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Description

TECHNICAL FIELD

[0001] The presentinvention 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 trans-
ducer disposed within a catheter and a swellable material
disposed over the transducer, as well as methods of mak-
ing and using the ultrasound systems, catheter, and
transducer.

BACKGROUND

[0002] Ultrasound devices insertable into patients
have proven diagnostic capabilities for a variety of dis-
eases and disorders. For example, intravascular ultra-
sound ("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
orincrease blood flow. IVUS imaging systems have been
used to diagnose atheromatous plaque build-up at par-
ticular locations within blood vessels. IVUS imaging sys-
tems can be used to determine the existence of an intra-
vascular 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 in-
travascular imaging techniques, such as angiography,
due to, for example, movement (e.g., a beating heart) or
obstruction by one or more structures (e.g., one or more
blood vessels not desired to be imaged). IVUS imaging
systems can be used to monitor or assess ongoing in-
travascular 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.

[0003] IVUS imaging systems have been developed
to provide a diagnostic tool for visualizing a variety of
diseases or disorders. An IVUS imaging system can in-
clude 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
ablood vessel wall or patient tissue in proximity to a blood
vessel wall. The pulse generator 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 sig-
nals of the transmitted acoustic signals are absorbed by
the one or more transducers and transformed to electric
signals. The transformed electric signals are delivered
to the image processor and converted to an image dis-
playable on the monitor.

[0004] Intracardiac echocardiography ("ICE") is anoth-
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er ultrasound imaging technique with proven capabilities
for use in diagnosing intravascular diseases and disor-
ders. ICE uses acoustic signals to image patient tissue.
Acoustic signals emitted from an ICE imager disposed
in a catheter are reflected from patient tissue and collect-
ed and processed by a coupled ICE control module to
form an image. ICE imaging systems can be used to im-
age tissue within a heart chamber.

[0005] US 2010/0249599 discloses an imaging as-
sembly for an intravascular ultrasound system includes
a catheter, an imaging core, and at least one transducer
conductor. The imaging core is insertable into the cath-
eter and extendable from a distal end of the catheter.
[0006] US 2012/0108980 discloses a catheter with an
actuator that may include at least a first shape memory
member that is actuatable to affect at least a portion of
the oscillating movement of the load. The actuator may
further include a second shape memory member actuat-
able to affect at least a second portion of the oscillating,
pivoting movement of the load. Where an active block is
in the form of an ultrasonic transducer array, the ultra-
sonic transducer array may include an acoustic coupling
medium attached to an active face of the ultrasonic trans-
ducer array. The acoustic coupling medium may com-
prise a hydrogel capable of absorbing liquid.

BRIEF SUMMARY

[0007] One embodimentis a catheter assembly for an
ultrasound system. The catheter assembly includes an
elongated 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 lu-
men extending along the sheath from the proximal por-
tion to the distal portion. The catheter assembly also in-
cludes an imaging core configured and arranged for in-
serting into the lumen of the catheter. The imaging core
includes an elongated, rotatable driveshaft having a prox-
imal end and a distal end and an imaging device coupled
to the distal end of the driveshaft with rotation of the drive-
shaft causing a corresponding rotation of the imaging
device. The imaging device includes at least one trans-
ducer configured and arranged for transforming applied
electrical signals to - acoustic signals and also for trans-
forming received echo signals to electrical signals. The
imaging core further includes a swellable material dis-
posed on at least the at least one transducer and config-
ured 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.

[0008] In at least some embodiments, the swellable
material is configured and arranged to swell upon expo-
sure to at least one of water, saline, or blood. In at least
some embodiments, the swellable material is a hydrogel.
In at least some embodiments, the swellable material is
configured and arranged to swell and fill a space imme-
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diately 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. In at least some embodiments, the swellable ma-
terial is configured and arranged to swell and fill at least
90% of a space immediately 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 swella-
ble material, when swollen, is lubricious.

[0009] In atleast some embodiments, the catheter as-
sembly further includes a drive unit coupled to the drive-
shaft, the drive unit configured and arranged for control-
ling rotation of the driveshaft. In at least some embodi-
ments, 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 ar-
ranged 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.

[0010] Another embodiment is an imaging device that
includes atleastone transducer configured and arranged
for transforming applied electrical signals to acoustic sig-
nals 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 embodi-
ments, the swellable material is swollen.

