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57 ABSTRACT

The preferred embodiments described herein provide a
medical diagnostic ultrasound catheter with a tip portion
carrying an ultrasound transducer. The tip portion comprises
a first portion that is in the acoustic path of the ultrasound
transducer, and a second portion that is outside the acoustic
path of the ultrasound transducer. The first and second
portions comprise different acoustic and mechanical prop-
erties. For example, the mechanical properties of the second
portion can give the catheter tip sufficient durability to
withstand normal use without bowing, while the acoustic
properties of the first portion can give the catheter tip desired
acoustic properties. This may be especially important for
small diameter catheters (e.g., maximum cross-sectional
dimensions less than or equal to about 10 French or 8
French) where the stiffness of the catheter tip is reduced.

28 Claims, 3 Drawing Sheets
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MEDICAL DIAGNOSTIC ULTRASOUND
CATHETER WITH FIRST AND SECOND TIP
PORTIONS

BACKGROUND

Medical diagnostic ultrasound catheters include a shaft
portion and a tip portion that surrounds an ultrasound
transducer. Such catheters can be used for insertion into the
arterial or venous system for imaging of blood flow or the
heart. The tip portion of the ultrasound catheter is typically
a homogeneous material that is selected for its acoustic
properties. For example, a plastic that conducts ultrasound
waves at a speed near that to the speed of sound in tissue or
blood is often used. Although the material used for the tip
portion may possess the desired acoustic characteristics, it
may be relatively mechanically weak. For many catheters,
though, the backing block material of the ultrasound trans-
ducer assembly aides in providing mechanical stability.
However, when the diameter of a catheter is reduced, it is
often necessary to thin the backing block material. For
example, in moving from 10 French to 8 French, the backing
block may be reduced from 30 mils to 20 mils. This
reduction in the backing block reduces the mechanical
stability of the catheter tip and can lead to de-lamination of
the tip material from the transducer assembly. While using
a tip material having greater mechanical strength avoids this
problem, such a tip material may not provide desired acous-
tic properties.

There is a need, therefore, for a medical diagnostic
ultrasound catheter that overcomes the problems described
above.

SUMMARY

The present invention is defined by the following claims,
and nothing in this section should be taken as a limitation on
those claims.

By way of introduction, the preferred embodiments
described below provide a medical diagnostic ultrasound
catheter with a tip portion carrying an ultrasound transducer.
The tip portion comprises a first portion that is in the
acoustic path of the ultrasound transducer, and a second
portion that is outside the acoustic path of the ultrasound
transducer. The first and second portions comprise different
acoustic and mechanical properties. For example, the
mechanical properties of the second portion can give the
catheter tip sufficient durability to withstand normal use
without bowing, while the acoustic properties of the first
portion can give the catheter tip desired acoustic properties.
This may be especially important for small diameter cath-
eters (¢.g., maximum cross-sectional dimensions less than or
equal to about 10 French or 8 French) where the stiffness of
the catheter tip is reduced.

The preferred embodiments will now be described with
reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of a medical diagnostic ultrasound
catheter of a preferred embodiment.

FIG. 2 is an illustration of a medical diagnostic ultrasound
catheter tip portion of a preferred embodiment.

FIG. 3 is a cross-sectional view of the medical diagnostic
ultrasound catheter tip portion of FIG. 2 taken along line
33

FIG. 4 is an exploded view of the medical diagnostic
ultrasound catheter tip portion of FIG. 2.
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FIG. 5 is an illustration of a medical diagnostic ultrasound
catheter tip portion of another preferred embodiment.

