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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application Serial No. 61/045,904, filed
April 17, 2008, the entire contents of which is incorporat-
ed by reference.

TECHNICAL FIELD

[0002] The present invention is directed to the area of
intravascular ultrasound imaging systems and methods
of making the systems. The present invention is also di-
rected to an intravascular ultrasound imaging system
with a catheter having a sealed lumen filled with an
acoustically-favorable medium, as well as methods of
making the intravascular ultrasound systems.

BACKGROUND

[0003] Intravascular ultrasound ("IVUS") imaging sys-
tems have proven diagnostic capabilities for a variety of
diseases and disorders. A known system of this kind is
described, e.g. in document US 5 331 947 A. For exam-
ple, IVUS imaging systems have been used as an imag-
ing modality for diagnosing blocked blood vessels and
providing information to aid medical practitioners in se-
lecting 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 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.
[0004] IVUS imaging systems have been developed
to provide a diagnostic tool for visualizing a variety is
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 dis-
posed in the catheter. The transducer-containing cathe-
ter can be positioned in a lumen or cavity within, or in
proximity to, a region to be imaged, such as a blood ves-
sel wall or patient tissue in proximity to a blood vessel
wall. The pulse generator in the control module generates
electrical pulses that are delivered to the one or more

transducers and transformed to acoustic pulses that are
transmitted through patient tissue. Reflected pulses of
the transmitted acoustic pulses are absorbed by the one
or more transducers and transformed to electric pulses.
The transformed electric pulses are delivered to the im-
age processor and converted to an image displayable on
the monitor.

BRIEF SUMMARY

[0005] In one embodiment, a catheter assembly for an
intravascular ultrasound system includes a catheter and
an imaging core. The catheter has a longitudinal length,
a distal end, and a proximal end. The catheter includes
a sealable lumen extending along the longitudinal length
of the catheter from the proximal end to the distal end,
and a movable plunger or a movable seal in fluid com-
munication with the lumen. The movable plunger or the
movable seal provides a gas-tight seal. The movable
plunger or the movable seal is configured and arranged
for adjusting to changes in volume of the lumen when
the lumen is filled with an acoustically-favorable medium
and sealed. The imaging core is configured and arranged
for inserting into the sealable lumen and for coupling to
a control module.
[0006] In another embodiment, an intravascular ultra-
sound imaging system includes a catheter, an imaging
core, and a control module. The catheter has a longitu-
dinal length, a distal end, and a proximal end. The cath-
eter includes a sealable lumen extending along the lon-
gitudinal length of the catheter from the proximal end to
the distal end, and a movable plunger or a movable seal
in fluid communication with the lumen. The movable
plunger or the movable seal provides an acoustically-
favorable-medium-tight seal. The movable plunger or the
movable seal is configured and arranged for adjusting to
changes in volume of the lumen to maintain an acousti-
cally-favorable-medium-filled environment within the lu-
men when the lumen is filled with an acoustically-favo-
rable medium and sealed. The imaging core is disposed
within the lumen. The control module is coupled to the
imaging core. The control module includes a pulse gen-
erator and a processor. The pulse generator and the
processor are both electrically coupled to the imaging
core. The pulse generator is configured and arranged for
providing electric pulses to the imaging core. The proc-
essor is configured and arranged for processing received
electrical pulses from the imaging core to form at least
one image.
[0007] In yet another embodiment, a method for form-
ing a catheter of an intravascular ultrasound imaging sys-
tem includes degassing a sealable lumen of the catheter,
filling the sealable lumen with an acoustically-favorable
medium through at least one flush port, and sealing the
lumen using a movable plunger or a movable seal in fluid
communication with the sealable lumen. The catheter
includes at least one transducer mounted to a driveshaft
extending along at least a portion of a longitudinal length
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of the sealable lumen. The movable plunger or the mov-
able seal is configured and arranged to adjust to changes
in volume of the lumen to maintain the substantially de-
gassed environment in the lumen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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.
[0009] For a better understanding of the present inven-
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 an elongated member of
the catheter shown in FIG. 2 with an imaging core
disposed in a lumen in the distal end of the elongated
member, according to the invention;

FIG. 4 is a schematic longitudinal cross-sectional
view of one embodiment of a hub of a catheter, the
hub including a movable plunger disposed in a main
flush port, according to the invention;

FIG. 5A is a schematic longitudinal cross-sectional
view of one embodiment of a hub with a movable
seal or a movable plunger disposed in a main flush
port and an open auxiliary input port, according to
the invention; and

FIG. 5B is a schematic longitudinal cross-sectional
view of another embodiment of a hub with a movable
seal or a movable plunger disposed in a main flush
port and a seal disposed in an auxiliary input port,
according to the invention.

