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(57) ABSTRACT

A catheter for use in a patient’s body lumen, having a shaft
section configured to minimize ultrasonic image artifacts and
the direct ultrasonic image brightness of the shaft surface and
its internal components, and to produce its image at a wide
range of imaging angles, preferably with an intensity not
substantially different than surrounding tissue of the body
lumen under ultrasound visualization. The shaft section is
operative for the desired use of the catheter, yet is also con-
figured to facilitate accurately imaging the shape and location
of the shaft section, and easily differentiate it from the sur-
rounding anatomy without unduly obscuring the images of
the adjacent anatomy using an ultrasound imaging system.
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VISUALIZATION OF A CATHETER VIEWED
UNDER ULTRASOUND IMAGING

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of prior
pending U.S. application Ser. No. 11/293,420, filed Dec. 2,
2005, incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] The inventionrelates to the field of medical devices,
and more particularly to catheters, such as needle catheters or
other elongated devices configured for inserting into a
patient’s body lumen or cavity to perform a diagnostic and/or
therapeutic procedure.

[0003] An essential step in treating or diagnosing cardiac
tissue or cardiovascular diseases using an interventional cath-
eter is the proper placement of the catheter at a desired loca-
tion 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 sonic, acous-
tic or echo imaging) would provide several advantages. For
example, ultrasonic imaging is very safe for the expected
extended imaging time periods required for catheter diagnos-
tic and/or therapeutic guidance, unlike imaging methods
which expose the patient to x-rays such as CI/EBCT (Elec-
tron Beam Computed Tomography) or bi-planar fluoroscopy.
Additionally, ultrasound is relatively inexpensive compared
to other imaging modalities such as MRI or CT/EBCT, and
ultrasound can provide many of the functional diagnostics,
such as cardiac wall motion and thickness information, which
these expensive modalities provide.

[0004] However, one difficulty has been visualization
anomalies, including artifacts, lack of an image of catheter
sections, and overly bright and/or large images of other cath-
eter sections, in the ultrasonic images of catheters. Such arti-
facts can provide a misleading and inaccurate impression of
the shape and/or location of the catheter within the patient’s
anatomy. Catheter elements can appear so bright and large on
the ultrasonic image (called “blooming™) due to their direct
highly sonic reflective nature relative to the anatomy, espe-
cially at the gain settings typically used to image the anatomy,
that the image of the adjacent anatomy is obscured by the
catheter image. For example, metallic portions of catheters
can produce strong’high amplitude direct echoes (bright
images), and a ringing artifact in the form of a pyramid shape
of reverberation (“ringing”) images on a three-dimensional
ultrasonic imaging system, and a triangular shape of rever-
beration images on a two-dimensional ultrasonic imaging
system, trailing off in the viewing direction. Similarly, most
thermoplastic catheter shaft surfaces produce strong/high
amplitude direct echoes formed by the reflection of sonic
energy off'a catheter material interface or surface perpendicu-
lar to the viewing direction and directly back to the ultrasonic
transducer. If the gain settings of the ultrasonic imaging sys-
tem are reduced to improve the image of the catheter shaft
portions by reducing its image and artifact brightness, the
image of the anatomy fades to the point of being significantly
less visible or not visible at all. Additionally, given that most
thermoplastic catheter shafts and their components are
smooth (i.e., surfaces/material interfaces that behave as
smooth surfaces at the ultrasonic frequencies of interest), the
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portions of the catheter shaft being imaged at oblique angles
reflect the sonic energy away from the ultrasonic transducer
and produce a very faint/small image or no image of the
catheter shaft surface, which obviously is problematic. For
example, locations in the displayed image where the catheter
shaft produces no image may be falsely interpreted as the
location of the distal end of the catheter and result in the
improper or undesired positioning of the catheter. However, if
the gain settings of the ultrasonic imaging system are
increased to improve the image of these portions of the cath-
eter shaft (increase its image brightness), the image of the
anatomy, direct echo catheter surface/material interface
images and any artifacts enlarge and brighten significantly,
increasing the degree to which they obscure the image of the
catheter shaft and the location of adjacent tissue surfaces.
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 ability to guide and visualize a catheter in
the patient’s anatomy during diagnostic and/or therapeutic
procedures.

SUMMARY OF THE INVENTION

[0005] The invention is directed to a catheter for use in a
patient’s body lumen, having a shaft section configured to
minimize ultrasonic image artifacts and the direct ultrasonic
image brightness of the shaft surface and its internal compo-
nents, and to produce its image (i.e., appear) at a wide range
of imaging angles, preferably with an intensity not substan-
tially different than surrounding tissue of the patient’s body
lumen under ultrasound visualization. The shaft section is
operative for the desired use of the catheter, yet is also con-
figured to facilitate accurately imaging the shape and location
of the shaft section, and easily differentiate it from the sur-
rounding anatomy, without unduly obscuring the images of
the adjacent anatomy, using an ultrasound imaging system.

[0006] Ina presently preferred embodiment, the catheter is
an agent delivery catheter having a deflectable distal shaft
section with a port configured for delivery of an agent (e.g., a
fluid) in a patient’s body lumen. The shaft surface and/or its
internal components which make the distal shaft section
reversibly deflectable and configured for agent delivery typi-
cally produce image artifacts and are highly reflective in the
body lumen in the sense of producing very bright and large
(relative to the brightness of the surrounding tissue) direct
reflection echo images of the shaft on an ultrasound imaging
system, with artifacts caused by reverberation (“ringing”)
images trailing off in the viewing direction and/or high ampli-
tude side-lobe reflections that can falsely represent the shaft’s
location and shape (e.g., degree of deflection). An ultrasound
system’s probe/transducer typically transmits sonic energy at
lower levels that propagate at oblique angles away from the
surface of the transducer, called side lobes. If the sonic energy
of these side lobes is strongly reflected back to the transducer,
an image is formed from the received echo assuming that the
echo is a reflection from the sonic energy that moved directly
away from the transducer (perpendicular to the surface of the
transducer). Thus, an image is formed from the side lobe
reflections at a location that is not the actual location of the
shaft. Additionally, catheter shafts and their material inter-
faces often have atraumatic smooth surfaces/interfaces that
send obliquely reflected sonic energy in directions away from
the ultrasonic transducer and thus, produce no or a very faint/
small shaft image. If a catheter shaft contains components
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that are metallic, the sonic energy that they absorb may essen-
tially bounce around inside the component for a period of
time and then a portion of it may exit the component in the
direction of the ultrasonic probe/transducer at intervals, pro-
ducing “ringing” images behind the actual position of the
catheter shaft or metallic component (i.e., a greater distance
from the ultrasonic transducer). If this “ringing” image was
produced at an oblique imaging angle, the only image will
appear behind the actual position of the catheter shaft or
metallic component. The thermoplastic polymers and poly-
mer mixtures commonly used to form catheter distal shaft
sections often produce a direct reflection artifact due to its
high reflectivity that is a large bright blob on a 2D ultrasonic
imaging system or a large bright blob centered on a long
bright curved line, at right angles to the actual shaft, on a 3D
ultrasound imaging system display under tissue imaging con-
ditions. However, a catheter of the invention has one or more
acoustic impedance selected, echo diffusive and dampening
polymeric layer(s) on at least a portion of at least the deflect-
able distal shaft section, which are preferably configured to
render the otherwise highly directly echogenic and/or artifact
producing deflectable distal shaft section substantially
echolucent. The deflectable distal shaft section is also pro-
vided with an echogenic member configured to provide an
improved ultrasonic image of at least the deflectable distal
shaft section, such that an ultrasonic image of the deflectable
distal shaft section preferably consists essentially of the sonic
reflections and/or transmissions of the echogenic member in
the deflectable distal shaft section (the deflectable distal shaft
section being otherwise rendered substantially echolucent by
the echo diffusive and dampening layer(s)). In one embodi-
ment the catheter generally has at least one echo diffusive and
dampening polymeric layer, which is an outer layer having an
acoustic impedance which is between an acoustic impedance
of bloodand an acoustic impedance of an adjacent layer of the
section of the shaft underlying the echo diffusive and damp-
ening polymeric layer, and an echogenic member at least
partially embedded in the echo diffusive and dampening
polymeric layer. However, in a presently preferred embodi-
ment, the catheter further includes an echo diffusive and
dampening inner layer extending along an inner surface of the
echo diffusive and dampening outer layer, and the inner and
outer echo diffusive and dampening inner and outer layers are
configured to have different acoustic impedances, and pro-
duce sonic reflections that destructively interfere within a
range of ultrasound frequencies of the ultrasound imaging
system.