[0011] In at least some embodiments, the swellable
material is configured and arranged to swell upon expo-
sure to at least one of water, saline, or blood. In at least
some embodiments, 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.

[0012] A further embodiment is a method of forming
any of the catheter assemblies or imaging devices de-
scribed above. The method includes providing the at
least one transducer; and disposing the swellable mate-
rial on at least the at least one transducer or the imaging
core.

[0013] In at least some embodiments, disposing the
swellable material on the at least one transducerincludes
coating the at least one transducer with the swellable
material or a precursor of the swellable material, In at
least some embodiments, the method also includes
crosslinking or curing the swellable material or the pre-
cursor of the swellable material to mechanically or chem-
ically couple the swellable material to the at least one
transducer or the imaging core.

[0014] 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
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material swollen within the sheath.

[0015] 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 cath-
eter. In atleast some embodiments, exposing the swella-
ble material to the fluid includes swelling the swellable
material to fill a space immediately between the trans-
ducer and the sheath so that acoustic signals from the
transducer pass from the transducer through the swella-
ble material and directly into the sheath.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Non-limiting and non-exhaustive embodiments
of the present invention are described with reference to
the following drawings. In the drawings, like reference
numerals refer to like parts throughout the various figures
unless otherwise specified.

[0017] Forabetter understanding of the presentinven-
tion, reference will be made to the following Detailed De-
scription, which is to be read in association with the ac-
companying drawings, wherein:

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

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

FIG. 3 is a schematic perspective view of one em-
bodiment 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;

FIG. 4A is a schematic longitudinal cross-sectional
view of one embodiment of the distal end of the cath-
eter of FIG. 3 with a swellable material, prior to swell-
ing, disposed over the transducer, according to the
invention;

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

FIG. 5A is 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
swelling, disposed over the transducer and imaging
core, according to the invention; and

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

DETAILED DESCRIPTION

[0018] The presentinvention 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 trans-
ducer disposed within a catheter and a swellable material
disposed over the transducer, as well as methods of mak-
ing and using the ultrasound systems, catheter, and
transducer.

[0019] Suitable ultrasound imaging systems utilizing
catheters include, for example, intravascular ultrasound
("IVUS") and intracardiac echocardiography ("ICE") sys-
tems. These systems may include one or more transduc-
ers disposed on a distal end of a catheter configured and
arranged for percutaneous insertion into a patient. Ex-
amples of IVUS imaging systems with catheters are
found in, for example, U.S. Patents Nos. 6,945,938;
7,246,959; and 7,306,561: as well as U.S. Patent Appli-
cation Publication Nos. 2006/0100522; 2006/0106320;
2006/0173350; 2006/0253028; 2007/0016054; and
2007/0038111.

[0020] Figure 1 illustrates schematically one embodi-
ment of an IVUS imaging system 100. An ICE imaging
system is similar. The IVUS imaging system 100 includes
acatheter 102 thatis coupleable to a control module 104.
The control module 104 may include, for example, a proc-
essor 106, a pulse generator 108, a drive unit 110, and
one ormoredisplays 112. In atleast some embodiments,
the pulse generator 108 forms electric signals that may
be input to one or more transducers (312 in Figure 3)
disposed in the catheter 102. In at least some embodi-
ments, mechanical energy from the drive unit 110 may
be used to drive an imaging core (306 in Figure 3) dis-
posed in the catheter 102.

[0021] Inatleastsome embodiments, electrical signals
transmitted from the one or more transducers (312 in
Figure 3) may be input to the processor 106 for process-
ing. In at least some embodiments, the processed elec-
trical signals from the one or more transducers (312 in
Figure 3) may be displayed as one or more images on
the one or more displays 112. In at least some embodi-
ments, 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 Figure 3) by the drive unit 110, the velocity or
length of the pullback of the imaging core (306 in Figure
3) by the drive unit 110, or one or more properties of one
or more images formed on the one or more displays 112.
[0022] Figure 2 is a schematic, side view of one em-
bodiment of the catheter 102 of the IVUS imaging system
(100inFigure 1). The catheter 102 includes an elongated
member 202 and a hub 204. The elongated member 202
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includes a proximal end 206 and a distal end 208. In
Figure 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 em-
bodiments, 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 togeth-
er.

[0023] Figure 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.

[0024] The sheath 302 may be formed from any flexi-
ble, biocompatible material suitable for insertion into a
patient. Examples of suitable materials include, for ex-
ample, polyethylene, polyurethane, plastic, spiral-cut
stainless steel, nitinol hypotube, and the like or combi-
nations thereof.