FIG. 6 is an exploded view of the medical diagnostic
ultrasound catheter tip portion of FIG. 5.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Turning now to the drawings, FIG. 1 is an illustration of
a medical diagnostic ultrasound catheter 100 of a preferred
embodiment. As shown in FIG. 1, this catheter 100 com-
prises a shaft portion 110 that is coupled to a controller
section 120 at its proximal end. As used herein, the term
“coupled with” means directly coupled with or indirectly
coupled with through one or more components. A suitable
controller is described in U.S. patent application Ser. No.
09/434,594, which is assigned to the assignee of the present
invention and is hereby incorporated by reference. The
catheter 100 also comprises a tip portion 200 at its distal end.
In one preferred embodiment, the shaft portion 110 is about
100 centimeters long, and the tip portion 200 is about 400
mils long. Of course, the length and diameter of the shaft
portion 110 and the tip portion 200 can be adapted for any
particular application.

FIG. 2 shows the tip portion 200 in more detail. As shown
in FIG. 2, the tip portion 200 comprises a first portion 210
and a second portion 220, both of which will be described
in more detail below. FIG. 3 shows a cross-sectional view of
the tip portion 200, and FIG. 4 shows an exploded view of
the tip portion 200. As shown in these figures, the tip portion
200 carries an ultrasound transducer 300, which, in this
preferred embodiment, is a side-firing phased-array trans-
ducer (i.e., the ultrasound transducer 300 defines an azi-
muthal axis that is parallel to the longitudinal axis of the
catheter tip portion 200). Other transducers (e.g., a single-
element transducer) and firing arrangements (e.g., front-
firing) can be used.

The ultrasound transducer 300 of this preferred embodi-
ment comprises a piezoelectric material (such as PZT) 310
formed into individual elements, arranged side by side with
the lengths of individual elements parallel to one another.
The PZT 310 is built on a backing material 320 that reflects
most of the ultrasound energy generated by the PZT 310 and
also tends to absorb energy that is coupled into it. The
backing material 320 can be formed as described in U.S. Pat.
No. 5,297,553, which is assigned to the assignee of the
present invention and is hereby incorporated by reference.
The active surface of the PZT 310 is covered with a
matching layer 330, which couples ultrasonic energy from
the PZT 310 into the tissue that the transducer 300 is in
contact with. The backing material 320 and the matching
layer 330 are typically made of composite material such as
epoxy loaded with a heavier material such as alumina.

As shown in FIGS. 3 and 4, the ultrasound transducer
assembly 300 also comprises a flexible circuit 340. The
flexible circuit 340 applies voltages sent from a transmit
beamformer of a diagnostic medical ultrasound imaging
system (not shown) to cause the transducer 300 to emit an
ultrasonic beam. The flexible circuit 340 also sends voltages
representative of reflected ultrasonic energy impinging on
the transducer 300 to a receive beamformer of the ultrasound
system. A suitable flexible circuit is described in U.S. Pat.
No. 5,795,299, which is assigned to the assignee of the
present invention and is hereby incorporated by reference.
The transducer stack 300 and the portion of the flexible
circuit 340 underneath the transducer stack 300 can be
wrapped with a thin dielectric material to keep the flexible
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circuit 340 bundled together with the transducer stack 300
and to provide electrical insulation. A suitable dielectric
material is described in U.S. patent application Ser. No.
09/401,632, which is assigned to the assignee of the present
invention and is hereby incorporated by reference.

The active surface of the ulirasound transducer 300
defines an acoustic path along which the ultrasound trans-
ducer 300 transmits and receives ultrasonic waves. As
shown in FIG. 4, the first portion 210 of the catheter tip 200
is in the acoustic path of the ultrasound transducer 300, and
the second portion 220 of the catheter tip 200 is outside the
acoustic path of the ultrasound transducer 300. The first and
second portions 210, 220 comprise different acoustic and
mechanical properties. For example, to provide the catheter
tip 200 with good imaging performance and good mechani-
cal properties for insertion and use of the catheter in the
body, the first portion 210 can be made of a material having
good acoustic performance, and the second portion 220 can
be made of durable material. In one presently preferred
embodiment, the first portion 210 is made of Pebax 35D, and
the second portion is made of Pebax 40D. Pebax 35D and
Pebax 40D, which are also known as Pebax 3533 and Pebax
4033, can be obtained from EIf Autochem. Of course, other
materials or classes of material can be used.