[0007] Although discussed primarily in terms of configur-
ing a deflectable distal catheter shaft section for being imaged
by an ultrasound imaging system, it should be understood that
a intraluminal catheter of the invention more generally has at
least a section which is configured for ultrasound imaging in
accordance with the invention. The shaft section configured
for ultrasonic imaging extends along at least a section of the
shaft, typically at least along a distal section of the shaft. The
shaft section is formed at least in part of a metallic member, or
contains a metallic member like a guidewire, a lumen or other
components, materials or features that normally produce
strong direct echoes, and/or produce weak echoes from
oblique angles, and/or produce ringing artifacts. The echo
diffusive and dampening layers thereon render the shaft sec-
tion (which would otherwise exhibit ringing artifacts and/or
be highly directly echogenic relative to the adjacent tissue)
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substantially echolucent, and the echogenic member located
between the two layers provides the desired ultrasonic image
of the shaft section.

[0008] The echo diffusive and dampening layers are
formed of a polymeric material(s), and optionally mixed with
particles such as metallic particles having a high density
relative to the polymeric material(s), to achieve the desired
acoustic impedance, and sonic diffusive and dampening char-
acteristics.

[0009] The echogenic member is preferably a rounded or
curved member or members extending helically along or
circumferentially around the distal shaft section, such as a
round metal wire(s) coiled around the shaft section. The
echogenic member is preferably located between the two
echo diffusive and dampening layers, and is configured at
least in part with a curved surface to diffusely reflect a portion
of the incident sonic energy back to the transducer of the
ultrasonic imaging system at a wide range of incident angles
to produce a shaft image with a brightness near that of the
adjacent tissues irrespective of the imaging angle (direct or
oblique). Although discussed primarily in terms of a coiled
metal wire member, other, less easily mounted (and thus less
preferred), configurations such as a series of rings or beads
with a curved outer surface and mounted circumferentially at
intervals along the length of the shaft section can alternatively
be used as the echogenic member having a variety of suitable
cross sectional shapes. In a presently preferred embodiment,
the echogenic member is comprised at least in part of a metal
or a blend/alloy containing a metal or metals. It should be
understood that the echogenic member is a different member
than the metallic member(s) of the distal shaft section having
the echo diffusive and dampening layers thereon. A metal
bearing echogenic member allows the echogenic member to
be thin and thus to not substantially increase the outer diam-
eter of the shaft section. This is preferred at least in part
because smaller diameter shafts have fewer insertion site
complications. In a presently preferred embodiment, the dis-
tal shaft section has a substantially smooth outer surface. In
other embodiments, the echogenic member causes a small
raised surface at the outer diameter of the shaft.

[0010] In one embodiment, the shaft distal section has an
electrode, or other sensing or transmitting component (e.g., a
transducer, electrical sensor, fiber optic sensor), imbedded or
in contact with at least the echo diffusive and dampening
outer layer, and one aspect of the invention is directed to
configuring the sensing or transmitting component to mini-
mize its echo amplitudes and artifacts while having a bright-
ness that facilitates ultrasonic visualization of its position on
the shaft, and to diffusely reflect a portion of the incident
sonic energy back to the transducer/probe of the ultrasonic
imaging system at a wide range of incident angles to facilitate
its ultrasonic visualization at a wide range of imaging angles
(sonic energy incident angles). In embodiments in which the
sensing/transmitting component (e.g., electrode) is mounted
on the deflectable distal shaft section, it should be understood
that the section of the shaft that is rendered substantially
echolucent by the echo diffusive and dampening layers is the
rest of the deflectable distal section not having the sensing/
transmitting component mounted thereto. In a presently pre-
ferred embodiment, the sensing/transmitting component is
connected to the echogenic member. In this embodiment, the
echogenic member is a conductor or optical fiber assembly
and may extend to the proximal portion of the catheter to
function as an electrical and/or fiber optic cable to a catheter
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connector or be operatively connected to such a cable.
Although discussed primarily in terms of providing the elec-
trical connection for an electrode, it should be understood that
the echogenic member may act as the cable for a variety of
transducers and/or sensors mounted on the shaft in other
embodiments.

[0011] In one presently preferred embodiment, a catheter
of the invention comprises an elongated shaft having a proxi-
mal end, a distal end, a tubular member defining an agent
delivery lumen extending from the proximal to the distal end
of the shaft, and a deflectable distal shaft section having a
deflection restoring metal cage which has a distal section of
the agent delivery tubular member extending in the metal
cage. The deflectable distal shaft section has an echo diffusive
and dampening polymeric inner layer on an outer surface of
the cage and filling the spaces inside the shaft and cage not
occupied by other shaft components or features, and an echo
diffusive and dampening polymeric outer layer which is on an
outer surface of the inner layer and which preferably has a
smooth outer surface. The polymeric materials and the outer
layer’s thickness are chosen such that the inner and the outer
layers have different acoustic impedances that produce direct
or close to direct sonic reflections (echoes) at their outer
surfaces that propagate to the ultrasonic transducer with sub-
stantially equal amplitudes and destructively interfere at the
ultrasonic frequencies of interest. The echoes destructively
interfere due to the difference in the path lengths to the ultra-
sonic transducer(s) of the echoes originating from the outer
surfaces of the inner and outer layers. The sonic energy
reflecting off of the outer surface of the inner layer (echoes)
must travel into the shaft through the outer layer thickness and
then through the outer layer thickness again to travel out of the
shaft, whereas the sonic energy reflecting off of the outer
surface of the outer layer doesn’t travel this distance. This
introduces a phase shift between the sinusoidal sonic energy
reflections from the outer surfaces of inner and outer layers
arriving at ultrasonic transducer(s) such that they destruc-
tively interfere with each other (lowers the amplitude of the
detected sonic energy at the transducer(s)) at frequencies
determined by the thickness of the outer layer and the velocity
of sound in the outer layer.

[0012] An echogenic curved surface metal wire member is
helically extending longitudinally along and between the
inner and outer layers, such that an ultrasonic image of the
deflectable distal shaft section consists essentially of the
sonic reflections or transmissions originating from the metal
wire member in the deflectable distal shaft section which is
otherwise rendered substantially echolucent by the echo dif-
fusive and dampening inner and outer layers and its smooth
outer surface.

[0013] The deflectable distal shaft section having the coiled
metal wire member or other echogenic member(s) between
the two echo diffusive and dampening layers is preferably
configured to produce a shaft image that is substantially the
same brightness as the images simultaneously produced of
the surrounding tissue of the patient’s body lumen, and that is
at or nearly at the shaft’s actual location in the anatomy, and
with echo amplitudes and timing that produce a shaft image
size/width that is substantially equal to the shaft’s actual size
with the gain of the ultrasonic imaging system set to optimally
image the patient’s heart or other adjacent anatomy. For use
with two-dimensional (2D) ultrasonic imaging systems, the
deflectable distal shaft section is preferably configured to
produce a shaft image that is a continuous (i.e., an elongated

Jun. 26, 2008

tubular shape) shaft image. In contrast, for three-dimensional
(3D) imaging applications, it is preferred that it produces a
discontinuous shaft image (e.g., a series of short diagonal
lines, a dashed line and/or a dotted line). In two-dimensional
imaging applications, a discontinuous image can result in
displayed images that lack a discernable image of the shaft
and therefore, a discontinuous image is not preferred. How-
ever, in three-dimensional imaging applications, a discon-
tinuous shaft image is displayed in the imaging volume as a
series of short diagonal lines, a dashed line and/or a dotted
line in the most useful three-dimensional image display for-
mats (for example, see through formats and surface formats).
In three-dimensional image display formats, a discontinuous
shaft image is so different from the anatomy image that the
shaft image is very easily differentiated from the adjacent
anatomy and therefore, a discontinuous shaft image for at
least a portion of the shaft is preferred. Additionally, the
discontinuous shaft image has a number of advantages
including allowing the physician to count the number of
discontinuous segments of the echogenic member which are
currently visible on the image monitor in order to gauge sizes
or distances in the patient’s anatomy, or in order to determine
whether the key part of the catheter is included in the image.
For example, if the discontinuous image portion of the cath-
eter is located at or near to its distal tip or work element, then
counting the number of visible discontinuous segments of the
echogenic member in comparison to the known total number
will assure that the distal tip or work element is in the image.
Variations in the discontinuous shaft image segments can also
be exploited to help differentiate different regions of the shaft.

[0014] Embodiments producing a continuous shaft image
(hereafter “the continuous image catheter”) are not presently
preferred due at least in part to the difficulty of spotting the
position of the shaft in the live anatomy 2D or 3D images in
which the anatomy images also tend to be continuous images.
For example, when the continuous image catheter is against a
ventricular, venous or arterial wall, its image merges with that
of the wall, making the wall appear slightly deformed and/or
slightly brighter, which is difficult to find and see in both 2D
and 3D echo viewing formats. It is similarly difficult to dif-
ferentiate it from papillary muscle or chordae tendineae
images in both 2D and 3D echo viewing formats when the
continuous image catheter is in the ventricular space. Such
difficulties may necessitate deliberately moving the continu-
ous image catheter in order to facilitate detecting its position
in 2D or 3D echo viewing formats, although this is obviously
not ideal, and is often a highly problematic way to attempt to
detect the shaft.

