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7) ABSTRACT

A catheter assembly for an ultrasound system includes an
elongated catheter for insertion into the cardiovascular sys-
tem of a patient. The catheter includes a sheath that defines
a lumen extending along the sheath. The catheter assembly
also includes an imaging core for inserting into the lumen of
the catheter. The imaging core includes an elongated, rotat-
able driveshaft and an imaging device coupled to the distal
end of the driveshaft with rotation of the driveshaft causing
a corresponding rotation of the imaging device. The imaging
device includes at least one transducer for transforming
applied electrical signals to acoustic signals and also for
transforming received echo signals to electrical signals. The
imaging core further includes a swellable material disposed
on at least the at least one transducer and configured and
arranged to rotate with rotation of the driveshaft and to swell
upon exposure to a fluid.
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SYSTEMS AND METHODS WITH A
SWELLABLE MATERIAL DISPOSED OVER
A TRANSDUCER OF AN ULTRASOUND
IMAGING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application Ser. No.
62/157,385, filed May 5, 2015, which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present invention is directed to the area of
ultrasound imaging systems and methods of making and
using the systems. The present invention is also directed to
an ultrasound imaging system that includes a transducer
disposed within a catheter and a swellable material disposed
over the transducer, as well as methods of making and using
the ultrasound systems, catheter, and transducer.

BACKGROUND

[0003] Ultrasound devices insertable into patients have
proven diagnostic capabilities for a variety of diseases and
disorders. For example, intravascular ultrasound (“IVUS”)
imaging systems have been used as an imaging modality for
diagnosing blocked blood vessels and providing information
to aid medical practitioners in selecting and placing stents
and other devices to restore or increase blood flow. IVUS
imaging systems have been used to diagnose atheromatous
plaque build-up at particular locations within blood vessels.
IVUS imaging systems can be used to determine the exis-
tence of an intravascular obstruction or stenosis, as well as
the nature and degree of the obstruction or stenosis. IVUS
imaging systems can be used to visualize segments of a
vascular system that may be difficult to visualize using other
intravascular imaging techniques, such as angiography, due
to, for example, movement (e.g., a beating heart) or obstruc-
tion by one or more structures (e.g., one or more blood
vessels not desired to be imaged). TVUS imaging systems
can be used to monitor or assess ongoing intravascular
treatments, such as angiography and stent placement in real
(or almost real) time. Moreover, IVUS imaging systems can
be used to monitor one or more heart chambers.

[0004] IVUS imaging systems have been developed to
provide a diagnostic tool for visualizing a variety of diseases
or disorders. An IVUS imaging system can include a control
module (with a pulse generator, an image processor, and a
monitor), a catheter, and one or more transducers disposed
in the catheter. The transducer-containing catheter can be
positioned in a lumen or cavity within, or in proximity to, a
region to be imaged, such as a blood vessel wall or patient
tissue in proximity to a blood vessel wall. The pulse gen-
erator in the control module generates electrical signals that
are delivered to the one or more transducers and transformed
to acoustic signals that are transmitted through patient
tissue. Reflected signals of the transmitted acoustic signals
are absorbed by the one or more transducers and trans-
formed to electric signals. The transformed electric signals
are delivered to the image processor and converted to an
image displayable on the monitor.

[0005] Intracardiac echocardiography (“ICE”) is another
ultrasound imaging technique with proven capabilities for
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use in diagnosing intravascular diseases and disorders. ICE
uses acoustic signals to image patient tissue. Acoustic sig-
nals emitted from an ICE imager disposed in a catheter are
reflected from patient tissue and collected and processed by
a coupled ICE control module to form an image. ICE
imaging systems can be used to image tissue within a heart
chamber.

