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1
ECHOGENIC NEEDLE CATHETER
CONFIGURED TO PRODUCE AN IMPROVED
ULTRASOUND IMAGE

BACKGROUND OF THE INVENTION

The invention relates to the field of medical devices, and
more particularly to echogenic catheters, such as needle cath-
eters.

An essential step in treating or diagnosing cardiac tissue or
cardiovascular diseases using an interventional catheter is the
proper placement of the catheter at a desired location within
the patient, which consequently requires accurate imaging of
the catheter location within the patient. Although various
methods of imaging catheters within a patient are possible,
ultrasonic imaging (also referred to as acoustic imaging)
would provide several advantages. For example, ultrasonic
imaging is very safe for the expected extended time periods
required for therapy guidance, unlike CI/EBCT (Electron
Beam Computed Tomography) or bi-planar fluoroscopy.
Additionally, ultrasound is relatively inexpensive compared
to other imaging modalities such as MRI or CT/EBCT, and
can provide tissue diagnostics such as wall motion and thick-
ness information.

However, one difficulty is visualization anomalies, includ-
ing artifacts and overly bright images, in the ultrasonic
images of catheters. Such artifacts can provide a misleading
and inaccurate impression of the shape and/or location of the
catheter within the patient. Additionally, catheter elements
can appear so bright and large on the ultrasonic image (called
“blooming”) due to their highly reflective nature relative to
the anatomy, especially at the gain settings typically used to
image the anatomy, that the image of the adjacent anatomy 1is
obscured by the catheter image. For example, metallic por-
tions of catheters can produce strong/high amplitude echoes
(bright images), with a pyramid artifact (i.e., a pyramid shape
of reverberation (“ringing”) images trailing off in the viewing
direction). Similarly, most thermoplastic catheter shafts pro-
duce strong/high amplitude direct echoes (bright images). If
the gain settings of the ultrasonic imaging system are reduced
to improve the image of the catheter (reduce its image and
artifact brightness), the image of the anatomy fades signifi-
cantly to the point of being less visible or not visible at all.
Therefore, it would be a significant advance to provide a
catheter with improved imaging characteristics by two-di-
mensional and three-dimensional ultrasonic imaging systems
for enhancing the diagnosis and guidance of treatments in the
body.

SUMMARY OF THE INVENTION

The invention is directed to an echogenic catheter, such as
a needle catheter, configured to result in an improved ultra-
sonic image of the catheter, and a method of performing a
medical procedure using a catheter of the invention. A cath-
eter of the invention is formed at least in part of an intrinsi-
cally conductive organic polymer, for providing a highly con-
ductive surface in combination with an improved ability to
ultrasonically image the catheter. One aspect of the invention
is directed to a method of performing a medical procedure
using a catheter of the invention having a distal tip electrode
formed of the intrinsically conductive polymer, in which the
catheter distal tip is advanced into contact with a patient’s
heart wall under ultrasonic imaging, to perform a procedure
such as generating an electrocardiogram. The catheter is typi-
cally a needle catheter, such that the distal tip of the catheter
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must be positioned accurately for delivery of an agent into the
patient’s heart wall from the catheter needle.

In a presently preferred embodiment, the echogenic cath-
eter 1s configured for percutaneous transluminal advance-
ment into a chamber of the patient’s heart, although a variety
of alternative catheter configurations may be used. An
echogenic catheter of the invention generally comprises an
elongated shaft having a proximal shaft section, a distal shaft
section, a lumen extending therein from a proximal to a distal
end of the shaft, and a polymeric distal tip at the distal end of
the elongated shaft, which is formed at least in part of an
intrinsically conductive organic polymer, and which is elec-
trically connected to a conductor such that the distal tip is an
electrode. The polymeric conductive distal tip typically has a
distal portion of the shaft lumen in communication with a
proximal portion of the shaft lumen and with a port at a distal
end of the distal tip. In the embodiment in which the catheter
is a needle catheter, a needle is slidably disposed in the shaft
lumen, such that the needle has a distal end which extends
distally from the distal tip port in an extended configuration.
However, the catheter lumen can be configured for a variety of
suitable uses.

The distal tip of the catheter is formed of a non-metallic
conductive polymer in order to function as an electrode.
Intrinsically (or inherently) conductive polymers (ICPs) are
organic polymers which are electrically conductive without
requiring the quantities of metal or carbon conductive addi-
tives commonly doped into nonconductive polymers to ren-
der them conductive. Common conductive additives include
carbon blacks, metal (e.g., tungsten) powder, and metal or
carbon fibers. Conventional poorly conductive and noncon-
ductive polymers typically require relatively sizable percent-
ages of these additives in order to form conductive tips. As a
result, because metals and carbon are not polymers, they can
disadvantageously affect the performance characteristics,
such as the strength, flexibility and softness, of the distal tip.
Additionally, metal additives can impair the ability to ultra-
sonically image the distal tip as discussed in more detail
below. In contrast, the ICPs are sufficiently conductive with-
out requiring the ultrasound image-impairing metal or carbon
conductive additives.

A variety of suitable ICPs can be used including polyacety-
lene, polypyrrole, polythiophene, polyaniline, and polypara-
phenylene vinylenes. Presently preferred ICPs include the
highly biocompatible polypyrroles and polyanilines. For
example, in one embodiment, the ICP is ST-Poly, which is a
polypyrrole commercially available from Central Corpora-
tion of Japan. In another embodiment, the ICP is a polyaniline
such as EEONOMER® that is commercially available from
Eeonyx Corporation, or Panipol master batches available
from Panipol Ltd of Finland. EEONOMER® loaded hetero-
geneous plastic alloys (e.g., thermoplastic polyolefin) exhibit
at least a 10 fold increase in conductivity compared to high
structure carbon black loaded alloys at the same loading level.