[0015] One aspect of the invention is directed to a method
of making a catheter having a shaft section which appears
with an improved image under ultrasonic imaging in a
patient’s body lumen, the method generally comprising ren-
dering an otherwise highly directly reflective shaft section
(relative to the reflectivity of the tissue being imaged) sub-
stantially echolucent by providing an echo diffusive and
dampening polymeric inner and outer layer at the shaft sec-
tion, with none, or one, or both of the inner layer and the outer
layer having particles loaded in the polymeric material of the
layer, and the outer layer having an acoustic impedance dif-
ferent from surrounding blood in the patient’s body lumen
and the inner layer having an acoustic impedance different
from the outer layer such that the outer surfaces of inner and
outer layers produce sonic reflections that propagate back to
the transducer of substantially equal amplitudes that destruc-
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tively interfere at the ultrasonic frequencies of interest at or
near direct reflection angles, and providing an echogenic
member on or within the outer layer and/or inner layer, such
that an ultrasonic image of the shaft section consists essen-
tially of echoes originating from the echogenic member of the
shaft section which is otherwise substantially echolucent.
[0016] A catheter of the invention results in an image of at
least a portion of the catheter on an ultrasound imaging sys-
tem’s display that is substantially free of the usual shaft image
artifacts that falsely represent the shaft’s location and that
obscure adjacent tissue images with large and very bright
images. The catheter has at least a shaft section that produces
a shaft image with a brightness/intensity similar to that of the
tissue of the surrounding anatomy, and with a size (diameter)
substantially similar to the shaft’s actual size. Additionally,
the catheter shaft produces this image from a wide range of
imaging angles. The produced shaft section image may be a
continuous image, a discontinuous image, or contain one or
more continuous and discontinuous image sections, as pre-
ferred for the image display format and the portions of interest
of the shaft. Moreover, in addition to improving the visual-
ization of the catheter under ultrasonic imaging, the catheter
shaft is configured to facilitate the atraumatic advancing,
maneuvering, and positioning the operative distal end at a
desired location in the patient’s body lumen to perform a
medical procedure. These and other advantages of the inven-
tion will become more apparent from the following Detailed
Description and accompanying exemplary drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1isan elevational view, partially in section, of
an agent delivery needle catheter embodying features of the
invention.

[0018] FIG. 2 is an enlarged, longitudinal cross sectional
view of the catheter of claim 1, taken along line 2-2.

[0019] FIGS. 3 and 4 are a transverse cross sections of the
catheter of FIG. 2, taken along lines 3-3 and 4-4, respectively.
[0020] FIG.Sillustrates a longitudinal cross sectional view
of the catheter of FIG. 1, taken within circle-5.

[0021] FIG. 6is aperspective sectional view of the sensing/
transmitting component on the catheter of FIG. 5.

[0022] FIG. 7 illustrates the catheter of FIG. 1 within a left
ventricle of a patient’s heart during a medical procedure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] FIG. 1illustrates a catheter 10 which embodies fea-
tures of the invention, configured for being viewed under
ultrasonic imaging using an ultrasound imaging system (not
shown). In the embodiment illustrated in FIG. 1, the catheter
10 is an agent delivery needle catheter generally comprising
an elongated shaft 11 having a proximal end, a distal end, a
deflectable distal shaft section 12, and a proximal shaft sec-
tion 13. The shaft 11 has a distal tip member 14, and a needle
16 slidably disposed in a lumen of the shaft 11 has an
extended configuration in which the needle distal end extends
distally from the distal end of the shaft tip and a retracted
configuration (not shown) in which the needle distal end is
proximally retracted into the catheter lumen (e.g., retracted
into the distal tip member 14). A proximal adapter 19 on the
proximal end of the shaft controls the shaft deflection, needle
extension length and needle position, and provides operative
connectors such as the connector having port 20 configured
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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 proxi-
mal adapter depending on the desired use of the catheter 10.
To deliver an agent to a desired treatment location, the cath-
eter is advanced through the patient’s tortuous vasculature to
the desired treatment location in a body lumen of the patient,
the needle 16 is extended from the distal tip member 14 and
into a wall of the body lumen at the treatment location, and an
agent is infused from the needle 16 into the body lumen wall,
and the needle 16 is then retracted back into the catheter 10
and the catheter repositioned or removed from the patient’s
body lumen.

[0024] FIG. 1 illustrates a partially in section view of the
catheter 10, and specifically with an outer layer 21 of the
deflectable distal shaft section 12 partially broken away to
show an inner layer 22 beneath the outer layer 21, and an
echogenic metal wire member 23 extending helically
between the inner and outer layers 21 and 22. The inner and
outer layers 21, 22 are echo diffusive and dampening poly-
meric layers. In a preferred embodiment, one of the inner
layer 22 and the outer layer 21 has particles loaded in the
polymeric material of the layer, and the layers 21, 22 are
configured such that the inner and the outer layers have dif-
ferent acoustic impedances, and produce sonic reflections in
the patient’s body of substantially equal amplitudes that
destructively interfere at substantially direct imaging angles
at frequencies of interest, such that an ultrasonic image of the
deflectable distal shaft section 12 consists essentially of sonic
reflections of the echogenic wire member 23 in the deflect-
able distal shaft section which is otherwise rendered substan-
tially echolucent (producing a very faint or no image on an
ultrasound imaging system) by the echo diffusive and damp-
ening inner and outer layers, as discussed in more detail
below.

[0025] FIG. 2illustrates an enlarged longitudinal cross sec-
tional view of the catheter of FIG. 1, taken along line 2-2, and
FIGS. 3 and 4 are a transverse cross sections of the catheter of
FIG. 2, taken along lines 3-3 and 4-4, respectively. In the
illustrated embodiment, the shaft 11 comprises a tubular body
member 50 of multiple members and sections joined together,
with a relatively flexible section along the deflectable distal
shaft section 12 and a relatively less flexible section along the
proximal shaft section 13. More specifically, the catheter
shaft 11 has a tubular member 26 defining an agent delivery
lumen 25 extending from the proximal to the distal end of the
shaft 11, with the agent delivery needle 16 slidably disposed
in the lumen 25. The deflectable distal shaft section 12 has a
deflection restoring metal cage 27 which has a distal section
of the agent delivery needle 16 and tubular member 26
extending therein. The metal cage 27 in the distal shaft section
12 in the illustrated embodiment is formed of a metallic tube
with a slot or other large opening along a section of the cage
forming an open arc section, such that the cage is configured
to deflect laterally, for example as described in U.S. patent
application Ser. No. 10/676,616, incorporated by reference
herein in its entirety. In the illustrated embodiment the arc
section 38 (illustrated in dashed line in part behind the tubular
member 26 in FIG. 2) extends around about 90 degrees as best
shown in FIG. 4 illustrating a transverse cross section of FIG.
2, taken along line 4-4. The cage 27 has tubular proximal and
distal ends 36, 37 at cither end of the arc section 38, where the
cage wall extends continuously around the 360 degree cir-
cumference (see dashed lines in FIG. 4 illustrating the tubular
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distal end 37 of the cage). However, the cage can be formed of
avariety of suitable structures including wires, a thin metallic
strip(s), a tube(s), or a combined construction that provides a
restoring force to the deflectable distal section 12 of the shaft.

[0026] Catheter 10 has a deflection member 30 (e.g., a
tendon wire) connected to a deflection control mechanism 31
at the proximal adapter 19, for deflecting the distal end of the
catheter 10. To effectively deflect the distal end of the catheter
the deflection member 30 is preferably near the surface of the
shaft in the deflecting (curving) portion as far away as prac-
tical from section 38. However, a catheter having the echo
diffusive and dampening layers 21, 22 and echogenic member
23 in accordance with the invention can have a variety of
suitable catheter configurations including a non-deflecting
configuration. The deflection member 30 extends within a
lumen of a second inner tubular member 32, and is secured to
the shaftadjacent to the distal end of the tubular body member
50. In the illustrated embodiment, a stabilizing tubular mem-
ber 29, typically comprising a dual lumen extrusion, is posi-
tioned within at least a section of the cage 27 to stabilize the
position of the inner tubular members 26, 32 therein. The
stabilizing member 29 is formed of a single section or mul-
tiple longitudinally adjacent sections of the tubing, and has a
proximal end typically located within the cage 27 or a short
distance proximal thereto. In one presently preferred embodi-
ment, the stabilizing member 29, or other tubular portion of
the shaft 11 extending along the inner surface of the metal
cage 27, is formed of the same polymeric material as the inner
layer 22. Along the arc section 38 of the cage, part of the inner
layer 22 is separated from the stabilizing member 29 by the
cage, whereas the remaining part of the inner layer (around
the circumference thereof) is fused to the stabilizing member
29. Although, for ease of illustration, a slight gap between the
inner surface of the cage 27 and the outer surface of the
stabilizing member 29 is shown in FIG. 2 and in the corre-
sponding sectional views of FIGS. 3, 4 and 5, it should be
understood that the inner surface of the cage contacts the
underlying sections of the stabilizing member 29. In the
embodiment illustrated in F1G. 2, the catheter distal end func-
tions as an electrode and is electrically connected to an elec-
trical connector 41 which is provided at the proximal adapter
10 for connecting the catheter 10 to diagnostic or therapeutic
equipment (not shown). Specifically, in the illustrated
embodiment, a metal pin 34 in the distal tip 14 is electrically
connected to the tendon wire 30, which acts as a conductor
wire electrically connecting the pin 34 to connector 41. Addi-
tionally, a band electrode 60 is mounted on the deflectable
distal section 12, as discussed in more detail below.