BRIEF SUMMARY

[0006] One embodiment is a catheter assembly for an
ultrasound system. The catheter assembly includes an elon-
gated catheter configured and arranged for insertion into the
cardiovascular system of a patient, the catheter having a
distal end, a proximal end, and a longitudinal length. The
catheter includes a sheath with a proximal portion and a
distal portion and the sheath defines a lumen extending
along the sheath from the proximal portion to the distal
portion. The catheter assembly also includes an imaging
core configured and arranged for inserting into the lumen of
the catheter. The imaging core includes an elongated, rotat-
able driveshaft having a proximal end and a distal end and
an imaging device coupled to the distal end of the driveshaft
with rotation of the driveshaft causing a corresponding
rotation of the imaging device. The imaging device includes
at least one transducer configured and arranged for trans-
forming applied electrical signals to acoustic signals and
also for transforming received echo signals to electrical
signals. The imaging core further includes a swellable
material disposed on at least the at least one transducer and
configured and arranged to rotate with rotation of the
driveshaft and to swell upon exposure to a fluid. In at least
some embodiments, the swellable material is swollen.
[0007] In at least some embodiments, the swellable mate-
rial is configured and arranged to swell upon exposure to at
least one of water, saline, or blood. In at least some embodi-
ments, the swellable material is a hydrogel. In at least some
embodiments, the swellable material is configured and
arranged to swell and fill a space immediately between the
transducer and the sheath so that acoustic signals from the
transducer pass from the transducer through the swellable
material and directly into the sheath. In at least some
embodiments, the swellable material is configured and
arranged to swell and fill at least 90% of a space immedi-
ately between the transducer and the sheath. In at least some
embodiments, the swellable material is mechanically or
chemically attached to the imaging core. In at least some
embodiments, the swellable material, when swollen, is lubri-
cious.

[0008] In at least some embodiments, the catheter assem-
bly further includes a drive unit coupled to the driveshaft,
the drive unit configured and arranged for controlling rota-
tion of the driveshaft. In at least some embodiments, the
catheter assembly further includes a control module coupled
to the imaging core, the control module including a pulse
generator electrically coupled to the imaging core, the pulse
generator configured and arranged for providing electrical
signals to the at least one transducer, and a processor
electrically coupled to the imaging core, the processor
configured and arranged for processing received electrical
signals from the at least one transducer to form at least one
image.

[0009] Another embodiment is an imaging device that
includes at least one transducer configured and arranged for
transforming applied electrical signals to acoustic signals
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and also for transforming received echo signals to electrical
signals, and a swellable material disposed on the at least one
transducer. In at least some embodiments, the swellable
material is swollen.

[0010] In at least some embodiments, the swellable mate-
rial is configured and arranged to swell upon exposure to at
least one of water, saline, or blood. In at least some embodi-
ments, the swellable material is a hydrogel. In at least some
embodiments, the swellable material is mechanically or
chemically attached to the at least one transducer.

[0011] A further embodiment is a method of forming any
of the catheter assemblies or imaging devices described
above. The method includes providing the at least one
transducer; and disposing the swellable material on at least
the at least one transducer or the imaging core.

[0012] In at least some embodiments, disposing the
swellable material on the at least one transducer includes
coating the at least one transducer with the swellable mate-
rial or a precursor of the swellable material. In at least some
embodiments, the method also includes crosslinking or
curing the swellable material or the precursor of the
swellable material to mechanically or chemically couple the
swellable material to the at least one transducer or the
imaging core.

[0013] Yet another embodiment is a method of using any
of the catheter assemblies described above. The method
includes inserting the imaging core into the sheath of the
catheter; exposing the swellable material to the fluid causing
the swellable material to swell within the sheath; and
rotating the driveshaft with the swellable material swollen
within the sheath.

[0014] In at least some embodiments, exposing the
swellable material to the fluid includes injecting water or
saline into the sheath of the catheter. In at least some
embodiments, exposing the swellable material to the fluid
includes allowing blood to flow into the sheath of the
catheter. In at least some embodiments, exposing the
swellable material to the fluid includes swelling the
swellable material to fill a space immediately between the
transducer and the sheath so that acoustic signals from the
transducer pass from the transducer through the swellable
material and directly into the sheath.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Non-limiting and non-exhaustive embodiments of
the present invention are described with reference to the
following drawings. In the drawings, like reference numet-
als refer to like parts throughout the various figures unless
otherwise specified.