In a presently preferred embodiment, the distal tip is
formed of a blend of the ICP with a low-conductive polymer
matrix material. The terminology “low-conductive polymer”
should be understood to refer to polymers which are non-
conductive or so poorly conductive that the polymer will not
function as an electrode absent a conductive additive. The
low-conductive matrix polymer(s) of the blend preferably
provides desired distal tip performance characteristics such
as strength, flexibility, lubricity and the like, and the ICP of
the blend provides the required degree of conductivity in
accordance with the invention. A variety of suitable low-
conductive matrix polymers, commonly used to form flexible
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distal tips of transluminal catheters, can be used including
polyurethanes, polyolefins, and the like.

The ICPs readily blend or otherwise combine with the
matrix polymer materials, and preferably possess relatively
high thermal oxidative stability (e.g., up to about 300° C.)
which facilitates processing the ICPs into the matrix polymer
material without degradation or loss of conductivity. Conse-
quently, the ICPs can be melt-processed with a variety of
commonly used low-conductive matrix polymers, for ease of
manufacturability and without the compounding difficulties
of metal or carbon additives. Compared to conductive metal-
filled systems, the ICPs provide substantial weight savings,
flexibility, durability, low-temperature processibility, and tai-
lored reproducible conductivity. Additionally, due to the
improved compatibility with the matrix polymer, the ICPs
preferably have reduced sloughing compared to carbon
loaded formulations, and preferably do not disadvanta-
geously affect the cohesive strength of the matrix polymer.

The ICP distal tip electrode facilitates ultrasonic imaging
of the catheter distal end within the patient, compared to a
conventional metallic tip electrode, by reducing the amount
of metal in the distal tip. Specifically, metallic material in a
conventional catheter distal tip absorbs stores and then
reemits the sonic energy of the ultrasonic imaging device,
causing the metal in the tip to ring like a bell, sending out
ultrasonic energy until the sonic energy that it has stored is
depleted. This absorbed, stored and then reemitted sonic
energy is received by the ultrasonic imaging device and cre-
ates images behind the catheter tip that decrease in brightness
and size as the stored sonic energy is depleted, forming the tip
pyramid artifact. On the other hand, polymeric materials pro-
duce echoes from their surfaces in the body that are usually of
less amplitude than the thick metallic surfaces of conven-
tional electrode tips. Additionally, polymeric materials are
generally more dissipative of sonic energy than metallic
materials and thus, if any pyramid artifact is produced, itis of
smaller amplitude than those produced by tips/electrodes
formed completely of metal or of a higher proportion of
metallic materials. A disadvantageously bright/long duration/
large tip pyramid artifact obscures the actual image of the
catheter tip and surrounding anatomy. In contrast, a distal tip
of the invention, configured to minimize the amount of metal-
lic material at the distal tip, reduces the amount of sonic
energy that the tip stores and then reemits to thereby reduce
the brightness and duration of the tip pyramid artifact. The
soft polymeric distal tip completely eliminates, or at least
reduces, the tip pyramid artifact of prior metallic or metallic/
polymer hybrid electrode catheter tips.

In one embodiment, metallic material is present in the
distal tip, for example in the form of radiopaque (e.g., tung-
sten) powder compounded with or otherwise added to the
distal tip polymeric material, or in the form of a metallic
tubular member extending within the distal tip. Although the
amount of metallic material present may be sufficient to pro-
duce atip pyramid artifact, the resulting tip pyramid artifact is
of a desired minimized brightness and duration. Specifically,
in some embodiments, the presence of the pyramid artifact at
a reduced level relative to conventional fully metallic distal
tip electrodes is desirable to more reliably differentiate the
image of the catheter tip from the image of the catheter body
and thus indicate that the tip of the catheter is being imaged,
but in a manner that doesn’t substantially obscure the image
of the adjacent anatomy.

As discussed above, the polymeric distal tip of the inven-
tion prevents or reduces the tip pyramid artifact image. How-
ever. in the absence of a direct echo from the tip, the only
ultrasonic image of the tip may be that due to the absorbed,
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stored and then reemitted sonic energy (i.e., the tip pyramid
artifact). As a result, in a presently preferred embodiment, the
polymeric distal tip has a spherical shape, as set forth in
copending, commonly assigned U.S. patent application Ser.
No. 11/293,420 (*420 Application”), incorporated by refer-
ence herein in its entirety. The spherical distal tip shape is
configured to produce direct echoes, from a large angular
range, and thereby prevents or minimizes the potential for
misreading the position of the distal tip from the ultrasonic
image, by avoiding the absence of an imaged direct echo from
the distal tip. As discussed in the 420 Application, the spheri-
cal distal tip shape produces diffuse echoes such that the distal
tip is directly imaged over a range of angles (relative to the
catheter) substantially greater than 180°. Thus, the conduc-
tive polymeric distal tip of the invention, provided with a
spherical shape, facilitates accurately positioning the catheter
distal tip under ultrasonic imaging by providing an imaged
direct echo with little or no tip pyramid artifact over a wide
range of angles (i.e., with the catheter tip oriented in the
patient at a wide variety of angles relative to the ultrasonic
imaging device outside of the patient). The imaged direct
echo indicates the actual location of the distal tip in the
patient, unlike a tip pyramid artifact (if present) which is
located behind the actual location of the catheter tip due to the
delay in reemitting the sonic energy in the direction of the
imaging device.