In one preferred embodiment, the first and second por-
tions 210, 220 conduct ultrasound waves at different speeds.
Specifically, the first portion 210 conducts ultrasound waves
at a speed more closely matched to a speed of sound in the
object being imaged (e.g., tissue or blood) than the second
portion 220. It has been found that a material that conducts
ultrasound waves at a speed of sound in water provides a
good acoustic match when imaging under blood. Pebax 35D,
which conducts ultrasound waves at a speed of approxi-
mately 1565 m/s, is close to the velocity of water of 1520
m/s and is, therefore, preferred when imaging under blood.
The first and second portions 210, 220 can also have
different acoustical impedances.

If a material chosen for its desirable acoustic properties
were used for both the first and second portions 210, 220, the
tip 200 may not have acceptable mechanical properties.
Accordingly, it is preferred that the second portion 220 have
a greater mechanical strength (e.g., higher durometer) than
the first portion. It is preferred that Pebax 40D be used for
the second portion 220. If the material chosen for its
desirable mechanical strength properties were used for both
the first and second portions 210, 220, the tip 200 may not
have acceptable acoustic properties. For example, Pebax
40D conducts ultrasound waves at a speed of approximately
1744 m/s. If Pebax 40D were used for both the first and
second portions 210, 220, the tip 200 would have suitable
mechanical properties but would not have desired acoustic
properties. Accordingly, in this preferred embodiment, the
first portion 210 is made of Pebax 35D (for its acoustic
properties), and the second portion 220 is made of Pebax
40D (for its mechanical properties). While the first and
second portions 210, 220 are different classes of the same
material in this embodiment, the first and second portions
210, 220 can comprise different materials. However, by
using different classes of the same material, the first and
second portions 210, 220 can be fused together by thermal
heating, as described below. Further, if the material used for
the catheter tip 200 is the same as the material used for the
shaft portion 110, the catheter tip portion 200 and the shaft
portion 110 can be fused together. If separate materials are
used, the first and second portions 210, 220 can be joined
together using an adhesive.

There are several advantages associated with these pre-
ferred embodiments. The mechanical properties of the sec-
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ond portion 220 give the catheter tip 200 sufficient durability
to withstand normal use without bowing and without
degrading imaging performance, while the acoustic proper-
ties of the first portion 210 give the catheter tip 200 desired
acoustic properties without degrading mechanical perfor-
mance. This may be especially important for smaller-
diameter catheters (e.g., maximum cross-sectional dimen-
sion less than or equal to about 10 French or 8 French) where
the thickness of the backing block is reduced. Of course, the
benefits of these preferred embodiment can be received with
any size catheter tip, and the invention is not restricted to the
sizes mentioned above unless specifically recited in the
claims. Additionally, because it is constructed with separate
regions of distinct material properties, the catheter tip of
these preferred embodiments avoids the compromise
between mechanical and acoustic properties required by the
homogeneous catheter tip of the prior art.

There are several alternatives that can be employed with
these preferred embodiments. For example, designs other
than the ones described above can be used to provide desired
acoustical and mechanical properties for the catheter tip. In
the preferred embodiment described above, the first portion
210 was in the acoustic path of the ultrasound transducer 300
(and not outside of the acoustic path), and the second portion
220 was outside the acoustic path of the ultrasound trans-
ducer 300 (and not in the acoustic path). In an alternate
embodiment shown in FIGS. § and 6, part of the first portion
410 of the catheter tip 400 is in the acoustic path of the
ultrasound transducer 500, while another part of the first
portion 410 is outside the acoustic path of the ultrasound
transducer 500. Unlike the embodiment shown in FIG. 4
where part of the second portion is located at the distal end
of the tip portion, in the embodiment shown in FIGS. § and
6, part of the first portion is located at the distal end of the
tip portion. Similarly, in another alternate embodiment, part
of the second portion can be in the acoustic path of the
ultrasound transducer. Further, while the first portion in the
preferred embodiment described above conducted ultra-
sound waves at a speed equal to about the speed of sound in
tissue or blood, in another alternate embodiment, the first
portion conducts ultrasound waves at greater or lesser
speeds to adjust the elevational beam pattern to improve
imaging resolution in the out-of-plane dimension. For
example, if the first portion conducts ultrasound waves at a
speed of sound less than the speed of sound in blood,
focusing along the elevation direction can be improved.
Additionally, although the first portion can be referred to as
an acoustic window because it is in the acoustic path of the
transducer, it should be noted that the material for the first
portion can be chosen to obtain focusing, defocusing, and
non-focusing characteristics.