[0016] For a better understanding of the present invention,
reference will be made to the following Detailed Descrip-
tion, which is to be read in association with the accompa-
nying drawings, wherein:

[0017] FIG. 1 is a schematic view of one embodiment of
an intravascular ultrasound imaging system, according to the
invention;

[0018] FIG. 2 is a schematic side view of one embodiment
of a catheter of an intravascular ultrasound imaging system,
according to the invention;

[0019] FIG. 3 is a schematic perspective view of one
embodiment of a distal end of the catheter shown in FIG. 2
with an imaging core disposed in a lumen defined in the
catheter, according to the invention;
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[0020] FIG. 4A is a schematic longitudinal cross-sectional
view of one embodiment of the distal end of the catheter of
FIG. 3 with a swellable material, prior to swelling, disposed
over the transducer, according to the invention;

[0021] FIG. 4B is a schematic longitudinal cross-sectional
view of the embodiment of FIG. 4A with the swellable
material, after swelling, disposed over the transducer,
according to the invention;

[0022] FIG. 5A s a schematic longitudinal cross-sectional
view of a second embodiment of the distal end of the
catheter of FIG. 3 with a swellable material, prior to swell-
ing, disposed over the transducer and imaging core, accord-
ing to the invention; and

[0023] FIG. 5B is a schematic longitudinal cross-sectional
view of the embodiment of FIG. 5A with the swellable
material, after swelling, disposed over the transducer and
imaging core, according to the invention.

DETAILED DESCRIPTION

[0024] The present invention is directed to the area of
ultrasound imaging systems and methods of making and
using the systems. The present invention is also directed to
an ultrasound imaging system that includes a transducer
disposed within a catheter and a swellable material disposed
over the transducer, as well as methods of making and using
the ultrasound systems, catheter, and transducer.

[0025] Suitable ultrasound imaging systems utilizing cath-
eters include, for example, intravascular ultrasound
(“IVUS”) and intracardiac echocardiography (“ICE”) sys-
tems. These systems may include one or more transducers
disposed on a distal end of a catheter configured and
arranged for percutaneous insertion into a patient. Examples
of IVUS imaging systems with catheters are found in, for
example, U.S. Pat. Nos. 6,945,938; 7,246,959; and 7,306.
561; as well as U.S. Patent Application Publication Nos.
2006/0100522;  2006/0106320;  2006/0173350; 2006/
0253028; 2007/0016054; and 2007/0038111; all of which
are incorporated herein by reference.

[0026] FIG. 1illustrates schematically one embodiment of
an IVUS imaging system 100. An ICE imaging system is
similar. The IVUS imaging system 100 includes a catheter
102 that is coupleable to a control module 104. The control
module 104 may include, for example, a processor 106, a
pulse generator 108, a drive unit 110, and one or more
displays 112. In at least some embodiments, the pulse
generator 108 forms electric signals that may be input to one
or more transducers (312 in FIG. 3) disposed in the catheter
102. In at least some embodiments, mechanical energy from
the drive unit 110 may be used to drive an imaging core (306
in FIG. 3) disposed in the catheter 102.

[0027] In at least some embodiments, electrical signals
transmitted from the one or more transducers (312 in FIG.
3) may be input to the processor 106 for processing. In at
least some embodiments, the processed electrical signals
from the one or more transducers (312 in FIG. 3) may be
displayed as one or more images on the one or more displays
112. In at least some embodiments, the processor 106 may
also be used to control the functioning of one or more of the
other components of the control module 104. For example,
the processor 106 may be used to control at least one of the
frequency or duration of the electrical signals transmitted
from the pulse generator 108, the rotation rate of the imaging
core (306 in FIG. 3) by the drive unit 110, the velocity or
length of the pullback of the imaging core (306 in FIG. 3)
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by the drive unit 110, or one or more properties of one or
more images formed on the one or more displays 112.
[0028] FIG. 2 is a schematic side view of one embodiment
of the catheter 102 of the IVUS imaging system (100 in FIG.
1). The catheter 102 includes an elongated member 202 and
a hub 204. The elongated member 202 includes a proximal
end 206 and a distal end 208. In FIG. 2, the proximal end
206 of the elongated member 202 is coupled to the catheter
hub 204 and the distal end 208 of the elongated member is
configured and arranged for percutaneous insertion into a
patient. In some embodiments, the elongated member 202
and the hub 204 are formed as a unitary body. In other
embodiments, the elongated member 202 and the catheter
hub 204 are formed separately and subsequently assembled
together.