[0025] 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 Figure 3), an array of transducers 312 are
mounted to the imaging device 308. In other embodi-
ments, a single transducer may be employed. In 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, six-
teen, twenty, twenty-five, fifty, one hundred, five hundred,
one thousand, or more transducers. As will be recog-
nized, other numbers of transducers may also be used.
[0026] The one or more transducers 312 may be
formed from one or more known materials capable of
transforming applied electrical signals into pressure dis-
tortions on the surface of the one or more transducers
312, and vice versa. Examples of suitable materials in-
clude piezoelectric ceramic materials, piezocomposite
materials, piezoelectric plastics, barium titanates, lead
zirconate titanates, lead metaniobates, polyvinylidene-
fluorides, and the like.

[0027] The pressure distortions on the surface of the
one or more transducers 312 form acoustic signals of a
frequency 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,
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The one or more transducers may be formed in the de-
sired shape by any process including, for example, dic-
ing, dice and fill, machining, microfabrication, and the
like.

[0028] In atleast some embodiments, the one or more
transducers 312 can be used to form a radial cross-sec-
tional 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 to-
gether a plurality of individual image frames.

[0029] The imaging core 306 is rotated about a longi-
tudinal 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 elec-
trical signal in the receiving transducer. The one or more
transformed electrical signals are transmitted to the con-
trol module (104 in Figure 1) where the processor 106
processes the electrical-signal characteristics to gener-
ate 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 ro-
tation of the one or more transducers 312 is driven by
the drive unit 110 disposed in the control module (104 in
Figure 1), via the driveshaft 310 extending along the
sheath 302 of the catheter 102.

[0030] As the one or more transducers 312 rotate
about the longitudinal axis of the catheter 102 emitting
acoustic signals, 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-sec-
tional composite image can be displayed on the one or
more displays 112.

[0031] Inatleastsome 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
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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 dis-
tance of the imaging core is atleast 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 tel-
escoping sections.

[0032] 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, trans-
ducer focus, beam pattern, as well as the frequency of
the acoustic signal. 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 transducers 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 embodiments, the IVUS im-
aging system 100 operates within a frequency range of
5 MHz to 60 MHz.

[0033] One or more transducer conductors 314 elec-
trically couple the transducers 312 to the control module
104 (See Figure 1). In at least some embodiments, the
one or more transducer conductors 314 extend along the
driveshaft 310.

[0034] Theimagingdevice 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
percutaneously 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 tar-
getimaging 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.

[0035] Acoustic signals propagating from the one or
more transducers propagate through a portion of the lu-
men surrounding 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 transduc-
ers from medium boundaries also propagate through a
portion of the lumen. Typically, airis nota desirable trans-
mission 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 fromthe lumen
surrounding the one or more transducers prior to (or one
or more times during) the performance of an imaging
procedure.

[0036] One technique for purging air surrounding the
one or more transducers is to flush the lumen with an
acoustically-favorable medium, such as water or saline,
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through which acoustic signals more easily propagate
than through air. When using a conventional IVUS imag-
ing system, alumen of a catheter can be manually flushed
to remove air at the beginning of an IVUS imaging pro-
cedure. Additionally, 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. Unfor-
tunately, each manual Hushing of air from the catheter
lumen can add to the amount of time it takes to perform
an IVUS imaging procedure on a patient.

[0037] Toreduce the need forrepeated flushing during
an imaging procedure, a swellable material can be dis-
posed on the transducer. When exposed to fluid, such
as water or saline, during, for example, preparation of
the catheter forthe imaging procedure, the swellable ma-
terial swells to fill the sapce 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. Alternatively, additional
fluid may be added during the imaging procedure to en-
sure that the swellable material remains swollen. In at
least some embodiments, the swellable material is al-
ready swollen prior to beginning the imaging procedure
or during preparation for the imaging procedure.

[0038] Figures 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 embodiment of a distal end 452 of a catheter 402.
In both embodiments, 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 dis-
posed 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.

[0039] A swellable material 430 is disposed on at least
the one or more transducers 412. Figures 4A and 5A
illustrate the swellable material 430 prior to swelling and
Figures 4B and 5B illustrates the swellable material 430
after swelling. The swellable material 430 in the embod-
iment of Figures 4A and 4B is disposed on at least the
acoustically active surface 432 of the one or more trans-
ducer 412 from which acoustic signals are emitted and
received. In the embodiment of Figures 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 circumference 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
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or distally from the regions in the illustrated embodi-
ments. 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.