A variety of suitable methods can be used to form an ICP
distal tip of the invention. In one embodiment, the ICP-matrix
polymer blend is injection molded to form the distal tip. In an
alternative embodiment, an ICP outer layer is added to the
surface of alow-conductive polymer distal tip, using a variety
of suitable methods such as spraying, dipping, plasma depo-
sition under vacuum, printing, or brush painting, and most
preferably by spray or dip coating. In one embodiment, the
surface of the low-conductive polymer (e.g., a polyurethane)
is modified with a functionalizing surface treatment before
the ICP is applied. For example, a phosphonylation or sul-
fonation surface activation treatment, followed by polymer-
izing an ICP such as polypyrrole or polyaniline on the func-
tionalized surface of the low-conductive polymer, results in a
layer ICP bonded to the functionalized surface of the under-
lying low-conductive polymer with superior cohesion and
adhesion. Optionally, a method of the invention includes
binding one or more additional layers or lamellae of conduc-
tive polymer thereon, which facilitates tailoring the electrical
conductivity of the tip electrode with negligible impact on the
structural (low-conductive) polymer’s mechanical properties
such as abrasive resistance. Typically, the conductive poly-
mer is self-activated such that an additional surface treatment
or adhesive layer is not required in order to bind another layer
of the same or a different ICP (i.e., by its very nature it is in a
state which forms strong bonds to subsequently applied lay-
ers of ICP). For example, doping emeraldine base with acid
(dopant) results to a conductive emeraldine salt of polya-
niline, which provides a conductive, self-activated surface,
ready for optionally adding one or more additional sublayers
of ICP.

One aspect of the invention is directed to a method of
performing a medical procedure using a polymeric distal
tipped echogenic catheter of the invention. The distal tip
functions as an electrode primarily for diagnostic purposes,
but, alternatively, for therapeutic purposes (e.g., defibrillation
or ablation) in which energy is delivered via the polymeric
conductive distal tip of the catheter if desired.

In one embodiment, a method of the invention generally
comprises advancing within a patient’s anatomy an
echogenic needle catheter comprising an elongated shaft, a
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polymeric distal tip which is formed at least in part of an ICP
and which has a port at a distal end of the distal tip, and
preferably a needle which extends distally from the distal tip
port in an extended configuration. The method includes
directing sonic energy at the distal tip from an ultrasonic
imaging device, to produce an ultrasonic image of the distal
tip with eliminated or reduced pyramid artifact compared to a
distal tip having a metallic tip electrode, and positioning the
distal tip at a desired location within the patient.

A catheter distal tip of the invention minimizes the amount
of metal in the tip and thus reduces its echo amplitudes, and
reduces or eliminates its pyramid artifact. The ICP conductive
materials have improved electrical, mechanical and melt-flow
properties. Specifically, a catheter distal tip of the invention
formed of the ICP has an improved combination of good
cohesive strength, flexibility, and high conductivity, unlike
prior “conductive polymeric” distal tips which required high
levels of metallic or carbon doping to be conductive. Addi-
tionally, the ICP conductive blends have greatly reduced
compounding difficulties compared with the prior metal- or
carbon-doped formulations. These and other advantages of
the invention will become more apparent from the following
detailed description and exemplary drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view, partially in section, of an
echogenic needle catheter embodying features of the inven-
tion, having a polymeric conductive distal tip.

FIGS. 2-4 are transverse cross sectional views of the cath-
eter of FIG. 1, taken along lines 2-2, 3-3, and 4-4, respec-
tively.

FIG. 5 illustrates the catheter of FIG. 1 within a left ven-
tricle of a patient’s heart.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates a needle catheter 10 which embodies
features of the invention. In the embodiment illustrated in
FIG. 1, the needle catheter 10 generally comprises an elon-
gated shaft 11 having a proximal shaft section 12, a distal
shaft section 13, and a needle containing lumen 15. and a
distal tip 14 at the distal end of the shaft 11. A needle 16 is
slidably disposed within the lumen 15 of the shaft, with an
extended configuration in which the needle distal end extends
distally from the distal end of the catheter (see FIG. 1), and
witha retracted configuration (not shown) in which the needle
distal end is proximally retracted into the catheter lumen 15.
In the illustrated embodiment, the catheter 10 has an elon-
gated deflection member 17 (e.g., atendon wire) connected to
a deflection control mechanism 18 at a proximal adapter 19,
for deflecting the distal end of the catheter 10. To effectively
deflect the distal end of the catheter the deflection member 17
is preferably near the surface of the shaft in the deflecting
(curving) portion. However, the catheter 10 can have a variety
of suitable catheter configurations including a non-deflecting
configuration. The proximal adapter 19 on the proximal end
of the shaft 11 has a port 20 configured for providing access
to the needle 16 for delivery of an agent, or for aspiration,
through the lumen of the needle 16. A variety of operative
connectors may be provided at the proximal adapter 19
depending on the desired use of the catheter 10. FIGS. 2-4
illustrate transverse cross sectional views of the catheter 10 of
FIG. 1, taken along lines 2-2, 3-3, and 4-4, respectively.

