG
electrode that is configured to measure an ECG signal from
a patient’s vasculature. The marker band 820 may be formed
of a metallic material that has low solution impedance, such
as platinum iridium. The marker band 820 may be attached
to a braided conductor 814 that extends along a length of the
stylet 800. The braided conductor 814 may comprise a
plurality of electrically conductive wires (e.g., stainless steel
wires) that are disposed between two tubular members 810
and 811. As depicted in FIG. 11, the braided conductor 814
is sandwiched between an outer tubular member 810 and an
inner tubular member 811. The outer and inner tubular
members 810 and 811 may be formed of a polymer such as
polyimide. The braided conductor 814 may receive and
convey ECG signals from the marker band 820 to a com-
puter via one or more additional connectors and wires. The
braided conductor 814 may extend along the entire length of
the stylet 800.

[0060] In some aspects, the braided conductor 814 may
have wound or braided wires that vary in pitch along a
length of the stylet 800 in order to create regions that have
variable stiffness. For example, the wires of the braided
conductor 814 may have a larger pitch (e.g. separate coils
that are more spaced apart) closer to a distal end of the stylet
800 to provide for more flexibility closer to the distal end of
the stylet 800. In other aspects, the braided conductor 814
may have a lower wire count (e.g., a smaller number of
wires) in some regions to vary the stiffness of the stylet. For
example, the braided conductor 814 may have a lower wire
count closer to a distal end of the stylet 800 to provide for
more flexibility closer to the distal end of the stylet 800.
[0061] The marker band 820 may have a proximal portion
820a that is covered by one or both of the outer tubular
member 810 and the inner tubular member 811. In other
words, the outer tubular member 810 or the inner tubular
member 811 may overlap a portion 820a of the marker band
820. This overlapping creates additional stability between
the attachment of the marker band 820 and the braided
conductor 814. Furthermore, the overlapping forms a fluid-
tight seal between the tubular members 810 and 811 and the
marker band 820. The tubular members 810 and 811 may be
attached to the marker band 820 using an adhesive, such as
Loctite® 4014™ adhesive.

[0062] According to aspects of the disclosure, systems and
methods disclosed herein may determine a position of the
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distal end of the stylet 800 in a patient’s vasculature based
on specific blood flow and ECG information collected by the
marker band 820 and the sensor 830. For example, specific
blood flow patterns and ECG signals may be associated with
particular locations within a patient’s vasculature. In some
aspects, the stylet 800 may be placed within an inner lumen
of a catheter body (not depicted). The distal end of the stylet
800 may be aligned or positioned beyond a distal end or tip
of the catheter body. And the stylet 800 may be used to guide
the catheter through a patient’s vasculature. For example,
the stylet 800 may be positioned within a catheter, such as
a PICC, and the catheter may be inserted, advanced, and
positioned within a patient’s vasculature based on readings
and measurements (e.g., blood flow patterns, ECG signals)
received from the stylet. The tubular member 810 of the
stylet 800 may be formed of a lubricative material that
facilitates insertion and placement of the stylet 800 within a
catheter body.

[0063] Referring now to FIG. 12, a distal portion of a
stylet 900 is depicted. Similar to the stylets 200 and 800, the
stylet 900 may be a component an intravascular device, such
as the intravascular device 100. Thus, a proximal portion of
the stylet 900 may extend through a hub member (e.g., the
hub member 120) and be connected to a connector assembly
(e.g., the connector assembly 110, including connector com-
ponents 114 and 116). The distal portion of the stylet 900
includes a sensor 930 and a marker band 920. The marker
band 920 may be flared d its distal end to allow the sensor
930 to be recessed within the marker band 920. In particular,
as depicted in FIG. 12, the marker band 920 includes a first
region 920a having a larger diameter within which the
sensor 930 is recessed. The marker band 920 also includes
a second region 920¢ with a smaller diameter that is covered
by one or more tubular member 910 and 911. And the marker
band 920 also includes a third region 9205 that provides a
transition between the first region 920¢ and the second
region 920c.

[0064] Similar to the marker band 820, the marker band
920 may function as an ECG electrode that is configured to
measure an ECG signal from a patient’s vasculature. The
marker band 920 may be formed of a metallic material that
has low solution impedance, such as platinum iridium. The
marker band 920 may be attached to a braided conductor 914
that extends along a length of the stylet 900. The braided
conductor 914 may comprise a plurality of electrically
conductive wires (e.g., stainless steel wires) that are dis-
posed between the tubular members 910 and 911. As
depicted in FIG. 12, the braided conductor 914 is sand-
wiched between the outer tubular member 910 and the inner
tubular member 911. The outer and inner tubular members
910 and 911 may be formed of a polymer such as polyimide.
The braided conductor 914 may receive and convey ECG
signals from the marker band 920 to a computer via one or
more additional connectors and wires. The braided conduc-
tor 914 may extend along the entire length of the stylet 900.