[0027] The outer and inner layers 21, 22 have composition
and dimensional (thickness) characteristics designed to ren-
der the deflectable distal shaft section 12 substantially
echolucent apart from the sonic reflections of the coil member
23. The substantially echolucent distal section should be
understood to refer to the length of the shaft not having a
metal band such as band electrode 60 mounted thereon. The
substantially echolucent portion of the shaft produces direct
echo amplitudes received by the imaging system probe/trans-
ducer substantially near to or preferably lower than those
produced by the adjacent anatomy and thus eliminates arti-
facts that obscure the image of the adjacent anatomy and/or
falsely represent the shaft’s location and shape. As a result,
sonic energy directed at the catheter inside the body lumen
from an ultrasound imaging system outside of the body lumen
and reflected off or transmitted from the coil member 23 and
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received at the imaging system transducer is the bulk of the
reflected sonic energy detected by the transducer, to thereby
produce an image of the catheter which consists primarily of
the sonic reflections or transmissions of the coil member 23.
Thus, ultrasonic image artifacts and overly bright images
caused by echoes originating from the surface and the internal
portions of the deflectable distal shaft section 12, especially
the metallic inner portions such as cage 27 and needle 16, are
prevented or minimized due to the two layers 21, 22.

[0028] The outer and inner layers 21, 22 are designed to
produce echoes in the patient’s body of approximately equal
amplitude, and which destructively interfere at the substan-
tially direct imaging angles that send echoes toward the ultra-
sonic transducer. The outer surfaces of outer and inner layers
21, 22 are designed to be smooth at the ultrasonic frequencies
of interest, and thus, at substantially oblique imaging angles,
reflect echoes that travel away from the ultrasonic transducer.
This results in the sonic reflections of the outer interfaces of
the layers 21, 22 (i.e., at the interface between the blood and
the outer surface of the outer layer 21, and the interface
between the outer surface of the inner layer 22 and the outer
layer 21) contributing little or nothing to the image of the
catheter displayed by the ultrasound imaging system. More-
over, the layers 21, 22 and stabilizing member 29 diffuse/
dampen any sonic energy propagating through them and
reflecting or transmitting back through the layers from the
inner portions of the shaft (i.e., the portions of the shaft inside
the inner layer 22 and stabilizing member 29). Thus, the inner
and outer layers 22, 21 together minimize the shaft’s directly
reflected (back to the transducer) echo amplitude, which con-
trols and minimizes the image bloom artifact and side lobe
curved image artifact on a 3D imaging system display.

[0029] The polymeric materials, preferably elastomeric
materials, of the layers 21, 22 move in response to the sonic
energy’s propagation, which causes a rubbing action between
the polymeric molecules and between the polymeric mol-
ecules and the particles compounded into the polymer, if any,
that converts some of the sonic energy into heat, reducing the
amplitude of the sonic energy. This is the basis of the damp-
ening property of the layers 21, 22. A portion of the sonic
energy reflects off the particles compounded into the poly-
mer, which increases the path length and residence time of the
sonic energy in the filled layer and redirects the sonic energy
in random directions. The longer the path length of the sonic
energy in the layers 21, 22 (and stabilizing member 29), the
more the dampening of the sonic energy. The redirection of
the sonic energy in random directions is the basis of the
diffusive property of the layer(s). Additionally, it is preferred
to choose internal shaft components to have curved surfaces,
like the tubular shapes of tubular member 26 and second inner
tubular member 32, that produce diffusive reflections to fur-
ther aid in diffusing any sonic energy that penetrates through
the interface of the outer and inner layers 21, 22. The echo
reflectivity of the two layers 21, 22 is controlled by adjusting
the acoustic impedance of the outer layer relative to that of the
blood in the body lumen, and of the inner layer relative to the
outer layer. “Acoustic impedance” is a material property well
known in the art and defined as the velocity of sound in that
material multiplied by the density of the material. In a pres-
ently preferred embodiment, the outer layer 21 has an acous-
ticimpedance between that of the blood and the inner layer 22
or other adjacent inner layer of the section of the shaft in the
absence of inner layer 22. Specifically, the outer layer 21 has
an acoustic impedance near that of blood or the fluid in the
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body lumen such that it produces direct sonic reflections of
substantially equal or lesser amplitudes as the adjacent
anatomy, and the echogenic member in or in contact with the
first echo dampening polymer is configured to produce ech-
oes of substantially equal amplitudes as the adjacent anatomy
at direct and oblique imaging angles, such that an ultrasonic
image of the distal shaft section consists essentially of the
sonic reflections or transmissions of the echogenic member
23 in the distal shaft section which is otherwise rendered
substantially echolucent by the echo dampening polymer.

[0030] The polymeric materials are blended to create layer
materials with a desired acoustic impedance and velocity of
sound if a single polymeric material doesn’t provide the
desired values. Additionally, a polymeric material or a poly-
meric material blend may be mixed with particles, such as
high density (relative to polymers) metallic particles, to fur-
ther adjust a polymeric material or material blend to achieve
a desired acoustic impedance and velocity of sound, and to
achieve other desired characteristics such as radiopacity. The
velocity of sound in the outer layer material determines the
outer layer thickness required at an ultrasonic frequency of
interest to produce destructive interference. The relative
acoustic impedances of the blood, outer layer and inner layer
(and the sonic energy dissipative characteristics of the outer
layer) determine the relative amplitudes of the reflected sonic
energy at each material interface according to a well known
relationship/equation. The optimum destructive interference
occurs when the thickness of the outerlayer is equal to or near
to a quarter wavelength at an ultrasonic frequency of interest
at the velocity of sound in the outer layer and the sonic
energies reflected at the blood/outer layer interface and
reflected at the outer layer/inner layer interface (and passes
through the outer layer and into the blood) are substantially
equal. The ultrasonic frequencies of interest are frequencies
at or near the center frequency of the imaging system’s ultra-
sonic probe/transducer, frequencies within the probe’s ultra-
sonic bandwidth (generally the range of frequencies between
the half power frequency components), and/or echo ultra-
sonic frequencies used by the ultrasonic imaging system to
create images. In some echo system modes and in anticipated
echo systems, received echo frequencies that are harmonic of
the primary frequency range or represent a high end of the
primary frequency range are preferentially used to create the
image.

[0031] In constructing the catheter 10, the thickness of the
layers 21, 22 is constrained by certain practical consider-
ations. Specifically, if the composition of the outer layer is
such that the speed of sound therein is relatively high, then the
outer layer will have to be made relatively thick to be at or
near a quarter wavelength thickness, which may increase the
shaft outer diameter by an amount disadvantageous to cath-
eter performance. In contrast, if the speed of sound in the
outer layer is very low, the outer layer would have to be made
too thin to control adequately without expensive and/or time
consuming manufacturing processes. In general, an outer
layer thickness in the range of 0.002 inches to about 0.010
inches may be applied and adequately controlled using con-
ventional catheter shaft construction methods and processes
without unreasonably increasing the shaft outer diameter.

[0032] Thus, the outer layer 21 is applied at or near a quarter
wavelength thickness to cause approximately a one half
wavelength shift between the two echo waveforms reflected
from the outer surfaces of the two layers 21, 22, to cause the
destructive interference of the two echoes, especially when
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the sonic energy is directed at the shaft surface at a 90 degree
angle or close to a 90 degree angle (direct image angle/direct
echoes). More specifically, in a presently preferred embodi-
ment, the thickness of the outer layer 21 is a quarter of the
wavelength of the center frequency of the ultrasound waves
emitted by the ultrasound imaging device.