[0029] FIG. 3 is a schematic perspective view of one
embodiment of the distal end 208 of the catheter 102. The
catheter 102 includes a sheath 302 having a distal portion
352 and a proximal portion (not shown). The sheath 302
defines a lumen 304 extending along the sheath. An imaging
core 306 is disposed in the lumen 304. The imaging core 306
includes an imaging device 308 coupled to a distal end of a
driveshaft 310.

[0030] The sheath 302 may be formed from any flexible,
biocompatible material suitable for insertion into a patient.
Examples of suitable materials include, for example, poly-
ethylene, polyurethane, plastic, spiral-cut stainless steel,
nitinol hypotube, and the like or combinations thereof.
[0031] One or more transducers 312 may be mounted to
the imaging device 308 and employed to transmit and
receive acoustic signals. In a preferred embodiment (as
shown in FIG. 3), an array of transducers 312 are mounted
to the imaging device 308. In other embodiments, a single
transducer may be employed. [n at least some embodiments,
multiple transducers in an irregular-array may be employed.
Any number of transducers 312 can be used. For example,
there can be one, two, three, four, five, six, seven, eight,
nine, ten, twelve, fifteen, sixteen, twenty, twenty-five, fifty,
one hundred, five hundred, one thousand, or more transduc-
ers. As will be recognized, other numbers of transducers
may also be used.

[0032] The one or more transducers 312 may be formed
from one or more known materials capable of transforming
applied electrical signals into pressure distortions on the
surface of the one or more transducers 312, and vice versa.
Examples of suitable materials include piezoelectric ceramic
materials, piezocomposite materials, piezoelectric plastics,
barium titanates, lead zirconate titanates, lead metaniobates,
polyvinylidenefluorides, and the like.

[0033] The pressure distortions on the surface of the one
or more transducers 312 form acoustic signals of a fre-
quency based on the resonant frequencies of the one or more
transducers 312. The resonant frequencies of the one or
more transducers 312 may be affected by the size, shape, and
material used to form the one or more transducers 312. The
one or more transducers 312 may be formed in any shape
suitable for positioning within the catheter 102 and for
propagating acoustic signals of a desired frequency in one or
more selected directions. For example, transducers may be
disc-shaped, block-shaped, rectangular-shaped, oval-
shaped, and the like. The one or more transducers may be
formed in the desired shape by any process including, for
example, dicing, dice and fill, machining, microfabrication,
and the like.
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[0034] In at least some embodiments, the one or more
transducers 312 can be used to form a radial cross-sectional
image of a surrounding space. Thus, for example, when the
one or more transducers 312 are disposed in the catheter 102
and inserted into a blood vessel of a patient, the one more
transducers 312 may be used to form a composite image of
the walls of the blood vessel and tissue surrounding the
blood vessel by stitching together a plurality of individual
image frames.