In the embodiment of FIG. 1, the shaft 11 comprises an
outer tubular body member 21, and an inner tubular member
26 which extends within the outer tubular body menber 21
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and which defines the needle containing lumen 15 of the shaft
11. The inner tubular member 26 is formed of a single layered,
integral one-piece tube extending from the proximal to the
distal end of the catheter, or alternatively of multiple sections
of tubing with communicating lumens, and/or a multilayered
tube(s). The distal tip 14 has a lumen extending through the
distal tip, which forms a distal section of the needle contain-
ing lumen 15 and which is in communication with a port 28 at
a distal end of the distal tip 14. In the embodiment illustrated
in FIG. 1, a distal section of the inner tubular member 26
defines the section of the needle containing lumen 15 within
the distal tip 14. However, a variety of suitable configurations
may beused including an embodiment in which the distal end
of the inner tubular member 26 is proximal to the distalend of
the catheter 10.

The distal tip 14 functions as an electrode, and thus has a
conductor (e.g., a metal wire) electrically connected thereto.
In the embodiment illustrated in FIG. 1, the deflection mem-
ber 17 is electrically connected to the distal tip 14 (via mem-
ber 34 discussed in more detail below), such that the member
17 doubles as a deflection and a conduction wire. However, a
variety of suitable configurations can be used including
embodiments in which a separate conduction wire is provided
which extends the entire length of the catheter or which
extends between the deflection member 17 and the distal tip
14. Therefore, it should be understood that in alternative
embodiments, the shaft 11 may include a separate conductor
lumen extending therein. The conduction wire is soldered,
welded, mechanically crimped or imbedded or otherwise
connected to electrical connect to the distal tip 14. At the
proximal end, the conduction wire 17 is electrically con-
nected to an electrical connector 41 at the proximal adapter
19, for connecting the catheter 10 to diagnostic or therapeutic
equipment (not shown).

Inthe embodiment of FIG. 1, a high strength support mem-
ber 34, such as a short length of a metal (e.g., stainless steel)
hypotube, secures the distal tip 14 to the distal end of the outer
tubular member 21 of the catheter shaft 11. The support
member 34 has a flared distal end at/near the center of the
distal tip 14 to securely attach thereto. The catheter tip 14 is
configured for mechanically strong, secure attachment and
support, while nonetheless minimizing the amount of metal at
the catheter distal end in order to minimize the brightness and
duration of the tip pyramid artifact in the ultrasonic image of
the catheter distal end.

In accordance with the invention, distal tip 14 is formed at
least in part of an intrinsically conductive polymer (ICP). In
one embodiment, the distal tip ICP is selected from the group
consisting of polyacetylene, polypyrrole, polythiophene,
polyaniline, and polypara-phenylene vinylenes. In a pres-
ently preferred embodiment, the ICP is a polypyrrole or a
polyaniline.

In a presently preferred embodiment, the polymeric con-
ductive distal tip 14 has awall 32 molded or otherwise formed
from a polymeric blend of the ICP and a matrix polymer. The
resulting distal tip wall 32 is preferably a uniform blend of the
ICP/matrix polymer (i.e., the ICP is uniformly distributed
throughout the distal tip wall). The ICP and matrix polymer
are typically compounded together and injection molded,
although the term “blend” should be understood to refer to a
variety of suitable combining methods. The matrix polymeris
typically a low-conductive polymer (i.e., non-conductive or
poorly conductive), such as a polyurethane (e.g., PELLE-
THANE), polyethylene, polypropylene, styrene isobutyl sty-
rene (SIBS), or polyvinylidiene hexafluoropropylene elas-
tomer (PVDF-HFP). The low-conductive polymers generally
have a conductivity of less than about 0.0005 S/m.
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The blend comprises a sufficient amount of ICP material so
that the distal tip 14 functions as an electrode when electri-
cally connected to diagnostic or therapeutic equipment. The
amount of ICP is typically a relatively large percent by vol-
ume of the distal tip, to maximize the conductivity of the
distal tip. In one embodiment, the ICP is about 1% to about
30% by weight of the blend, depending on the desired con-
ductivity of the distal tip 14. Preferably, the amount of ICP
provides sufficient conductivity, without disadvantageously
affecting manufacturability or performance characteristics of
the distal tip 14 (e.g., the ability to compound and melt-form
the blend, or the distal tip strength, flexibility and abrasion
resistance, etc.). The conductivity of the resulting distal tip
blend is about 0.01 to about 100 Siemens per meter (S/m), and
more preferably about 0.1 to about 10 S/m. The blend has a
resistance of about 1000 ohms. The use of the blend facilitates
tailoring the amount of ICP in order to provide a specific
desired conductivity together with manufacturability and per-
formance characteristics. For example, minimizing the
amount of ICP is advantageous for minimizing cost.

In the illustrated embodiment, the polymeric conductive
distal tip 14 is a separate member bonded to the distal end of
the outer tubular body member 21. However, in an alternative
embodiment, the polymeric conductive distal tip 14 can be
formed integrally with at least a section of the shaft 11 proxi-
mal thereto. The ICP-matrix polymer blend is typically injec-
tion molded around the support member 34 to form the distal
tip 14 of the embodiment of FIG. 1, and a proximal end
section of the resulting distal tip 14 is bonded, for example
using an adhesive, to the distal end of the outer member 21.

In one embodiment, the polymeric conductive distal tip 14
includes a radiopaque material, such that the distal tip 14 is
radiopaque. Preferably, the radiopaque material is distributed
within the blend. For example, tungsten powder compounded
or otherwise mixed into the blend before the distal tip 14 is
molded, in an amount of about 20 to about 60% by weight of
the blend, renders the distal tip 14 radiopaque. Such quanti-
ties of radiopaque material do not produce a distal tip with a
sufficiently high conductivity to function as an electrode as
required by the invention. Similarly, in the absence of the
radiopaque additive, the amount of the metallic material in the
distal tip 14 is minimized to an extent that the tip 14 would not
be visible under fluoroscopy within the patient’s vasculature
during a typical procedure.