[0033] The layer acoustic impedance is adjusted by select-
ing the polymeric material (i.e., a single polymer or a mixture
of polymeric materials) and amount of an optional particulate
compounded with the polymer. In a presently preferred
embodiment, the outer layer 21 has tungsten particle filings
compounded with the polymeric material of the outer layer,
although the tungsten particles could additionally or alterna-
tively be provided in the inner layer 22. The particles have a
size and composition configured to dissipate and diffuse
sonic energy. The greater the total surface area of the particles
that interface with the polymer, the more dissipative the
blend, thus favoring smaller particles (it should be noted that
the smaller the particles, the higher the frequency must be for
sonic energy to be effectively reflected by the particles).
Additionally, the greater the difference in acoustic impedance
between the composition of the polymer and the particles, the
more the sonic energy will be randomly reflected by the
particles in the compound, increasing sonic energy dissipa-
tion and diffusion. Alternative particulates for compounding
in the outer layer 21 (or inner layer 22) include glass, calcium,
calcium carbonate, acetals, silicones and many other materi-
als or compounds of suitable acoustic properties. In more
complex embodiments, gas filled voids can function sonically
as particulates, and particles of different size and composition
may be used to attain the desired sonic dissipative and diffu-
sive properties. The tungsten or other dense particles render
the shaft sufficiently radiopaque to facilitate viewing the dis-
tal shaft section 12 fluoroscopically in the body lumen. The
percent loading of the radiopaque particles in the outer layer
21 or inner layer 22 can range from about 0% to about 90% by
weight of the blend.

[0034] The outer surface of the outer layer 21 and inner
layer 22 is preferably substantially smooth (i.e., smooth
within normal manufacturing tolerances, and not intention-
ally roughened or irregular). The outer layer may be applied
to the inner layer by friction fitting, as for example in an
embodiment in which the layer 21 is formed of an elastomeric
material such as polyurethane which is applied by allowing a
temporarily expanded layer 21 to retract down onto the irner
layer 22. Alternatively or in addition, the outer layer may be
formed over the inner layer 22 using a heat shrink fusion type
of method. Generally, in the heat shrink fusion method, a tube
of the outer layer material is place over the inner layer 22, a
heat shrinkable tube is placed over the tube of the outer layer
material, heat is applied to the heat shrinkable tube to melt the
outer layer material as the heat shrinkable tube shrinks to
form the outer layer 21 over the inner layer 22 and then the
heat shrinkable tube is removed. Other well known polymer
jacket application methods may also be used. Sonic energy
that is not incident to the shaft at or near 90 degrees (an
oblique imaging angle) is reflected away from the ultrasonic
transducer by the smooth outer surface, and thus produces no
image. The smooth surface is thus configured to minimize the
contribution to the ultrasonic image of the deflectable distal
shaft section caused by sonic reflections reflected off the
substantially smooth outer surfaces, by maximizing the per-
centage of the sonic reflections which are directed away from
the transducer. A smooth outer layer 21 outer surface is also
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less traumatic when advanced or retracted in vessel than a
roughened or irregular outer surface.

[0035] Because the outer and inner layers 21, 22 and stabi-
lizing tubular member 29 render the deflectable distal shaft
section substantially echolucent, the echogenic member 23 is
provided on the distal shaft section 12 to provide an ultrasonic
image of the deflectable distal section of the shaft. In the
illustrated embodiment, the echogenic member is the metallic
round metal wire member 23 that is helically extending lon-
gitudinally along and between the inner and outer layers 22,
21. The wire 23 is typically a small outer diameter (e.g.,0.005
inch) insulated electrical conductor wire embedded between
the two layers 21, 22, and in a presently preferred embodi-
ment does not protrude along the outer surface of the deflect-
able distal shaft section 12 for improved low profile and shaft
advanceability. The curved outer surface of the wire 23 on the
portion of the shaft facing the transducer reflects a portion of
the incident sonic energy back to the transducer from a wide
range of sonic energy incident angles, so that the wire renders
the echoes produced by the distal shaft section 12 relatively
insensitive to the incident angle of the sonic energy from the
transducer to the surface of the shaft. Additionally, the layers
21, 22 in contact with the wire 23 dampen the sonic energy
that enters, travels in and may then exit the wire 23, so that the
ringing images that would otherwise be produced by the wire
23 are minimized. More than one wire 23 may be incorpo-
rated into the shaft in alternative embodiments. The
echogenic member 23 preferably has a length substantially
equal to the length of the cage 27 and outer and inner layers
21,22.

[0036] Although in the illustrated embodiment, the helical
wire 23 is at the interface of the outer and inner layers 21,22,
the echogenic member can be incorporated into a shaft at
other positions relative to the layers. For instance, if the outer
layer 21 is much thicker than the desired thickness of the
echogenic member, the echogenic member may best reside
entirely within the outer layer or even have a portion exposed
on theouter diameter of the shaft, atleast at some longitudinal
positions along the shaft. An exposed portion of helical wire
23 may act as an ECG sensing electrode. In other instances, if
the outer layer is thin and/or thin compared with the desired
thickness of the echogenic member, the echogenic member
may best reside entirely within the inner layer 22. Thus,
although the echogenic helical member 23 has an outer diam-
eter (i.e., the diameter of the tubular structure formed by
helically winding the wire 23 around inner layer 22) less than
the outer diameter of the outer layer 21 in the illustrated
embodiment, in alternative embodiments, the echogenic
member can have a larger outer diameter which forms a
helical protrusion at the outer surface of the outer layer 21, or
a smaller outer diameter.

[0037] The catheter may be configured to produce a con-
tinuous or a discontinuous shaft image. If a continuous shaft
image is desired, the wire member 23 is applied with spaced
apart coil turns having a spacing configured such that echoes
from individual adjacent turns merge and form a continuous
shaft image. Specifically, the residual amount of ringing from
the wire and the diffusion of the wire echoes by the outer layer
21 cause the echoes from individual spaced apart adjacent
turns of the coiled wire 23 to merge and form a continuous
shaft image at the shaft’s actual location in the anatonty and
with echo amplitudes and residence times of the sonic energy
that produce a shaft image size that is substantially equal to
the shaft’s actual size. Additionally or alternatively, the par-

Jun. 26, 2008

ticle loading of the outer layer 21 may be adjusted to increase
the diffusion of the wire echoes and cause the merging of the
echoes of adjacent turns of wire 23. The coiled wire 23 is
typically applied onto the inner layer before the outer layer is
applied thereon. A coiled wire 23 pre-embedded in the outer
layer 21 or the inner layer 22 could alternatively be used.
Because the coil extends coaxially around and near the outer
circumference of the shaft 11, unlike a coil placed inside a
lumen of the catheter, its ultrasound image can be closely
matched to the size and shape of the catheter shaft 11, and the
coil 23 preferably does not increase the shaft profile or use
shaft wall space in such a way or to such an extent as to
materially decrease the shaft strength.

[0038] If a discontinuous shaft image is desired, the wire
member 23 is applied with an increased pitch configured such
that echoes from individual adjacent turns do not merge. The
residual amount of ringing from the wire and the diffusion of
the wire echoes by the outer layer 21 cause the echoes from
individual spaced apart adjacent turns of the coiled wire 23 to
form individual images at the shaft’s actual location in the
anatomy and with echo amplitudes and residence times of the
sonic energy that produce a discontinuous shaft image size
that is substantially equal to the shaft’s actual size, but repre-
sented as a series of diagonal lines, dashes and/or dots. Addi-
tionally or alternatively, the particle loading of the outer layer
21 may be adjusted to decrease the diffusion of the wire
echoes and cause the unmerging of the echoes of adjacent
turns of wire 23.

[0039] The spacing between adjacent turns of the coil rela-
tive to the diameter of the coil and shaft is not necessarily to
scale in FIG. 2, for ease of illustration. The larger the number
of coil turns per unit length the brighter and the more likely to
be continuous is the ultrasonic image produced thereby. In
one embodiment, the coil pitch is at least about 4 mm for a
discontinuous shaft image, and not more than about 3 mm for
a continuous shaft image in an otherwise identical shaft sec-
tion. The echogenic member 23 structure is easily manipu-
lated to obtain the desired shaft image based on imaging test
results. In addition to the coil turn spacing, a number of
factors effect the image produced by the helical member 23,
such as the wire wall thickness, helical diameter, and nature of
the material in contact with the echogenic member 23. For
example, all other parameters being equal, the larger the
thickness or greater the mass of the echogenic member, the
brighter and larger (outer diameter (OD)) the shaft image, the
greater its tendency to produce ringing artifacts and the
greater the distance between adjacent echogenic members or
echogenic member wraps may be and still produce a continu-
ous shaft image; the greater the coil diameter, the larger the
shaft (OD) image will be; the greater the sonic energy dissi-
pative (dampening) properties of the layer materials in direct
contact with the echogenic member or the greater the contact
area of the echogenic member with the dissipative material,
the closer together adjacent echogenic members or echogenic
member wraps must be to produce a continuous shaft image
and the smaller (OD) the shaft image will appear; the lower
the modulus of a polymer or polymer mixture, the more the
sonic energy dissipative (dampening) it will be; the more
diffusive the (layer) materials in direct contact with the
echogenic member or the greater the contact area of the
echogenic material with the diffusive material, the further
apart adjacent echogenic members or echogenic member
wraps may be and still produce a continuous shaft image and
the larger (OD) the shaft image will appear.
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[0040] For example, if continuous and discontinuous shaft
image portions are desired, it may be obtained in designs
where the discontinuous image portion is constructed with
the wire 23 wrapped with a larger pitch than in the continuous
image portion. In another example, it may be obtained by
designing the outer jacket 21 applied over the desired discon-
tinuous imaging shaft portion to be less diffusive and/or more
damping than the outer jacket 21 applied to the desired con-
tinuous imaging shaft portion. In another example, it may be
obtained by designing discontinuous imaging shaft portion to
have a smaller OD wire 23 which is positioned nearer the
outer surface of the layers 21, 22 than wire 23 of the continu-
ous imaging shaft portion. Naturally, in more complex
embodiments, multiple design parameters may be adjusted to
produce suitable continuous and/or discontinuous imaging
shaft portions.