DETAILED DESCRIPTION

[0010] The present invention is directed to the area of
intravascular ultrasound imaging systems and methods
of making the systems. The present invention is also di-
rected to an intravascular ultrasound imaging system
with a catheter having a sealed lumen filled with an
acoustically-favorable medium, as well as methods of
making the catheter and intravascular ultrasound sys-
tem.

[0011] Suitable intravascular ultrasound ("IVUS") im-
aging systems include, but are not limited to, one or more
transducers disposed on a distal end of a catheter con-
figured and arranged for percutaneous insertion into a
patient. Examples of IVUS imaging systems with cathe-
ters are found in, for example, U.S. Patents Nos.
7,306,561; and 6,945,938; as well as U.S. Patent Appli-
cation Publication Nos. 20060253028; 20070016054;
20070038111; 20060173350; and 20060100522, all of
which are incorporated by reference.
[0012] Figure 1 illustrates schematically one embodi-
ment of an IVUS imaging system 100. The IVUS imaging
system 100 includes a catheter 102 that is coupleable to
a control module 104. The control module 104 may in-
clude, for example, a processor 106, a pulse generator
108, a motor 110, and one or more displays 112. In at
least some embodiments, the pulse generator 108 forms
electric pulses that may be input to one or more trans-
ducers (312 in Figure 3) disposed in the catheter 102. In
at least some embodiments, mechanical energy from the
motor 110 may be used to drive an imaging core (306 in
Figure 3) disposed in the catheter 102. In at least some
embodiments, electric pulses transmitted from the one
or more transducers (312 in Figure 3) may be input to
the processor 106 for processing. In at least some em-
bodiments, the processed electric pulses 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 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 ex-
ample, the processor 106 may be used to control at least
one of the frequency or duration of the electrical pulses
transmitted from the pulse generator 108, the rotation
rate of the imaging core (306 in Figure 3) by the motor
110, the velocity or length of the pullback of the imaging
core (306 in Figure 3) by the motor 110, or one or more
properties of one or more images formed on the one or
more displays 112.
[0013] Figure 2 is a schematic side view of one em-
bodiment of the catheter 102 of the IVUS imaging system
(100 in Figure 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
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 at least some
embodiments, the catheter 102 defines at least one flush
port, such as flush port 210. In at least some embodi-
ments, the flush port 210 is defined in the hub 204. In at
least some embodiments, the hub 204 is configured and
arranged to couple to the control module (104 in Figure
1). 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 cath-
eter hub 204 are formed separately and subsequently
assembled together.
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[0014] Figure 3 is a schematic perspective view of one
embodiment of the distal end 208 of the elongated mem-
ber 202 of the catheter 102. The elongated member 202
includes a sheath 302 and a lumen 304. 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 rotatable driveshaft 310.
[0015] 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.
[0016] One or more transducers 312 may be mounted
to the imaging device 308 and employed to transmit and
receive acoustic pulses. 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 yet other
embodiments, multiple transducers in an irregular-array
may be employed. Any number of transducers 312 can
be used. For example, there can be two, three, four, five,
six, seven, eight, nine, ten, twelve, fifteen, sixteen, twen-
ty, twenty-five, fifty, one hundred, five hundred, one thou-
sand, or more transducers. As will be recognized, other
numbers of transducers may also be used.
[0017] The one or more transducers 312 may be
formed from one or more known materials capable of
transforming applied electrical pulses to pressure distor-
tions on the surface of the one or more transducers 312,
and vice versa. Examples of suitable materials include
piezoelectric ceramic materials, piezocomposite materi-
als, piezoelectric plastics, barium titanates, lead zirco-
nate titanates, lead metaniobates, polyvinylidenefluo-
rides, and the like.
[0018] The pressure distortions on the surface of the
one or more transducers 312 form acoustic pulses 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 pulses 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 de-
sired shape by any process including, for example, dic-
ing, dice and fill, machining, microfabrication, and the
like.
[0019] As an example, each of the one or more trans-
ducers 312 may include a layer of piezoelectric material
sandwiched between a conductive acoustic lens and a
conductive backing material formed from an acoustically
absorbent material (e.g., an epoxy substrate with tung-
sten particles). During operation, the piezoelectric layer
may be electrically excited by both the backing material