In an alternative embodiment, the polymeric conductive
distal tip 14 has a wall formed of a low-conductive polymer
(i.e., not blended with the ICP) and an outer layer formed at
least in part of an ICP bonded to the low-conductive polymer
wall. The conductive ICP outer layer is typically significantly
thinner than the underlying low-conductive polymer wall of
the catheter distal tip, and the underlying low-conductive
polymer wall is otherwise similar to the wall 32 of the
embodiment of FIG. 1. The underlying low-conductive poly-
mer wall consists essentially of the low-conductive polymer,
with the ICP outer layer thereon, although it may have a
radiopaque or lubricious additive, or an inner (e.g., lubri-
cious) layer as is conventionally known for catheter distal
tips.

In one embodiment, the low-conductive polymer distal tip
1s treated with a functionalizing surface treatment to produce
a functionalized distal tip 14 surface which is subsequently
coated with the ICP, resulting in molecularly bound ICP.
Specifically, a low-conductive (e.g., polyurethane) distal tip
wallis functionalized using a phosphonylation or sulfonation
surface treatment to provide a more bondable outer layer for
attachment of ICPs such as polyaniline. For example, a func-
tionalized polymer with phosphonyl surface or a sulfony!
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surface has surface-modifying end groups which function as
surface active oligomers covalently bonded to the base poly-
mers such as polyurethane, pure styrene-butadiene-styrene
triblock copolymer (Vector), or styrene-ethylene/butylene-
styrene triblock elastomer forming the underlying wall of the
echogenic polymer tip. These active end groups will not
compromise the bulk properties but can promote the bonding
ofan ICP to be coated onto the base echogenic polymer tip. In
addition, the sulfonation will improve the ion transport and
conductivity of a base styrene-ethylene/butylene-styrene tri-
block elastomer.

The ICP is formed and remains securely bound to the
underlying low-conductive polymer through an in-situ poly-
merization method. Optionally, additional sublayers of ICP
are applied to the resulting self-activated ICP using the same
in-situ polymerization method, typically to produce a final
outer conductive ICP layer made up of a total of up to about
3 sublayers of ICP. The resulting outer conductive ICP layer
is highly conductive despite being relatively thin, and is echo
compatible.

To provide the ICP outer layer, a solution of the ICP can be
applied to the surface of a low-conductive polymer by con-
ventional coating techniques. For example, the ICP commer-
cially available as BAYTRON (poly(3,4-ethylenediox-
ythiophene) (PEDT)), and more specifically, a mixture of
BAYTRON® P, which is a waterborne dispersion of the poly-
mer complex poly(3,4-ethylenedioxy-thiophene)/polysty-
rene sulfonate (PEDT/PSS), can be coated onto the surface of
the distal tip, and polymerized thereon, to produce an outer
conductive ICP layer having a wet film thickness of about 6
micrometers, and a resistivity (specific electrical resistance)
of less than about 10* chm meter. The mixture contains 42.9%
by weight BAYTRON® P, 2.6% by weight N-Methyl-2-pyr-
rolidinone, 0.9% by weight Silquest® A 187 (a polyepoxysi-
lane adhesive additive), 53.3% by weight isopropanol, and
0.3% by weight Dynol 604, and results in about 2.6 g of
BAYTRON® P applied per square meter.

A wide variety of commonly used low-conductive poly-
mers can be thus modified, to form a multifunctional material
capable of carrying or dissipating significant electrical
charge. The resulting conductivity of the ICP-coated, func-
tionalized distal tip is typically tailored over a range of about
0.1 S/m to about 10 S/m by having more/fewer layers of ICP,
without significantly affecting the performance characteris-
tics provided by the underlying low-conductive polymer.

In one embodiment, the outer conductive layeris a blend of
an ICP and a matrix polymer (similar to the blend discussed
above in relation to the embodiment of FIG. 1), applied to the
underlying low-conductive polymer wall of the distal tip, for
example by dip or spray coating.

In the illustrated embodiment, the polymeric conductive
distal tip 14 has a spherical shape. Specifically, distal tip 14
has a distal spherical portion 30, and a proximal support
portion 31 which has a proximal end connected to the distal
end of a distal portion of outer tubular body member 21. The
spherical portion 30 has a curving outer surface extending
around the circumference of the distal tip to an included angle
substantially greater than 180°, as discussed in the *420 appli-
cation previously incorporated by reference herein. The
proximal support portion 31 has a conically shaped section
with an outer surface tapering distally to a smaller outer
diameter. The support portion 31 is formed of a sufficiently
strong material(s) to securely connect and support the spheri-
cal distal tip 14 during use of the catheter 10, and is typically
formed of the same material as the spherical portion of the tip
14. The length and tapering angle of support portion 31 is
preferably chosen such that it will not shield or block the
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spherical distal tip portion 30 from sonic energy over the
designed range of distal tip imaging angles.

Although not illustrated, at least a second electrode is
typically provided on the shaft 11, with a corresponding elec-
trical conductor. The second electrode, functions, for
example, as a reference electrode for the electrode that is the
polymeric conductive distal tip 14. The second (e.g., refer-
ence) electrode is preferably provided on the proximal shaft
section 12 such that it is located out of the patient’s heart
chamber, preferably superior to the heart chamber, such as in
the aortic arch or a vena cava, for tip tissue contact/tissue ECG
monitoring applications and/or about one centimeter behind
the tip for ECG anomaly detection applications. In applica-
tions where pacing is anticipated to be required, many elec-
trodes may be spaced along the distal portion of the catheter
shaft, such that, at least, one electrode (with a surface elec-
trode) or electrode pair will pace successfully at the current
catheter position.