[0065] In some aspects, the braided conductor 914 may
have wound or braided wires that vary in pitch along a
length of the stylet 900 in order to create regions that have
variable stiffness. For example, the wires of the braided
conductor 914 may have a larger pitch closer to a distal end
of the stylet 900 to provide for more flexibility closer to the
distal end of the stylet 900. In other aspects, the braided
conductor 914 may have a lower wire count (e.g., a smaller
number of wires) in some regions to vary the stiffness of the
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stylet. For example, the braided conductor 914 may have a
lower wire count closer to a distal end of the stylet 900 to
provide for more flexibility closer to the distal end of the
stylet 900.

[0066] As depicted in FIG. 12, the marker band 920 has a
proximal region 920¢ that is covered by one or both of the
outer tubular member 910 and the inner tubular member 911.
In other words, the outer tubular member 910 or the inner
tubular member 911 may overlap a region 920¢ of the
marker band 920. This overlapping creates additional sta-
bility between the attachment of the marker band 920 and
the braided conductor 914 :Furthermore, the overlapping
forms a fluid-tight seal between the tubular members 910
and 911 and the marker band 920. The tubular members 910
and 911 may be attached to the marker band 820 using an
adhesive, such as Loctite® 4014™ adhesive.

[0067] The sensor 930 is recessed within the distal region
920a of the marker band 920. This recessing may provide
added support for the sensor 930 as it navigates through a
patient’s vasculature. The sensor 930 may be an ultrasound
transducer, similar to the ultrasound transducer 230, or
another type of sensor (e.g., a pressure sensor, a temperature
sensor, an optical sensor, a biosensor). The sensor 930 may
also comprise a plurality of different sensors, including an
ultrasound transducer, a pressure sensor, an optical sensor,
etc. The distal region 920a of the marker band 920 may be
filled with a transparent material 932 that encapsulates the
sensor 930. The transparent material 932 may be an epoxy
or other polymeric material. The transparent material 932
may form a fluid-tight seal between the marker band 920 and
the sensor 930. The transparent material 932 may also
function as a lens that guides a beam or signal that is
generated by the sensor 930.

[0068] The marker band 920 may have a hollow inner
lumen that permits passage of a coaxial cable 912. The
coaxial cable 912 may be an example of an electrical
conductor. The coaxial cable 912 may extend through the
inner lumen of the marker band 920 and attach to the sensor
930. The coaxial cable 912 may receive and convey signals
from the sensor 930 to a computer via one or more additional
connectors and wires. The coaxial cable 912 may extend
along the entire length of the stylet 900.

[0069] According to aspects of the disclosure, systems and
methods disclosed herein may determine a position of the
distal end of the stylet 900 in a patient’s vasculature based
on specific blood flow and ECG information collected by the
marker band 920 and the sensor 930. For example, specific
blood flow patterns and ECG signals may be associated with
particular locations within a patient’s vasculature. In some
aspects, the stylet 900 may be placed within an inner lumen
of a catheter body (not depicted). The distal end of the stylet
900 may be aligned or positioned beyond a distal end or tip
of the catheter body. And the stylet 900 may be used to guide
the catheter through a patient’s vasculature. For example,
the stylet 900 may be positioned within a catheter, such as
a PICC, and the catheter may be inserted, advanced, and
positioned within a patient’s vasculature based on readings
and measurements (e.g., blood flow patterns, ECG signals)
received from the stylet. The tubular member 910 of the
stylet 900 may be formed of a lubricative material that
facilitates insertion and placement of the stylet 900 within a
catheter body.

[0070] The present description is for illustrative purposes
only, and should not be construed to narrow the breadth of
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the present disclosure in any way. Thus, those skilled in the
art will appreciate that various modifications might be made
to the presently disclosed embodiments without departing
from the full and fair scope and spirit of the present
disclosure. Other aspects, features and advantages will be
apparent upon an examination of the attached drawings and
appended claims.