[0035] The imaging core 306 is rotated about a longitu-
dinal axis of the catheter 102 while being disposed in the
distal portion 352 of the sheath 302. As the imaging core 306
rotates, the one or more transducers 312 emit acoustic signal
in different radial directions. When an emitted acoustic
signal with sufficient energy encounters one or more
medium boundaries, such as one or more tissue boundaries,
a portion of the emitted acoustic signal is reflected back to
the emitting transducer as an echo signal. Each echo signal
that reaches a transducer with sufficient energy to be
detected is transformed to an electrical signal in the receiv-
ing transducer. The one or more transformed electrical
signals are transmitted to the control module (104 in FIG. 1)
where the processor 106 processes the electrical-signal
characteristics to generate a displayable image frame of the
imaged region based, at least in part, on a collection of
information from each of the acoustic signals transmitted
and the echo signals received. In at least some embodiments,
the rotation of the one or more transducers 312 is driven by
the drive unit 110 disposed in the control module (104 in
FIG. 1), via the driveshaft 310 extending along the sheath
302 of the catheter 102.

[0036] As the one or more transducers 312 rotate about the
longitudinal axis of the catheter 102 emitting acoustic sig-
nals, a plurality of image frames are formed that collectively
form a composite radial cross-sectional image of a portion of
the region surrounding the one or more transducers 312,
such as the walls of a blood vessel of interest and the tissue
surrounding the blood vessel. In at least some embodiments,
one or more of the image frames can be displayed on the one
or more displays 112. In at least some embodiments, the
radial cross-sectional composite image can be displayed on
the one or more displays 112.

[0037] In at least some embodiments, the imaging core
306 may also move longitudinally (i.e., translate) along the
blood vessel within which the catheter 102 is inserted so that
a plurality of composite cross-sectional images may be
formed into one or more larger composite images that
include an axial length of the blood vessel. In at least some
embodiments, during an imaging procedure the one or more
transducers 312 may be retracted (i.e., pulled back) along the
longitudinal length of the catheter 102. In at least some
embodiments, the catheter 102 includes at least one section
that can be retracted during pullback of the one or more
transducers 312. In at least some embodiments, the drive
unit 110 drives the pullback of the imaging core 306 within
the catheter 102. In at least some embodiments, the drive
unit 110 pullback distance of the imaging core is at least 5
cm, 10 cm, 15 ¢cm, 20 cm, 25 ¢cm or more. In at least some
embodiments, the catheter 102 pullback occurs along one or
more telescoping sections.

[0038] The quality of imaging at different depths from the
one or more transducers 312 may be affected by one or more
factors including, for example, bandwidth, transducer focus,
beam pattern, as well as the frequency of the acoustic signal.
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The frequency of the acoustic signal output from the one or
more transducers 312 may also affect the penetration depth
of the acoustic signal output from the one or more trans-
ducers 312. In general, as the frequency of an acoustic signal
is lowered, the depth of the penetration of the acoustic signal
within patient tissue increases. In at least some embodi-
ments, the TVUS imaging system 100 operates within a
frequency range of 5 MHz to 60 MHz.

[0039] One or more transducer conductors 314 electrically
couple the transducers 312 to the control module 104 (See
FIG. 1). In at least some embodiments, the one or more
transducer conductors 314 extend along the driveshaft 310.
[0040] The imaging device 308 is inserted in the lumen of
the catheter 102. In at least some embodiments, the catheter
102 (and imaging device 308) may be inserted percutane-
ously into a patient via an accessible blood vessel, such as
the femoral artery or vein, at a site remote from a target
imaging location. The catheter 102 may then be advanced
through patient vasculature to the target imaging location,
such as a portion of a selected blood vessel (e.g., a peripheral
blood vessel, a coronary blood vessel, or other blood vessel),
or one or more chambers of the patient’s heart.

[0041] Acoustic signals propagating from the one or more
transducers propagate through a portion of the lumen sur-
rounding the imaging device before passing through the
sheath to the region exterior of the catheter such as a blood
vessel or a chamber of a heart. Likewise, echo signals
reflected back to the one or more transducers from medium
boundaries also propagate through a portion of the Iumen.
Typically, air is not a desirable transmission medium and
image quality may, consequently, be reduced when acoustic
signals or echo signals are required by catheter design to
propagate through air. In the MHz range, acoustic signals
may not propagate at all through air. Accordingly. it is
typically advantageous, and in some cases necessary. to
purge air from the lumen surrounding the one or more
transducers prior to (or one or more times during) the
performance of an imaging procedure.