and the acoustic lens to cause the emission of acoustic
pulses.
[0020] In at least 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 an image of the walls of the blood vessel and tissue
surrounding the blood vessel.
[0021] In at least some embodiments, the imaging core
306 may be rotated about a longitudinal axis of the cath-
eter 102. As the imaging core 306 rotates, the one or
more transducers 312 emit acoustic pulses in different
radial directions. When an emitted acoustic pulse with
sufficient energy encounters one or more medium bound-
aries, such as one or more tissue boundaries, a portion
of the emitted acoustic pulse is reflected back to the emit-
ting transducer as an echo pulse. Each echo pulse that
reaches a transducer with sufficient energy to be detect-
ed is transformed to an electrical signal in the receiving
transducer. The one or more transformed electrical sig-
nals are transmitted to the control module (104 in Figure
1) where the processor 106 processes the electrical-sig-
nal characteristics to form a displayable image of the im-
aged region based, at least in part, on a collection of
information from each of the acoustic pulses transmitted
and the echo pulses received. In at least some embodi-
ments, the rotation of the imaging core 306 is driven by
the motor 110 disposed in the control module (104 in
Figure 1).
[0022] As the one or more transducers 312 rotate
about the longitudinal axis of the catheter 102 emitting
acoustic pulses, a plurality of images are formed that
collectively form a radial cross-sectional image of a por-
tion of the region surrounding the one or more transduc-
ers 312, such as the walls of a blood vessel of interest
and the tissue surrounding the blood vessel. In at least
some embodiments, the radial cross-sectional image can
be displayed on one or more displays 112.
[0023] In at least some embodiments, the imaging core
306 may also move longitudinally along the blood vessel
within which the catheter 102 is inserted so that a plurality
of cross-sectional images may be formed along a longi-
tudinal length of the blood vessel. In at least some em-
bodiments, 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 telescoping section that can be retracted during
pullback of the one or more transducers 312. In at least
some embodiments, the motor 110 drives the pullback
of the imaging core 306 within the catheter 102. In at
least some embodiments, the motor 110 pullback dis-
tance of the imaging core is at least 5 cm. In at least some
embodiments, the motor 110 pullback distance of the im-
aging core is at least 10 cm. In at least some embodi-
ments, the motor 110 pullback distance of the imaging
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core is at least 15 cm. In at least some embodiments,
the motor 110 pullback distance of the imaging core is
at least 20 cm. In at least some embodiments, the motor
110 pullback distance of the imaging core is at least 25
cm.
[0024] The quality of an image produced 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 pulse. The frequency of the
acoustic pulse output from the one or more transducers
312 may also affect the penetration depth of the acoustic
pulse output from the one or more transducers 312. In
general, as the frequency of an acoustic pulse is lowered,
the depth of the penetration of the acoustic pulse within
patient tissue increases. In at least some embodiments,
the IVUS imaging system 100 operates within a frequen-
cy range of 5MHz to 60 MHz.
[0025] In at least some embodiments, one or more con-
ductors 314 electrically couple the transducers 312 to
the control module 104 (See Figure 1). In at least some
embodiments, the one or more conductors 314 extend
along a longitudinal length of the rotatable driveshaft 310.
[0026] In at least some embodiments, the catheter 102
with one or more transducers 312 mounted to the distal
end 208 of the imaging core 308 may be inserted percu-
taneously into a patient via an accessible blood vessel,
such as the femoral artery, at a site remote from the se-
lected portion of the selected region, such as a blood
vessel, to be imaged. The catheter 102 may then be ad-
vanced through the blood vessels of the patient to the
selected imaging site, such as a portion of a selected
blood vessel.
[0027] Acoustic pulses propagating from the one or
more transducers 312 propagate through the lumen of
the catheter 102 before passing through the sheath 302
to the region exterior of the catheter 102, such as a blood
vessel or a chamber of a heart. Likewise, echo pulses
reflected back to the one or more transducers 312 from
medium boundaries also propagate through the lumen
of the catheter 102. Typically, air is not a desirable trans-
mission medium and image quality may, consequently,
be reduced when acoustic pulses or echo pulses are re-
quired by catheter design to propagate through air. In the
MHz range, acoustic pulses may not propagate at all
through air. Accordingly, it is typically advantageous, and
in some cases necessary, to purge air from the lumen
304 surrounding the one or more transducers 312 prior
to the performance of an imaging procedure. One tech-
nique for purging air surrounding the one or more trans-
ducers 312 is to flush the lumen 304 with an acoustically-
favorable medium through which acoustic pulses more
easily propagate than through air Acoustically-favorable
media may include one or more solvents such as, for
example, water. An acoustically-favorable medium may
include one or more solutes mixed with the one or more
solvents such as, for example, one or more salts. In at
least some embodiments, one or more agents may also