FIG. 5 illustrates the needle catheter 10 with the distal end
ofthe catheter within the left ventricle 45 of the patient’s heart
46. The catheter 10 is typically advanced in a retrograde
fashion within the aorta 47, via the lumen of an introducer
sheath which is inserted into the femoral artery. The catheter
10 illustrated in the embodiment of FIG. 1 is not configured
for advancement over a guidewire, although in alternative
embodiments and delivery sites, such as into veins or arteries,
a guidewire lumen is provided in the shaft 11 for slidably
receiving a guidewire therein. Additionally, in such vessel
applications, the guidewire and catheter may be inserted into
position using a guiding catheter that is first inserted into the
introducer. In this intracardiac application, a deflecting
mechanism is desired. By activating the deflection member
17 using the deflection control mechanism 18, the distal end
ofthe catheter is caused to deflect away from the longitudinal
axis of the shaft 11. With the distal end of the polymeric
conductive distal tip 14 thus positioned in contact with a
desired site of the ventricle wall, electrical data can be col-
lected from the polymeric conductive distal tip 14. The elec-
trical data (e.g., tissue contact ECG) facilitates tissue diag-
nostics (in combination with echo image ventricle wall
motion measures) to determine if the site should be treated or
not. The site can be treated by direct injection of a therapeutic
agent, such as a biological or chemical agent, from the needle
16. FIG. 5 illustrates the distal end of the polymeric conduc-
tive distal tip 14 and the port 28 against the ventricle wall,
with the needle 16 in the extended configuration advanced out
the port 28 and into the cardiac tissue 48 of the ventricle wall.
Multiple sites within the left ventricle can be thus accessed
and treated using the catheter of the invention.

Although illustrated in the ventricle, a catheter 10 of the
invention can be used to inject into the vessel wall or through
the vessel into the myocardium or other adjacent tissues.
Thus, although the distal needle port 28 is in the distal-most
end of the polymeric conductive distal tip 14, coaxial with the
longitudinal axis of the catheter shaft in the embodiment of
FIG. 1, in alternative embodiments (not shown), the catheter
has a needle port configured to direct the needle at an angle
away from the longitudinal axis of the catheter (e.g., for
injecting into or through a vessel). For example, the port
through which the needle extends can be located eccentric to
the longitudinal axis of the catheter or in a side wall of the
catheter proximal to the distal end of the polymeric conduc-
tive distal tip 14, and the catheter configured for transvascular
use.

Ultrasound can be used in conjunction with the catheter
supplied ECG to provide tissue diagnostics by visualization
ofthe wall motion and thickness. Additionally, the catheter 10
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facilitates using ultrasonic imaging for visualization and
positioning of the catheter 10. Specifically, with the catheter
10 distal end in the left ventricle (or other desired location
within the cardiac anatomy), sonic energy is directed at the
polymeric conductive distal tip 14 from an ultrasonic imaging
device (not shown). The ultrasonic imaging device is typi-
cally an external device, a TTE probe (Transthoracic Echo,
probe on the chest), although a TEE probe (Transesophageal
Echo, probe in the throat), an ICE probe (Intracardiac Echo,
probe in a cardiac chamber) or an IVUS (Intravascular Ultra-
sound, probe in a vessel) can alternatively be used.

The ultrasonic image of the distal tip has an eliminated or
reduced pyramid artifact compared to a distal tip having a
conventional metallic tip electrode. Specifically, the poly-
meric conductive distal tip 14 formed of an ICP uses less
metal in the distal tip than a solid metal distal tip or band
electrode or a metal/polymer conductive blend, and any
metallic portions at the distal tip 14 are in contact with the
sonic energy damping plastic material thereof, so that the tip
pyramid artifact has a desired low level of brightness and
shorter duration or is absent entirely from the display. Addi-
tionally, in the embodiment having a spherical shape, the
spherical polymeric conductive distal tip 14 reflects the sonic
energy more diffusely than a non-spherical tip, to provide an
ultrasonic image of the distal end of the catheter from a wide
range of angles relative to the viewing direction of the ultra-
sonic imaging device.

A variety of suitable catheter shaft designs can be used with
the polymeric conductive distal tip 14 of the invention,
including deflectable needle catheter shafts described in U.S.
patent application Ser. No. 10/676,616 (filed Sep. 30, 2003),
and U.S. Ser. No. 11/293,420 (filed Dec. 2, 2005), each of
which is incorporated by reference herein in its entirety. For
example, the proximal portion of outer tubular body member
21 of the shaft 11 is typically formed at least in part of metal,
such as a polymer reinforced with a braided or coiled metallic
filaments or a hypotube or slotted metallic tube, although it
may alternatively or additionally consist of a high modulus
polymer. In the illustrated embodiment, the shaft 11 has a
braided body layer 23 extending distally from a proximal end
section of the catheter, and comprising a polymeric material
encapsulating a wound tubular support layer typically formed
of braided filaments of a metal such as stainless steel. The
braid is encapsulated by an outer layer which is typically
formed of multiple sections of differing durometers/polymers
joined end to end to provide a stiffness transitions along the
length of the catheter. The braid is formed over a polymeric
core layer 24. Inthe illustrated embodiment, the distal portion
of the tubular body member 21 of the shaft 11 comprises a
cage 22 typically formed of a slotted metallic tube. The com-
pression cage 22 is configured to deflect laterally as discussed
in the *616 application, incorporated by reference above. The
cage 22 is typically covered with an outer jacket layer 50.