While the catheter tip in the preferred embodiment
described above was made from two separate portions, a
single-piece catheter tip with portions having different char-
acteristics can be used, such as when the catheter tip is cast
all at once with materials having different characteristics.
Additionally, while the first portion is shown as a single
component, the first portion can be made up of two or more
individual components. In another embodiment, at least
some part of the first portion is visually discernable from the
second portion to allow a physician to know where the
ultrasound transducer is in the catheter tip. For example, at
least some part of the first portion can be a different color
from the second portion. In yet another embodiment, the
shape of the first portion is different from the shape of the
second portion. For example, the first portion can have a
different radius of curvature than the second portion, or the
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first portion can be flat while the second portion is curved.
Providing the first portion with a different shape can provide
different focusing characteristics.

The catheter tip can be made using any suitable method.
In one preferred embodiment, a charge of either the window
material or the mechanical material is placed inside a glass
tube with the inner diameter of the glass tube being the same
size as the outer diameter of the finished catheter. A distal tip
die is placed in one end of the glass tube with another insert
die placed in the other end of the glass tube. The piece being
formed is governed by the length of the glass tube and
features on the die that reference off the end of the glass
tube. The piece being made is also the reverse shape of the
insert die. Thus, if the window portion is being made, the
insert die would be the shape of the mechanical portion of
the tip and the transducer stack assembly. If the mechanical
portion of the tip is being made, the insert die would be the
shape of the window portion and the transducer stack
assembly. The die assembly and glass tube are heated locally
where the charge is, and as the charge gets close to melting
or partially melts, the dies are forced inward, and the
material forms around the dies. As the material is cooled,
pressure is kept on the dies, and the dies are pushed close to
mechanical stop of the ends of the glass tube. This helps in
eliminating voiding. After cooling, the dies are pulled out of
the glass tube. The formed part either is attached to the insert
die and is removed from the insert die, or the formed part
remains in the glass tube and is then pulled out. This process
is repeated for either the window portion or the mechanical
portion using the appropriate insert die and appropriate
material. In an alternate method, the window portion and/or
the mechanical portion is extruded to the appropriate shape.

Once both the window portion and the mechanical portion
are formed, the pieces may be used with the transducer stack
assembly to create the tip of the catheter that is fused to the
main catheter shaft. The main catheter shaft is stuffed with
the flexible circuit bundle, and the flexible circuit bundle on
the distal end is attached to the transducer stack assembly.
The stack itself and the flexible circuit bundle underneath
the stack may be wrapped with a thin dielectric material to
keep the flexible circuit bundle together with the stack and
to provide electrical insulation. The two tip portions may
need to be cut to the proper length if they are not formed to
the proper length. The pieces sandwich the transducer stack
assembly with the window portion at the face of the trans-
ducer stack assembly. The sandwich with the transducer
stack assembly may be placed in the middle of the glass tube
with inner diameter of the glass tube the same as the outer
diameter of the finished catheter. The main catheter shaft is
butted up to the edge of the sandwich inside the glass tube.
Pulling the flex bundle from the proximal end or sliding the
main catheter over the flex bundle may do this. Once the tip
is butted to the catheter, the distal tip die may be inserted into
the glass tube from the distal end. The glass tube assembly
is ready for localized heating such as a hot air knife to
thermally melt the tip. Using a profile of time, temperature,
and location, the materials are re-flowed and fused between
the two plastic material pieces and transducer stack assem-
bly and fused together as a butt weld to the main catheter
shaft. The glass tube assembly with the fused tip is cooled
to room temperature and the fused tip is removed from the
glass. In one embodiment, the first portion and/or the second
portion has serrated joining edges to improve the bond
between the first and second portions.
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It is intended that the foregoing detailed description be
understood as an illustration of selected forms that the
invention can take and not as a definition of the invention.
It is only the following claims, including all equivalents, that
are intended to define the scope of this invention.