be added, for example, to decrease the potential ad-
vancement of corrosion or microbial growth. In at least
some embodiments, an acoustically-favorable medium
may include a gel, and the like. In at least some embod-
iments, the acoustically-favorable medium may be input
through the main flush port 210. In at least some embod-
iments, the elongated member 202 also defines an output
port 316 for outputting one or more gases.
[0028] When using a conventional IVUS imaging sys-
tem, a lumen of a catheter may be flushed to remove air
at the beginning of an IVUS imaging procedure. Addi-
tionally, the lumen of the catheter may also need to be
flushed of air one or more additional times during the
course of the IVUS imaging procedure. Unfortunately,
each flushing of air from the catheter lumen can add to
the amount of time it takes for a healthcare professional
to perform an IVUS imaging procedure on a patient.
Moreover, the use of IVUS imaging systems often results
in changes in volume of the lumen. For example, the
volume of the lumen may change as the lumen twists
and turns around tortuous blood vessels during place-
ment of a catheter. Additionally, during an IVUS imaging
procedure the volume of a lumen may change during
pullback, as the imaging core 306 moves longitudinally
along a longitudinal length of the catheter 102. As dis-
cussed above, in at least some embodiments the cath-
eter 102 may include one or more telescoping sections
that retract during pullback. In at least some embodi-
ments, the retraction of the one or more telescoping sec-
tions may change the volume of the lumen. When the
volume of a lumen changes, it may be the case that an
air pocket develops across a portion of the path along
which an acoustic pulse or an echo pulse propagates,
thereby potentially reducing the quality of the IVUS im-
age, or even prohibiting the IVUS imaging system 100
from forming an IVUS image.
[0029] To address these issues, in at least some em-
bodiments the catheter 102 is filled with an acoustically-
favorable medium and sealed so that the acoustically-
favorable medium remains in the lumen 304. By sealing
the catheter 102 with an acoustically-favorable medium,
it is not necessary to flush the lumen 304 of air either
before or during an IVUS imaging procedure. In at least
some embodiments, the catheter 102 utilizes one or more
movable seals or movable plungers in fluid communica-
tion with the lumen 304. The one or more movable seals
or the movable plungers adjust to changes in the internal
volume of the lumen 304 to maintain the lumen 304 of
the catheter 102 filled with the acoustically-favorable me-
dium. Figure 4 is a schematic longitudinal cross-sectional
view of one embodiment of the hub 204. The hub 204
includes a movable seal or a movable plunger 402 dis-
posed in the main flush port 210. In at least some em-
bodiments, the movable seal or the movable plunger 402
act like a piston moving up and down as the volume of
the lumen 304 changes.
[0030] In at least some embodiments, the lumen 304
is degassed, filled with an acoustically-favorable medi-
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um, and sealed with the movable seal or the movable
plunger 402. In at least some embodiments, degassing
involves generating a vacuum in the lumen 304 and then
filling the lumen 304 with an acoustically-favorable me-
dium without introducing gas into the lumen 304. For ex-
ample, in at least some embodiments, air in the lumen
304 is flushed out of the main flush port 210, an acous-
tically-favorable medium is input to the main flush port
210, and the main flush port 210 is sealed with the mov-
able seal or the movable plunger 402. In at least some
embodiments, the lumen 304 is degassed, filled with the
acoustically-favorable medium, and the main flush port
210 is sealed all in one integrated step. In at least some
embodiments, the operability of the imaging core 306
may be tested prior to sealing the main flush port 210.
[0031] Once the lumen 304 is filled with the acousti-
cally-favorable medium and the main flush port 210 is
sealed, the movable seal or the movable plunger 402
moves along a longitudinal length of the main flush port
210 in a direction shown by directional arrow 404 when
the volume of the lumen 304 decreases. Conversely,
when the volume of the lumen 304 increases, the mov-
able seal or the movable plunger 402 moves in a direction
shown by directional arrow 406. In at least some embod-
iments, each seal in fluid contact with the lumen 304 is
provided with a vacuum seal.
[0032] In at least some embodiments, the volume of
the main flush port 210 should be sufficient to allow the
movable seal or the movable plunger 402 full movement
for volume changes. In at least some embodiments, the
movement of the movable seal or the movable plunger
402 may be restricted to a given longitudinal movement,
thereby corresponding to a given volume. For example,
in at least some embodiments, one or more stops may
be used to limit the longitudinal movement of the movable
seal or the movable plunger 402 within the main flush
port 210. In Figure 4, stops 408 and 410 are shown for
limiting the movement of the movable seal or the movable
plunger 402 in the direction shown by the directional ar-
row 404. In other embodiments, additional stops may be
employed instead of, or in addition to, the stops 408 and
410 to limit the movement of the movable seal or the
movable plunger 402 in the direction shown by the direc-
tional arrow 406.
[0033] In at least some embodiments, air in the lumen
304 is flushed out of the output port 316 and an acous-
tically-favorable medium is input to the main flush port
210. Once the air is removed from the lumen 304 and
the acoustically-favorable medium is input to the main
flush port 210, the output port 316 may be sealed with a
fixed seal. In some embodiments, the fixed seal is made
permanent, for example, by fusing the output port 316 or
plugging the output port 316 with a cap and applying
epoxy around the edges of the cap. In other embodi-
ments, the fixed seal is designed to be removable. In at
least some embodiments, the output port 316 is sealed
with a vacuum seal. In at least some embodiments, the
lumen 304 is degassed, filled with the acoustically-favo-