The deflection member 17 extends within a lumen of a
second inner tubular member 25, and is secured to the shaft
adjacent to the distal end of the distal portion of tubular body
member 21. In the illustrated embodiment, a stabilizing tubu-
lar member 27, typically comprising a dual lumen extrusion,
is positioned within at least a section of the cage 22 to stabi-
lize the position of the inner tubular members 25, 26 therein.
The stabilizing member 27 is formed of a single section or
multiple longitudinally adjacent sections of the tubing, and
has a proximal end typically located within the cage 22 or a
short distance proximal thereto. In alternative embodiments,
the stabilizing tubular member 27 is omitted.

In the embodiment illustrated in FIG. 1, the support mem-
ber 34 has a proximal end 36 electrically connected to the
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deflection/conductor member 17. Specifically, the support
member 34 has two grooves on opposite sides of the proximal
section of the member 34, and the distal end of the deflection/
conductor member 17 is within one of the grooves. The sup-
port member 34 thus provides electrical connection to the
distal tip 14, either by being embedded in a wall of the distal
tip 14 formed of the ICP-matrix blend, or by being in contact
with/electrically connected to an outer conductive ICP layer
of the distal tip 14.

While the present invention is described herein in terms of
certain preferred embodiments, those skilled in the art will
recognize that various modifications and improvements may
be made to the invention without departing from the scope
thereof. For example, while discussed primarily in terms of a
needle catheter, it should be understood that a variety of
catheters can be used which embody features of the invention
including balloon catheters, guiding catheters, ablation cath-
eters, device delivery catheters and catheters that accommo-
date or incorporate sensors (i.e. temperature, chemical, oxy-
gen, etc.). For example, the needle can be eliminated and
solution infused through the empty lumen of the catheter
(e.g., to inject directly into the bloodstream just proximal of
the area to be treated). Additionally, although discussed pri-
marily in terms of a distal tip formed of the ICP, it should be
understood that the ICP can be used to form a conductive
element on other locations on the catheter, such as on the
outer or inner catheter shaft or the balloon.

Thus, the echogenic catheter features being disclosed are
applicable to all types of catheters/other devices that may be
guided by ultrasound and/or must be present in the anatomy
during ultrasonic imaging. Additionally, although the cath-
eter features are useful for use with 2D or 3D ultrasonic
imaging systems, it should be noted that for the purpose of
catheter guidance, a3D echo system is preferred to the “slice”
image provided by a 2D echo system. A 3D echo system
produces images that can either be a see-through representa-
tion of large 3D volume of the anatomy and catheter or a 3D
surface image of the same. In a 3D image, anatomic reference
points abound in the image and, with a properly echogenic
catheter (as described in this application), all portions of the
catheter in the image volume may be seen, and the direction of
the catheter shaft relative to the anatomy is easily visualized
as described herein.

Moreover, although individual features of one embodiment
of the invention may be discussed herein or shown in the
drawings of the one embodiment and not in other embodi-
ments, it should be apparent that individual features of one
embodiment may be combined with one or more features of
another embodiment or features from a plurality of embodi-
ments.

What is claimed is:

1. An echogenic catheter, comprising

a) an elongated shaft having a proximal shaft section, a

distal shaft section, and a lumen extending therein from
aproximal to a distal end of the shaft; and

b) a polymeric distal tip at the distal end of the elongated

shaft, which is formed at least in part of an intrinsically
conductive organic polymer having an outer surface
with a circumference angle substantially greater than
180 degrees, and which has a distal portion of the shaft
lumen extending therein in communication with a proxi-
mal portion of the shaft lumen and with a port at a distal
end of the distal tip, and which is electrically connected
to a conductor extending at least through the distal shaft
section such that the distal tip is an electrode, wherein
the intrinsically conductive organic polymer is not
doped with additional materials to aid electrical conduc-

10

20

25

40

45

50

55

60

65

12

tivity, wherein the conductor comprises a wire electri-
cally connecting the distal tip to a distal end of the shaft
to conduct a signal from the distal tip to a signal receiv-
ing device for generating an electrocardiogram, wherein
the polymeric distal tip is a solid material molded around
and in continual contact along a cylindrical outer surface
of a metal support of the distal shaft section, and in
continual contact along outer surfaces of an end flair of
the metal support.

2. The catheter of claim 1 wherein the intrinsically conduc-
tive polymer is selected from the group consisting of poly-
acetylene, polypyrrole, polythiophene, polyaniline, and poly-
para-phenylene vinylenes.

3. The catheter of claim 1 wherein the tip is a blend of the
intrinsically conductive polymer and a low-conductive poly-
mer matrix.

4. The catheter of claim 3 wherein the tip has a wall which
is formed of the blend and which has a curved outer surface
defining a distal leading face of the catheter having the port
therein.

5. The catheter of claim 3 wherein the distal tip includes a
radiopaque material different from the intrinsically conduc-
tive polymer, such that the distal tip is radiopaque, and
wherein the amount of radiopaque material does not interfere
with imaging of a surrounding anatomy.

6. The catheter of claim § wherein the radiopaque material
is distributed within the blend.

7. The catheter of claim 1 wherein the distal tip has a wall
formed of a low-conductive polymer and an outer layer
formed at least in part of the intrinsically conductive polymer
bonded to the low-conductive polymer, the outer layer having
an inner surface bonded to the low-conductive polymer wall.