[0042] One technique for purging air surrounding the one
or more transducers is to flush the lumen with an acousti-
cally-favorable medium, such as water or saline, through
which acoustic signals more easily propagate than through
air. When using a conventional IVUS imaging system, a
lumen of a catheter can be manually flushed to remove air
at the beginning of an IVUS imaging procedure. Addition-
ally, the lumen of the catheter may also be manually flushed
of air one or more additional times during the course of the
IVUS imaging procedure. Unfortunately, each manual flush-
ing of air from the catheter lumen can add to the amount of
time it takes to perform an IVUS imaging procedure on a
patient.

[0043] To reduce the need for repeated flushing during an
imaging procedure, a swellable material can be disposed on
the transducer. When exposed to fluid, such as water or
saline, during, for example, preparation of the catheter for
the imaging procedure, the swellable material swells to fill
the space between the transducer and the sheath. This can
provide an acoustically favorable transmission medium
between the transducer and the sheath while eliminating or
reducing air bubbles. In at least some embodiments, after the
initial swelling of the swellable material there is no need
during an imaging procedure to flush the catheter. Alterna-
tively, additional fluid may be added during the imaging
procedure to ensure that the swellable material remains
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swollen. In at least some embodiments, the swellable mate-
rial is already swollen prior to beginning the imaging
procedure or during preparation for the imaging procedure.
[0044] FIGS. 4A and 4B are schematic longitudinal cross-
sectional views of one embodiment of a distal end 452 of a
catheter 402. Figures 5A and 5B illustrate a second embodi-
ment of a distal end 452 of a catheter 402. In both embodi-
ments, the catheter 402 includes a sheath 404 and a lumen
406 with an optional flush port 434. In both embodiments,
the imaging core 408 is shown disposed in the lumen 406 of
the sheath 404 at a distal portion 452 of the sheath 404. The
imaging core 408 includes a rotatable driveshaft 410 with
one or more transducers 412 coupled to a distal end of the
driveshaft 410. The rotatable driveshaft 410 rotates the one
or more transducers as illustrated by arrow 420.

[0045] A swellable material 430 is disposed on at least the
one or more transducers 412. FIGS. 4A and 5A illustrate the
swellable material 430 prior to swelling and FIGS. 4B and
5B illustrates the swellable material 430 after swelling. The
swellable material 430 in the embodiment of FIGS. 4A and
4B is disposed on at least the acoustically active surface 432
of the one or more transducer 412 from which acoustic
signals are emitted and received. In the embodiment of
FIGS. 5A and 5B, the swellable material 430 is disposed
over a portion of the imaging core 408 including the one or
more transducers 412 and extending around the entire cir-
cumference of the core and may even extend over the distal
end of the imaging core. It will be understood that other
variations of the coverage of the swellable material 430 over
the imaging core intermediate between the two illustrated
embodiments can also be used, as well as variations where
the swellable material extends further proximally or distally
from the regions in the illustrated embodiments. Preferably,
the swellable material 430 is disposed over at least the
acoustically active surface 432 of the one or more transducer
412 and may extend over more of the imaging core 408 and
further along the lumen 406 of the sheath 404.

[0046] In at least some embodiments, the swellable mate-
rial 430 rotates, even when swollen, with the one or more
transducers 412 upon rotation of the driveshaft 410. In some
embodiments, a swellable material 430 is selected so that the
swellable material, when swollen, forms a lubricious surface
that facilitates rotation of the swellable material against the
inner surface of the sheath 404. In at least some embodi-
ments, the swellable material 430, when swollen, maintaing
structural integrity formed in the shape of the catheter lumen
406.

[0047] The swellable material 430 can be swollen using a
fluid such as, for example, water, saline, or blood. In at least
some embodiments, the fluid enters the catheter 402 during
a flushing or other procedure. Alternatively or additionally,
a fluid, such as blood, can enter the catheter 402 through
flush port 434 or other port to swell the swellable material
430. In at least some embodiments, the swellable material
430 is swollen during manufacture and remains swollen
thereafter.