rable medium, and the main flush port 210 and the output
port 316 are sealed all in one integrated step. In at least
some embodiments, the imaging core 306 may be tested
for operability prior to sealing the main flush port 210 and
the output port 316.
[0034] In at least some embodiments, the catheter 102
may also define one or more auxiliary ports. For example,
in at least some embodiments, the catheter 102 may de-
fine one or more auxiliary flush ports. Figure 5A is a sche-
matic longitudinal cross-sectional view of one embodi-
ment of the hub 204. The hub 204 defines the main flush
port 210 and an auxiliary flush port 502. In Figure 5A, the
movable seal or the movable plunger 402 is shown dis-
posed in the main flush port 210 and the auxiliary flush
port 502 is shown open.
[0035] In at least some embodiments, the movable
seal or the movable plunger 402 may be disposed in the
main flush port 210 and the auxiliary flush port 210 may
be used to degas or flush the air out of the lumen 304,
as described above. Once the lumen 304 is degassed
and filled with an acoustically-favorable medium, the aux-
iliary flush port 502 may be sealed with a fixed seal (either
permanent or removable), as described above. In at least
some embodiments, the auxiliary flush port 502 is sealed
with a vacuum seal.
[0036] Figure 5B is a schematic longitudinal cross-sec-
tional view of one embodiment of the hub 204 with the
movable seal or the movable plunger 402 disposed in
the main flush port 210 and a fixed seal 504 disposed in
the auxiliary flush port 502. In at least some embodi-
ments, the movable seal or the movable plunger 402 is
disposed in the auxiliary flush port 502 and the fixed seal
504 is disposed in the main flush port 210. In at least
some embodiments, a plurality of auxiliary flush ports are
defined by the catheter 102. In at least some embodi-
ments, the fixed seal 504 or the movable seal or the mov-
able plunger 402 is disposed in each of the auxiliary flush
ports.
[0037] In at least some embodiments, one or more aux-
iliary output ports are defined in the catheter 102. In at
least some embodiments, the movable seal or the mov-
able plunger 402 is disposed in the output port 316. In at
least some embodiments, the movable seal or the mov-
able plunger 402 is disposed in one or more auxiliary
output ports. In at least some embodiments, the movable
seal or the movable plunger 402 is disposed in a reservoir
in fluid communication with one or more of the main flush
port 210, the one or more of the auxiliary flush ports 502,
the output port 316, or the one or more auxiliary output
ports.

Claims

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

a catheter (102) having a longitudinal length, a
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distal end (208), and a proximal end (206), the
catheter (102) comprising

a hub (204) comprising a flush port (210),
an elongate member (202) coupled to the
hub and comprising a sealable lumen (304)
extending along the longitudinal length of
the catheter (102) from the proximal end to
the distal end, and
a movable plunger (402) or a movable seal
disposed in the flush port of the hub and in
fluid communication with the lumen (304),
the movable plunger (402) or the movable
seal providing a gas-tight seal, the movable
plunger (402) or the movable seal config-
ured and arranged for adjusting to changes
in volume of the lumen (304) when the lu-
men (304) is filled with an acoustically-fa-
vorable medium and sealed; and

an imaging core (306) configured and arranged
for inserting into the sealable lumen (304) and
for coupling to a control module (104).

2. The catheter assembly of claim 1, wherein the flush
port is a main flush port (210) in fluid communication
with the sealable lumen (304), the main flush port
(210) is configured and arranged for inputting the
acoustically-favorable medium to the sealable lumen
(304).

3. The catheter assembly of claim 1, further including
an auxiliary flush port in fluid communication with the
sealable lumen (304), the auxiliary flush port config-
ured and arranged for inputting the acoustically-fa-
vorable medium to the sealable lumen (304).

4. The catheter assembly of claim 3, wherein the aux-
iliary flush port is configured and arranged to receive
a fixed seal.

5. The catheter assembly of claim 3, wherein the aux-
iliary flush port is the flush port within which the mov-
able plunger (402) or the movable seal is disposed.

6. The catheter assembly of claim 1, wherein the cath-
eter (102) defines an output port in fluid communi-
cation with the sealable lumen (304), the output port
configured and arranged for flushing out gas from
the sealable lumen (304).

7. The catheter assembly of claim 1, wherein the cath-
eter (102) further defines at least one auxiliary output
port in fluid communication with the sealable lumen
(304), the at least one auxiliary output port config-
ured and arranged for flushing out gas from the seal-
able lumen (304).

8. The catheter assembly of claim 1, wherein the mov-
able plunger (402) or the movable seal is disposed
in a reservoir in fluid communication with the seala-
ble lumen (304).