8. The catheter of claim 7 wherein the low-conductive
polymer has a functionalized outer surface bonded to the
intrinsically conductive polymer outer layer, the functional-
ized outer surface being a phosphonyl or sulfonyl surface.

9. The catheter of claim 1 wherein the catheter is needle
catheter including a needle in the lumen of the shaft, which
extends distally from the distal tip port in an extended con-
figuration, and which has a lumen.

10. The catheter of claim 9 wherein the shaft comprises an
outer tubular body member, and an inner tubular member
therein, wherein the inner tubular member extends distally
from a proximal end of the shaft and within the polymeric
distal tip, and defines the lumen of the shaft which has the
needle therein such that the needle is slidably disposed in the
inner tubular member of the shaft.

11. The catheter of claim 1 including a second electrode on
a proximal shaft section.

12. The catheter of claim 1 wherein the intrinsically con-
ductive polymer provides the distal tip electrode with a rela-
tively high conductivity of at least about 0.01 S/m.

13. The catheter of claim 1, wherein the conductor com-
prises an elongated deflection member with a distal end
secured to the shaft and a proximal end coupled to the wire,
the member is configured for deflecting a distal section of the
catheter shaft; and the wire is configured to double as a
deflection wire and as a conduction wire.

14. An echogenic needle catheter, comprising:

a) an elongated shaft having a proximal shaft section, a
distal shaft section, a lumen extending therein from a
proximal to a distal end of the shaft, and a polymeric
distal tip at the distal end of the elongated shaft, wherein
the polymeric distal tip is formed at least in part of an
intrinsically conductive organic polymer having an
outer surface with a circumference angle substantially
greater than 180 degrees, has a curved outer surface, an
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inner surface with a distal portion of the shaft lumen
therein in communication with a proximal portion of the
shaft lumen and with a port at a distal end of the distal tip,
and is electrically connected to a conductor extending at
least through the distal shaft section such that the distal
tip is an electrode, wherein the intrinsically conductive
organic polymer is not doped with additional materials
to aid electrical conductivity, wherein the conductor
comprises a wire electrically connecting the distal tip to
adistal end of the shaft to conduct a signal from the distal
tip to a signal receiving device for generating an elec-
trocardiogram, wherein the polymeric distal tip is a solid

material molded around and in continual contact along a

cylindrical outer surface of a metal support of the distal

shaft section, and in continual contact along outer sur-
faces of an end flair of the metal support; and

b) a needle slidably disposed in the shaft lumen, which

extends from the distal tip port in an extended configu-

ration.

15. The needle catheter of claim 14 wherein the distal tip
has a wall which is formed of a uniform blend of the intrin-
sically conductive organic polymer and a low-conductive
polymer.

16. The needle catheter of claim 15 including a radiopaque
material distributed within the blend, such that the distal tip is
radiopaque, and wherein the amount of radiopaque material
does not interfere with imaging of the surrounding anatomy.

17. The needle catheter of claim 14 wherein the intrinsi-
cally conductive polymer is selected from the group consist-
ing of polyacetylene, polypyrrole, polythiophene, polya-
niline, and polypara-phenylene vinylenes.

18. A method of performing a medical procedure within a
patient, comprising;

a) advancing within the patient’s vasculature an echogenic

catheter, comprising

1) an elongated shaft having a proximal end, a distal end,
and a lumen;

ii) apolymeric distal tip at the distal end of the elongated
shaft, formed at least in part of an intrinsically con-
ductive organic polymer having an outer surface with
a circumference angle substantially greater than 180
degrees, which has an outer surface, an inner surface
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with a distal portion of the shaft lumen extending
therein in communication with a proximal portion of
the shaft lumen and with a port at a distal end of the
distal tip, and which is electrically connected to a
conductor extending at least through the distal shaft
section such that the distal tip is an electrode, wherein
the intrinsically conductive organic polymer is not
doped with additional materials to aid electrical con-
ductivity, wherein the polymeric distal tip is a solid
material molded around and in continual contact
along a cylindrical outer surface of a metal support of
the distal shaft section, and in continual contact along
outer surfaces of an end flair of the metal support;

b) imaging the distal tip within the patient by directing
sonic energy at the catheter from an ultrasonic imaging
system, to produce an ultrasonic image of the distal tip
with eliminated or reduced tip pyramid artifact com-
pared to a distal tip having a metallic tip electrode, and
positioning the distal tip at a desired location within the
patient; and

¢) positioning the intrinsically conductive organic polymer
of the distal tip of the catheter into abutting contact with
awall surface of a heart chamber of the patient, such that
the distal tip conducts an electrical signal from the heart
wall to a signal receiving device electrically connected
to the catheter conductor, to thereby generate an electro-
cardiogram.

19. The method of claim 18 wherein the intrinsically con-
ductive polymer provides the distal tip with a conductivity of
about 0.01 to about 100 S/m, and wherein the electrical signal
1s conducted directly from the heart wall to catheter conductor
or ECG by the distal tip.

20. The method of claim 18 wherein the catheter is a needle
catheter having a needle in the shaft lumen which extends
distally from the distal tip port in an extended configuration,
and wherein positioning the distal tip of the catheter into
abutting contact with the heart chamber wall positions the
distal tip port against the heart chamber wall so that the needle
in the extended configuration penetrates the heart chamber
wall, and including extending the needle through the port and
into the heart chamber wall.
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