[0040] In at least some embodiments, the swellable
material 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 se-
lected so that the swellable material when swollen, forms
a lubricious surface that facilitates rotation of the swella-
ble material against the inner surface of the sheath 404.
In at least some embodiments, the swellable material
430, when swollen, maintains structural integrity formed
in the shape of the catheter lumen 406.

[0041] The swellable material 430 can be swollen us-
ing a fluid such as, for example, water, saline, or blood.
In at least some embodiments, the fluid enters the cath-
eter 402 during a flushing or other procedure. Alterna-
tively 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 embodi-
ments, the swellable material 430 is swollen during man-
ufacture and remains swollen thereafter.

[0042] As the swellable material 430 swells, the mate-
rial displaces air bubbles within the lumen 406 of the cath-
eter 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.
[0043] Any suitable swellable material can be used in-
cluding, but not limited to, hydrogels which are often a
hydrophilic network of polymer chains. Often, the poly-
mer chains of a hydrogel are crosslinked, cured, or oth-
erwise arranged to form the network. For example, a hy-
drogel can include covalent crosslinking between poly-
mer 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-com-
posite hydrogel, polyvinylpyrrolidone hydrogel, or the
like. A nano-composite hydrogel is a polymeric network
reinforced with nanoparticles. Preferably, 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.

[0044] In at least some embodiments, the swellable
material 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 mechan-
ically or chemically adhere the swellable material to the
transducer.
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[0045] The above specification, examples and data
provide a description of the manufacture and use of the
composition of the invention. Since many embodiments
of the invention can be made without departing from the
scope of the invention, the invention also resides in the
claims hereinafter appended.

Claims

1. A catheter (102, 402) assembly for an ultrasound
system, the catheter (102, 402) assembly compris-

ing:

an elongated catheter (102, 402) configured and
arranged for insertion into the cardiovascular
system of a patient, the catheter (102, 402) hav-
ing a distal end, a proximal end, and a longitu-
dinal length, the catheter (102, 402) comprising
a sheath (302, 404) with a proximal portion and
a distal portion, the sheath (302, 404) defining
a lumen (304, 406) extending along the sheath
(302, 404) from the proximal portion to the distal
portion;

an imaging core (306, 408) configured and ar-
ranged for inserting into the lumen (304, 406) of
the catheter (102, 402), the imaging core (306,
408) comprising

an elongated, rotatable driveshaft (310,
410) having a proximal end and a distal end,
an imaging device (308) coupled to the dis-
tal end of the driveshaft (310, 410) with ro-
tation of the driveshaft (310, 410) causing
a corresponding rotation of the imaging de-
vice (308), the imaging device (308) com-
prising at least one transducer (312, 412)
configured and arranged for transforming
applied electrical signals to acoustic signals
and also for transforming received echo sig-
nals to electrical signals, and

a swellable material (430) disposed on at
least the at least one transducer (312, 412)
and configured and arranged to rotate with
rotation of the driveshaft (310, 410) and to
swell upon exposure to a fluid.

2. Thecatheter(102,402)assembly of claim 1, wherein
the swellable material (430) is configured and ar-
ranged to swell upon exposure to at least one of wa-
ter, saline, or blood.

3. The catheter (102, 402) assembly of any one of
claims 1 or 2, wherein the swellable material (430)
is a hydrogel.

4. The catheter (102, 402) assembly of any one of
claims 1-3, wherein the swellable material (430) is
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10.

1.

12.

configured and arranged to swell and fill a space
immediately between the transducer (312, 412) and
the sheath (302, 404) so that acoustic signals from
the transducer (312, 412) pass from the transducer
(312, 412) through the swellable material (430) and
directly into the sheath (302, 404).

The catheter (102, 402) assembly of any one of
claims 1-4, wherein the swellable material (430) is
mechanically or chemically attached to the imaging
core (306, 408).

The catheter (102, 402) assembly of any one of
claims 1-5, wherein the swellable material (430),
when swollen, is lubricious.

The catheter (102, 402) assembly of any one of
claims 1-6, further comprising a drive unit coupled
to the driveshaft (310, 410), the drive unit configured
and arranged for controlling rotation of the driveshaft
(310, 410).