9. The catheter assembly of claim 1, wherein the mov-
able plunger (402) or the movable seal provides a
vacuum seal.

10. The catheter assembly of claim 1, wherein the cath-
eter (102) further comprises at least one telescoping
section.

11. The catheter assembly of claim 1, wherein the im-
aging core (306) comprises
a rotatable driveshaft having a distal end; and
an imaging device mounted to the distal end of the
rotatable driveshaft, the imaging device comprising
at least one transducer (312) mounted to the imaging
device, the at least one transducer (312) configured
and arranged for transforming applied electrical
pulses to acoustic pulses and also for transforming
received echo pulses to electrical pulses.

12. An intravascular ultrasound imaging system com-
prising:

the catheter assembly of any one of claims 1 to
3 and 6; and
a control module (104) coupled to the imaging
core (306), the control module comprising

a pulse generator (108) electrically coupled
to the imaging core (306), the pulse gener-
ator (108) configured and arranged for pro-
viding electric pulses to the imaging core
(306), and
a processor (106) electrically coupled to the
imaging core (306), the processor (106)
configured and arranged for processing re-
ceived electrical pulses from the imaging
core (306) to form at least one image.

13. The intravascular ultrasound imaging system of
claim 12, wherein the catheter (102) is sealed.

14. A method for forming the catheter (102) of claim 1,
the method comprising:

degassing the sealable lumen (304) of the cath-
eter (102) with the imaging core inserted into the
sealable lumen;
filling the sealable lumen (304) with an acousti-
cally-favorable medium through at least one
flush port (210); and
sealing the lumen (304) using the movable
plunger (402) or the movable seal in fluid com-
munication with the sealable lumen (304), the
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movable plunger (402) configured and arranged
to adjust to changes in volume of the lumen (304)
to maintain the substantially degassed environ-
ment in the lumen (304).

15. The method of claim 14, wherein sealing the lumen
(304) using the movable plunger (402) or the mov-
able seal in fluid communication with the sealable
lumen (304) comprises disposing the movable
plunger (402) or the movable seal in a main flush
port (210).

Patentansprüche

1. Katheteranordnung für ein intravaskuläres Ultra-
schallsystem, wobei die Katheteranordnung auf-
weist:

einen Katheter (102), der eine longitudinale Län-
ge, ein distales Ende (208) und ein proximales
Ende (206) aufweist, wobei der Katheter (102)
aufweist:

ein Ansatzstück (204), das einen Spülport
(210) aufweist,
ein längliches Element (202), das mit dem
Ansatzstück gekoppelt ist und das ein ab-
dichtbares Lumen (304) aufweist, das sich
entlang der longitudinalen Länge des Ka-
theters (102) vom proximalen Ende zum
distalen Ende erstreckt, und
einen beweglichen Kolben (402) oder eine
bewegliche Dichtung, die im Spülport des
Ansatzstücks angeordnet ist und mit dem
Lumen (304) in Fluidverbindung steht, wo-
bei der bewegliche Kolben (402) oder die
bewegliche Dichtung eine gasdichte Ab-
dichtung bereitstellt, der bewegliche Kolben
(402) oder die bewegliche Dichtung zum
Anpassen an Änderungen des Volumen
des Lumens (304) konfiguriert und einge-
richtet ist, wenn das Lumen (304) mit einem
akustisch günstigen Medium gefüllt und ab-
gedichtet ist; und

einen Bildgebungskern (306), der zum Einset-
zen in das abdichtbare Lumen (304) und zum
Koppeln mit einem Steuermodul (104) konfigu-
riert und eingerichtet ist.

2. Katheteranordnung nach Anspruch 1, wobei der
Spülport ein Hauptspülport (210) in Fluidverbindung
mit dem abdichtbaren Lumen (304) ist und der
Hauptspülport (210) zum Zuführen des akustisch
günstigen Mediums in das abdichtbare Lumen (304)
konfiguriert und eingerichtet ist.

3. Katheteranordnung nach Anspruch 1, die ferner ei-
nen Hilfsspülport in Fluidverbindung mit dem ab-
dichtbaren Lumen (304) aufweist, wobei der Hilfs-
spülport zum Zuführen des akustisch günstigen Me-
diums in das abdichtbare Lumen (304) konfiguriert
und eingerichtet ist.

4. Katheteranordnung nach Anspruch 3, wobei der
Hilfsspülport konfiguriert und eingerichtet ist, eine
feste Dichtung aufzunehmen.

5. Katheteranordnung nach Anspruch 3, wobei der
Hilfsspülport der Spülport ist, in dem der bewegliche
Kolben (402) oder die bewegliche Dichtung ange-
ordnet ist.

6. Katheteranordnung nach Anspruch 1, wobei der Ka-
theter (102) einen Ausgangsport in Fluidverbindung
mit dem abdichtbaren Lumen (304) definiert und der
Ausgangsport zum Ausspülen von Gas aus dem ab-
dichtbaren Lumen (304) konfiguriert und eingerichtet
ist.