What is claimed is:

1. A medical diagnostic ultrasound catheter comprising:

an ultrasound transducer; and

a catheter comprising a tip portion carrying the ultrasound

transducer, the tip portion comprising a first portion in
an acoustic path of the ultrasound transducer and a
second portion outside the acoustic path of the ultra-
sound transducer, wherein the first and second portions
comprise different acoustic and mechanical properties.

2. A medical diagnostic ultrasound catheter tip portion
shaped to carry an ultrasound transducer, the tip portion
comprising:

a first portion in an acoustic path of an ultrasound trans-

ducer carried by the tip portion; and

a second portion outside the acoustic path of the ultra-

sound transducer carried by the tip portion, wherein the
first and second portions comprise different acoustic
and mechanical properties.

3. The invention of claim 1 or 2, wherein the first and
second portions conduct ultrasound waves at different
speeds.

4. The invention of claim 3, wherein the first portion
conducts ultrasound waves at a speed more closely matched
to a speed of sound in blood than the second portion.

5. The invention of claim 3, wherein the first portion
conducts ultrasound waves at a speed matched to a speed of
sound in blood.

6. The invention of claim 3, wherein the first portion
conducts ultrasound waves at a speed of about 1565 m/s.

7. The invention of claim 3, wherein the first portion
conducts ultrasound waves at a speed of about 1520 m/s.

8. The invention of claim 1 or 2, wherein the first portion
conducts ultrasound waves at a speed of sound less than a
speed of sound in blood.

9. The invention of claim 1 or 2, wherein the second
portion has a greater mechanical strength than the first
portion.

10. The invention of claim 1 or 2, wherein the second
portion comprises a higher durometer than the first portion.

11. The invention of claim 1 or 2, wherein the first and
second portions comprise different materials.

12. The invention of claim 1 or 2, wherein the first and
second portions comprise different classes of a same mate-
rial.

13. The invention of claim 1 or 2, wherein the first portion
comprises Pebax 35D.

14. The invention of claim 1 or 2, wherein the second
portion comprises Pebax 40D.

15. The invention of claim 1 or 2, wherein the first portion
and the second portion are fused together.

16. The invention of claim 1 or 2, wherein the first portion
and the second portion are adhered together.

17. The invention of claim 1 or 2, wherein at least one of
the first and second portions is molded into shape.

18. The invention of claim 1 or 2, wherein at least one of
the first and second portions is extruded.

19. The invention of claim 1 or 2, wherein the tip portion
is characterized by a maximum cross-sectional dimension
less than or equal to about 10 French.

20. The invention of claim 1 or 2, wherein the tip portion
is characterized by a maximum cross-sectional dimension
less than or equal to about 8 French.
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21. The invention of claim 1 or 2, wherein at least part of
the first portion is visually discernable from the second
portion.

22. The invention of claim 21, wherein at least part of the
first portion is a different color from the second portion.

23. The invention of claim 1 or 2, wherein at least one of
the first portion and the second portion comprises a scrrated
joining edge.

24. The invention of claim 1 or 2, wherein the tip portion

comprises a distal end, and wherein at least part of the first 10

portion is located at the distal end.

8

25. The invention of claim 1 or 2, wherein the tip portion
comprises a distal end, and wherein at least part of the
second portion is located at the distal end.

26. The invention of claim 1 or 2, wherein the first and
second portions comprise different shapes.

27. The invention of claim 1 or 2, wherein the first and
second portions comprise different acoustical impedances.

28. The invention of claim 1, wherein the catheter com-
prises a catheter shaft, and wherein the tip portion is fused
with the catheter shaft.
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