[0048] As the swellable material 430 swells, the material
displaces air bubbles within the lumen 406 of the catheter
402. Preferably, when the swellable material 430 is swollen,
the material contacts the inner wall of the sheath 404. In
other embodiments, the swellable material 430 fills at least
50%, 66%, 75%, 80%, 90%, 95%, or 99% of the space
between the sheath 404 and the acoustically active surface
432 of the one or more transducer 412.
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[0049] Any suitable swellable material can be used includ-
ing, but not limited to, hydrogels which are often a hydro-
philic network of polymer chains. Often, the polymer chains
of a hydrogel are crosslinked, cured, or otherwise arranged
to form the network. For example, a hydrogel can include
covalent crosslinking between polymer chains, coordinate
bonding between polymer chains and inorganic particles, or
the like, or any combination thereof. Examples of suitable
hydrogels include, but are not limited to, polyvinyl alcohol,
acrylamide nano-composite hydrogel, polyvinylpyrrolidone
hydrogel, or the like. A nano-composite hydrogel is a
polymeric network reinforced with nanoparticles. Prefer-
ably, the swellable material is biocompatible for at least the
length of time that the catheter is expected to be in contact
with patient tissue (for example, at least 1, 2, 4, 8, 12, or 24
hours). In at least some embodiments, the swellable material
is acoustically transparent.

[0050] In at least some embodiments, the swellable mate-
rial 430, or one or more precursors of the swellable material,
are coated, or otherwise disposed, onto the transducer 412
(for example, on the acoustically active surface 432) and
then cross-linked or cured to mechanically or chemically
adhere the swellable material to the transducer.

[0051] The above specification, examples and data pro-
vide a description of the manufacture and use of the com-
position of the invention. Since many embodiments of the
invention can be made without departing from the spirit and
scope of the invention, the invention also resides in the
claims hereinafter appended.

What is claimed as new and desired to be protected by
Letters Patent of the United States is:

1. A catheter assembly for an ultrasound system, the
catheter assembly comprising;

an elongated catheter configured and arranged for inser-

tion into the cardiovascular system of a patient, the
catheter having a distal end, a proximal end, and a
longitudinal length, the catheter comprising a sheath
with a proximal portion and a distal portion, the sheath
defining a lumen extending along the sheath from the
proximal portion to the distal portion;

an imaging core configured and arranged for inserting into

the lumen of the catheter, the imaging core comprising

an elongated, rotatable driveshaft having a proximal
end and a distal end,

an imaging device coupled to the distal end of the
driveshaft with rotation of the driveshaft causing a
corresponding rotation of the imaging device, the
imaging device comprising at least one transducer
configured and arranged for transforming applied
electrical signals to acoustic signals and also for
transforming received echo signals to electrical sig-
nals, and

a swellable material disposed on at least the at least one
transducer and configured and arranged to rotate
with rotation of the driveshaft and to swell upon
exposure to a fluid, wherein, optionally, the
swellable material is swollen.

2. The catheter assembly of claim 1, wherein the swellable
material is configured and arranged to swell upon exposure
to at least one of water, saline, or blood.

3. The catheter assembly of claim 1, wherein the swellable
material is a hydrogel.

4. The catheter assembly of claim 1, wherein the swellable
material is configured and arranged to swell and fill a space
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immediately between the transducer and the sheath so that
acoustic signals from the transducer pass from the trans-
ducer through the swellable material and directly into the
sheath.

5. The catheter assembly of claim 1, wherein the swellable
material is configured and arranged to swell and fill at least
90% of a space immediately between the transducer and the
sheath.

6. The catheter assembly of claim 1, wherein the swellable
material is mechanically or chemically attached to the
imaging core.

7. The catheter assembly of claim 1, wherein the swellable
material, when swollen, is lubricious.

8. The catheter assembly of claim 1, further comprising a
drive unit coupled to the driveshaft, the drive unit configured
and arranged for controlling rotation of the driveshaft.