We claim:

1. An intravascular device, comprising:

an elongate member having a proximal end, a distal end,
and an inner lumen extending between the proximal
end and the distal end;

a ring electrode disposed at the distal end of the elongate
member;

an ultrasound sensor disposed at a distal end of the ring
electrode;

a first electrical conductor configured to convey an elec-
trocardiogram signal from the ring electrode to a pro-
cessor; and

an adaptor member connecting the first electrical conduc-
tor to the ring electrode;

wherein the first electrical conductor comprises a tapered
distal segment,

wherein a distal portion of the tapered distal segment is
attached to the adaptor member and a distal portion of
the adaptor member is attached to the ring electrode,

wherein a proximal portion of the adaptor member is
disposed within the elongate member and the distal
portion of the adaptor member is disposed within the
ring electrode.

2. The intravascular device of claim 1, wherein a distal
portion of the intravascular device is more flexible than a
proximal portion of the intravascular device,

wherein the tapered distal segment of the first electrical
conductor is disposed in the distal portion of the
intravascular device.

3. The intravascular device of claim 1, wherein the first
electrical conductor extends from the distal portion of the
adaptor member beyond the proximal end of the elongate
member.

4. The intravascular device of claim 1, wherein the
proximal portion of the adaptor member is attached to the
distal end of the elongate member.

5. The intravascular device of claim 4, wherein the
attachment of the proximal portion of the adaptor member
and the distal end of the elongate member forms a fluid-tight
seal.

6. The intravascular device of claim 5, wherein an adhe-
sive is used to attach the proximal portion of the adaptor
member to the distal end of the elongate member.

7. The intravascular device of claim 1, wherein the distal
portion of the tapered distal segment is welded to the adaptor
member,

wherein the distal portion of the adaptor member is
welded to the ring electrode.

8. The intravascular device of claim 1, further comprising

a second electrical conductor configured to convey an ultra-
sound signal from the ultrasound sensor to the processor,
wherein the first electrical conductor and the second
electrical conductor are disposed within the inner
lumen of the elongate member.

9. The intravascular device of claim 8, further comprising

an electrical connector having a first end and a second end,
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wherein the first end is configured to connect to the

processor;

wherein a proximal end of the first electrical conductor

and a proximal end of the second electrical conductor
are attached to the second end of the electrical connec-
tor.

10. The intravascular device of claim 8, wherein the
processor is configured to determine a position of a distal
end of the intravascular device based on information calcu-
lated using the electrocardiogram signal from the ring elec-
trode and the ultrasound signal from the ultrasound sensor.

11. The intravascular device of claim 1, further compris-
ing a first encapsulating member forming a first enclosure
around the ultrasound sensor.

12. The intravascular device of claim 11, further com-
prising a second encapsulating member forming a second
enclosure around the ultrasound sensor,

wherein the second encapsulating member is attached to

the ring electrode,

wherein the second encapsulating member forms a fluid-

tight seal around the ring electrode.

13. The intravascular device of claim 12, wherein the
second encapsulating member comprises an outer diameter
that is greater than an outer diameter of the elongate member
and an outer diameter of the ring electrode.

14. The intravascular device of claim 13, wherein the
outer diameter of the second encapsulating member is less
than or equal to 0.02 inches.

15. The intravascular device of claim 13, wherein the
outer diameter of the elongate member and the outer diam-
eter of the ring electrode are substantially equal.

16. The intravascular device of claim 12, wherein the
second encapsulating member forms an atraumatic tip.
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17. The intravascular device of claim 1, wherein the
elongate member is a polyimide tube.

18. An intravascular device, comprising:

an elongate member having a proximal end, a distal end,

and an inner lumen extending between the proximal
end and the distal end;

a ring electrode disposed at the distal end of the elongate

member;

an ultrasound sensor disposed at a distal end of the ring

electrode; and

a first electrical conductor configured to convey an elec-

trocardiogram signal from the ring electrode to a pro-
Cessor;

wherein the first electrical conductor comprises a tapered

distal segment,

wherein a distal portion of the intravascular device is

more flexible than a proximal portion of the intravas-
cular device,

wherein the tapered distal segment of the first electrical

conductor is disposed in the distal portion of the
intravascular device.

19. The intravascular device of claim 18, further com-
prising a second electrical conductor configured to convey
an ultrasound signal from the ultrasound sensor to the
processor,

wherein the first electrical conductor and the second

electrical conductor are disposed within the inner
lumen of the elongate member.

20. The intravascular device of claim 19, wherein the
processor 1s configured to determine a position of a distal
end of the intravascular device based on information calcu-
lated using the electrocardiogram signal from the ring elec-
trode and the ultrasound signal from the ultrasound sensor.
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