The catheter (102, 402) assembly of any one of
claims 1-7, further comprising a control module cou-
pled to the imaging core (306, 408), the control mod-
ule comprising

a pulse generator (108) electrically coupled to the
imaging core (306, 408), the pulse generator (108)
configured and arranged for providing electrical sig-
nals to the at least one transducer (312, 412), and
a processor (106) electrically coupled to the imaging
core (306, 408), the processor (106) configured and
arranged for processing received electrical signals
from the at least one transducer (312, 412) to form
at least one image.

The catheter assembly of claim 4, wherein the
swellable material (430) is configured and arranged
to swell and fill at least 90% of a space immediately
between the transducer (312, 412) and the sheath
(302, 404).

A method of forming the catheter (102, 402) assem-
bly of any one of claims 1-9, the method comprising:

providing the at least one transducer (312, 412);
and

disposing the swellable material (430) on atleast
the at least one transducer (312, 412).

The method of claim 10, wherein disposing the
swellable material (430) on the at least one trans-
ducer (312, 412) comprises coating the at least one
transducer (312, 412) with the swellable material
(430) or a precursor of the swellable material (430).

The method of claim 10, further comprising crosslink-
ing the swellable material (430) or the precursor of
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the swellable material (430) to mechanically or
chemically couple the swellable material (430) to the
at least one transducer (312, 412) or the imaging
core (306, 408).

The method of claim 10, further comprising curing
the swellable material (430) or the precursor of the
swellable material (430) to mechanically or chemi-
cally couple the swellable material (430) to the at
least one transducer (312, 412) or the imaging core
(306, 408).

Patentanspriiche

1.

2,

Katheter- (102, 402) Anordnung fiir ein Ultraschall-
system, wobei die Katheter-(102, 402) Anordnung
aufweist:

einen langlichen Katheter (102, 402), der zur
Einfihrung in das Herz-KreislaufSystem eines
Patienten konfiguriert und angeordnet ist, wobei
der Katheter (102, 402) ein distales Ende, ein
proximales Ende und eine Langslange hat, der
Katheter (102, 402) eine Hulle (302, 404) mit
einem proximalen Abschnitt und einem distalen
Abschnitt aufweist, die Hille (302, 404) ein Lu-
men (304, 406) bildet, das sich entlang der Hille
(302, 404) vom proximalen Abschnitt zum dis-
talen Abschnitt erstreckt;

einen Bildgebungskern (306, 408), der zur Ein-
fihrung in das Lumen (304, 406) des Katheters
(102, 402) konfiguriert und angeordnet ist, wo-
bei der Bildgebungskern (306, 408) aufweist:

eine langliche, drehbare Antriebswelle
(310, 410) mit einem proximalen Ende und
einem distalen Ende,

eine Bildgebungsvorrichtung (308), die mit
dem distalen Ende der Antriebswelle (310,
410) gekoppelt ist, wobei Drehung der An-
triebswelle (310, 410) eine entsprechende
Drehung der Bildgebungsvorrichtung (308)
bewirkt, wobei die Bildgebungsvorrichtung
(308) mindestens einen Wandler (312,412)
aufweist, der zum Umwandeln angelegter
elektrischer Signale in akustische Signale
und auch zum Umwandeln empfangener
Echosignale in elektrische Signale konfigu-
riert und angeordnet ist, und

ein quellfahiges Material (430), das auf min-
destens dem mindestens einen Wandler
(312, 412) vorgesehen und so konfiguriert
und angeordnet ist, dass es mit Drehung
der Antriebswelle (310, 410) dreht und bei
Einwirkung eines Fluids quellt.

Katheter- (102, 402) Anordnung nach Anspruch 1,
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wobei das quellfahige Material (430) so konfiguriert
und angeordnetist, dass es bei Einwirkung von Was-
ser, Kochsalzldsung und/oder Blut quellt.

Katheter- (102, 402) Anordnung nach Anspruch 1
oder 2, wobei das quellfahige Material (430) ein Hy-
drogel ist.

Katheter- (102, 402) Anordnung nach einem der An-
spriiche 1 bis 3, wobei das quellfdhige Material (430)
so konfiguriert und angeordnet ist, dass es quelltund
einen Raum unmittelbar zwischen dem Wandler
(312, 412) und der Hdlle (302, 404) fillt, so dass
akustische Signale des Wandlers (312, 412) vom
Wandler (312, 412) aus durch das quellfahige Ma-
terial (430) und direkt in die Hille (302, 404) laufen.