[0041] The nature of the discontinuous image can be
exploited to facilitate guidance and positioning of catheter.
This is not only because a discontinuous image is so different
from the anatomy image that the catheter image is very easily
differentiated from the adjacent anatomy. By designing the
catheter to have a specific known number of diagonal lines,
dashes or dots in the catheter’s discontinuous image, if the
physician is not able to view all of the diagonal lines, dashes
or dots (for instance, counting from a proximal shaft portion
that produces a continuous shaft image or other image land-
mark), then itis clear that the current 3D view of the anatomy
doesn’t include a view of that portion of the catheter. The
physician can then adjust the view/image/imaging probe
(transducer) to include/image/view the catheter portions of
interest, follow and “connect the dots” to estimate where the
tip would be if it was visible in the image even when the
discontinuous catheter image portion is curved or deflected.
In contrast, with a continuous shaft image, any break in the
image ofthe catheter (e.g., merging of the catheter image with
an anatomy wall or other structure’s image) can be easily
mistaken for the distal end of the catheter echogenic member
and result in a positioning or location error. In another
instance, a catheter may have more than one portion of inter-
est (for example, device attachment sites or catheter portions
that must be positioned a different anatomy sites to deploy or
function) and each device portion of interest could be differ-
entiated in the image by differences in the spacing, shape, size
and/or brightness of its adjacent or spanning discontinuous
imaging portions. Additionally, for instance, if the discon-
tinuous imaging portion has equally spaced diagonal lines,
dashes or dots, then their foreshortening in an image adds to
the intuitive 3D nature of an image confined to be displayed
on a conventional monitor screen. Such equal spacing also
may provide a convenient scale on the display to measure or
help perceive the size of the anatomy or distances between
image locations of interest.

[0042] Inapresently preferred embodiment, the echogenic
member 23 is composed, at least in part, of a metal(s) or metal
alloy(s). A metallic or metal containing wire component is
preferred, because the portion of the incident sonic energy
that is coupled into the metallic wire component will rapidly
travel in the metal(s) and send sonic energy back into the outer
diffusive and dampening layer and thus, back to the ultrasonic
transducer to produce a shaft image along a length of the wire
component 23. In this embodiment, the dampening properties
of the layer(s) in contact with the echogenic member 23
rapidly dissipate the sonic energy that is coupled into the
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metallic wire component to prevent ringing artifacts of any
significance from originating from the echogenic member.

[0043] Although preferably formed of copper or a copper
alloy, alternative materials for the coil 23 include nickel tita-
nium alloy (NiTi), stainless steel, aluminum or other conduc-
tivemetal or alloy. Insome embodiments, the conductive wire
is encased in an insulating jacket or coating. In embodiments
in which the echogenic member is not used as an electrical
conductive lead wire, the echogenic member may be formed
of polymers with sufficiently high acoustic impedances (rela-
tive to the layer in contact with its outer surface) and/or
shaped to be sufficiently reflective along its length, or a fiber
optic cable/glass material, or even a void in the material
which is preferably filled with air or gas. Additionally,
although illustrated as a unitary coiled wire, a series of mem-
bers providing a pattern similar to the coiled wire can alter-
natively be used, such as a coil composed of more than one
wire, a series of rings, C-shaped bands, knobs, disks, studs,
and the like imbedded in a layer or layers of the catheter. The
coiled member 23 is configured to avoid producing the overly
bright and ringing images typically produced by a braided,
single or multiple coiled layers commonly used as reinforcing
members in catheter shaft construction. Specifically, in a
preferred embodiment, the coiled member 23 is a single,
noncrossing/overlapping strand with relatively large spacing
between coil turns (relative to the outer diameter of the wire),
and is provided along only a relatively short distal end section
of the catheter (e.g., deflectable distal section 12) over metal
cage 27 which itself reinforces the shaft therealong. The
coiled member 23 thus is not configured to substantially
increase the strength of the shaft, unlike typical braided or
coiled shaft sections. In fact, providing that the resulting
catheter dimensions are acceptable, it is possible to decouple
the coiled member 23 entirely from the shaft structure, with it
clearly not contributing any appreciable support or stiffness
to the shaft structure, yet still functioning as an echogenic
member in a catheter of the invention.

[0044] Theecho diffusive and dampening layers 21, 22 and
echogenic member 23 in the illustrated embodiment extend
only along the metal cage member 27 of the deflectable distal
shaft section 12. However, in alternative embodiments, the
layers 21, 22 and echogenic member 23 may be extended
proximally onto the proximal section 13, particularly to
improve the visualization of embodiments in which the metal
cage member 27 is very short. In general, the echo diffusive
and dampening layers 21, 22 and echogenic member 23 will
extend at least along a shaft section that can be expected to be
imaged in the anatomy at a location where an improved shaft
image is desired and/or it is desired that the images of the
adjacent anatomy not be obscured.

[0045] In the embodiment of FIG. 2, ring electrode 60 is
mounted adjacent to the distal ends of the layers 21, 22 and
echogenic member 23. The electrode 60 is typically provided
for pacing, ECG detection, or mapping, and is preferably a
band extending continuously around the circumference of the
shaft for securely mounting on the shaft. Conventional cath-
eter shaft electrodes are generally thin walled metallic tubes
which have a longitudinally flat surface, which are mounted
such that their outer surfaces are fully exposed, and which are
generally a millimeter or more in longitudinal length, espe-
cially in pacing applications where the increased probability
of electrode-tissue contact due to a longitudinally longer elec-
trode is desired. It is preferred that an electrode 60 of this
invention be configured as a thin walled metallic tube section
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and have less than one millimeter of exposed longitudinal
length. A short electrode longitudinal exposure length (lon-
gitudinal length of the electrode that is exposed to blood or
other lumen fluid) and a thin wall minimizes electrode echo
amplitudes and artifacts. The total length of the electrode 60
is typically substantially shorter than the length of the
echogenic member 23 and layers 21, 22.

[0046] At least a portion of the electrode 60 is exposed, and
in a presently preferred embodiment, the electrode 60 is in
part imbedded in one or both of the diffusive and dampening
layers to prevent/minimize ringing artifacts. F1G. 5 illustrates
a longitudinal cross sectional view of electrode 60 in outer
layer 21. In the embodiment of F1G. 5, the proximal and distal
ends of the electrode have curved ends of a reduced outer and
inner diameter, such that they are not exposed. Imbedding the
proximal and/or distal portions of the electrode in the diffu-
sive and dampening layer(s) further reduces their ringing
artifacts. Further, the longitudinally curved outer surface of
electrode 60 is configured to diffusely reflect a portion of the
incident sonic energy back to the transducer/probe of the
ultrasonic imaging system at a wide range of incident angles
and to produce an electrode image with a brightness nearer to
and, preferably, slightly brighter than that of the adjacent
shaft to facilitate visualizing an electrode’s position on the
shaft. The electrode 60 has a curved convex outer surface and
a correspondingly curved concave inner surface. This con-
figuration provides the desired thin wall thickness together
with the desired curved outer surface and imbedded ends.
FIG. 6 illustrates a perspective sectional view (cut in half) of
curved electrode band 60, having the correspondingly curved
inner and outer surfaces. A central section of the electrode 60
between the imbedded ends is exposed, in that it extends
above the outer surface of the outer layer 21.

[0047] In applications where the probability of electrode-
tissue contact is desired to be increased, two or more adjacent,
electrically connected electrodes 60 with diffusive and damp-
ening layer material between them may be used to increase
the effective electrode exposure length. In some embodi-
ments with more than one shaft electrode 60, additional
echogenic members may be used as the lead wire of addi-
tional electrodes. In some embodiments, an echogenic mem-
ber (e.g., wire 23) may extend distal to its electrically con-
nected electrode to provide the desired shaft image.