9. The catheter assembly of claim 1, further comprising a
control module coupled to the imaging core, the control
module comprising

a pulse generator electrically coupled to the imaging core,

the pulse generator configured and arranged for pro-
viding electrical signals to the at least one transducer,
and

a processor electrically coupled to the imaging core, the

processor configured and arranged for processing
received electrical signals from the at least one trans-
ducer to form at least one image.

10. An imaging device, comprising:

at least one transducer configured and arranged for trans-

forming applied electrical signals to acoustic signals
and also for transforming received echo signals to
electrical signals, and

a swellable material disposed on at least the at least one

transducer, wherein, optionally, the swellable material
is swollen.

11. The imaging device of claim 10, wherein the swellable
material is configured and arranged to swell upon exposure
to at least one of water, saline, or blood.

12. The imaging device of claim 10, wherein the swellable
material is a hydrogel.

13. The imaging device of claim 10, wherein the swellable
material is mechanically or chemically attached to the at
least one transducer.

14. A method of forming the catheter assembly of claim
1, the method comprising:

providing the at least one transducer; and

disposing the swellable material on the at least one

transducer.

15. The method of claim 14, wherein disposing the
swellable material on the at least one transducer comprises
coating the at least one transducer with the swellable mate-
rial or a precursor of the swellable material.

16. The method of claim 15, further comprising cross-
linking or curing the swellable material or the precursor of
the swellable material to mechanically or chemically couple
the swellable material to the imaging core.

17. A method of using the catheter assembly of claim 1,
the method comprising:

inserting the imaging core into the sheath of the catheter;

exposing the swellable material to the fluid causing the

swellable material to swell within the sheath; and
rotating the driveshaft with the swellable material swollen
within the sheath.
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18. The method of claim 17, wherein exposing the
swellable material to the fluid comprises injecting water or
saline into the sheath of the catheter.

19. The method of claim 17, wherein exposing the
swellable material to the fluid comprises allowing blood to
flow into the sheath of the catheter.

20. The method of claim 17, wherein exposing the
swellable material to the fluid comprises swelling the
swellable material to fill a space immediately between the
transducer and the sheath so that acoustic signals from the
transducer pass from the transducer through the swellable
material and directly into the sheath.

* % % k¥

Nov. 10, 2016



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

BEX)

EETBRKMENREMNG ERETESREREMMREER L

US20160324502A1 NI (»&E)B
US15/145441 RiEH

RETBZAEEELT

BOSTON SCIENTIFIC SCIMED , INC.

BOSTON SCIENTIFIC SCIMED , INC.

LU XIN
ELLIOTT ERIC

LU, XIN
ELLIOTT, ERIC

A61B8/12 A61B8/00

A61B8/12 A61B8/4281 A61B8/445 A61B8/4483

62/157385 2015-05-05 US

US10456105

Espacenet USPTO

ATEFRGNSELAHIERATRAREN OOERSTNAKRS

., SECRREABFELEANARNNE, SEAHEIERTHE

ASENAREPHRET. RESSEA KN TEEAR MBS EK

A IR R E

H X ah B A Beds 51 AR R B AV B RIAE S

BEBEEEFEEL —MrgEs  ATRENNEESRRNERFES ,
BEATRERINERESKRNBES. RECEBEREEED
R ZE D —MReess ER R AKATRL , F BA9E N 16 B R IR 3

REfk M AEds H B 8 B T R K.

patsnap

2016-11-10

2016-05-03

‘ Exsplav(s) | S 1z

Puise |
[ [
| Generator ]‘ B

—F— F
/ ,


https://share-analytics.zhihuiya.com/view/01122808-5058-42e9-bbe9-d82bf7b16cc0
https://worldwide.espacenet.com/patent/search/family/056027199/publication/US2016324502A1?q=US2016324502A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160324502%22.PGNR.&OS=DN/20160324502&RS=DN/20160324502