Katheter- (102, 402) Anordnung nach einem der An-
spriiche 1 bis 4, wobei das quellfdhige Material (430)
am Bildgebungskern (306, 408) mechanisch oder
chemisch angebracht ist.

Katheter- (102, 402) Anordnung nach einem der An-
spriiche 1 bis 5, wobei das quellfdhige Material (430)
im gequollenen Zustand gleitfahig ist.

Katheter- (102, 402) Anordnung nach einem der An-
spriiche 1 bis 6, ferner mit einer Antriebseinheit, die
mit der Antriebswelle (310, 410) gekoppeltist, wobei
die Antriebseinheit zum Steuern der Drehung der
Antriebswelle (310, 410) konfiguriert und angeord-
net ist.

Katheter- (102, 402) Anordnung nach einem der An-
spriiche 1 bis 7, ferner mit einem Steuermodul, das
mit dem Bildgebungskern (306, 408) gekoppelt ist,
wobei das Steuermodul aufweist:

einen Impulsgenerator (108), der mit dem Bild-
gebungskern (306, 408) elektrisch gekoppeltist,
wobei der Impulsgenerator (108) zum Fiihren
elektrischer Signale zum mindestens einen
Wandler (312, 412) konfiguriert und angeordnet
ist, und

einen Prozessor (106), der mit dem Bildge-
bungskern (306, 408) elektrisch gekoppelt ist,
wobei der Prozessor (106) zum Verarbeiten
empfangener elektrischer Signale vom mindes-
tens einen Wandler (312, 412) konfiguriert und
angeordnet ist, um mindestens ein Bild zu er-
zeugen.

Katheteranordnung nach Anspruch 4, wobei das
quellfahige Material (430) so konfiguriert und ange-
ordnet ist, dass es quellt und mindestens 90 % eines
Raums unmittelbar zwischen dem Wandler (312,
412) und der Hiille (302, 404) ausfiillt.
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Verfahren zur Bildung der Katheter- (102, 402) An-
ordnung nach einem der Anspriiche 1 bis 9, wobei
das Verfahren aufweist:

Bereitstellen des mindestens einen Wandlers
(312, 412); und

Anordnen des quellfahigen Materials (430) auf
mindestens dem mindestens einen Wandler
(312, 412).

Verfahren nach Anspruch 10, wobei das Anordnen
des quellfahigen Materials (430) auf dem mindes-
tens einen Wandler (312, 412) aufweist: Beschich-
ten des mindestens einen Wandlers (312, 412) mit
dem quellfahigen Material (430) oder einem Vorlau-
fer des quellfahigen Materials (430).

Verfahren nach Anspruch 10, das ferner aufweist:
Vernetzen des quellfahigen Materials (430) oder des
Vorlaufers des quellfahigen Materials (430), um das
quellfahige Material (430) mitdem mindestens einen
Wandler (312, 412) oder dem Bildgebungskern (306,
408) mechanisch oder chemisch zu koppeln.

Verfahren nach Anspruch 10, das ferner aufweist:
Harten des quellfahigen Materials (430) oder des
Vorlaufers des quellfahigen Materials (430), um das
quellfahige Material (430) mitdem mindestens einen
Wandler (312, 412) oder dem Bildgebungskern (306,
408) mechanisch oder chemisch zu koppeln.

Revendications

1.

Ensemble de cathéter (102, 402) pour un systeme
a ultrasons, I'ensemble de cathéter (102, 402)
comprenant :

un cathéter (102, 402) allongé configuré et
agenceé pour une insertion jusque dans le sys-
téme cardiovasculaire d’un patient, le cathéter
(102, 402) présentant une extrémité distale, une
extrémité proximale et une longueur longitudi-
nale, le cathéter (102, 402) comprenant une gai-
ne (302, 404) avec une partie proximale et une
partie distale, la gaine (302, 404) définissantune
lumiére (304, 406) s’étendant le long de la gaine
(302, 404) depuis la partie proximale vers la par-
tie distale ;

un noyau d’imagerie (306, 408) configuré et
agencé pour s’insérer jusque dans la lumiere
(304, 406) du cathéter (102, 402), le noyau
d’'imagerie (306, 408) comprenant

un arbre de transmission (310, 410) allongé, ro-
tatif présentant une extrémité proximale et une
extrémité distale,

un dispositif d'imagerie (308) couplé a I'extrémi-
té distale de l'arbre de transmission (310, 410)
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avec une rotation de l'arbre de transmission
(310, 410) amenant une rotation correspondan-
te du dispositif d'imagerie (308), le dispositif
d’'imagerie (308) comprenant au moins un trans-
ducteur (312, 412) configuré et agencé pour
transformer des signaux électriques appliqués
en signaux acoustiques et également pour
transformer des signaux d’écho regus en si-
gnaux électriques, et

un matériau dilatable (430) disposé sur au moins
le au moins un transducteur (312, 412) et con-
figuré et agencé pour pivoter avec une rotation
de I'arbre de transmission (310, 410) et pour se
dilater lors d’une exposition a un fluide.