[0048] Although discussed primarily in terms of an elec-
trode 60, other electrical or sensor components such as a
transducer, electrical sensor, or fiber optic sensor can be used
in place of or in addition to electrode 60. In an embodiment
having a fiber optic sensor, the echogenic member 23 could
therefore be formed at least in part of glass to function as a
fiber optic conductor for the fiber optic sensor, and the glass
configured and/or covered to provide the desired echogenic-
ity as discussed above.

[0049] As a metallic band at/near the surface of the shaft,
the electrode 60 will appear on the ultrasonic imaging system.
Thus, it should be understood that the section of the shaft that
is rendered substantially echolucent by the echo diffusive and
dampening layers is the rest of the deflectable distal section
longitudinally spaced from the electrode 60. Similarly, other
metallic/echogenic members mounted onto the deflectable
distal section will be visible under ultrasonic imaging,
although the echogenic member 23 will nonetheless provide
an accurate ultrasonic image of the deflectable distal shaft
section, the tubular body 50 of which is rendered substantially
echolucent in accordance with the invention.
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[0050] FIG. 4 illustrates the needle catheter 10 with the
distal end of the catheter 10 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 30 using the deflection control mechanism 31 the
distal end of the catheter is caused to deflect away from the
longitudinal axis of the shaft 11. With the distal end of the
spherical distal tip 14 thus positioned in contact with a desired
site of the ventricle wall, electrical data can be collected from
the spherical distal tip electrode 34. The electrical data (e.g.,
tissue contact ECG) facilitates tissue diagnostics (in combi-
nation 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. 4
illustrates the distal end of the spherical 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.

[0051] Although illustrated in the ventricle, a catheter 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 spherical distal tip 14 coaxial with the
longitudinal axis of the catheter in the embodiment of FIG. 1
(with the needle extending aligned with the longitudinal axis
of the catheter), in alternative embodiments (not shown; e.g.,
those for injecting into or through a vessel) the catheter 10 has
aneedle port configured to direct the needle at an angle away
from the longitudinal axis of the catheter. For example, the
port through which the needle extends can be located eccen-
tric to the longitudinal axis of the catheter or in a side wall of
the catheter proximal to the distal end of the distal tip.
[0052] Inaccordance with the invention, the two layers 21,
22 are designed to have specific acoustic impedance values.
Ultrasonic test data, material specifications, and standard
sonic reflection equations and equations for mixtures of mate-
rials are used in the design of the acoustic impedance of the
two layers. Additionally, the reflection caused by adding the
two layers 21, 22 to a catheter shaft section can be estimated,
in order to tailor the characteristics of the two layers 21, 22 to
provide the desired acoustic properties, e.g., to control the
direct reflection shaft artifact. The layers are configured for
being imaged at a particular center frequency and bandwidth
of a particular ultrasonic imaging system. The following
Example illustrates an embodiment of the present invention.

EXAMPLE

[0053] A deflectable distal shaft section of a needle cath-
eter, having a metal cage, stabilizing tubular member, and
lumen defining inner tubular members such as are described
in the embodiment of FIG. 1, was covered with a 0.0010 thick
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layer (i.e., the “inner layer”) of a polyurethane block copoly-
mer (PELLETHANE 2363 90AE) polymeric material, by
fitting a tube of the polymeric material onto the metal cage
member of the deflectable distal shaft section. The inner
layer-forming tube and the stabilizing tubular member are the
same polymeric material. A piece of heat shrink tube is placed
over the assembly and heat shrunk at an elevated temperature,
such that the stabilizing tubular member and the inner layer-
forming tube melt and fuse together, encasing the cage and
tubular members. After cooling, the heat shrunk tube is slit
and removed and discarded. A 0.005 inch diameter NiTi metal
wire was shaped with a pitch of about 5 mm and an inner
diameter slightly less than the outer diameter of the inner
layer on the assembly, to form an echogenic coil member, and
then positioned over the inner layer of the assembly. Next, a
0.008 inch outer layer of a blend of 75% styrene-isoprene-
styrene (SIS) block copolymer (VECTOR 411A) and 25%
Polyurethane block copolymer (PELLETHANE 2363 90AE)
loaded with tungsten in an amount of 3.5 weight % of the
blend was applied by fitting a tube of the compounded
blended polymeric material over the coiled wire of the assem-
bly. In this example, a heat shrink tube was again fitted over
the distal section of the needle catheter and shrunk with
sufficient heat to cause the outer layer tube to melt and flow
such that it conformed closely with the inner layer assembly
and the echogenic coil member. and after cooling the heat
shrunk tube was removed and discarded. The inner layer,
outer layer and coil member were coaxial and essentially
coextensive (extending along substantially the same length)
with a total length of about 6 cm. During ultrasonic imaging,
an ultrasound system was set with normal gain settings that
image the cardiac anatomy well. The resulting catheter pro-
duced discontinuous shaft images corresponding to the tubu-
lar shape of the distal shaft section at a wide range of imaging
angles relative to the shaft surface, and with an intensity about
as bright as the surrounding cardiac tissue structure images.
In a comparison example of a distal section of a needle cath-
eter that did not include the coil member, the catheter shaft
reflections were shown to be so low that the image of the
catheter virtually disappeared from the cardiac image and its
direct reflection artifact was reduced to a small spot in the 3D
image. Thus, the layers effectively dampened out the reflec-
tions from the other shaft components deeper inside the shaft
that are covered by the two layers to a degree that no detect-
able image or artifact was generated by them. For example,
the percent energy transmitted back to an ultrasound imaging
system from the resulting covered deflectable distal shaft
section is calculated to be only about 0.05 percent for an
ultrasonic wave of approximately 2.25 MHz (which is
approximately equal to the center frequency of common con-
ventional multi-frequency emitting probes).

[0054] To construct the substantially echolucent shaft sec-
tion, one uses material section, calculation of layer properties,
testing, and material adjustments in order to ultimately result
in the desired catheter shaft section. For example, imaging a
polymer or polymer blend of a known, measured thickness
with the ultrasonic imaging system and measuring its imaged
thickness allows one to calculate the speed of sound in the
polymer or polymer blend. If the density of the polymer or
polymer blend is then measured or obtained from the manu-
facturer, the modulus (commonly termed “coefficient of stiff-
ness” in acoustic texts) and the acoustic impedance of the
polymer or polymer blend may be calculated using well
known equations. If the material composition is changed as
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for example by the addition of a known amount of immiscible
particles with a known material density and modulus, the new
material density and modulus can be calculated, and this new
modulus and density may then be used to calculate the speed
of sound and acoustic impedance of the new particle/polymer
blend. The fractional amount of sonic energy reflected at the
interface between two materials of known acoustic imped-
ance may be calculated, such as the interface between the
outer layer 21 and the blood of the body lumen (the acoustic
impedances and speed of sound of blood, various tissues and
water being well known or available in the literature). Addi-
tionally, the superposition of two reflected sonic waves of
calculated/known amplitudes at frequencies of interest and
the same difference in path length (twice the outer layer
thickness) can also be calculated.

[0055] Except as specifically discussed herein, the catheter
shaft tubular members can be formed of a variety of suitable
materials commonly used in catheter construction and the
components can be secured together using convention tech-
niques including fusion and adhesive bonding. The inner
tubular member 26 is typically formed of a single layered,
integral one-piece tube extending from the proximal to the
distal end of the catheter, although multiple sections of tubing
with communicating lumens and/or a multilayered tube(s)
can alternatively be used. The proximal shaft section 13 can
have a variety of suitable shaft configurations as are conven-
tionally known for intraluminal catheters. The proximal shaft
section 13 of catheter 10 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 in addition consist of a high
modulus polymer. In the illustrated embodiment, the shaft 11
has a braided body layer 53 extending distally from a proxi-
mal end section of the catheter, and comprising a polymeric
material encapsulating a wound tubular support layer typi-
cally 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 54.

[0056] Although the catheter 10 is illustrated with a spheri-
cal distal tip 14, the controlled amplitude echo reflective/
diffusive and dampened shaft portion provided by layers 21,
22 and coil member 23, could be used on a variety of suitable
catheters including catheters not having a spherical distal tip
14. The spherical distal tip 14 is configured to facilitate ultra-
sonically imaging the distal tip. Therefore, it should be under-
stood that the ultrasound image of the deflectable distal shaft
section 12, which consists essentially of the sonic reflections
of the coil member 23, refers to the image resulting from the
section of the shaft having members 21, 22 and 23 therealong,
and not to the image resulting from other sections of the
catheter 10.