7. Katheteranordnung nach Anspruch 1, wobei der Ka-
theter (102) ferner mindestens einen Hilfsausgangs-
port in Fluidverbindung mit dem abdichtbaren Lu-
men (304) definiert und der mindestens eine
Hilfsausgangsport zum Ausspülen von Gas aus dem
abdichtbaren Lumen (304) konfiguriert und einge-
richtet ist.

8. Katheteranordnung nach Anspruch 1, wobei der be-
wegliche Kolben (402) oder die bewegliche Dichtung
in einen Reservoir in Fluidverbindung mit dem ab-
dichtbaren Lumen (304) angeordnet ist.

9. Katheteranordnung nach Anspruch 1, wobei der be-
wegliche Kolben (402) oder die bewegliche Dichtung
eine Vakuumdichtung bereitstellt.

10. Katheteranordnung nach Anspruch 1, wobei der Ka-
theter (102) ferner mindestens einen Teleskopab-
schnitt aufweist.

11. Katheteranordnung nach Anspruch 1, wobei der
Bildgebungskern (306) aufweist:

eine drehbare Antriebswelle, die ein distales En-
de aufweist; und
eine Bildgebungsvorrichtung, die an dem dista-
len Ende der drehbaren Antriebswelle ange-
bracht ist, wobei die Bildgebungsvorrichtung
mindestens einen Transducer (312) aufweist,
der an der Bildgebungsvorrichtung angebracht
ist, wobei der mindestens eine Transducer (312)
zum Umwandeln angelegter elektrischer Impul-
se in akustische Impulse und außerdem zum
Umwandeln empfangener Echoimpulse in elek-
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trische Impulse konfiguriert und eingerichtet ist.

12. Intravaskuläres Ultraschallbildgebungssystem, das
aufweist:

die Katheteranordnung nach einem der Ansprü-
che 1 bis 3 und 6; und
ein Steuermodul (104), das mit dem Bildge-
bungskern (306) gekoppelt ist, wobei das Steu-
ermodul aufweist:

einen Impulsgenerator (108), der mit dem
Bildgebungskern (306) elektrisch gekoppelt
ist, wobei der Impulsgenerator (108) zum
Bereitstellen von elektrischen Impulsen an
den Bildgebungskern (306) konfiguriert und
eingerichtet ist, und
einen Prozessor (106), der mit dem Bildge-
bungskern (306) elektrisch gekoppelt ist,
wobei der Prozessor (106) zum Verarbeiten
von empfangenen elektrischen Impulsen
vom Bildgebungskern (306) konfiguriert
und eingerichtet ist, um mindestens ein Bild
zu bilden.

13. Intravaskuläres Ultraschallbildgebungssystem nach
Anspruch 12, wobei der Katheter (102) abgedichtet
ist.

14. Verfahren zum Bilden des Katheters (102) nach An-
spruch 1, wobei das Verfahren aufweist:

Entgasen des abdichtbaren Lumens (304) des
Katheters (102), wobei der Bildgebungskern in
das abdichtbare Lumen eingesetzt ist;
Füllen des abdichtbaren Lumens (304) mit ei-
nem akustisch günstigen Medium durch min-
destens einen Spülport (210); und
Abdichten des Lumens (304) mittels des beweg-
lichen Kolbens (402) oder der beweglichen
Dichtung in Fluidverbindung mit dem abdichtba-
ren Lumen (304), wobei der bewegliche Kolben
(402) konfiguriert und eingerichtet ist, sich Än-
derungen des Volumen des Lumens (304) an-
zupassen, um die im Wesentlichen entgaste
Umgebung im Lumen (304) aufrechtzuerhalten.

15. Verfahren nach Anspruch 14, wobei das Abdichten
des Lumens (304) mittels des beweglichen Kolbens
(402) oder der beweglichen Dichtung in Fluidverbin-
dung mit dem abdichtbaren Lumen (304) ein Anord-
nen des beweglichen Kolbens (402) oder der beweg-
lichen Dichtung in einem Hauptspülport (210) auf-
weist.

Revendications

1. Dispositif de cathéter pour un système ultrasonore
intravasculaire, ledit dispositif de cathéter
comprenant :

un cathéter (102) ayant une longueur longitudi-
nale, une extrémité distale (208) et une extré-
mité proximale (206), ledit cathéter (102) com-
prenant
un embout (204) avec un orifice d’écoulement
(210),
un élément allongé (202) relié à l’embout et pré-
sentant une lumière obturable (304) s’étendant
sur la longueur longitudinale du cathéter (102)
de l’extrémité proximale à l’extrémité distale, et
un piston mobile (402) ou un joint mobile disposé
dans l’orifice d’écoulement de l’embout et en
communication fluidique avec la lumière (304),
le piston mobile (402) ou le joint mobile formant
un joint étanche au gaz, le piston mobile (402)
ou le joint mobile étant prévu et disposé pour
s’ajuster à des variations de volume de la lumiè-
re (304) quand la lumière (304) est remplie d’un
milieu acoustiquement favorable et obturée ; et
un noyau d’imagerie (306) prévu et disposé pour
être introduit dans la lumière obturable (304) et
pour être couplé à un module de commande
(104).