Ensemble de cathéter (102, 402) selon la revendi-
cation 1, dans lequel le matériau dilatable (430) est
configuré et agencé pour se dilater lors d’une expo-
sition @ au moins I'un parmi de 'eau, une solution
saline ou du sang.

Ensemble de cathéter (102, 402) selon I'une quel-
conque des revendications 1 ou 2, dans lequel le
matériau dilatable (430) est un hydrogel.

Ensemble de cathéter (102, 402) selon I'une quel-
conque des revendications 1 a 3, dans lequel le ma-
tériau dilatable (430) est configuré et agencé pour
se dilater et remplir un espace immédiatement entre
le transducteur (312, 412) et la gaine (302, 404) de
sorte que des signaux acoustiques depuis le trans-
ducteur (312, 412) passent depuis le transducteur
(312, 412) a travers le matériau dilatable (430) et
directement jusque dans la gaine (302, 404).

Ensemble de cathéter (102, 402) selon I'une quel-
conque des revendications 1 a 4, dans lequel le ma-
tériau dilatable (430) est mécaniquement ou chimi-
quement fixé contre le noyau d’'imagerie (306, 408).

Ensemble de cathéter (102, 402) selon I'une quel-
conque des revendications 1 a 5, dans lequel le ma-
tériau dilatable (430), lorsque dilaté, est lubrifiant.

Ensemble de cathéter (102, 402) selon I'une quel-
conque des revendications 1 a 6, comprenant en
outre une unité d’entrainement couplée a I'arbre de
transmission (310, 410), I'unité d’entrainement con-
figurée et agencée pour commander une rotation de
I'arbre de transmission (310, 410).

Ensemble de cathéter (102, 402) selon I'une quel-
conque des revendications 1 a 7, comprenant en
outre un module de commande couplé au noyau
d’'imagerie (306, 408), le module de commande com-
prenant

un générateur d’impulsions (108) électriguement
couplé aunoyau d’imagerie (306, 408), le générateur
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d’'impulsions (108) configuré et agencé pour fournir
des signaux électriques au au moins un transducteur
(312, 412), et

un processeur (106) électriquement couplé au
noyau d’imagerie (306, 408), le processeur (106)
configuré et agencé pour traiter des signaux électri-
ques regus depuis le au moins un transducteur (312,
412) pour former au moins une image.

Ensemble de cathéter selon la revendication 4, dans
lequel le matériau dilatable (430) est configuré et
agenceé pour se dilater et remplir au moins 90 % d’un
espace immédiatement entre le transducteur (312,
412) et la gaine (302, 404).

Procédé de formation de I'ensemble de cathéter
(102, 402) selon l'une quelconque des revendica-
tions 1 2 9, le procédé comprenant :

la fourniture du au moins un transducteur (312,
412) ; et

la pose du matériau dilatable (430) sur au moins
le au moins un transducteur (312, 412).

Procédé selon la revendication 10, dans lequel la
pose du matériau dilatable (430) sur le au moins un
transducteur (312, 412) comprend le fait de revétir
le au moins un transducteur (312, 412) avec le ma-
tériau dilatable (430) ou un précurseur du matériau
dilatable (430).

Procédé selon la revendication 10, comprenant en
outre la réticulation du matériau dilatable (430) ou
du précurseur du matériau dilatable (430) pour mé-
caniqguement ou chimiquement coupler le matériau
dilatable (430) au au moins un transducteur (312,
412) ou au noyau d’imagerie (306, 408).

Procédé selon la revendication 10, comprenant en
outre le durcissement du matériau dilatable (430) ou
du précurseur du matériau dilatable (430) pour mé-
caniguement ou chimiquement coupler le matériau
dilatable (430) au au moins un transducteur (312,
412) ou au noyau d’imagerie (306, 408).
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