[0057] Moreover, a catheter of the invention can be a vari-
ety of suitable catheters/other devices that may be guided by
ultrasound and/or must be present in the anatomy during
ultrasonic imaging. Thus, the term “catheter” should be
understood broadly to refer to a variety of medical devices.
Additionally, although the catheter features are useful foruse
with 2D or 3D ultrasonic imaging systems, it should be noted
that for the purpose of catheter guidance, a 3D echo system is
preferred to the “slice” image provided by a 2D echo system.
A 2D echo system produces images that are like viewing a
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very thin planar slice thru the anatomy and the catheter,
making it extremely difficult to distinguish/find a catheter,
follow a catheter to its tip or other relevant portion and deter-
mine where in the anatomy the relevant portion of a catheter
is located/oriented or is located/oriented relative to a previous
location/orientation. A 3D echo system produces images that
can either be a see-through representation of large 3D volume
of the anatomy and catheter or a 3D surface image of the
same. Ina 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. Although discussed primarily in terms of being
viewed under ultrasonic imaging using an ultrasound imag-
ing system outside of the patient’s body lumen, a catheter of
the invention can be viewed with echo systems that place
transducers inside the patient’s body, such as for example
intracardiac echocardiogram (ICE) and transesophageal
echocardiogram (TEE) echo systems. Although possible,
viewing a catheter of the invention using an intravascular
ultrasound (IVUS) imaging catheter that images from inside
a vessel is not a presently preferred embodiment.

[0058] Although individual features of one embodiment of
the invention may be discussed herein or shown in the draw-
ings of the one embodiment and not in other embodiments, it
should be apparent that individual features of one embodi-
ment may be combined with one or more features of another
embodiment or features from a plurality of embodiments.

We claim:

1. A catheter for use in a patient’s body lumen, configured
for being viewed under ultrasonic imaging using an ultra-
sound imaging system outside of the patient’s body lumen,
the catheter comprising:

a) an elongated shaft having a proximal end, a distal end,
and a distal shaft section formed at least in part of a
metallic member; and

b) the distal shaft section further having an echo diffusive
and dampening polymeric inner layer on an outer sut-
face of the distal shaft section, and an echo diffusive and
dampening polymeric outer layer on an outer surface of
the inner layer, the inner and the outer layers have dif-
ferent acoustic impedances, and produce sonic reflec-
tions of substantially equal amplitudes that destructively
interfere, and an echogenic member in or on the inner or
outer layer, such that an ultrasonic image of the distal
shaft section consists essentially of sonic reflections or
transmissions of the echogenic member in the distal
shaft section which is otherwise rendered substantially
echolucent by the echo diffusive and dampening inner
and outer layers.

2. The catheter of claim 1 where in the catheter is an agent
delivery catheter, and the shaft has a tubular member defining
an agent delivery lumen extending from the proximal to the
distal end of the shaft, and the distal shaft section is a deflect-
able distal shaft section having a deflection restoring metal
cage which has the inner layer thereon, and which has a distal
section of the agent delivery tubular member extending in the
metal cage.

3. The catheter of claim 2 wherein one of the inner or the
outer layer has metallic particles.

4. The catheter of claim 3 wherein the particles are in the
outer layer and are tungsten.
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5. The catheter of claim 4 wherein the tungsten particles are
present in the outer layer at a percent loading sufficient to
render the outer layer radiopaque, such that the catheter can
be imaged in the patient’s body lumen under fluoroscopy.

6. The catheter of claim 1 wherein the echogenic member
is a round metal wire member that is helically extending
longitudinally along and between the inner and outer layers.

7. The catheter of claim 2 wherein the outer layer has a
substantially smooth outer surface configured to minimize
the contribution to the ultrasonic image of the deflectable
distal shaft section caused by sonic reflections reflected off
the substantially smooth outer surface.

8. The catheter of claim 1 wherein the outer layer is formed
at least in part of a different polymeric material than the inner
layer.

9. The catheter of claim 8 wherein the outer layer is ablend
of 75% styrene-isoprene-styrene block copolymer and 25%
polyurethane block copolymer, loaded with tungsten in an
amount of 3.5 weight percent of the blend, and the inner layer
is the polyurethane block copolymer.

10. The catheter of claim 2 wherein the agent delivery
tubular member is formed of a metal.

11. The catheter of claim 2 wherein the lengths of the echo
diffusive and dampening inner and outer layers and the
echogenic metallic member are substantially equal to the
length of the cage.

12. The catheter of claim 1 including a metal electrode on
an outer surface of the outer layer with a curved outer surface
and a correspondingly curved inner surface, such that the
electrode has an exposed outer surface between a proximal
end and a distal end that are imbedded in the outer layer.

13. A method of making a catheter for use in a patient’s
body lumen, configured for being viewed under ultrasonic
imaging using an ultrasound imaging system outside of the
patient’s body lumen, comprising:

a) rendering an otherwise highly directly reflective shaft
section substantially echolucent by applying an echo
diffusive and dampening polymeric inner and outer
layer on an outer surface of the shaft section, with the
outer layer having an acoustic impedance different from
surrounding blood in the patient’s body lumen and the
inner layer having an acoustic impedance different from
the outer layer such that the inner and outer layers pro-
duce sonic reflections of substantially equal amplitudes
that destructively interfere; and

b) providing an echogenic member within or on the inner or
outer layer, such that an ultrasonic image of the shaft
section consists essentially of sonic reflections of the
echogenic member in the shaft section which is other-
wise substantially echolucent.

14. The method of claim 13 wherein the echogenic member
is a round metal wire, and providing the echogenic wire
member comprises applying the echogenic wire member on
the inner layer before the outer layer is applied onto the inner
layer, so that the echogenic wire member is helically extend-
ing longitudinally along and between the inner and outer
layers and will produce a shaft image by reflecting incident
sonic energy back to a transducer of the ultrasonic imaging
system irrespective of the imaging angle.

15. The method of claim 13 wherein the outer layer is
applied over the echogenic member such that the echogenic
member does not protrude along an outer surface of the shaft
section.
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16. The method of claim 13 wherein the outer layer is
applied such that it has a substantially smooth outer surface.

17. The method of claim 13 wherein the echogenic member
is configured such that echoes from individual adjacent turns
of the echogenic member merge and form a continuous shaft
image, and the ultrasonic image of the shaft section is ona 2D
ultrasound image format.

18. The method of claim 13 wherein the echogenic member
is configured such that echoes from individual adjacent turns
of the echogenic member form a discontinuous shaft image,
and the ultrasonic image of the shaft section is on a 3D
ultrasound image format

19. The method of claim 13 wherein the shaft section is a
deflectable distal shaft section of an agent delivery needle
catheter, having a deflection restoring metal cage member and
a metal needle extending therethrough to an agent delivery
port in a distal end of the catheter, and the inner layer is
applied onto an outer surface of the metal cage member.

20. A catheter for use in a patient’s body lumen, configured
for being viewed under ultrasonic imaging using an ultra-
sound imaging system outside of the patient’s body lumen,
the catheter comprising:

a) an elongated shaft having a proximal end, a distal end,
distal shaft section formed at least in part of a metallic
member; and

b) the distal shaft section further having at least one echo
diffusive and dampening polymeric layer extending on
an outer surface of at least a portion of the distal shaft
section having an acoustic impedance which is between
an acoustic impedance of blood and an acoustic imped-
ance of an adjacent layer of the section of the shaft
underlying the echo diffusive and dampening polymeric
layer, and an echogenic member at least partially
embedded in the echo diffusive and dampening poly-
meric layer.
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21. The catheter of claim 20 wherein the distal shaft section
includes an echo diffusive and dampening polymeric inner
layer extending along an inner surface of the echo diffusive
and dampening outer layer, and the echo diffusive and damp-
ening inner and outer layers are configured to have different
acoustic impedances, and produce sonic reflections that
destructively interfere within a range of ultrasound frequen-
cies of the ultrasound imaging system.

22. The catheter of claim 21 wherein the sonic reflections
that the inner and outer echo diffusive and dampening irner
and outer layers are configured to produce are of substantially
equal amplitudes, such that an ultrasonic image of the distal
shaft section consists essentially of sonic reflections or trans-
missions of the echogenic member in the distal shaft section
which is otherwise rendered substantially echolucent by the
echo diffusive and dampening inner and outer layers.

23. A catheter for use in a patient’s body lumen, configured
for being viewed under ultrasonic imaging using an ultra-
sound imaging system outside of the patient’s body lumen,
the catheter comprising:

a) an elongated shaft having a proximal end, a distal end,
and a distal shaft section having a polymeric layer; and

b) a sensing or transmitting component band secured to the
distal shaft section, the band having a curved convex
outer surface and a correspondingly curved concave
inner surface, and at least a section imbedded in the
polymeric layer of the distal shaft section.

24. The catheter of claim 23 wherein the polymeric layer of
the distal shaft section is an outer layer, and the band has an
exposed outer surface extending above an outer surface of the
distal shaft section, and proximal and distal ends imbedded in
the polymeric outer layer of the distal shaft section.
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