2. Dispositif de cathéter selon la revendication 1, où
l’orifice d’écoulement est un orifice d’écoulement
principal (210) en communication fluidique avec la
lumière obturable (304), ledit orifice d’écoulement
principal (210) étant prévu et disposé pour l’admis-
sion du milieu acoustiquement favorable dans la lu-
mière obturable (304).

3. Dispositif de cathéter selon la revendication 1, com-
prenant en outre un orifice d’écoulement secondaire
en communication fluidique avec la lumière obtura-
ble (304), ledit orifice d’écoulement secondaire étant
prévu et disposé pour l’admission du milieu acous-
tiquement favorable dans la lumière obturable (304).

4. Dispositif de cathéter selon la revendication 3, où
l’orifice d’écoulement secondaire est prévu et dispo-
sé pour recevoir une obturation fixe.

5. Dispositif de cathéter selon la revendication 3, où
l’orifice d’écoulement secondaire est l’orifice d’écou-
lement dans lequel le piston mobile (402) ou le joint
mobile est disposé.

6. Dispositif de cathéter selon la revendication 1, où le
cathéter (102) définit un orifice de sortie en commu-
nication fluidique avec la lumière obturable (304),
ledit orifice de sortie étant prévu et disposé pour éva-
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cuer du gaz de la lumière obturable (304).

7. Dispositif de cathéter selon la revendication 1, où le
cathéter (102) définit en outre au moins un orifice de
sortie secondaire en communication fluidique avec
la lumière obturable (304), ledit au moins un orifice
de sortie secondaire étant prévu et disposé pour éva-
cuer du gaz de la lumière obturable (304).

8. Dispositif de cathéter selon la revendication 1, où le
piston mobile (402) ou le joint mobile est disposé
dans un réservoir en communication fluidique avec
la lumière obturable (304).

9. Dispositif de cathéter selon la revendication 1, où le
piston mobile (402) ou le joint mobile assure une
obturation hermétique.

10. Dispositif de cathéter selon la revendication 1, où le
cathéter (102) comprend en outre au moins une sec-
tion télescopique.

11. Dispositif de cathéter selon la revendication 1, où le
noyau d’imagerie (306) comprend un arbre d’entraî-
nement rotatif ayant une extrémité distale ; et
un dispositif d’imagerie monté à l’extrémité distale
de l’arbre d’entraînement rotatif, ledit dispositif
d’imagerie comprenant au moins un transducteur
(312) monté sur le dispositif d’imagerie, ledit au
moins un transducteur (312) étant prévu et disposé
pour transformer des impulsions électriques appli-
quées en impulsion acoustiques et également pour
transformer des impulsions d’écho reçues en impul-
sions électriques.

12. Système d’imagerie ultrasonore intravasculaire,
comprenant :

le dispositif de cathéter selon l’une des reven-
dications 1 à 3 et 6 ; et
un module de commande (104) relié au noyau
d’imagerie (306), ledit module de commande
comprenant un générateur d’impulsions (108)
électriquement relié au noyau d’imagerie (306),
ledit générateur d’impulsions (108) étant prévu
et disposé pour délivrer des impulsions électri-
ques vers le noyau d’imagerie (306), et
un processeur (106) électriquement relié au
noyau d’imagerie (306), ledit processeur (106)
étant prévu et disposé pour traiter des impul-
sions électriques reçues du noyau d’imagerie
(306) pour former au moins une image.

13. Système d’imagerie ultrasonore intravasculaire se-
lon la revendication 12, où le cathéter (102) est ob-
turé.

14. Procédé de formation du cathéter (102) selon la re-

vendication 1, ledit procédé comprenant :

le dégazage de la lumière obturable (304) du
cathéter (102) par le noyau d’imagerie introduit
dans la lumière obturable ;
le remplissage de la lumière obturable (304)
avec un milieu acoustiquement favorable par au
moins un orifice d’écoulement (210) ; et
l’obturation de la lumière (304) au moyen du pis-
ton mobile (402) ou du joint mobile en commu-
nication fluidique avec la lumière obturable
(304), le piston mobile (402) étant prévu et dis-
posé pour s’ajuster aux variations de volume de
la lumière (304) afin de maintenir l’environne-
ment sensiblement dégazé dans la lumière
(304).

15. Procédé selon la revendication 14, où l’obturation
de la lumière (304) au moyen du piston mobile (402)
ou du joint mobile en communication fluidique avec
la lumière obturable (304) comprend la disposition
du piston mobile (402) ou du joint mobile dans un
orifice d’écoulement principal (210).
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